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2 11146 1 (Fk GEC)

1 FEAREEOEMEIER

1.1 SEFEBEZE[E I

1<p<p<p1<o0 &T5, LED feLP(Qu ZXFULTfik LP & LPr DILDFI
TRT ZEWHRD, FEE,

filz) = f(z) = folz) (L.1)
CEDTRNX, f=fo+fi, icLPi (i=0,1) Lbonrd, {>TLP XL & [Pt D

NEAIREE] THEHLEZ D, LALINEITIE p DEVETIRHBITERY, I
EDEHZ TREI LTWEhE2EZL7-DI1Z, IROXSBMEEHEZIS Z 2127 5,

F1l fclhr L[ 295, 0<t<oo lZHRLT

K(t, f: L LP) = inf{HfoHLpo + [ fille

f:f0+fla fieLpi>/i:Oal} (12)

THI0<h0<1,1<qg< 0 iZNLT

(Kt f: Lo, L\ dt]"
Ifog = | [ (R (1)

YEDD, |[fllog < 0o £72B fe LP 4+ Lh RKOEEE, Ko (L, LP) THEU, L7
Y oLP OFEGERZEE E IS,

ot >0 UTK(t,- : LPo,LPY) 1 LPo + L ED VLA EED DN, T s X[
EThHb, TZTINSI %A%oif%ﬁbﬁ@# DIINVLTHB, EEDIENS
1 fllo.g & Kog(LPo, LPY) ED VAT 5 Z b5,

* ARG X IR LA - e — &zwi&ﬂﬁﬁh%% L7250 TH v, RUEEMsFTERDE R

7% (C), No. 24540159 (3K : hH3E—) ORI

LR 22T IE 2 @KB@%&(%%L%EE@M:L&ofax@%@fﬁ%ﬂen E-rh o OMERKRR Y
LI TWD, £/220X 5% TMEVY] TR L, RT MVERFTBEIEZ W TER S - EEH
MZEF L IFENE HDERASNT WS, ARRTIXI O K M2 E2 BICHRER TR L 23H 5,



1.2 fEEZEE ORI T

ZOEDITUTERS Nz Ky, (LPo, LPY) DYERINIZ E S WS 2725 T
LZO0MROMEE 5, ZZTERIZp =1, pr=00 DT —R%HEZ 5,

BRE 1.2, fEC L'+ L BXUt>01ZxL T,
KGeg 2 = [ s (14)
Thsbd, ZTZT
fr(s) =inf{A>0: p({z € Q: [f(z)] > A}) < s} (1.5)
THY, fOIEEMIUAREE X non-increasing rearrangement & FEIXN S,

Proof. JiétDHAZFT, K BBOERIZHREIZTRZIMDS DT, f OOHIX

f(z) (If (@) < A)

Fefot fi. filz) = . A>0 1.6
R P VI o
EVWSRIZTERETHD, TDLE
1 o = *(s) — N\ d Ad .
Ifllo 8l = 06 = Nds+ [ aas (1.7

YD, NE A= (1) LB ESICMBE CO FRAEKRE NG Z LA bhE, O

ZNE B L ERIEZEE K, (L, L) 2RO & 5 ST 5N,

EIE 1.3. 1<p<oo,1:ﬂ+i Y95, Tk E
P 1 00

! @} v (1.8)

gz~ | [~ 027 0)
ThHB, BT p=q DL E, JIVARMADIERT Ky (L', L®) = LP(Q, 1) £oh 5.,

Proof. f*(t) B tIZDOWTIEMBAKTH D Z 5, tf*(t) < K(t, f) THD, ZhzH
WTC Ky, (LY, L®) C LP(Q, ) %135, WX 1%, Hardy fEF%E ¢ — L [[¢(s)ds D L1 A
St %\ 5 ([2] Chapter IIT Lemma 3.9), O

Z DFERZZ T TIROBEABRER 2 EHRT S,
EE 14 1<pg<oo &95%, WEZERM (Q,u) LOATHIBIKT

) 1/p i} q@ 1/q - -
{/ () S| <o (g <o) o)
Oggfoo(t” PFA(t) < oo (g=00)

w7z OeEKE LP1(Q,n) £RU, Lorentz ZE[H & FE5,



(1.9) DLELDEIF1<qg<p<oo BLU p=g=o00 D& E Lorentz %[ LP? D/ )b
LEED D, TNLIINDT —ZATERER  VLADPEEL, ZTILSEMIZ7R5 Z L HBH S
nNTWnwa,

Lorentz ZEfH @ pair (24 U THIFZEMPREO T o5 2,

1 1-46 0
EBHE 1.5. 1< po,p1,90,q1,¢ <, po #p1 £ 9%, 0<O<1ITHLT = = +— D

p Do P1
& & IVARMEDEERT

Kg’q(LPO’qO,Lm’ql) = [ P4 (110)
THd,

q:# po—qo—l P1=¢q = 0 bl 2} 7‘6?&%@13 72?%":50
I CHRETREIIROMETH B,

FE 1. ZOMMEMIK g, ¢ PEICLSTITHRE S,

LP B X OF Lorentz ZEMMAIMZ . Sobolev Z2[H], Besov ZE[H] 72 & 1 % 72 BAELZE 4] O pair
(2 U T % DRI 22 O BARR R EAT I B S Tw 5 ([3] EHL6.4.5.°),

1.3 WREZEEICS T 2ERETEE
THEH DL nlilZEmEE X 5 WL, WOAFIEEHTH 5,

EE 1.6. (A9, A1) & (By,By) 2ZNTN/INVLZE-D pair £ 5, $AEAZ T 2
Ai — BZ ﬁ??‘ (Z = 0, 1) ThbHix 66£T =8 Kgg(Ao,Al) — K97q(B0,B1) ﬁ??"@%é

PTOOf Toh Az — Bz @{’Eﬁﬁ%/ }bi\%%ﬂ%ﬂ M ( = 1) 83—50 a € K97q(A0,A1) C
AO +A1 753: a=apg+a, a; € Ai7 (Z = 0,1) ZL\O ﬁfF :)trbf T@ﬁﬂ?‘fﬁi?ﬁ‘%, Ta D1
DD Ta=T(ay+a1) =Tag+Ta, € By+ By Do s, $5&

K(t,Ta : By, By) < ||Tao| B, + t||T a1 s,
< Mollaol|a, + tMi|lay|| 4, < max(Mo, My) ([Jaclla, + tllai]a,)

b, a=ay+a DOENIMEELRDT, HLTRRZENIE
K('[J,T(L : Bo,Bl) S CK(t,a : Ao,Al)
#1585, Wiz qRUTCHEITAZLIZL o THEmZSE 5, O

MHEERGRIC & 2SRRI, FHEOM SN T WS AFWED S L WAL 2B &
TEHMTH O, FEFIZHEIRY -V THDLVAD, nHbl%E 2D%IF5

AN TN WO BEREEATRETH S0, MDD TARETIE pair L WVWHRBZT 5
N W

ZORIFTVRAEL, B6 HMIKTH 7273, BIFEIE Springer DY 1 b6 AFETE S, KZITZ
A AERLTFANIRY S0



Bl 1.7. Fourier &% L' — L~ HH»D L2 HRTH S, THEMITIIE, L5 — L3
215, H, EH 1995

(L', L%z,
(L, L?)

(Lll L22)
— (Loooo L22)

I\J\w

CAJ\IO QJ\N

3
2

b, B 1.6 % MEAT XL,

5 1.8. Hardy-Littlewood DK AFEHZE

(x —sup|Q|/|f )|dy (1.11)

Q3

L — LY AR (Wb DB (1,1) 1) 1o L HRTH S, Zhamllldng [r &
FE (1< p < o0) 2135,

SR 2. Hardy-Littlewood DFAAEHZIINER TIX R < 2N & 0 53WHIniEME
IT(f +9)()| < |Tf(z)|+[Tg(x)] (1.12)

ZEbDD, FEIZEINEZIFREL TEM 1.6 2itHT 20 3RN#EETH 5, £ THX
&, MEFAZE T I2E SITIROGME DT IR TERME I A ZE U 72 ([14]) %

Tf(x) —Tg(x)| < C|T(f —g)(x)] (C>01% f, glZHdBRNEL) (1.13)

BEGH T S % < DAERIEAEHIR, RiZ §5 THROMEMFEIZ Z OME 20729

2 Morrey ZZfd] & Campanato ZEfE
2.1 Morrey ZZfd - Campanato ZZfEDE
FT LKA S N7z Morrey EFDEHEZ RIET Z 2127 2,
T3 2.1. = R" I, Qz,r) BHub o, VR r OB (or THK) LT2EE

1 1/p
sup )P d > < 0 2.1
r>0, zeR™ TA (‘Q .T r | a:r ’ y ( )

Z i 72 3B f DRKRE Morrey 2218 L, \ & &5
D/ IVLADEREZTEIIRBELTAD L
1 B8 f DIEDORE X 2O — )W (Qx,r) &\WHEPHT)LP / VL THIS

2 MIBOBOMTEHSZ L BEKEDT, Qr,r) DA E XIS RN & 5122 DOHl
B |Q(x, r)| THElo T L= LP J LV AIZT B

LZDZERBLHMoN/ZZeDEDITHED, BPBRNPELALE VPR Y-S5, 28 x1E
LIRS : 2010 AR & 3 F —WEE (13)) 1DARS5NT N5,



3. Q(o,r) D¥Er DN FNIK, IV u—AVBHEEZHLIRSZ LIRS, £
TrO#ETHSZ, TOENKZITNE Fubs 2 DIFELTO f OFEH 2N HEZ
LIz b,

4. PO J5, FbDIY DT RTDIGEEZEET L (ERZIND)

CLWVWIOREEIZ RS TWB Z Wb h b, T2 TIRERMICER f 2 LP 7 )V A TRATKIZ
WoTWEA, ZNERDESIZE LP(LI) ) VAIEZEBDEEZ SN,

£ 2.2. B fT

1/p
e = sw % (Gt [ e Qs il =) <x @2

Q(z,s)CU 52 t>0
Zii7z 36 DK%, 55 Morrey 22 WL, & &3

:M@d:%%MK%ﬁ®ﬁ®%ﬁ®ﬁ¥%%&\%M%éwfiabfwézanf
LM, IREIT 5 &5 REBOEHOMKT 2 572023 RD X 52 RGO HIMIGE L W&
%*;‘Kéo

aul

& 2.3. B f T

1 1 S\
sup (@( ) — ol dy) <o (2.3)

r>0,z€R” A z T)| Q(z,r)

Zii72 96 DER%E, Campanato 22 £, & XX, 72720,

1
— d
|Q(I,7’)| /Q(x,r) f(y) Y

I H Morrey ZEfH L FRRICHABEL TAS &

"G‘%%o

L. “WH 7 fo lTHUT “Mi%E7 |f(y) - fol EZ,

2. ZD NI (AU IEpIKE—AY b, p=2DL ERHRARKEFTE > DK
MM B) 22D

3. Morrey ZZ[#] & [FIRRIZERD PR DE THI > T, RIKTH S

LleoTWd, BRBIDRIF, BEICEREMATHEILEDST, £I/ VLR D,
Morrey Z2f#] & Campanato ZZEIZ DWW TIFIROMEEN LS H SN T WS

A=-n/pD&&E L,,=1L"
—n/p<A<0DEE £,,/C=1,,
A=0D& & £,, =BMO
0<A<1DrE £, =Lip(\)



2.2 Morrey ZE DB EE

Morrey Z2f1%, B D @M 2ME & KISHK R EE 2 HASHLETEZ L 20D Bk
“Cﬁtzusmww*ﬁ > TRHPZ E5%B DL U TR HRRERHR R ETELL D
JGHDEZ5NTWS, 2 DD %E R DBEEZEMTH 55 5, Sobolev ZEfH & [FIBRD A
EHAE D D Z E AR I N B AN, 20 ALK ITIRDEEHLAERAF S T W5 ([5))o

1
FE24. 1<py<p <00, \=—, ¢35, ZOLE HbH1l<qp<q<oo,0<l<1

Y41
X UCHRIBAERSE T T, Ly, — L% (i=0,1) TERTH 2,

Lo ga L_1-01-60 1 1-01-9
A ) - = ) =
P P po D ¢ @ a

DESMEZE 20 ONEET S,

HEEEOARKDO HMITAFMECHE TH S, TNDEO IR\ WD Z &k, i
MMDEAL LR NE WS T B2 EIKT 5, Morrey 2D 2 FBHDIE N 382571 b
DEOITHBENS, TNEZECTNXELZ P DL 5D b, MARKEEHED
N2 DE b, ZORKRIISRFENDOEDTH 72, HF, Z OREIZK
ULTRA T 70 —FIZX > TEDEMMPH L IR > TE 725,

AREIhHE - EEIZLIBZFD 1207 70 —FIZDOVWTORETH 5,

(2.4)

3 FERDORY DEEHDEE)E Morrey-Campanato 2 ZEfE

HIET TR 72 & 512, Morrey / V2% Campanato ¥ X/ )V LI EATHNIZ BIE DL T % 3
N, BEERTENERLS ] LWORIZR-oT 0D, BRIIZIZZhE N, £722h
B U T, R AT BRAE U 72 T Morrey-Campanato B0 4 % 72 BAEZEI 235 2 5
ncTnb

3.1 Beurling algebra A? @ dual B?

Beurling 23 —f&FHFIfEAT (Wiener Z2H#Dfifhfr) D7z HIZEA U 72 BIEER AP 0D RO ZE[H]
BPIZIRD K D7 ) WA ERFFDEMTH B EAD T ENTES ([4)).

Il =sup (o5 [ 1sopas) " (3.1)

Q] Ja,
ZITQ = Q) THB.

AJERAEIEEL &0 D BREE X U TR WERGETIZ AR\, JHEEIX Non-interpolation in Morrey spaces T %
(15])e

SEHSIZL D Z ORI HEIET B D LIF L A LH URHIZ, P. Lemarie-Rieusset 7% Morrey 282 &\
THEFZEMUEEDL D LD 72D DMBEF M %2 RKDT VWD ([11]) % 7z, V.Burenkov ® 7))V — FidHF~
DFEEF L XS T, LA UA UiE 572 [F T Morrey 2% —fft U THiEIBEGR Z FEEE L T W5 ([7]
),



BROPEN 1A ETH D I L FZNIFEAREN TRV, 2 & HHL D Homogeneous
type @/ IV L\

1/p
I =sup (7 [ Vo ao) 32

WEZHLUVWEEEMZ 72567, ZNlE Morrey / VADERIZEWT, BROFLx %
JRRUCERE, A=0& L7zbDeART I ENHKS, YR A >0 Hind 5

1
Q] Jo,

1/ 1 1/p
1110 = sup A(m NE )|pd:c)

LEZS, TOWEBHEINTND ([1)),

1 » 1/p
1l = sup -5 |f ()P dz

3.2 CMOP, CBMO?
Campanato £ X /)L AZFE U X IZHAHFOLTRELZOPIRDOE I/ IVLATH D

1/p
I llesor = sup ( () — fo, I d:c) (33)
|Q7‘| Qr
Z iz d b Homogeneous type & X /)L AN
1/p
T —— sup( (@) — fol? dx) (3.4)
‘QT’ Qr
THITA>0ITHUT,
1 (1 e
o = sup ( (@) = fo. dx) (3.5)
|Qr| Qr
1/p
I llpvions = §1>110) = (g7 [ v raar) 39
EWVWoTz /I - I VAT KB EBBAEINTNS ([8], [1]) -

3.3 BE#ZEME B,(F)

A 2 HiCEIT 72 BEEZER D )V A, T DER IR 0 o O Q, DHIE %
HIRLTWED, WR=JHEEMZ2EZTVWSEIOTINE ™ TEIBITEHRETH
5, THH

1
|@r[ Ja,

CEEETIENTES, INE Bypa(lP) /VLAEIRRZ 2T 5, —fIZ B,(LP)
ERINEZSND, £72 B,(LP) / VABFREKICED 55,

1 ik 1
1fllger = sup ( If(fv)|pdx) ~sup Tl @



U & 52 CMOP ® CBMOP D& I/ VA, [|f — fo llrn % LP/€ (€ I3ERK
BB ERDESR) LWIEROEI VIVLAERBRTIEIZE-T

1 <
I llentorr = sup Z7mslf = follr@n  + Buypea(LP/€) £ 3 7V A

1 <
I fllcpyors = sup Z7sllf = faller@n  + Bupia(L7/€) £ 3 70 4

EABIEHHKD, ZOKDITEINZRATINIEBORN Z RS RE (/ VA idt
SINVLE) BEZTXSZLILE-T, 5IT—BIT B,(E) L WO PATE K DE
B a2 5 Z ek S, (hA-FAR - k- B [10])

3.4 E#¥ZEME BYE)

RIEiD B,(E) ® (£ 3) /)AL, &BI2 r 2820 T ERZIR-TWS, i L™
VL ERW-T-E /AR, 61— HBIbLT LY VA ERACZ2IZd 5, ZLTYx
A b r7 2L T wir) & LTRNIE, IROZEM %2155,

E% 3.1 (BL(E) spaces). £ & R* LOBABIZNT S (ohDRMf2id) 3/
VLZEME S5, 2ok EBEM BYE) 8L BY(E) 2, 1 <uco il LTENTN

1/u

ud
<o, (37)

B [ /lm (W) le@n)" =

f u = Hw r f r
| fll B () (Il z@. L ([,00),85)

1/u

w dr

3u(g) = = — < 3.8
s = [0 N0 oy = | [ ©OMs0)" F] <00 (39
¥mu=00 DFHELLT
IFlss = @l le@)| = s (@Olflee) <oo  (39)
>0 [1,00) 1<u<oo
1l e = [ £z = swp (w(n)|flle@) <oc  (3.10)
L>®(0,00)  0O<u<oo

i 72 SRR f RIRDZRTREB EED B,

ZDOEHZBARITIIFICBEIZZR VD, 558K S BT I/ IVLZER EIZD2WTDED
FZMhEIETHZ LT B,

flo. € (@), 0<t<r<oo= flg, € E(Q), |fleqy <Celfleq,) (311)

REPIZEST LP DX D7 TEWHEETHINIE, JIVARKRELZE] LW MHETH
%, ZZTIEIN% MHIEEM] LRI 21295, EBIZEORlE LTI LP, Orlicz 22
[i], Lorentz Z&ff, Morrey ZZff], Weak-Morrey Z2fH, Campanato Z2ff, Lipschitz 2272 &
b5,

B HIEE B2 LS 2 DI BB L 725 D T weight w IZDWTDERMAEBKRET L TEL,

w(r) < Cw(s) (w(r) > Cw(s)) for r <s. (3.12)
SBurenkov and Guliyev | E = LP O —ATZ DR DOZER%EZEZ T2, ([6])




o [ FI B A B D — b TdH 5 Z & H* 5, almost increasing/decreasing prop-
erty LIS, F 72 & <Hl 507z doubling condition HE L TH L,

4 w(r) 1 r
< —=< - < -< 2. .
Cls SO for 5= (3.13)
ZDEE, VA bwdDIT7AELT
) , o dr
W" = {w : almost decreasing, doubling, w(r)“7 < 00
1

> dt
VA% {w : almost decreasing, doubling, / w(t) R w(r)}

u <ug = W CW" CW"2cCWw. (3.14)

Zii7=3 2 Ehbnbd,

4 B!(E)-ZEOMEEE
RIFiCED 72 BY(E) &, FHAHLDORAICRELZD A TRKEL ~BLLZEDTH
5o FAIFIRD & S I EMEZEREZEZ 5,
EIE 4.1 (BY(F)-ZEMORFER). v, ur,u € (0,00], wo,w; € W, min(u;, u) < oo 7%
S w e W £ B, £ B (e > 0) LT L e 27003 ) os ost
wi () wo(r)
increasing TH 5 &35, € (0,1) IZXLT

_,.(1=0) 6
w=w, w.

EREDDH, ZDE X

(B (E)(R™), B2 (E)(R™))g,u0,00) = BL(E)(R")

(Buo (B)(R"), Byt (E)(R™))g.11,00) = By (E)(R"). (4.2)

AN A/RVASN

BY(E) & BY(E) ®/ )V Al%, Lorentz 22D /) VA LRI LEE LTW5 728, TD
MR OFERIILZ & 572 DT 5 Z L BRI NS A, Lorentz ZHDHEIZIX K
BN EERNIZEIRINSEDD, X DHEIZIFE oL —RINRETEH D, TDFIE
EZ AW, SEFE2 X, KEBOEHRIZRED,

Kt £ (Ao, A)) = inf (ol + tlilla)

([ (o)) e ([ (menleo) ") as)

BTN L 7 (9] DFIE ). ZNEMKICIEA S BRIBEIE R VDR, T OBIT
K & 7R AR L F



FIER 4.2. (EE0 (723 FBN7LKETAD) f e BY(E)(RY) 2L T
f="fo+fi, fi€BEE)R"), (i=01)
ERRTEDM?E VAL
BY(E)(R") C B (E)(R") + BY(E)(R") MDD LDH?

Feldt I VNV LZER B IZIROEMZNET VUL Z ORED LT 2R, &
DEMETTEMAIDKRONIDZ & 2L 72,

8 4.3 (DREM). EED t > 01 LT f O Q~DHIRD E(Q) IXETAE 5% f
BEOr>0Z8L, f=f+f LWS0ET

) Collfllzn  (0<t<r)
1£5 1m0 < { ey (4.4)
Cullfllzn) (r <t < oo),
0 (0<t<er),
17 m@n < { (4.5)
CellfllB@, (cr <t < oo),
(Cp,a,bye W& r, ¢, f ICHERIR) LR2E0WHIZENDRSIE, fe BY(E)(RY) XL

f=lo+/fi, fi€ BZ%(E)(RTL)

LRRTE S, TDD BYE)(R") C B (E)(R") + B (E)(R") L7425, HEFROGE
LRKTH 5,

% D —2A, 1-& ZI¥ Lattice %D & 5 7t I/ )V A% (LP, Orlicz, Lorentz,
Morrey ZE[H), %7z Lattice T\ A Campanato Z4fH] £, TH T D RESAEDRL D 37
DI ENDN D,

5 A
2 DHMEHIZE > TH UL B oNTZ3HE 2251 5,

5 5.1. Hardy-Littlewood / Fractional Mazimal Operators

1
= AL O )

pu=A+a,¢g<Npp, c+A+a<0D&E
By (Lpa)(R") — Bo(Lgu)(R")  Bo(Lia)(R") — Bo(W Lg,.)(R")

(1<p<oo) WS HEFRMEZRD ([10), T4 OFiEREEZ@EH TS & p,q € [1,00),
A€ [-n/p,0), p€[—n/q,0), ue (0,00 D& EIZ

By (Lpa)(R") — By (Lg,u)(R")  Bi(Lix)(R") — By (WLg,.)(R")
(1<p<oo) WO ERMNZGS,
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5l 5.2. Singular / Fractional Integral Operators

Tof(x) = p.v./ %]‘(g/) dy (Calderén Zygmund {EFZE)
o T —

Inof(x) = /]R Mf(y) dy (rough kernel)

n |z —ylrme
R U CRBRIC &S OFH (/10]) 2 Z OEFTHIIT 2 Z &2k > T
By(Lp ) (R") — By (Lgu)(R")  By(Lin)(R") — By (WLy,)(R")
(1<p<oo)2WHIHERMEEES,

FRZ, A= —n/p L BIHE, 26 DIEAZEITNT % Local Morrey type spaces (281} 5
BV LM, 5(R™) — LM, +(R") 2135,

f5 5.3 (Singular integral operators with cancellation property).

Tf(x) = lim K(z,y)f(y) dy
170 Ja—y|>n
C
K(zy) < —— / K (,y) dy = / K(y,x)dy =0
|.1' - y‘ r<|z—y|<R r<|lz—y|<R

(Kernel IZDWTDSMIFAEN) DROIEHRIZDOWTE [FAkkZiEH T
By(Lpp)([R") — Bi(L,)(R")  Bi(Lyn)(R") — By (Ly,)(R")
EWVWS DR RMEERD,

5l 5.4. Modified fractional integral operators

L) = [ 10 (== 2 ) e ae o)

|z — y[ne |y |

IZOWTH, b -Hdt: [12] DFERZMRITHZ L i12&oT
By (Lyn)(R") — Bi(Lyu)(R")  By(Lpp)(R") — Byy(L4,)(R") (5.1)
Z DRI T — A2 LT
By (BMO)(R") — By (Lip,)(R")  B(Lips)(R") — B (Lip,)(R") (5.2)

EWSHMERGES,
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WL R & E A Z DM 28

L N PP =
B BB

Abstract

AGHIEHOBMIIR EOF—A  NARARFERNE 4 &, ZIUHBET 2 EAR
SIEA P, OWHL ST 5H. BRLEXO “F I 2BEDS {P2u} %5
2%, BI{P2u} OBKFI 285+ 5 2 L b ATROMm b K 5. fix 7ok
SRMIEE 1 (ZFWTHI {P2u} BRIL & 9 RIED BN AT 5 2 L NDNDTES I .
HRK n DRE WS & FERBIE P2y OBEIIIRATEER D H3 > T
DM, D L ZAERITRINT/NEL D, ZOBGUIN2 0 IKPLUZR SN D D
T, WHEITHNORESRRBEENENTWD EHEETE D, 2 2 TR
RGOS F OBRR AR L7200,

1 EXZEHAOHEMGRSED

TN = FEHARLT S — AL, F=b v = 7ZHAE Voo flix OEZLEA

FEL<HOBELAFELN TS, T ITMBRBRAIR G & LT H BURIRV,

BrAFERSBBRLTBVEFLYHELOORNPY 2EX D L EITHEEL.
FEHERR EOWRME D> H, T—A b

M = /R *(da)

DT RCHERTHHEIHIRbDEEZ LY. Z0LEZEXDIN 1, x, 22, (ZFE
22 LA(R, ) DI TH DN, ZONEFCTERBELZ LA Z L2k, Effbsiiz
[ERE2EM

x — (pDF)
V(D5

R 5. BRZHEXIIRBDHEZ TS OT, il DR RILEAL S Z T F
To FEEAROUROIE D THERMEN K& <725,
EARZHAD e a AN D &, 8 LRI O 41

Ph=1 P= P, P,

Piu, Pip, Pip,

*2015 4 9 A 2 H ERIEGHHBIIT AR > VAR Y T L CrEiH

1
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25, bHAALZ DOFNITTOMRME pITEF L TnD. L L, RER 722 =]
JETHRARMICEZ D &, WL R IRD B IEE > TV D, BRBn B REWVE &,
%4@?P%@%f%ﬁiﬁb<%%bﬁﬂ%.¢_ﬁ<i&ﬁ0%#ofw< L
MLRNOLHLEREZMA D EZOIMUTIZIZEALE0IZR>TLE S DI
_@ﬁ%iﬁmf®%4wfp_owfxéébﬁfi@wmﬁﬁ1ﬂ2£ﬁ?

il em( )mz#m\ﬁ%hﬁﬂﬁ&wotﬁ%mﬁ%ﬁ R D5y
ﬁiﬁﬁ @ﬁ%%%%t K

HOADHETILE—FBERX ITEIROEERT Y APMDOBEELTHL .
ZOMEREERBAEIIZTHFLOL RO L S R TH 5.

Figure 1: 1EHL53 A0 O35 FE B

COERZRZHEAITT A I— N EATHY, TOEHRIL P, Py, - D_FE O
fife SR R BAE HTAbﬁékﬁ®i9@ﬂﬂﬁ%ﬂé

Figure 2: [EHLA0 Offe 5 B RAEL & P? DR
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Figure 3: IEHL A0 Offe 5 B REE & P2 OFE

Figure 4: [EHIAR OB A% L PL OFF

W I Lo TW D, IREIOP LA THRS EBWDO X 5 RIBZEDLD, &
LREFTEVONDLETLALEDLTOIZEONTLE).

2
YTt —DEMN T EEC BT TS T T SER v4¢+~@¥mﬁﬁiiz?@
DA E R CIE . YA RIS LTI ENT o 4 MTRIOEA T B e
R, BEARASEAIE B F -y 2 7SHEATHY, ZOERL P, P, D
“h ORI BN B L kD k5 RBIAE B b
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//ﬂx
2 s 1 05 o 05 1 15 2

Figure 5: =143 O ffe 32585 i B 4K

w
2 s : as . o : s 2

Figure 6: - 5370 O e F A% & P? OFF

Figure 7: =M OB M L P2 OFF
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\/\/\/\/\/0\/\/\/\/\1
2 4 i os o os B 1s 2

Figure 8: - 531 O R% FER¥ & PR OFE

CTEOLIICHBBAEY BN TTEALEELDLENVHIRERDIEVETD
BHRmEST—ILBER  FERPRR 04 OREFI & LTI e *dr (x > 0)
HEZTHELY. BERZENILIT S —NZ2HEATHD. BERZEXD “FE2 EOM

RIBFEBBICHNT ADLED LIRDO L I FINELND. DD D BIXLET T E
N, BEENOERDHIZONTHALEDY EXD, BMOEEES.

Figure 9: fR%53 A O35 B
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Figure 10: 5800010 O35 BB & Py OFf

Figure 11: $8¥0 0 O R L P2 OFF

Figure 12: ¥8¥0m OfeRE LR L PY O
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2 FIFLER

BB n 2 S HICREL LIEGA, #RAE P2ulx ED L 2 2o mlicii 3 oA
DI FEIE, IR JRELR u \_’Db\fﬁﬁﬁ/ﬁﬂr P2 O ERAIEH E LN 55IUR
5. WIESKER] & 13RO X [—v/2, V2] EOMERAIETH 5:

1
v([a, b)) = — (arcsini — arcsin i) . —V2<a<b<V2

m V2 V2
MERBEERBOSETITRD LS ITRIL I D:
1

TN EV2 I BT & EHERBEREBIIEALEAREL RS, L LER
V2 & B2 BHE 0T TLES.

Figure 13: W EsXHI O e 245 A2 B4

EALZEAT 2 2T & % T EIERIN T & 22 D). = OMAR 72 B IX
RBEITERRICRD D Z LM TE D,

THAPEMEFCER  WIETKER &V S Ry t/k’@“ﬁ%%éﬁ%b
NV, WIEREANITIEEHSIC ﬁm&%4\ﬁf%@é ICEYEZRY TS
T, IREE V2 LT A E# AR 2 Ltebio.wﬁfék%@%7/&A&ﬁ%
BEL, TOMBATGET D, TAREREHY T L, Bl TE Y ONCE, fitdh)s
BHE2HETEA NS ABREND. O A RNTSMIFEHTELE LD L5 7420F
WIETAC T2 D, D F 0 EZRNCHE S D72

3 R¥MERFZHLHLSOFT7ITO—F
ERZRZEAOROI>BENEBIZTH LT E%ﬁiﬂﬂrﬁﬁﬂf <BEWDZ EEH]

BiE T8z L. _@fﬁh%%z’»&h ikf“ WIZEND D7D, = L TEDOHEEDN
{72 DINEERD T2 O, AREIRE R 2 D .
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KRB RGO ERITMERER TH D, 2oV &, “RATEBOMR M Clde
WY O D b LivZauy. Lo UAERORESRGR CIEIMER AR & BAE & U CALRREAT
F L2 TH L. BERAEIT, ERITHITH LWL, e~ FERICERT 58
FAERIZE L LTh LV, SHI20n i, g «E@RZ B oeThHr L LTEIno
Thd. ZOXIITHERELZ L OALHHENERRICRELS 2D, bo b bk
HI _&E RIIMERERFR LR TR THENNE WS 2L THD. DF D iERE
BXY LYXDPELWDEFIRL 0.

& 3.1. o HEMRIMAN - RETH D & iTinvolution EFHIN D FG+: A — A
craf WEES TV TREMETZEThD:
(aX) =aX*, (X*)'=X, XecdaecC
(X +Y) = X"+ V" (XY) =YV*X*, X,Y €A
o 1 L0 REALIZEDONTZMIEESL o A - CH ADIRETH D & 1FR
Rl Y BN =T
e(l)=1, e(X*'X)>0, XeA
o 1 H O+ REEZDREDNT (A, @) 2REWIFEEZEMESD.
o EHIMERZEM] A DOIL 2 RBIIMEREH L F .

REIFEEEH D 5 H X* = X DRV LD D% B O IR 2 IR A 5 &
PR, e L TRERDIG DD &9 7T v ¥ bipdig b A R 2 R e R 2
Bskisd 2. B O RERIRHERZ BRI bHERIMOBEENED 6D,

S 3.2, I A C, B OIERARIIHERES X € A% LT REER Lo

MRS PN TE AL . AT O HRE m 2K LT p(X™) = / 2 () DR
R

DL E, X, p LB D LIS,

FIT AN TOH CIBEARBAIRERER X LR oI LT X~y p 272 T5E
BB E ORI 1 1 3IFET 5. T H ORI MRS & REDF] 2/
LATHLS:

5l 3.3. 2IRIEH1TAI% A L FB< . HFIEEED involution #5-2 5. HKi&p: A —
C#%

T x 1
80< 11 12 ) = 5(;311 —|—x22).

To1 T22
TEHLHETSH., ZNEFTROE “OOBEAEOVEZ 52558 Th5D. HERE
X % ( (1) (1) ) WD, T DE— A M
@(X) - 07 SO(X2) - 17S0<X3) - 0730(X4) = 17
L 0L LAY ET. Z0E—A Y M {1, 1} B AR, u({-1}) = % — (1)
ENTCTHERREDET—A L ML —HT 5. 2FV X ~, n THD. E72IENO

memn (0 0 ) () L)) emUEss ey,
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Z DI H CHBEATINT T N TH IR MERER L TS, K0 —RIZ C-BR
OH OB B HERE L 22 E D, ZOEARIGT DWRNMITa L 7 VEE
F5-2. Kolmogorov DR 22 [H] & IR ZE I Y IA A Tilgim % Z & ILFEET
H5D.

B34 QERELL FELOMMEL, PE(QF) LOWKEHLT S, =0
W (Q,F, P) I Z & B ARz T h 5. 22T

A= (] L’Q.F.P)

1<p<oco

LB AN —OAREXLY ZOZEMITFE T L T 4. Involution ##E# L& T
EOT, REp: A — CEZMERAE PICLDFHTEDDZ &I AFMRERIHE
ZERNZ I D

& O SH AR ZE M OV % Il 15 CC, B R =M T 5 2 &
(X EARBRENODDIEAS D M. THITEFYEELLEESITONTND.

REEERROBERMRE EFOBRSNERINDLENE, “WIHISEN EME IS
SR, WEBIRORERPNRETEHIETTH D, L0 IH EL 2 FNIENTH-
7o, ZAUIIRERN 72 BARBLEIMFEIN D LD TH D, BEFHIFRRAINDENCD
ARG I S LTV Dy, MERPBLG B O WIS EIC T D AN L - T
HL7EHENDRAENTOLO L Ebi Tz

20 AR OB 2 IARE R 72 B TERARICHE D BIR 23 AL U2, (L@ SCEE)
BELWoltEE DO —DOHET D & X, RFEDRERBIEG LN D LIRMEIT RN E WD
ZEPHA LD TH D, B TIFORICL > CREmIIHR SN E ST, FER
EmmMRBRNE R INT=07. L LIFREMEITERIED RanZ2 2k L2,
EFERIZIESDE N -T2 LTH, T—H¥E2HEMTHZ LT, Z0IEH-X HITiX
AR BERIMERN S D L oo = B 72, BREZ BT 57212 b B R OMRRT
MWEEZHREST L ENMETHD.

B N1FN G720 Ui Z 07200 Tldewy. 2 7 oo CIIfE & ES) &
NEBICRESNTIMEEZ EDZ LT, WhWARIEEHFREN/ Y Lo TV b
DTHDH. ZIITH LWHERREZIEY BT 2720 08ENH 5. H#iERH Tl
OOMEREHEITE I E LTEMSITONTWS., RFELOEROTRE %2
NAUE, “OOMEREROMEITE LITRESNTLE Y. 20X ) RHERRmILE i
LR T A DIIEIAREBETH D, —OOYHEED S B, A TOENRRENESL I A
FOMEIFRE SR E W DRI FLIR T E D K 9 7o MR O B0 & 1-ii D ZRITIG
ZHINDHDIE.

REMWERROFH-LEER NBEOMEROELRBRIL Lo LB THLH 0, K
FZETIEHT LW B HERGRIC A 2R U, BERZHEA 2> CEZSI N
WeRME DOHNL, < DBFE, WIEZIERNCINER L T DO TH S, ZhidbbAA
PERDHERHZDOEESNNTIATEX B L5 B8,

ZDO—FT, 7 uOMREEMT L7 OOEIEN Z 2 THRIZNYED., =/AI— |
ZHEADERSZ EANEARESEYBEZ T LW I EEIL, RO R L X —% Y
WEAMREL LT KORBIELERIGE L TWAENLTHD. BfHERE<T5
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BEL LCTHETE 207, HIlMERROSETEHE LN 5 NEGERBIG %, )
HeRam O T T 5. T ARt 2 & U SE 5.

RBEERTZENKBMERBORT MGG LHERH I C, HilpERER (Q,F,P) %
BRHEX QLEPENRINTIZLTEZRDLZEEFOEV enoT=. L, REH
%iﬁﬁ(wm&%zé&%'ﬁ%w%ﬁwﬁighékwﬁzkﬁigfﬁé.ﬁ
BFROITHBRERDEITBRANIFZEALEFR L THSTEH, EO L) RRMEE ¢
IZBWTHIEZIT O NIEERRETE NG T2,

4 S=FE

EXZEANELNZERAE HOR LOT—2A 2 MNERMERHEE 125G s b &
9. MERPE p IOV TOESEESNTCBERZEHAE Py, P, B, £3B<. BHXR
ZHEATERT25T 52 L12XY, (R, {Borel sets}, u) LA E'giix R—R%Z=
OOMREHIEREII R TE D, Vot Wil Z > TVDHONERAHNE L
2. o D ET .

BEAZZ A DMITIEDE O =R bRk 0 32

P, = \/wn+1/2pn+1 +a, P, + \/wn—1/2pn—l~
TR D o 2 X BT ENRO ZSOEMRICHMENDS T L 2BRT 5:

B C: Py = w2 Pyt
HMeRF B: Py — o, P, ;

HI A: Py fon12P

LI D P. OF75 038 2 2N ERRERZE C, 21 Lfib‘@ﬁ§?ﬁ’ﬁ?$ff/ﬁfﬁ$ B, 8%
DPEBIERFE ATHD. ZHAOEMIHERTHERAFE L LT (2 I X 28HNTH)
=A+B+C BN, ENEHRATHETAZ ExEFDEVND. ZIHD
YEfF#E A, B, C iEb\ AT VO TRED 7R E B E R L L LT 5.

(xl ié#l‘ )%X EBL. mOMILD E, X 2RO =ZFERNA1THIE LT
RETEXD. 170 EE > THERLTOFMNIIIERIZIAR > TN D,

(%)) A /wl/g 0
Y- \/W1/2 aq \/W3/2

0 \/W3/2 Qi

ZOATINE Y 2 ETAIE IR S . ESIA R EATRIZIES LSz kA B 0ERZZ%
HEAUTHKIIG LTV D RAERIZT 25 L TiAZ 0 & L72b D B, MAHERD—D
TZELTZ0 L LIZbONC, AAEROLARED 275 L Tz 0L L72b DR A
Tho.

FPVEHR LI2WREHIMHERZER] (A, o) 13

o A B, CHERNKT % «-E A,
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o HIBILEIE o - ) = (- Py, Py)

MBS, ZOMIBILEEIATHOSETE 21X, &L, —HFLOITHIEZEZTY
HT 5B THD. ZOMRBEERZEMICER T 5 Z LI Lo T, iR 40 pu iz
DWTHIRD Z ENA[REIZ 2 5.

iR 4.1, AREWOIREERZEM (A, o) IZBIT DHEREE X & dieR22/] (R, {Borel sets},
) B DHERE r DFET— A MIELW. DF Y
wo(X™) = /mm,u(dx), m € N.
R

BT LIRS TORIE X ~y, .
REITE AL HUC S W TR Y Lo ZHMEHERICE RS2 2 & Th2 bR .

EXZEXANEZ oNAHEERAE ELZHEANDG L X 6 5MENE D]
pu, P, PRpu, - Py, -
TR D T DRI ZER] (A, o) 1X A, B, C 3T 2 «- A &
o BB o1 ( - ) = (- Pr, Pi)

(X o THR SN D, REFRZEATITRELETEZR VB2 T LV, ZOMIEIR
BEEIITHIOFTETE AL, —FLEZ 0SB LHAZEEDESIA, —F EZ01TH
EBATIZEEDEATADITHNIER ZINY HT BB TH S,

fHRE 4.2, REWIRERZEM (A, op) I231T DiERZAH X &b iR 251 (R, {Borel sets},
Plu) \ZB T DHERE S 2 DFET—A L MIZELW. 2FD
or(X™) = /WP;fu(dx), m € N.
R

RIEI TR L7eRE T TV RIE X ~,, Plp.

AERIESIZ EHEL < Zov. R P2 2T~ 5 2 L & REAIRERZZH (A, pr)
BT DRBIERLEL X 2R Z LIRS L TWD DT D, MR P2y %
PR D T2 DITREIFERZEICE R T2 ORI b0 TH 5.

ME/ER Fock ZEff  MHAAEM Fock 22 & 13 ARL, MERE, HIROIER 2N E £ - T
5 &0 IR IERRGTNFRZER O Z & ThH 5. ZHIFERLHATHMA L Z &g
ETH L. WEDOFLEOMENTT L B> TV D05, AEHZREN TR0,

T2 4.3 (FEIEM Fock Z2M). 351 {wapoln = 0,1,2, - }IZEOEN RSB & L,
B {0n|1,2,3, - } IZFEHAD B 725 L+ 5. MILIER Fock 2RI T, & 12K 2372
FPHE (T(C), A, B,C) T %:

o I'(C) IINFEZEMT(C) := 2 ,CP, THDH. WL (D, D) = 0y TED D
nas.
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o AITIHIRIEMFRT ADy = 0, A®, = | /Wy_1/2 Pt
o BIIHEFHEMZR T BP, = 0, D,,.
o CIFEMIFHFETCP, = /W12 Puyr-
BERZHEAOER TIE7 ML O, IXERZHEAX P, ThHhx b Tz,

4.1 ™EEIEREHEE4ERAH Fock ZER

STCHTBHITERSZHEHA P, = 0, DFF L ZRELLTHWREEZEZZ TS, i
FAHEAER Fock ZEM D IEUES AV 2 5 K 5 BEMETH D, % CEEFAIEHT 2
& X D OIIAHAAEA Fock 28] D FEAE S 2 BV #i 2 T IR, -5 0 ] 4R
FHAER Fock 2 TH 5.

EE 4.4 (MERA AAEH Fock 22[). kD X 5 2 WH{AIERE S8 52 i T\ 5%
L5

13

57 57 T )

1,---}.
AIEERR Fock ZE[H Ty 0 & 13RO & 5 22 M0-2# (T(C), A, B,C) Th %:
o (D, Q) = 0pyn TN EZHNLNBZERT(C) = 02 CP,,
o AIFTHIMIEMFET AD, = /012 Pt
o BILHERHERRT BO, = 0, 0y
o CIFHEMIERFETCP, = \/Wni1/z Puyr-

EE 4.5. Yari¥EiIfMmX =A+B+C CTHE2ZONWAEHEZETHD. kDX T
KEND LI RITIN X = [Xpnlmmez & LTEHIND:

3

1
= m = 0 =TT, T 5T o
w {w > m 5 5

a = {a, €ER|n=---,-2 -1,

VWn-1/2, m=mn—1,
Qn, m=mn,

an -
’ VWni12,  m=n-+1,

0, |m—n|>2.

Y3 T8 X b REARERZECT, REE (D, Do) IZDWTDE—A L RMINIAT
FIEFDZHATRO L HIZRIND:

<X1(I)0, (I)0> = Q,
<X2(I)0,(I)o> = w_1/2+a(2)+w_1/2,

<X3(I)0, CI)0> = W-1/20_1 + 2&)_1/2060 + Oég + 2(,01/2060 + W1/200,

F—A Y MIPTHIEROZHA TR SN D 2 EITEFARE TRETE 5. £
I BIROFEREPND.
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R 4.6 AR/ Fock ZEM DS T (00 o0y & FHUMERRAR A/ Fock 72
Tipoy BEZHNTHSE LTS, XE & X & a2 CO, |[ZVEMAT 2 MRy =
EFTSIET 5. b U limge wl)) )y = Wosije & limyoe ol = 0, WETOES R IC

LT o ET 5 2, ROE—A > MO EHS: Tim (XP)" @), @) =
(XD, Dg).

5 IR ET R
1 2

AR T DTSRRI 1 754 7 A7 —— oxp (—ﬂ) dr Tl BB I
V2r 2

VUTINTHD. ZOHERIEBR0OTHY, A CIZHOWTIIZHER AC -CA=1
DR SEOM BT AERAER SR ETEBIEA B OB TP EEEHEICR D &0 ) 2
O BRI EYEASHABfR & MFRIEN, & i CHEZREWRE £,

T AG3H T O D IRIL R MR EE 10 126 U CAS A+~ & 43 B D He ST 9 12/ )s
LBl ZENFELVDND. TN AT AT HAYE & RS, TR ATk
X P2 ZIEHUET 2 LW O ERICKT LT, A, B, C OIERHPEN & A & AL T
KEWVWIZEEBWT D, FA-BIX, 2O T T PRy OIEK LS WIERZIEANC
BN 5 LD 2 EEEATE -

5.1 #naryeriis (RACL)
EPHIELAER Fock ZER O BT Y Al (RACL) Z2E ML L &£ 5.

T 5.1. A A Fock 250 T, o WHOEHATHME (RACT) 23724 L 13, —> 0w
BT [A,C] L [A B BULF &= 2 & Th 5
AC —CA AB — BA

lim ®, =0, lim $, =0.
n—=00 Wp41/2 + Wn—1/2 n—=00 Wpy1/2 + Wn—1/2

TER W12+ W o FEFEHORER A X = A+ B+C OIRIE 0, (1) = (- B, B,
IZOWTDOHBETHD. OF Y

Wn41/2 + Wp—1/2 = SOn(Xz) - Spn(X)Q-
#HRE 5.2. WHICAYATHAE (RACL) XK O L RETH S -

lim Y2 g gy S TGl
n—00 Wp_1/2 n—=00 /Wy t1/2 + Wn-1/2
Proof. Al#a¥-[A,C] & [A, Bl I3k & 7=
AC —CA o — Wnt1/2 — wn—l/QCD
Wn41/2 + Wn-1/2 " Wnt1/2 + Wn-1/2 "
AB — BA o Qp — Q1 o
= v Wn— n—1-
Wrpt1/2 T Wn—1/2 g Wrpt1/2 T Wn—1/2 2 !
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FREAD AN R W SEo & X212, LEZSDR7 AR 0 IR T 5 2 & 2Rd Dl
SIEEEEL < Zpuo.
WS (RACL) WALV Lo T2 EREL L D, 2D L EREHED

lim 2Tl g gy A T Ol e ),
n=00 Wy 11/2 + Wn—1/2 n—=00 Wy 11/2 + Wn—1/2
%X
2 1 . wn+1/2
1— Wnt1/2 —Wn-1/2 m7

Wn41/2 + Wn—1/2

CHEET S &, 4 (RACL) RIKAEL = & Rbind:

. Wpi1)2 2
lim =
n—00 Wn_1/2 1-0

WL AT (RACL) O —3%& H OS&MHIk 2 E <

-1=1

. Qp — Qp—q
lim
n—=00 \/Wpy1/2 + Wp—1/2

Uy — Wnt1/2 T Wn—1/2
= lim N lim
n—00 Wy 11/2 —|— Wn—1/2 V2 e \/ Wn—1/2
= 0v2=0.
ZDOE T LT (RACL) 2 BAFED KN EIND. O

EFAATL M 00, Fa2o AT OB-A it D EAEH Fock ZERNITFHE S
TWD. ZIDITARMBEORMEZ T L TW\D.

EH 5.3. FANEM FockZEM T, . == ((C), A, B,C) »3WRILry it (RACL) Ziifi7-
LTV ERET 5. AR DS —E DIRRE o) = (-Dy, D)
dx

Wg—1/2 T Wk+1/2

(2B % o An i ek iER oy IZE—A Y MURT . 37205
. X — oy
1 Py, O
kiglo<<\/wk1/2+wk+1/2) . k> VQ—%’2

X — (073

T CHERER X /ML A2HE L T
VWe-1/2 T Wkt1/2

DE 1 ETHDTHS.

Proof. BHNDT ({wny1/2}, {on}) ZHEAEH Fock ZE[# 2 B8 D458 & 9% . Wit
FRTHE (RACL) 28RV SED EE L K 9. 56 k8 B OMRAE ¢ (1) = (- Dp, p) & 1E
BUb S 7o BRI ER AT

ELTWDDIFEE%E 0

X — Q.
VWrt1/2 T We—1/2

x(F) —
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(COWVWTHERZTAHL Y. THHITINEZER @2 CO, IZ/EMT 5. AERIHEREE
XW® OITHIE R

( Wn—-1/2

, m=n—1,
VWkt1/2 T We—1/2
Op — QO
) ., m=n,
Xin = VWkt1/2 T We—1/2
Wnt1/2
, m=n-+1,
VWrt1/2 T W12
0, |m —n| > 2

\

LRtk &N D, B E XP) 25 12012, M AVER Fock 22/ 0% 5 %
m,n =0,1,--- k-« >>m,n=~k,—k+1---,0--- IZ&fbsELY. OF
DEZTODHIREDN (0, Pp) IZRD K DIHEZEEXD. HAANM Fock 221X
%) = @x  C, &rtik &2 miMFE AAEA Fock 25MIc72 5. & 2 H IR A

BITFEZOMVBRIZ LI > TR TERSIND L O R XRBIZhb5:

( Wntk—1/2
, m=n-—1,
VWkt1/2 T We—1/2
o Opyk — Ok m—=n
X0 0= \/szrdl/z Fwr—12 ’
k+1/2
n+k+1/ C om=n4tl1,
VWet1/2 T We—1/2
\ 0, |m —n| > 2.

i 5.2 D—F B OLEML, BRI {wniprr/o}_ PBEE D LOMMREAE A 1ITHE
S EEEWRT D, OF W EE SNBSS T LI,
1

im X ® -~ lim X®
klggoX neln = 5 ;}LIEOX nt1n-

W52 0 " FHOEME, lim —r L g pEmkT .
k=00 \/Wkt1/2 + Wk—1/2

O CHIA.6 2 2 S THWTHE 9. RERERER X % RO BRI T T
ED D

0 1/V2
1/v2 0 1/V2
1/vV2 0

ZHULE L NZER £5(Z) VAR 5. KSCFD 0 1LIREE ( - B, Bo) (kG 517
SIBHEChHD. ME L6 LY, KOWKE % 5:

lim <(X(k))m<1>k,61>k> — lim <(ﬁ>)mq>0,c1>0> - <()~(>m<1>0,c1>0>.

k—o0 k—o0
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7— U TS (Z) 2 L2({e1)), 1T 0 B HHAIM T = {¢} Eo7ikBIs 1
—BERD. FAMERERAA X TR L LT B MR

1 . 1 .
et 7t — \/2cost.

V2o V2
LR—HEhD. ZOR—HEMH ) RO X HIZHETE %:

<<)}>m o, (I)O>€2(Z) - < <\/§ €08 t)m L 1>L2({e“})
= /O27r (ﬁcost)ms—;
= /:ﬂ (\/icost)m%.

PR /2 cost = x 1T X HRYDER
vz dx
lim { (X" @, @ :/‘1@—————
k%oo<( ) k k> _\/5 7-‘-,/2_1‘2
155, ]

FE 5.4. ZOFEEHOBNT T, ERZIEX) D ED B A5 MR EE 2w E 5B
WIVR LTV E W) BN AEIZ A D IVD Z AT 5. BRI E IS
W CHTE R ATHAME (RACL) SRV ED Z ERRO L H I L Tha b7,

U)*%%Eﬁ%g@Kﬁﬁ#éﬁﬁ%%%&%%@%ﬁm

3 B (n+1)2
2T on 1 1)(2n + 3)

o, =0

ThHEz2 b5,
(2) HEESGIH (0,00 € “da \Z%HIE T 2 A EAFE A Fock 22 D FR%1%

Wni1/2 = (n+ D2 ap,=2n+1

Tho.

(3) ¢H VA5 (—1 < ¢ < 1) IZxbiET 28503
Wni1p=1+q+¢+-+q¢", a,=0.
EH q D31 OGEITEE O ERSMITKIST 5. B8 q 20 D5EAEITFMA]

FRE 5.2 1 & o THRE A ATHUE (RACL) OEZNED O HALD.
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EE 5.5, WIEREANTa R hEEZFFODOTE— A 2 MR IR %38 <
EEL 5.3 1T D & 9D REARLZEAUZHOWNWTOREEL

% 5.6. FREH L OHRME 4 @Eﬁﬂ:éhtl_&yiﬁfc% P, L5< . HALE
ﬁ@)ﬁﬁaﬁ{wm@w& ({wn}, {n }) ISR AT (RACT) 235k 0 325 & fRE L

et
p(dx) = ’Pk (\/wk+1/2 + wk—1/233) ‘2 M (\/wk+1/2 + wk—1/2d$)
dz
TERIN [ WIERER] ———— 255 .
EF 2 e EE 1y, %&Jmﬁjﬁ GINIY g B

BEAZZ I B E D B AL D i E D 5|
M>P12M7P22M5P32,ua
W ETZIERNCINR T 5 7 — AN OIX 8 ). OB E 5252 LN TEk.
W ORERBRDOERITIE, R, HERF, HEO 7T v ANRE TS, £ 5 ICH

B2 AT HAPE SRR D ST & &, BEE 5.3 IR EN TV A X 9 2 IEs%yERI~ DI &
BAEDTHAS.
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BRAC*-BOENELDY v OBEE ZDIGA

Hilm R TEE Bl —

1 BE

Za— M UAFETIFEESMERIEIRTI—2 ) v R%E F'ﬂR'S&J}?&'é‘ EMTE, FIZDOWTHE
Mz LU TWEd, —J. Einstein (2 & 2R MHMERIC BT 2 HE 2RI EZFTDHD
MIzcldTde, R={uecR:||ul|<c} &ARTILNTE, #HEu L v DI

v
1+ (u,v)/c

koThHEZONET, 22T, () IEFERPOI—2Z7)y FARZEKL., v, 3EEwDOE—L
VY RF

uPpv =

{u+%v+l Yo <u,’u)u} (1)

1+,

1

Yo = (1= [luf?/e*)7z, (2)
ﬁ%biToZ@Lﬁ@ﬂ@ﬁ%’Omfﬁ&fﬁét%é&%%ﬁtéf\itﬂ@@%ﬁ
PR TE X, Lo T, RiFktExEm ClddEEadmiE () e L coEdzhio
Tw\iﬁ%J U LA S, p®(R3@E)iTﬁ%ﬁ’ﬁﬂW@géﬁﬁoTW\ij}{Z®(Ra@ﬂ

DOHEE 2 MBI U 728E&2 A A, Ungar 12 X > TEFE I N7z (gyrocommutative) gyrogroup T
9, (Gyrocommutative) gyrogroup (& (FJ#1) FHO—bizRd KXo ITERSINTVWET, TIT
(R3, @) D Z & % the Einstein gyrogroup £FERZ &2 U 97, (A[#) HEL the Einstein gyrogroup
PAAD (gyrocommutative) gyrogroup DR ZaHi & L T Mébius gyrogroup & MEENTWS H D
MdH D 9, Mobius gyrogroup (D, Dyy) 1FEFEFM EORAFHMED EOWHRE o) %

(3)

WEoTHEAZHDTT,

Za— M UHETORERKIIIRICI—2 )y RZEMR? L ART 2 ENTE 5O THMEIEZ
T2, WEZERE U TOMIEZ R > TWE Y, WEZERIZFIZOWTH#ETH S Z & 2 2R T
W B 7z O REFRAH N Gl D R RS I NREZERICIZZR D £ 8 A, UL, Ungar iZ K-> TEHZRI NI
gyrovector space & U TDRiE ZKi> TWE 3, Gyrovector space [FH1IZ DWW T (gyrocomuutative)
gyrogroup TH 3 (AN D W THEGIERPC /[l 2 63 L £ BR U AR\) " NREZER ICHEBLL 72
NRERD 72D DREEZTT, Gyrovector space 1 GHE DR TOD) NEZEMO—#LIZe>T
H Y. the Einstein gyrogroup (R2, ®g) X Mobius gyrogroup (D, @y,) 1 HRIZ gyrovector space
& U TOMEZFED £9, The Einstein gyrogroup, Mobius gyrogroup (2 gyrovector space & U T
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DIEE % 5 2 12 D % Z N7 11 the Einstein gyrovector space, Mdbius gyrovector space & FEUNE
9, WREZEMPZ—2 0y FEMZZIZRIGL TWBDIZX L, gyrovector space (A HH A 12 X ity
LTW5 & Ungar & FERL TWE T, FEBER. the Einstein gyrovecor space ($HMHX G D HE D729
MR & . Mobius gyrovector space (&R 7 > 4 L P8 D A THEE & AHEDS R WZ &8

RCTEET,

BT C*— B of O EMEA ¥ TR o771 1 (gyrocommutative) gyrogroup & U C D % £#D
ZEMNHIONTWVWET, ULRLRA S, gyrovector space & U TOEZFf>TCWER A, £IZ T,
B RFOPISGH I & D ILFIfRZE THi 7212 generalized gyrovector space (LA T GGV) & W5 &
ZEFT DI LIZUE L7z, Gyrovector space DYFENEZEFM D —LTH 5 DITH LT, GGV X
FE VLD AL o TV E T, BALN C*— BROEMERF 8K 77 132D GGV & LT
DIEEZFFDZ EHAMERTE X9, HARIT 512, /IVAZERIZDOWTOFER TH % Mazur-Ulam
DEH%Z GGV EIZHEEL £ U7,

ARG T

1.(Gyrocommutative) gyrogroup. gyrovector space D i€ 7% & 1l
2.GGV DEFH L GGV L TEHR I N2 KEMEDEH
3.GGV D& & B O — B o7 O IEME R RK o1
4.GGV IZxd b Mazur-Ulam OEH & £ DA
IZOWTHEFHEIETWAEEXT,

2 Gyrogroups

THHEAENGZ H oNT-EE % magma EIFUE T, Magma (X,0) 1T LT, Bfp: X - X
NEPHTHEZR/EFTI LS, DD

plaob) =p(a)op() (Va,be X)

Zii7z 3 & E, ¢lEmagma(X, o) FOHCRMEHRTH S LW\ X T, Magma (X,0) EDOHCCM
RIGMREeRE Aut(X,0) b ELZIZLET,

Definition 1 (gyrogroup). A magma (G, ®) is a gyrogroup if it satisfies the following axioms.
(Gl) dee Gst. Vae G, eda=ce.

(G2) Vae G, 36 a st. Sada=e.

(G3) Va,b,c € G, Jlgyr[a,blce Gs.t. a® (bdc)=(a®db) D gyr|a, blc.

(G4) Va,b € G, gyr[a,b] € Aut(G, D).

(G5) Va,b € G, gyrla @ b, b] = gyr[a, b].

ZZ T, (G4). (Gb) THRND gyr[x,y] 1F G 25 GANDEH z — gyr[e,y]z 2R LU TWE T,
ZDEB gyr|e,y| 2 x &y DOEKI NS gyration LI X T, (G1) TIEEMBALTOFEE .,
(G2) TIEZ DLEMBALTCIZN S B EMHFTCOFEZERL TWET, ZNSIIMEORBL LM AG
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B TEEDEKRTOHEMIT - WICIZRD Z PR TEET, (G3). (G4), (GH)IFL2TH
OETHEGEI LD BFHVERMALR>TWET, L7zA o T gyrogroup 1EHE L 0 & — k4%
KIWERLRoTWE T, EBE Magma H {EED gyration 78 G EOEEFEMRTH 5 | gyrogroup
THEILLHTHE I LIIMAMETY,

Definition 2 (gyrocommutative). A gyrogroup (G, @) is gyrocommutative if it satisfies
(G6) Va,be G,adb=gyrla,b|(bda).

FEL X EED gyration ¥ G EDEEEMHRTH 5] gyrogroup D Z & DT, FETIiE gyrocom-
mutativity & AT IZFEMEIZR D £9, U72A3> T, gyrocommutative gyrogroup (& al ##£ D H /R
P BIZ iR o TV E T, BURIZEETIZA W gyrocommutative gyrogroup Ol % 3 D21 £ 7,

Example 3. Let ¢ > 0 and R? = {u € R? : ||u|| < ¢}. Define the binary operation &g on R? by

@ ! LI e R |
UBEV=—F———— U+ —V+ — u, v)u
g 1+ (u,v)/c Vu A1+, ’

where (-,-) is the Euclidean inner product on R? and 7, = (1 — [|Ju|?/c?)~2. Then (R® @) is a
gyrocommutative gyrogroup. It is called the Einstein gyrogroup.

Example 4. Let D be the open unit disc on C. Define the binary operation &, on D by

a+b

b= .
@ Do 1+ ab

Then (D, ®,/) is a gyrocommutative gyrogroup. It is called Mébius gyrogroup.

Example 5. Let &/ be a unital C*-algebra and /' be the positive invertible elements of <.
Let ¢ be a positive real number. Define the binary operation @®; on .27 U by

H-\»—l

a®; b= (a?bt(ﬂ)

Then (&7 ') is a gyrocommutative gyrogroup.

ZDOFBEHTIIRHIZ 3 DHOBNTIER L ET, BiHD~D, DBETIEEMNC— R o £ LTnik
ERFTHIRMR M, AFHE I VL |- | %8 A27250, £72t=12LFET, LizhioT, & &
nARDIEMEFFETHRERP, 120 £9, FA-HER e 2 ¢, b ESZEIZLET,

Example 6. Let P, be the n x n positive definite matrices. Put
a®,b= azba?

then (P, ®,) is a gyrocommutative gyrogroup. The identiy element e of the gyrogroup (P, &,)

1

is the identiy matrix. The inverse element ©,a of a is the inverse matrix a™ of a. The gyration

generated by a and b is give by

gyrla,blc = XcX* (Ve € P,),

w\»—t

where X is a unitary matrix give by X = (a2ba2) zazbs.
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Gyrogroup (G, ®) IZDWTHHANRS ET coaddition L MEHEN S Fi7- 2B B %2 H 2 5 LHMTT,

Definition 7. Let (G, ®) be a gyrogroup. The gyrogroup coaddition is a second binary operation
H on G given by
aBb=a® gyrfa, ©b)b.

Coaddition B & & H & OB o [IXEELRERYEH D £9, #HlZIX, gyrogroup (G, d) A
gyrocommutative TH 5 Z & & (G,B) WA TH 5 Z L IFFEME T, 72—

Aut(G, ®) = Aut(G, H)

THBEILHbADET, BHABEL LT, (G o) MHoBake =B LR, “ OO
KX NEE A,

Example 8. The coaddition B, of the gyrogroup (P,,®,) is given by

aBb={az(azb " az) 2a2}>.

3 Gyrovector spaces
INRRZE RNl 72 K38 %2 R D gyrogroup ZH% D 72D D& L U T gyrovector space BEHE I NE T,

Definition 9 (Gyrovector spaces). Let G be a subset of a real inner product space (V, (-,-)) and
|| - || denotes the norm induced by (-,-). (G,®,®) is a gyrovector space if a gyrocommutative
gyrogroup (G, ®) with the map ® : R x G — G satisfies the following axioms.

(GV0) (gyr[u,v]a, gyr[u,v]b) = (a,b)

(GV]l) 1®a=a

(GV2) (m+rm)ea=(rmea)®(rea)

(GV3) (mra) ®@a=mr® (r®a)

(GV4) ([rf®@a)/|lr @ all = a/llal] (r#0,a#e)

(GV5) gyr[u,v](r @ a) = r @ gyr[u, v]a

(GV6) gyr[r @ v,ry ® v] = idg

(GVV) 3(L||G]|, @', ®") : a real one-dimensional vector space, where +||G|| = {£||a| : a € G}.
(GVT) [lr @ all = |r[ &' [la]

(GV8) [la@ bl < |laf| @' |[B]
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FNFELER (V, () BT NHEOH + L AHT—F - 2252 LT (V,+,) I& gyrovector
space 1272 D £9, gyrovectot space [FENEZEM DO —MALIZR > TWE T, EABEERTIERWL
gyrovector space Dl & U TIELARD 2 DMK T,

Example 10. Let (R?, &) be the Einstein gyrogroup. Define the Einstein scalar multiplication
®p on (Ri, EBE) by

ctanh(r tanh ™t %L (4, € R3\ {0})
r®pu = c /ull ¢
0 (u=0)
for any r € R. Then (R2, ®p, ®p) is a gyrovector space. It is called the Einstein gyrovector space.

Example 11. Let (D, @),) be the Mébius gyrogroup. Define the Mébius scalar multiplication
®M on (ID)7 EBM) by
tanh(r tanh ™ lal)a (@€ D\{0})
rQ®ya=
(a =0)

for any r € R. Then (D, @y, ®yy) is a gyrovector space. It is called the Mdbius gyrovector space.

4 GGV

Gyrovector space [FNEZEMICEI7-MEEZ RO REZK D 72O DR TU 7z, —MINIZFENKE
Z8[H1% gyrovecor space T A3, %/ )V LAZE[E] L gyrovector space TH 5 IR £FHA, £IZ T,
Fz )V LNZEE & gyrovector space D7D —fAKIZ72 5 K 5 IZH 7212 GGV L WS Rz EFHR L
E S I

Definition 12 (Generalized gyrovector spaces). Let (G,®) be a gyrocommutative gyrogroup
with the map ® : R x G — G. Let ¢ be a injection from G into a real normed space (V.|| - ||).
(G,®,®,¢) is a generalized gyrovector space (GGV) if the following axioms are fulfilled.

GGV0) [¢(gyrlu, v]a)| = [[¢(a)]l

GGV2) (m+r)®a=(rr®a)® (rnea)

GGV4) (o(r| @ @))/[[o(r ® a)ll = ¢(a)/|o(a)]| (r# 0, a#e)

(

(

(

(GGV3) (mro)®@a=mr® (r®a)

(

(GGV5E) gyru,v](r ® a) = r ® gyr[u,v]a
(

GGV6) gyr[r; ® v,rs ® v] = idg

(GGVV) (£|lo(G)]|, @', ®") : a real one-dimensional vector space, where £||¢(G)|| = {£||¢(a)] : a €
G}.
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(GGVT) |o(r @ a)|| = [r| & [l¢(a)]
(GGVS) [lo(a @ b)|| < [l¢(a)]| & [[o(b)]

Gyrovector space IFFENFEER DI ES ETEREL TWVWBADIZX LT, GGV X5/ )L L 7=
ICHDRAL I L2 EATVWEY, ZNREMAEGTHAEERERADLSI2T25720TY, HdA
ADEMR ¢ & UTHEFEGMHEZHEZ X5 Z & T gyrovector space 2T GGV THEZ W bhb £
T, Fl2, M+ AN T—HE 22/ VAEMIEo L UTHEHESH, o=+0=-2FX5Z
CIZEDENEHEN GGV IZRD £7,

Example 13. Define
rQpa=a"

for any r € R and a € P,,. Consider the map
¢p=1log:P, = (M,,| 1),

where || - || is the operator norm on M,. Then (P,®,,®,,log) is a GGV. An one dimensional
vector space (%[ log(Py)l|, @, ®;,) = (R, 4+, x) is the usual 1 dimensional real vector space of the

real line.

5 GGV LETERINDIER

GGV X gyrovector space D —fR{bIZ72 > T\WE L7z, Gyrovector space ETEZEI N T WS
DD —HIE GGV LTHHRIZERT DI LA TEET,

Definition 14 (gyrometric). Let (G, ®, ®, ¢) be a GGV. The gyrometric g on (G, ®, ®, ¢) is given
by
o(a,b) = [|p(a S b)|.

Proposition 15. Let ¢ be the gyrometric on a GGV (G, ®,®, ¢) then
o [lp(a)]l = ole,a);
o o(a,b)=0 <= a=0>b;
o o(a,b) = o(b,a) = o(©a,ob);

e}

s}

(
(a,b) < o(a,c) ® o(c,b);
o o(x®a,xdb)=op(a,b);

o o(gyr[u,v]a,gyr[u,v]b) = o(a,b).

Definition 16 (cogyrometric). Let (G, @, ®, ¢) be a GGV. The cogyrometric p on (G, &, ®, ¢) is
given by
p(a,b) = |¢(aBb)]
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Proposition 17. Let rho be the cogyrometric on a GGV (G,®,®, ¢) then
o |lall = p(e, a)
o pla,b)=0 <= a=0»
o p(a,b) = p(b,a)
o pla,gyrlaBb,bH cJc) < p(a,b) & p(b, c)
o p(gyr[u, v]a, gyr[u, v]b) = p(a,b)

FHZ GGV & UTE /I VLR EZEZGE, (0 =B8=+, ¢ JMEEFEGHRTHHDT) D L
® gyrometric & cogyrometric [&X A XTIV LA SEPNBEREEIZAR D £,

Example 18. Let g, be the gyrometric on (P,,®,, ®,,log) and p, be the cogyrometric on
(Pm@pa@mbg)‘ Then
1,9 1
0p(a,b) = || log(a &, b)|| = [[logazb™"az|

and
po(a,b) = || log(a ©, b)|| = 2|/ loga?(a2ba?) zaz||.

Definition 19. Let (G, ®,®, ¢) be a GGV. Put
Lla,bl(t) =a®t® (©adb).

Lla,b](R) is called the gyroline in G that passes through a and b. L[a,b]([0,1]) is called the
gyrosegment ab. Lla,b](3) is called the gyromidpoint of @ and b.

Proposition 20. Let (G,®,®,¢) be a GGV. Then
o Lla,bl(0) = a;

o L[a,b](1)

b;
o Lla,b|(5) = 3 ® (aBb);
o Lla,b](1 —1t) = L[b,al(t).

Definition 21. Let (G,®,®, ¢) be a GGV. Put

La,bl(t) =t® (bBHa) @ a.

L.[a,b](R) is called the cogyroline in G that passes through a and b. L.[a, b]([0,1]) is called the
cogyrosegment ab. Lc[a,b](3) is called the cogyromidpoint of a and b.

Proposition 22. Let (G,®,®,¢) be a GGV. Then

o L.|a,bl(0) = a;
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o Lca,b](1) = b;
o Lla,b](1 —t) = L[b,a(t).
Put ¢ = bBa then LJfa,bl(t) =t @ c® a.
FRIZ GGV L UTE /I NVLAEMEZZ 22546, (@=B=+,=-TH5DT)
Lla,b|(t) = L.[a,b](t) = a+t(b—a)

Y70 LE LEEMENT, La, bl([0,1]) = Lfa,b)(0,1]) Ha & bakAE T 284 %, La,b|(R) =
La,bl(R) i a & b%zi@dENEZ. Lla,bl(3) = La,bl(3) = a;b AR e U Todi iz R
LEd, LMo T, (co)gyroline IXERR, (co)gyrosegment (EHR7>. (co)gyromidpoint (& H A D
BERITR L 72T o TV g, 72, —MIKIZ Ta & bD (co)gyromidpoint] & b & a d

(co)gyromidpoint] IZFNFN—EHL TWVWE T,

(

Example 23. Let (G, 8, ®, ¢) = (P,,, ®,, ®,,log). Then

and

The gyromidpoint of a and b is

The cogyromidpoint of a and b is

Lo, 0)(3) = (b (bhab?

V]
=
S+

[V

SN—
|

V]
S

V]

—~—
[V
IS
=
S
V]
~
S

N
e
S

[V

N—
|

[
S

[

6 GGV IIxd % Mazur-Ulam OEE & F DA

AV T F VD Mazur-Ulam OEHIE / WV LAEBIZET 25 DT, T %2/ IVAZERV RS /)L
LZERIW ANDEHEFEESRE LEd, 22TV E WOHMIZZENTN /)LL) SENN S
BAEEZTVET, $8bb, T ||Ta—Tb|w=|a—>bllv ZEED a,be V Tl 2HTT,
Mazur-Ulam OEHAFEL TVWEDIE, ZOLE Ty =T-T(0) £ T5& T XV 2o WADIE
EGIZIRD WD e TY, $Thbb, ENEHRMEHR T IIMEEHR + FATBRHEIOR T 5
ZrizkhET, ZOEME GGV EOTEHE LT T r IR TEET,

Theorem 24. Let (G, B1, ®1, 1) and (Ga, B, ®a, o) be GGV’s. Let T : G; — Gy be a surjective
gyrometric preserving map, that is,

QQ(TG, Tb) = 01 (a, b)
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for any a,b € Gy, where g; is the gyrometric on G; (i = 1,2). Then T is of the form T =
T(e) @9 Ty, where Ty satisfies

To(a ®1 b) = Ty(a) B2 To(b);

T(](O{ & CL) = Q9 T()(CL),
Q(Tga, Tob) = 01 (a, b)

for every a,b € Gy and o € R.

ZOEMIT GGV DEDEH MRS (gyrometric) ZAFTNIX GGV & LTOEEE 2T
RETHZLZRLUTVWET, HIZIXT(La,b](t) = L[Ta,Tb|(t) mEDKILT 5 Z & HHIZ

ATEET,

CZETHEHEDED of = M,. t =1 DGHITDOVWTATEE LA, AR —/DBAK
C*— R ITRUT, (& @, D, log) %

t\1

a®; b= (a%bt(ﬁ)t,
re®a=a",
log : o/ — (/.|| |I)

LEDDE GOV THEIENHERTEET, ZIT, | |RC—BA D/ VLTS, £/, log
DAl log AT 1E o D self-adjoint FTERIKD 72T of DB 2E M o5 127> TWE T, Gyrometric %

o(a,b) = || log(a~2bla™2)¢||

THEZOoNXT,

XD FEMIE Honma and Nogawa[4] IZ& > T/RINTWVWE T, KT, ¢ = 1 DHHITOVWTIE
Hatori and Molndr[3] IZ& > TREINTWE T, EFELD GGV XY % Mazur-Ulam O EH & N
22 TIOEMICHRAGNHEEA DI LA TEET,

Theorem 25. Let o/ and A be unital C*-algebras and t a positive real number. Put
d.y(a,b) (resp. dy(a,b)) = ||log(a™2b'a"2)7 ||, a,b € o/ " (resp. B).
Suppose that T : /7" — %;1 s a surjective isometry, that is,
log(a~2b'a™2)7|| = |[log(T(a) *T(b)'T(a)2)7[|, a,be /"

Then there exists a Jordan *-isomorphism and a central projection p € 9B such that T has the

form
1
t

(pJ(a) + (e = p)J(a )T (e)2)7, ac o

[IES

T(a) = (T(e)
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Proof. T1& GGV 125 B ~D gyrometric Z {173 2 24172 D T GGV IZKF % Mazur-Ulam
DEBMEID. T=Te)dTy ERTIENTEXT, ZITel TN C— R o DHRAIITLER
U, TplZ
To((a2ba2)7) = (Ty(a) 2 To(b)' To(a)?)*,
T(](CLT) = T()(CL)T,
| log(a™2b'a™2) ¢ | = || log(To(a) ™2 To(b)'To(a) 2|
ZiilzUES, TInokid 3| THEAONREHEFARIZITA LY, o, B D self-adjoint JTLE
IRD 72358 2518 ofs. PBs DD EL Sy %
So(x) =logTy(expx) (Va € o)

"Ci&)ij—o So =g %g 753‘5 %S A@é\%%ﬂﬂtj—o ’ff%@ a € JZf_i__l En eN CU@FL“C\ To((l%) =
Ty(a)» TH 5 DT,

z, _ So(z)
SO(n> N n
M0 NH F9,
S S
duy(exp S exp L) = d(To(exp L), Ty(exp L)) = d(exp 222 exep 220
n n n n n n
By

So() So(y)

nd . (exp f’ exp g) = ndg(exp , €Xp )
n n n

W2 LT n— oo DRI Z & i

ly = 2]l = [[So(y) — So()]]

PEONET, T Sy VAL oy D26 By ~NDEHRMERTHSHZ L2 RLTWVWET, £
72 Sp(0) =0 TH2DTAY Y FH D Mazur-Ulam DE K U Kadison DFEHR [?7] £ 0. central
projection p € B & of 75 B ~D Jordanx-isomorphism J H3FLEL T,

SO(B) = 2p — €,

So(x) = So(e)J(z) (Vo € o)
ETEET, SyDED /LD,

To(expz) = pJ(expz) + (e — p)J(exp(—x)), =€ s
L0, T=Tle)dTy &Y

T(a) = (T(e)2(pJ(a) + (e — p)J(a1)'T(e)2)T  Vae ot
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7

K-loop

Gyrocommutative gyrogroup & [FfEZ2HE& L U T K-loop 23 D £9, K-loop DEFRIZ NS L
I gyrocommutative gyrogroup DEFHK L 2D 92, HEIIZALEDOTHEZ LM onT
WETF[6l, I T, HALILEFFD magma % groupoid & EUNE T,

Definition 26. Let (X, o) be a groupoid.

e X is a left loop if the equation aox = b has a unique solution z in X for all a,beX.

X is a right loop if the equation yoa = b has a unique solution y in X for all a,beX.

X is Bol if

ao (bo(aoc)) = (ao (boa))oc, Va,b,ceX.

X satisfies the automorphic inverse property if any element of X has the inverse, and

(aob)™ = (a1 o (b7'), Va,beX.

X is a loop if it is a left and right loop.

X is a K-loop if it is a Bol loop which satisfies the automorphic inverse property.

S 3
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GIZEFNZIRT D~V TF o — VAR GEZ

Hitt, 7
PSS e

1 8A

(5, P) ZHEZEMEL, A% S OWy o eSS, el bTHLE, T-T

DAcAITHLT
/mdP:/ydP
A A

LD D7 AR y N —BIFET D, 20y a Ex|A &FE, e D Al
B9 % T FHME & E5.

n € Z4 (2B L TRZHFBEINR ¥ OEy o REDH F = (Fp)ner, (KL, QL&
DHERELS| (BEBR B OMFRERE) [ = (fu)nez, B F - ILFUT—ILTHD LI,
WD 2 G a2 ThD:

() & n € Zy \H LT f € L1(, F, P).

S (i) 13,
iy ¥nely L& Ae F, ITxLT / fra1 dIP’:/ fr dP
A A

EWOSIHICEEHRZ D 2 ENTED. () I1E [frp1 — fo DMEED 2 € Loo(Q, F, P)
CHEATT D) LWH ZLaBEWRT L. ZOXIIIRTIE, T~AF o r—r o,
MEFRRAI L VD LY, LA AR TH L) LT LIHBERTHL LMD
Mo, PlZE, Elxg] =0 THOMSLRMERELI {2, nez, PHF n oz f, &TH
X, f=(fo) IV T TP =N 5.

Ly T/NBERZ~NTF = VIR T 5. <A F 7= f = (fn) PBUIORT
HEE, TOMRE foo LEL.
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FEEE DR H D—RuIfES Th D &1,

li E =
Jim sup E [[2] 1gjz1>2] =0

ERBDZETHDH. HP— A ThIVUX Ly T/ AVLERTH LN, TOMIIMSL
. —J5, 1<p<ooDrE, HNL, T/ NVAFERTHIEH T —HATFENC2 .
F—~NTF =)V f = (fn) BRI Th 2 2D MLE+GHEMT, OMEER ©
T

fn=Elz|#,), ne€lZ,
DEHCEREND L ThD. 2 BN\, T =02, Fn) (T L THIHEITHILL,
f=(fo) X lTHIURT S, T72bb, o= fgas. E7R5.

AR 28 LT, INEREREIN e ¥ 05 o D4 (filtration) D&k F TH
L, F =(%,) eFLPITHETIYNAT T —NO2KE #H(F) TRT. £z, —
AR f = (fn) € M(F) O&EE M(F) LT B, M =Ugep A (F),
My = Ugep Mu(F) LB Thbb, A 1F(Q,8P) LOTALF T —LDAE,
My T (8, P) ETARTRD IR~ N TF = DR ERT

f=(fn) € A IZKL,

s 1/2
Mf:= sup |ful,  Sfi= > (Anf)+£3
nes4 n=1

LENT, ZNER f = (f,) OBKESH, 2RESEMER. 2200, Af i f=(f) D
ENERT. THDL, Apf = fo— faoo1 ET 5. D. G. Austin 2% 1966 fE12 563 L7z,
Ly CINDERY f=(fa) € MITKHLTSf <oo&?ed] LWVHFERMN, 1970 Fk
VUMD~ LT o P — VRO RRBICK X R B L 5 2 7-. RO~ LF o 7 — VBRI R
W, MEARBIE 2 IRESIIBRO TR A TS L 22> TV D,

AT, MR, 2WESICMA, FHIRBICHT I RS2 EET L. &
f=(fn) € M(TF)ITHFL,

Hff = Sup E”fm_fn—lH‘an]
nEZ+

EEWT, IhE f = (f,) O@BX) EHIREN LS. 0zf € Loo THDE O f =
(fn) € M(F) X, BMO-~LF 27—V LT, Zhb T~ F o r— L limse X%
ZHBEBERME L > TN 5.

l<p<oodD&Z, L, T/NVILHAR f=(fn) € M \ZxL, REX

IMfllz, < Collfoollr,
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MO SEDZ 1L, K<HBN TV D (Doob OEARER: [4) Z21) . HEL, CpiZp D
AT T DS KT

Doob O REX T~ IR ST\ 5 X A fesRzE/ ([0,1], 90, u) EOFESIRZE
72 Banach PA%kZef] & 9% (F# 2.1, E#2.32M). AL, ML [0, 1] Lo Lebesgue A
BIEA OAIR, piT Lebesgue I %273, Antipa [1] & Novikov [15] 1%, ([0, 1],90, i)
o~ F =k D Doob B D AREL

IMfllx < Ox [ follx (1.1)

BFRTO f = (fo) € Mo CHLTHRETSHZL Y, By <1 27252 LBABTHD
Tl E, FRERMSIICEE L2, 2 2IS, By 13 X Ok Boyd S8 A& L, Cx 13 X
DINARTFT D EH A 9. i), Antipa [1], Johnson—Schechtman [7], Novikov [15]
%, Burkholder—Davis—Gundy D R%E

Cx' IMfllx < ISfllx < Cx [I1Mfx (1.2)

BERCD f=(fn) € MK LTRITHI L L, ay >0LERDZEDVRABTHL
LE, FRERINLICEE Lz, 2212, ay i3 X OF Boyd 5" 2 &7, Zh ook
F235, Burkholder 7 o AR%5E

Ci llfssl < 15fllx < Cx |l follx (1.3)

BFRTD f = (fo) € My WRHLTRETHIEL, ay >0/ fy <1 ERDIE
WRMETH D Z &EDBENND.

L0 R, X T AR R RO HSRZER (Q,5,P) EOEESIALEEE b LT
R5720> Banach BA¥ZEM L 5. 2o &, R (1.1), (1.2), (1.3) OWFnsid
NTCD f = (fn) € My \Zx UTHILTIUR, TFMERINC 2 V221325 2 812k,
X THESIREICR D] ZENRICER SN, 26 OREADHKILT % Banach BI¥ZE
O FERRFFHES T B3G5z ([8], 9], [10]).

HIZ, X &7 b LAz O R2ER (Q,3,P) 1o Banach BI%zEfM &35 L &, F
PRI BE 3 5

Cxt I fsollx <102 fllx < Cx |l foollx

L RO % K5 RO 1T Boyd IHOBAZFITT 2 BERH SR, fEE B~ %121t Boyd
FRIT W TERT 5 LBV, 65T Boyd IMOEMIZ SV CIREIKT 5. [2] 2 L& BHEN-
AN
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SRR Y SEO 2D MBASy 51X, TRMEMIC 2 VA 22D Z Lk v, X XA
FEICRY, ay >0y <1E725] 2LThDZERIERSRE ([9]).

ABEERCHLELOBRZEICHKESYE, X OFHZEM w-X (2R W T, Doob A,
Burkholder B! &> R, KO, FEHREICET 2 R EXDRNLT 5 5 O S % 552
T5H. 22U, 9%EH w-X 1, RENCERT 280, X NHHRITEINDZERTHY,
X =L, ®%&, w-X Id Lorentz 2%/ Ly oo & BT DXL REMTHS.

2 #fm

AEHAZBLT, (N, P) 137 FAEEEARVHERERET5. Q Lo IR ERHRE
BoOREE Ly TRL, Lo ITIFHERNER (EDCR) OMENEGEZHTHWDHDET 5.
MIZER X EOE/ VL - | 1X, ZARELORDYIZ, A%EX

Iz +yllx < K(lzllx +lylx)

Eiil= e WD ZEUAME, BEO VA LRERICERSIND. BL, KTz, vy JIKE
LBWEHEET. W) NV LANERINTZZEMEZEE ) IVLEREMES. X U )L LZE
chi, X FoHEREE d %

|z, — x| =0 (n — o0) < d(zn,x) = 0 (n — 0)

ERDEIICERTHZLZILENTED. LT, %V LZERITHEAAZERIT 72
L. BREEZER] (X, d) DEMTH D L &, X 4% Banach ZEf & 5.

X,Y % Q FLOWRELENOROMIBANAAERMETHLE, X Y LENWT, XY
[CHEFEANICHDIAEN D TWDH 2 &, T2bH, X CY ThY, AEEB8NERTHD
ZEaRT. KIS, X, Y 2 (%) Banach ZHTohE, X =Y THLHOMLEAI35%
HZ, T _XTo 2z e X ITHLT, |zfy <cllzlly THDEIREE >0 P FET DD
LEThHD.

Definition 2.1. (a) #E3%%? Banach %2/ X 7% Banach B#ZR TH S &1%, X 7
KD 3 Mzl 2 & Tho:

(Bl) Loo = X — L.
(B2) |y| < |z|as. oz e X ThHIE, ye X 20 |y|ly <zl -
(B3) zp, € X, 0 <z, T 7 as., sup, ||z,]|y < o0 TONIE, z € X 220 |z|y =

sup,, [|zn | x-
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(b) fe#Z ¥ D YE Banach Z2f#] X 7%, # Banach B#ZERIThH 5 &%, X 7 Lito (B2),
(B3) 12z, ROFKMEZZSTZ L THS:
(Ql) L1 — X < L.
(#8) Banach BI#ZEM X 12Xt L, o ¢ X ThUL, EH L ||z]y =00 ERIHRTS.
#il 21X, Lebesgue Z%[#], Orlicz Z2f], Lorentz Z%[#7¢ £'1%, Banach BIZEHITH 5.

72, (B DMEO A% RO 8 % i 2 72) ff B Lebesgue ZEE A B F5%5kD Lebesgue
Z2f#] 72 £ 4 Banach BA%ZEMIZ72 5.

Definition 2.2. X % Banach B¥(ZEMi &35 &%, F v € Lo lixfL T,
2]l x, ==sup {E[lzyl] : y € X, [lyllx <1}
LEE, Lo OIEE 2R X %
X'i={xeLy: ||z|x < oc}

DEICEFRTD. X & X OREZERE LIS

BlzE, 1<p<oodDlx, (L,) =Ly L75. AL, p' iTp OIEEHERT.

Banach B%zeft] X O##EZER] X’ 1% Banach BI5ERIC 72 5. < DA, TREEZER]
IR ZE & —Bd 5. AL, (Loo) =Ly £ D 2 EICHERTNEDND L1, — K
(ZHEHEZE N & k22 T — L L 722,

QO LOMERES v Ly NRICofMzkioL &, T78bb, §ToD R ® Borel #7554
HBIZKHLTP{zreB}=Plyec B} Thd L%, v~y &ES.

Definition 2.3. Banach BA%tZzEfi] X 1%, ROFKMET-T & %, BERIIFETHD &
Whilsh:

(RI) z gy oz e X ThIIE, ye X THY, |zl = llyly-

i, Lebesgue ZZf#]X° Orlicz ZEITFRAIAE CThH 5755, —XIT E Lebesgue ZEf#]
L ERH A £ Lebesgue ZEMIIHRCSIAZ TIL/R0.
Lt QAL [0,1] OFHEESES AL, TOHEREH (B 4+ 14 T
=T

*2 Banach BI$Z [ X O4RHEZEM & W23 —80 5 A OB+ ZME, X p3ExhEki 2R /v b % FE
SZE, Thbb, xe X, Ap €3, Ap L ATHNE [|2la, ||y L llzlallxy £22Z2LTHD (]2,
Chapter 1] ).
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Definition 2.4. X % Banach BA%ZEfii &35 & &, Fx € Lo IZHFL,
T ;=sup A || Ly,
l2llex = sup Al Ljapsay [
LEX, X O55%ERH weak-X %
weak-X = {x € Lo: [|z| .y < oo}
DEITEFT D, weak-X ZfHHIC w-X LEL.

Banach B8%cZ=f X o9522 w-X 1%, % Banach B9%zefiiTdH vV, —f%IZ Banach 2
T2 B, FZEE, |||, x 15 SAREXORDYIZ, REX

Iz + yllyx < 2(1zllyx + lYlly-x)

Z 727
BlziE, 1<p<ood&Xx, w-L,IL

|zl = sup AP{|z| > A}!/7
PoA>0

ThdE o7 a e Ly DEEKLZRD75, Ziid Lorentz 22 Ly, oo (2172 B 720N, K5I

l<p<oo®e&, || |y, FLpoo P/VA -, EFRMEIZRY, HEREIC w-Ly
% Banach B3 ZEM] & AT Z LM TE D, ZHICHL, p=oo D& &E1E, w-Loo 1T Lo
EEL, [ lyr, =1, &5,

fERZER (Q,2,P) 1%, 7 F2AZFERWVWIEEZRELTWALDT, &t e [0,1] ITxt
L, PA)=th2 Ac S BHFETDH. ZOLH7 ADEKE D) LESX, Habhi
Banach BISZEH X (ICH L, 22088 oy [0,1] > R, ¢,.:[0,1]] 2 R %

Ox(t):= sup |[1ally, . (t):= inf |14
x0= s Lall, o= il Ll

DEHIICEFRTD. %KX%W@&%, A, B e E(t) WXL 14 & 15 XA
72 ADT, H]LAHXZHILBHX ThahA. Lo,

oxt) =9, ) =1allxy  (A€X(@®)
L%, ZDLE, Ox(t) oy (t) £FNT, X OEKERLIES. T7420D,
ox (@) =lTLally (A€ X))

FIzIE, 1<p<oodlz, @Lp(t):tl/p LY, p=ocDEZE, oy (t) =10,
L.
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AZETE TN T AR AR <% |-, Marcinkiewicz ZZR] OBEAIT R B2, FOE
FHIBRDBIZ, HBREBOFEINETERT DL EnbdD. x €Ly tT5HL%x, X
M (0,1] LBk «* %

2*(t) ;= inf{\ > 0: P{|z| > A} < ¢}, t € (0,1],

DEIITERL, Thz o OROEES LS. (BL, ERROATITHWT (AL
HWLTC), inf =00 EKKRTSH. o* 1% (Lebesgue WE) p 2B L T x| &R UoAx FF
2, bbb, [0,00) DfEED Borel #5446 B IZxt LT

p{xz* € B} = P{|z| € B}

LB kD72 [0,1] Lo R B L LTSI B,
B o0 [0,1] — [0,00) 1%, KO 3 RMEAiET & X, WM EIFTNS:

o p(t)=0 < t=0.
o ¢(t) 1% [0,1] ECIEZEHFREM.
o (t)/t 1X (0,1] ETIRFEHFRD .

o(t) =0 Th D LD RINFHEFIEIMMBEIE o 1THEMBEEK TH L. M ¢ 8526
N x, K xelplZxtL

. _ o) [* .
Il = 50 [0 O], el = s S [ (s s

L, Lo OMIGESZEM M* (), M(p) %

M*(¢) = {z € Lo: |||y < 2}, M(p) == {z € Lo: ||[]lps(p < o0}

DEICERT D, ZDEX, M*(p) L% Banach BI%Z=fMI272 0, M(p) (X Banach
RIS ZEMC 2%, ZiubiE, WIh s Marcinkiewicz 2R & IR D . R FHFE
B, w-M(p)=M*(p) &5 LB FENDOLND. Bz, 1<p<oodDLX,

M*(chp) :M(‘PL ) = Lpoo (= w-Lyp)

E720, p=10L XX

LD,
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X 7% Banach BIBZEM D & &, D (t) THEMBEEIC 25 ([11]). 7€-> T, 4 Banach 4
Hzefi X 2% L, Marcinkiewicz 28] M* (@) & M(@y) ZXIGESEDH T ENTE D,
FO @: [0,1] = [0,00) & —fxDOWEMBIE LT 5. BEim,: [0,00) = R %

my(s) = sup #lst) = sup (1)

o<t<(1/s)n1 P(t)  o<t<sa1 p(t/s)

log m(s) . log m(s)
= _— = f 2
Py Oiﬂgl log s 9 1<1£l<oo log s
LEL. oLk
b Bl logm()
¢ 550+ logs ?  s—oo  logs
AR

0<p,<q,<1

LB, T TIHEMAANT S0, Ao ) HEAIREZER X O Boyd E ay,
By THEF T LT,

Py = Apr(e) 4y = Parr(p)

LB LAY LTES (12)). WAL, p, =g, =1/p LD

3 FHAFHERFEDORSFREE Doob #ARFR

~NTF =NV REXRDOHP T, b L6 ARENRIT Doob OREXTHA 9.
~NVTF U=V OBEEEANL, £ OB O LR RSy & — N THESZ L 7= Doob 13,
[~V F =) EOMBEPANLNDHEING, 1 <p <ocoD&XIT, §ITOD
F=(fn) € My T3 LTRES

IMfllz, < Collfoollr,

MO NEDZ &AM LTz, Cp i p ODRIEKFET DEHMTH D2, BERBIZIXC, =
p/(p—1) &T&%. HZ, p=10DLxITE, F%EX

sup AP{|Mf| > A} < || fsll 1,
A>A
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WTRCD f = (fn) € My \ZHLTKY DT L% [B] OF THRRTND. T b OFE
BNCIE, S EEHERSEN L, 720 L, ~OEAFR L LTARTH L ZENHVDN 5.
LUFIZ, Banach BA%ZEf#] X OFFZEMICHNT D, SAEMELERFE O —HA 4% & Doob
DO RERIZ SN TS .

MIBAEASR T Ly — Ly 1%, TRUBERBEIMEART |T]gg,) <1 THY, EiZ
Lo ~OHIR T\, 75 Loo 75 Lo ~OHFMEMET T, gy S 1 ERDEE,
Ly—Loeo-contraction EFHEND. L, |Tlpp,y 1T llpp.) FIEHFE VA Z
7. B, FRETTFERFZ E|- | A] 1X L1 Loo-contraction Th 5.

Theorem 3.1 ([11]). X % Banach PIBZERM &% & &, ROZKFMHFTEVICFEET
H5:

(i) 9" TDz e X &3 XTD L1—Lo-contraction (ZxF L T
ITzlly.x < Cllzlx
THDHEIRERC >0 BFETD.
(i) TXThr e X & X DFTTOHI o RE AITK LT
IE [z Allly.x < Cllzllx
ThHDHEIRERC >0 BIFET .

(iii) X TD t € [0,1] %L,
Px(t)ox (t) <Ct

ThoHEIRERC >0 DNIFHET .
(iv) X — M (®x).

FROFUENPHRNTTHEE, w-X = M (py) £E720, ZHHEDOEMOUE ) )LV ATH W
FECH 5.

Banach BA%tZM X BHESIAETHIUE, T 3Tt e [0,1]iIcxLT

BT ENMBLNTND ([2, p. 66]). fiE>TZ DA, EEE 3.1 O ()-(iv) ASEROL
T5.
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Remark. X' G457 X7 = (X') 12 X & —EcF 5. f6o7T, M 3.1 0% (i)
DAZEXIT,
Pxn(t)px(t) < Ct

CEXMZENA. ZOZ LT, ERL31OLUERKVSIOL X, FROOEMT X &
X ITEEHZTHRY NS L EERT 5.

HiZ, KOEHPRT LIS, T8 3.1 0 KT~ AT v S ORKBISKIZ BT S
357455 (Doob MO AER) & A THS.

Theorem 3.2 ([11]). X % Banach BBz &% & &, ROZKEMHFITEVICFEET
5

(i) T_TD f = (f) € My IR LT,
[Mflly-x < Cllfoollx (3.1)
ThHHEIRERC > 0 BIEET S,
(i) F_TD f = (fn) € My THLT,
[Mflxr < Cll fsllx (32)
ThDEIBRERC > 0 BIEET S
(i) EHE 3.1 D&M (1) (iv) BT 5.

REX (1) EROT, ([follx & lm [[folly, 80 Tm [[foly, (CEEHEXTS
n—oo n o0

L. 208G, f=(fu) TS TR TH . 32) IKBELCHLFEETHD.

FROFUENRRNIT D EE, w-X = M*(Py) £V, ZTHEDEMOAE ) L ATHN

WZRETH 5.

BEWCFEHE L7208 v, Banach BB M X 2N BESIAZE THIIE, EBE 3.1 D&M (1)-(iv)
ML L, T (3.1) ROR (3.2) BRI 5. BIC X = L, &34Ug, (3.1) 12

sup A\P{Mf > A\}M/P < Cllfsolly
A>0 g

LEXWZOND. T, 1< p < oo DEAITIE, Doob OREXMNSESITENND
FEXTHY, p=10%HAEH, Doob MOFRERL LTEL MBI LDOTHS.
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AEX (3.1) 1F, [ Mf]ly.x & |[follx THET2REFEXNTH D05, |[Mf, x &
| foolly.x CRHMET 2 ARERICONWTIE, EOXIRFHERICARDITHAS I D, ROE
L, ZORMIZEZD.

Theorem 3.3 ([13]). X % Banach BI¥tZEfi &35 & &, WROBFIMFITEWICFHET
HD:
i) I~"Tore X &L EDOTXTOHIG o REAITKH LT
IE [z Allly.x < Cllzlly.x
THDHEIRERC >0 BFETD.
(il) T_CO f = (f) € My IH LT,
IMflly-x < Cllfoollw-x (3.3)
ThbHEIRERC >0 BHFETD.

(iii) #_TD t e [0,1] i LT
Px(t) < Co (1) (3-4)

ThHEIBERC >0 BEEL, g5 <1
(iv) _CD ¢ € [0,1] I LT (3.4) BE 0 o & 95 28 C > 0 BIFEE L,

t—0+ Py (1)
THDHIOIRTEE A>1NFETD.

i 2xAY (3.5)

REX(3.4) 1X, FERX “Ox(t)ox/(t) SCt” ITEEH|Z D ZENTES.
FROFUERENT D EE, w-X = M*(py) = M(py) &720, ZILHDZERO ()
VAL, EDO2O0ObHWIFEETHS.

FTXTOte[0,1] ITx LT, goLp(t)goLp, (t)y=t THY, Py, =4, = 1/p TH DM
5, LROEHENLAEN

iu%/\}P){Mf > /\}l/p — ||Mf||w_Lp <) ||f00||w-Lp =C, iu;()))\]P{|foo| > A}l/p
> >

T RCD f = (fn) € My \ZH LTI NEDEBOMEADEMT, 1<p<oo &b 2
ETHLZ RN D., AL, p=oco D& EE, (3.3) IFRDO LD 2ARARAERIIRD
(FEBE, Co=1LTED).

IMflL., < Collfoollr,
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Remark. X 73 —#%® Banach BI5ZERI D & &, @ (t) ITHEMBEKTH 0, LT LD
MBE% LR B . X = L, OFEE, Dx(t) = ¢, (t) = /e L, ZHIZMBEE
Thb.

Dx(t) BMHBEETHD &, REX(35) D A > 1ICK LT THIE, 3T
DA>LTIZXUTHZT S, KR, [A=2DHAEIT (3.5) BV ILD] L) FRF,
Lorentz O [14] 72 & THICER SN TN 5.

5, Dy (t) DM TRV EE, (35) X A > TITREWIZEHRAL LT VA, 373
TO A > TITH L TIEIRALT 5 LIER B 700y (FRifHERS ) .

4  Burkholder B DA

Doob B (fx K) AEX & FRIZ, I<HMbhlo~rFrr—nrAmERL LT,
Burkholder & A% X723 % % . Burkholder (I OF 4 72im L 3] DH T, 1 < p < oo
DL x, FEKX

Ci I feolly, < ISF1, < Coll ol

DR SLHZ & &FFA LT, FEEOARZER ) Banach BI%ZER] X OF9ZE[M] w-X (2R W
THALT D 2 DM Z LI TITIE 5.

Theorem 4.1 ([13]). X % Banach B¥ZEf &35 & &, ROBFMFTAEWICFET
H5:

(i) T_TD f = (f) € My 1K LT,
C™ l foolly-x < N8Flly-x < Cllfoollyeox

THDHEIRERC >0 DBFETD.

(i) T~Tote[0,1] Ik LT
Px(t) < Cp (1) (4.1)

THHEIWERC > 0MFEL, 0<py 7D gy <1
(iii) $°TOt € [0, 1] 1T/ LT (4.1) D3RV S22 & 5 2EH C > 0 BFEEL,

1< lim M 7> lim M<A (4.2)

t—o+ Px(t t=0+ Px(t)

ThHEIBREHA>S1FETS.
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FREX (A1) 1F, FERX 0Py () SCt7 ICEEMMZHZ ENTES.
FROFERENT D EE, w-X = M*(py) = M(py) &720, ZIHDZERO ()
VA, EDO2o0LHWIRETHA.

LREOERN G,
C ool < USFllr, < Coll frolys,

WTNTD f = (fn) € My \ZHLTHDSEDBOUEFSEMIT, 1<p<oo b
LThDHIENbD. FRORERIIRO L) ICESHLZOND.

C’;lsup)\]P’{]foo| > AP <sup AP{|Sf| > A}/P < Cpsup AP{| foo| > A}/
A>0 A>0 A>0
Remark. @y (t) MK THD & &, ~FHA (4. 2) WD A>1I1Tx LTI UT
TRTOA> VIS LTHRAZLT 5. M7, @x(t) BHEETRVWEE, (42)1FA> 175

REWETIEMRZLLT WD, TXTHO A > LIS LTI T D EIER S 2vy CRRefTik
) .

5 FEHIRENZET HAER
Ly TINLERESE [ = (fn) € Mu(F) KL,
Up(f: ) i={y € Lp: E[(foo — fu1)*|Fu] <E[Y?|Zn] (n=0,1,2,...)}
LEE,

11l : mf{rwnL vew:ﬁ)},
Kop(F) = {f = (fn) € My: T,(f : F) # 0}

ET L, Ky(F) 1% Banach 22272 5. Garsia [6] 1X, v/ F 7 —/L® Hardy
i

e e

2

Hy(F) :=A{f = (fa) € A(F): Mf € Lp} (1<p<2)

DMK 2R (H,(F)) %KD %, LROEH K(F) 28AL, (H(F)) =
Kpy(Z) 1 <p<2) ERBIERMB LI, 2200, p 1% p ORGEHHERT. I
p =00 DEAITH, Kyp(F) = Koo(F) = BMO(F) Th % DT

(Hy (#))" = BMO(F)
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72 % (Fefferman OXCHER) . £72, 1 <p < oo DHFAEITIE, Ky(F) =H,(F) &7
52 8% Garsia IZ Lo TRk Sz, 77205,

(Hp, (F))" = Hy (F)

L 5.
Kp(F) 1~ VT2 5 — L O R & 3T 5 22 Th 52, 1< p < oo DEAIT
1%, K, (F) DiEfe b x lFTE S, EE,
eyf ‘= sup EHfoo - fn—l”ﬁn] )
nEZ+
Kp(F) :={f=(fn) € #Au(F): 0] € Ly}
LIHE, Ky (F) = Hy(F) = K,(F) &5, BETHIE, F%X
;M IMS N, < 165 fll,, < CpllMFIl,,

MRV LD, BEISR 7Y, L, % Banach BI%zef] X \C@E &z 72 & &, RO RS
KBNS LS 72 X OFESTBHFELN TS ([9]). BLTFIZ, X 05728 w-X 127
T2 REEOARGERIT OV TR RS,

Theorem 5.1 ([12]: 55AR% ). X % Banach B¥ZEM & 95 & &, ROKFMEITAEN
IZAMETH %:

(i) TRTDF = (Fn) €F LF_TD f = (fo) € Mu(F) ITH LT,
10 f ly-x < ClIMSllx (5.1)
ThHEIBRERC > 0 BIHET S
(il) TRTDF = (Fp) €F LF_TD f = (f,) € Mu(F) IR LT,
107 fllyx: < ClIMf| 5

T D LRI C > 0 BIEET 5.
(iil) T_COF = (F,) €F LFRTD [ = (fu) € Mu(F) 1K LT,
167 fllw-x < Cllfoollx (5.2)

THDHEIRERC >0 DBFETD.

_56_



(iv) T_CDF = (F,) €F LF_CD f = (fn) € Mu(F) IH LT,
102 flly-xr < Cll focllx/
T B LD RER C > 0 PEET 5.
(v) TR_TDte[0,1] 1K LT,
Px()px () < Ct

ThHDHEIRERC >0 DBFETD.

FROEERRIT D %, w-X = M*(Fy) 720, ZHOEMD () /4 AL

WZRETH 5.

KOEHE, F%R (5.1), (5.2) OADE w-X DU L IICEE BRI

MORDEF IR GRS,

Theorem 5.2 ([12]: FI~%R). X % Banach BIZEfi& 45 & &, ROKSEMITA

WIZRECH B
(i) TRTDF = (F) €F LFRTD f = (fo) € Mu(F) ITH LT,
10 flly-x < CIMSI,.x
THDHEIBERC > 0 BIFET S
(il) TR_TDF = (F) €F L+ _TD f = (f) € Mu(F) ITHLT,
107 fllw-x < C llfoolly-x

ThoHEIRERC >0 DNIFHET .

(i) F=TD L € [0,1] Ik LT

ThH L REKC > 0 MEL, ¢ < L.

(iv) _XTD t € [0,1]1Zxt LT (5.5) BV SEo X 2 2w C > 0 BMFAEL,

i 2exAt) _

ThHEXIBREHA>S 1D FETD.
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REX(5.5) 1X, FEX “Py()ox/(t) <Ct” ICEEHZ D LN TED,
FROFERENT D EE, w-X = M*(py) = M(py) &720, ZIHDZERO ()
VAL, EDO 2O HWIFETH 5.

WIZ, (5.3) RO (5.4) LAEORER S RBICR Y OB OBE 44 ELR
Tn5%.

Theorem 5.3 ([12]: Wil £%X). X % Banach BI#ZEfi s 42 & &, ROEKEFMHILA
WICFMETH %

(i) TRTDF = (Fn) €F LFR_TD f = (fo) € Mu(F) ITH LT,
CHIMSlyx <102 fllx <CIMS|.x
ThHEIBRERC > 0 BEET S,
(il) TRTDF = (F) €F LF_TO f = (f) € Mu(F) ITH LT,
C™H [ foollwox SN02Fllyx < Cllfoolly-x

ThHDHEIRERC >0 DBFHETD.

(i) =To ¢ € [0,1] okt LT
Px(t) < Cp (1) (5.6)

THLHEIWERC>0MFEL, 0<py 1D qy <1
(iv) _XTo ¢t € [0,1] 1% LT (5.6) BV iDL 9 7 EH C > 0 BIFEL,

1 < lim M 2> lim QP_X(At) < A
>0+ Px(t t—=0+ Dy (1)

ThHLEIRERA>1PMFETD.

REX(5.6) 1X, FEX “Py()ox/(t) <Ot ICEEXHX D LNTED,
FROGEUNRT D L&, w-X = M*(By) = M(@y) 720, ZhbDZEfo ()
VAL, ED2O0LHWIFMETHD.
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4%
0: [0,1] = [0,00) #HENESET 5. —OL X,
B>A>1, lim a_)((At) >1 = lim Px(BY) >1

THLZEEIHLNTHD. HI,

— Ov(At O+ (Bt
B> A>1, lim@<A:> li_m@<B
t=0+ Px(t) o+ Px(t)

LN D, EEE, o(t)/t 2 (0,1] TIREHRD TH DL Z EnD,

p(Bt) _ B »(AY)

|
N

LR BHDT,

o A

Proposition. #[MWEEE p: [0,1] — [0,00) X, AYOMBEHTHL LT H. ZDL X,
HDHA>1TITKLT,
Tim p(At)
11m
t—0+ (1)
THIE, TXTD A > 1TICH L TREREBEOREXNK YLD, F7-, D A > 112x%f
LT

<A (al)

lim p(At)
ot ()
THiE, 7T A > 11ZxF L CREEOREX D K Y Lo,

> 1 (a2)

HoH A>1IZX LT (al) BEAZTHIE, TTD A > 1T LT (al) ST 5 2
EEUTIRES. A>B>1EREL, A% BIZEZ#ZTH (al) BOLTH2 L
R L. (al) BENE L2V, b b,

mm PBY | g

=0+ (1)
Th o LEETS. o(Bt)/(Bt) < o(t)/t ThHHD, FRORLER,

S Bt
lim SO( )

t—0+ p(t)
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ThDHILEEWT S, ZhiL,
¢(Bty)
©(tn)

Th DL 97 (0,1/B] ORF {ty nen BIEETD. % n e NICHL, () 2Z2DF T

7028 (tns o(tn)), (Btn, @(Bty,)) ZiB5EMTHD &5 B35, bbb,

— B (n— )

(Btn) — Qp(tn) t+ ng(tn) — SO(Btn) ¥n(t)

_y
Yn(t) = (B —1)t, B—1

ET D o) XM TH LD, te (0,t,] 1T L
Thu(t) = @(t) 72D, RS, Yn(tn/A) > o(tn/A)
ThDH. HiZ,

p(A?) o(tn) o(tn)
vt A 90 = PEnfA) = Unltn/A)

A(B = Dgltn) - -
(1= A)p(Btn) + (AB — (i)’ t B,
ZORERITANVT n 500 ET25EX, o(Bty)/p(ty) 1 BIZIWGRT 5005, 8% A
WU T 5. - T

— (At
t£%1+ Sogp((t)) 2 A
ZiuE (al) BERSLT D ERELTZZ T D, K LT, 25 A> 1K LT (al) 28
AL AUE, TRTO A > 113 LT (al) BRALT D 2 & AVR STz,

HnH A>T LT (a2) BT UL, T3TD A > 1ITH LT (a2) BEAZT 5 2
EBEBRICTRIND.

fis )7, IROBIBTTEY, o: [0,1] — [0,00) 5 REOHEMBIED & X121, 55 A> 1
IZH LT (al) BRSZLTH, T_TD A > LIk LT (al) ARSI T 5 LIRS 2200
(a2) KB LT H REETH 5.

Example. B8%{ ¢: [0,1] — [0,00) &

on=1¢ if 2.107" <t <10 nt!
et)=< 5™ if 107" <t<2-107"
0 if t=0
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DEITEETHIL, o(t) IZTHEMBEEKTH Y,

| <5— 1m PH0 o g 200 o g
t—ot+ (1) t=0+ o(t
ThrlizbbboT,
2t — (2t
=0+ P(t) =0+ ()
B WM, o(t) DT T T OIEITIROKO L 91T/ D.
¥ A
0.35 i
0.30 i
0.25 1
0.20 i
0.15 i
0.10 i
0.05 i
o l}.l}4l I].I}sl |].12I ﬂ.lﬁl i].Zﬂl 0.24| ;
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FockDOOOOOOOOoooooooooon

000000 (DoOOooO ooo)*

g g

NOOOOOOCNODODOOOO0OO0O0O FockOO FP (a>0)00000
00000000000000000,00,00000000000000
0000000000000000000. 00,00000000000
000000 F*00000000000,0000000,000000
00000000000000000000000000.

1. Fock O

O0<p<oo,a>00000,CNOD000000OO0DOOOOOOOO FockOODOO
gboooooaobo

fer 0= (52)" [ P av(s) < o,

2T

def
<~
]__oo def L — g2
feFe = |fllsoa=sup [f(z)le72"" < oo,
2eCN
def
<~

lim |f(z)]e2F" = 0.

|z]—o0

f€F

000, z= (2, ,zy),weC¥NOOOO,
N
(z,w0) :szw_j’ 2] = /{2, 2),
j=1

000,dVO CVNODO Lebesgue 00000, 0O0O00|f(2)] < ezl fll,o 000, O
0 20000 Point evaluation d, : f— f(2)0 FE (1<p<oo)00000O0O00O0O
000.00,p=2000F20000

«

o= (2)" [ 1 av(e)

™

0000 Functional Hilbert 00000, F200000000,

OéM
ev(z)ﬂ/qﬂ y= (1) (x,00000O)

00000000,0000000 K(zw)0 K(z,w) = explafz,w))000. OO
0000000000000000000000 ky(2) == explalz,w) — 2|w?) O

0000000 (0000 (B)0D0O00:26800050)0 000000000000 0ODO.
*0316-8511 00 000000O0OO 4-12-1

e-mail: sei-ueki@mx.ibaraki.ac.jp
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|kwllpa=1(1<p<oo)0000, |w -0co00000FAO0D000O0E,—-0000
OO0, /P00000C0CO000000O0DOOCCOOOOOOODOODOO. FockOO
000000000000 0000, Janson-Peetre-Rochberg D00 (5000000
O000,00000Fck 000000O00O0O0O0O0OCOCOOOOODOOODOO. O
00,000000000000000B)000O00O0ODOO.

Proposition 1.1.00 Bergman Projection o > 00 00O O,

Pt)= ()" [ rw)esplatzu) — afuf) aviw)

™

onto

0000.1<p<oco000,P,: £ FPO0O00O00000 (self-adjoint) 000
000.00000,0 fefP0000,

1) = (2)" [, fwesplatz.w) —afuf) avw)

™

ooo.
Proposition 1.2.0000001<p<g<oclOOQ0,

FLCRCFICFS CF

-

ooooboo.

Proposition 1.3.0Duality01 < p < coO OO, (FA* 2 FAOOUOOO. OOO,
i—l—ézl. 00, (F)=F000.00000,l1<p<ool0OO0,FOO0
O BanachO O QOO O.

Fock 00D0OD00OODOO 198000000 Toeplitz OO0, Hankel D0 0O OO,
FockOODODOODOOOOODOODOODOO Sampling sequence O Interpolation sequence
O0000,000000000000000000, TeeplitzOOODOODOODOODO
00000000000. 0000, 200300 Carswell-MacCluer-Schuster ([1]) 0 F?2
00000000000 0DO0,0000,000 TaylorODODOO, Carlesond 00O
O0D0D00O0Fock OODOODODOOOOODODOODODODOOODOODODOO.

2. 000000000000
ONDODODODOOOOOOOy=(y, - ,v) (multi-index, 10 00)0000,

=+ taw, =mloawl, 2=ty
00O0.000 f(:)0000,

@h\f_ alvlf o _l(a .3)
2

o "1 N -
027 0z'---0zy 0z,
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goo,0d0d0mbboog,

N
af m m—1
Rﬂ@?%?@?% R™f =R[R™ f]
googg.

000 Proposition 1.1 ~ 1.30 0000, 00000000 CNOOOOBOOO
Bergman 0 0 AP0 BlochOO BOOOOO0O00000.000B={z€CV : |z| <1}
000000 f0000,

FeEA 0<p<oo) <& /B|f(z)|pdV(z)<oo,

feB & sup(1-zP)RF(2)] < oo,
zeCN
def

feB, <= éilgl(l—|2|2)|73f(2)\=0-

000000000,000, (AP =2 A7 (1<p<oo), (B) = A0D0DO0D0OO
ODO0O000O000, F2O BergmanO O AP, F>°0 BlochO O BOOOOOODOOODO
0.0boooo, /robfd bbb doooboobnoooonon
O. 0000, FckDO0O0OOODO0OODOODODOOODODOOODOOODOOO
oooooobobobobobobobobbbbob. oo, N=100o0oobobobbbobo,
O. Constantin [2]0 FockOO Y (0<p<o0)000000000O0O0O0ODOODOO
oo, 0dggogoooo

00 A (Constantin [2]). 000000000 0000,

Jreiress (<511) dae) ~ o + [ Hp (~212) a2

goood.

000,00 AODOD«=1000000000000000000, FockOODO
O000000D0000O000O00oogn. Constantin O Fock-Sobolev OO0 00O OO
0000000000000 000000. D000p=00 (0000, F)000
O00000000. FockDOODODOOO BergmanO O AP0 BlochO O BOOO0O
00000000, BergmanO0 000000000000 0OO0DOODOODOODOOODO
O00000000. 000, Bergman 00000000 fO00000ODOOCOODO
0000000000000 0D000O, fO0DOD00ODO0O0 fO0DODOOOOOO0O
00000000, fO000000000O00OO0OOO0OO0O00O00, f0O slice function
foN) = F0Q) (A€ C, CeCY, | =1)000000,

F(2) = £(0) = fo(r) — £2(0) = / F(fe) (rt) dt

_67_



0000000,00000000000000000.0000000000000
000000000, F°000 F%0000000000000000,00000
0016, NOODOOOO [17]0000000.

Theorem 2.1 (Ueki [16, 17]). 000 f, 000 mO000, 000000000

odd
(a) feFr,
OIf | exp(~2]]2)
b 2
(b) max sup |5 )| e <

(c) sup Mexp <—%|z|2> < 0.

secn (14 z[)%™

goo,00d0boobooodgn

8\7\f ’ alvlf exp(—2|z|2)
co.0 0)| + 2
i 2; g OB R o P e
~ R™f(2)] Q2
SO+ sup s exp (=5 14F)

Remark. NOOOOODO F? (0<p<oo)JODDOO0Hu 40000000000
0.0000000,feFfr000000,

f"(2)]

sup —————

2
exp( 4 ><OO
W L e P gl

000000060,

gobooooooobooboboooboobo,0oboo BleehOODOoOooooOoO.
K. Stroethoff 9]0, 000, 000000000000000O0O0OOO0O BesovOd O
O000BlechOOOODODOODOOODOO. ODOO0OO0O0O0D0OO FockO O FeODO
DOoO00o00boooboooboobuoobg, Theorem 21000000000

Corollary 2.2. 000 f,000m,0<p<oo, R>00000,000000000
ooo

(a) feF
5|’7\f

8w7

(b) max sup / " exp (=15 |w]?)
bl=m secn [B(z, R)| R )N s (1 4+ faw])m?

(c) sup BGR |/ AR™J(w) " exp (—%|w|2) dV(w) < 0.

2eCN B(zr) (1 + |w| )2mp

dV(w) < oo,

_68_



000, B(z,R)={weC" : lw-z|<R}O00O, |BzR|0CYODDODOOOO
O000.0000,00((D), (c)000000000, fO0000 [[flle.00000
Ooooooo.

oo, febboooooooo. oo /b Froooooon, /F0ibon
poooooboobobooboooooo. ooobo, /0000 BanachD OO
oo. rpobooobuiooobooou,0oboobooooooooo

Lemma 2.3. 0000+, 000 f(2) =) a,2x"0000,

N 1
n%ﬂmﬂsfug)wﬂmﬂ
]:

gooog.
Lemma 230, NOOOOOOOOOOO CauchyOOOOOOOODOO,0000
oodoode, 0000,

N Qe %
kMsIIQ;)\vm@
j=1 Y

OO0DO0DbOobo0oooOo,0b00b0oDbo stirling00OO0ODODO

bl N 1 75
2\ 2 YiNz (Vi)
12 () @ @)
127 e (a) H(Q 2e
J=1
0000000,
Lemma 2.4. f€ F*, 0<r<10000,0000{P"}= 00000,
lim || £, = P [|ac.o = 0
k—o0

000.000, fi(es) = flrz)000.

Lemma 2400000, f € FO |f — filloae — 0asr - 10000000,
feFx000000000,00000000.0000,|f—fllea—0asr—1
0F5000000000000.00, 000000000

f(z) = Z a 2"
v
0o,

fr(z) = Z Z r'”avz”

7=0 7|=j

_69_



00000, Lemma 240000000 PO,

CACED B LT
J=0 |y|=4
DDDDDDDDD.DDDDDDDD,}"S?ODDDDDDDDDDDDDDDD.
ooooog PO

—a] |2 m p
z) 5D _ o pop o RIPEL (_%W) =0

lim
(L+ [=)m 7100 (1 4 [2])2™

|z]—o0

ahlp
‘ 027

poboobo,googoouoouob gioodoouoooogoogn
goooogon.

Theorem 2.5 (Ueki [16,17]. fe€ F>*, 000mO0000,000000000000

( ) fE a07
(b) }qiiq”f_frHoo,a =0,
onlf | exp(=5|z)
(c) ‘rvr‘lgii FEaG R — 0 as |z| = oo,
Rm
(d) %exp (—%\z|2) — 0 as |z| = oc0.

Corollary 220000, /2,0 000000000 p-0000000O0DODOOODODODO
DDDDDDDDDDDDDDDDDD

Corollary 2.6. fe F>*, 000 m,0<p<oo, R>00000,000000000

[e% 7

000
( ) fE a[)’
1 ol f P exp(—E2 |w|?)
b) ma. 2 dV(w) — 0 as |z| = oo,
(b) y|=m m |B(z, R)| |B(2,R)| Jp(o.r) | OwY (1+ [w|)m> (w) |2]

[R™ f(w)|? pa,
!BzR|/zR> T fupme o (5 0l) V(W) = 0 as s 0

3. 0ggooobogn
godgdgdon,

1 dt N
—/f(tz)Rg(tz)7 (f: 000, zeCh)
0

_70_



OO00000D00D00DO Cesaro0 000000 onoo. 0DoboobooboobOoD
0 C. Pommerenke 0000000000, 00¢g000000000O0T, 00000
oooboooobooobooboobooboobo. N=100obooobooog,

9= [ 5

000,00000 Constantin 2]0 FY (1<p<o0o)00000T,00000000
goooooogon

00 B (Constantin [2]).01<p<ooc000.7T,: FP - F 0000000000
000000000,¢00000000000000.00,7,000000000
00000g¢000000000000000.

00000 ROOOOOO,

RIT,(N))(z) = f(2)Ry(2)

00000, 7T,(H0000 |T,(Hllee. 0000000 |R[T,(f)]lc.0000000O
g, bdgoobugooobooogbobbooobbuoooo. goobobooa,
Theorem 2.10 00 Theorem 25000000, 7,000000000000,000
oodooooooobobbgdoooouonoobobboon.

00, Theorem 2.10 F200000000000000000 k(w)0O0ODOOO,
7,0000000 |7, 000000000

“%H%$1IRMN

zECN(1+| |)
ooooo.ooooo,7,00000

R
wp [RIGL
BEYIRaE)

Doooobooooon. RgUODODOUODLOODLO,000000 LiowvilleODOODOOUO

O,00000 Rg, 0000Og¢gOO0ODO2000000000000DO00DOODODODO.
ooooo,7,00o0000000o000oo0d0oooan.

Theorem 3.1 (Ueki [16, 17]). 000 ¢0000, 000000000000
(a) T, : F*— FrO000000000,
(b) T, : Fo5Y = F000000000,

(¢ g00020000000000000O

_71_



0o,7,0000000|7,/0000,

|
IT,]] = sup
T ey (1421)?

goood.

od,7,000o000oo0oo. oogooooooooo,ooo0oooaon
000000000,000000000000,000{f,}j00000000000,
{f;}000000000000o00000000000O0O0OO0,00000000
000000000000000,000000000000000000{f;}000
O, IIT,fil«e —000000000000000000O000. ODOO0,00000
7,0 F°000000000000000000,0000000 |7,[.000000
0o.

| Tylle :== inf{||T, — C|| : C is compact on F3°}

ooooo,7,0000000000000D00 ||T,le=0000000.

oo, fAibiobibibioboboobobdobobon. Theorem 2.50
oooo fer0000000OOOODOOO, FUO000KOODODODOOOO
gbooboobouoooobobooooboboooon.

Lemma 3.2. 73,0000 KOOOO, KOODOOOooooooooo,

. Rf(2)] P
lim sup —————ex (—— z ) =0

gboooog.
00 Lemma 32000, £5000000000VO0O0OOOOOOOO0OOO,
Feoloooooo

Bre, = {f € Foo ¢ [ flloca <1}
DVDDDDV(BfgoO)DLemma3.2DDDDDDDDDDDDDDDDDD.

Theorem 3.3 (Ueki [16, 17]). 7,0 F*000000000000,7,00000
0| Tl.0000,
. [Rg(2)
| Tyl ~ limsup ————
! 2|00 (1+’ZD2
goooo. ggobb,gdgdgbbog,obbbuogoboood
(a) T, : F - Froo00oooooooong,

(b) T, Foo—~ Feooooooooooo,

_72_



(¢) g00010000000O0DODOCODOO

g(z) = Z a2’

[vI<1

Remark. Theorem 3.1000 3.30000,000 ¢gO0000000O0O0O FockOO F5°
0000000000 «(>0)00000000. O000O0O,0000000000
Constantin 000D 0000000 0ODOODOOOO. OO0, FockOO FPO00000
Cesaro0 000000, 1<p< 00000, 00000000000 0OOO,000
gobogoobobuogobbbuogobboooboobooobobobogobog.
ODoOodobooboboobooboboobbuoobooDnob, FockOonooono
0000000000000 0000000ooODOOq,3,140000.

oot
[1] B.J. Carswell, B.D. MacCluer and A. Schuster, Composition operators on the Fock space,
Acta Sci. Math. (Szeged), 69 (2003), 871-887.

[2] O. Constantin, A Volterra-type integration operator on Fock spaces, Proc. Amer. Math.
Soc., 140 (2012), 4247-4257.

[3] K. Guo and K. Izuchi, Composition operators on Fock type spaces, Acta Sci. Math.
(Szeged), 74 (2008), 807-828.

[4] Z. Hu, Equivalent norms on Fock spaces with some application to extended Cesaro oper-
ators, Proc. Amer. Math. Soc., 141 (2013), 2829-2840.

[5] S. Janson, J. Peetre and R. Rochberg, Hankel forms and the Fock space, Rev. Mat.
Iberoam., 3 (1987), 61-129.

[6] T.Mengestie, Volterra type and weighted composition operators on weighted Fock spaces,
Integral Equations Operator Theory, 76 (2013), 81-94.

[7] T. Mengestie, Product of Volterra type integral and composition operators on weighted
Fock spaces, J. Geom Anal., online available 2012, DOI 10.1007/s12220-012-9353-x.

[8] S. Stevié, Weighted composition operators between Fock-type spaces in CV, Appl. Math.
Comput., 215 (2009), 2750-2760.

[9] K. Stroethoff, Besov-type characterizations for the Bloch space, Bull. Austral. Math. Soc.,
39 (1989), 405-420.

[10] J. Tung, Taylor coefficients of functions in Fock spaces, J. Math. Anal. Appl., 318 (2006),
397-4009.

[11] S. Ueki, Weighted composition operator on the Fock space, Proc. Amer. Math. Soc.,
135 (2007), 1450-1410.

[12] S. Ueki, Hilbert-Schmidt weighted composition operator on the Fock space, Int. Journal
of Math. Analysis, 1 (2007), 769-774.

[13] S. Ueki, Weighted composition operators on the Bargmann-Fock spaces, Int. J. Mod.
Math., 3 (2008), 231-243.

_73_



[14] S. Ueki, Weighted composition operators on some function spaces of entire functions,
Bull. Belg. Math. Soc. Simon Stevin, 17 (2010), 343-353.

[15] S. Ueki, Composition operators on the Fock space of vector-valued analytic functions,
Ars. Combinatoria, 100 (2011), 161-167.

[16] S. Ueki, Characterization for Fock type space via higher order derivatives and its appli-
cation, Complex Anal. Oper. Theory, 8 (2014), 1475-1486.

[17] S. Ueki, Higher order derivative characterization for Fock-type spaces, To appear in
Integral Equations Operator Theory, DOI 10.1007/s00020-015-2246-1.

_74_



JERT B R FHW -5 R &
BOIELEAE R 7V ) A LD WT

NIECES
FO LR R

Abstract

We introduce the cryptosystem which is based on non-commutative algebra,
and show its implementation. This cryptosystem contains a public key agreement
and symmetric encryption. A sender and a receiver share a secret key, and the
sender encrypts the plain text by session keys generated by a pseudo random number
generator. The key generation algorithm is described by the dynamical system
which holds the discrete type Ergodic property. We also discuss on attacks and its
computational complexity.

1 Introduction

A modern cryptosystem was originated by the Diffie-Hellman key agreement protocol
[1] and One-time pad symmetric encryption[2]. The combination of key exchange and
generating a key stream from a secret shared key has been a grobal standard of practical
cryptography for many years. There are many implementations of encryption receipes
however no mathematical theory how to construct the cryptosystem holding perfect
secrecy. According to the Shannon’s theory for secrecy, the session key must be choosen
randomly, namely, one has to generate a key stream as a random number sequence.
Many practical methods generating a pseudo-random number sequences are developped
simultaneously. In 1992, Accardl et al. showed that there exist a method to generate
pseudo-random sequences based on elgodic theory of periodic orbits[3]. They discussed
not only mathematics, but also how to treat the method in a computer. Moreover,
they showed results of some statistical tests for the pseudo-random number sequences
generated by its computer program. After some years, Accardi and Ohya proposed a way
to construct a symmetric encryption algorithm based on non-commutative algebra and
ergodic theory, so called QP-DYN[4]. They proposed a concrete algorithm, and discussed
on a frexibility of algorithms such that one can choose another dynamical laws on their
demand which are speed, security, and hardware limitation. They also considered some
attack algorithms, and estimated the complexity[4]. In 2010, M. Gébler et al. reported
results of statistical tests comparing with the other PRNGs [5].

A key exchange using public network is one of important technologies in cryptosystem
since session key streams are generated by a shared key. The D-H key agreement protocol
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is widely used in several environments however the key length is forced to be longer year
by year. Because the eavesdropper has more powerful computational power and more
effective algorithms than before, users have to prepare a longer key to prevent attacks.
Therefore the cost to key exchange becomes higher. Accardi et. al. developed the
new algorihtm of key exchange, so called QP-KEX which is based on non-commutative
algebra, and show its implementations on mobile environment. In the paper [7], the
authors show that the QP-KEX is effective even in small devices. In this study, we
review the algorithm of QP-DYN and QP-KEX following the paper[3, 4, 7], and show
results of statistical tests and discuss its mathematical property.

2 QP-DYN

2.1 Notations

Here we introduce our notations. Let d be a positive integer, called a dimension of the
algorithm. Let M (d,N) be a d x d matrics with natural integer coefficients M; ;. Note
that we can use Z, = {0,1,2,--- ,p—1} with a large prime number p instead of a set of
natural integers N. Let v = (v;) € N be a d dimensional vector, and the components v;
are always written in the following binary form

v; =001y
A

where A represents the bits from top to the first appeared 1 in v;. For any v; € N, let
us define a function v : N — N by

y(vi) = w
v; — 2[10g2 Ui]

where [-] means Gussian function, and a function I : N — N as

['(v) = y(v1)y(v2) - v(va)

The function I' produces a bit sequence from the components of v. In order to expand
the orbit created by a given dynamical law and an initial vector, we use the following
Jump function J : Zg — ZZ such that for v € Zg

20 -0 0

01 --- 0 .
J(v) = ) v+ €Z,

00 1 1

We denote the bit length of number x € N as |z| = [logy ] + 1, and & as a bitwize
XOR.
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2.2 Framework of algorithm

In this section, we review the very simple case of QP-DYN algorithm following the paper
[3, 4]. The general description is also given in the papers. Here we give the QP-DYN by
(d, M,p1,p2,G,vg, J) to create N bit sequence with

e a positive integer d > 2
e a dynamical law(private key) M € M (d,N)

e two prime numbers p; and ps

a method G to create two dynamical laws using M
e an initial vector vy € N¢
e a jump function J : N¢ — N¢

Note that the public information are d, pi,p2, G,v9 and J, and the private key is M.
First, the algorithm prepares two dynamical laws M; and M using the method G.

G(M,p1,p2) = (M1, Mz) € M(d, Zp,) x M(d,Zy,)
where M; and My satisfies
det M1 =< p1 >, det My =< ps >

where < p; > (i = 1,2) means a generator of Z,,. The algorithm starts with the initial
vector at Step 0. Step k, (k =1,2---) is given by the following five steps:
Step k-(1) Compute two vectors vy = Mve—1( mod p1) and v;, = Maov;_;( mod p»)
where v, = vy.
Step k-(2) If vy = vo (v}, = vo) happens, go back to Step k-(1) with vy_1 = J(vo)
(v;,_1 = J(vo)), respectively.
Step k-(3) Compute wy = vy ® vy, = (v S v} ;)
Step k-(4) Compute 7

2k = D(wg) = y(wp,1) - -7 (wk )

Remark that the algorithm allows the case of |z;| = 0.
Step k-(5) If |21 - - - zx| > N + 4([log, p]), the algorithm halts, and outputs

#(4logy p)+1 """ Z(4flogy p])+1+N

as a result, else it goes to Step k + 1 with 21, -+ , 2, vy and vj.
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2.3 Implementation and results of tests

In this section, we show some results of statistical tests and throughput of QP-DYN
reffering to [4]. The statistical tests were TestU01[8] package and DIEHARDI9], and
these tests were done for several times with randomly chosen initial vectors.

In order to compare effective speed of QP-DYN, we measured throuput using Open-
VPN which is the virtual private network software equipped with OpenSSL as an en-
cryption protocol.

The TestU01 contains three test suites which are SmallCrush, Cruch and BigCrush,
and the DIEHARD has 126 statistical tests. Compared PRNGs were the following four:
RC4, AES-OFB, CAMELLIA-OFB and MT19937[10]. We calculated an average number
of non-passing tests for randomly chosen initial vectors(table 1). The numbers of trials
were 100 times for SmallCrush and DIEHARD and 10 times for Crush and BigCrush.

The table 1 shows that all batteries passed SmallCrush with high accuracy, and
MT19937 was less than the others in Crush, BigCrush and DIEHARD. QP-DYN was
the best in Crush and DIEHARD, and better than AES in BigCrush.

| | SmallCrush | Crush | BigCrush | DIEHARD |

QP-DYN 0.04 0.2 0.2 0.22
RC4 0.02 0.7 0.1 0.28
AES 0.03 0.2 0.6 0.28

CAMELLIA 0.03 0.3 0.5 0.26

MT19937 0.01 2.2 2.2 1.17

Table 1: average number of non-passing tests for one trial

We first implemented QP-DYN into OpenSSL, then fixed OpenVPN to support
stream cipher. The experiment evironment is showen in the table 2. We provided two
PCs with a gigabit ethernet router to run OpenVPN. We measured average through-
put(Mbps) between two PCs of 12 trials excluding maximum and minimum results.
The measureing method was iperf which is the TCP/UDP bandwidth measurement
tool. The experiment was done for 12 generators: QP-DYN, RC4, AES, CAMELLIA,
CASTS5, Blowfish, SEED, IDEA, DES, DESX, RC2 and 3DES. The key lengths were
56bit in DES, 120 bit in DESX, 168bit in 3DES and 128bit in the others. The block
ciphers ran in the CBC mode.

The table 3 shows the result of tests with the case of no encryption. The QP-DYN
was faster than AES, and slower than RC4.

3 QP-KEX
In public key agreement (PKA) algorithms two interlocutors a sender(A) and a receiver(B)

produce a secret shared key (SSK) by exchanging public information and combining it
with private one. Such cryptographic algorithms are called asymmetric because the
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I PCl1 \ PC2

0OS Mac OS X 10.9.1 Mac OS X 10.8.5
CPU Intel Core i5 1.7GHz | Intel Core i5 1.3GHz
MEM 4GB 4GB

Interface Gigabit Ethernet Gigabit Ethernet

Table 2: environment

| generator || throughput (Mbps) |

QP-DYN 153.3
RC4 171.8
AES 150.1

CAMELLIA 147.0
CAST5 128.3
Blowfish 128.2
SEED 121.6
IDEA 117.1
DES 112.9
DESX 112.7
RC2 92.8
3DES 74.5

No encryption 217.7

Table 3: result of speed test
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private informations possessed by A and B are different and not shared. However the
operations performed by A and B, to construct the secret shared key (SSK), are quite
similar. The QP-KEX key agreement protocol is described in this framework.

In this paper a new method to construct PKA algorithms is discussed in which this
residual form of symmetry is eliminated, hence the name: strongly asymmetric PKA
algorithms. Rather than a new class of PKA algorithms, the method yields a machine
to produce PKA algorithms.

The main new features of this new class of PKA algorithms are the following:

e Recipient public keys are distinguished from sender public keys
e B has more than one public key (multiple public keys)
e The unique public key used by A depends on those of the recipient.

The splitting of the public information into multiple public keys implies levels of security,
flexibility and variety of concrete realizations which cannot be found in the standard
PKA algorithms. The construction of these algorithms does not depend on sophisticated
mathematical structures, e.g. groups associated to elliptic curves or complex theorems
of number theory. This implies a drastic decrease in implementation complexity and
increase in velocity.

3.1 Notations and Public Ingredients

Let N be the natural integers, P, a semigroup (noted multiplicatively, with 1) and
a € P, an element of P which is the (commutative) semigroup generated by a: Pp(a) =
Po(a) :={a"™ : ne N} CP

3.2 Frameworks of the algorithm
Step (0; preparation) B constructs the following maps:
Np1:P — P easily invertible map

Np3: P — P easily invertible map
1, TB2, B3, TBa:P — P
arbitrary functions satisfying the compatibility conditions
Tp1TB2lP, = TB3TBA|P,

NB1ZB2|p, is an homomorphism : Py — P

Step (1) Using the functions constructed in Step (0), B constructs:
(i) The Secret Key of B, i.e. the function:

Ip=1B3NBg3
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(ii) The Public Keys of B, i.e. the functions:
N N_1
IB,14Vp1
Npsina
and the element of P
NpiZpa(a)

Step (2) B sends his public keys to A

Step (3A) A chooses her Secret Key: a natural integer x4 € N.

Step (3B) using «, x4 and the public key NBT}?):i‘ B4 of B, A computes her public key:
Ya = Ng}si'BA(OzxA)

Step (4): A sends her public key y4 to B.

Step (5): Computation of the SSK: k = xp 125 2(0"4) = xp3rpa(a™4)

Step (5A): A computes:

2p1Ng  [Np1zpa(@)]™ = 1Ny [Npizpa(a™))
= zpirpa(a™)

= K

Notice that, in order to calculate x, A uses public keys of B different from the one used

to produce y4.
Step (5B): B computes

p(ya) = wp3Np3(ya)
_ —1 A
= B3NB3(Ng3rp4) (™)
= zpsrpa(a™)

= K

3.3 Scalar toy model

In this section, we show a scalar toy model and its attacks. Any field F in which, for
each x € F, the computation of z! is efficient. A typical choice is F = Z,. Step (0):
Definition of the functions

Fix x1, x9, 3,24 € F and define:

ip2y) =y
Ipa(y) =y™
tp3y) =y™
Epaly) =y™
Np1=1id
Np3=id
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1-st Compatibility condition:

tpa1ip2(y) = T1(y"™)
(y™)™

— 271
=Y

tpatpaly) = @pa3(y™)
(y™)"™

—_ T4X3
= Y

This gives the easily satisfiable condition:

Tp1TB2 = IB3Tpa &

T1Tp = X3x4=:T
2—d Compatibility condition:

Np1Zpa(A") = zpa2(A")
_ (An)xg
—  Anw2
= (A™)"
= (zpa2(A4))"
= Npi12p2(A)"

Thus Np1Zp,2|p, is an homomorphism, as required.
Public Keys of B:

#p1Ngi(y) = Epa(y)
= yxl
Npiipaly) = Npsy™)
= y$4
Npiipa(A) = ipa2(A)
A7

Secret Key of B:
tp(y) = 2p3Np3(y) =y
Thus to give the function Zp is equivalent to give the number xs.
Secret Key of A:
za €N
Public Key of A:
ya = Npzipa(A™) = ATa%

)
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A constructs the SSK:

vpANg Y [INp1zp2(A))™ = zpilrpa(A)™

zp1xR2(A™)
ATATIT2

= K
B constructs the SSK:

Tp(ya) = ap(A™A™)
—  ATATaT3

= K

The SSK is the same because of the compatibility condition x1x9 = z4x3.

3.4 Breaking complexity
The eavesdropper, called Eve (E) knows the public parameters and the public keys:
AeF; x1e€F; z4€F; A2 €F; yy = A"™ cF

If F can compute the logarithm in I, then she can recover z x4 = lgays. Since FE knows
x4, she recovers x4 knowing A*2, x1, x4, she can compute the SSK

(Azg)anm _ Afome = K

Thus the breaking complexity of this algorithm is equivalent to the logarithm in F. This
means that the above toy realization does not bring a real gain with respect to the
standard PKA algorithms.

3.5 A strongly asymmetric version of the Diffie-Hellman algorithm

The public keys of B are
yp,1 = acB

—1
YB2 =a"B «

The secret key of A is 24 € N, and the public key of A is y4 := y7%,. Finally the SSK
Kk is Kk = a®Aa®4%5. A computes the SSK using yp,1 as y5' = (aa™8)™4 = a"4a"A%5,

and B computes the SSK using y4 as y,® = (a“x;a“)xB = a%Aq%ATB = g,

3.6  The Diffie-Hellman algorithm

The Diffie-Hellman algorithm is recovered by choosing a = 1, which gives
yp1=yp ="

Y2 = &
ya = a4

K = aA"B
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3.7 Beyond the discrete logarithm: a simple example

B fixes the following functions:

e A polynomial of degree n
n .
Quy) = aj/ s a;€F, j€{0,1,...,n}
=0

e A polynomial of degree 1

Py(y) :=agy + by ; az,bo € F

e Two natural integers and a scalar
Np3, ng € N\ {0}
rp3 €F
With these ingredients B constructs:
Ep2(y) = P(y™) = azy™ + be

#pa(z) = 20

Zpaly) = W = =0 a;y’

NB73(Z) = ZNB’3
% -1 7—1
NBJ:PQ <:>N371:P2

—1

P B SQn((i*b*Q)n2 )
#pa(z) = 0 (E 5

This choice satisfies the compatibility conditions:

_ C$B,3Qn(y)

T3t a(y) =2p12B2(Y)

Tp1Tp2 = TB3TB4

Public Keys of B is the public parameter o and
NB71¢%B72(C¥) = P2_1P2(C¥n2) =a™

n

~ -1 ;

Nphipay) = [J(VBs)Y
j=0

_84_



A — —1
B sends to A the n + 1 numbers: N]§13§JBA = (CNB’SG" s e cNBﬁaO).

n 1
@BleB?,ll(y) _ H(CxB,gaj)anz PN
=0
A —1 -1
i”BANg’ll = (CN gan o Npgao n2)

Public Key of A is

. B
ya = Nghipa(a™) = [(Vpa))
=0

Therefore the SSK becomes
K= &p1ipa(a) = Epaipa(a”™) = "rsdn @)
Taking the following n + 2 logarithms

—1 —1
loga , logcVB3®™ . logcNBa®

E(eavesdropper) reduces the problem to the algebraic equation

n

logya = 3 (log Noa%)(a"4))
j=0

of degree n in the unknown y = a®4. E knows:

e the coefficients of the equation

e at least one solution in the field F exists.
Therefore E has to:

e find all solutions of this equation in F

e for each of them (at most n) compute the logarithm log a®4.
From this E deduces a possible candidate for x 4:

log a®4
TA=

log o

After that, she proceeds by exhaustive search.

Supposing zero cost for the logarithms and the exhaustive search, then the breaking
complexity is equivalent to find all the roots in the finite field I of the algebraic equation
of degree n with coefficients in F. No general solution method is known for n > 5.
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4 Conclusions

In this study, we explained the simple version of QP-DYN and showed the results of
statistical tests and speed test. Our implementation passed the statistical tests with
high accuracy, and was faster than AES-128-CBC on OpenVPN. For PKA, many non
toy realizations of the general scheme have been constructed. They are structurally
different: not variants of each other. The emphasis of this study is on the unlimited
potentiality of realizations which are apparent already from the scalar models. The non
scalar models are much richer in structures and possibilities and for some of them the
breaking complexity is at the moment unknown.
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On the unique solvability and the reversibility

of coupling equations

] FH SR (FEEK)
(Reinhard Schéfke K (Strasbourg X), HEFM K (L& K) & OILFEL)

1 Introduction

BMHEED coupling i 2007 4, HJFE [3] 1& Coupling AFEADHER%ZEA U, #HEMHE O IERIY
(o IR RDEHIERIZ DOV T L7z, £ I TR, F(ta,uo,wa) & CF oy PHREDIER
ZHBITBIERIEEE LT, 28 ¢ ICBUTEMRED 1 BREED HER

ou ou
a:F(ta‘/Evua%)’ (F)
Db h, HER (F) AR ARR
ot

& “couple” TN, RDILELE N DNDIGHNGZ 5Nz, T HICHIE [4], [5] ITHWTIE, X
@ Briot-Bouquet 55
t@ = F(t,x,u, @),
ot ox
Dbz, 22T, F(t,x,up,uy) t& C* DFAOEMHEOIERBEET, X5 F(0,2,0,0) = 0,
g—i(O,x,0,0) =0 %2A7-FTEDTHS. Briot-Bouquet I GFEN DR M & FEIX N 5 BIEK
M) == £E(0,2,0,0) 1B 5 & 5 BIKE A(0) ¢ (—o0,00U{1,2,...} HBVIXA0) = K €

(1,2,...} DFT, LA AERZROILO SR

t% = ANz)w, F72IE, t%—qf = \Mx)w + ~v(z)t¥,
& “couple” N7z,
EHEAEAD coupling Bignz £ 5D UFELKIRVIEA 5. HEFEED 2 DD IEHIERM D
X
ou ou ow ow

a :F(t,:n,u,%) (F), E :G(t,x,w,%) (G)7

* TERFPRF MR, T263-8522 TEHMEXIREN 1-33, okada@math.s.chiba-u.ac.jp
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Eou(t,r) & w(t,x) RO

ou 0%u
O:u—w, wt,x) =t xult ), a—x(t,:(:)7 @(t,m),. )

ow 9w
U:w—u, u(t,z) =19t zwt ), %(t,x), w(t,x), o),

BHEZD. TIT o(t,mug,ut,...) BEE Y(t,x,wo,wr,...) 1%, IBRZ “HEERZE D R
B L ARULTWS. &, U 2 (F), (G) DEDOBOEM % 5.2 5725121, ¢, ¥ FBEFER

9

9 4 > DM[FI(t, z,ug, .. .,um+1)6u¢ = G(t,z, 6, D[g)]), (@)

m>0 m
o9 m 0y
o +m§>:OD (CI(t,2wo, -y w1 5= = F(t 2,4, DR ()

RAETRELEZSND , D 1¥
d d d 9
D:=_—+ Umt1 ) <or D:=_—+ Win+1 >

THA 5N EREROBRR Y M ETHS. ZOBKER (@) & (¥) % coupling HER 2 1
3. :.Zh/g}:i’ WIS ¢|t 0 = Up BXO 1/1‘75 0 = Wy D RTHE 72\,
HI (3] T, ¢ (BT ¢) &

¢ =g+ quk(z:,uo, )t €Y Oc({la] < BRY)[[uo, - - u]]t,

k>1 k>0
WSO ARFHEE UThbiz. 28, FIHED vy TH2 I &k, ISR M ¢li—o = uo I
HIELTWS. ZLT, G =0 054G (Tabsb, 34 =F &0 82 =0 O coupling DH#)
c“’

o HEX (0) O L DEZE LA THESE ¢ O—BIEAE.

o w=0o(t,w,u,0u/dx,...) PEKZFDZOD ¢ OFHI.

o HER (V) & ZDILANFHEHEEE o 12T B FRIBRDFER.

o ¢ & 1 @ “reversibility”, (T7205H, ¢ & ¢ DEDDIEM & BLO U BEHWVITHERT
HHIL).

WRENTZ, BDBbAA, u, w DRTBHVWL DO ERZZEZT, @ FITEKE 5 X 5%
reversibility D2 BV TIX, TN 6 BBZEMEIHEiRE T2 0E D > 72,

[4], [5] T® Briot-Bouquet B AFERIZH 9 % coupling HER$, coupling HEADEPEANR
FIIDIAH TEED D 208, KFIIFABRTSH - 7=.

WEHE Z D& 51z, Coupling BHam 1348 IR D IR D HFERICE T 2 2R TH % 77,
B D & U DHERVPIENITHDZ EDBBENE I D, HE2WIEEDIEWT T 2D HFERIZ A
TERWPREDREBEH <. TS DEMD WL DT,
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(1) 8359 5B 2 MIRLH O ERMEOE R0 RiET.
(2) Coupling 5% & b BB 2 G Rh S5k g 5.

ZeTEHAONESITHAS.
AR, SERRAZR D ERIMEIZ D \WT 2 HiTH(i L 724%, coupling AFEAD —ZAIfRIMEIZ D \WT 3 Hi
T, ¥72EMDERKE reversibility (ZDWT 4 fiTikR 5.

2 BINERICH T BIERIME, admissibility, EEHE

JLD coupling HEwTIX ¢ o X (¢, z,up,u1,...) DBV (t, 2, wp, wy,...) 2RO
(EBRIZIIHEE) THo72. ZZT, 6D (tx,2), 72720 2 = (20,21,...) EWVWIERERD
B e AL, E<IWICAREITIEEL UT 2 ZBUZET 2 EAIEFICOWTHWRT 5.

WEFIZeRT & A48 HESEES O 70 g 22
CY = {z = (2;)ien = (20, 21,-..) | 2 € C},
ZEREAIRE & AdL, D44
CM = {2 = (2))ien € CV | HIRMHD i ZBRWT 2 = 0},

12X C" (n € N) 25 DRI YE LToME ANS &, ©b 56 RATMMMIZ RS Z &
MonTwad. Coupling BRIz &5 T 5 “MIREHOBEE” o(t,z,2) = ¢(t,x,20,21,...) &
Ci x Cyp x CN D@ BEHAEL LOBEY LTS 720, C s X s CF 0 & 5108 Ic A
ENBRAMERE X L2 5. EEICERRMER X ~okEg . o X @Eicdsics
Bh 5, HHOAEEH X — CY OuifitD s e 725,

ZO&S57% X ol LT, EAMNED (1 EEBEITOND.

Bl 2.1 (weighted ¢! spaces). IEHS ¢ = (¢;)ieny ZEAFILIFY, B c D 1 2%
01(c) = {z = (21)ien € CV | |lzllor () == Y _ cil i < +oo},
ieN

TEDS. £1(c) & Banach 212720, CN < (1(c) — CN LfHICHDIAEND.

Bz, EAS o(r) == (r'/il)ien, (r > 0) 2FZ, it T 2 EAMFE 01 22/l (o(r) O r iz
T ORI %2 & 2 & WRARF RO LT ZEZMB [ oN 5.

5l 2.2 (spaces of convergent power series). XI& (z;); — Y., zix' /il IZ& o T, IROFARDE 5
nb.
X[n) = lim € (o(r)) = Oc({|2| <n}), forn >0,

r>n
5, Oc({|z| < n}) 1& C OB {|z| < n} OEHETENZREROEMTHS. X[y &, DFS
25 LTI B FEEO BTN ZER T, CY — X[y — CF 2ligiic MbAEh 5.
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BAdmissibility & IERIMHE

£ 2.3 (locally admissible functions). CN < X < CN % Fir 22 o @Ak, W C X
EHES, f W > C 2 W EOEERMERKET 5.

(1) f »% W L admissible TH % &%, » 5 A RELD EHIBE DS O KISH—HIGRTH 5 Z
EES. U, B e NIZOWT, HAB ny, e N &, BHEHE X — CY — C (B
BR) 1Lk B W OBO ETEMBRBEI fu(20,21, .. 2n 1) PAHELT, WEHFFTZ ¥
LEDD.

flz) = kl;r{:o frx(20,215- -y 2n,—1), uniformly on W.

(2) f 23 W LRt admissible TH 5 &1, fEEDR 2 € W IZHUT, J&fE U C W PMFEEL
T, f MU L admissible 124252 &% 5 5.

JEFT admissible ZRBE f(z) FEBBEAITHS. $4hbb, £ i e NIZDWT, z; ADEEK
(2j)ji ZHEET DL, 1B 2 — f(..,2,...) FERICARS. £72, (JHFT) admissibility
DRESIZIAE DA RO ERMEIEN DT, MRS CEEZMENTOMZ L RAADR O FH25 L
WfFcE 5. A, admissible Z2B% & ERIBEE 72 B DG kL, well-defined 72 S IXIEANZZ2 5.

78 2.4 (composition). CMN — X « CN BT OMEROAAR, W C X 2% T
5. f:W = C % admissible 7%B%, u;(t) (i € N) 2 Q C C LOEAIFEEKT, $XTD teQ
ZXUT u(t) = (w(t); € W 2A7deTde,

g(t) == f(u(?)) = fluo(t), ur(t), uz(?),...)
& Q ETEANCZRS.
U7 U, admissibility OBERICIEIRHAED 5.

o Admissibility ¥R TLE TR,
o NI MVEBAE D (JHAR) admissibility # @& L7z & LT, ZNRERTLREN L D 2 idb
DS IR,

—J, MIRABO EAME UTi, BAnMEM EOEAMEOEER L <HIshTWwD. (B2
Dineen [1] 22D Z &)
X, Y ZREAmh2EM, W X 2HEALT 5.

EF 2.5 (Gateaux holomorphy). B4 f: W — YV A% Gateaux EHIH D5 WX G-IEHITH B &
W, AEED 2o eW, 1 € X, neY IZRUT, t =0 DEHETERSI Nz 1 BEOEFELBUARE

t— n(f(zo +x1t)) € C

MWEHITHEZ L LEDD.
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728, Gateaux FHIMEOBERIX X O L ITEBERICEE D, F2EHRB W 2 X OFEAT
HDBELRND, 2 TIREEIEAL.

E# 2.6 (holomorphy). B f: W =Y ARIEHIE I, G-ERIPDHERETHE I L LEDD.
DL E,

o EHIMEIX X OAMHHIZBIL CRAMMASEETH 5.
o EAIMEIFEHIZBELTLZETH L. (Gateaux EHIMEIXZ 5 TR

oW OO EAMEDRIZIK, IRD & 5 2BR»H 5.

— | BT admissibility‘ — | 28 ERE
EAMM | —= | G-IEAIE

o @t admissible ZBEBIXIERHITH 5.
o ('(c) BT, ERIZAYRAT admissible T WBIEAFIET 5.

—f,

EE 2.7. X[n| BT, ERMED S FAT admissibility 5565 . U7=h3> T, FHT admissibility &
EHIPE X RMEIC 725 .

—EEREICE L TRIROFICEEPLETH 5.

EIE 2.8 (unique continuation). X ZFEATNZER], W C X ZHEAEHES, f 2 W LOERIE
B, UCW 2% THVHHAELL TS, cOLE, flu=0a5E W E f=0.

=HE. CN — X — CY 2 FATM R OEEHEDIAKR, W C X % FUSOMIE 2T HGE 75,
(1) —f&iz, W LOERBIE f 1I2DoWT,
Vk €N, Y(ap,...,a;) € N1 920... 92 f(0) =0 = f =0.
(2) W E@EFT admissible ZB% f (2DWT,
Vk €N, V(ap,...,a) € NPT 920... 92 f(0) = 0= f=0.

WMEHEEANT MG D
EF 2.9 (vector field D). MEEMHDEE (2, 2) = (x, 20, 21,...) KT IR MV D %
D=0,+) zind;
ieN
TREDD.
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cV o X o CY 2R MEHOMEROARL TS, S U C Cy x X L0 ENBEK
[z, z) (2R U TR

D[f](a:,z) = 8xf(l',2) + ZziJrlaZif(x’z)
i€EN
AEZ, b UBEHICRT UL DIf] 2 U LOBEKY s 5T.
29, ARZEBOBEEZER LS. 2%, U CCoxCf!  EOEMBIM f(z,2,. .., 2)
IZRL T,

BHBRIT, U x C,, 2y ECEHSNAERBIEEED S, COLE,

EE (chain rule for f(z,20,...,2x)). u(x) & Q C C, k (z,u(x),dpu(z),...,0%u(z)) €U %
ATIEABEBE T5. $5 8K g(x) = f(z,u(z), Opu(z),...,0Fu(x)) $ Q EIEAIT,
Dug(x) = D[f)(x, u(z), Dpu(z), ..., 08 u(x)),
AT A0 IEEIX,
07 g(x) = D™ [f](x, u(x), Opu(x), ..., 95 " u(z)), m €N
L%,
REBOHAETH, C, x X[y ETI, D[f] OEZEDEYIMN: & #EEEED K Y 31D,
EIE 2.10 (chain rule on C, x X[n]). f(z,z) ZB%EE U C C, x X[n] LOEABEHE 5.
(1) D[f)(z, z) FJRFr—BRIZHSPORL T U EOIERIFEZ ED 5.
(2) u(z) & QC C, ET (z,(0bu(z))ien) € U AT IERIEK LT Z L, Ak
9(@) = f(x, (Opu(@))ien)
L Q RIEAIT, 2 0EBIHIE
07 g(x) = D™ [f](x, (Opu(@))ien), meEN, z€Q
LET5.
EIH 2.11 (chain rule on C, x X[n], II). f(z,z) LS U c C, x X[n] L0 EAIEE
95, ¢o(z,2) 2BEAV C Cp x X[nf] LOFEMBEEKT, FED (z,2) € V IZHLT

d(x,2) == (2, (Dldo(z,2))ien) €U 2H=L, ¢ 1Z V 225 C, x X[n] ~OEHL L TRHiAR
ThdLTd. ZDOLE, B

g(x,2) = f o ¢(z,2) = f(z,(D'¢o(, 2))ien)
bV EERIT, REAR:LT.

D™g(x,z) = (D™ f)o¢(x,2), meN, (z,2) V.
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3 Coupling AN DA R

Z VY FIVD coupling BEMIZBWT, TOMMMA SFERRP coupling RERNDEEK t 13EHRLEH
ThHhotz. TI T, Bt 1%, ED 0 OifEzE <56, ETHADHEL L 56, HFED 0 D
FrEGha, BREROMERZEGAELPMITUTEMTE 5. K@HTIIEDIIADHEE LS
GExhIEZRD.

BERTARERD coupling AR Mty @ : u— w, w = ¢(t,x,u,0zu,...) », HEX
Ou = F(t,z,u,0,u) (F), ow = G(t,z,u,0,w) (G).

Dfft u P off w ~NDEWE 52 272D, KHBEE ¢(t,z,2) BT 5 coupling HFEARDHIHMHE

[l e
{ at¢ + ZmeN Dm[F](t,ﬂZ7 20521y - azm+1)8zm¢ = G(t,fﬁ, ¢)D[¢])7
¢(O,$,Z) = 20,

EREEZIVDTH o7z, 28, t BWEDOHADMEIZHE X, ¢(0,2,2) 1 (40,2, 2) LT 5.
ERER 7o, Ry, po LD, AV N2 MES Ko C C3, Kf CRxC? %
Ko := {(x,20,21) € C* | |2| < Ro, |20] < po, |21] < po},
K{f :=[0,79] x Ko,

TRED, B
F(t,x,20,21), G(t,x, z0,21) € COO( A0+) = CO([O,TO];O(KO))
Br 5.

MESEEARY F & GIRUT, EEB r (<o), p (< po/2) & C, ED 1-Lipschitz i
B d(z) %
0 < dmax :=sup,ecd(z) <1, d(z) > 0= |z| < Ry,
DESITEY, HE Qiero CRy x Cp x CY EHEABE wy ot z,2), (c>1) 2 FHLDOXSITE
#95.
é‘](zvy) :ZZJ+1yZ/Z'7 j EN7
i>0

nzy)=p"" Y &lzly) Izl = (zl)ien.

0<5<2
Wa,ee(t, @, 2) :=d(x) — (ct/r +¢) — p(z, ct/r +¢),

<(.L)d7670(t, x,z) =d(x) —ct/r — u(z, ct/r)),
Qg :={(t,z,2) e R5o x Cx cN | Wa,c,e(t,x,z) >0},

Qd,c,-‘,—O = U Qd,c,s (Q Qcl,c,O)-
e>0
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$¥ Rt X (Ca; X (CIj O)%Béj\%é Qd7c7+0 =4

Qd,c,+0 = U [07 3) X Vd,cs/rJrO

0<s<r

ERIND. 2T Vyesirpo = {(2,2) | (5,2,2) € Qaev0} & Cp x X[es/r] DFEETH S,

Quevo EOBIBIZHT 2L (2, 2) ZHIZHIT 5 EREOBESA, % [0,5) X Vies/rso £

DB 5 05T 2 B (KA R, x Cy x Xes/r] 5 OFEAANC & 5)
xha.

EE 3.1, Qoo LD (3, 2)-ERBEHIRAEDOEME COO(Qe o) LES.

EHWCER

X 51T, B A B wd,qo(t,x,z) AW, Qd,c,JrO E DB D 2= %,C FEAL LS. B

d(t,z,2) € COO0(Queyo) D Zye CIBT D LIE, B C BEFELT, (t,1,2) €
m € N IZDWTAFOA%ER

C
6] < Cp, D[]l < Cp, |D[g]l < — 1o\
wd,c,O
Dol < G U™y gy C TSR et
B S = A G

ERETILEEDD. Zh5 5 ODFERIE 5 00€ I VA (|@llact, [[0lacs -

D, X, 1
[9lld.c,a = max{[|@[la.c1, [|¢llac2: |€des: |@ldes |ldes}
IZD\WT Banach ZEfij& 5. X 51T,

[9lla.c,1-3 := max{[|@flacis [[@llacz2: ([ Dllacs}
[@lla.c.a5 := max{l|la.ca, [|9llacs}

YU, RS a, B 12T
Zac(a,B) :=1{0€ Zac||bllaci3 < a, [|9ldecas < B}

EREDD L, Xy (o, ) 1F Banach O EA & U TRlElEM e 25, 72

Qg.c.+0 and

s 19llaes

b,3%H, 4

FH, b BHOAERZBN BN T wacolt, z,2) 72 1%, 2, ORI 5 BIB0D FE AL o B
WS NE, ZOXA FOFMIZEL T, HE [2] B &G Walter [6] 2B-Ehi\.

Bcoupling FRAD—BAEY o, f ZHEUNTERE, ¢ € 25 (o, B) ITXT B4

06+ Y DMIF]-0.,6 = Glt,x,6,D[8]), dlizo = .

meN

L RSy JifE A
¢ =Tl¢] == 20 — Rr[¢] + Sc[4].
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WEMEIZ 725 Z L hRE S, 7L, Rp BX O S &

Relo)i= [ 30 DF)-0.,0] _
meN

THEALGNS. ZUT, MNGBROFEIZE D, RO—EAEEEHZRTIENTE S,

T t=71

dr, Seld) = / G(t.z,6,Dl¢)| dr,

EIE 3.2 (unique solvability). F, G IZJGUCTEB A DEE D, LFPELTS: , 8,c>1 %

A
Apax < <2, [>2, c> TB ’
[0

- dmax

DS B, T Lo, B) 25 HDEGA~D, HEHEEE dist(d, @) = ||¢ — ¢'|acn BT
DHENGBIZIR S FERE UT, coupling HREADOHIIMERMEIZ 2, .(o,8) IT—EfEZFED. ZD
fRIE CLO(Qgero) WKIET 5.

EEL, CLO(Quero)
C'O(Qa,e,40) = {6 € C°0(Qac 10) | i € COO(Qqc,10)}
TEZINHIZERTHS.

4  coupling DERK & AWM
BEMEE Coupling IZX2EMDEHKEEZEZ D720, KANBRERGEEZITR-oTALS.
Aty m,2) ITNBET D2 O - ut,z) — v(t,x) &, BRHIZ
vt x) = ®ul(t, x) = ¢(t,z, (Fpu(t, ))ien) = ¢ 0 u(t, x),
LEIFL. 22T, it x) = (2, (Ou(t,x))ien) &\ I FLIER AW, HEHEEEIC X,
dyu(t, ) = 0y {o(t, x, (Dlult, x))jen) }
= D*[¢](t, z, (Oju(t, x))jen) = D*[¢] o t(t, x),
B5WE, ¢t x,2) = (t,z, (D[](t, x, 2))ien) BAVT
7= Bu] = Goil

s,
Ytz 2) (NS HEHM U v w BERD L,

—

w=UDu]] = o doil, HBVIET = V]| = o doi,
eRFTZenTE, A
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KB B LITHARRT 572012, 21THAEZ B L BENTHS S L b s,
IRE. “BAR” 6, OOROTRME 2L, SVHR B L, ¢ 2L, ¢ BDD Q.o 2O
Qd1,01,+0 DOHIZES MR K.

Bcoupling BIRDEM D¢ & wo ¢ DFMIZDONWTIE, MFREZRTIENTES.

R 4.1. dj(x), d(z) FMED 1 BAND 1-Lipschitz B, ¢;, ¢, §;, an E N2 ALTELHET
%5 (j=1,2):

C—C2 —-1/2
_ 246 )
c— ¢l — ¢y s 2 ')

Qdy.co+0 LD (2, 2)-ERIZRBIE o(t, 2, 2) DY ||@]ldp,co1-3 < a2 ZATEIE, ¢ = (t,z,(D'¢)ien)
XiIR%E AT 7.

d(z)+6; <dj(z), c>c1+c2, 61>

—

(z)(Qd,c,JrO) C le ,¢1,+0s

Wy ,e1,0 © 5(75, x,2) > Waeo(t,x,z) on Qe o
ZOFHtIE D, LFOEMEES.

EIH 4.2 (compositions of coupling maps). d;(z), d(x), ¢;, ¢, 0;, ag FHTOHED £ § 5 (j =
1,2). ¥ € Ziy ey, @ € Ziyey (27U [|Gllagcas < 02) CHUT, A o 73 Qe yo LOB
e UT well-defined T %5 . \Z@LU, LR & AT.

%0 Bllaei-s < [¢llarer,1-3s

> (c— 02)5_1/2
[0 @lla,ea < chQ Nllar,er,a - 9lldz,co,as
~1/2
- clc—ca)d
[0 dllaes < =5  [¥lldr,er,allDlldzrer,a + [Blldz.c0,5)-

(c—c1 —c9)

T, ROMEZEZTAHALD.

RIRE. di(z) (d1(0) > 0) & ¢y BEALNTWBEET D, ¢, € Ly, #EKLT, BlO d(z)
(d(0) >0) & cIZD2WTpode Zy, LTEDHN?

ERTDOEHIZ L NIEIRDIBEDNEZ 5N D.

d(z) % di(z) VRS, c B EAKREL, ay ZHANEE S, THE [[Ollay.eprs <
LW EEDFT, A Yo e Zy, WHYIZERIN, HBER C I2OWT

190 @lla.c,1-3 < 1¥lldyer,1-3,

1% 0 Plla,cas < Clltdllayer 45PNl dy 1,45

AN AVACREY
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Coupling /2RO ¢, 1 Z ALV E I, (9l .cr18 < a0 BALINBEHRE D bR S
WD T, ZOMREIZIEDEDMETER.

ZIT, 9, ¢ &K O/NIREIH Quy 0 WCHIBRL, IRIZ, coupling /572 X D HIHAME [ O iR
D—FENME A CTHAM ||l dy.en1s < ap 2R L, BEIC, T SIT/NSREK Quero ETOAM
Vod BIED, L \NSHEIT, ZOWEEFEMTE 3.

Bcoupling AERXDEM & reversibility Z Z Tl
{ B+ X en DTF] 0., 0 = Go g,
Pli=0 = 20,

% MHERE (F,G) L3\, (F,G) & (G,H) Dfl%E composable pair, (F, H) %% ® composed
problem £\W5. £/, (G, F) % (F,G) D reversed problem &\5.
Composable pair (F,G), (G, H) D&HEEZ LS.

{ 00+ Y ey DF) - 0.,,0 =G o g, (F.G)

¢\t:o = 20, ’

{ 06 + e DG - 0.6 = Ho 4, (G. 1)
¢|t:o = Z0- ’

1-Lipschitz B dq(z) 2 & 2 &, —BAfRMEER LV ER ¢1, a1, 1 BH-T, (F,G) & (G, H)
DIFE ¢, € Xy, o (a1, 1) D—RIZF/FOLND. TDLE,

EIH 4.3 (composition of solutions). 1-Lipschitz B# d(x) L& ¢, a, f DFIEL, i ¢ &
DA composed problem (F,H) ®—Ff# o ¢ € Zacla,B) 12725,

(F,G) &% ® reversed problem (G, F) @ reversibility & Z & 5.

{ 06 + X e D"[F] - 02,0 = G o 6, (F,G)

®li—0 = 20, ’

{ 0+ Y e DG - 02,0 = F o 6, (G, F)
}li=0 = 20, 7

1-Lipschitz BI# di(z) TN UTIEERK ¢1, a1, B BH->T, (F,G), (G, F) THhEND —EfiE
¢, v € 2y, (o, 1) BMFET D, ZDEE,

% 4.4. 1-Lipschitz B d(z) L EER ¢, a, B 25 £ BIE, B Yo d, poh B Zy.(a,B)
W T well-defined T, .
¢O¢(t,$,2’) = ¢O¢(t,$,z> = 20

RA7T. Thbb god=do=id L7 3.
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BARZA X 2 S ORI T IZo» T

OHRRECE (LR —RBH ) 1

1 F

AGE T, PR F D 7 ENE A OB B X2 0IHERNT 5.

BB u(z) D329 € R" TOC® KTH % 720 DREAZHME, xo DILEHFT 1 TH S C5° B
Box(z) DFAEL, xu D7 — ) ZZMDHMOMED E D EALBADFEL D b RCHHET A2 LT
HHEVIFHFHIFLICASNTVS, L) IEMICHARIUE, FEEDO N e NIZNLT, H5E
B Cn >0 DHFIEL T,

[Fxu)(©)] < Cx(1+ €)™ (L.1)

DBIKDEDZ ETHS, 22T, Flul(©)dun7—) 2EHmzEL,
Flu)(€) = @2m) "2 [ f(x)e " da
Rn

Tho, WHESIZIIDOI E2HHINHEL DT, REENH 6L, (7Y 2BD
ZERINTO) FEEOHERA L 22 /510 (0F D, (1.1) BSALL R /H) Z2X7ICL7EETH
5., ZDXIH)RTA T 4TI, 1970 4FEE M. Sato, J. Bros, D. Iagolnitzer &% L. Hérmander 12
£oT, ZREFIMNIHAN SN b O THBFTENTOFERIN 2 7 A 74 7 £ 72> T\ 5 (Sato-
Kawai-Kashiwara [10], Hérmander([5], [6], Treves [11] % &2 Z). T 2 Tld, Hormander (Z
> TIHESZEAT S, IMIIBWT, S(RY) F¥ 27 VY D BBzER, 20

reR”™

SR") = {(b € C°(R™) | L Da, BITH L T sup [P0 ()| < oo}
£9 5 (a, BIFLHEEHZERT). £7, S(R") IZR" _EOEIEBEDZEME, 2D, S(R")
DRI 2 3T,

EE 1.1, (WHESGWE(u) (x0,&) € R* x (R*\{0}), u € S'(R?) £ T2 & X, ud(x,&)
THFATNC O fhTH 25 13, xo DWHFT x = 1 %7 TEIEL x € CR™) & & DHEEH;
I DFEL, TEDO N e NIZXHL, 3T Cy > 0 DBFEL T

(Fixu]€)l < On(1+[E)™N (€T) (1.2)
AR R O &, IR A IRBOIG & 3 RFFRIC 46 <.

Tsingoito@kitasato-u.ac.jp
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DEDIDTETH D, ZDOFRMEDIRY ST Te VRl (2, &) DEAZ KBS LW WEF(u)
ERT, (ST CRDHEATHZ I, el = XecT A>0)) BEH-OLE
2O, HEROIEPHEG LD L E, ZOEAERHBEN LS. )

EF 1.1 OWHEGZ RIS C° BHHES LN W oo (u) EEHSZEbH D, £, BZ
ZIOENPIDORER C®° 9o, BN, YRLIZOH K, 2L AD G HnEIEZT:
WHES WEL(u), WEys(u), WEgs(u) bARICER IS,

EE 1.1 EEDS WF) BHRETH-T, L0 TIEHEGLE RS,

AR 1.2, u € S'(R") DFFERS singsuppu = {x € R |u ld 2 DdH 25T O°fK } & IimE
HOBIRIE
singsuppu = {z € R" | H 5 £I1ZDWVT (2,€) € WF(u)}
THZ6NA, 2%), uBax TOPHKTHS LI, ZDORITE W TATOHHICHEEATIIIC
HorTHEENITLETHS.
—77, WAL L 1 Cérdoba-Fefferman [1] IZ K> TEAINLLET, f e S'(R"), ¢ €
SRM\{0} T2 LE, fOWKREMW, f(x,8) %

Waf(e.€) = [ Sl=ais)e <.

EREFRT D, TITo BB E LR, AR A I, RG] 7 —) DA RO E 7 — ) 8
CENENSE LY H B, £, RP xR Lo F gL T,

WEF( (2m)~ //R% (y, &)z — y)e*dyde

efaa<¢@¢o&5¢¢esmn SHLT,
—WIW, , € S'(R”

DI DT EDHISGN T bemmwrm7uz®§m®%Lm%E&Eum%%ﬁ)
PR A Fl O QIR A & AT 28408, O BIHE A O AICE VT, G. B.
Folland [2] IC k> TR 67z, 2] THASNIRHED T ICE VLTI, BB ¢ € S(R")\{0}
ﬁﬁ%ﬁ@&%@&mmﬁénfmtﬁyrOMﬁw;mmmmzﬂL;of%w SR IFHD
bR, H2LZHEIEB o lZ2WT [2%de #0207 L TS AU X w2 &R ani, %
DR L IR THEZ 6N 5,

E® 1.3. (G. B. Folland [2, Theorem 3.22], T. Okaji [9, Theorem 2.2]).

(0,&) € R" x (R*"\ {0}), u € S'(R") £ 5. £7, ¢ € S(R") 1FdH 5L HEIEM o ITXfL
Tﬁmf%@Mx#O%%ﬁ?&L A>1’ﬁtf¢ﬁ)—AW%QV2)&£< :@a%
ELT,E%@NeN&Ei®az1 ﬂLTQW>Ob%OT

(Wou(@, M) < Onad™ (A>1, 2K, £cTN{¢cR |a! <|¢|<a))
BT ELTH D,
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i, HS BWHERADERZEGA2 . XMLNTHLE LI, ulz) € S'(RY) Az € R
TYRL T H WCh 51 DBEEME, 1o DT 1 Th % C° MBS y(2) D577
fEL,

146 ©llzaen = [ 109 )1<oo (13

DRDIDZETHS, 22T, () =1+[§2PTHhs. ZnziailicEZb DD, HS
RIHEATDH 5.

EE 1.2, (H° BHEHER) s € R, (20,&) €ER? x (R*\ {0}), u € S'(R") £ T %L E, ud’
(z0,&o) THIGFTIVIC HS fiTdH 5 L1E, xo DIEFET x =1 2/ T x € CF(R™) & & D
SETEE T DSFEAE L C

166)° F Ixul ()l z2(ry < o0 (1.4)

BIRD D ETHB, T DEMDIED LI (20, &) DEAE HF BILHEHES &l

T. ()kaji [9] TlE HS BUKHEAIC OV TOHW-TE D, WL Z T (19,&) 2 H®
WS F@“éf»&)mﬁ%%{f%;Uqbf\%ﬁﬁ%—bwrcw

EE 1.4. (T. Okaji [9, Theorem24])s€]R (z0,&) € R" x (R™\ {0}), ue S'(R™) £ ¥ 3.
$72, ¢ € SR I [pu d(2)da #0 &7 T EL, A>1LITHL T gy(z) = \4p(A\/22) &
B, ZDLE, HDxy DEF K & & DEREV BHFEL T,

/ An—lH2s / / (W, u(w, \)[Pdrdéd < oo (1.5)
1 VJK

K & & DtHEYV B3H->T, EEDe >0 LT

/1 Ao it2s—e /V /K (W, u(x, \)Pdrdéd < oo (1.6)

ANDRYAC IR

ER 1.5. (1.5) & (1.6) TE AN DA —F =23 21T T T 523, P. Gérard [3, Proposition
LI IZBWT, ¢(z) AT AL SIEe=0Th (1.6) HZT L I EMWRINT 5,

AKFEHTOTEHRIIUTD2oTH 3.
TR 1.6. (WEFc(u) DFEAT ) we S'(RY)ISHL T, XD (i), (i), (i) (IR,
(i) (wo,&) ¢ WF(u)
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(ii) % ¢ € S(RM\{0}, 2o DK K, & DHLEHHT 23> T, fLED N €N, a > 11K
L, %%%%{CN@ 753‘56‘9‘(,

Weu(z, )| < Onad™™ (A>1, €K, £€TN{¢cR |a! <|¢] <a)).

(iii) & % xo DI K, & DHEEH T 23> T, fEED N €N, a > 1, ¢ € S(R™)\ {0} 1Tk
L, %Z’%ﬁCN,a,qﬁ 7173‘37’)‘9T,

(W u(z, X)| < Onagr™™ (A21, z€K, {eTN{¢eR"|a”! <[¢] <a}).

ER 1.7 EB131CBT 5 ¢ D&M, TH 2L HEBEB o 1T LT [p, 2%¢(x)de # 01 ZHLY B
WTW3,
T 1.8. (WEys(u) DR ) seR, ue /(RIS LT, XD (3), (i), (i) (R

(i) (z0,%0) &€ W Fns(u)

(ii) % ¢ € S(RM\{0}, g DIEFF K, & DLV 23> T,

/  an-ies / / Wy u(z, A) Pdrdéd) < oo. (1.7)
1 VJK

(iii) B % wo DILE K, & DIEFV 23 > T, fEED ¢ € S(R™)\ {0} X LT

/ A"—H?S// (W u(w, A)Pdrdéd) < oc. (1.8)
1 VJK

AR 1.9, EH 141282 ¢ DRI T [, d(x)de # 01 BE P e DTNZIDERTWV S,

2 EERODIEAD -6 DXEfE
2.1 E&B

reR" r>0ICXLT, Blz,r)={yeR"|ly—z|<r} &T5. ACR"IZXHL T, A°IF
A DRIES, A°1Z ADHNBEERDES, AZADHER2ETET S, $/, 1413 A DRER
B, OFD 2 c ADEER, 1) =1, 2 € A°DEZEF14()=0THBET S, LT TR,
C,Ci,C,Cl(i=1,2,3,..) R ERIEDEBZRT D LTS, £/, CyrELHFERLLE
%, o ICKFF T 2 IEDERERT L LT 5,
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2.2 Key Proposition and Lemmas

90, FEMOAINC NI E 2 Z o - wiEZMER T 5. ad 2.1 IZEE 4 HiCER 1.6 &
RTBICH 2. i 2.2 & Al 2.3~MHE 2.6 135 3EHICER 1.8 Z R THICH V5. i 2.1,
i 2.2 LAl 2.3 1%, BEIHER 2 TR TR B IS TE 20T, AFiCIXIFHZ2EKT 5,

Rl 2.1. (z0,&) € R" x (R"\ {0}), u € S'(R") &L, x € C(R") (Zzg DIEfFTx=1 %
W23 &35, ZOLE, XD (i), (i) X FfHE.

(i) & DHEEET T, REWiTdDONH 5 ¢
EEDONecNIZHL, 2 Cy > 0 BFEL,

IFlxul(©) < Cn(1+ €)™ (¢€T).
(ii) o DILFEV T, R2WiTHDONH 3 :
EEONcNIZHL, % Cy > 0 BFEL,
IFlxu] M) < Cn(1+ AN €€V, A>1).
R 2.2. sER, (20,&) ER" x (R"\{0}), u e S'(R*) £ %, y € CL(R") & zg DIEFHT
X=1%2WTETE, ZOLE, RD (i), (i) ZFAMETH 5.
(i) & DHEERET, X2 T DD 5 -
1€€)° FIxul (€) || 2 (ry < oo (2.1)
(ii) & DIEFEV T, X2l D2H 5 -

| AT OO gy < . (2:2)

i’ 2.3. u e S'(R"), (z0,&) € R" x (R™\ {0}), x € C°(R") & zp DILHET x = 1 Ziifi 7z
TETD, £,V EV G DEHT, VI C V2 N> LI LT | Fxu](A) | 2y < 00
27z Ed s, ZOLE MEED (e SR LERDON e NITHLT, 5 Cye > 023
LT,

/V, [ FICxu)(A)[?dE < Ong (/V If[xu](Ai)\2d€+A‘N>- (2.3)
iz,
WRE 2.4. (20,6) € R" x R*\ {0}, u € S'(R"), ¢ € SRM\{0} &L, A > 1IcHLT
oa(z) = NVAIp(NV22) E B, £, x € CPMRY) 1z DIEFHFT Yy =1 %Wk TEL, K
o DIFEFTK C{z e R|x(x) = 1}° 27T LT 5 ZDLE, HLHEBmeNBH->T
RzEWiT-T
FEREDOpeRIZNLT, H2EHC, >0083H->T,
1k (@) [We, [(1 = x)ul(z, A < CuA™H ()™ (2.4)

R R
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SR, w € S'(R™) % DT, 8 DHEEEHICT X D (B Z1F [8, Theorem 2.14] Z2ZM) &H 5 EH
I,meN EBEL f, € L2(R™) 2¥H > C,

"N 0 faly)

laj<m

au/u g(z, y)e A gy
Rn

5., a9 NYDOARERE (1 - Ay)Ne WA = (\¢ — )2N e ) % o TRy
< S 1 F e (/
la|<m

EET D, g(z,y) = da(y —x) f:c){lf X)) EBE AN >2m4+n+1 %L T NeNE &
THIEICLD,
[Waal(1 = x)ul(z 16)
2\
dn)
la|<m
— AV Ng(x 2 :
<X HfaIILz{ et ([ S8 0y dn}
2ol 3
<y HfallL2< Lot >4Ndn> [la-a)semias @)
|| <m

2135, VE, |l <|n— X[+ P THEDS, pa b W <ppong, W< plorss
I ILD T,

|| 2 [nl*" 2 2
/Rn de < /Rn<)\f> m<)\€>2m<)\§ — 77>4Nd77 < CLATHEOT™ (2.6)

_Ajj‘,
(1= Ay)Ng(x,y)|dy

R™
= > Q&&&/L5@¢My—@-%q1—x@ﬂ-%ﬂm%@ (2.7)
|B1]+|B2|+] B3| <2N R

LEFS. 2e K, yesupp{dP(1—x()} DEE |y—a| > Coltk D Jy—z| > Chly —a) B3
BRAZ, 23Uk M > 1T LT

9 W) < Cs(y)! < Cily — o) (@)! = Carly — M 2’
DAL, o T,
o) [ 10 on(y =) 011 = x(0)} - 3 ()l
< Cly L ()20 /R @) (A2 (g — @) (A2 [y — ) () dy

< CUAN-T (2.8)
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L7d3> T, (2.5), (2.6), (2.7), (2.8) Ik D
1 () W, [(1 = x)u](2, A)| < Cppa™+N=% (e)™,

ERDDT, MEZTHRES ENUL (24) 2155,

WE 25 0cSR), A>1,6>0,k>0&L, A={necR"||n >N/} LBL,

E,EEDg> 0N LDHEERC >00H->T,

J [t Fso i an < eat (=)
DIK D LD,
SERR. ne A LT 2L, [\ 2n > 601 BDT

A~ 2P| Fg] (A7)

>0
AL (p>0)

Fl )] < |

DD SIO. )2 < X(\Tin)2 TH B0 S, BEEHIC KD

IR 1 )\_% 2p| F )\—% 2
[ oot a< [ SR i L E

= AKEZSHE 52| ()R] 2P (]| oy

EoT pataRELSTHIE(2.10) 215 5.

(2.9)

Dt

(2.10)

R 2.6. ke N, x € C(R"), v € SR\ {0} f € C®R™) L L, f DETOREREEIZ

ERTHDET S, F1, a(x) = NNV 22) EBE, SEEK o, B ITH LT
Pus§) = [[ | X281 )02 0r(y - a)e =" dady

EEL. ZDLE,

sn n
H<§/>kFa,,@(777 )\5 - gl)H%gl(Rn) < O\2 +6k+|5|+3<§>2k+ +1

N ARYASS
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BEBR. N =2k+n+1&F 5, (1-A,)Ne A8 = (\e - )N~ TH 5 H 6,
i Vi) ot h

‘Fa,ﬁ(ﬁa Af - 5/)’
1
= (A —¢)2N //Rzn (1= AN {x ()05 f (2, 9)05 (¥a(y — x))}|dady

<o > L.

[v1|+]v2|+lvs|<2N

ti

O x(y) - 0202 f(w,y) - 0208 (Yaly — x))|dady

!
< e i / 1) - @) (A (y — @) dady
|»n|+w3|<2N e
C’ _ng sl 18]
T DE— )N >, oAt e 2/ 107" x( \dy/ 0734 ()| daz
[71[+]vs|<2N
c’ sl
Spe—gprt Y

L7235 T,

€Y o176 = €)1 gy = [ (€1 Pl 3¢ = )P

N2k
<O [ e T

LR2H N> LISH LT (EY2FNE — &) 4NN < ey L o AN < WY o
T, (2.12) %1% 3. O

3 FIE1.8DFEHA
(iil) = (i) EW S HDT, (1) = (iil), (i) = (1) ZHEIF L.
il 3.1. EH 1.8 LR UIRED S & T, (1) = (iii).

FEER. (1) & 2.2k D, HD & DEFE V) L g DIEFHTy =1 27 TH 5 x € CFRY)
D3> T,

/1 N ] A 220, dA < 00

DIRAL, M 231K D, B(&,2d) C Vi %5 d>0T, fEED N eN EFERED (e S(R) I
L,

IFIOA OO 2 (en 2y < Covc (IF DA Iz yz) + A7) (3.1)

Wi TOODBEET S, ¢ € S(RY)\ {0}, V =B(&,d) &L, K lZxg DEFTK C {z €
R | x(z) =1}° 2ii7=d &5, COLE EEDONeNIIHNLT, 5 Cy>00H->7T,

|| Wouten)Pdnde < O (IFbl 09y +X7Y) (02D (32)
VJK
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ZaREiE X v, EBE N =n+[2s] +1 & T,

/1 AnH2s /V /K (W, u(z, AE) 2dwdédN

<C [T (A g + A dd < o0
LB THD. (3.2) BARTEDIC, Wy u(z, \) % 2212531 5:
Wy, XE) = W, [*u) (. A€) + W, [(1 = X2, AS).

241K D FTEDONeNIZHL, HDCy >00H->T

| Wl = (e x6) Pnd < x™™ (3.3
VJK

XECFR") IFK ETx=1%iii7L, 22, suppx C {z € R" | x(z) =1}° Wiz d &
5. X(@) 274 7 —DERZ#H LT,

W=+ Y Byt S @y R, (3.4

1<|e|<L ' |a|=L+1

77z L,

L+1

1
Ra(z,y) = Xy + 0(x —y)) (1 — 0)"do

TH2, 770 aLLDEHE (34)I1C&D,

/ / Wi, [0, A6) [Pz < / / |5<'(93)W¢A[XQUJ($,Af)\dedf
VJK

L

<C // I;|2dndé.
;legl

o [ Wo [, 2 )]

T,
= [ st {x( Puly)e M EiTndydy, (3.5)
95 X 2 —i\y-E—iz-
(z —y)*oaly — 2){x () Puly)e " dydz,  (3.6)
1<%|:<L //RQ" ol Y Y ’
(z,9)(z — y)*oaly — ) {x () Puly)e " dydz  (3.7)
. IXL:-‘:-I //R2 L y)( NG x(y Y
Th 5.
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FTLA2EADL, 7EOEHEERERIZLD,

I = A EF[) (A 2n) FRxCu) (n + A€)

EETSB. neB=B(0,d\**), £cV,n+ X=X £T2LE ¢ € B(&,2d) L 5DT,
(3.1) &b,

/V /B L 2dnde = /B /V A EFGI A )R F Rl (n + A6 [Pdédn
< / AEFlGI (A b 2dn / FIRx2u] () e
B B(&o,2d)

< ON 181172 @) (IFDxul Q) 172011y + A7) (3.8)

DMERED N € NIZOWTHIL, —H, n€ B ECV ETDEE (n+ X)) <C)ThHh, i
u€S'R")BDT, H2 ke NP> TERED ¢ € CF(RY) IZH LT, (&) FFlpu](€) € L2(RM)
DD LD, Lo T 25 KD, EEONeNIZNLT, $% Cy >003H> T,

2k
[ [ inpanas<c [ [ B0 3 A a0 b Fcalo 0] der

. FRnul(©)
< O\ /BC |y Flp] (A 77)|2d77/Rn ‘(@k’ d<
. CN)\—N (3.9)

Th 5,
RIC, [, #EZ 5, 7CDFEMEERELHIZLD,

L= 3 A A Cesml O F@ R + A

1<]a|<L

IR SO, Ledio> T, EEMBEOREICEI D MFEEDON e NIZHLT, 5 Cy >0,Cy >0

»dH->T,
/ / |Io|2dnd¢
Vv JRn
A
<Cn Z al {H}“[(aai)XQU]()\5)‘&2(]3(60’%))+)\—N} (3.10)
1<loj<L
< O (IF I A2 gy + A7) (3.11)
BIENET B

BRBIC3EEZD,. AM >n+ 1% T M eNEZ LD, (1-A,)Me i = (n)2Me—izn
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THEIDS, ORI EL 29NV DOARERICKD,

(1= A)M{Ra(z,y)(x — y)*Paly — 2)} 2 —izn—idy-€
[I3] < Ix(y) Fruly)e ™" dyda
’ |a\ o // (m)>M
< O / (G (1, A — &) Flxu] ()]’
la|]=L+1
< \f X 1€V G A — )12, (3.12)
L2(R™) |a|=L+1 ¢
772 L,
o(1,€) = / / MRy, y) (& — ) Ba(y — ) }e W drdy
<%, g(z) = (—2)°B(@), galz) = ATg(Aiz) B
Galn. &) = A5 / R MR y)gn(y — >}e—“'"—iy<dmdy‘
SRR IED DR //R DO Rl )0 0r(y — )y

|B|+|vI<2M

TH200, filiEd2.6 XD
1(EVEGa(, A — €))%, & < C/(g)2h+nt1 )\~ (L+1)+F46k+2M+3 (3.13)
El
LIBERICENZDT, (3.12) & (3.13) OEEDO N e NIZNLT, $5 Oy > 003H> T
/V /R § I3[ dndé < CnA™Y (3.14)

DAL, £ TC, (3.3), (3.8), (3.9), (3.11), (3.14) Z&HbE T, (3.2) 215 5%. O
iRl 3.2. EH 1.8 LR UIRED S £ T, (1) = (i).
SERA. (ii) &£ D, ¢ € S(R™)\ {0}, 20 DI K, & DI V) T

/1 A"”?S/V /K|W¢Au(x,)\§)|2dxd§d)\<oo (3.15)
1

27T ODVBEET S, £/, u e SR THLIDH, Hb5 ke NBH>T, {FED Y €
Ce(R™M TR L [[(€) T Flypu] ()l p2(rny < 00 AIRD LD, ZHUT KD, & DIEFH V3 T,

w2 [0 < o0 (3.16)

27T O DVET 5 2 L3bnsb, xeCFPR) IFK hTy=1%kdET 5, £,
X €CFPRY) IF g DIEFTY=1,suppx C K°,0< x<1%Z2WiTE&T5 I51,d>0
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& B(&,d) cVinVa Ziili7c3 32, 22 & 315)IC&D, D N\g>1 L& & DEHEV
BHOT,A> N & M >n+2s IR LT,

/ |FIXxCu) (M) PdE < C/B(g /K|W¢Au(x, A6 [Pdzde + C'AM (3.17)

ERRETITHS. V =B(&, %) EBL. AL Ay Ay, Ay e RIS LT, (A + Ay + A3 +
A)? <A4(AF+ A3+ A3+ A3)THDEHD 6, (34) LT T VT aLILDERKD,

[, [ Wasate ) Pasde

> / |>Z(m>W¢Au<x,As>|2dmdf
7 JR

Ll

/ ’Il+[2+[3+[4| dndf
Vl n

R
1
> [ (G0 = e = 1P - 1) dnde

#1485, 22T, I, I, I3 132024 (3.5), (3.6), (3.7) TH D,

Fon [0) W, D), ) + X () Wi [(1 = 52| ()| e

I4 = fac—m [X(Q»Wd))\[(l - XZ)U] (1‘, /\f)] (77)

ThHhb, Lo T,

1
4// ‘[12d77df§/ /\Wmu(a:,)\{)ﬁdxdf—i—// |Io|2dndé
! " vV JK v Jrn
+// IzIandéJr// \Iy|2dnd¢  (3.18)
V' JRn V! JRn

LHIS. NeENBN > 4s +4k il T E L, 6 = g £ T 2.

= Floal () Foul(n + A€)
THIDO, BREHE 7E_DERIZLD,

I11%dnd I |%2dnd
/V’ R”‘ 1| g 52 /’/B(O,6A3/4)’ 1| g 5
- / Floal(m)]2 / FICu)( + A6 2dedn
B(0,6)\3/4) v/
~ / Floal(m)]2 / FRCul(A6) Pdedn
B(0,6)\3/4) Qe

F ? FIxCul(AE) %
2 [ s FOIOE [ D00

’2

-110-



WAL, 17220, Qe = {6+ L€V} THB, 22T, eV, neB0,0X4), A>1%
513 B(&, 2 —6) C Oy THEILIHERLTEL, VWE, Aoo0 b2

[P — 6
B(0,6)\3/4)
THEIDG, HDE N >10H->T,
1
[ I FelmPa = Sl >0 (=)
B(0,6)\3/4)
DD ILD, L7 o T, A> NI L
1 ~
glole [ iFRddoerds< [ [ s (3.19)
B(&,4-9) V' JRn
2135, M >n+2s T 5%, (3.10), (3.3) LFARDFIRIZKD

[ [ e < c(xE S A0 U0 e g1+ 3 ) 320

1<|al<L

/ |14|%dnde < CA\™ (3.21)
V/ Rn
2135, £/, Lz T RE CHUL, (3.14) EFARDEIRIZK D,
/ |I3|%dnde < CAX™M (3.22)
V/ Rn

2135, L7d3>T, (3.18), (3.19), (3.20), (3.21), (3.22) 12 & D,

[, rwedoopasc( [ s utagra
B(&0,5—9) B(fo,5) /K

K X ul(AE) —M) 3.
A7) /(go . IFIOX)x u](AE) "€ + A ) (3.23)

1<fal<L”B

CORFRDLEAE T, | FI(0°X)xPu)(AE)] . B(&o, §46) & ZNZH | FIXx*ul(A)|, B(&, §—
§) ITAEZ T

/. \ﬂ(aam?u]us)r?dfsc( Lo | Wt g Pdedg
B(&o,5+9) B(&o,5+24)

a—+a2 ” M .
Y /B(&)Qm F0¥F2X)xPul(AE)[PdE + A~ > (3.24)

1<|012‘<L
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E%%. 22T, (323) L (3.24) ZflabE S Z LT,

/ ) lﬂ%ﬁu}@&)ﬁd&g@( / ) / Wy u(z, A)|Pdadé
B(&o,5—9) B(&o,%+20)

2

1<|ay|<L B (&0, 2*35
1<|az|<L

219%. COFHZEVRT I EITLD,

F(0rT2 ) 2u](AE) [PdE + N~ M) (3.25)

PN SR
B(fO 5—5)

<C / /|W¢Au(:v,)\§)|2da:d§
B(&0,9+Ns) /K

FL0 o Dl (M) P + A~ M)

1<|a;|<L B(&o, 2+(2N 1)9)

213%. WE, B(&, 2+ No) C B(é, %+ (2N —1)8) C B(&,d), M > n+2s, N > 4s + 4k
Th2h5,(3.16) TV =DB(&,4-6) LT, (3.17) 25, O

4 I 1.6 DIEHA
(iil) = (i) EHS %D T, (i) = (iii), (ii) = (i) 2B TR,
Rl 4.1. M 1.6 LA UCRED S & T, (1) = (ui).

SEEA. (1) &0, 2o DUAAHETx=17%% x € CFP(R") & & D#EEHHFT T
FEEDONeNIZHNL, Oy >003H->T

(Fxu)(©)] < Cn(1+ €)™ (€T) (4.1)

Zile TS DBEET S, LEB> RO N eNEEED 0> 1 IZHLT, Oy, > 008
HoT

1
IFxu] M) < Cn(1+ ML) ™Y < Onad™ (A2 1,6€V ={¢eT| 3g S €l = 3a}) (42)
75§W bfL’) Kl, K> [ oty @ﬁ{%fﬁ C {ZC S Rn’X(.%') = 1}0, E C K; %’f{ﬁf:j‘& I./, Fl, 'y

& OHEE T, c I, Ty c Iy 2T E35, £/, Vi ={el|(20)7! <[] < 2a},
Va={¢e€ls|at<|(|<a} EBE, x1 € CP(Ky) IZ Ky ETx1 =121, x2 € C(V1)
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Ve ETxo=1%20T 75, Z0LE BOBIYEOEATHEIZLD
’1K2 )1V2 W¢>\ (CE Ag)’

’ /5” /& [ [ e Woyu(e. 00 o - deder - de,

< // 707 {1 (2)X2(E) Wip, u(x, AE) ‘da:df

<Y Y Cup / / 2O Wiy u(, A

0<a<t 0<B<r

235, L, r=(1,1,...,1)eR*"THS. L%d>T,

Oz (W¢A’LL(SL‘, )‘g)) = )‘%W(ij ¢)>\u($v )\5)7 a§j (W¢Au(x7 )‘5)) = _i)‘W¢/\ [y]u] ($a )‘5)

J
E a7y oARERICKD,

‘11(2 (x)]-Vz (E)de\u(x? )\f)‘

<Y Yo BM'HB(/V

1

2
\ngmyﬁu](x,A&)dedf) (43)
0<a<r 0<f<r 1/ Ky

2135, (3.2) DEH EFEROFHEICEID, FEDON e NICHLTCOr > 035> T

/ / (Wigag), [yl (@, ) Pdadé < Cn (/ | Fxu](NE)|?dé + A~ ) (4.4)
\%1

DAL, (4.2), (4.3), (4.4) T X DFSHwETSS. O

Rl 4.2. M 1.6 EAUCRED S LT, (i) = (i).

SERA. (ii) £ D, ¢ € S(R™)\ {0}, 2o DI K, & DHELFET T
EEDONeN EEREDa>1IZHL Cng > 03B > T

Wy u(z, A)| < OnaA™ (A>Lze K EeTN{(eR" a7l <€ <a}) (4.5)
BT OONEET 2, e l{eeT bl < g <b}&METO>1%2ED, V3 ={¢€
Lol <|¢) <b} &BL. (3.17) OB L FERDEICE D, &2 & DiEfF Ve & suppy C K°
DD xog DEFFT x =1 27§ y € CO(R™) 23H > T, fEED N e NITxfL

[ iFadoepa < o ([ [ W ute s+ a). (46)
Vo Vi JK
Wil T EDFADL, Lo, (4.5) &b

; [ Fixul(A)[Pde < CnA~N (4.7)
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DAL, Vi & Vi ld & DEHET Vs C Vo, Vi € V3 ZiiileT e L, Vy BTy =1 207
X1ECP(Vs) s, ZOLE WIBETHADOEAREMHE Y 27 VY DAFERLD

&1
o fa©F 00 e - de,

< [ Jorta©rbeun)|a
<Y a / 98 {F Il () de

0<a<rt

<> af /. rag{fxu]ug)}r?df)

0<a<rt

én
11y, (6) F[x*u)(NE)| < '/_

25, L, 7=(1,1,...,1) e R* TH 5. 9 {F[X*u|(A)} = —idFly;x*u](\) TH 5
DOMIE 2.3 & (4.7) KD EEDO N e NITxfL

L OFC0O < Y cw(/ |fyqusPds)

0<a<rt

< Y o, )\0‘|</ | Fxu](AE)|2de + A~ )

0<a<rt

< CN)\R_E.
ECVLA>TDEE NN KON+ MNE)N DHD EDDT,

IFICul(A)] < On(L+A[E)™N (€€ W)

VBEZS., LEhioT, 2.1 XY imzess. O
5 A
KREITIE, BORZEHZ o 7RG DR T OIS Z #4795, (FEL < 13 K.Kato and

S.Ito [7] 2ZM). RD X )%, AT v vl V(L x) znomt/:uzrx VA=A EZ B,

{i@tu +IAu—-V(t,z)u=0, (t,z)€RxR", (5.1)

u(0,x) = up(x), xr € R",

22T, i=V-Lu:RxR"'—C,A=Y" 18821355 V(t,z) 1& C®(R x R") DIEHfH
BT, 0<p<2%iiZcddH b plciL T, REWHTET S :
EREOZEBEH a TN LT, 5 C, BFIEL T,

05V (t.2)| < Ca(L+ |2])?7*, ((t,2) e Rx R).
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) € SEM\{0} &L, w(t.z) = Ult)po(e) = Fl [e P 2Fp(€)](z) 6. 2ot
, HRATREITIC LD

+ W@ﬁo( )+%Ag@(t,~)[u(t7 )](IL’, 6) (52)
1) 1 ZRD &9 7 1 B DA T

(

LD, idp(t,x) + 300(tx) =0 THB I LICKD, (5.
[V e g

(1004 i€ - Vo = 192V (1,2) - Ve = 6P = V(1,))
X W ult, )](z,€) = Rlp,ul(t,z,¢),  (5:3)

W(p(0,~) [’LL(O, )] (:E7 g) = W¢0’LL0 (337 g)?
=L, Vitz)=V(t,z)— ViVt z) 2z

Rlp,ul(t,z,&) = > = /‘ty—x

|ee|= 2
< ([ v+ ot - 011 - 000) (- )ty
0
TH5. (5.3) RO AEEZH VL LICK Y ROEREZN .

Wi lu(t, ))(z, &) = e AETOW, ug(2(0; ¢, 2, €), £(0; ¢, 2, €))
—i/ZTW“LQM¢WK&MEmwé%ﬂ$thDd& (5.4)
0

(
(
A

t ~
A, = [ {5t O + V(s.alsit,n, )},

t 1 -
B(t.a.&) = [ 3lerita OF + Vira(rit,z,&)}ar
ThHY, x(s;t,x,8), E(s;t,x, &) \THEMD TR

i(s) = é&(s), a(t) = =,
E(s) = —VuV(s,a(s)), &(t) =
DIRTH 5. (5.4) LEFL1.6 XD, (z0,8) ¢ WF(ult,)) TH 3 & ILELLFRND (z,)
WX LT
eTHAGEAIW g (2(0; 8,2, AE), E(0s £, 2, AE))
—i [ R Rl s, a2, 06, (i1, 26
0
< CN,a,goo)\_Na ()\ > 1)

DRSO L LAETH A LD E, ZOZEICED, UTOEHEZRTILNTE S,
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EHE 5.1. (K. Kato and S. Tto [7, Theorem 1.2]) b = (2 — p)/4 €T 5. up(x) € LA2(R") &
L, u(t,z) i3 (5.1) DETCR; L2RM)) KB T 2L T5., ZDLEE, (20,&) ¢ WF(ut,z))
%o1E, HDxgDILHE K L & DUV DMFE L TREZHMiT ¢ EEDONeEN, a>1,
eo(z) € S(RM\{0}IZH LT, Cnagpy > 0BAEL T

W (—t.yuo(@(0; 1,2, A), £(05t,2,AE))| < Onapo A
A>1, 2K, £cVN{EcR |a ! <|¢| <a}

Zizz T, 7L oa(t,z) = UR) (A 2p0(N0x)) £ T 5. £72, Wb 7D,
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ERZARIEA~DFHEAIEH & T DIz DN T

JUNRF~ A« 74T « A XA N UWGERT B R
20159 H 4 H

M=
R AR G O 2RISR L, G D=a Ry FERRE
AN T % Z LIZOWTHB~EY, £/, U —~ 59 PRz Lo Ffnf#iTic
DI b Ll £97,

0 EA
FEGORIG AV (BERBUZERV ~OBURER) 13, V £ G#EIERFE DR Endg (V)
(G OIEH & BINED & DFRBUEFR DR TER) N THD L&, BEETHD LEDN

9, V—HOBEHSEHRAR ICHS 22 HE LT, /IMBITRITEZ SR
~OFRAERHOBGHAZEALE LT,

EE 0.1 ([Ko05)). HEHEBELRAE X IC) —HEGREANER LTS &35, kD25
DEMERT- S5 72 61F, ERITRAIHENTH S LEF D,

o X DEHSNLIEES NFELT, SEXDLDLLIRETO GHEOTES X' =
G- S=U,sG sBXDETRVBES LD,

o X' FICKERIZRM A EM o X' — X' DMFEL T, o|s =ids 12 0(G-2) =G-x
(x € X') MY Lo,
FEER, WOEHEHANDZ LIk > T, MHREANOEREERBLAZHGL 20N TE
i-ﬁ«o

EE 0.2 (Kol3]). G& U —H#., W — X ZHlfEERERZRE X Lo GRIZEZRERHI=/L I —
7 MR ET D, £, VEGO=FYRBLE TS, LLNICET 5800wz
b, VIIEEETH D,

o EHINY MKW ORIEEIFOZEE O(X, W) ~0 G FIZEIDIAR V <5 O(X, W)
PEET 5,

o EZE] X ~D G OERITM AN TH D (FFK0.1 DO FI2H]D),

o 77 AN=W, (se8) ~DEEEITE G, OVERIFERETH S,
Mz T, o lZBET 2L OO L RET D, 7L <1% [Kol3],)

FARRFSEIE B AR IR LS R RAFSE B SEhE: (15J05410) 25 OB ZESZ T TV E T,
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FRCWDBBMK THDHEEEEZDE, 77 A=W, OBEEGMITIEFICRY £7,
XoTBBENTE., TRNRLIFEEECTHD, EWVWHZENTEET, £ T, £D
IR SEom2 L W) A EXFT, ZORETIE., ZOMEELEBERSEERICH L
TEZDHZEIZLET,

EE 0.3 (c.f. [Wo, Chapter 12]). EAHEE L MRRERE G 23 HEREHE B RIS ERE X 103K
MICERHLTWA L35, GORUVIIVEGREB 2N X EICBHLEZFF-> & &, X [TBEFEE
SRR THD LV D,

L SR A B, G OB FEPRZ2EM G/ H ITEFRERSERE OB 0 £3 C5ED
i) . BRRSARIRITIEEEZZH & I ET,

EH 0.4 ([VK]). @A EREAORENE G OEFREFEHZEM G/H TR L, G/H B™MERERSEE
ETHH L L LED GHA L — G/H ORISEGINFOZe C[G/H, £] MNMEFEHE TH 5 =
LLERETH D,

EEL0.4 128\ T, H bEZRENNRERETH D X5 A2 EOZE/ CG/H] 72
FEZEZNI+HSTT, ZOEEOEI Lolc, MEHTHL Z L LEKZHRAKTHD Z L
CIXRMECTH Y 90T, EEMELRSITAHEAN? LD Z &1E, EREHEERICITTHERAE
HARH 2502 LS ZEERETY, ZORBEICXL, =287 MY —BEDOIERIZOWT
LT D LS B BEEMRERNH Y 7,

FHE 0.5 (T-). G ZEFEERMEONERE. X 2 G OEFRSHERE L, £ U2 G 0=
VR NERETS, Z0EEUDOX ~OERITEAHRNTH 5,

WEICIXFRMERICET 2 TR RO 2 LET, kA TITER 0.5 OFERIZS
WTCL It OET TIERAARNT ~ DI OW TR F 7,

1 FAIEMERICET 2 RITIRRDEN

Z O TITEFERTRZEM, b — FAPRER] ERHAER] ERESERAE, W< o0
BREHLFEER SR ON . HBEEFPE~O /[ HRBERICET 2R LET,

T 1.1 ([Ko05)). G % b R MONINE, G/H 2 ERAHEM LT 5, £, UZ G
DI AT VERET D, ZOLEU DG/ ~DIERIRARCTh 5,

ZOEHOREIZBNTE M bV &2 50 [Fl, La] Z W T A T A R & BARBYITHE
T D2 ENTE, £, KIERIZROFREH S 2 oxtd & HIZHIST Dxta &
LEREHZLENTEET,

EH 1.2 ([Ko07b]). G /LI — MUFERMY —#E, G/K T/ I — MxfR%EM &+ 2,
F7o. H%Z GO IH BILGOHL4EGTIZONWTGICHCG) 75, 20
EEHDG/K ~OEMITRATBNTH 5,

ZOEBEOBREICBNTHREY b v 203 [Fl) 2 AV CREEKRIZAT A 2%
T D2 EMTEET, HELVOILE Y 72 SAER D R BAR 2 k3 5 2 & T3,
FEAEDOGEIIRIROSEEA T U RERAWTIESAZ ENTEET, £/2, BBE
HDNONRTIL I — bRIFZEM G/ K ICBWT K ZED DAL HEED DA L BNz
BNRWEAETHY £ LT, BRARFEICL > THEEDORBWESEEEZ Bl 5 2 L )vit
L ET,
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EE 1.3 ([Sa09, Salla)). G ZEAEER NI, V 2 G OFRKTERIL LT 5, Fi-,
U GDar "y  NERETDH, b LV NG OBHEEREZHEETHLIRHIE, UDV ~D
TERIFR TR TH D,

ZOEHITV 45 [BR, Ka, Le] Z AN TW L 90 DRINTSy T 72 BT, RAIT &I
BRI FHFICL DR RSN TVWET, TR, AT ZAOBKNRIEEZMD Z &
NTExFT, /o, KEAIBSERMES S LT (V oEEBEICET %) #HELEES
EWAHZENTEET,

EIHE 1.4 ([Ko07a, Ta)). G @5 EAMAIRERE, P AL L, S HEZGD
VERGHEE %, b LG/PS H DBERRSIRIETH L2 61E, HD=a "7 MR
G/PIZHRAIHBIIER T %,

ZOEBIZBWTL, IR E s THEASNTZwmA LT OFEEZHG, L EHS#
(2B 2 WA 53 R 2 ERRES oy BEIC B9 5 4L [HPTT, Ho, Ma97] ~& i35 2 &1
Lo TATA AR ENTOET (Fimlc kv 94, RECHHT 2 HETI S
H7RFER S ATRETY7) o 72, RIERA R SR L LT, G DIERER 2 ED % )IE
A A 25 Z &N TEET,

EHE 1.5 ([SalOa, SalOb, Sallb)). G/H %, LA FIZZT 5 E R MK EEERZARIKR DN O
12&7%,

SL(m+n,C)/(SL(m,C) x SL(n,C)) (m # n),
SO(4n+2,C)/SL(2n + 1,C),
SL(2n+1,C)/Sp(n,C),

E4(C)/50(10,C),

50(8,C)/G2(C)

ZOLE,. GOar Y NERO G/H ~OERITM AR TH 5,

SO(8,C)/Gs(C) izt LTIk, NTEss iV 72 BRRO 22 B SV 3R 52 B h
TWET, ZRBSMNC SN T, 4 LT OFIEIC Lo TR BT 5 il E4 5
fif [Fl, La] ~EIRAET 52 L TATA AT 2 2 LN TxET, 272, KEAMSF
BB E LT G OERERICHIET 2K EARA 25 2 ERTE ET,

EH 1.6 ([Ko05, Sa)). G @i ERMRINERE, X 2 GOEFZRFNWE, Ux GDar
NI NERET D, XSG OBERKSIRIELR BT, U DX ~OERITRAIHTH 5.

COEIE, U DL EHARHC & 5 EERHZERICHT 5 TR 2. U OBER
TOHEIC KT 52N~ T 5 T LI k> CEHSVES (TRIIER O,
2 HBERERZHRE~DOITRMIER

G ZE b ERMIREBRE L. X 2 G OERIRSIRIE, Uz GO "7 FEELLE
. AERE. U DX ~OIEH oAt 2 R4 2 LT, £,

X DEEZEMO & XITOREIE S TH D
ZEICHEELET, UL, RO 2 EMNBHENFE T,
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o AIAMIEHDER01XLY, X%, UEHTHLUTWA L 5 RZE TRV ES T
EEXWZHZLEMTED,

o HRIRLHFKRDEFRK 03 LV, GORUVAESENT X RICB#LEZ >, Lo TH
2. GHE L X LICHPuE (1L G OFEZER) 2R,

FoTUBTIE, X 2EFFERSHFNG/HICEZBZ TEXLET,

BRSNS E 2RI CE X B> TRV HEICR D £ Lz, & Z2AN—RIZE
H2EM G/H O HiX, 72 2 G/H WEFRERZHRETHL LW OIRED FTH-ThH, fi
FIRECHLRITIVTESEIHECHL A CHL VWIS O bWt 4, 22T, kD
EHNEICSIE E T,

EE 2.1 ([Mo)]). G OEBREEREE H T L, H 25T X 5 e ARt P S A
T %,

DFE Y MRREDEEIHIER S TH D, &) & TT, ZOEHIZE>TRD
TR ET,
G/H ~; G xp P/H

7el2 L, =g TK-ZRREE L TORMAERTZLELET, Z2ZT2RRURZENRHY
F9, 128, ZOT77AN—KELTOFRRIIBIIDREMTHD & ZADEFESL
RIKG/P I L CIEEE RN H Y, K< nnd s 2 & TT, 22001,

T7AN=P/HNWN 284 VERIEERDEDICPERDZLBTED

Lo Z e, ZhiE, ko P % Rad,(P) B Rad,(H) 280 & 5ICHlDH 2 LR TE S
7= TY, 72720, Rad,(K) CHEFNEEH K OBFBREZRT L LET, 20k 7%
0G5 TP/HMN 284 UERIRITI2 D 2 EITROERITIK Y £7,

FH 2.2 ((MM)]). EHIET 7 A4 ~—3 (E, B,G) ICx LT, 2EMENY 24142 Th,
ORISR G PEREEREOREHE CTH L 6IE, EXEMBbLELY 2414 Thd,

I T, BRBESRIEG/PIZiZ= "7 MEEU BPHEBRICIEM T 5 CaiEnfE) =
ExAVns L RERET

G/HﬁgGXpP/HEUUXULP/H

72770, U, =UNPLENTWET, AIH UL IZPOLEES (WKEQOESEE) Lo
VRT NETHY, UDLVEEDE TS, T2 CRUARZ &R,

G/H ~0 U DIERO TR, L CEAREU, 0 P/H ~OfER O A RS S -

EWVWHZETT, INT, BHUIZEV/NERBEULIC, X< RWEEZER G/H 1%
Val A UEREP/HIZEEEDY £ L., EHIZ, P/HIFRIZY 224 ThoHIET
TR FEFT 774 P RESHEETHY 90T [Nal, P/H % L-ZHiEE RS & kD
FHEZBHATHIZENTEET, 22T, G/HN G OBFEERSHEETH D2 51X, P/H
XL OBBRERZERAETHL Z LITHERELET,

EE 2.3 ([AK]). K Z2#EEERMEONER,. 22 K OERKRSEIETH- T, 8500
TI77A4RbDETD, £, vE K OIERFERAED IR IERIXGET D, ZDL X
RERt G 00 Z — Z DFIEL T o(kz) = v(k)o(z) ZWil=d (ke K,z € Z), 7=, Z
D o EERES Z° 1322 TR,
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COEF 2.3 LROEIR L B AbES LT, U O P/H ~OIEHN BRI TS5 =
LB ET,

EE 2.4 (T-). K Z@#fEEREONRERE, Z %2 K OBRKSHEKRET D, 2, vE KDIE
BMEREZEDLPOEAPEG & T2, b LKER G o 0 Z — ZPFEL To(kz) = v(k)o(z)
(ke K,ze€ Z) &iit=L. MmO Z7 NETRWRHIE, K Dar Ry NERIT Z IR
HINZAER T %,

DX, WHEDRT T 7 A REPIERS AR A~D L EE S REO FIARITER 22 5 D
FHELWH BT, BROEBERSEER~D L T NERORRIEREZEL Z LN TX
gz‘é—o

3 FHFEFTA~DIEH

Z O T GITEMARE, HITFEEM G/HWNERE 2D 857 (v "7 M) Fv
77 v REoRE, BID G/H 3 ) —~ VEMZEM & 70 D 2 & 2 RUE L E9, AIffiICR
T —IROBERRSEREA~OIEMOFRANED, BOE0RT 7 7 A AIKAERZ AR~ D IR
Moz~ ERESND I EERE L, BHNRT 7 74 W REBIEREARIE~DOIEH O
AHEMEDRE LA CFEIC L > T, REFRTZENTEET,

G=HAMH %Wil=9 X 572 UV EEORE AM BIEET 5,

E5z, NEEALEDEA] ITROZEL NV ET : HDH GO RT SHHEROEE K
MIEFEL T, K= MHMPKY LD, Flo, TR L2720 GA1E. G/H BB &
IMRED FIZBWT HITFHERFAR—F —E oL 70 £7,

ZITRYZZ EiF, AM I3t G £V RO/ R EERFETH - T, 61T, H
LT —v % (G, K) Lo RTINS, EWHETT, Blb, X0 RNk
FECBAT ARG & U —~ U EMIC T 5/ R 2 5bE T, U —~ U 85xFRZERIT Xt
TORENGOLND EHFTED, L0 H 2T, BlzIiE. U —~ R IFRZER _EDHRER
%L LV IRWKRTTD Y —~ Uiz Loz & &, B2V THAEDE S Z &
W2k, XV REARKRITOV —~ VB2 EORERB a2k T2 2 En T ET,

B AFRY AT Y ABMEELE O PR ZeA EREA B EE, WS, 2GET
FOWGHEEEAITLEVEHEZR L BT ET, £, BEZENT CHS E LEFmEZ
FAELOBREEREXRBR I N—T O IAETITEEILEA L EFE4, B, ZTAHE
DIEETEZ T A 2 M L BT E9,
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0000000o00oOoO0oOoU0ooUDoOo D000 U0DOU0ODOOoUODOOoODO
OO00O0o00O0o00O00000o0ODOO LieoODOOODOOOOOOOODDOO
O00-00000000D0000000000 Laplace00O0O00O0OD0OO0ODOOOO
ooooooo

0o

000000000000 (G,p,V)ODO0OO0O0D f(z) (zxe V)0 bODOOOO00OO
000000000 K000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000 Le0000000000
00000000000000000000 (00000)0000000000000
00000000000000000000000000000000 0000000
ooooo0o0oooooo

VOOOOOOOOO0O0OOOOO0QCVOOD »00000000000Q000
000000QO000000 GL(V)OO0DO G0 Q0000000000000
000000 QOO00D0000000000000000 Q000000000000
000000 Ay(z),...,A(z) (x€V)0DD0DQODODO000000OO

Q={xeV; Ai(z)>0,...,A(z) >0}

00000000 (cf Ishi-Nomura [6))000 G(Q)OOOODDO0O0OONOODOOOO

*1 h-nakashima@math.kyushu-u.ac.jp
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000000000 Lie0 HOOOOOOHOOOOOOOODOOOOOOOOO
t1,...,t, 00000HOD0000 x: H->ROv=(1,...,r,) eRTOD0O0O

X(h) = xy(h) = et (h e H)

00000000 Q0000 fO00000HOO0O0O00O00 x=x,00000
flp(h)x) = x(h)f(z) (he H, x e Q)00000000f0 H-OOOOODODOOOODO
0D000veR' 0 000000000 yeR 0000000000 Ay (z)0000
0000000 Aj(z) 0 H-OODODOODOODOOO g = (0j1,...,05,) 0000
00000000000 0000 Q000000000

g1

o= || =(ok)<jr<r

g

0000000000000 000000D000OND. 0O0,000000000
00 A%(z) = Ay(z)” - Ap(z) (€ Q)DO0000AL(z) =A,(z) 000000

VOOOoOo (-|-)00000000000 QOD00D0 Q*0000Q*000000
000 A#(y),...,AX(y) 0000000000 0, 0000000000 Q00000
p(y) 0000000000 p(D,) 0 p(Dy)el=l¥) =pyle*lv DODOODODDOOOO
00000 AY (y) = Al(y)¥ - AXy)» 0000QOD000000 f(z) = Ax) O
v i=poo;' €Z,000000f0000000b00%s)00000000000

AY (D) A% (z)*t! = b(s)A%(z)* (z € Q).
000000000000 nD Q*O0oDoooooo AE*(y)D Laplace O O

E[Aﬁ*](x) 00000 (cf. §3)000 Laplace DO0DOODO0DOODO (cf. O (3.4))0

. 1 s _
L[Ag](x):m (xeQ; 000 =vio,oc t00D00).
00 y:=roc000000 VD ‘000007000 V,; 000000001, =

14+(1/2) Yo, dimVi; 00D (of. O (21))00000 QOO000000 f(z) = AX(x)
0000000 500 b(s) O

r o vi—1
) =TT I s + 7y +
Jj=1 k=0

000000 (00 43)00000000000000O00 ODO0OO0ODOODOOOO
O0000000oDoO0o0oooo0ooooooooooooD »VWooooooooo
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0000000000 D0000000000000 Q000 A%2)000 AY(y) O
000000000000000000000 QO00000000000000000
O (cf. 00 44)000QO000000000A%2)0 AY(y)) 0000000000 b
00000000000000000000000000000 “00000 f(z)0 b
0000000000 f*(y)0 00000007 00000000000000000
00000000000000000000000000
00.0000000000000000000000000000000000000
oooooo

1 ODoooooood

GODO0O00000O0O00ORO0000000000 VOOOODODOOOO p:G —
GL(V)ODDDDOOOO0O000 (G,p,V)0OODODOO0D0D00000000Op0 Zariski
000000 G-000000000000 VOO0O00v0000 p(Gu=V (000
T D ZaiskiDOODDOD)00DOO0O0O00O0O0OOO0O0 GOOOOOOOOOODOOO

(G,p,V)OUDOOOUODOUOOODOOODODOOUOOODUDOOUOODOOODDO SO
S = {v eV; (G)U%V}

00000000V OOOO0ODO0000000000 f000000000000GOO
00000 xO0D0O0O00O f(p(g)z) =x(g)f(x) (g€ G, zcV\S)DDODODODODDOO
O0vVOoOooDooooo VvV *={f:V-C;, 0000 }0000f(v)0 (flvyDOO
0000000000 (p(gv|p*(9)f) =(v|f)0D0DDO0O0OD GO V*OOOOO
000 p*:G— GL(V*)ODDODDOO0O0O (G,ps,V*)ODOD0D0D0D0D000000
0000000000000 00000000000000000000 (G, p,V)000
00000000000000(G,p,V)0OO0OO0 f0000000 ¢f: VS —V*
0 ¢ =gradlog f00000000Imy, =V*00000000 00000000
0000000000000000000000000000000000000000
oDog
Voooo0Do00000000000o000dzeVde=(x,...,,) 00000
000000 a=(a,...,0,) 0000 2%:=2"---22» 00000000V OO0O
000 pO px) =) ,a.,2% (x€V)ODDO0D0O00000O00000 p(D,) O

00 =S () (L) S ()

«
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0000000000000000 p(D,)el®lv) =p(ye*lv) oooooooooon
D000000000000000000000000000000 f0 500000
00000000000

00 1.1 (cf. Kimura [7]). (G,p,V)0000000000000000000000
(G,p*,V*)0OOO0000D000D000000 f(z)0 (G,p,V)ODDDODODO xO0OOO
0d0000000000000(G,p*V*) 00 x '00000d000000000
f*(y) 0000000000000000000 b(s)00000:

FH(Da)f(2) =0(s)f(2)" (z€V\S). (1.1)

0000000 b(s) 000000 fOWOOO0O0O0OODOOODODUDDODODOOOOOO
ggobbooooboboooooobboooobobobuoooooboooobbooog
oooooooo0ooboo0ooboOoooOoDooO0oobooogoDoUobD boooDoo
gogobobbooooboboboo

n

b(s) = (—1)¢-b (—s - = - 1) . (1.2)

0 1.2. G = GL(n,C)OV = Sym(n,C) 000G D VODOOO p(g)r := gxlg
(geG,zeV)000O000O00O0O0DODODD (G,p,V)0OOOOODOODODODDODODO
00 f(r)=detz 00000000000000000D0000 fO0b000

b<5>=ﬁ(s+‘%) =(s+1) (s+g>...(s+n;1>

00000000000 0000000 b(s)=(-1)"-b(—s—- ") 0000000
ooooooooooo

2 OO0

VODOOO0O0O00000000000000000QCcVO0000o0O ApO0O
0z,yeNO000 AMe+puyeQ000000000000000000 QOOOO
00000D00000000000V 0000000 GL(V)DDO000QO0000
000000 GQ) ={geGL(V); g(Q)=Q}0000 GO GL(V)OOOO0O0O
0000000000 Le0OOODODO0O00 ¢,y Q000000 ¢geG(Q) 0000
¢=¢y0000000000 G0 QO00000000000000 Q00000

—-128-



O00000000 QUOO0D00D000000000000000000000000
Vinberg [11] 0000000QO000000000000000 LieDODO H C G(Q)
ooooo0
D000D0000000Sy:=Sym(N,R)0000000000000000000
00 8¢ 000008 00000000000 ge GL(N,R)000DO p(g)x :=gx'ly
(xeSY) 000 S 0000000000000 0N0N0N0NN S 0000000000
0OHyDOGLIN,R)UODDOODODOOODODOODODO00D000000KRNy O pOO
0800000000000 (cf Cholesky 00)0

Ishi [5)0000Sy 0000000000000 DOO0DOO0DOOOOODO NO
N=n;+---+n,000000000 Vy C Mat(n;,n,; R) (k<) 00000000
00000000000

(VO) Vi, =RI,, (k=1,...,1),

(V1) AeVy, BE Vi = ABeVy; (j <k <),
(V2) AeV;, BeVy; = ABeVy (j <k<l),
(V3) AV, = ATA € Vi (5 < k).

0000000 SyOooooo 2,0

X171 "Xy o0 X
- Xik = Trrln
. t k)

KXo Xoo 0 TXea | R cSy (21)

Xk € Vi

Zy =K x=
XTl XT2 er

oooobooboooZyOooooDOoOooOoooDo 'PvzzzvﬂSj\}DDDDDDDD
ggn

Ty .
Toy Too Typ, = €27 Iy,
Hy =< h= . ; (tk ER) CHn
: ' Tix € Vi
Trl Tr2 Ut Trr

00000p(h)z =heth (he Hy, x€Py) 000 HyD P, 00000000000
00000 Ishi[5)0000000000000 Q0000000000000 Py 00
0000000QODO00000000000000 Lied HOOOOO HyOOOOO
0000000000000 00000000000000000000000000
0000000000000000 00000000000
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0000000000000 0DO00O0DAHODODOD0O0ODOODOODOUOO0DDOOHADOO
000000 x00O0 v=(n,...,.v) ERTOOOO

X(h) = xy(h) = e Tl (h e H)

00000QO000 f0 HOOOOOOOOOOOOOOHFOODOOOOOO x=x,
(veR)ODDDOODO flp(h)z)=x(h)f(z) (he H, zeQ)0000000000v00
00000 fO0000000000000000000 HOOOOOOOOOOOOO
00000 Q000000000000000 »r00000000000000000
000000000000 (cf. Ishi [4)0000000000000 Aq(z),...,A(z)
000000000000000 p(z) O

p(x) = (const.) Ay (x)™t -+ - Ap(z)™ (z € Vimy,...,my € ZL>)
0000000 QUO00D0000000O000000000000000 (cf. [6]):
Q={xeV; Ai(z)>0,...,A(z) > 0}.

0000000 Ay (z),...,A(x) 0000 QODOOD00O0O000000A,(z)0000

gj:(ajl,...,ajr)DDDDDDDDDDDDDDDDD r0o0ooon

g1

o= | =(or)i<jk<r

Iy

0000 Q000000000 Ishi [40000000000000000000000
0000000000000 0000000000000000 100000000 Q
0000000000000000000000000 [8]0000000000000
0000000000000

00 VOoOoO (-]-)0 (z|y):=Tr(zy) 000000000000000000VO

0000 Q0 B
Q" :={zecV; (z|y) >0foralyec\{0}}

00000000 Q00000000000 Q*o0000 prooooo0ooooo
00 p00000 p*00 (ph)x|p*(h)y)=(z|y) (he H, z,ycV)OOOOD HOV
goo0ooooOoooooooo Q@*UoOo0-DooboDo00ooob0 QOOooooood
O000Do0oooooooo Q*0o000 f0O H-ODODOODODODODODODOOODOHO
000000 x,- (* €RNO0000000he HOOOO f(p*(h)y) = x,2(h) f(y)
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(ye Q) ODOO000DO00000D0 »*0 Q0000000 fO000000000
QUOO0D0Q 00000000 Af(y),...,AXy) 0000 ¢f = (0fy,...,05) 000

Jb
0000000000
g1
o= |1 | =(5h<jr<r

*
T

000000000 HOOOOOOOOOOOOOA(y),...,A*y)00000000
0000000000, 00000000000000000000 A%(y),...,A%y)O
00000000000000

g

O 21.vOoOoooooo 5DDDDDDDDDDDDDQ::VOS5+DDDD

7y 0 x5 O
0 I 0 X4

V=<z= oy 0 w3 0 ; T1,...,x5 €R
0 Ty 0 Is5
00 Q0000000000000 0000D000000OVinbergOODOOOOONO
0000000 Ay(z),As(z),A3(2) 0 z € VODOOODOOODOOODOO0O
Ay(z) =21, Ao(x) =z128 — 23, Az(x)=2125 —27 (2 €V) (2.2)
DDDDDDV*DDDDDD5DDDDDDDDDDDDDQ*::V*QS;—DDDD

Y Y2 Y4
Vi=qy=1v2 y3 0 |;vy,...,ys €R 0O
ya 0 ys

000 VO V000000 (z]y) O
(z|y) = z1y1 + 222y2 + T3y3 + 224ys + T5y5s (z €V, y € V)

0ooooQ*o (|y0OD0OO0DODO QUUO0O00O0U0O0ODO0ODODOOOOyeV OO
goobooood

AL(y) = 11ysys — Ysyi — Ysys, As(y) =3, Ai(y)=ys (yeV*) (2.3)
000000000QO000 Q*00000 0,0, 0000000000000 :

1 0 0 1 1
1 0 1 0 1

o O =
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Ve, HOOODOO V, HOOOOOOOOOOOOOO Ay,...,A, 00000 p
000000000000000000 (Ve,p,He) DOOOOOOOOOO0OO0OO
0000 HeOOOOOODOOD Led0O0O0OOOO0ODOO0OOOOOOOOO0O0OOO0O
S:={we Ve Aj(w)=0forsome j} 0000000000000000O0O0O0OO
0D00000000O000 000000000000 000000000000000
000000000000 0000000000000

3 Laplace O[O

000000000000 0000 s*eRTO00 Q*O000DOCOO A;*(y)DD
ggoboooooon:

Lor(s7) = [ 1AL () du(y). (3.1)
goo dND Q*00 HaarDDDDDij ::zk>jdimvkj|:||]|]|]

00 3.1 (Gindikin [3]). 00 (3.1) 0 s* = (st,...,s7) e R 0000 ;0000

T

8;f>%mj 00000000000000 Te«(s*) 0000000000

dimV—-r)/2 T .
* T « m
FQ4§)::___57__'IIF<%'_7f)'

j=1

o000 rocooobooooboooon

['(s) := /OOO ez tdx (s> 0).

O000Tag-0000 Q000000000 000D000000O000D0OD Laplace
o0 Lo

AL () = rﬂ#@) [ AL @y @eo (3.2)

00000000A4(x)000 seR"000 QOO00D00000O000OO0O0OOOO
ggobooooooo

00 3.2 (Gindikin [3]). 00 (3.2) 00s* = (s},...,s*) e R" 0000 jO00OC

S;>%mj ol UUUUU o E[Ag*](:p)ﬂ Q0
ggobobooooboobooooobog

LIAL](z) = A g () (2 €Q).
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000000y, v eZ" 00000 QO00O0D Q0000000000 00DOOO0

Af(m) = Aq(x) - Ap(x)r (2 € Q),
A% (y) = Ai ()T ALy (y Q)

00000000000000000000
A (z) = Ayo(x), AL () = B0 (y) (2€Q, ye ) (3.3)

0000000000000 (3.3)000 3200000000000
* 1 ~% * —
quWOZZ?GS (xeQ; 000 :=v'o,0t0000). (3.4)

0 3.3. Q0 Vinberg 0000Q* 000000000 (021000)0Q000000
00 Ay(x),As(z),As(z) 000 Q* 00000000 A¥(y),Ai(y),A%(y) D0D0DOD
0 (22)0000 (23)00000000000

1 1 1 1 0 0 -1 1 1
oo =10 1 0 -1 1 0l=]-110
0 0 1 -1 0 1 -1 0 1

DDDDDDA{@)@%:@;@JQGZQQDmemDDDDDDDDDD:

: Ay (z)i+vitii
A = T s
E[ * ](ZE) AQ(.I‘)V1+V2A3(IIT)V1+V3

(x € Q).

4 DO0O0O0O0O OO0

0000 0000000000000000000000000000000000
00QDO00000 f(z)=A%z)0000 voe 00000000000 ve 000 O
0000000 00V :=vee, 0000

Fy) =AY (y) (ye Q)

0000000000000 00D000 (1.1) 00000000 D0O0 f*(yyOoooo
goobboooobobooouoboboo

00 4.1. f(z)=A%2z) 0000 f*(y) 00000000 Y =voo, ! €75,

D000 QO0000oog f(:z:):AZ(:I;)Dy’EZ%ODDDDDDDDDD
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00 4.2 (cf. Kimura [7]). 000000 f(z) = A%2)0 v € 2L, 0000000

P (Do) f(2)" " =b(s) f(2)" (v €Q) (4.1)

0000 sO0O0 bs)0ODOO0OO0

DD.EIEZEODDD (D) 0000000x=xue, 0000000 heHOOO
Oy=ph)x000 D, =p"(h)D, 000000

F*(Dpyz) = £ (0" (h)Da) = X~ (1) f*(Da).
000¢(z) = £*(Du)f(z)*T1 0000 ¢(ph)z) = x(h)*¢(z) 000D ODDDOOO
F(p(h)2)* = x(h)* f(z) 00O OO0

f* (Do) f(x)*
f(@)®
020000 s00000000000000bs)000000 (41)0000 O

0(41)000000s)00QU0O00O00OO fO00DDDOOOLODODOOOO
Faraut-Koranyi [2] O Proposition VII.1.4 000000000000 O000DOO0O b-O
O0bs)0000000s=(s1,...,8) ER"O000 |s]:==s14--+s 000000
mj =Y, dimVy; 000007, :=1+m;/20000

00 4.3. Q0000000 f(z) =A%2) 0 voo; ' €25, 000000000 b-00
b(s)D000y=vo 00000 f0000000 00 b(s)000000000

r vi—1

b(s) =[] I (vis+m;+k).

j=1 k=0

oo. o0 7j<—%mjDDDDDDD (3.4)0000 (3.3)00
AZ(x)s-i-l _ A(S“)Z(x) — E[A;(sﬂ)zaa;l](x) = [,[Aj(sH)W](x)

0DO00D0D0O0D (33)00 AY(D,) = A*(D,) D0D0D0O0D0O0D0000
AY(D,)A%(z)**' D0OD0DO0DOO0D

v’ v s+1 __ 1 * —(x|y *
AL (D)8#()™ = g A0 [N ) du)

_ (= laly) Ax \
o FQ* (—(5 + 1)7) | /* € ol >Al(y) : A—(s—l—l)l(y) d:UJ(y)
T'q+ (—31)

— (_1 .
== Lao-(—=(s+1)y)

[

LAY ()0
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000 L[A*, ](z) =A%(2)’ 000000 3100000000000 I(s+1) = sI'(s)
000

Lo+ (—s7)
Co«(—(s+ 1)'1

m;

):(—1)|7|j1f[1(7j5+%+1)"'(7j5+7+7j>

goooo ’yj<—%mjDDDDDDDDDDDD (4.1)0000v0O0O0OD0OOOOO
ggoboboodb vobbboogon U

000000 b(s) 000000000b(s)=bo[];,(s+a) 00000

’I:Iv”bj—i—k?
Vi

bOZH(%‘)%, k=
J

000000 o 0000000000000O0O000C0O0O0O0O0O0O0DOO 0000
0o0o0o0ooODO0oO00ooODOo0O00000d0 4400000000000000 QO
000000000000 f(r) =A%) 0000000 OODO0OOO0OOODODOO
EIZZU(T*_IGZEODDDDDDQDDDDDDDDD fO0000D00DOOO0OO0O0O0
00QUD000D000UOf(»)0 fA(y)ODOODUDODDOOOUODOOOUOOO OO0
000000000000000000000D00000 ‘00000 f(x)0 b000
ooooooo f(y)ObsO0O0O0O0O00”000000000UDO0ODO0ODOOOOOOO

00 4.4 (00000). QODOO0DO00000AYz)000 AY (2)0000000
0000000000000000 Q0000000000000000000

000 VinbergO (0 21000)0000000 (1,1,1)000000000000
o000 y0opooooooogoooooo

0 4.5. Q0 Vinberg 0000000000 Q*O000000000000000000
00 (22)0000 (23) 000000000000 Q0000000 f(z) = A%(z) O
00 (1,1,1)000000000000r =(-1,1,1)000 ¢ =(1,0,00000000
fObO0Ws)000O0O0O0O0O0O0O0O0000000

o0 (M) - (M)

Vinberg 0 QOOO000 m; =2, me=0,mzg=0000000b(s) 0

b(s) = (s +2)(s + 1)
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0000000 v*=(1,0,0000000 f*(y) =A% (y) 000 (1,1,1)000 Q00
000000000000000 7* =v'o0 ' =(-1,1,1)0000000 AZ(D,)
0000000 f*(y) 000000000

ogn
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