2015 FE EHRIRG

| —

w5 5

20164 4 A

o

ol



2015 FE DOBIBERM A ERIIFIRRFZIHEF vy o A [ 2bnwe | 22T,
201512 H19H (), 20H (H) 1ZhEINE L. BOFEHIZHED S
TRBADFHLAIZITBMEEE LU, £-5HOMKBESITILL DO T#HE2BH
AATEE 13 DORENMTONE U7z, 2 HE, AREHBRIBHRSHOIER 2 H0mH
T, SEERELZMEER LD F U, THEHEHIEI > -8HE2IZD
b, TBMLEI o8k, TUTBEBBRERZIH IS IEIVE LZERIC
DEYBILHLU EFET,

EEHAED 2 TR EEEEE2 CHEHSELAZ0T, ZZIZHD £ omEE
EW7=LUET,

HEEA - =0 & Chri R 7)



2015 FE BEAHRMESES

128198 (1)

1.

12 : 50~13 : 20 B[l — CHr R L)
Vx4 afEE R D NV AEB O bz OoWT 1

13:30~14 : 00 KRH EF (R KFRFERE BHARFEWERD
BEIEUR IZAE % & 5 Lipschitz B2 EOH¥ERIFUEMLIZOWNT ... 5

14 :10~14 : 40 FPP BE (HARZIZE) , HH —i&

Bergman ZZf#IZ B 1J 5 Fejer-Riesz MAENICEHTH2EE ... 10
14 : 50~15: 20 7 EE (PERFER - BFEE=)

REMEFHE % W7z Beurling DEFDO L AEAIZOWT. ... 14

15 :30~16: 00 M1l st (RIFKZ LFER)
Composition operators with product symbols .............. .. ... ... ... 17

16 : 10~16 : 40 fH LR (BRERKFZ—BREEKNE) , &H —i&
BAEZE MP (0 <p < 00) IZB T BREMFERGHIZONT ... 19

16 : 50~17:20 K¥ EB— (HALZEKT - LFIH)

The Toeplitzness of composition operators ............................... 26

17:30~18: 00 Rith #E CHiBRZE. BRAR)
Weighted composition operators whose ranges contain the disk algebra II 32

128 20H (B)
9.9:00~9:30 HEK KE CRFEH)
C'0,1] EORBEMBEEREERIZDONT 36
10. 9:40~10:10 ZE &Y (FLIREHEER)
HAMTEN—T 1 = ORIEEHZIZOWNT 40
11. 10 : 20~10 : 50 Ex HE— (FRKFEHARFER)
LD INE N v A TR T D N T e 44
12. 11:00~11:30 JUK —% CGRIEKRFEREYE RS , =W 8 (iR
KRB
Banach-Stone LD W K DD I 56
13. 11 : 40~12: 10 FE H (iR RKFEHARFR)

BATERT E OSSR BRI BT A — D DI T 61



v A OBEEEED /IIALZEO—HILIZCDWT

R RFETEES BE #(— (Toshikazu Abe)

Uy A oI EER 2O ORI TH D, I SICHEIIYR U R EEE LD
DEIvA QA vy At WS, Yy aaiy v 1 atidaito —bkchs.

Definition 1 ((Gyrocommutative) gyrogroup (A. A. Ungar)) &G & D LOIHEEA
® O (G, D) DIRD (G1) 225 (G WKL T H L &, V¥ T ufETHL LI,

(G1) Bfiste ZFiD.
(G2) fEED a € GIEHIt ©a ZFFD.

(G3) EED a,b,c € GIZHLT, a® (bDc) = (a®b)®gyr|a,blc 2729 G DIT gyr[a, b]c H3HE
—OIET B

(G4) D a,b e GIZH LT, Bl gyrla,b]: ¢ gyr[a,blc i (G, @) DHCHAMELETH 5.
(G5) EFED a,b e GITHLT, gyrlad®b,b] = gyr[a, b] HIRLT 5.

VA ulE (G, o) BIRD (G6) 2725 L E, Yy A HHTHD LS.

(G6) {EFED a,b € GIZH LT, ad®b=gyr[a,b](b® a) BT 5.

VYA UMY v A aITEE OV LAEME BT S, IRIZEFRT D gyrolinear space (3
78D — M b TdH D, normed gyrolinear space £/ )V LD —{LTH 5. Normed gyrolinear
space 1% Abe, Hatori IZX > TEZEI N/ GOV D—LIZ7m>TW5.

Definition 2 (X, ®) Z2Y Y10ty oL §5. R RxX, (rz) = rozd, LED
rr,rg €ERE @ u,v € X ITXUTUARND (GL1) 25 (GLS) 27z 9 & & (X, ®, ®) 1% gyrolinear
space THDH LI,

(GL1) 1® xz = =.

(GL2) (m+r)Q@x=(rnez)®(rne ).
(GL3) (mry) @x =11 ® (r, ® x).

(GL4) gyr[u, v](r ® @) = r @ gyr[u, v]e.

(GL5) gyr[ri ® v,r, ® v] = idx.



Definition 3 (X, ®,®) % gyrolinear space &3 5. ||| &2 X EOIFRFEBUERER « — ||z|| & T 5.
|1 X = {||z|] € Rso;x € X} EOPRFRFIEMNBEL f PWFEL T, FEDreR & z,y,u,v e X
XU TEAURD (NGL) 225 (NG4) &7z 9 & & (X, 8, , || - ||, f) & normed gyrolinear space T
HdHEND.

NG1) [lz]| =0 <= z —e;
NG2) f(lz®yll) < fUlzl)+ fUyl);

NG3) f(llr @ z[]) = |r[f(llz]);

NG4) | gyr[u, v](z)[| = [z

Normed gyrolinear space & GGV O —f#{LiZ7R>TWB Z e NS ROHINT <Shrsb.

Example 4 (HAHHROEE) ¢ 2HOES, R % 361 —2 Uy RERKOER c OBk E T 5.

UPpv =

c2

11
— ) {u A (fu,,v>u} . VYu,veR?,
1 + : Yu Y

I2&oT, (R 0p) BRYY A OAHBY vy A ufThHS. 27U () Fa—21Uy NAR, ~, =
(1—|jul?/) 2 Fudu—LYYRHTF. £ FEOERr CHLT

ctanh(rtanh ™" 1) 2 (w € R2\ {0})
r®p U =
(u=0)
9%, (R @p, g, |||, tanh™! E) \& normed gyrolinear space TH5. ZIZ T | || IFR3DL—
JVY RIINVALTHS.
Example 5 (R7 A LHER) D 2EE K EOFARMAKE T5.
a+b
1+ ab’
WZE->T, D,y ¥y uafiy vy uffThsd. EAEEOFEBr I2HLT

R {tanh(rtanh_1 lal)g; (e €D\ {0})
(@=0)

CLEBMb =

Ya,be D

35% (D, @, @ur, | - |, tanh™) 1k normed gyrolinear space TH 5.

Example 6 (IEf$E) A C*— B o O IEERWGR2AKE o7, o D/ VA% ||| TKRT.
a@Ab:a%b&%, a,be%{l.

WCEoT (o, @) BV YTty vy 1o THD. £7-
rosa=a", TGR,CLEJZ{JI

W&o T (D, @4, || |I,id) i normed gyrolinear space TdH%. 7272L |- ||' = ||log-|| & L,
id I XEEFEGH LT 5.



Normed gyrolinear space [ TIXEHHEIZXN )BT HERTH 5 gyrometric, JHHLHR I IS 2B
Td 5 gyroline (gyrosegment), 2 /D (REH)) HRUTHIGNT S gyromidpoint 7 & A HRIZE
F#TZ 5. Normed gyrolinear space Tl& / )V AZEM & [AROHEERMVITA D Z LB I N D, —
FAT/NVLEREDENHRED L5742 25 THND D HIRE . MUF TG A 540172 normed
gyrolinear space 7° 5 #7727 normed gyrolinear space Z k3 5 HIKIZ DWW TR S,

XDl normed gyrolinear space DEM A E 7z normed gyrolinear space 12725 £ W5 H D

Thd. T-HEURHEBES f B IETH 550D TH 5.

Proposition 7 (X1, @1, ®1, || |1, ), (X2, B2, @2, ||+ |2, f) 2T NE I normed gyrolinear spaces
L9 5. ’E’E%’?O) T1,Y1 € Xl, To, Y2 € XQ, relR GZ;N-L/VC

(21, 72) © (Y1,92) = (21 D1 Y1, 72 D2 Y2)
r®(z1,12) = (r®o1,7 Q2 T2)
[z, @)l = 7 Flell) + F(llz2ll2))

E95E (X1 X Xo,®,®,] |, f) V& normed gyrolinear space TH %.
ROMBEIIRBEEEZOEFIZ/NVLELELETHHDOTH L. HHEK f 12T 5.

Proposition 8 (X, ®,®,| - ||, f) % normed gyrolinear space £ 3 %. h % h(0)=0TH5 L5
PRBEHPBBEE L U, (|- =h(|-|) £TB. ZDEE (X, 8,0, |, fhY) B E7 normed

gyrolinear space £725.

LR ODmEZHAGDE S Z L TIROMEDN DD L. [LED 2 DD normed gyrolinear space
DIEFEIX normed gyrolinear space (272 5.

Proposition 9 (X1, @1, 4, || - [l1, f), (Xa, D2, Qa, || - ||2,9) & ZNZE IV normed gyrolinear spaces
tj—é k ;PK k(O) =0 %{%f:Tﬁ%%ﬁgﬁﬁbﬂﬁgﬁtﬁé ’ff%%o) T1,Y1 € Xl, T2, Y2 € XQ, re R
X LT

(z1,272) © (Y1,92) = (01 D1 Y1, T2 D2 o)
r®(x,r) = (r®) o, Q9 12)

1(a, D)l = k(f(llall) + g(llb]l2))
3 5L (X) x Xo,®,@, || - ||k, k1) 1& normed gyrolinear space £78%.
XOAEE IV LFZ D FITRBIEEZZLSELHIRTHD. @ﬁ@/»A*WTiﬁ@

REFEEE —BUTUE 52, —fKD normed gyrolinear space D& 1L (X2 MLDOFNZDWT
D) FELEAZRE L TWRWZHITLDOZEMEFENABINS.

Proposition 10 (X, ®,®, || - ||, f) % normed gyrolinear space £ U, a % 0 THWEHEL T 5.
X LO#HIBEHE 0, %
1
m%b:a®m®a@a®@

Lo TEDDE (X, @0, ®, || - ||, f) & normed gyrolinear space £78%.
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FEHIRIC(E% & % Lipschitzl R EDEFBRBIRICDWT

FRRF AR ERRIENAN &I &R (Shiko O))

Sherbert 23EFAEUE Lipschitz B EO¥EREGZRE L, ZDHS K DIFEHIZLD, X7 ML
fifi Lipschitz B&_ED¥ERTEGARDIISEAHED 5N TETWbB, A[#DEA1E, Botelho and Jamison
1] 12 & D IR FI 2R, FHRAERITME%EZ & 5 Lipschitz 2 EO¥REGEHOENREZ 507z, Z
T3 ICEDE, (1] DILRIZH 7225 —DBEAH A CFERIZEZ & 5 Lipschitz BR_EOYER P
FHROBHO I OWTHES iR e BE S 5,

1 EL®IC

IR CREFET 5 Banach B EO¥ERAIELZWSE T 5 Z & 1%, Banach R EIZETE I N5 RBHE
BERTDH L, MO THRANTRENRIAITLTH D Z LN 5,

EFE 1 BanachB% B, By, £ 5L, £G4 ¢ : B, = BT/ UL Ty MEED a,b € By, s€ C
IZRLT
U(a+b) =v(a)+(b)
U(sa) = s¥(a)
U(ab) = ¥(a)i(b)
EATEE Y BERPEHRTHD VWD,

Banach BRIZ R 5 REFEE O FLIXERTLGHR 2 MR T 5 Z L WXL d 5, 7z Lipschitz B2
Lip(X, A) ZIRD L S IZEET 5.

EFE 2 TN MEMEZERE X &35, £72 (A] - |4a) & Banach 3§56, 2D & EEH
F: X AlZRLT
|F(z) = F(y)l|a

r#YyeX d(iL‘7 y)
NERTHDLE, FIX Lipschitz: BB THD NS, £z

Lip(X,A) ={f: X = A | L(f) < oo}
& U T Lipschitz 584K % Lip(X,A) TKRY, ZD&Z
[F|[L == [|Fllsc + L(F)

EEDDBE, ZD Lipschitz / V2 ||| TLip(X, A) I Banach¥i & 725, £7- Lip(X) := Lip(X, C)
EREDD,



Z 2T, ZO Lipschitz BBIZH T 2 HEREEBRDTATHRIZOWVWTIER S, BEAIR A C* BRIZE
% & % Lipschitz B2 EOY¥EREEMRDOIIZEIE, (11L& > TIROFERIG X 5N TWD, 22/ ¢ 1diX
HHl ek T8, X5ICNRARKEED—Ha Vo Mz £T,

EH 1 [1, Theorem 4.3] I /37 MHEHEZEM X; (7 =1,2) I LT, X, 3EFETH D e
%5, TD&E: Lip(Xy,c) = Lip(Xa,¢) B Y(ly,) = 1x, L RDEREELTHD LTS5, TD
Y EEFEGS T N o N EEEDn € NIRIEL TE £ 3 Lipschitz 54D 551 ¢, : Xo — X1 DS
FHELUTEEDneN & ye X, T LT

Y(F)(y)(n) = F(en(y))((n)), F € Lip(X,c)
N D AYAC I
BEBIHE RO LEESE 1, £ T5, £72 NIEN D Stone-Cech ®a >822 MbEFRKT,

EI 2 [1, Theorem 5.7) I3 /N7 MHEEZEE X (= 1,2) ZEFETH D L $5, GH

Y Lip( X1, loo) — Lip(Xy, loo) DEBBAEGE ! 2 /7T 2RI EHTH D L T5H, TD& &
G 7 BN = N LAEED n € NITHAFE L TE £ % Lipschitz GARD 551 ¢, : Xy — X; DIF
HELUTHEEDnEN & ye Xo IZRLT

(F)(y)(n) = F*(en(y))(m(n)), F € Lip(X1,ls)
DAL T B, 72720 FPIE F @ BN AD—EIZIRIR X - Mt B 2 £ 5,

Inky, UTOMENPERIZEL S, —ROBAKAH C* BRIZfH% & % Lipschitz Bt ED#E
FEGHROREEZTEHILIETEEN?INES VIO LS TH S,

B4 4 : Lip(Xy, O(M;)) — Lip(Xo, O(My)) 28 o(1x,) = 1x, A7 F HFABERTH L LT
5, TDEEYPIFEDISITRESI NG ?

X522 2 CHERBIEM ) 1Z2DWT, Gelfand ZH o 2B X2 LB h: Xy x My — X1 x M,
MIEL T,

W(F)=Foh F € Lip(X;,C(M)) (1)

MLY%, T & D, Lipschitz B EDOWERIIGG  DEMMEAR L LTHEIT LI ERDNLH,
— RISt 5 22\, PAE X D Botelho and Jamison DEH 1, 2 & +05M4%2 FHEIE5
FRELULTHAZ LN TES, LD > TEROPREZEOMEL LT, AP EHORHDT
ZH5ZBHZLIETELEAIN? ZOMBEIZH L TRONEMREZIRTEA 5,

2 FEHE

EIE 3 a7 MEEBEZER X (5= 1,2) T8 LT, X ldEkETH B LINET D, £z, j=1,2

IR UT M; 23282 b HausdorffZ21& 35, TIZC, 7: My — My WEBGHRT, {ps}scm,

MW Xy 5 X ~ND Lipschitz BRDEETH D, HDFD Lipschitz number WA R TH 5 LARE
I'NElDES 3 221




T5, IHIT, FERED ye X lTRHUT, BB o — pu(y) & My 205 Xy ~NDEFREARTH S LK
ET D, ZDLE, [TEDF € Lip(X1,C(M,)), ¢ € My, y € Xo (XL T

V(E)()(¢) = Flps(y))(7(9)),

Y EDEG Y Lip(Xy, C(My)) — Lip(Xa, O(My)) 1 ¢(1x,) = 1x, &7 Lip(X,, C(M,;)) H*
5 Lip(Xy, C(My)) ~NOHEFRL LM L 725,

72, TITCHEIRET D, T2DBEER ¢ : Lip(Xy,C(M;)) — Lip(Xy, C(My)) 2 v(lx,) =
lx, #4729 AP EHETHL LT 5, T5&, BEGEMHr: My, — M, & THZEND ¢ € My IZ
K7L CREF D Lipschitz BB oy« Xo = X1 BEET B, X 5ITED Lipschitz 544 ¢4 13IRD
FMtm AT, Lipschitz number {L(pgy) toers, WERTHY , ye X IZHUT, GHB o — ¢u(y)
XMy 225 Xy NDERREBRTH D, ZNODRMEEARTZTER 7 My — My &y Xo — X1 %
FHWT, fEED F € Lip(X,,C(M,)), ¢ € My, y € Xo IZX LT

V() (W)(@) = Fles(y))(7(0)),
MRS B
LAURCIE, B3 OHEOHIZE T 2 EHROWEEITI, £9, EBBIETEHROER L5 A 5,
E&E 3 MTED fe C(M)ITHLT, EBEBUABE O(f) € Lip(X,C(M)) %
O(f)(x)=f, zeX
EEDD,
ZDEZMEED e MIZNLT, B Py Lip(X,C(M)) — Lip(X) &
(PyF)(z) = F(z)(¢), F € Lip(X,C(M)), zeX
YUTEHL, B4 T: C(M) — Lip(Xy, C(M,)) %
T=1o0d
CEHT D, ZITEM3 DOFEHTIROME 2.1 (cf. [2,4]) Z2FHT 5,
fRE 2.1 BB M DL # GIZDWT,
IXa — Xl =2
DESLL, y# 2z Xy 61,
Ixy = x:(I" < d(y, 2)

MWZ B, 2720, |-||* EENEREHEDEKTD C(M,),Lip(Xs) D dual 2R LOFEE v
LEEFRT 5,



%, B4 P(;Q o T @ adjoint map (P(f2 o T &2FZ 5L, ZO® adoint map 1 EFIERFIZ N %
795, IHIZEE (P2 oT) ({xy 1y € Xo}) B {xc: ¢ € M} DEHEATH Y, »DO—nifk
ETHBH, TNEEHHIETRT, I Ty, € Xo WEEL TIREAZT,
(Pfg ° T)*<Xy1) = X (Pé(Q © T)*(Xyz) = X¢o-
RIZEG A%
A={ye Xy: (P2oT)(xy) = X}
LEDD, BEAVHEETHEILIIHONTH S, ZITHEA ADHES A BHEATDH
5ZLEUTTCRY, DD 2, — 20 € Xy (n— 00) EIRBPIEH {2,} C A% LB, [ERED
neNU{0}IZXLT, e M %
(P20 T)*(Xzn) = Xeo

ELUTEDD, £7 {2, } 1 FIHIITH > 72D 65,
U S

3Py o T
AT ng e NDMFEHET 5, DRIZ, n>ng il LT

n > ng = d(z,, 20)

e, = xell™ = (P 0 T)"(x=) — (B o 1) (xao) I
< ||P)2 o Tld(zn, 20)

- 1
3

Efi%. THE Xg =Xew # X THIDD, Xg # Xy CHILVA D, UELHRE A A
BTHD, —H, THE X, OEFEEICFIET 5. £oT(P2oT) ({x,:y € Xo}) B —HEAT
HBI NP, ROME2.2 2155,

WE22 FEDoe M, 2B, ZDLE
(PyoT) ({xy 1y € X2}) = {x5}
BRI e M WE—21lE x5,
INEVEG T My — M, %
(THW)(e) = f(r(8) [feC(M)
DD, X OITAEED Lipschitz B u € Lip(X;) IZXH U T, ux,: Xy = C(M) %
ux,(x) =u(z), zeX

CREERT D, TOLEMEEIT e My &> THIET S &, Sherbert [4] & U Lipschitz G ¢, -
X2 — X1 b)ﬁﬁbf,

Y(ux,)(y)(@) = u(ps(y)) v € Lip(X1),y € Xa

8



ZHAT2T, WERTIEHR Q IZEEZRAETE2OTEED ¢ € My, y € Xo ITXH LT

(¢ (ux, ®(f)(W))(P) = ulps(y)) - f(7(0))
= ((ux, ®(f))(0s()))(7(¢)), € Lip(Xy), f e C(M) (2)
% AT ERE BB T 0 My — My & Lipschitz G ¢ 0 Xo — Xy DEAVEIALET 22 D005,
EIE 3 ICE T B BIRDIRE DELHA.
[0 F € Lip(Xy, C(My)) % & 5. AR (1] £ AR AT 5. BT > Y LB O(X))®
C(M) 2FEZ 5, REWT >V IV C(X,)QC(M,) i& the least crossnorm D% & T, C (X, C(M,))
TH#TH 5, T T T Stone-Weierstrass DEELEL D, DE & AT HF] {F,} C Lip(X,)®@C(M)
PIFES 5, EED e > 012/ LT,

n>ng = ||F — F,||e <€

AT ngeNEZLBIENTES, TYYIMELP(X)QC(M) ZHWS &, G E, IFIXD
EOIITRHEINS .

kn

F, = Z(uz(‘n)>xlq)xl (fz'(n))

=1
772U, o™ eLip(Xy) o fMecM)ThB, & (2) &V
D(Fo) () (¢) = Fulps())(7(9))
2195, N (1) &0, BEL: Xo x My = X x My DMFLEL, n>ny THBH5I1E,

W(F)()(0) = Fles()(7(0))]
< [B(F)()(0) = ¥(F) W)(8)] + [Fulps())(7(6)) = Flps()(7())]
<||Foh=Fyohlo+|[Fa— Flloe
<NF = Fulloo + [P — Flloo < 2¢
AT, oI e>0IHMEETH 7200, [EEDye Xy & o€ My T LT
W(F)()(0) = Fles(y)(r(9), F € Lip(X1,C(M))
2185, O

S 3 EA

[1] F. Botelho and J. Jamison, Homomorphisms on a class of commutative Banach algebras,
Rocky Mountain J. Math. 43 (2013), no. 2, 395-416.

2] A. Browder, Introduction to Function Algebras , W. A. Benjamin, Inc., 1969.

3] S. Oi, Homomorphisms between algebras of Lipschitz functions with the values in function
algebras. submitted

[4] D. Sherbert, Banach algebras of Lipschitz functions, Pacific J. Math. 13 (1963), 1387-1399.



Bergman ZE[EIC & T % Fejér-Riesz B AZEF
ICEY &R

HAKRZEZRZEE PP B (Norio NTWA)
AH —if (Kazuhiro KASUGA)

2014 FDORPRHFE X I F—I2BWT, HH KD Bergman ZEZ[HIZ B 1T % Fejér-Riesz BIALE
NIZBET 25827 >72. TDEOP O 26, ZOHEMEIIHE - 7-.

A X 1 N VT Fejér-Riesz inequality & & %23, DAY ¥ F)ViE Hardy space HP 12X LT
KON ORERTHEDT, T ETNZBRNRS.

WETHONAENE D, MFR% 0D £+ 5. £7-, D LoEAEREKOEA % H(D)
95
D:={z€C: |z| <1}

0D :={ze€C: |z|=1}
H(D) :={f : f is analytic in D}
O<p<ooldb.

N AL
HW:{fGHw)WUszig(A\ﬂmﬁwﬂj <w}-

HP ¥ Hardy space EEENS. 0<p<1DEE, d(f, 9):=|f—gll5 (& HP IZB W T %
FE®, HP 1F complete metric space £78%5. 1<p<ooD&E, || FH IZE VT VL%
E&, HP X Banach space & 725,

Theorem 1 (Fejér-Riesz inequality for H?, [2]) 0 <p<oco & T 5. fec HP 25T,

1 2w ) 2w ) de
[ i< [Ciseora (=« [Clseory =)

DD LD, EOEE L X best possible TH 5.

k%, analytic function f € H? 1235 [|f(z)|P Db BT EORDT) & Tf O HP-J V]
DD EDARERNE RS, (0<p < 1DEE, EHIZIE/ VATIERVAL )

10



O<p<ooll, -l<a<ooldd.
a7 {f e HD) : |flla = ( [1rera - \z\?)%A(z))” < oo}.

1 1
ZZT, dA(z) = —dzdy = —rdrdd TH 5.
m

™

AP 1% weighted Bergman space LIFIEN5S. 0 <p<1DE&Z, d(f,g) = |f - 9”’;11; X AP
BWTHH#EEZE D, AP X complete metric space 785, 1 <p<ooDEE, || -||p FA2I1TH
WT/ IV A%ED, AP I Banach space 725,

2012 4, Andreev % A2 12X} U T Fejér-Riesz BLORERDVK D L DOFHEZRL 7.

Theorem 2 (Fejér-Riesz type inequality for A2, [1]) —1<a<oo & T 5. fe A2 51T,
1
[ e o < . [ 1@RA+ @) - PG (= lilE:)

0<aDl ¥)

NI 1
DEDID., TIZT, (€IDTHY, \y<— (-l<a<0DEZ), )\, <
7-‘-0[

1+«

2014 FEDKRBF L I F—ITB VT, HEHRIZp VW 2HMDIFIZE, DD D AP IZH L
THRBEDARERD K D LDODTIH W H e FHEL 7.

Conjecture 0 <p<oo, —-1<a<oo&T5. fe A ITHLT
1
[ Gara - orede < x [ 15GP0 @)1~ 1BAG) (=Ml
0 D

I DD THAINT? T T, & N\, & Theorem 2 IZ[A U.

Z 2Tl HP IZX9 % Fejér-Riesz inequality DFEHHZ BB &, AP 12X T 5 Fejér-Riesz in-
equality % ¥ Z Z CRERIZHERTE 200, ¥ ZTH o020 nZ2HSZLEZWV. TD0,
HP IZX9 % Fejér-Riesz inequality DFERHD A7 v F % LA NIZEL Y.

Fejér-Riesz inequality for H? MFEEBAD X7 v F.
(E1BRE) p=2 &9 5. il LT real valued TH 5 f e H? IZXH LT,

1 1 o 16
[ Ir@rar <5 [ et Rar

DO L DOHEERT.

(25 2 BFE) {ERD f e H? (34l T complex valued) 12X L T,
1 1 2w )
[ 1swpar < g [T
» 2 J,
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AT URAE TES

(BE3BBE) fedr L, D, f(2) & D TEMERLRVWETS. TOLE, {f(2)}: »WEH
TET, {f(»)}: FH? CETS. {f(2)}: c H> 1T B2 2dMT 5 L. MAGIHHTE 3.
D CERZRZRW fe HP IZRUT,

1 ) ) 1 27 ei@ »
| erar<s [ irenpas

(CEABBE) Vfe HP 95, f(2) & D THEEEROLT 5.

f(z) @ Blaschke product & B(z) &3 5. g(z):= % X D THEEERT, HP IZET 5.

B()| <1(Vz€ D) THY, [B(e”)|=1ae. TBE. |f()] = [B(2) - 9()| = |B()] - a(2)] <
l9(2)| (Vz€ D) TH%.

| Werar< [ lawrae< g [Claenra =5 [ et pa.

1 BZEEHDOAESL, |f(2)] <|9(2)| (Vz € D) hoffFons.

2HHDOAEFIX, D THELEFRZAR\WV ge HP 12 (FEIEE) 2#HL RN,
SEHDOE S, |B(?)] =1ae &0 |[f(e?)] =|g(e?)] ae. EFELND.
(Fejér-Riesz inequality for H? DFEBAD R 7y F #&hHl))

N AIRVASH

FRIZFEZRT. a & (P TWBRENDIZKWVWDT, a=0, (=1 DE&EEERS. %
D& ¥, Andreev DFER (Theorem 2) FIRD & S| 7& 5.

TRED fe A= {fe H(D) : / \f(z)P@ < oo} LT,
D

dxd
/!f 1—:1:d:1:</|f P = 12,

N AIRVASH

feA L, fIXD THEERERZRVETE. TOLE, {f(2): 2EHTIENTET,
{f() 2 1x A2 1B T 5. {f(2)}2 IZ Andreev DFERZHEHT 2L, D THEEERZR fe A

LT,
[ iera - < [ repre (1)

WD IDOHEEFEHITE 5.

|2l 26— 2

2 € D\ {0} IZH LT, b, (2) = el =008, bz) =227 5.

zr 1 — Zpz

12



o

Theorem 3 ([3]) D DfF A= {z} 7* ) (1 —|zl’)’ < oo 27232 5IE,

k=1

Ha(z) = [ [ e (2){2 = b ()}
k=1
D DEZEDI N7 MEG ET—HRIZIURT 5. Hu(z) D zero set 13 A={z}, TH 5.
H 4(z) 1% Horowitz product & IEIEN 5.

Theorem 4 ([3]) 0 <p<oo, ~1<a<o&dTd. TOLE, EHC(pa)>02FELT,
A={z}x & zero set LT HHEED fe ALITHLT, < Cp, )| fllaz DEE D SED.

’L
HA Ag

feAbyda. fldzeroset L UTA={z}, 2F22L, Y (1—-|z)’ <oo Zilizd ¥

k=1
5. g(z) = Hsz) LELE, gR)IFDIZBVWTERERZZV. TDLE,
! ! dxdy
/ F@PQ—2)de ? / g(@)P(1 - 2)de < / 9(=)?
0 0 D ™

= Jalt,

o, 07111117

IA

1 ZHOAREEX, g € AJIE D THELEERZBRODOT (1) Lonrd. 3HEHOARES,
Theorem 4 & V735 %. 727U, Horowitz product I, Blaschke product B(z) D & 512 |B(z)| <
1(zeD) WS SMHEZFF>TWARVWDT, $1IHEE2HDHEOBEBREZRTHNTE Lh o7k,

Horowitz product OME X Bergman spaces (ZJ&9 2D zero set DEEIZDOWTIHHRZ H
RHDITIFRIFBA T ZE W,

S 3 Ek

[1] V. V. Andreev, Fejér-Riesz type inequalities for Bergman spaces, Rend. Circ. Mat. Palermo,
61 (2012), no.3, 385-392.

[2] P. Duren, Theory of HP spaces, Academic Press, 1970.

[3] H. Hedenmalm, B. Korenblum and K. Zhu, Theory of Bergman spaces, Springer, 2000.
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Complete Pick kernel [CE9d 5/ — b

SR FERGR A B FEHE W5 84 (Michio Seto)

0 FUL®HIC

BRI M B Hardy 22 OBGERIZENT, BEHRT

lol* =1 (0.1)

AT IEHIBBNRESL L ZAIZEGLET. Z2EBMEVWHIRETEON M EEZLS>2T 5
e, Thix
1% + |2l — |ps]? =1 (0.2)

W o 72 A% AT BIBDR (01, p2, 03) IZIRDDTIERWD L WD T & %45 RO REMER R E R
TREL, FEBIZ (02) OXPBEND Z e Z2MEHUE L. (0.1) 2HOARAE AN, (0.2) &
M O AREAIZ7Z2 0 9. (0.2) IZBS 205 IE AR CREMZ) BFOH L X D72 Rh
WHOEERNDT, —ROBHNRIGEIXMNIZRENLEZET L, ZHX complete Pick kernel
DHEHIZAR Y £9. T Z Tl complete Pick kernel DHEHIZDOWTHRIIHFAN/ZZ L 2 F LD FET.

1 Complete Pick Property
My s A ZDNOHWIZERZ/ET5. 20L&, FED w,...,w, €D ITXHL,

p(Aj) =w; and [fpfle <1
AT o€ HOD) IXWOFHET 257 ZOREIX Pick OffiffIfIEE XiXn 3.

EIE 1.1 (Pick) Pick OHHFIRIED AT g 13k D175 D EEfE M & [FE.

(i35
1- /\i)‘j 1<i,5<n

14



D& 7%475 (Pick 17518 £.30) DENSHEIILA TN DOFEN 5015, Pick OFfiHREI
ENRH o7 LT, T o 295, ZOLE, [-T,I:>0THd00,

(I =T,T5)) b, > cikn) = O e, > cibn) = (T3 Y eihn, T3> cikn,)
= (O ik, Y k) — O cipNky,, Y cip(Mky,)
= <Z Cjk}\ Zcil@\ > — <Z Cjw_jk}\j, chmk)\)
_ Z —w; w]

J
Pick 75D EEME YD 5 Pick @Fnﬁ%®ﬁ.rﬁ¢'rék%%< HiEklFwasnasiohTtnsg, L, &
NH DL REELEDTIER.,
T, ZITw; 217580 W;, p ZATFHEERIBIBUZZE L TH, Pick OMEIFEKZHD. Z
DL E, MO EeBHSNTWDS

EIE 1.2 Pick OHHEIREDITEIIRD Al 13k D175 O IEEEYE & [FH.

()
1- /\i)‘_j 1<i,j<n

2TV A RIMEETH S, ZDZ &% [Szego #%lE complete Pick property 262 X
& TH?(D) 1% complete Pick property 25 2] &\W5. Z® lcomplete] DEMKIE [completely
positive] ¥ [completely bounded] & \Wo7-HEE L FRRREKTH B, [EHTRE Z £1Z, complete
Pick property % & DEAEMIZTZ SAGFET 5. IRIZEFDOHIZBNT 5

2 Sobolev ZEfH]

Wf:{fEAC[O,l]:/O |f'(z)]* dz < oo and f(0) = 0}

Y 1
— {fy) = / hz) de / Ih(z)]? di < oo}
LEDDL. I TOMMITBEBHEOMATHSD. 20O W2 IFHEMK LIV NEMTH S, ER,

Y

fly) = i h(z) dz = (h, Xjo)) 12 = (f; min{z, y})w2

& min{0,y} =0 25, Wi Ty RAITHIET 5 HAERKD min{z,y} THEI edbhrd. T2
ETIHEHBHRI L TH DN,

EIE 2.1 (Agler-Quiggin) W} I& complete Pick property % % 2.

FR 2.1 W2 ITHUTIEWAWAREANTE 5. EHZRD? S ANIEX, W2 & de Branges-
Rovnyak 2D —DTH 5. EEE, T 2 o POEXLIHOEMFEL L, M(T) = (ranT, | -|7)
EEDNE, M(T)=WE TH5. 5.2, HEER@WTIX WP & Cameron-Martin #7322 & LIX
N, 770 ViEHEHEKTOBICEHVWO NS EEREROD LS THS.
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3 Drury-Arveson ZZfg]

B = A eC™: Alg, < 1)
CEDD. m=oc0o TH LW, B, xB,, LOEK

B
1={(Ne,

EHAEKETOHEEK V)L M ZERE H2 2R U, Drury-Arveson ZEfH & K&, H? = H*(D)
WCHEETS. 20 HE X B, LOFEHEHE»SL5%EMTHD, HE O LETIE H2(D) OBET
L5EHBEMEARICZEZMIMTELZLVHMONT WS, HIZIX, H2 OAREEHSZEMEE A
5L (0.2) OMHEIZHY L2208 d (H2 OFAPLETHDN) . IROFFEIZL S OFEHEIC
Ko THINIZTRINIZLSTH 5.

am (G, A) =

EH 3.1 H? & complete Pick property % % .
5T, HZ BROBHERTOEENEZMATWD

I 3.2 (Agler-McCarthy) k %2 X FOBERGHEEKE TS DL E, kA complete Pick
property = H D722 51,

Ex = d(N)an (-, b(N))
M Hy, D25 JH2, ~NOERIEARIHDAA%E 525 K5 7%m e NU{x},b: X - B,,,d: X — C\{0}
PIFAET S, T61T, k2 X x X R s, b bk Ttd .

W2 7 complete Pick property 62 Z &5, W IXIEAIMED S —E 2 T EEn 72212 B
boT, o AEFERZ &IZ, W2 ZEBEOER % > 72 LRI 5705 e VX)L k22
M H2 \ZHDIAD D Z L1275 (FEFLWI &l Agler-McCarthy OARZSH) . 22T, W2 H
R Tl Cameron-Martin #2222 & KIENTW-Z 2 2BWHT &, RO X D72 & HEE
INb.

(i) H2 % symmetric Fock space @7 — V) TZHE UL THEHTE S (Arveson DEFH) .
(ii) Fock ZEfl& 77 0 ViEEIEVWEELAH S (L<HoNhT WD) .

(i) W 70 vilEizkikd 2BICAVSo NG (BBR [ THERRm) O 2822 H) .
(iv) N—T 1 BEOERS 7T v VEB EAHEL KW (B IE, Petersen DA) .

UEDZ &M 5, complete Pick kernel DGR & HERFRD AT S 0 DBEDH 5 Z L AHRFT
5. MRWHEBDFMBIZHED > TWEERFTTH 5D, Cameron-Martin S0 zHEZ 52 &
THERRIZ D DEOMMMEEZEATELZ DI (TN HE ~OHEDIAAD I L TIE?) .

ZDHDMHFETHERD D - 7-BRIziE, BABERMTEESTHRE LW B WET.

TEEAGMEIZ DOWT Z 2 TSI L WA, ZWTWVWOEEENEZ LU TWBEHRLEELETH S.
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Composition operators with product symbols

KR T T35 M) E54 (Takuya Hosokawa)

Let H(D) be the space of all analytic functions on the open unit disk D and S(ID) be the set of
all analytic self-maps of D. For ¢ € S(D) we define the composition operator by C,, : f +— fop
on H(D). Let L? be the Hilbert-Bergman space on D. We have that C,, is bounded on L2 for
any analytic self-map ¢ and that C,, is compact on L2 if and only if ¢(z) has no finite angular
derivative on dD. In other words, this is equivalent to the following condition:

1— 2
lim 12

——_ -0
=1 1 — [io(2)]?

Definition 1 Let ¢ be an analytic self-map on D. We define the set A, of the points of 0D at
which ¢ has a finite angular derivative.

We remark that C,, is compact on L? if and only if A, = 0.

Lemma 2 (Proposition 4.7 of [3], p.79) The analytic function f has a finite angular deriva-
tive f'(¢) at ¢ € D if and only if f' has the finite angular limit f'(¢) at (.

Theorem 3 Let ¢ and ¢ be analytic self-maps on . Suppose that C, and Cy are not compact
on L2 and ||¢ - Y|l = 1. Then Cy.y is compact on L2 if and only if A, N Ay = 0.

Example 4 Let p(z) =1 —/2(1 — 2) and ¥(2) = —p(—2). Since A, = {1} and A, = {—1},
C, and Cy are not compact on L2. Then ||p - ¢|loo =1 and A, N Ay = 0. Hence C,.y is compact
on L2

Taking v = ¢, we can get the following.

Corollary 5 Let ¢ be an analytic self-map on D. Then the following conditions are equivalent:
(i) C, is compact on LZ.
(1) Cyun is compact on L2 for some positive integer n.

(i) Con is compact on L2 for any positive integer n.
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Next we consider the compactness of Cyn on the Hardy space H?. Recall that the nevanlinna
counting function N,, of ¢ € S(D) is defined by

No(z) = {bg ﬁ Lp(w) = Z}

for z € D\ {0}. Shapiro proved that C,, is compact on H? if and only if

Nw(zl) _

||

lim
2|—1- log

We can prove te following result.

Theorem 6 Let p be an analytic self-map on D. Then the following conditions are equivalent:
(i) C, is compact on H?.
(it) Cun is compact on H? for some positive integer n.

(i) Cypn is compact on H? for any positive integer n.

£ 3k

[1] C. Cowen and B. MacCluer, Composition operators on spaces of analytic functions. CRC
Press, Boca Raton, 1995.

[2] T. Hosokawas and S. Ohno, Composition operators with product symbols on the weighted
Bergman spaces, preprint.

[3] Ch. Pommerenke, Boundary Behavior of Conformal Maps. Springer-Verlag, New York, 1991.
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BEEZERE MP (0 <p < oo) ICEITBRENFRER
ICDWT

CIRERRZE—RBERE A ZZ0R (Yasuo 1IDA)
A H—1% (Kazuhiro KASUGA)

Abstract. [4] IZEWT, GHEHEHE X p 2 BARBUTIRE U756 TR MP(X) 128135 (i
T U LRI ZRE L) RIENEHEFEREGOMEEZRE LTz, & 6 [BlIZHEVWTIE, 2D
MRz p > LICHELZ, ZONLTIEZOMEZ —BD 0 < p < co IZHEE L 285K IZ DWW T
HmEdT 5, ThiZ [2 3,4, 5] TSN TWS Smirnov class, Privalov class, MP(X) (p € N),
MP(X) (p>1)IZBITBHREE > FAUTH S,

1. %
n>1 45, C" 2EFE n Xt Euclid M & U, TORERTEIEE 2 = (21,...,2,) £ES
129 %, unit polydisk 2 U ={2€ C": |z;] <1, 1<j<n}, unitbal Z B, ={2€ C":
Z§:1|zj\2 <1p el T ={2€C":|z|=1, 1<j<n} S,={2€C": Y |5*=1} &7
5, TN, XIZU"W» B, #2RL, 90X 13T S, 2KITEDETH, £72 0X ED normalized
Lebesgue measure % do T,
X EOIERIEAE f A% sup / log(1+|f(rz)])do(z) < co %{ii7z 4 & & f & Nevanlinna class
0X

0<r<1

NX)IZEd5& WS, fe N(X) IZIZABRZ nontangential limit 7% a.e. z € 0X THAET S T
EDRHSENTED, TNEWDT f(2) TRIEDELT S, £72 f e N(X) DU RDEM: %57~
9L & f 1F Smirnov class N, (X) IZBT DLW\ :

SW)éxbﬂ1+U@%mdd@:iéxbﬂ1+ﬁﬁﬂﬂw@)

0<r<1

l<p<oo&dd, X LOEHIEE f 5 sup / (log(1+ |f(r2)|))’ do(z) < oo Ziii7=d &
oX

0<r<1

& f 1% Privalov class NP(X) IZ@$ 5 & W5, BAF, fliffD7zoiz NY(X)=N(X) &I &
29 %, N(X) (p>1) Loz

A (f9) = ( [ tost1-+152) - o2 do<z>) (f.g € N?(X)

TEHT DL, N(X) IZZOFF#EEIZE L T F-algebra (FIZEAL Tl Tdh 5. KRIECiEREESS
M) THHEZEARHSENTWS
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PRI BB MP(X) 2EHL &S, 0<p<oo iZXU. BAFNZWAT X LOERBEK f ©
k& MP(X) TRIZLIZTS

Léx(bg(1+h§fJf“%”))de®)<oo

MP?(X) Lo

o (F.9) ={ [ (0w (1+ sup 1702) - g(m”))pda(z)}? (.9 € MP(X))

&35 (72720 a, =min(l,p) £ L) &, MP(X) IZZOFEEEIZEAL T F-algebra TH 5 Z &
PhoTWVS ([11)),

IN5D7 T AR U, AFOEEEBRPEDIDZ VMo NT WS
HY(X) G NP(X) = MP(X) ¢ MY(X) € No(X) (0<g<+o0,p>1).

Z 2T Hardy space &% HY(X) THU, ZD/ VAL |||, ERELTEHILITT5, £72N(X) C
MP(X)(0<p<1)THBIENRHOENT WS, KT Hardy algebra H>®(X) 1% N, (X) ¥ NP(X),
MP(X) IZBWTH%ETH 5,

2. N(X), NP(X) ICBITBFERBEODINITOHERICDOWVNT

Smirnov class N,(X) (Z&1

3 1) BAMEE R BB DFER I Stephenson [9] IZ& > TRLNTED, %
7z Privalov class N?(X) IZ8 1) SHHEEREGHIZOVWTIE, 1 LD E IE Tida-Mochizuki [7] 12

LBMERBD Y, ZEBDYG i&mmwﬂm1u®#%bﬂbMTmé R OLEITDWTEA
L®%%%itbt%@#m®m@f%%.

EIE 2-1

Let p> 1. T': NP(X) — NP(X) is a surjective linear isometry. Then there exists a holomorphic
automorphism ® on X with ®(0) = 0 such that T(f) =

af o ® for all f € NP(X) where
aecC, laf=1.

T, p> LIERL T N7(X) = No(X) 23 T(fg) = T(F)T(g) (f, g€ N?(X)) &ilir=d &
&, T 13FEM (multiplicative) T®H % &IFES, Smirnov class N,(X) (28175 (43 L HHHE
TlER\W) FENEHEREBSORERIE Hatori-lida [2] IZX > THSNTH O, £7z Privalov class

NP(X) 2815 (T LB Tldwn) FHEN SRS REHIZ DWW T Hatori-lida-Stevié-Ueki
BliZ&>THELNT VWS, AP LTONETH D :
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PR 2-2

Let n be a positive integer and let X be either B, or U". Let p > 1 and suppose that T :
NP(X) — NP(X) is a surjective isometry. If T is 2-homogeneous in the sense that T'(2f) = 27T'(f)
holds for every f € NP(X), then either

T(f) =afo® for every f € N°(X) or T(f)=afo® forevery f € N?(X),

where « is a complex number with the unit modulus and for X = B,,, ® is a unitary transformation;
for X =U", ®(21,...,2,) = (M2iy, ..., A\n2i,), where [\;| =1, 1 <j <nand (iy,...,1,) is some
permutation of the integers from 1 through n.

FEIE 2-3

Let n be a positive integer and let X be either B, or U". Let T be a multiplicative (not
necessarily linear) isometry from N?P(X) (p > 1) onto itself. Then there exists a holomorphic
automorphism ® on X such that either of the following holds:

T(f)=fod forevery f € N/(X) or T(f) :fo—5 for every f € NP(X),

where @ is a unitary transformation for X = B,; ®(21,...,2,) = (Mziy, ..., Apz,) for X = U,
where |A\;| = 1 for every 1 < j < n and (iy,...,%,) is some permutation of the integers from 1
through n.

DAEDOME2-2 2 @ 2-3 DFFHIZB W T K ER&ZE 2R/ L TWBE DA, RO [Mazur-Ulam
DEH | LIFENEHLDTHS ([8]).
fHEE 2-4

Let X and Y be normed vector spaces and U : X — Y be surjective isometry which satisfies
U(0) = 0. Then U is real-linear.

3. MP(X) IZHB1T5 (FEH) 2HFREBRICOWVWT

Bz MP(X) (p > 0) IZB 1) DRE RS FREHEDOFRIL Subbotin [10, 11, 12] IZ & > T/
SNTWVWB, ZOWEIE N/(X) (p>1) DT —AE 5L HALTH 3,

EIE 3-1

Let p > 0. T : MP(X) — MP(X) is a surjective linear isometry. Then there exists a holomorphic
automorphism ® on X with ®(0) = 0 such that T(f) = af o ® for all f € MP?(X) where
aeC,lal=1.
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E7- MP(X) IZB1F5 (BT UM TIERY) FENEHNEREGOHRIE. pe N OLE
X 4] T, 51T p>1 OHEEEB TRINT VWS, TNHEDOHAES NP(X) (p>1) DT —A
EE-KFALTH D,

il 3-2

Let n be a positive integer and let X be either B, or U". Let p > 1 and suppose that
T : MP(X) — MP(X) is a surjective isometry. If 7" is 2-homogeneous in the sense that T'(2f) =
2T(f) holds for every f € MP?(X), then either

T(f) = af o® for every f € MP(X) or T(f)=afo® for every f € MP(X),

where « is a complex number with the unit modulus and for X = B,,, ® is a unitary transformation;
for X =U", ®(21,...,2,) = (M2iy, ..., A\n2i,), where |[\;| =1, 1 <j <nand (iy,...,1,) is some
permutation of the integers from 1 through n.

FIE 3-3

Let n be a positive integer and let X be either B, or U". Let T be a multiplicative (not
necessarily linear) isometry from MP(X) (p > 1) onto itself. Then there exists a holomorphic
automorphism ® on X such that either of the following holds:

T(f) = fo® for every f € MP(X) or T(f)=fo® forevery f € MP(X),

where @ is a unitary transformation for X = B,; ®(21,...,2,) = (Mziy, ..., Apz,) for X = U™,
where |A\;| = 1 for every 1 < j < n and (iy,...,%,) is some permutation of the integers from 1
through n.

ZONLTIE, THODWNEEZ D 0 < p < oo IZHBR U 724ER 2 WA T 5 ([6]). Tk Bk
D NP(X) (p>1), MP(X) (peN), MP(X) (p>1) TOHNBRLFE->7LKFALTH 3,

£ 3-4([6))

Let n be a positive integer and let X be either B, or U". Let 0 < p < oo and suppose
that T : MP(X) — MP(X) is a surjective isometry. If T is 2-homogeneous in the sense that
T(2f) = 2T(f) holds for every f € MP(X), then either

T(f)=afo® for every f € MP(X) or T(f)=afo® forevery f € MP(X),

where « is a complex number with the unit modulus and for X = B,,, ® is a unitary transformation;
for X =U", ®(21,...,2,) = (MZiy,-- ., AnZi,), where [\ =1,1 < j <nand (i,...,4,) is some

permutation of the integers from 1 through n.

ZDMBEDFEHIZEWT, LFOMidEE2FHT 5 -
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f#RE 3-5([10])

Let f € HP(X), p > 1. Then the norm ||f||gz = {/ sup |f(rz)P da(z)}p is equivalent to
09X 0<r<1

the standard norm in HP(X).

=8 3-6([10])
Let 0 < p < co. Then

1 p
; - P _ Py — Fap+l
Ehr(l)l s (et)? — (log(1 +¢€t))?} 2t , t>0.

(iR 3-4 DFERH DB ]
1 <p<oo DHHDEIGIZDOWTI B 22 I N\, ZITIE0<p <1 DEAEDIEHIC

DWTHRIS 2,
RzEm-3 X LOFERBEBOAKRE HE (X)0<p<1)&RTILIZT S :

i (10) 1= [ sup £ do2) < oo,

0X 0<r<1
LT f,g € H(X) BEUTHBEZ dyp (f,9) = dyp(f — 9,0) DESICEDSB, LT :
MP(X) — MP(X) BWERNEREGHRT LED fe MP(X)IZBLTT2f) = 2T(f) /=972
51E. [4, Proposition 1] ® kL FRkIZ, T : HE(X) — HP (X)X, £-2HEREHBTH S,
fig€ HY(X) &4 %, TQ2f) =2T(f) Ehs. DD =1(L) (meN)2E85, O, RO%LR

S A/RVASH
P
/ sup do(z) —/ (log (1 + sup
ox 0<r<i| 2™ ox 0<r<1

B /axoi‘i& TNE 4o /aX (log (“oi‘i% ))pda(z).

L#hinT :
/ T { (i sup \f(rz)op - (log (1 - g o \f(rz)]))p} do(z) ()

3 )P 2™ o<1
1

~ [ { (o g @) (s (15 3 s (cpen) ) Fate

o 2™ g<ret

2135, AEFEXlog(1+zy) <log(l+z)+log(l+y) (z>0,y>0)& (a+b)P <2°(a? +b°) (a >
0,6>0,p>0) &0, (1) ODELDOWRESEAED LH(OX)-BIERTHI A 6N B Z L WEND SN

%, [FRRIZ (1) DAL DRSS LY (OX)-BIBMTE I A6NE Z LD MEND 55, Lebesgue
DI EH & #iE 3-6 % (1) DIV TIRDOEX %285,
» p+1 » p+1
[ 5 (s lsean) dotor= [ B (s neal) o)
0 80X 0<r<1

x 2 \o<r<1

f(rz)

(Tf)(rz)
om
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U= TiIR%ER 5,

| sw 1feaPdat) = [ sup (L)) doo)
0X 0<r<1 X 0<r<1

HHRE3-5 K0 I VL] &/ VA ||| gprr DFEMEMED S, T2 HPPHX) — HPYY(X) DPEHFER
BRTHD I NP5, HFPYX) DB IVARIEZERTH S Z & & A(0) = 0% 5 Mazur-Ulam
theorem & AT A|pgorr(x) DPEMEEFEREBRTH 2 Z LD EPND, RIZ[B)IIBIFS1<p <o
DEE DL & FRRIZ RS N5,

~~

Al A4

BBIZ MP(X) (0 <p < oo) IZBITD (BT LB TIER) RIENEHEREHOMRIX
PFRD &S izkEns, ZOMESD NP(X) (p>1), MP(X) (peN), MP(X) (p>1) Dr—
AL EoTKFALTH S,

& [4, Theorem 2] L FAMKIZRINB DT, T I TIIEHEITDZR,

EHE 3-7(]6])

Let n be a positive integer and let X be either B, or U". Let T be a multiplicative (not
necessarily linear) isometry from M?(X) (0 < p < oo) onto itself. Then there exists a holomorphic
automorphism ® on X such that either of the following holds:

T(f)=fo® forevery f € MP(X) or T(f)=fo® forevery f € MP(X),

where @ is a unitary transformation for X = B,; ®(21,...,2,) = (Mziy, ..., A\nzi,) for X = U™,
where |\;| = 1 for every 1 < j < n and (iy,...,%,) is some permutation of the integers from 1
through n.
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The Toeplitzness of composition operators

HARTZEKRZLEH KE E— (Shuichi Ohno)

1 Introduction

Let H? be the Hardy-Hilbert space of all analytic functions on the open unit disk D with square-
summable Taylor coefficients. For f(z) = > 7 ja,2™ and g(z) = > o0, b,z™ in H?, the standard
inner product is defined as

oo

(f9) = anby
n=0

=/ F(©)g(Q)dm(C),

where m is the normalized Lebesgue measure on the boundary 0D of D. Refer to [12, 19] for the
basic properties of the classical Hardy spaces.

Let T be a bounded linear operators on H?. Then T is a Toeplitz operator if and only if
S*T'S =T, where S is the forward shift defined by Sf(z) = 2f(z) for 2 € D and f € H? and S* is
the backward shift on H?2. In [2], Barria and Halmos called an operator 7' on H? asymptotically
Toeplitz if the sequence of operators {S*"T'S™} converges strongly on H?. Then Feintuch [13]
pointed out that one need not rule out either weak or norm operator convergence. So there are
actually three different kinds of asymptotic toeplitzness.

Definition. Let T be a bounded linear operator on H?2.

(i) T is said to be uniformly asymptotically Toeplitz if there is a bounded linear operator A on
H? such that ||S*"TS™ — A|| — 0 as n — oo.

(ii) T is said to be strongly asymptotically Toeplitz if there is an operator A on H? such that
1(S*"TS™ — A)f|| — 0 as n — oo for f € H?.

(iii) T is said to be weakly asymptotically Toeplitz if there is an operator A on H? such that
(S*"TS"— A)f,g) — 0 asn — oo for f,g € H%

Feintuch [13] showed the following result.

Theorem of Feintuch. A bounded linear operator on H? is uniformly asymptotically Toeplitz
if and only if it is the sum of a Toeplitz operator and a compact operator.
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In the natural way, for a bounded measurable function u € L>*(9D), a Toeplitz operator T, on
H? is defined as T,,f = P(uf) for f € H?, where P is the orthogonal projection from L?(0D) to
H?2. Recall that the only compact Toeplitz operator on H? is the zero operator. See [10, 15] for
operator theory on H?2.

We here consider the asymptotic toeplitzness associated with composition operators. For an
analytic self-map ¢ of I, the composition operator C, is defined by C,f = f o ¢. It has been
known for a long time that such operators are bounded linear operators on H2. See [4, 20, 25]
for the study of composition operators. Also, refer to [22] for a survey of early results on the
toeplitzness of composition operators.

2 Torplitzness of C,

Clearly, only an analytic self-map ¢ of D which make C, a Toeplitz operator is the identy.
Nazarov and Shapiro [17] investigated properties of the asymptotic toeplitzness of composition
operators and adjoints. The following are obtained in [17].

Theorem 2.1 A composition operator is uniformly asymptotically Toeplitz if and only if it is
either compact or the identity.

Theorem 2.2 Let ¢ be an analytic self-map of D. If |p| < 1 a.e. on D, then C, is strongly
asymptotically Toeplitz with asymptotic symbol zero.

Theorem 2.3 Suppose that ¢ is not the identity map and fizes the origin. If C, is strongly
asymptotically Toeplitz, then |p| <1 a.e. on ID.

Theorem 2.4 Suppose that ¢ is not the identity map and fizes the origin. Then C, is weakly
asymptotically Toeplitz with asymptotic symbol zero.

See [23] for the converse.

3 Toeplitzness of products of composition operators and
their adjoints

Recently the toeplitzness of products of composition operators and their adjoints is indepen-
dently investigated in [6, 11, 18].

Theorem 3.1 Let ¢,v be analytic self-maps of D. Then C,Cy is Toeplitz if and only if ¢ = 9
and  is inner. And then C;C, ="T,, where

= —|1 O for (¢ € OD.
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Proof. At first, we note that C;Cy is Toeplitz if and only if
CoT 5yCy = 0.
Suppose that ¢ = ¢ and ¢ is inner. Then 1 — gy = 0. Clearly C;Cy is Toeplitz.
Conversely assume that C7CY, is Toeplitz. Then CZT1 5,Cy = 0.
0 = (CoT5yCyl, 1)
= (P(1—-2¥),1)
= (1-2,1).

So /(1 — @)dm = 0 and thus /@/Jdm =1. As [py| <1, ¢ and 9 are inner.

Moreover
/|¢¢|dm - }/de’ — 1

So Py is constant and we can easily check Y = 1. Consequently ¢ = 9.
Next, we note that S*"C5CyS* = C3 Ty Cy.

Theorem 3.2 ([11]) Let ¢, be analytic self-maps of D.

(i) When ¢ =, C;C, is uniformly asymptotically Toeplitz if and only if 71, (g)C,, is compact,
where F' = {( € 0D : |¢(¢)| = 1}.

(ii) When ¢ # 1, C;Cy is uniformly asymptotically Toeplitz if and only if C3Cy is compact.

It is unknown to characterize any analytic self-map ¢ of D for which T1_,(g)C,, is compact.
The compactness of C;Cy, was characterized in [3]: C%Cy is compact on H? if and only if
N (p(2)) Ny (¥(2))

1 1
|z|]—1 log W IOg m

If ¢ and 9 are univalent, the compactness is equivalent to
1— 2)\2
S (= T
=1 (1 = Je(2)[P) (1 = [(2)[?)

=0.

=0.

Lemma 3.3 Let {u,} be a bounded sequence in L>°(0D) such that u,, — 0 pointwise a.e. on OD.
Then T, — 0 strongly as n — oo.

As S*nC:,C@S* = C; T, Cyp and |o|*™ — x(E) pointwise a.e. on dD, we can show the following
using Lemma 3.3 in the case ¢ = 9.

Theorem 3.4 Let p,v¢ be analytic self-maps of D.
(i) ([11]) When ¢ =1, C;C,, is automatically strongly asymptotically Toeplitz .

(ii) Suppose ¢ # 9. If [py| < 1 a.e. on ID, then CFCy is strongly asymptotically Toeplitz with
asymptotic symbol zero.

Asymptotic toeplitzness of C,CY, has not completely been investigated.
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4 S-toeplitzness of composition operators

Matache [16] considered the usual generalization of Toeplitz operators. A bounded linear oper-
ator S on a Hilbert space is called a unilateral (forward) shift if it is an isometry such that {S*"}
is convergent to 0 in the strong operator topology. For example, if w is a non-consatnt inner
function, then M, is unilateral on H?2.

Matache then introduced the corresponding asymptotic generalizations.

Definition. Let T be a bounded linear operator on H? and S a unilateral shift.
(i) An operator T is called S-toeplitz if S*T'S =T

(ii) An operator 7' is called S-analytic if T'S = ST

Theorem 4.1 ([16]) Let w be a non-constant inner function and ¢ a non-constant analytic
self-map of .

(i) If C, is M,-Toeplitz, then ¢ is inner.
(ii) If ¢ is inner, then C, is M,,-Toeplitz if and only if C,w = w.
Moreover Jung and Ko recently study the case of weighted composition operators.

Theorem 4.2 ([14]) Let u be a non-zero bounded analytic function on D and ¢ a non-constant
analytic self-map of D. If w be a non-constant inner function, then the following are equivalent.

(i) C, is M,-Toeplitz.
(i) M,C, is M,-Toeplitz.

(ili) ¢ is inner and C,w = w.
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Weighted composition operators whose ranges
contain the disk algebra II

e KT - BRBER it BE (Keiji Tzuchi)

1 Introduction

Let D be the open unit disk. We denote by H(ID) the space of all analytic functions on D. We
denote by S the set of analytic self-maps of D. For each ¢ € S and v € H(D), we may defined
the weighted composition operator M,C, on H(D) by (M,C,)f = u(f o p) for f € H(D). For
a subset E of H(D), write (M,C,)(E) = {(M,C,)f : f € E}. There are a lot of studies of
(weighted) composition operators on various space of analytic functions, see [1, 5].

We denote by A(D) the disk algebra, i.e., the space of functions in H (D) which can be extended
continuously on D (see [3]). We denote by H* the space of bounded analytic functions on
D. Let Aut (D) be the set of automorphisms of D. For finitely many ¢y, @2, -+ ,¢p in S and
Uy, Uy, -+ ,up in H(D), in the previous paper [4, Theorem 2.1] the authors proved that if A(D) C
Uflzl(MunC%)(H(D)), then ¢, € Aut(D) and Z(ux) = 0 for some 1 < k < ¢, where Z(uy)
denotes the zero set of u, in . Moreover, for sequences {¢,},>1 in S and {u,},>1 in H(D),
it H* c U2, (M,,C,,)(H(D)), then ¢, € Aut (D) and Z(ug) = 0 for some k > 1. We have a
conjecture that for sequences {¢,, }n>1 in S and {u, },>1 in H(D), if AD) € U2, (M, C,,)(H(D)),
then ¢, € Aut (D) and Z(uy) = (0 for some k > 1. At this moment, we can not prove this.

For 0 < p < o0, let AP, the Bergman space, be the space of functions f in H (D) satisfying that

/D PP dA(z) < oo,

where dA is the normalized area measure on D. It is well known that C,,(A?) C AP. Applying the
Baire category theorem we shall prove that if

AD) ¢ DC ( U Ap),

0<p<oo

Then ¢ € Aut (D) for some k& > 1.
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2 Weighted Bergman spaces

We study under more general setting. Let w be a positive continuous function on I satisfying
that

(o) w(z) =>0as |z| — 1.

For f € H(D), let denote
£l = supw(z)l ()]

Write
H(w)={f € HD) : |[fllo < oo}
Then H(w) is a Banach space with the norm || - ||, and A(D) C H(w). For each positive integer
m, let
Hy(w) ={f € H(w) : [ fllo <m}.
We have H(w) = J.°_; Hp(w).

Lemma 2.1. C,(H,,(w)) N A(D) is closed in A(D).

Proof. Let {f;};>1 be a sequence in Cy,(H,,(w)) N A(ID) such that f; — fo in A(D) as j — oco. For
each j > 1, there is g; € H,,(w) such that f; = g; 0. Since w(z)|g;(z)| < m on D for every j > 1,
by the normal family argument we may assume that g; — go € H(D) uniformly on any compact
subset of D as j — oo. Then we have gy € H,,(w) and fo = go 0 ¢, s0 fo € Cyp(Hp(w)) N A(D).
Thus we get the assertion. O

Since C,(H (w)) N A(D) is a subspace of A(D) and H(w) = ;5 Hm(w), we have the following.

Lemma 2.2. If C,(H,(w)) N A(D) contains a non-void open subset of A(D), then A(D) C
Cop(H(w)).

Proof. Take a non-void open subset U of A(D) satisfying
U C Cy(Hyp(w)) N A(D).

Fix fo € U. There is gy € H,,(w) such that fy = go o . Take f € A(D) arbitrary. We have

fo+efeU C Cy(Hp(w)) NAD)

for some € > 0. Then there is h € H,,(w) such that fy+ef = hop. Since (h— go)/c € H(w), we
have

h—go)o
™)
Thus we get the assertion. O]

By [4, Theorem 1.1], we have the following.
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Lemma 2.3. If A(D) C C,(H(w)), then ¢ € Aut (D).

Theorem 2.4. Let {¢,}n>1 be a sequence in S and {we}r>1 be a sequence of positive continuous
functions on D satisfying condition («). If

o

C UC n(@H(w)),

then . € Aut (D) for some k > 1.

Proof. We may assume that ¢,, is non-constant for every n > 1. We have

UH@w) = | Hulw).
=1

By the assumption,

U Co. (Hp(we)) N A(D).

nl,m=1

By Lemma 2.1, C,,, (H,,(we)) NA(D) is closed in A(D) for every n, ¢,m > 1. By the Baire category
theorem, C,,, (H,,(w)) N A(D) contains a non-void open subset of A(D) for some n, ¢ and m. By
Lemma 2.2, A(D) C C,,(H(w)). By Lemma 2.3, we have ¢ € Aut (D). O

For 0 < p < oo and —1 < «a < 00, the weighted Bergman space AP is the space of f € H(D)

£l = ([ 17GIP da2)) ™

dA.(2) = (a+1)(1 — |2]*)* dA(2)
(see [2, p. 2]). We have A = AP,

satisfying that

where

AP C AP i -1 <o <ap <oo

and
APt D AP if ) < py < py < 00.
Then - .
U aa=JAaY" and ) 4a=JA4%

0<p<oo (=1 —l<a<oo k=1

Hence o
U = A
0<p<oo,—1<a<oo k=1

For f € AP, we have

24a

sup (1= [22) 5[ £(2)] < 1/ < 0
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see [2, p. 53]). Set wyo(2) = (1 — [2|2)*+)/P Then AP C H(w,,) and
p, « p,

U A2 C | H(wyyen).
L.k

0<p<oo,—1<a<oco

So by Theorem 2.4, we have the following.
Corollary 2.5. Let {@,}n>1 be a sequence in S. If

AD) ¢ @c( U )

0<p<oo,—l<a<o

then ¢y € Aut (D) for some k > 1.

For 0 < p < oo, let H? be the space of functions f in H(D) satisfying that

0<r<1 21

2
i o dl
sup / |f(re)|P —= < oo.
0
The space H? is call the Hardy space. Since H? C AP, we have the following.
Corollary 2.6. Let {¢,}n>1 be a sequence in S. If

A@)c@%( U o),

0<p<oo

then ¢y € Aut (D) for some k > 1.
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C'10,1] EOENERFFERMERICDOWNT

KFTESGFEMFK  HiE/K KE (Hironao Koshimizu)

Banach-Stone OEH (1930 %) & Fi & U T, bk~ WBIZEMIC B W T E R S5
BOWERET HEEDOMIENINT S 2. £/, MM ZEE LRV EFEFEHEHRIZOVWT,
Mazur-Ulam OEH (1932 4F) 1, R ERPEFHEMGEPAETH S L 2B RXTWS. 1990 4
(2 Ellis([2]) 23BE#ER LD 2 HERUEFIRMEHRIZ O W TR > TWE D, XX LERP 2R L
DEMICEHHGHRIZOVWTHI O T WS Z kiFdrnweBbnsg. 22Tl BIXME [0,1] D
ALY TR R R D22 M B 1) 2 2R FEAILFHEMEHRIZOVWTHE R 5.

1 Banach-Stone DEIE & Mazur-Ulam D E I8

X 23237 b Hausdorff ZEfli] & U, C(X) & X EO#EBZEEE I /R D Banach Z4[H & 9
5. 7272U, JIViZsup / IV A

1flloc = sup{|f(z)| ;2 € X} (f € C(X))
THAONDS. O(X) LOESERPERMS A, XD Banach-Stone DEIIZ K > THED 1T
L5N5.

Banach-Stone OFE¥#. X % 32 /¥7 b Hausdorff ZEffl &35, ZDE &, C(X) 5
C(X) NDLHEZGLERREMHRTIX, X 226 X O EAORMER ¢ &, |w(z)| =
1(z € X) &7 %8R w2 H\WT,

(Tf)(x) =w(x)f(e(x)) (ze€X, feC(X))
Y RED,
Z DRI A FE) 01T LT, B 7 B L 0 4 e SR S B S DR S 1 A X T
W3 ([3]). 7 VL ZEREIC BT ISR SR ST O W TR R UE L7 < T

FREEDREDIN S, ZIXEFRBEMEVLIREN 28 Z e 2R ZEFBELRHELETH S, TNHIRD
Mazur-Ulam OEHTH 5.

Mazur-Ulam OFE®E. N, M % /I)VAZERE U, T % N 2o M ~NOEHNEHHEGHE
T5. Z0LE T -TOWXN»S M «@é\%ﬁ;@ﬁ%%ﬁﬁ%ﬁ%@% A

= O Mazur-Ulam O5F X 0 | S5 SHMEG 50 A E 13 2 MBS ST R T H 5 2 & D
5. TR B TEOT AT TS 2 213, RHERI SR O 2 e T 5 2 L1z
RETE 2,
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2 EHNEBRTFHERER

T, EREREEHEREERIZOWT, OX) OESERIZOVWTHIONT WS Z L 2 kR 3,

A% C(X) DBEFEHHEAZERE U, /VAIF O(X) EEUsup IV AEANDEDET S, A*
ZADHZLEMEL, 1 e X ITHUT, e, € A* & oe,(f) = f(z) (fEA) LEFETD. £/, AD
Choquet 55t Ch(A) % Ch(A) ={z € X : e, |& A* DHEAERDUGHR } LEET S,

F7z, DR D & S RBEBERIZE ENSBEBOEBOL T 2R TRk EE2 XS, EREOHE
253 x,y,2 € X WTHUT, [f(x)|#|f(y)] 2D f(2)=0 272 fe ADPFETLHLE, A%
strongly 0-separating TH 3 & W5, T Zximzd K 5 %BEHEHOH L LT, X LOBEBERP R
MHET LD 2IRZSEA2K {a2? +bz+c€ C(T) :a,b,c € C} RENDH 5.

C(X) DERIZERNC B 1 & B4 TP F B TR, RO K S IZREDIT 6N T e o nT
W3 ([7]).

EEA. A% O(X) DEZILI 221, strongly O-separating £ 35. TD&E, AND
ANDRFERICERH S T 1%, Ch(A) DB DHES K & Ch(A) 225 Ch(A) D
EANDOFEMEER ¢ & |w(z)] =1 (z € Ch(A)) & 725 HEfiBIE w 2 AW T,

w(@)f(p(r))  weK

o C(X
w@ie@)  secnanrg TN

(Tf)(x) = {

Y H#HE D,
$7-, Ch(O(X)) = X 05, FH AL VRA B ICHAND,

FB. C(X) 05 C(X) ~NDEHFEMLERMEMT 13, X OF»POHEE K & X 25
XD E~NOFAMES ¢ & |wx)| =1(x € X) & 7225 Hi5ERBHK w %2 HWT,

w(x)f(p(r))  zeK

e C(X
@@ sexvx 0N

(Tf)(x) = {

LERED.

ST, RIF BN 7 BR[O R EMLERM GG 2 e T MEEZEZ 5. (FED /LA
ZZME C(X) OMRZEME UTHOAL I LA TH DD T, €M A IZEEMEGEIET S
ETRIEEZENTHEZ D00 5.

2T, BAKHE [0,1] R rlgeBB AR OES CH0, 1) IZD2WTEZS. CH0,1] 1
0,1] DEFRTOM - A AT —FRICB U TRIBZERMIZ AR 5. B2 C10,1] 121X, / VAW D
MEZSNDED, ZITIRIRODA4DOD /) VLAERD BT 5.

[flle = sup{|f ()] + [/ (2)] - = € [0, 1]}
11l = 1flloo + 11/l

[flle = 17O+ 1Moo

[ fllm = max {| FO), [[f'lloc }

(f eC'o,1])
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IN6DINVLZET S CH0, 1| Lo EEGIEEEMESRIZHS N >TWw5 ([1, 4, 10,
5,6]). —J5, B EMLEFHEMGHRDOIZITRD & 512725 (]9]).

FEC. T % (CH0,1], | - lo) 25 (CH0,1], || - [|o) ~DEH EMICSIREE 4 % 7213
(CHO,10, || - Ig) 25 (CHO, 1L, || - ||s) ~NDOEEEMEEFHR#HEGHLETE. Z0L &,
AN =1,R25EHNZHNT,

(Tf)(x) =Af(z) (v€[0,1],f € C0,1])

A~
(Tf)(x) = f(1-=) (zel0,1],feC0,1])
A
(Tf)(x) =Af(z) (z€[0,1], feC'0,1])
EA S
(Tf)(x) = f(1-=) (zel0,1],feC0,1])
ERES.

%7, LROTHC OIS EERHETAZ b2 O(X) LEREAMTHE L LA B &F
FIL T, IODEELASE D 20 2 & Do 7= (|| - [ 12DV T I [8] % BI).

EE 1. T % (CUO | - |ls) 225 (CH0, 1], || - |lo) D25 FERRIEE Pl 54 ¥ 72 1%
(CYHO, L, || - [lw) 225 (CH0,1], | - [lm) ~NDEFERLEIEMEHRETE. DL &,
0,1] 725 [0,1] D EANDOFEMES o & |wt)] = 1(t € [0,1]) & 722 #i5ERH w &
N =1 &R2EBNZHNWT,

(T'f)(x) = Af(0) +/Oww(t)f'(<ﬁ(t))dt (t€[0,1], f € C*[0,1))

F7-13

(TN =30+ [ wOf @)t (e 015 e )
EQAA

THa) = MO+ [ @I (@€ [0.1].f € C.1)
F7-13

(THa) =3O + [ w@F G dt (o€ [0.1].f € €', 1)
LRES.
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BAMTEN—FT 1 —EEOEEERAFRICDOWVT

FLIRFHE SF 7R = B (Shuhei Kuwahara)

H?(D?) % bidisk FOEAFEN—T ¢ —2ZEfl] &35, BARMGIE U TIE Bergman space X Dirich-
let space SN H 1 6N 5, EARMIZIE, bidisk DT BIZL

f(z’ w) = Z a(nl,ng)znlwn2

«

T, /IVLDPROXNTEZAEDDELEEZ WD,

If1I” = Z Wny n2) | @(n1 ) |

(n1,n2)

WEEDBEIBIRM R R ITEWTIE, DIFEAEHZE Mo & My, Dl 5D Reducing subspaces %
ETBEWVWIEEEIZDOWTHBEEL 7,

1 My &M, D Reducing Subspaces

—#%iZ, Hilbert Z2[H] H EDIEHR T LMD ER MIZH LT, MDBT TARETH D LI
TMCMTHBILZEND, £72, MWBT D reducing subspace TH 5 & 1%, M WP T THREMN
DT* TARETHDZ L%\,

2002 4E D Stessin & Zhu DFR>C [6] Tl&, Hilbert 22 & U T, BN EOMENBEIE f(2) =
Yo a2 T

e}

AP =D lanl*wn < o0
n=0
{if§ 7= 3 E AL E Hardy 22/ H2(D) IZDWTHEZHELTWSH, ZIZT{w,} FEEFITH D, FEFERE
BAZ LB EMERZEM, PERIZRE2E5ICHONPUHOEELTHEL, 6122 2T, FEHE
U-HRBN > 11/ LT, 0<mn<N—-1H

Wm+kN ” WntkN For Yk > 0 (1)

Wm Wn

2728 KO REAEEZ D, HIZIE, w, =n+1&BIFIE, Dirichlet ZHTH D, w, = (n+1)7!
LB, Bergman ZZHTHY, TOFMERT, B 1IZ[6] DFRTH 5,
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EH 1. T = MY @ minimal reducing subspace I,
X, = Span{z"™": £ =0,1,2,...} (n=0,1,2,...,N —1)

THZbHN%B, TITSpan i closed linear span DEKT#H %, 7z, reducing subspace I&
X, DEMICE > TERMEINS,

HADEM (1) 272 T 2\0WE 1L, minimal reducing subspace DM EEUZF/E L, reducing sub-
space ZZNSDEFTEPND Z LD >TW5S [6]

HARBN, > 1,N, > 1 Z2[EET %, WEFEEDORE T, HBEREK 2, w O ITREMEME M., M,
RLUT, S = MM S, = MY O reducing subspace DIREIZDWTH X7z, £9, LEEFHD
L)

I={(an,02);0< a3 <Ny —1,0<ay <Ny —1}

EEZ5, ZOEGICAMBBEGR~ %, (mi,ms) ~ (n,ny) <

Wmy+k1 N1 mat+kaNa  Wni+ki N1 not+kaNo fO’f’ Vkl kg —0.1.2
— ) - ) =y <y

Wmy mg Wny ngy

TEHRTE S, ZORMERERIZED I ZRMEFICOETE 5,
ZIHA p(z,w) = Z Ular,a0)2 " W2 Y transparent TH 2 1%, 0 TEVERE apny my), Anyng)

(a1,00)€T
&:OL\T, (ml,mg) ~ (nl,ng) 75)5/%0 EZO:_ K’Eb‘i;

& 2. ZIERA p(z,w) D transparent & 5(1E, p ZEFL &/ D reducing subspaceX), I
Span{p(z, w) N w2 N2 k) Ry =0,1,2,.. .}

‘:_ﬁj- éo

#3%8 3. X % reducing subspace & § %, X DIt g(z,w) ICDWT, ¢l@122)(0,0) # 0 %iHE
T HEH (a1, a0) TRDMDED%ZE (my,ms) &T 5, IBIERE

sup{Ref™)(0,0); f € X, || f|| <1}

E—BMzt5, TOMIZENG(z,w) =), talz,w)* TH 5B,

P8 4. X % reducing subspace &9 %, @ 3 ICH T ZIBEBEDAE L transparent TdH
%o

@ 5. ZIEN p 1" transparent TH Y, reducing subspaceY DY C X, #7945 1T,
Y ={0} ¥l Y =X, TH5,
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EIH 6. reducing subspace I& N\ N, &z #8 A 72\ transparent QR ZSIHEANSEK I N B,

(GEFHOMEIK) X % reducing subspace &3 5%, 3 & 0, WEREOM G PFEET 5, fE 4
IZ& D, G X transparent TH 5, G THEK I N5 reducing subspace X (& 5 12 X U, minimal
TH b, F7z7% reducing subspaceX © Xg #F 25, Iz X; 25K, X DIt g(z,w) T2V
T, ¢@22)(0,0) # 0 2L T 2 (a1, a0) THRAADHDZE (my,my) £ T 5, zMuw™ 1 X D
TLTHBN, X = XOXgDILTRWILIZERET S, X, = X6 Xg DIt g(z,w) IZ2WVWT,
gl@122)(0,0) # 0 & T 28 (o1, an) TRANDEDZE (m),mb) L L7z& &, (my,my) < (m},m})
THdHI W5, T X, DIMEIEZE Z, D% G, &35, £ LT, #7274 reducing
subspaceX; = X © X, 25 A5, TDXDIT EMEDME CTHL X 115 reducing subspace D
B2 E B 2 HHE] ZERMZEHD {0} 12705 £ TV RS, MEREO D

G(z,w) = Z Ao (2, w)"

ael
DIEDZHATH Y,
I'={(a1,a2);0<a; <Ny —1,0<ay < Np— 1}
ThodIehs, Z0 HEE] NN, BIZBRBNI ERnh5, {£oTXIE
X = ®&{X¢|G & transparent 722 A }

LI T ENTES,

2 NWHXOMNMIEERR

WEFIX1IZDOFEZFHEAL T, My,v D Reducing Subspace ZRE L7z, ZDfERIE, 5w
[4],p] \ZBE L, &0 MR LT DL HDTH B,

EE 7. (1) M,v,v D reducing subspaces |& minimal reducing subspaceX, & &#, Z I T,
p(z,w) FEAIZET 5 H 5 5% i 72§ BIE (transparent function) TH D, Z DR E Z DEH
RIZE->TERIN LA ERZ X, T 5,

(2)Reducing subspaceX % minimal T % S+ 43 54 1d transparent function
p(z,w) EEL, X =X, L7252 TH5,

Zhu 1% 2000 FE DG [7] T, 128D Bergman EFIZEWT, NI EMEHFE M, 12DV THI%E
U7z,
R 8. (1) NI BEAEMAFE M.2 D minimal reducing subspace (3ARBED 72321 & AR D 729
EETH 5,
(2) I BEIEHE M, LW FHR T X, ROETEZ SN S,

Yo
Tf = gefe + ;fo
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ZIT, f. & f,3ENTIEREBRE GBEBTHY, f=f.+ [, ThHb,

2 258D Bergman spaceA?(D?) 1%, M., ® reducing subspace[l], [z —w] (ZNolEEFNEN,
ERBER L, Bz —w & My, TERINDIEETHS,) IZHEINs, T5IZINSIEFTN
TN, ZRAN SR 5 2EMTH S,
a9, A2(D?) LOEMFET ¥ My, & ME,, OW S EAHTH 5 7-DDBE+F5M4IT,

Ja

Z—w

LB ETHB, TIZT, f=fot fufo €[], [0 €z —w] TH 3,

Tf=TQ1)  fo+T(z—w)

A [T & E, FEEITIE, AZ(D?) LOEHET P M., & MY, OW G LA #THLEHD
FEFBUAROER C? LA TH L Z LA LNT VWD,

S 3R

[1] H. Dan and H. Huang, Multiplication operators defined by a class of polynomials on L2(D?),
Integr. Equ. Oper. Theory, 80(2014), 581-601

[2] S. Kuwahara, Reducing subspaces of weighted Hardy spaces on polydisks, Nihonkai Math J.
25(2014), 77-83

[3] S. Kuwahara, Reducing subspaces of multiplication operators on weighted Hardy spaces over
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MBBDNSIWD v A4 OFFICDWT

iR BRI R e — (Keiichi Watanabe)

Abstract. AEA S AR DAERR Bol loop 1% 1978 ZEF TIZIREINT WA, £72, A. A. Ungar
D gyrogroup & A, Y% H D left Bol loop <‘: [FfETH 5. 50, AR Bol loop D ADHEmITH
W9, magma DJHFEIR L gyrogroup Dkl & 0, fiEH 8 AR D gyrogroup DRIE % fEFR L 7=.

EE. BTRVEAGLYEHRGxGE3 (a,b)—a-be GO (G, ) % magma &\ 5.
. (G,-) Zmagma T3 Fo:G—oGH(G,) DHCRETH S &I,

(1) ®HHT

(2) ¢(a-b) = ¢(a)-p(b) (a,beq).

(G,-) DHOARMDO2AKZ Aut(G, ) & ET.
EFK. magma (G, ®) D gyrogroup TH S &Ik
(Gl) 0@ st. 0®a=a®d0=a (Ya€q)
(G2) Yae GIoaeG st. (Ga)da=a® (©a)=0
(G3) 3Jlgyr[a,blc€ G s.t. a® (bDc) = (a D b) ® gyra, bc
(G4) gyr[a,b] € Aut(G, ®)
(G5)  gyrla,b] = gyrla ® b, 0]
Mabce GIZHLUTHiZINEILTHS.

(G4) FFEL <L, a,be GITH LT
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(1) G 3 cr gyrfa,blc € G 1 1% 1, onto

(2) gyrla,bl(c ®d) = gyr|a, blc ® gyr[a,bld (c,d € G).

gyrogroup (G,®) 2’ gyrocommutative T % & I3,
(G6) a®b=gyr[a,b|(b® a)
Na,be GIZNLTiINdIeThH5.
.
(1) Einstein gyrogroup
(2) Mobius gyrogroup

(3) unital C*-algebra A O ED AW LLk AT

EFE. magma (G,-) D' loop TH D &I, M7 INEZ L E2 NS
(1) Btz d b,
(2) Va,b € GIZx LT 22D AR
a-x=>0, y-a=1~o

MENETNME— D 2,y e G 2HD.

EIE. gyrogroup I& loop TH 5.

a®xr=0>b, yda=>
DH—DIREIZZNTN

T =6adb, y =0bO gyr[b,ala
THZ oM 5. FEHIE Ungar DA [U] O 2 EE I N0,

%. (cancellations)

adb=adc = b=c

a®c=bdc = a=0b
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2 gyrogroup D 1JTTAEKT %K EEf
ZNF[U]DE2FTICENTH LI LRGN NL. £ [SWIZHERoN TS,
Y v A OFEGTERT (G3) & cancellation & D
0@ (a®b) = (0®a)®gyr|0,alb
a®b=adgyr[0,alb
b= gyr[0, alb.
Ev—7MED
-+ = gyr[©a, a] = gyr[0,a] = I = gyr[a,a] = gyrla® a,a] = - --
MEDILD. 22T I IBEEFEGHRTHS. ae G Z2EREDITRET DL
a®(a®a)=(a®a)®gyrlaaa=(a®a)®a.

FRRIZUT a® - Do IFHEDIEFIZESRWI EDFPD na (n€Z) WEHRI N, IRDWT
Nh—HREINEE 5.

(1) 0, a, 2a, 3a, --- DT RTHIHELR S

(2) na=0LBBHRBn DD 5

(2) DG, TD XS BRBR/NDOARE n % a DR EIFR. ZD L&
0,a,2a,--,(n—1a
FHEWIMELRS. 5D ULDOFERTIRDRGN5S.

. {na;n € Z} \ZKMEBE. gyr[na,ma] =1 (n,m € Z).

3 gyrogroup & HBFED loop DR, £7= Lagrange D EE

gyrogroup & A, Y% £ D left Bol loop TH 5. TN [UDFE2FHIZENTHE I LN ORBHIT
M5, FDOHEROD DI EDRHONT VS, WAWALRXHIZEWT, D FEMEM: I [SSS] 12
£BLINTVWED, loop KD DRBTELNTWD7200, (U] ZHANTDILGPSIE5 50
RITWVEIFWVWARW. [A] DFELRIFH D X3 < | gyrocommutative gyrogroup & K-loop O [RIfEME
WZDOWTIRART WA D, £ D6 gyrocommutative LR SR WEHEZELL Z L IIBRATHS. Z
CTIEFERZ T 2R FEMIZENE T 5.
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fPRE. gyrogroup % left Bol loop TH 5. T742b0H

ad(b®(adc)=(ad(b®a)®c (a,bceq)

NI ARVASS
fiRl. gyrogroup (& Agi-loop THD. I78bb N\ (r)=adz &TDH&
Aa@b_l/\a)\b

NG OHARME RS,
. (Sabinin, Sabinina, Sbitneva. £7, Abe.) gyrogroup THd It & A, %EH D left
Bol loop TH 5 Z & IX[FMHE.
E%&. (G,®) % gyrogroup £ 5. G D H 7 subgyrogroup TH 5 & I3,
(1) a,beH = a®beH
(2) a€eH = ©aeH
EH. (Suksumran and Wiboonton) (G,®) ZEREDIGH 5725 gyrogroup &9 5. H A
G @ subgyrogroup 72 6 X, |H| I |G| &b )5,
EE. AES D loop THEL 2 D subloop 2H2H DHBFEET 5.
*. G DER gyrogroup T a € G 261K, a DAEIL |G| 2H 0 E]5.

%. (Burn) G 77 gyrogroup T |G| WEER 51X, G 1FK[EIEE.

4 (MEHDSLLTD gyrogroup MREICDWT

|G| =2, 3,5, 772 5 XK EHED A
\G]:47§266i043202><02

|G| =8 7% ‘561, ﬂ;‘éci Og, 04 X CQ, 02 X CQ X 02, :Eﬁ:ﬁ Dg tmﬁﬁﬁ Qg TH D, ﬁftﬁ\l\
gyrogroup ISR DEMDIE D .

EHE. (Burn) {8 ® gyrogroup THETZHRWVWHDDFEBEHIIS &5 L6 DThHhS. HIRHIZIX
IS NO) Hl ~ HG-
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H ] (gyrocommutative TZ&WY)

’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b‘?a@b‘i’)a@b‘
a 2a 3a b a®b |2aB0|3adb
a a 2a 3a 0 a®b |2aB0|3adb b
2a 2a 3a 0 a 20 b | 3a®db b a®b
3a 3a 0 a 2a | 3aDb b a®b |2a®b
b b a®b |2a®db|3adb| 2a 3a 0 a
a®b | adb b 3a®b|2adb| 3a 2a a 0
200 b | 2abb | 3aBb b a®b 0 a 2a 3a
3aBb||3adb|2aDb| adb b a 0 3a 2a

’ a:H a ‘2&‘3@‘6‘ a®b ‘Zaeéb‘?)a@b‘
’7‘513’“3&‘2&‘ a ‘b‘Sa@b‘Qa@b‘ aEBb‘

H ) (gyrocommutative)

| Il 0 [ a | 2a | 3¢ | b |[a®b|2a®b|[3am0]
0 a 2a 3a b a®b [2aDb|3adb
a a 2a 3a 0 a®b |2aB0|3adb b
2a 2a 3a 0 a 20D b | 3a®db b a®b
3a 3a 0 a 2a | 3a Db b a®b |2adb
b b a®b |2a®db|3adb| 2a 3a 0 a
a®b | adb b 3aPb|2a®b a 0 3a 2a
20D b (| 2aBb | 3adb b a®b 0 a 2a 3a
3aBb||3adb|2aDb| adb b 3a 2a a 0

’xHa‘Za‘Ba‘ b ‘a@b‘?a@b‘i&a@b‘
’7’1‘“3&‘2&‘&‘2&@[)‘&@[)‘ b ‘3@@1)‘

H 3 (gyrocommutative)

| Il 0 [ a | 20 | 3¢ | b |a®b|2®b][3am0]
a 2a 3a b a®b |[2a®b|3a®b
a a 2a 3a 0 a®b |2aB0|3adb b
2a 2a 3a 0 a 200 b | 3a®d b b a®b
3a 3a 0 a 2a | 3a Db b a®b |2aDb
b b 3a®b|2aBb| adb 2a a 0 3a
a®b | adb b 3aPb|2adb a 0 3a 2a
20D b || 2aPb| a®b b 3a®b 0 3a 2a a
3a®b||3a®b|2aDb| adb b 3a 2a a 0
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’xHa‘Qa‘?)a‘ b ‘a@b‘Za@b‘i’)a@b‘
2a‘3a‘2a@b‘3a@b‘ b ‘a@b‘

\]
8
Q

H 4 (gyrocommutative TZ&WY)

’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b‘?a@b‘?)a@b‘
0 0 a 2a 3a b a®b |2aDb|3adb
a a 2a 3a 0 a®b |[2a®b|3adb b
2a 2a 3a 0 a 20Pb | 3aPdb b a®b
3a 3a 0 a 2a | 3adb b a®b |2a®0b
b b a®b |2a8b|3adb 0 a 2a 3a
a®b || a®b [2a®db|3aDb b 3a 0 a 2a
200 b || 2adb | 3a B b b a®b 2a 3a 0 a
3a®b||3adb b a®b |2adb a 2a 3a 0

’xHa‘Qa‘?)a‘ b ‘a@b‘Qa@b‘Z’)a@b‘
’TIIJHCL‘QCL‘?)CL‘QCL@()‘SCL@()‘ b ‘a@b‘

H5 (Zassenhaus’ loop. gyrocommutative T7/R\))

’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b‘?a@b‘i’)a@b‘
a 2a 3a b a®b |2aB0|3adb
a a 2a 3a 0 a®b |[2aBb|3adb b
2a 2a 3a 0 a 2B b | 3adb b a®b
3a 3a 0 a 2a | 3adb b a®b |2a®b
b b a®b |2a®db|3adb 0 a 2a 3a
a®b | adb b 3aPb|2a®b a 0 3a 2a
200 b | 2abb | 3aBb b a®b 2a 3a 0 a
3a®Bb||3a®b|2aDb| adb b 3a 2a a 0

’ mH a ‘2&‘3@‘()‘ a®b ‘2(1@()‘3@@[)‘
’T:IZ‘H?)(Z‘QCL‘ a ‘b‘3a@b‘2a€9b‘ a@b‘
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H6 b kit (Robinson’s loop. gyrocommutative)

’ H 0 ‘ a ‘ b ‘a@b‘ c ‘a@c‘ d ‘ e ‘

0 0 a b la®db| ¢ |adc| d e
a a 0 a®b b adbc| c e d

b b c 0 e a d |a®c|ladb

a®blladbd b a 0 d e c adc
c c adec d 0 a |a®Pb b
adcllabec|ladb| d a e 0 b c
d d e |la®dc| ¢ |adb| b a
e d c |ladc| b a®b| a 0

’xHa‘b‘a@b‘ c ‘a@c‘d‘e‘
‘b‘ c ‘a@b‘a@c‘d‘a‘

2
8
[

ZIZT, 7ORIFHHTHZWY vy Mo HARRZRLTWS. TNEN1DETENS. EDx,y
XU T gyr[e, y] DX 72782 0FEMET 5.

A, EFED ITHEHBEZFART I NS DRPAE 8 D gyrogroup ZEH DT &, ED 2 DL AT
HBHERET D EFEPEPNDZ &, £z, HARZHANRS LTINS AL E DO PSMIAL
8 D gyrogroup M7V & 2R U7z, TD X D REZE, BAWHEY 7 VE2HWAZ N TE
WX, Y KREVAEE CHBAZIZRINTUES ZLICERLEZAPRVWE S THS.

FEHH ORI, (G, @) B 8MEDILN 67425 LIRET S, 2, 3D en s, EDOTLOAEH 8D
. N8 DILAE U IUTKEHER D T, BALTN DT DML 2 004 & LT X\, g4
DIt a D554, 0,a,2a,3a (FENVZERRD  BIOTOOEDEHETEH. ZDEE

G ={0,a,2a,3a,b,a ®b,2a & b,3a ® b}

ELTEWZE, b LTHDIBZDIELaDb,2aDb,3aDbEVDITE bDal L THD DB
DIZa®b,2a®b,3a®b &> LEN cancellations 5005, HlZIXOh =2aPbB LV
ba=adbDHEDHERIZ

| Il 0 [ a | 20 | 3¢ | b |a®b|2®b][3am0]
0 a 2a 3a b a®b |[2a®b|3a®b

a a 2a 3a 0 a®b |2aB0|3adb b
2a 2a 3a 0 a 200 b | 3a® b b a®b
3a 3a 0 a 2a | 3a Db b a®b |2aDb
b b a®b 0

a®b | adb

20D b || 2ap b 0

3a®b|3adb

20



loop DT, E¥DItH E4T, BINI—ET OEHNDE Z LIZIHFEREL, HD S BREITRTRDS.
D& E, gyrogroup iZ8 > TWBEWIIREZMHE ST, HD ABRVWRELREINS FWEETRDIT
TTS. o 7-2KD gyrogroup DEHEZTGZUTWAMNE I NF v 7T 5. filzLTWBHRIZ
DWCTRMME S DEHET 5. DR = HIETIIROK D AADIRIELS, B Z 0 DS D 7
DO 2 DGEIFFERE UCTHBARRN 2 SABENT, FREEL -

AR |G =46 D5ED, FROGIET, IREZHER L7z, 2o DBE, gyrogroup 3L 72 5.

Burn DX & Z DIE DK & DEARK

[B, Theorem 6] @ II;

(1)

(1234)(5678)

(13)(24)(57)(68)

(1432)(5876)

(1537)(2648)

(1638)(2547)

(1735)(2846)

(1836)(2745)

1%, HREK
| o [ e [ a | e[ o[ a]al]as]

a a Qa9 as ay as (075 ay as
Qa9 Qa9 as Qa4 ai ag ay as as
as as ay aq ao ar ag as ag
ay ay aq as as as as ag ar
as as ag ay as as ay aq ao
Qg Qg as as ay Qg as (05} aq
(074 (074 as Qs Qag ai a9 as a4
as as ar Qg as as ai (07 as

DRETHY, XF ar,- - ,ag ZNEIZ
0, a, 2a, 3a, b, a® b, 2a B b, 3a B b

BEMMZ L BAR=VRIO I, DFRE BT 5. I, 26 11, © FHEE.
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KIUIRLRZDFBL L WS H% O & DR, [B, Theorem 6] D g

(1)

(12)(34)(56)(78)

(13)(25)(47)(68)

(14)(23)(58)(67)

(15)(26)(37)(48)

(16)(24)(38)(57)

(17)(28)(35)(46)

(18)(27)(36)(45)

&, AL
’ H ay as as ay as ‘ ag as ‘ as ‘

ay ay as as ay as ag ar as
as as a; ay as ag as as ar
as as as ax ar as as ay ag
ay ay as as ay as ar ag as
as as ag ar as a as as ay
ag ag ay as as ar ax as as
az as as as ag as ay ay as
as as ar ag as ay as a2 ay

DRI ZOHET8F%E ANEZ, ZTOMED IR S 20072 ANFER B LIR%E2155.

|

[ ar | & [ a [ a [ a5 [ a | as [ ar |
aq aq a9 as Qg as Qg as ay
az az ay aq as ag as ar as
as as as ap ay as as ag ay
Q4 Q4 as a9 aq as ay as Qg
as as Qg ay as aq a9 ay as
Qg Qg ay as (45} ay aq as as
as as ay Qg as Q4 as a (05}
ar ar as as a6 as a4 G2 a1

B'C'? ay, -+ ,06, 08, a7 75:1"5\6:

0,a,b,adb, c,adc, d e
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TESHMZ DL, BR=UHID I & HEMZREDDR

’ H 0 ‘ a ‘ b ‘a@b‘ c ‘a@c‘ d ‘ e ‘
0 0 a b |a®b| ¢ |adc| d e
a a 0 |a®db| b |a®dc| ¢ e d
b b c 0 e a d |adc|ladb
a®blladb| b a 0 d e c |adc
c c |adbc d 0 a |adb| b
adclladeladb| d a e 0 b c
d d e |ladc| ¢ |adb| b a
e d c |a®c| b |adb 0
LT 5. ZD loop DFEELIZ
(1)
(12)(34)(56)(78)
(13)(25)(48)(67)
(14)(23)(57)(68)
(15)(26)(38)(47)
(16)(24)(37)(58)
(17)(28)(36)(45)
(18)(27)(35)(46)
TH5.

N

¥E. [B] Tl loop (L,-) ¥ Bol TH 5 &%
((a-b)-c)-b=a-((b-c)-b) (a,bc€L)
R L EHLT WA, ZHIE [K] T right Bol IFIENTH Y,
axb=b-a
\Z & - T right Bol loop (L,+) & left Bol loop (L, *) i% dual ORERIZH 5.

FR. AELS D left Bol loop ¥ RT A, MEE2E DL WS ZEWHPETRVWETIIX, “A, %
% D left Bol loop & gyrogroup IE[FfE” &5 Z & & [B] &2 508 8 D gyrogroup DIREHE
BIZHED DI TR,

23



5 gyrogroup DEHEKREEHDEERDIELUMICOWVWT
SEZEFTIZREKL THL.

Dg
| Il 0 [ a | 2a | 3a | b |aeb|[2a®b|[3aab]
a 2a 3a b a®b [2aBb|3adb
a a 2a 3a 0 a®b |2aB0|3adb b
2a 2a 3a 0 a 200 b | 3a®db b a®b
3a 3a 0 a 2a | 3a Db b a®b |2a®Db
b b 3a®b|2aBb| adb 0 3a 2a a
a®b | adb b 3a®b|2a®b a 0 3a 2a
200 b (| 2aPb| a®b b 3a®b| 2a a 0 3a
3a®b||3a®b|2aDb| adb b 3a 2a a 0
I & [A]
’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b ‘Qa@b‘&z@b‘
a 2a 3a b a®b |[2aBb|3adb
a a 2a 3a 0 a®b |2a®b|3aDb b
2a 2a 3a 0 a 20Pb | 3adb b a®b
3a 3a 0 a 2a | 3adb b a®b |2a®0b
b b 3aBb|2aBb| adb 0 3a 2a a
a®b || ad®b b 3a®b|2adb| 3a 2a a 0
20D b || 2aDb| adb b 3a®b| 2a a 0 3a
3a®b||3a®b|2aDb| adb b a 0 3a 2a
Qs
’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b ‘2(1@6‘3@@()‘
a 2a 3a b a®b |2aB0|3adb
a a 2a 3a 0 a®b |2aB0|3adb b
2a 2a 3a 0 a 20D b | 3a®db b a®b
3a 3a 0 a 2a | 3adb b a®b |2a®0b
b b 3a®b|2a®b| adb 2a a 0 3a
a®b | adb b 3a®b|2a®b| 3a 2a a
20 b ||2adBb| adb b 3a®b 0 3a 2a a
3aBb||3adb|2aDb| adb b a 0 3a 2a

o4



C4><CQ

’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b‘?a@b‘iﬁa@b‘
a 2a 3a b a®b |[2aBb|3adb
a a 2a 3a 0 a®b |[2a®b|3adb b
2a 2a 3a 0 a 20D b | 3adb b a®b
3a 3a 0 a 2a | 3adb b a®b |2a®0b
b b a®b |2a8b|3adb 0 a 2a 3a
a®b || a®b [2adb|3aDb b a 2a 3a
20D b || 2adb | 3adb b a®b 2a 3a 0 a
3a®b||3adb b a®b |2a®db| 3a 0 a 2a
114
’ H 0 ‘ a ‘ 2a ‘ 3a ‘ b ‘a@b‘?a@b‘i’)a@b‘
a 2a 3a b a®b |2aBb|3adb
a a 2a 3a 0 a®b |2aBb|3adb b
2a 2a 3a 0 a 2P b | 3adb b a®b
3a 3a 0 a 2a | 3adb b a®b |2a®b
b b a®b |2a®db|3adb 0 a 2a 3a
a®b || a®b [2a®db|3aDb b 3a 0 a 2a
200 b || 2abb | 3aBb b a®b 2a 3a 0 a
3a®b||3adb b a®b |2adb a 2a 3a 0
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Banach StoneE DWW < DHDEHE

iR RFHFEE =Ji%% (Takeshi Miura)
FURKFZREYE R )N —7%  (Kazuhiro Kawamura)

Compact Hausdorff ZE[H] X (272U T, X EO#EEKMHEER B2 AKIZ sup norm 2 W7z
Banach ZE[f] % C(X) T, il Banach-Stone DEHIE, C(X) LOEEOEZHRIL2HEE
BT C(X) = C(X)IXROFIZRED I L2 FERKT 5 -

Tf(r) =az)- flp(z)), z€ X, felC(X) (

1)
ZZTo: X - X IFMHANER, o: X - Cldalz) =1 2wz ERERTHE. ZOE
MORA BT 7V LT—=2a DI BLARETIOES DILATD2DOTH 5.

(a) BRI & I 5 7S E 5RO —
(b) R & I 5 7\ NER TR D —

9 (a) IZD2WT 1 Mazur-Ulam OEH 5] 12 & > T, @FEREGHRT : C(X) - C(Y) D 0% 0
ICERE, TIRERIE TR NIER 5 2\ B T & 5 HEFRMIE T 7\ [ BG4 0 SR 34
FIGEHETH S I e 2H 2N, SEMPERGBR T I3 BRITROPTH 5 Z e ifFEn 5.

Tf(x) = alz)- flelr) &
= a@)- fle(e), zeX, feCX), (2)
I$ g DERILEZE LT

g

RIZ (D) IZDNWT: FREB/RT : C(X) - RanT C O(X) IZ72WLUTHERT ! : Ran T — C(X)
NOX) DEAEMTERINLI TCVAEHAZTH S I L 2H]ET L2, C(X) DEHEM A LT
EZRI N, WM B EANOERNERGHRT : A - BE2EALZLRHERTHAS. 2O
HETERD DI ZE72DITIE, AL BB TR SADBEEEE I L 2RET 2 HED
HD. TDIHLNTEZ D722 ENIIHIT (1) €8 Z & A& (i) KZEROMEED 2 K20 #d 5,
ERET D, ZORED N TR S NS FEMEES (1) 2K IZRZER O MHEF TERS N
2HEDTHAS. 5 DXARTIX Choquet boundary BELRI NS Z L AL\,

77.@
— —

B EDFHIEEDS (a) B (b) ZabEEBEL LT

(x) T :A — Bl¥compact Hausdorff 22l X, Y 1272\ 9 % C(X),C(Y) D453 Z22 /]
AcCC(X), BCcCY) DEDEMEEHNERTH, 72720 A B lFETnZT ez
GH XY DIEED 2 5% n#Ed 5,

o6



A,

Choquet boundary ChB 7*5 ChA ~NOAMHEEER o : ChB — ChA &A%
a:ChB = CTla(z)| =1 %2723 D0NFHELT

Tf(z) =a(x)-[f(e())], z€ChB, feA, ¢==£l,
272U gt =g, g =g, LHODLES
EPRT L eNEREEDNS.

UL UADPS EOFPRIT—MIZIEL <\, FRDESL U2\l % BRI SRR U 72 DA [3]
TH5. Mo lFERBOEN LORAM T ETEER S N/ ERBRE L IR DO RIRD 7503 22 A
2EZ, ZTD EOERERNBRERERIET : A — AT? =id 2 EF/ U 72 [4) 15X 5121 A THAR

SERZMT (2) DRIZRER VI DR D AT HZ2EM X &, BICTOMMENIEY—-S %28
A, X HIZFEBEROEEKE SIZHIRT 5 20— kBB TH B, Z %R Uz, KD Banach
Stone B @ FRIL BRI OB I OHIR 2R L 72 ECHEEZMZ (1) O TRED T 5 £ O2F
EAETHS7=DIZHUT, (1) BB Wi (2) DIIZRE LR WEREGGZ FEBHKIZIND EiFTED
&5 R EHEHRT HEBEMOEZMO bR V=27 (3], [4] &, #F LW 2 H
AR THDENS ZENTE S,

AR CHET MR (2) 1X[3], [4 THRONEZTA T T 2HRRILTHREIEZHEDTHS. £
TEHEELMO KL EEMO b Ra Y —, K2 T OAAHKN 3 ¥ — OFFELE, 1FIRD & 5 12—k X
ns

EE 1 (%) DFED T, #EfiBEM o : Ch(B) = T, e: Ch(B) = {—1,1} U T2 FT L5
FAET 5.

(a) % e Tz LT, WHIAEGH oy : Ch(B) — Ch(A) BFAE LIRE 723
(a.1) ZFXETIZIZWLT ¢\ = py.
(a.2) %y € Ch(B)IZ72\WL T, IRDWT N D LD :
(a.2.1) Z A, €TIZHUT, o) (y) =on(y), HDWVIX
(a22) /\1 7é /\2 7& —)\1 73:5'{1‘%?@ )\1,)\2 eT c:;ﬁl‘bf QO)q(y) 7£ 90)\2(y>
(c) % [ € AT UTRMKD LD : D y € Ch(B) LAEED A e T IZH LT

A 2e()

- F19) ~ Fe) + 51 o) + Fal)}

flea(y)) =
(d) FREB TIFLTOXSIZERES RO fe A LERDy e Ch(B) IZXH LT

Tf(y) = R(a)f(e1y)) + ic(@)S(ay) f(eiy)))-

57



WEP=T/(A~-)) B EPIETEHEMET, FMHEEHIE
P — T; [\ — \?

L&k o THERAONS. 4282 TOMMKIY — S, (a.2.2) 23 H5 ye ChBIZXH LT
S={o(y) | NeT}iZ&oTHEZOLNS. SEPLA—-HTHILTSDRENTA—XNZ
o ThobEIE, EBD (c) ZEEK f c ADCADHIR FICHNDO—IRRTHBZ L E2BAX
TW5.

W2 EORRRFAMHEBRDIE (poa)rer WHAONT L &, BAKEME 20 LOEFEREAHEZEHRT S
ZEMTED. #ERZRBRE7-2DIZROPDOEFTEZHEN TS, X £ Y % compact Hausdorff 2],
0:TxY = X 225EHEHBT oy =0\, ) Y = X (Lo TEBINDEHLEN U TR DM %
W73 &9 5,

(F1) & o) IXFEHEBLRT, BZAXeTITHLUT o = o\ WD IID.
(F2) &y € Y IZH U TIRDWTNDPAE D LD

(F2.1) FEED A, A € TIZH U T oy, (y) = pr,(y), F72iE
(F2,2) M\ # Ay # =M BBEED A, Ay € TIZXHU T oy, (y) # o ()

LEDIRED T T

F = {yeY | p\(y) =pxr(y) for each A\;, Ay € T}
U = {yeY | pr(y) # @ry foreach A, Ay € T with Ay # Ay # —\i}

EBL.Y=FUU, FNU=0 P2 F XY OFEETH LI LIZIHEET 5. o IZAMESRZH
DGR a, b IR ZHT2T L DI EINET 5:

(F3) FED AT EEEDy e Y IZXH U T aler(y)) = A 2Wa(p(y)),
(F4) FED ye F LEBO N e TIZH LT a(er(y)) =0, 2D
(F5) (EED ye Y EEED A e TITHLT  bea(y) = blei(y)) -
C(X) DIHZER A %
A={a+b | aand b satisfy the conditions (F3)-(F5)}
VIEDD, HEER oY S TICHLT, T:A— C) 2RO ESITEHL LS -

T(a+)(y) = { el +eew), <) =1 5

a(y)a(pi(y)) + a(y)blei(y), ely) = -1

T RFEMILEGRTHZ I L2 H15DIEF L. 5B =Ran(T) &B<. L EDFED N TRA
IDAYASR:

o8



T 2 AL BYREBEBEEAR, D OX LY TNTND 20T 295 UL)THN
X, T IZ2HEREWT 2) DRIZRT Z R TERN

FDOEMDMRE Z 723 & 5 IR O HBENE, TEHZR >3 > N7 bEEEEZER O F1IZ &
M ZEenTcEsd.  TOMNHEZEM X EOEMAD semi-free TH D & 1&, o e X IZHUTIROW
TP DNIDI L THS :

(i) FEEONeTIZRHLT Nz=z FiX
(i) RO N e T\ {1}z LT Mo #ua.

x DB orb(z) Z orb(z) = {Ax | A € T} EEHKRTD. LD XS BAEHD global section ¥ £ 132
TR%ENG72FT £ X ODHEETHS : Ko e X ITHULT L Norb(z) &—mEES

Bl 3 (1) EFERBOFE EORAMHIR D = {2 € C| |2| < 1}. HEHROKEA T O D D semi-free
e Z2 5 R 5.

(2) compact Hausdorff 22 X 12X U T X x T free 72 TEHZ#D.

22 EOEM 2R3 Y N7 MEEZERICEN Y 5 2 & TIROEHP[ SN D,

EE 4 compact FEREZERF] X YT D semi-free 72/EF T global section ZFiD 6 DEFHETH LT
5. F={rcX |[FEBDONcTIZH LT =0} #X LIRETS. ZOLECO(X)DEHZER A
CEEEREBRT A AT

(a) ChA =X,
(b) T & (2) DIRIZFRE LW
B DPFIES 5.

0 EOEM T X OB LA BEME (X7 peak function” DB B RAFIEZLRGET 272 DITME I N T
W5,

ZORBIZE 5T (2) DIPIZRE IR WEREHEFA T 5 HBEEOFPEE IR/ NZ. 3] D
FERITN S B BfRZED 572012, 2D & 5 H%EME K CEFEREBHOF L WHEZHRS Z & iEK
YRBETH S O I8N 5.

AR TRAR7FER DN D3 Banach » %\ & Hilbert ZE[EIZfE % & B X7 N OVAEBEIEZEEIZ
HLET 22 EDTES (1)) 2, TNSDFERIZOVWTIIREHRD S Z & & Lz,

29



S 30k

[1] K. Kawamura, Linear surjective isometries between vector-valued function spaces, J. Aus-
tralian Math. Soc. published on line Jan. 2016.

[2] K. Kawamura and T. Miura, Real-linear surjective isometries between function spaces,
preprint.

[3] H. Koshimizu, T. Miura, H. Takagi and S.-E. Takahasi, Real-linear isometries between sub-
spaces of continuous functions, J. Math. Anal. Appl. 413 (2014), 229-241.

[4] T. Miura, Surjective isometries between function spaces, Contemp. Math. 645 (2015), 231-
239.

[5] J. Vaiséla, A proof of the Mazur-Ulam theorem, Amer. Math. Monthly 110-7 (2003), 633-635.

60



BAIKE EDFEHERICEAT 52—ODER

Wi REZERBFR (REGH SRR SERD PSS B
(Osamu Hatori)

1 =

OV L 2B DO DO RS E IR affine TH S Z & &2 FiRT 5 Mazur-Ulam OEH (1932) 1%
KT dH 5, Mankiewicz 1£% D JFAT Mazur-Ulam OEH [3] 12X D, /L LZEHOHEEFHES
M OFHREEGRIE 2RI FHM GGG UTIRRTE 5 Z 2 2R U7z, —7 Figiel [1] IXR 7225 R?
DHANDEFFHEE A T affine TIERWEDDHIZ R LUz, F I TIROMEIRET 5,

Problem 1. Banach 22 £ 7213/ )V L ZEE DRI HE TRE R S N FHREEER O RN DIRRIX
ARED 7

2 Tingley IR
X 1E Tingley [6] 12 & D AZEDIEE - 72,

Problem 2. Banach Z2[5 D BALBRE O DO FEEEEAR X Banach 28R 2RI E R EA L UTHL
RTE571?

P(T) (1 <p<oo)Xar "7 MaEEZEM Q EOEFBAEERIERIK C(Q) 7 £ D Banach 22
BTIHEENTHALZRHONT WS LD THEDN, BERBIPKENZODOWTIXHISN T
BTN EHThH B,

3 1TIIRDIGE
1T7H8 M, (C) X C* BRDGHEIFED L S TH A 5 H ?Tanaka [5] 1(FTHERDLEIZ1E Tingley [H
BITHEENTHDZ L ER Uz, T2 TIHIROKEREENT 5, (cf. [2])

T 3. M,(C) 2R WEBHTH 2 nIRIESITIIREL TS, S, ={A: A =1} ZARZ b
WIWVA oo BT B M, (C) DEAIERE T B, |- || % unitarily invariant strictly convex norm
9%, 08, = Sy W I RREEMEHRTHLELETDH, 20L& =X —175 U,V
WFIEL T, AFDENDPDIKLT 5,
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(1) o(A)=UAV, A€ S,;
(2) o(A) = UA"V, A€ S,;
(3) p(A) = UAV, A€ S,;
(4) p(A) =UAV, Ae€S,.

—f%1Z Banach ZZ[H] (X, || - ) I2BWT, |z||=|jy[| Ta £y BRolE, [ZH<1THDIEE] |
1% strictly convex Tdh % &\ 5. Schatten p-norm & strictly convex “C HBED, AT NIV IV
I& strictily convex TR\ .

8 4. A, B, &L e S, 1 oid,

@(A;B):ﬂm;ww)

THb.

J OV I8 strictly convex 72&, #ET AEROLEERIZZZ 1 RDOATHE06THS. Un) 22
=) —FLTB. S, DhRBEKIIUMN) E—HTEHILMoNTNWS

W 5. o(U(n)) =U(n) TH 2,
Proof. A€ U(n)&95. £oTAIXS, Dl THD. ZITp(A) €U EIRETS. p(A)
DS o(A) = Ulp(A)| 15 LT,

U = U ()] +iv/T=To(A)F) , Uy = U (Je(A)] — V1= [o(A)P)
ETNEUL U, A=K Y —Th Y, p(A) =Dt Thd. o Il 4 28T

A— e (U1) + ¢~ (Uy)
2

THB. ZHEANS, DWMETHEILEFIHETSE. MELD, o(A)eUn) THB. O
RO TS, ME5 X0

©lum) : U(n) = U(n)

1& well defined TdH 5. Molndr DEH 4] KO 2=V —475 U,V DMELEL T, RO END DK
LB,

(1) @(A) =UAV, A€ U(n);

) p(A) = UA"V, AeU(n),
p(A) =UAV, AeU(n);
p(A

(2
(3)
(4) o(A) = UAV, AeU(n).

Ae S, 0rxid, A= U Thsa=8) —DHEENEE 5 DHETHNY, p(Ul) =
(U1)+<P Uz) ThHHN"5, J:O)ﬂ:/ IAecS, DGEHKALT 5.
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