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bbbt otbotdbbtgyn

OD000000000000D000000 OO0 (Hironao Koshimizu)

Banach-Stone 0 0 0 (19370 ) 000000 Hausdorff OO X 000000000 Banach O
0CX)OoOooooooooooooooooooooo.oooo,0o0oooooooooo
000000000 0O0ooO((8). 000b0,000000000000O0O000OoOoOO0
Oo0o00oO0oOooooon.

1 C™[o0,1]

000 (0,1]00,000000000000000 ¢™{o,1)000. c™[0,1]0,][0,1]00
0000000000000000D0000D0. 0000 ¢c™[0,1]0000000000000
000,0000,00500000000000.

!Uszmw{ﬁéugyﬂ:xemJ@
(k)
1415 zz“f [=

fec™i,1
1l = max{nfnoo, s 1) ( 0.1])

Iflle = Z|f’“) )+ 1™l

!Ifl!mfmaX{lf W F O DO ™o}
000, |lglle = sup{|g(x)| : z € [0,1]}(g€0([0,1]))DDD.DDDDDDDDDDDDDDD
0,C™[0,1]0000000000000 BanachOODODODO. 0 BanachODODODOOOO00DODO
oooooooood. (e™[o,1],]-|le), (CD[0,1],|-]s) OO (CW[0,1],]-|l») DOOODO, O
O000000000000,00000000000000000 ([1, 2, 4,5, 10, 13, 11]). O
oo,c™p,1)0 |-|l,000 |-),0000000000000,0000000 ([7, 8)]).

00 1. (C™[o,1,]|-l,) ooag (¢™o,1],]-|l.) DODO0DOOOOOO T0O,[0,1] 0
0[0,1]00000000 0, |w@| =1(xe0,1]) 000 we C([0,1]), 0O
{0,1,...,n =1}y 000 700 |[N|] = M| = =[] =100020000

o, M, A 0000,

n—1 (r(k))
@) =3 Ok (sh (o)) (1) (z e [0.1], £ € CM0,1)

k!
k=0

oooo.ooo, = [Tg(t)dt (x € [0,1],g € C((0,1))) 00O,



2 Lip[0, 1]

000 [0,1] 00 LipschitzO0OOO f0,[0,1] 00000000000 f£00000, f/0
(0,1 000000000000000. 000,[0,1]000000000000000000
L>~0,1]000. 000,(0,1]00000000000000000000000. L®[0,1] O
(0,1 000000000000000000000000

[f]lzoe = esssup{|f(x)] : « € [0, 1]}

0,0000000000000,00000000 ¢c*0000

00, [0,1] 00 Lipschitz0 0OOOO0O0O000 Lip[0,1] 000, Lip[0,1] 0 [0,1] 00000
00000000000,0000000.0000 Lip/o,1]00,0000000000000
0,000000400000000000

1flls = [ lloo + 11/l oo
[ 1lar = max gl Flloo, 1/l o }
1fllo =[SO+ 1]
£l = max {|f(O)], |[f[| =}

00000000000000000000,Lip[0,1]0000000000000 Banach OO
000, (Lip[0,1],] - |ls) OO (Lip[o,1],]| - |l») 00000000000 00000000O00O0,
00000000000000000 (j5,6,13]). 000, (Lip[0,1],]- ||l,) O (Lip[0,1], || - lm) O
0oo,0000000 ([7, 8)).

(f € Lip[0,1])

00 2. (Lip[o,1], - |l,) D OO (Lip[0,1],]|-|l,) 000000000 TO, L®[0,1] 00
L*0,1]00000000000 0, lwk)|=1(ae.ze0,1]) 000 we L®[0,1]
00 |Al=100000 A0000,

(Tf)() = M(0) + / wt)®f) Bt (xe[0.1], € Lip[0,1])

gooo.

3 AC[0,1]

000 [0,1]00000000 f0,(0,1] 00000000000 f00000, f00,1]
0000000000.000,[0,1)0000000000000 LY,1]000.000,0,1]
00000000000000000000000. LY0,1]0 [0,1]0000000000000
000000000

1]l = / (0] dt

0000 BanachO OO OO.



00,[0,1]00000000000000 AC[0,1]000. AC[0,1]0 [0,1]00000000
D0O000000000000. 0000 AC[p,1]0000000000000000,000
0,00400000000000.

Il = [1fllee + 17 ll2e
1f11ar = max{[|floo, 1/l }
1flle = 1£O) + 1]
[f 1l = max{[fO)], [/ )2}

00000000000000000000,AC[),1]0000000000000 BanachOO
0O00. (AC[0,1],]|-ls) OO (AC[0,1],]|-|l») D0000000000000000OO0O0OO,O
0000000000000000 ([1,5,13,12]). 000, (AC[0,1],] - [l,) O (AC[0,1], ] - ||m)
0o0o0,0000000.

(f € ACJ0,1])

00 3. (AC[0,1],]|-|l,) 0OO (AC[0,1],]|-|l..) DOOO000O0OO0O T O, LY0,1) 00
0000000 ¢O0 (A =100000 20000,

U?Xx%=Xﬂ®*:/(Wfﬂﬂdt (v €[0,1], f € AC0,1])
0
oooo.

003000000 TO (AC,1),-],) 000000000000: (AC[0,1,]|-|,) 000
0Doo (Lip[o,1],]-l.) 0000000000000, 000,0000000 700000
noooo, (Lipo,1,]- |, 0000000000000. 000,0020000000000
00o0,70000000.

T O (AC[0 1], |I-l,) BBOEODOOOOO0O0O0: (AC[0,1],{-[l») 000000 (Lip[0, 1], ||-[l,)
00000000000000,00000000000

0D00,000000000000,||-|000 |- 0000000000,000000
Doo0000O0o0ooooooo. oo, ||-),000 |-|,.0000000000,001, 2,
300000000,00000000000000000000000.00000,0000
0000000000000000000.00,0000000000000000,0000
0000000000000000000000000000000000.

Ooon
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Daniell 0 0 0 0O 0O Lebesguel U U 0O 0O OO OO

O0000000000D00D000D000 (Hiroki Saito)

1 DaniellU 00000

201000000000 0D0OD0O0O, folder 0 OO0 Daniell 0 00 00O Radon-Nikodym [0 O
gbooobooobobobOo. b0, DaniellDOODOO Lebesgue DO O OOOOOOOO.
OO000oo,00b000000gb baniell0 00, 00000O00OO0OOOOOODOODO.

Definition 1.1 ([2]) 00 QODOOOD0O0O0O0O0O0O0O HO, 000000000000 OO0O
gbobooboboboobo.HObobooooboogd fD,DDDDD:hn\Ojfhn—M]
goboboogogboobood.

00, (2,H, [)O Daniell system 0 0 0.

00000000, €H, h, AO0D0D0O0O0D0O0O0DDOO fO0O0HTOOO. feHTOQ
D00000000000. 00 —cc00D0O0DO0ODOO. feXRt0OOO [fO,H2h, 7 fO
OO0, [f=I1lm[r,00000.H OO [0D0000O0ODO00.00 —c00000OO
O00.HY>f0 [f<ecOODODODOOOOOOOO, fed,,000.

wnt

Definition 1.2 ([6], [7]) 0000 Zc QOO00000000,00 feH;,,0000,cl(Z)< f
00000000000,

O00000D0O0ODO,00000000000000. 0000000000 QCOQ0O0O0O ae(0DDDO
0000000)0000000000. 00000 feHd,0,ee 000000000,

wnt

Definition 1.3 ([6]) QU «e. 0000000000000 0O0OO0OO, 0000000 h,€eH
o000, h,— ¢ (ee)00000000. OODOOOOMODOO.

O000 ECQU I(F)eMOIO0ODO, FOO0O0OODODOO,0D0000D0O0O0O. 00O
0000 «-000000.(000DO0QOO000000O0O.) D00000000O0O0 Daniell

000000000000000000000 (7, [6), [1)).

Definition 1.4 Q0 «e. 0000000000000 0,00 fe HTOge H, 000
o=f—g (ae)0D0D0D0D0D00,pelt000, [e=[f—[g00000.eLt00n (o
0000b00o0o0, y000000000.0D000DODODO £O00OD0O.



000000000 Daniell scheme 0 O 0. Daniell scheme O [7], [6], [1] DO0O0O0O0D000OO
o0, 0b0fd0oobobobooob,ooobob0obobooobd. Radon-Nikodym O OO0
Lebesgue 000 [7], 6], 1]0 00000000, 0000000 Daniell scheme 0000000
O0obOobooo. bobooboboonD, Radon-NikodymOOODOODOODOOOOOOODO folder
gooobobobo,bob0bo0bo0oboob0ob0ob0o0obOo.b00bUdU Lebesgued 0O,
00 Radon-Nikodym O OO O OOOOOOOODO.

000000000000 Stone0 D ((7)00000:

heH=hAN1lcH.
godoobooo,oooooobooooouooouoooooaa.

2 Folders

0000000 schemeO O, Radon-Nikodym OO OO OOOOOO folder OO0 O0O0D0OOODODO
O. 00, Lebesgue 0 OO0 OOO0OO, Radon-Nikodym OO OO DO OODODOO. OO section O
Ofolder D0 O0DO0OODOODOODODOO.

Definition 2.1 00 ECQUOUO00O0O0OD0OO0OOO, I(F)eH 0000000, 00000
00000 000. 00 FOOODDODOODOOOOOO0,00¢peHOOOO E={p>1}0
oooooooob,bono &oon.

Proposition 2.1 (1) 0000000 e MODODO, {p£0}00000000.
(2) 0000000 DOO0D,00 Eeé0DCEONDDONOOOODODOO.

Definition 2.2 0 E€ £0, 0000 f,0000,000 Fe&000 frI(E) = forr (ae.)
000000,00000 (f/)000, foder00DO .

0. 000000 EO indicator (E) 000000000 folder0O0 0. OO folderO (/)OO0
ooooo.

0000000 o000, ¢k 0 Ew— hp00000 folder 00O . Proposition 2.1 00, O
0000000 E0000,{p#0}CcEO0O0000. folder OOOOOOOO, p(h)0 @hg, O
O00000000000000000 [3].0000,¢hg, € L0 phye LOODDOOOO.

Definition 2.3 00 folder (h) 0, 000 feHODOO f(h)y e 000000, (Ay0ODOODO
0.0000,P(f)=[fh(=[fhg)00D00,00 P:H—RODDODO.

00 PO HOO DanielU0O0OO0ODODODODOD, P« [000. Radon-Nikodym OO O OO0
goooog.

Theorem 2.1 ([3]) (,H, [) O StoneD 00000 Daniell system 00, QO HOOODDOO
0Q«< [0000000.0000,000000 folder (b 0000, 000 fe£+000,

an = [ 1

O0000. 00 (k)0 (ae)-unique 0000 .



3 Daniell 0000 Lebesgue [ [

000,0000000000D00000.000D0 JOOO0O0DOOOODD,DOO feH
000 ff=000000000.00000000000000.

Proposition 3.1 [ =0 < (VE € E)[[I(E) =0

000, [=0 & (VfeHN)[[f=0100000000,00000 feXt0EOOODOD
000000000000,

Daniell scheme 1 000000 ¢00000000,0000000000000000000
0.000000000000000000000.

Definition 3.1 [,QU0 HOO Daniell00000. QL 00,00 ([+Q)-0000 Zz0O0OO
0,000 Ee€£000, [I(ZNE)=QI(Z°NE)=000000000.

oooooooooogo.
Proposition 3.2 QL [00 Q< [000Q=0000.

Proof. 00 ([+Q)-0000 Z000O0,000 E€£000 [I(ZNE)=QUI(Z°NE)=0
00000, [I(ZNE)=0000000000000 QU(ZNE)=0000.00000,

QU(Z°NE)+QU(ZNE)) =0
000,QU(E)=0000.000, Proposition3.100 Q=0000. g

Theorem 3.1 (0, H)0 Stone 000000000000, [,Q0 HOO Daniell000 00 . O
000, 200 Daniell0 0 Qq,Q,0000,Q=0Q.+Q,, Qu< [,Q,L [0000.00000
000000,0000,000Q=Q:1+Q.0,000000000000, Q1 =Qa, Qs=0Q,
ooooo.

O00o0ooooooooooob. von Neumann 000000000000, 0000003
O000000000. 0000000000 g pjoooooooooog.
Theorem 3.1000.

Q< ([+Q)000D00, Radon-Nikodym OO OO0, 0000 (f+Q)-density (¢ 00 D00,

o= ([+Q) o 1)

0000 felt(f+Q)DD0OD0O0OODO.
0000000 Fe&UDODOonOg, f=1Ige>1)€L(f+Q) 000000 (1)0OOO
0o0ooDoo0

(9) <) (([+Q)-a.e.) O (g) < (I) (ae)0ODO.
(Z) B I(gp =1)
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0000, (Z)0 ([+Q)-0000 folder D00, OO, ([+Q)-density 00000000, OO,
000 E,FefOOD,

{9prr =1} = {gel(F) =1} = {ge = 1} N{I(F) = 1}

00000, I(ge=DI(F)=1I(9enp,=1)00000.
fEL[+Q)DDDDO flg)e L(/+Q)DDODODO,

Qf) = (/Hﬁf@wa/ﬂm+@uww

= /f<9>+ (/+Q) fg*)

= [ g+ ) + @)

000. 000, (¢") \(Z) (Qae)0D00O,
0) g+ (") +--+ ("~ ([+Q)ae)

DDDDDDDD(h)DDDD,DDDDDDDDDDDDDD,
@uwi/ﬂm+@uw»

000000000.000,000 feHOOO Qu(f) = [fh), Qf):=Q(f(Z2)0000

0000000000000000000000000.
000000000.000,Q=0+Q.0,Q:< [,Q,1 [00000000000000

0.0000,Q:1+Q@=Q.,+Q,000.000 feHXOoOO,

)‘(f) = Ql(f) - Qa(f) - Qs(f) - Q2(f)

O00. AOOOO DanielO0O0O0O. Jordan OO ([4], [6(DA = AT =X 000, |Al(h) =
AF(R)+A~(h) £ Qi(h)+Q.(h) 00DDD. 000000 |\ < [0000000. 000000
goooo,bbbodoooooobbobon |)\’J_fDDDDDDDDD. 00O O Proposition
3200 A =0000,00000000.000.

4 O00O0O0OO0OO0OO0O

cODO0ODOODOO Lebesgue 000000 0ODOODOODOODOOOOODOODO. Q=R, X0 Borel
OO0, wlebesgue OO0, v 0000000 0O. 0000 vOcOOOOOO.OOOO

V=1v1+ 1y, v < ol

8



0000D0D0000000D. 0000 {2}0 00000000 »-000000 w({z}) =1
O000.000,nE)=00 E=0000000. 000, »wlpy0d000000O0O0O,00F
0000, w(F)=000 w(F)=00000000000.00 F=0,F =RO000000
goo.

0000 Daniell scheme 00 0000000. ¥p:={BeX:u(B)<oco} 00, H(X) O, Xo-
goboodago.

[ri= a0, (h= Y a4 € H()

0 /000000, (QH(2), /)0 Stone0 00000 Daniell system 00 0. 000, H(X) O
002000 Q0 »0000000. 00 (0,10 indicator 0 H(X) 0000000 00 [0
0000000

QI([0,1])) = v([0,1])

00000000000 0000000, 00000,00000000000000000
0000000000000 QOOO000000000. 000, Theorem 3.100000000
D000 f,QDO000000,
O00000000X0000000, 000 Daniell scheme 0 0000000 Daniell 0 00
0pPOOOO,(000¢000000)00000000.0000,000000000000
00000000000.0000000,000000 “00’000000000000000
0,0000000000000000.

Ooon

[1] K. Bichteler, Integration-A Functional Approach, Birkhauser, Berlin. (1998).
2] P.J. Daniell, A General Form of Integral, Annals of Mathematics, 19, 279-294. (1918).
[3] H. Saito, Radon-Nikodym Theorem with Generalized Density, in preparation.

[4] H. —, Representation of Dual Space of Daniell integrable function space £, 0 00O OO
Oo0o0o0ooO. (2011).

[5] H. —, Lebesgue Decomposition with Daniell Integral Version, in preparation.

(6] G.E. Shilov and B.L. Gurevich translated by R.A. Silverman, Integral, Measure and Deriva-
tive: A Unified Approach. Dover Publications, Inc. New York. (1977).

(7] A.J. Weir, General Integration and Measure. II. Cambridge University Press, Cambridge.
(1974).



F-algebra U0 U000 OO0OO0OOO

00000000000 00000000000 (Yasuo [IDA)

ooooooogo

000000 Ounit polydisk O unitball D00 O0D0O0O0O0O0O0ODODODO Smirnov classdPrivalov
class DO OD0O0OO F-algebra OO OO DOOOOOOODOODOODOOOOODOODOOOOOO
O000000000000000000000000S.Stevic0O0O0O0O0O0O0O0OOOODOO 3
ooooogo

1. 04

unit polydisk 0 D" = {z € C" : [z <1, 1< j <n}0unitball0 B, = {z € C": Y7 [z[* <
1}000T ={:€C": |5 =1, 1<j<n}0S,={zeC": ¥ |5?=10000000
XODb'OB,00D00O0X DO T OS, 00000000000 90X OO normalized Lebesgue
measure U do 0000

ooy 0000 TEEOI/J(TZ)D oXODODOOOO0OD D000 ae. zeoX OOOODO

O00¢y Oinner0 0000000 1irln0@/)(7“z) 0 ¢ 0 boundary map OO O 0O* 00000
r—1—

0000000 000 BorelUO FCoX 0000 o((y*) "X E)=c(E) 00000000
0 measure preserving J OO0 0000

000X O0o0oooo fo sup/ log(1+|f(r¢)])do(¢) <co O OO DOODO fO Nevanlinna
0X

0<r<1

class N(X)OODODOODOODO fe N(X) OOOOO nontangential limit O a.e. (€0X 0000
00000000000000 f~(¢) 00000000000 feNX)OOODDODODDOOOO
00 f 0O Smirnov class N,(X) OOOOO00O0OO

sup /a og(1+1/(0)) do() = /8 og(L+17(0)) do(0)

0<r<1

N.(X)DODODOOOo

dn. o) (f.9) = / log(1+ [/°(C) - ¢ (Q)Ndo(C)  (f.9 € No(X)

0X

O0000000N(X)OOOOOOO0OO0OO F-algebraDOOOOO0OO0OOOOOOOOOOOO
gobobuoggogoobogo

00 l<p<ooDOOO XOOOODOO f0O sup /ax(log(1+|f(r()|))1”da(g)<ooDDDD

0<r<1

000 f O Privalov class N?(X) 00000000 N?(X) O N.(X) O subalgebra0 000 00O
0O fe NP(X)OOOODO nontangential limit 0 ae. (€ 0X 000000

10



NP(X)ODOOOO

4,(f.9) = ( [ s +15°0) - 0 da<<>)p (f.g € N(X))

O000000ONP(X)DODDOOOOOOODO F-algebraOOOODOOOODOOOOO
00 0<p<ooO000 Hardy space 0 HP(X) 0000000000 |-, 00000000
00000 Hardy algebra H>*(X) O N.(X)O N°P(X)OOOO dense D000
D000000000000000 | JHYX)CN?(X)CN(X)000000000000

q>0

gogooo

2. N,(X),N/(X)0O0OOOOOO0O0OO000O00000000

Smirnov class N (X) 0 0000000000000 Stephenson[6)J 00000000000
O Privalov class N?(X) OO O OOO0DO0O0O00O00O00O0O00OO0OOOOO Tida-Mochizuki[4] O
0000000000000 00 Subbetin@0OOD0OOCOOOOOO

0000000000000 000000O0000O0000 2)b000ON(X)DO0OODOOO
0000000000000 0O0O0O0O00O00U0O0O0OOOOOOOOOOn T: NJ(X)— NJ(X)
O T(fg)=T(f)T(g9) (f,9g € N(X))OOODOOOOT 00000 multiplicatived 00 OO
gobobooon

0o 2-1([2))

is a surjective isometry. If T'(2f) = 2T'(f) holds for every f € N,(X), then

T(f)=afo®, VfeNJ(X)OOorOO T(f)=afod, Vfe N,(X),

permutation of the integers from 1 through n.

Let n be a positive interger and let X be either B,, or D™. Suppose that T": N, (X) — N,(X)

where « is a complex number with the unit modulus and for X = B,,, ® is unitary transformation;
for X =D", ®(z1,...,2,) = (M2iy, ..., A2, ), where [N\ =1,1 < j <nand (i,...,17,) is some

0 2-2([2])

exists a holomorphic automorphis ® on X

T(f)=fo® feN(X)OOorOO T(f)=f(®), [fecN(X)

Let T be a multiplicative (not necessary linear) isometry from N,(X) onto itself. Then there

hold, where ® is unitary transformation for X = B,,; for X = D" ®(zq,...,2,) = (M 2iy, - -+, A2y ),

where [A\;| =1,1<j <nand (i,...,i,) is some permutation of the integers from 1 through n.
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0. N(X),Nr(X)0DODOOOOOOO0OO00000000

ooodb2-1g02200000000000000000000Mazur-Ulamd 00000
0000000002, 7MO00000000" onto” JODODOOODODDOOOOOODOOODOO
gogooooooooooOoooooOooooboobo0ooooDoooooDbooooDboooo
00000000000 L O uniformly convexOOOODOOOOO e>00000006>0
000000000 |a+b<2=00 Ja| <1,[b|<1,|la—0b]|>e00000000 a,belL
000000000000 000000000000 LP-00 (1 < p < oo) O uniformly convex
O00oooOoOobooooo

00 3-1([3))

from L into Lo such that S(0) = 0. Then S is real-linear.

Let L, and Ly be normed real-linear spaces with Lo uniformly convex. Let S be an isometry

000000000000000 Smimov class No(X) 0000000000000
00 3-2([3])

Let X € {B,,, D"}. Suppose that T : N,(X) — N,(X) is a (not necessarily linear) multiplicative

such that either of the following formulas holds:

T(f)= fot forevery f e N,(X),

T(f)= fov forevery f € N.(X).

isometry. Then there is an inner map v on X whose boundary map * is measure preserving and

ooooogo

00 7(1) =100007(1) =71 000000 T() O X OOODOOooOoooooOo
Tl =0000 7T(1) =10000000 Tl) =00000000 fe N(X)DDODODO
0=T(f)T(1)=T(f)DO00OOO0O0OT0O0D0000ODO00ODO0O0DODO00T(1)=1000000
00 T(0)=T(0)*0 T O injective 0000000 T(0)=00000000 T(-1)?*=T(1)=1
00 7(-1)=-10000000000 TAE?*=T¢#*)=-100 TG =:000 T(G)=—-i00O
000000000 T(¢#)=:00000000000000000000000000 T3i)=—1
goooodgooogooodo

HRN T(%):%DDDDDDDDDTz%DDDD@XDD positive measure U 0 0O 00O OO
|T(r)|>r 0000000000000 positivemeasure 0000000 EO0 e>00000

log(1 + (1 + &)™
O0ED [T0)|> (146 000000000 Gim BEE0E" _ onnpoooo
n—oo log(1 + rm)
0 n 00000

/ log(1 4 (1 +¢)"r")do > / log(1 4 r™)do
E ox

12



00000o0oooooOoTO N(X)ODDOODDOOOODODOOOODDODOOOODOODODDOODODOO

/ log(l—i—'r"o)da:/ log(1—|—|T(r)*\"0)d02/log(l+(1+5)"°r”°)do>/ log(14r")do.
oxX X E X

D000000000ae X0 |T(r)*|<r000000000007T(MT(2)=T(1)=10
a.e. 0X 0DO0OO0O |T(X)|>1D0ae 0XODOODOODOODOOOODOO

bg(1+%):iéxmg<1+%)da:iéxmg(1+yr6)*)da

0000000 [T =10 |T()* | =r0 ae. X 000000000000
Dmmguwyww:d@m:d@uyumd@@ﬂ):/1%u+u—ﬂmwwmmmm

0X
T(3)*=30ae X 0000000000000000000 T(3)=3000000700

ooooooooo 1) =" 0000 feN(X)OODOOOODOOOOOO
00 f,ge H(X)DOODODODOOODODOOOODO0O0OOOOO
) do (1)

A T() Tl
e (=gl = [ ([ -5

gobbbooooobboogog 2»gudd m—o0o 0000

2m  2m

/ I — g*ldo = / T(f) — T(g)'|do
0X 0X

00000000000 T(HY(X))CHY(X) 00000 T|my 0 H-000 |-, 00000
0000000000000000000000
000 [0,00) 0000 0000000000000

O(x) = %7 v
@) {(x—log(1+x))/x2, x> 0.

000060 [0,00)00000000001LmA(z)=000000000000060 [0, o)

T—00

O0000000Mg:=supb(z)<occODODODOO

x>0

00 T(H2(X)) C HAX) 000000 Tl 0 H-0000D0000000000000
000000000000 f,ge HAX)O0OOOOH?(X)Cc H(X)0O0O (1)0000000
000000000

000 ()0 (2)0000000000

/8X\f*—g*|29( g )dU:/BX T(f)" — T(q)"|20 <’T(f)* T(y)

gm  9m
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6000000000@B) 0000 My|f*—¢**P0000000m —»o0cc00000000O0

Lebesgue U OO0 DO OO0O0OO0OOD0O0OOOO FatouOOOOOODOOOO

[ 5= Powdo = [ 10y~ 79 Poo)io

0X 0X

00000000000 40)=200000000|T(f)*-T(¢) 0000000000000
00 3)0000m—oco00000

[ A5 =gPio = [ 1) - (o
0X 0X

000000000000 f,ge HAX)OOOO ||f—gls= |T(f) = T(g)|. 00000 0g =0
0000000 |fll.=|T() 000000 T(HXX))C HX(X) 00000000000

H*(X)O0OOOOOO0OOOO0OO0OOO0O000O uniformly convex 000000000 3-100
T|p2(x) O real-linear 0 000 H*(X) O No(X) O dense0 000 T O N(X) OO real-linear O

goboooggn

00 T() =i 00007 O real-linear 0000000007 O complex-linear 0 0 0 O [6,
Theorem 2.2] 0 7(1) = 100000000000 fe N(X)0OOO T(f) = foy OO0 inner

map ¢ 000000

00 TG@)=—i 0000T(f)=T(f) (feN.(X))DODO T:N.(X)— N.(X)OODODOOO
000 feNJ(X)DODOOO

fz1yeoyzn) = f(Z1,. .., Z0) (4)

O0000000 7 0 well defined 0 N,(X) 00 N,(X) OO0 complex-linear isometry O O
0000 [6, Theorem 2.2] 000X OO inner function ¢» 0 00O boundary map ¢* 0 measure
preserving 0 T(f) = fovy (f€NJ(X))DOD0ODDD0O0O0D0O00000000 fe€ N,(X)O

000 T(f)=foy 00D0D0O0DOODOOODO
0000000000000000000000000000000000000000000

0 3-3([3])

Let X € {B,, D"}. Suppose that 7" : N,(X) — N.(X) is a (not necessarily linear) surjective
multiplicative isometry. Then there is a holomorphic automorphism ) on X such that either of
the following formulas holds:

T(f)=fot forevery f € N.(X),

T(f) = for forevery f e N.(X),

where 1) is a unitary transformation for X = B,, while for X = D", ¢(z,...,2,) =

(e 2;,...,e%2; ) for some real numbers §; for j = 1,...,n and a permutation (jy,...,7j,)

of the integers from 1 to n.

14




oooooaon

00 320007 O complex-linear [0 0 O conjugate linear 0 O O O 7 O complex-linear O [
00000000000 6, Corollary 23|00 0000000 T O conjugate linear 0 0 0O O
O07T(f) =T(f) (fe NX)ODODDOOOO fO (4)000000000000000O0
fEN(X)DDOD T(f)=foyy 00DOOO0 X OO inner function ¢ 0 boundary map ¢* O
measure preserving 0 0 0 07 O surjective isometry 0 00 00 O [6, Corollary 2.3 00 ¢ OO
ooooooo

000000000000 0000DO000O00DO0DOO00DbO00O0ooOoDOooOoOOoO0oDOOoO0n

oo Privalovclassz(X)DDDDDDDDDDDDDDDDD
00 3-4([3))

Let X € {B,, D"} and 1 < p < co. Suppose that T : NP(X) — NP(X) is a (not necessarily
linear) multiplicative isometry. Then there is an inner map ¥ on X whose boundary map ©* is
measure-preserving and such that either of the following formulas holds:

T(f)=fov forevery f e NP(X),

T(f) = for forevery f € NP(X).

0oooooo
TOOOO0OO0O00O0O0O032000000000 T(0)
000 T()=—i0000000000000 T(4) =1
00000 f,ge H/(X)OOOO

/aX (log <1+ g ))pdo—: /M (log (1+ 'Téf;)* - TQ(Z)*

gobooboooob 27wl m—oo 0o

=0,7(1)=100000007@G) =1
000000000000 320000

)

2m  2m

/ =g = / T(f)" — T(g) Pdo
00X 0X

0000000 T(H?(X)) C HP(X) 000000 0Hardy space H?(X) O LP(OX) 000000
0000000000LP(0X) O uniformly convex D00 0O00HP(X) (1<p<oo)DODOD
000000031000 TO HP(X)O real-linear 0 000 HP(X) O NP(X) O dense subspace
0000 70 N?(X)O real-linear 0007 (i) =i 000 T(i)=—i 00007 0 N?(X)ODO
complex-linear [ O 0 conjugate linear OO0 O OO0 O0O0O 3-2000000000000000
000000000 [6, Theorem 2.2/0 0000 [8, Theorem 1]00 00O M
gbbuodgbbuoobobooobbodobboobboobboobobooobobooboabo

15



0 3-5(3])

Let X € {B,, D"} and 1 < p < co. Suppose that T : NP(X) — NP(X) is a (not necessarily
linear) surjective multiplicative isometry. Then there is a holomorphic automorphism ¢ on X such

that either of the following formulas holds:

T(f)= fot forevery f e NP(X),

T(f)= fo1 forevery f e NP(X),

where 1 is a unitary transformation for X = B,, while for X = D" (z,...,2,)
(e12;,...,e%2; ) for some real numbers 0; for j = 1,...,n and a permutation (ji, ..., )
of the integers from 1 to n.

ooooogn

00 340007 O complex-linear O O O conjugate linear 0 0 O OO O 70 complex-linear [
00000000000 [8, Corollary and Remark 3]0 000000000 T O conjugate linear
ooooon T(f):T(f) (feNP(X))DDDDfD (4 0000O0ooooooooa 7T
O NP(X) OO NP(X)DODOODO complex-linear isometry D 00000000 [8, Corollary and
Remark 3|00 T(f) = fov (fe€ N/(X))OOOOOO

gbobobooooobobooboooooboboooDooboobOobDooDoobobooboDbo

0. Bergman-Privalov class AN?(X) 0 Zygmund F-algebra N log” N(X)
O ooboooooon

N,(X), N?(X) 000 O OBergman-Privalov class AN?(X) O Zygmund F-algebra N log” N(X)
0000000000000 0D0OD000DOO0O00 XO0O0OoOoooooo HX)ooooooooo

0 Bergman-Privalov class AN?(X) 0000 [5, 7]
1<p<oo,a>-—1000U0unit ball B, O unit polydisk D" O O O O Bergman-Privalov class
O0oo0ooooooooooon

AN?(B,) = {fGH( D I sy = A(ma1+v@mvmaaa<xm}

ANYD") = { £ € HO") [ Pyygm = [ Cou(1 41 JICHOE o},

000 B, OO0 normalized Lebesgue volume measure dV 0 O O dVa,n(z) = Can(l — |2|*)*dV (2)
00000 ¢apn O normalization constant 00 00 V,,,(B,) =10000000 dV,(2) 0 X =B,

000 dVan(2)0 X =D"000 [[dVaalz;) 0000
j=1

16



0 0 Bergman-Privalov class AN?(X) O 00000

danex)(f,9) = IIf = gllanzxy  (f, 9 € ANE(X))

0000 F-algebraOODO0O
0000000000000 000000oooooDO Boooooood

00 4-1([3])

Let X € {B,, D"}, 1 < p < oo and a > —1. Suppose that T": AN?(X) — ANP(X) is a (not
necessarily linear) multiplicative isometry. Then there is a holomorphic self-map v on X with the
property that

/X hop(2)dV,(z) = /X h(2)dVi ()

for every bounded or positive Borel function h on X such that either of the following formulas
holds:
T(f)=fo1 forevery f e ANP(X),

T(f)=fov forevery f € ANP(X).

0 4-2([3, 7))

Let X € {B,, D"}, 1 < p < oo and a > —1. Suppose that T : ANP(X) — ANP(X) is a (not
necessarily linear) surjective multiplicative isometry. Then there is a holomorphic automorphism
1 on X such that either of the following formulas holds:

T(f)=fo1 forevery f € ANP(X),

T(f) = fov forevery f € ANP(X),

where 1 is a unitary transformation for X = B,, while for X = D", ¢(z,...,2,) =

(e®12;,,...,e%2; ) for some real numbers §; for j = 1,...,n and a permutation (ji,...,7j,)

of the integers from 1 to n.

0 Zygmund F-algebra Nlog’ N(X) 0O D001, 9]

B>0000¢s(t)=t(ln(ys+1)’ 0000000 v5 =max{e, ¢’} 0000 X 00 Zygmund
F-algebra Nlog? N(X) 00 O000ODOO0OO0O000OO

Nlog? N(X) = {feH<X>: sup [ pallon(1 + 1) ))do(0) <oo}.

0<r<1
D0000000000000 (JH(X)C Nleg? N(X) c N(X)DDDDOOOO00000

p>0

0000000 feNlog’ N(X)OOOOODOO nontangential limit f* 0 a.e. 09X 000000
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00 f,ge Nlog”’ N(X)ODODODO
Ay 1og? ) (1 9) = / oallog(1+ 17°(0) = 4" (D)0

0 Nlog’ N(X) 00OOOO0OO0OO0000O000000000 Nlog’ N(X) O F-algebra 000

gobobooogn
0000000000000 00000000000ODO Boooooood™

00 4-3([3))

Let X € {B,, D"}. Suppose that T : Nlog” N(X) — Nlog” N(X) is a (not necessarily linear)
multiplicative isometry. Then there exists an inner map ¢ on X whose boundary map ¢* is
measure-preserving on 0.X, such that either of the following formulas holds:

T(f) = fo1 forevery f € Nlog’ N(X),

T(f)=fov forevery f € Nlog’ N(X).

0 4-4([3])

Let X € {B,, D"}. Suppose that T : Nlog” N(X) — Nlog” N(X) is a (not necessarily linear)
surjective multiplicative isometry. Then there exists a holomorphic automorphism 1 on X such
that either of the following formulas holds:

T(f)=fov forevery f € Nlog’ N(X),

T(f)= fot forevery f € Nlog’ N(X),

where 1) is a unitary transformation for X = B,, while for X = D", (z1,...,2,) =
(€®2;,,...,e%2; ) for some real numbers 6;, 7 = 1,...,n and a permutation (ji,...,j,) of

the integers from 1 to n.
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Jubdbogbdbootdbootdbotdtn

0000000000000 (Go Hirasawa)

1 0dOdod

000000 Hilbert 00 HODOODODOOOODODOOOODOOODODOOOODOOODOODOO
ggogoboboobboboddoooo. oo, goooooobboobbbobooooooaa,
0000000000000 000000000(0ODOO0)00O0 S(HYODDoooooooo
ggopobobobobodoog. ggobboobbbodoooooobobbooboodgooo
O (littleworld) 00000000000 O. 000000000 OOOOOOOOOODO,000
ggbbobboooogobobobboduoooob. ogoobbbbudog ¢-bbbbougao
O000000ON0. 00000000000, ¢00000000000 aO00OO0ODODDOO,
Ubb0d ¢-0ugbbodboogbobog, 200000000 ¢g-0000000bbogoon
gbgobgooobb.obgo,bobbobboobooboobooboobobbob.

Oo0,000000 (S(H),q, 0000,0000000000000O00O00ODODODDODODODOO
gbobgoobobgobooobobooobobobobobobooboboobo.bobo, b
gbbogboogbobuadgb,gobbodboobobuoobbooboobboobbooboo
gbogoobogboo,o0booobgn.

gobooboa,0bbuggbboboogbboooboboboogb,ooobbboogboo

1
goobobooon —_iDDDDDDD —-A0d00000O0OO00ODOOOOoDog.
v dx

gobbbuogoobbbduooobbboooobboooan.

2 00

(H,(,)): 0000000 Hilbert 00
HOOOOOOODOOOOOO0Os:dom(s)—HOOOOODOO,

(su,v) = (u,sv) wu,v € dom(s)

gogooo.oboboogg,
su=s"u u € dom(s) C dom(s")

0o0o000.000,sCs*000.000,00 (s=s"0000000,s0000000O.
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O00,000000000000000000000O0DOO0.000DO0ODOO(COOO0O (1)
0,00000000 Hilbert 00000000000 DO(DO0O0ODODOO)0000ODODOODO.
gobbbooooboboooooooo.

Theorem 2.1 ([2]) DO00O0OO s:dom(s) > HOOOO,00000000.
(1)s000D000000.

(2) 000 dom(s) 00, OO0 Hilbert norm || - [|gome 00000, 00000
(dom(s), || - |aom(s)) — H OO s: (dom(s), || - [laoms)) — H (O OO OO ).

(3)sO00000000.0000,0000000 A>0000 BeB(H)OOOOO,O0O
O000. dom(s) = AH, ran(s) = BH, s=B/A:Ax — Bx, z€ H.

Remark. 000 (2) 00000 3) 0000000000, |- flaeme > A>000000
0.00000, dom(s) = AH OO0 || Jaome) = || - la. 000, |- |, 000 AHODOOOOO

O deBranges 0000000000000, 0000000. ||Au||:= ||Pul, PO (kerA)* O
Dooooooo.

3 0000 (SH),q)

S(H)0O0O0OOOO0O0O0O00O0O0O0. 0000000000 (000000000,0000
0000D0000000)0, 00000 Hibertt 0000000000000, 000000
Remark(00,10 10000000000000000000000000000. 00000,
00000 Hilbert 00000000000000000000 « 00000000,
D0000,8H)>st0000,0000000000000 o000 dom(s)=AH, dom(t) =
CHOOO A>0,C>00000000000000. 000,B:=sA, D:=tC 00000
0000000000 B, DeB(H). 0000,s<B/A, t£D/C 000000000000
0D0000.0000,¢0000000000.

Ga(s,t) = max{[|[A = C[, | B = DI|}. (1)

M :=dom(s) = dom(t) OO OO, gu(s,t) = |ls—t|lyey. (M ODOODODOD «0DO00OODODODO
00 Hilbert 00D D000 Hilbert 0000000000, M OO0 HOODODDODOOOOO
000000000000000. ) 000,S87TeBH)ODODO0DO,S=S/I, T=T/I000
(S, T)=|S—T|000. 0000000 ¢0000000000000000

00, Sym(H) ={seS(H):sCs*} 00,00 Su(H) ={seSH):s=s}000.00
00,0000 (S(H),q) D Sym(H) D Su(H)ODOD.

Theorem 3.1 0000000 « 000000000. 0000,0000 (S(H),q) 0000
000 Sym(H) 000000, Syn(H) 0000 Su(H) O open 0000

t € Sqym(H)
Vs € Sw(H), >0 st.0 000 teSalH).
Ja(s,t) < 9§
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0000,0(SH),q 0000, 000000000000000 CP(H)O open 00000
0000 (00)00000.0000,0000000000000000000000000,
D000000000000000000000000 explicitly 000000,0000000
0D000000000.00000000 Theorem3.10000000000000000. (O
0000000,00000000000000000.)

Lemma 3.2 00000000 000000 seCP(H)0DD000,®0 p(s) > 000000
0(0000)0000000000. s£B/A00000000,6>00000000.

_ s(s: B =cA)TH
d=0(s;c,P) := min T+ 1C] > 0. (2)
gogoooooon.
teS(H) te CD(H)
gog
Ga(s,t) <6 p(t) D .

(Theorem 3.1 0O OODO)

oo sbbbgggobuobooooob, oo buooooobobboa
g:toguoooobobobbboodoooouu. gooogug +oobobobobobbboooo
g, gdgoobogoobbodoo. gobuoo «goobbuoobobbooobboa
p(t) D{ci,—ci} (¢>0)000. 0000,0000 p(s)DP:={ci,—ci} 000 Lemma 3.2 O
0O pt)>2®0000¢t000000000OO0OODO.

4 0000000 4 poDsnod

x
gobobooodn %%DHilbertDD [*R)D000.000000000.

dom(%%) ={f e L*R): f € L*(R)}.

0000000000000 0oo0 |||,y 0000, L20000000000000 Hilbert
O0000000,000000 (0D0O0O0O0ODOOO)00O0O. Theorem 2.1 O Remark 00000
ooo,0000000 ||| 0101000000000 A>0000:

H'(R) == (dom(=—), || [ 1)

1

1l = (1”4 117> (= [I£[la de Branges norm)
0o0o0,l4pgppnoooon 22B/4 (A=(-2%)32) 000000,
000,«00000000000000,i400000000000000000000,00
000000000 (000)000000 Hilbertnorm 000000000000000. 14
000000 ¢t=D/CO0000q(34£,t)0 ¢00000 (1)000000000,¢t000C

(0000,+t00000 Hilbertnorm 000 )00000000. 0000,000000000
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00,0000000 Y4 p000000000,00000 14000 ADDODODOOO,
00000000000 +0000000000.00000000000000,¢t00000
000 4 0poOoo000 (000 ADOD ¢0000000!) 00000000000
0000,+00000000000000000000000. 00000,00000000
00000,0000000000 {4000000000.000, 00000D0O ¢000
00000000000,+0(000)0000000 14 0000000000000000
ooooo0o0oooo.

00, Lemma 3.2 0000 Theorem 3.1 0000 12 000 600000, &= {i,~} 00
ooooooo.

1 d BT 1,
5= o} i ®) —ip 1E T LB £ia) (3)
oo, 0boooooooooon.
. Bxid)lg| 11
B+iA)7Y| = sup I =Ssup —— .
105 £ 4A) 7 = sup ===y WP (B £ i) ]
ogoooo20o0o00,
2 2
1
T i N )
1B £ e4) 1" = sup e AP~ SR TAT + 1B~ S (TAFI/TAT = (BT
1 1

inf o {(JASI/IFID + ABAI/IANY  infy = {IASN2 + 1BFI2}

1 ot 1 1
5= SNy = (int (AT + |BAPY “
oo, 0doogooooooooooon.

1d —B/AD A=(I-L)3 B=(14A 00000

L 3 1 d2 1d d2 1 1

0= 5 (i AT 1B = 5 (int U0 = )P + 15 (0 = ) /1)
1 1 12000 1. A
:gwﬁ{WL%%2!\+Mﬂ+§)2HD 5%ﬁﬂﬂm T2

t € Sym(L*(R))
000 teS.(L%R)) OOO.

N[ =

ga(tL, 1) <
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5 000000 —-AO0OO0OO OO0
[ARY) 0000 -AOD0DOO
dom(—A) == {f € L*(RY) : (1 +[¢])f € L (RY)}
0000,00000000000000000:
HA(RY) := (dom(=A), || - =), [ fllz = 1+ [ED)F] (= 1 £1L)-
0000,-A000000D00O00O0O00O0OO.
~AZB/A. (A=(I-A)1

0od,«000000D0O000DOO,-ADOO0O0O0ODOOOODODOOOODOOOOO,
00000000000 (OO0O)000000 Hilbert norm 0000000 OOOOODOOO
O0.00000000000000,¢:={;,—}000000000.

B-CcAYT 1 1 :
iy IC : i|2| I~ = SI(B AT = S( inf AR+ 1B

0:=0(—A;a,®
( ) 2111
DDDD,A:([—A)_l,B:—AADDDDDDDDDDDDDDDDDDDDD.

1 142 1 3

5—2(“}1”1f1|!(1 AP+ AU = A)HIP)
1 1

= Q(H}llllf 1L+ €)1 + NEPA + €)™ F117)

1 \/1+|€|4 ‘

“a 1‘ 1+ |¢J2 w 5||Jlfrulf1 MJ?H (M:00000)

R T NI 3k 11 V2

=5l =g gl = e = o

t € Sqym(L*(RY))

ooooo, 000 teS.(LARY)) DODO.

Qa(_A> t) < %

6 UUO0OUoobouobouooooooo

Ql Odb00ob0oboboboooooobobobooooboog

¢-0000000 «00D0O0OD0OCOOO000000. (DODO00,0000 «OODOO0O0O0OO
00000000000 Hilbert norm 000000000000 OOOODO.) O0OO0OOOOO
g,boggboogboogbbooobbooobooobooob. bbb bbb g -
O¢-000000000-0(e0000)000000000DO0OOOO0OODOODOO,0000
ggobbbbobboduooooobbobobbooduoo. ggbo,0obbbbbd «0dgggo
gobooboggd.
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Definition 6.1 0000 « 0000000 (S(H),q,) 0000. 0000,6>0000000
00 s0000000000,00200000000000.

(1) ga(s,t) <6 00 t€Sym(H) OO0 t€Sa(H).
(2)6<60000060000,00 t€Sym(H)\Sal(H)OOOODO, gu(s,t) <0000

00000000000000000, 00000000 «000000000000000
00000000000000000000000000000000. 000, «000,0
000000000000,0000000000000000 (?)0000. 0000000,
Hilbert 00 [*(R) 0000000000,00000000000000 ‘40000000
000000000.0000 ,a00000000000,00000000000 14000
A= (-2 (- DDDDDDD||mpDDD)DDDDDDDDDD,DDDDDDDDD
000000000000000000,000000000000000000000000O0
00,0000000000000000000000000 «0000000000. 000
000000000000. 00000000000 «0000 ¢-00000,0000000

00000000000000,00000000
Q2. 4000000 4000 é=Li0000000

1d — B/A (A (LﬂMT)D¢:{L4}DDDDDDDD(@DDD(@DDDDDDD
1/20000000,90 &, = {ci,—ci} (¢>0)000000000,000 ¢>000000
000000000000000000000.0000000

L ey = et 1 2 %
(5(de a,®.) = T (B £ ciA)~Y|~ oo (||}ﬁ£ {llcAf|* + |BS]I*})
1 1 o
- inf {2[[(1+€)72 %+ (1 + €372 F2)) 2
1+C%mﬂ{ﬂ( )72 I+ 116 )2 fI17})
1 . C +€2
1+CHN1 () )}l = 1+c”ﬁ_WMfH (M,:00000D0)
1+C 1+C C2—|—§2 1+C
00000000,00000
§ = su H1+52H—%:_
>%))1+C c2 + £2 1100

gbobobooooobobo.bo ogboboboboobo. o0, oboboobooon
gbobooooogobooboooobo,bbooboobboobooobuoobbooboo
gobob.goobb,gooobobobuoobobbboooonooboboooobn.
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Q3. ~AD0DD é=¥ 0000000

~-A£B/A0DDO,
(B —¢A)~H™ o
I(—A;a,P,) = min T+1 (. :={ci, —ci})
1 o1 L 2 2 3
— e B i) = (i GlATE +BAP)

L it = )P - AT A )

T 1+c et
1 ~ o~ 1
= inf (14 [€7) 7 FIP + 1P+ 1)) 2
l+c (Hfllf )
1 N |£\4 - 1|7t
— n 3 inf cf = Mc
T+c =l 1T+]E2 1+C Ifl=1 l+e¢
1 14 € c

:1+c

C2+|§|4H 1+c N
goododod e 1ooo. ogao,

sup O(—Aja, &) =
c>0
00 ¢000d00ooooooobo. oo, b0odoooooooboooooooooobooo
O000O,000000000DO000D0OO000DOOO0000DODOo00. 000, Q2.00
b, ddodooooouoouoooooooouoouoooog.

(=0.353--)

=[S

7 0000000 A2000 600
000,0000000 A200000000000000000.
HARY) := (dom(A?), ||« [lms), | fllars := 1+ 1EP2FN- (= 1 £1l)
0D000,A?0000000000000000.
A2 2 BJA. (A= (I—A)™?)
®={i,—i} 0000000,

I(B—CA) _
e 1+ ¢

(1+1E)?
L4 [€]3 oo

-1 \/_
8

§=6(A%a,d) = (= 0.176 - -)

L€ Sym(L(RY))

000 teS.(L3RYN) 0OO.
A2 t V2
Q( ) >< ]
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Ooon

[1] G.Hirasawa, A Metric for Unbounded Linear Operators in a Hilbert space, Integr. Equ. Oper.
Theory 70 (2011), 363-378.

2] W.E.Kaufman, Semiclosed operators in Hilbert space, Proc. Amer. Math. Soc., 76 (1979),
67-73.
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Coarsell U Higson 0O O O O

000000000000 0000000 (Kotaro Mine)

O0b000b0O0O0oboobobooboboOdOOlargescaleD00D00O0OO0OODOOONO coarsed 00O
O00. 0O000,coarseJ 000000000 HigsconOOOOOOOOOOOOODOOODODO
gobooogo.

1 O0ogoogoogo

gbdobzobooboooobobooz2000b0obooobobo.goob,boobobog z
oobooo,0oobobo0bRO0ODOOO0ODOOO0ODOOOODOOODOODODOODOOOO. O
ggobob,bdgogobobobobbouoooobbobbodooooboobo.ob,bb
gobbboodgbobbooogbboboooobbobooooan.

00 1.1.00S000000 (X,d)0000000 f,g:5 — X0 sup{d(f(s),g(s)) |s€ S} <
cod D000, fO¢gOOO (close) 000, f=¢000.000,0000000000000.

gobbobooog,bbuggobbbouooobbooooon.

00 1.2. 000000000 f: (X,dy) - (Y,dy) D0000O000O0O00, f000000
(quasi isometry) 000000 :

Sx(a,y) ~ B < dy(7(2), ) < Adx(x,9) + B

0000000000 VO00000000g:V =V (9(z)=rz,000r+£0),00000
00000 f:R—Z(f(z)=[z) 00000000000.

JA >0, 4B >0, Vz,y € X,

00 1.3. 0000000 X0 YOOOO (quasi isometric) 00000, go f =idy 000
fog=idy00D0D0DODODOO f:X—>Y,g:Y > XOO0OODOOOOOO. 0000000
00000000 O00oO0oOoO.

gboboogobobogdgbbooob.bo,bbuoogbbuooobbuooobbooooo
gooooooooooooRrOO0O0OO0O0OZr0000OD00OD00. DDOOD,00000GO
oob,s000b000bb00bobogobbo0obbo0obbooboobboobbOobboobbooboboo
gobboooooobbod.

00000 CAT(-l)DoO0oOoOoO0oOoOOoooOoooooooo, Gromovd Gromov O OO
0000000000000 00000,0000000 (GromovOO)O0O00O0O. Gromov
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gboboooboogoboobobooboooboobobob,ogbboobobuoobbooboo
O00000. 0000000000 00000000 S~'00000000 (0o00)O0
10o1oboboobogoooobobobogo. gg,bbobbooooobobbooooobobbogo
OO00ooo0O0,000 GromovO OO GromovOODODODODODODODODODOODOO. DODOO,000
0000 GromovOODODOO GromovO OOODO (ODOODO)OOO.
00,000000000'0000000000000, HigsonO0OOOOODOOOOODO.

00 14. 0000 XOOOOODO f: X —->ROODODO0O0O0O0O, HigsconOOOOOOOMO:
VM >0,Ve>0, 3K C X: D000, ze€X\K= diam f(N(z,M)) <e,

000, Nz M)OzeXO M-00,diamAD ADDDDOO.

00 1.5. 0000 X00O0OOO HigsonOOOO Cp(X)O BanachOOOOOODO, 00000
O0000AXD XDODODOODODODO. RXUO XUO HigsconODOOOOoOoooo. OO
0XO000O0O0OOooooooo,0000vX:=hX\X0O XOHigsonOOOOODO.

HigsonOOOOOOOOOOoOOOoooOoooOOoooooooooobo.boboob,0bo000
Ubooobobbd HigsonOOOOOoOoOOO.

2 UUUOU0O0Ocoarsell UUOUUOUOOOQ

U0, HigseonOODODOOODOODODOODOUOOD coarse0 00000000 OOonOOooOQ.

00 21. 000000000 f: X —-YOOOOOOOOOOO, fO coarsed 00000
0o:

(i) VM >0, 3L >0, Ve € X, diam f(N(z, M)) < L,
(i) 0000000 KCcYOoOooo, f4(xK)0000o0o0oo.

00 22. 0000000 XOYUOcoarseDOOOOUOO,gof=idxy0d00 fog=idy OO
OO0 coarse 0 f: X - Y, ¢g:Y - XOOOOOODODOOODO. coarse00000000O0O0OO
goooogono.

O000000doboboooddbeceearsel 0000, 00000O0O0O0O0OOODOO. OOOOO
O0O0000coarse oo,

U0, 0000000000000 000000000000000O0O0O0, coarsed O coarse
godoobooooooooooobooooooom:

00 2.3 (cf. Roe [2]). XOOOOOD. X xXOO0O0OOO EOOODODOOOOOOOO,E0 X
O coarse O O (coarse structure) 00, 000 coarse0 000 (X,€)0 coarse 000 0O

0000000000000 000000000000000000000000.000,X00000 AQ
oooooOoOoOoOoOODO,0000cdA0D0D000DDOODDDODODOO.
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() Ax ={(z.0) |[ze X} €€,
i) Fe&E, FCE = F €€,

(iii) Fe&E = E':={(z,y) | (y,z) EE} EE,

(iv) E,F e £ = EUF €¢,

(v) E,F e = EoF :={(v,y) | Iz€ X, (v,2) €FE, (2,y € F} €.

0 24. 0000 (X,d)0000,&={ECX?| sup{(z,9) | (z,y) EE} <0} 0000 E,
O XUOecoarseOOOOO. OOO XOUOO coarsed 0O ODO.

O 2.5.DDDDDDDDDDDD(X,d)DDDD,DDDDDDD 535 coarse 1 0000, Cy
coarseJ U0 0OO0OO:

Eecé&) = Ve>0,3KCX:00000 st (z,y) € E\K?* = d(n,y) <e.

026. 000000000 X00000000000000X0000,&={EC X?|(cg,zE)\

XxX CApx}0X0OcoarseODDODOOO. OODO XO0OOOOO coarse OO (topological
coarse structure) 010 00000000000 coarse 0O (continuously controlled coarse
structure) 00O .

coarse 00D DUO0O0O0O0OOOODUOOOOOODO, coarsed O, corase J U O, Higson [ [J
0odooodd. booboooouo,00ddobododiodececoarse0 0000000, OO
godod 11000 21,22, 1400000.

00 2.7.00 SO0 coarse 00 (X, ) 0000000 f,9:5S—X0O{(f(s),9(s))|seS}e&
000000, fO0¢000 (close)000, f=¢000.

00 2.8.coarse 00 (X, &) 00000 KCXOKxKeéOOODDOOO,KOODOOOOO
gooo.

00 2.9. coarse 0000000 f: (X,E) = (V,&)00000000000, f0 coarse 0
0oooooo:

() VE € &, [xf(E)={(f(2),fW) ]| (x,y) € E} €&y,
(i) 0000000 KcCYODOOO, fY(K)00000000.

OO0 2.10. 000 coarse00 X O YO coarse 0O OOOO, gof=idxy 00O fog=idy
O000Ocoarse00 f: X —=Y,g:Y ->XOOOODOODOODOO. coarsed 00O coarse 0 O
ooooooobooo.

00 2.11. coarse0 0 (X, £)000000 f: X -=ROODODOOOOO, HigsonO O (£-Higson)
gogoooo:

VE€&, Ve>0,dK CX: 0000, zeX)\K= diam f(E[z]) <e¢,

000, EcX?0000 Elz]={yeX|(yz)ekE}0zeXOE-O0000ODO.
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(X,£)0000000000 (00,X00000O000000200000),X000000
coarse UUUUOODOOOOO0OODODUOOODLDDOOOOODL. bDOO0Oo0obboodbn, coarsed D
gobbboodgbbobuoooobobooobn:

(i) XOOOooooooooooo,
(i) XO0OOOOOOooooooo,0000oooooooooooooog,
(iii) 00000 Ax O X?00000000 FeEODOOOO.

0000 ()0 (i) 0000000 coarse0 0000 coarse00000. 000, 0000000
O000D0coarse0 00000000 OO0OODOOOO0ODOOO Cycoarsed O, 0000000
gobboboogdbibDecearsel00000DOOO, 000000 coarseJ O OOO.

00 2.12. coarse 00 X OO OOO HigsonOOOO Cp(X)O BanachOOOOODODO. 0O X
00000 ()000 (i) 000000,0000000000 ARXDO XOOOOOOOOOO
O0.0000AXO XOHigsconOUOOOOOOOO. OOO XOOOcoarseOOOOOOO,
0000 vX:=hX\X0O X0O HigsonOOOOOO.

00,000000000000 coarsed 000000, coarsel 0000000 NO Higson O
doooooooooooooooo,ooooooo:

00 2.13 (cf. Roe [2]). coarse 00000 coarse 0O, 0000 HigsonOOOOOOOOO
gboooob. 0b0,00000ccarse0000o0oboooobooooboobbO. oon,
Higson O 0 0 O coarse [ O 0 coarse 0 0O 00O OO

3 HigsonOOOOoOOoooonO

XOOOOOOOAXO0OO0OdX0O0OO0OO,hlx=idxOOOOOO h:yX -6X0ODOOOO
O0AXD0DéXOO0OODOOOOoooobooo, v X~éX0O0O0O. 0000000, X000
0000020000 0000000000000000D00O0OO0O00000 (Theorem 3.5.5 of

[1]):
00 3.1. 0000 X000000000000004X00046X00000000000:

() vX0O4éXO0OODDOOOODOOOOO,
(i) XO0O0OOOO0O A4, BOOOO, c,xANcxB=0 < clsx ANclyx B =10.

HigsconOOOUOOODUOODOODODOODOOOO coarse0000O00O0OOO0OOOO0O,000
gobobogd:

00 3.2.coarse 00 (X, £) 00000 A BOUOOOODOOO, 0000 (diverge) DO DO OO
0000000 (asymptotically disjoint) 00O :

VEe€& E[ANEBOOD.

00000, X00000000000000000D0O0O0D0O0000000 TS%,DDDD7XDDDDEI[ID
goooooooooooobobooobobooooboboboooobooo.
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coarse 10 (X,£)00000 ADOODO, 0 ADOODO & :={Ec&|ECA?}0 AOD
coarse 00000, (A,€,)0 X000 coarse10000. 0000000000000000

00 3.3.coarse 00 (X, £) 00000 ADDOD &-HigsonOO f: X - ROOOO, flaO
E|a-HigsonO O O.

Ubooobooobd, HigeonODOODODOODODOODDODDOODUOODO coarse 0 OO0DOOMO
gobbbuoooobbobooaob:

00 34. coarse00 (X, ) 00000000000,

() 000000 Ac X000 &|a-Higson f: A—[a,6]0000, Fl,=f0000 &-Higson
F:X—le,b00000.0000,000000000 HigsondOO000O HigsonO O
ooooo.

(i) 000000 ACXO0000, clyx A ~ he|, A.

(i) 0000000000000 ABC XO0OOO, AD BOODOODOODOO cyxAN
dxB=00000000000000.

OO0 coarse 000 Chcoarse 10,0 1000000000000 O00O00O00DOO coarsed OO
000000000 ()0 00000 (0000000 0)00000. 0Do0oooODoOOoO
O000coarsed 00 0000O0OOO0OO0O0OO0O000, 00000 coarsed000O0OOO0O
gooooo.

0000
[1] R. Engelking, General Topology, Heldermann, Berlin, 1989.

2] J. Roe, Lectures on coarse geometry, University Lecture Series, 31. American Mathematical
Society, Providence, RI, 2003.
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Jubodootdbootd

O0000000000000000d (Michio Seto)

0 OOUog

TOODODODODOODO HOOODOODOOOOOH?0000000 Haedy OOOT, 0OO0ODO
Toeplitz OO ODODOODOODODODODODODODODODODODODODODODO
gboobooboobood

00 0.1 (Rota) Ay = [ —TT* 00000|7T| <100000 ze X 000 ||T%"] — 0
(n—o0) 00OV =TV OO0OOO000000 V:H > H*eranA; 00000000
000000 T,9I0 7,000000

ranV O Ty 00000000000vT,VODODOOOODOO000O0«x-000000000000
OO07,00000000000D000 wiversal 000000 DOO0OO0ODOOODOOOOOODOO
OO0 RotaDOOODO Dirichlet 0000000000000 O0OOOOOOOODOOOOODOOO
gbooboobooboon

1 Dirichlet O O
D={\eC:[\<1} 000

- {f € Hol(D) : %/D|f'(z)|2 dady < +oo}

OO0DO000b0000 Dirichlete OO ODODOOODODOOOODOOODOOOOODOOODOODOO
gobooboooon

o0

1712 = S0+ Dleal® ch

n=0
oooopbU0ooooooooooooooooouoouoooooo

1(1)
gl—Xz

)\z+ /\z+

1
k)\(Z) = X_
=1+
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gooo

1— 2129

1 oo
F(z1,22) = 2122/ log (—) = Zdnz’fzg
n=0

gooo/-7r~ogooobooboobuooboobobboboboobooobooong

Ap =Y d,T"T*".
n=0
D0000000000000000007 —T7T* 0 Szegs O 1/(1—X2) 000 1— Az 0
O0000000000Bergman 0 1/(1—X2)2 000 (1—A2)2=1-2 z+A22 0000
O7-2rT*+ 77T 00000000000000000000 2-isometry 100000000
Dirichlet 00 0000000000020 TOOAND 70000070 T*O00000000
00 A, 0000000000000 000000O0O0D0D0000000000O0O00Agler O
O00000000000Agler O

1
Ar = (2mi)? /c /c F(z1,22) (1] = T) "zl = T7) 7" dzadze

0D00000000000000D000000 Dirichlet 0000000010 FOOOOO
0000000000000000000000 ||T)<100000000000000000
contraction 00 00 0000000000000 0000000000O0O0O0O00 A;,0000
00200 |7 >1land o(T) =D 0000000000 A, 00000000000C0C000
D000Hardy D0O0Bergman 0000000000000000000OOOOO
0000000000 000000000000000000000000003000000
000000000000000000000000

Ar >0 Ar =0
Hardy 0O O contraction isometry
Bergman 00 | Agler 00 00O | 2-isometry
Dirichlet O O o U

2 Dirichlet 00 0O

DO Dirichlet 000000.00000D0 PO0 200000000000|D||=+v?2and
o(D)=DO00000O00D0O000ORCO POOCOOOOONONOOOOOO.

00 21 Ap 000000Ap =5.

00 21 H*0O T,0000I-T, 70 H?O0O CO0OD0D0O0O0O00O0OODOOOO. 0021000
000000000000000000000000000000000000 (see Arveson [2],
Guo-Yang [3] and Yang-Zhu [7]).
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ogoooMO DOO0DO0DO0DO0DOoOoOooOooODOoOoOoOoooooooooooon
R x
D= onD=Mea& M.

00 2.2 Ap,As000000000AR Ag > 00

00 22 Py 0 M- 00000000000000Ag =PuyrApPy. = Py.PyPye 000
000000000000 A;00000000000000O0O000 A2000000000
0000000A,O0000000000000M=2P000000000MO 20000
0000 POOO0OOOOOOOOO0O000O0R>10000

Apz" = (I +dRR* + -+ +d, R"'R*"1)2"
= (I +d,D(I — P)D* + -+ +dy_ D" (I — Py) D" )"
= (I +dDD* + - +d,_ D" D™ )"
—(1 n+1 n+1

+d1 0 +“'+dn71 9 )Zn
—(n+ 1)d,z"

00000 Ag00DO0 —(n+1)d, 000000000 ODODODOO ARO000O0ODODOO
O0000O0DbO0bO0AzR0ODODOOOODOODODODOD MODODODODODOODODOODOD

e dim(M © RM) =1 (Richter-Shields [6])

e MGRMO ROODODDODODOD00OOOO (Richter [5]).

3 Dirichlet contractions

000obobobboooobbboooobbon

00 31 700b0o0obob HOoOoOooooooooooo

Ap = Z d, T"T*"

n>0

O00000A,>00000007 O Dirichlet contraction O 0O 0O O

00 3.1 |7 <1000 T 0O Dirichlet contraction 000000000000

(i) A 0000000 OOODOO,

(ii) ker Ap = (2 {f € H: [T FI = IS} = Moz ker(I = T7T™),
(i) A, =00000000000 700000000000

OO0 3.2 T O Dirichlet contraction D OO QOO QOQOOO

35



(i) ker(/ — A7) = HOTH,
(i) 0 < Ar <1,
(iii) HeTH #{0} = ||Ar|| = 1.
00 3.3 T'0O Dirichlet contraction O 0 0O 00O 0O

ZanHT*"mHz < +oo (Vzel)

n>0

goooHUOOooooobo vooooboobgovir=D'vouobooobooog vV:eH—
DeranAr JOOOODO

0 3.1 (von Neumann’s inequality) 00 3.3 000000

Ip(D) < [pllwae (p € Cl2]),

000 ||p/lmas © p O multiplier 0O0O0ODODO.

00 3.1 ||T|<1000000 330 Aglee DO0OO0DO0O0OODOODOO (Theorem 14.43 in [1]).

Ooon

[1] J. Agler and J. E. McCarthy, Pick interpolation and Hilbert function spaces, Graduate
Studies in Mathematics, 44. American Mathematical Society, Providence, RI, 2002.

[2] W. Arveson, Subalgebras of C*-algebras 111: Multivariable operator theory, Acta Math.
181 (1998), no. 2, 159-228.

[3] K. Guo and R. Yang, The core function of submodules over the bidisk, Indiana Univ.
Math. J. 53 (2004), no. 1, 205-222.

[4] S. Richter, Unitary equivalence of invariant subspaces of Bergman and Dirichlet
spaces, Pacific J. Math. 133 (1988), no. 1, 151-156.

[5] S. Richter, Invariant subspaces of the Dirichlet shift, J. reine angew. Math. 386
(1988), 205 220.

[6] S. Richter and A. Shields, Bounded analytic functions in the Dirichlet space, Math.
7. 198 (1988), no. 2, 151-159.

[7] R. Yang and K. Zhu, The root operator on invariant subspaces of the Bergman space,
[linois J. Math. 47 (2003), no. 4, 1227-1242.
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L?000 H?O0000
0000 ToeplitzO U OO OOOOO

000000000000 0D000D0000 (Hiroshi Kurahashi)

00000 20000000000 ToeplitzO OO U, O, M.C. HoD S.C. Arora and R. Batra,
D000000000000000000. 00, H?0000000000 ToeplitzODOO V,
00000, Arora and Batra, 0000000000000 (O[R]). 0000, ¢ = 2™ + cz"
0Doooooo,u,,V,00000000000000000000.

1 OO0ooobood

X OHibert00OO0,70 XO0OOOOOOOOOOO. 0000,7000000 o(T), O
0ooooo T) 0,

o()={ eC: N -TOO0OO0O}
r(T) = sup{|A\| : A € o(T)}

O000000.000,/0 X0O00OOO0O0ooooo.00000 o(1)0O,000 COoOOOO
O000.00,¢T)00000O0,000000000O0RO.

@Qoooooo : op(T) ={N e C:ker(AM —T) # {0}}
@OOoOoooooog :aap(T):{)\eC:H{:cn}CXs.t{”:&yf%)x ”_>O}

000, kerf(AM—T)0,000 M-TOO0000. 04,(T) 0000000, 0,(T) C 04p(T) C o(T)
ooooo.

2 0000 ToeplitzU O O

TO COOOD0O00,, 0 TOOOOOOOO 100 Lebesgue 00000, 0000200
D00000000000000Hibert0OO LXT)000. 000 »0000,TO000 27
0,2"(¢)=¢* ((eT)00000,{z":n=0,+1,42,---}0 LXT)00000000000.

0o,

H(T) = {f € L(T /fz”du “5 ), f( @)edf =0 (n= 1,2,...)}
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000.0000,HXT)0 LAT)000000000.00,{z":n=0,1,2,---} 0 H*T) O
0000000000.000,L2%T)00 HXT)00O000000 PO0OO.
00,,0000000000000000000 BanachOO L(T)000. 00,

H>®(T) = L>(T) N H*(T)

ooo.
00,k=2,3,--- 00, W, O,

n 1 (nO0 kDOD0DOO0O)
WkZ =
0 (nD kO00O0O0O0OO0O)

000000000 LAT)oooooooooooo.
O0,pel™(T)00000.0000,L*T) 00 kO0O0DDODO ToeplitzO OO U, 0,0
goog w,oooo,
Uof = Wil f)
ooooag. .
O000,pel®(T) CcL¥T)000, p= Z az" 0000.0000,0, 000000,

n=—oo

ag - Q_2k+1 A2k G_2k—1 - A3k
G -+ GGfgy1 Qo Qg1 - G2k
ap - a, ao a_, ceeay
agg - Af+1 ay ag—1 - ag
asg - A2k+1 a2k (€575 ag

000.00000,0000000000000,U,00000ToeplitzOOOOOOOO0D00O
0.000000,k=10000,k=23,---0000000,000000.0000,000
0k=10000000,k=23,---00000.

000,L3T) 00 HAT)OOOODOOOODO POOO.0DO0OOO,H*(T)OOD kODOOO
ToeplitzO OO V, O,
chf:WkP<‘10f)
oo0000.000000o0o00,v,000000,

Qo a_1 a_o s Ak
ar Q-1 Ag—2 - Qg
Q2 QA2k—1 QA2k—2 - Qg

goo.
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3 O0Uogognd

HoO,k=20000000 LXT)000000 ToeplitzOOD U, 000000000 ([1
0[3]). OO, Arora and BatraD, 000 k0000 LXT) 000000 Toeplitz0O0O U,
HXT)0O0DO0OO0DO ToeplitzOODO V, 000000000 ([4016). 0000,U, 00000
000000000000000,00000000000.

n

———
OO0 At = Wi Wa(Wi () el*) - o) 0000, r(U,) = lm %/ [t

~ J

ogoo,V,ooddooooooooodgdoooooooo,ooooooooogoon.
00 A e HXT)OOO e H(T) 000 r(V,) =rU,).

U, 0000000000000000000B,C0,V,0000000000000000
0B,C'0,00000000 ((70(8).

O0B |p|]=1ae 000,

o(U,) = 0uplU,) = e C: N < 1}
o,(U,) D{ANeCT: |\ < 1}

ooo.
O00B |gl=1lae ,peH>T)000,

(Vo) = 0upl(Vi) = (A € C: [N < 1}
op,(Vy) D{A e C: A <1}

goo.

O0C p=2z"(m:00)000.
)mO k—100000000, 0,(U,) ={AeC:|A <1}
(i)mD k—1000000, 0,(U,) ={A€C: |\ < 1}U{1}

O0C ¢=z"(m:00)000.

()m<0000,000m>000m0O k-100000000,0,(U,) ={AeC:[A <1}
i{i)m>000 m0O k—1000000, 0,(Uy,) ={AeC: N <1}U{1}

000 e L>T)0000,qU,),s(V,) 000000000000000. 0000000
0 HoD,o(U,) 0000 “o(U,) ={\eC: |\ <r(U,)} 00000D? 0000000,00

googooooobbooooogg.

O00,00000000,pl=1lae.000000000.000, |pl=1ae 0000000
gO,buoggoboboooggooobg.
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4 0OOOOOO

0000,p=2"+¢:"0000000000,0(,),0(V,)0000.0000,00000
UHoOOOOODOODOOODOOD.

O01 p=2"+¢z" (mn:m>n000000, ceC~{0})D000O,
o(U,) = 0ap(U,) = {)\GC:|>\\§\/1+|c|2}
o,(U,) = {)\ECZ|/\|<\/1+|C|2}

002 p=2"4cz2" (mn:m>n000000, ceC~\{0}) OO0,
o(V,) = 0ap(V,) = {Aec:wgmﬂc\?}
o,(V,) = {/\EC:|)\]<\/1+|c]2}

Jood

[1] M. C. Ho, Adjoints of slant Toeplitz operators, Integral Equations Operator Theory, 29
(1997), 301-312.

[2] M. C. Ho, Properties of slant Toeplitz operators, Indiana Univ. Math. J., 45 (1996), 843-862.

[3] M. C. Ho, Spectra of slant Toeplitz operators with continuous symbols, Michigan Math. J.,
44 (1997), 157-166.

[4] S. C. Arora and R. Batra, On generalized slant Toeplitz operators with continuous symbols,
Yokohama Math. J., 51 (2004), 1-9.

[5] S. C. Arora and R. Batra, Spectra of generalized slant Toeplitz operators, Analysis and
Applications, Allied Publ, New Delhi, 2004, 43-56.

(6] R. Batra, Generalized slant Toeplitz operators, Thesis. Univ. of Delhi. 2004.
7700 00,L200000000 ToeplitzOOODOOOOODO, 0000 (DODO), 2007.
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00000000000 00000D000 (Hiroyasu Hamada)

1 0O0od

(O, F,0)0c0000000000a€ L¥Q,F,p)=L>Q) 00000000000 M, :
LXQ) — LX) 00 fe Q0000 M,f=e¢f0000000000000000000 C*
000000D000000000000000

00 1 (well-known). (1) {M,]|a € L>*(Q)} = L>(Q).
(2) 000 QDODO0D0D00D00000000000{M,]|ac Gy(Q)}=C(Q).

O000o0o00000ooo0 c,0oob0o0ooooonoooboooonoooboo cxoon
ggbbobbouooogbobbobbooooobbbooooobbobbooooobbobougo
goobooon

gbbodoobooobuoobbuoobboobooobooobuoooobboobob 3
OO0 ROODDO20000D0000Q0O0 RO uiaOOUOpO RO Lyubich OODOODOODOODOO
gobobooodn

2 JUboouoouood

000 /00000000000000000000000000000(Q,F,x)0¢000
000000¢:Q—-»Q0000000FEeFOOOO wE)=00000ue " Y(E)=00000
0000e000000000000000 upeY(E):=pule Y (F)0000

1<p<oc0000¢00000000000f€elP(QOO0000C,f=fope0000¢0
000D00000000C,fO well-defined0 000 0

¢,00000000000000000000

00 2 (000 Singh-Manhas [10]). 1 <p<oc000O0eO0000000000O0OODOOOO
gogpbooood

(1) C,: LP(Q) —» LP(Q) 0000000

(2) M>000000000 EeFOOOO pup Y(B)<Mu(E)DDOODOOO
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O0.000000c, 0000000000

002000001<p <ol L(Q)0000000C,000000000001<p<o
Or(Q)O0000000C,000000000p=0000000e000000000L>(NQ)
oobooooo c,ooooooooooooooon

goboboooobbooooon

0.¢:Q0—-»Q0000000000000EeFOODOO up (B)=p(E)0O0000O000OO0
1<p<ooDDODOC,: PN —LP(QOO0O000D00000O

O (Nordgren [9]). T={CeC||(|=1}0D={2€C||¢/<1}0000Q=TO0O00 pOT
O0000000 LebesgueDO mOODOOO0OO :D—-DO0O0OO0OO0OOOOOOOODOO
0000000 :T—TOOODOOOOme 0 m0O0O000 Radon-Nikodym 0 O O

-1
mzz = Py
0oo0o000oo .
Pan(Q)i= oo CeT
0ooooooo
Pyo)(€) < T—LEES;I

000C,: L/(T) - LX(T)000D0000

C,0000000000D000000D0OOCG,: L*(Q) —L*(QD000ooo C;C, 0
goooood

00 3 (000 Singh-Manhas [10]). C, : L*(Q) — L2(Q)00000000000

hwzdﬂ;;‘l
godoodg

C:;C@:th
gooogg

D000D00000000aee L°Q)0000 C)M,C,00000000000000a=1
afufululu
CiM,C, = C5C, = My,

gbgogboogo3gbooboon

gd.dgooooooobobbbbbbbotbodddooooooobbbbbboogogo
0000000000be L>*(Q)OO0O0O0MC, 000000000000

(MCyp)" (MyCy) = CoMy MyCyp = COMpM,Cyp = CoMy,Cop = CoMp2Cly
0ooo
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0000000000000 0Perron-FrobeniusO OO (0000 transfer 0 0 0 O Ruelle O O
000)00000000000000D00y: Q—=QO00000D000f e LY(QDODODO
Radon-Nikodym OO OO0 L,fe LY(Q)DOO0O0OOO

[@idu= [ gin per

e H(E)

000000000 £,:LMQ) —» LY(Q) 0000000000000
O00. £, 0 Perron-Frobenius 000 (D000 transfer OO0 OO Ruelle 00000 )0000

000000 Perron-Frobenius 0 0 0000000000000 00000000O(Q,F,u)0O
gobbooogbboboooobbobuooobon

00 4. (Q,F,x)0000000000C,:LYQ) - LY(Q)00000000000 £, : Lo(Q) —
L~(Q)0000000C;=L,0000

O0.(Qu=(T,mO00¢:D—-DOO000000O0O0O0OO0OLYT)OO000 L(T)000
00000 £,=A, 000000000 A, O AleksandrovD0 000000000

A,(f) (@) = / f(Opal€), a €T, felLi(T)

O00000bD0n0O p, O Aleksandrov-Clark 0 0 O O O O Aleksandrov-Clark O O O OO0 0O 0O O
000000 [20000ooon

a€L™~(Q)0000D0000000 C4M,C,0000000000000000000000
000,0000000000000000 Exel-Vershik [3]00(Q,u) = (T,m)0 ¢:D—DO
0000000 Juy (6000000000

00 5. (Q,F,)00000000C,: L2(Q) — X(Q)0000000LXQ)000000000
CEM,Cp = Mg, a € L¥(Q)
gooogg
ogd. f,gELQ(Q)DDDDD
(CoMoCof,g) = (MaCy f, Cog)
= [ ) (el)alednte)
~ [ at)(Culfa))du) (C,0 L'(®BO0DD)

_ /Q (£o(a) f(@)Tw)du(w) (L¥(Q)0D0000000 C;=L,)

= [ o NN (£yla) € L)
= (M¢ @) f,9)

goooooboobodan [l
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3 O0Uogognd

O0s00000000000000O00DOD0D0ObobbOOob0 Ccrob0bobDOoDOon

0000 4,50 ROOO Blaschke 00000 Hardy OO OO ToeplitzO OO 7, 00000
OCrRO0D000D00OD0C*OTCROODOODODOODODOODOToeplitzODOO T, 0000000 M,
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C*(M,, Cr|a € C(T)) = C*(M.,Cp)

O00000[4,5| 000000 OCk000O0OOOOOO
O00O000O0b00O0bO00oROOO200000000000OQ0O000 RO JuliagdO JrOp
000 ROOOO LyubichOO x*00000000O0

C*(Ma, Cr ‘ a € C(JR))
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O0000000000000000000000000000 Beardon [1]0000000OR
O000000O0OR=P/QOO0O0O0O0O0O0O0O0 POQRUOODOOODOOOOOOOOOOOO
RODDODO degR =max{deg P,degQ} 000000000 RO Riemann OO @:CU{OO}D
gogoooooobooood

00. RO Fatoud O FrO0O0O{R™}* , 0000000000 (0000000)000CO0
D00000000000000 R0 ROmOO0000000000 Jz:=C~Fz0000
RO JuliaD0D0O000

00000000000Fatoud 000000 {R™}>_,0000000000000000
OD0Juia0000000 {Re"}>*_,00000000000000000000 ROOOO 20
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2€(Ro™) 1 (w)

O0000000Oepnm(2)0 RP™O 2000000000000 {p2}e_, 00000000
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00 6 (Lyubich [8]). Lyubich 00 /0000000000

(1) CoOoooOoOooooO

(2) JO0DOODODOO

(3) RF-O0DD0000O0O0000BorelDO ECcCOOODO pk(RYE))=p“(E)D0O0O0DOO

000000 Cg: LA(Jg, B(Jg), u*) — L2(Jp, B(Jp),x)0000000000000000
000 B(Jg) O JpO Borel c 0000000

0.n>200 R(z)=-"000000000 Jz=T,l=mO000

00000 (Jg,B(Jr),x*) 0000000 Perron-Frobenius 0 000 C(Jp) 000D O0O00OO
gbgobobobobboobooboobd

00 7 (Lyubich [8]). ROODO n0 20000000000000000Lg: C(Jg) = C(Jg) O
ooo .
(Lra)(w) = — > erl(2)a(z), a€C(Jg)
z€R~1(w)

oo0od

0o0oo0o0O00000ooo000o0ob0ooooo0 M,000000 CpOO0O0OO0O0OOOODOOO
00000 C*0 C*(M,,Crlae C(Jg) 0000000000000 C*0 Ox(Jzg)0000O0O
oo0ooooooon

00 8. ROODO200000000000aeC(Jg)00000LA(Jg, B(JR),xX) 000000
00 M,000000Czk000000000
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ooooon

Ogr(Jr) O Kajiwara-Watatani 7] 0 0 0000000000000 0O0OCO C*O00000O00OO
gobbobuoggbobbodo

00.ROO0,000000000A=C(Jz)000Xgk(Jg)=CJg)O0000Xk(Jg)O AD
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(1) a,be AD €,ne Xp(Jp)OODODODO

Saweb = aSeb,  Seyny =S¢+ Sy, S¢Sy = (£, ) a

(2) a € Jxpum 00000

i a8, S = a.

=1

0000{w}2,0 Xp(Jp) 000000000y ={e€AlaD RODDDOOOODO }O
000000
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0000000000 (Takeshi Miura)

1 0O0oond

gobbbbooooobbbbuooodoobbbbuooooobbboooooobooo
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0000000 Nagasawa [8] O de Leeuw, Rudin and Wermer 2] 0000000000000
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2 ODogbouobogon

KOODOOOOOO Hausdorf 00000 C(K)OOD KOOOOODODOODOOOoOooOooOO
0000000000 o0DO000000oO00O00nD GK)Oooooooooooooo
O ||flle =suprer |f(K)|D00O0D00000000000O000O00D0O00O00 BanachOOO
0000000000000 HausdorffOO KOOOOO (function algebraon K) 00000
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000000000 Ve, ko€ K by #0000 0+# f(ky) # f(ke)DDODOO feADDDOODO
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0 ¢: Ch(B) —» Ch(4)00000D
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Integral type operators on H*

0000000 00 004 (Takuya Hosokawa)

1 Introduction

Let D be the open unit disk in the complex plane and let H(D) be the space of all analytic
functions on D. The multiplication operator M, is defined by M, f(z) = u(z)f(z) for v € H(D).
Moreover we define the integral type operators I,, and J, by

Lf(z) = / OO dC, Tuf(z) = / " HO W) de.

Then we have that
(L + Ju) f(2) = My f(2) — u(0)£(0). (1)
Denote the set of all bounded analytic functions on D by H*°. Then H* is a Banach algebra
with the supremum norm

[ flloc = sup [f(2)].
z€D

The boundedness and compactness of M, on H* is well-known.
Proposition 1.1 Let u € H(D).

(i) M, is bounded on H* if and only if u € H*®. More precisely, we have the norm estimate:
[ Ml oo = [|te]|oc-

(i) M, is compact on H* if and only if u = 0.

The proof of our results involves the Bloch space B and the little Bloch space B,. The Bloch
space B consists of all f € H(D) such that

17 = sup(t - 121%)1f'(2)] < o0.

Then || - || is a complete semi-norm on B and is M&bius invariant. It is well known that B is a
Banach space under the norm || f||z = [f(0)| + ||f]]. Note that || f[| < ||f|le for f € H™, and
hence H* C B. The little Bloch space B, is the closed subspace of B consists of all f € H(D)
such that

lim (1 —[2[*)[ f'()| = 0.

|z|]—1

B, is the closure in B of the set of polynomials. See [3] for more information on the Bloch spaces.

20



2 Boundedness

We use the following lemma.
Lemma 2.1 [, : H*® — B is bounded if and only if u € H*.

The boundedness of I, on H*> implies the boundedness of I, : H* — B. Using this fact and
the relation (1), we have the following theorem.

Theorem 2.2 Let uw € H(D). Then the followings are equivalence.
(i) M, is bounded on H™.
(11) I, is bounded on H™.

(1) Jy is bounded on H*™.

(iv) u e H™.

3 Compactness

To study the compactness of I, and J,, we use the following lemma.

Lemma 3.1 (Weak Convergence Lemma) Let X be H* or B, and let T be I, or J,. Suppose
that {f.} is a bounded sequence in H* such that f, converges to 0 uniformly on every compact
subset of . Then T : H*® — X is compact if and only if T : H*® — X is bounded and
IT fullx — 0.

Involving the case of I, : H* — B, the compactness of I, has been characterized as following:
Theorem 3.2 Let uw € H(D). Then the followings are equivalence.

(i) 1,: H*® — H™ is compact.

(11) 1, : H*® — B is compact.

(111) u=0.
Corollary 3.3 Let u € H(D). Then the followings are equivalence.

(i) M, is compact on H*.

(i1) I, is compact on H™.

(11i) uw=0.
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On the other hand, for every constant function u = ¢, J, is the zero operator, and it is compact.

To get a necessary condition for J, to be compact on H*, we consider the case of J, : H*® — B.
Lemma 3.4 J,: H>* — B is compact if and only if u € B,.

Recall that the function in the intersection of H*> and B, is constant on each Gleason part (see
[1, p.432]). Hence we denote H* N B, = COP (constant on parts).

Proposition 3.5 Let uw € H(D). If J, is compact on H*®, then u € COP.

Ooog
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