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V(B) @ Banach ZR&A L 20l H

ZAHE /NPMEEE Masanao Ozawa)

§1. F&

L, Scott-Solovay ® Boole KBEEAROBINEANDRK
BWREEM, FW [(14-197, ®H [4-51, Jech [31, /Mg [6-12]1 %
EREYRETHh, BHUERPLETZIEGROBMRIBIFNFELBT 3
LB ULDPOBARBRFRERHBULODDOHS5. KRB T, Boole K ¥
HMEAWBWCBY S Banach T HEE2FANRS I &L &Y Banach ZEH A
OERP>TE AV-REOMBOTHLALIBITEELEY U, h
% von Neumann B® AV-ROMBEHECHI IV >bOMELR
LZE&RIBAULV&S. '

§ 2. W#kAWV-’|R £ ® Banach i B »

e, Banach MBEOHZRALVK  OPHEBEUTBLLRDERD
5. ZR2u# AW-BEU, ZOJNLALE Hl -l THU, Z OHE
DR T T Boole fi#k BTXRIT. LA I DD (Hf
B) Z-mB X W laxll S lallgllxll WFRTD a € Z, x €
XROVWTHRILIT SE&EE, LA Z-MBEEWIITIHh, FhH Banach
M5 &% Banach Z-MBEWWh3. Wahi, ZEHLOH
HMBARELTEEL C*-R Banach Z-MHTH 5.

X, YRJLA Z-MBETE. Xhod YAOHR Z-BHNSE
DT EEE Homy(X,Y) E#<L. Homp(X,Z) # X¥ THU, X © Z-
HEMBErRY, Zoxk Z-ABEBEEFR. X »3 YOLEANORE
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B I-BREEREEETIEE, X & Y W HEE X
~ Y & &L .
Z-m# X Do ZAOHEE I-llz: X-> Z&, KOZHUEHRE

& ZfINALEHWIENDS I HED x, YE X, a€ Zwxl
T,

D hx+yllzg S Wxilg+ Ilylg,
2) axllz = I al Il xll 4,
3) xllz 2 0, > X=0D&xwHWY Nl xlly=0.

Z-BE )N LkdDD Z-MBER Z-J N L Z-MBEWHSR. Z-J VA Z-M
B ntxn =1 Hxl 7l (& WSBEARBRTERBEIN S ANTI—EHD /I
AR2DdD, AHWIFI—{EO/NVALAREUT Banach ZRT% % Z-/J LV A
Z-M# % Z-Banach Z-MB LB S . Z2PLO0BUMBARELVLTE
T C-RiX,

N xll ; = inf{a € ZI x*x S a2, a 2 0}

TERBINS Z- /)N LW &>T Z-Banach Z-lIFC R 3.
BOXOK (bj} W, supj bj =1 T i # J&dWd bjbj =0
S RBEEBELNONBESE NS, Z-/V kA Z-MBWR, BOFEOH
HDOHW (bj} & XOEBEOHEFRBE (X33 WHUT bjx = bjx; %
Kld XD x BEREFEET S5 & &, Kaplansky Z-#E& WHIIh

3. B, hP Banach Z-mWH Td $ % & ¥ Kaplansky-Banach Z-
mBEEHEAS. Z RHOOEGMBARELCAEAT AV-RU,
Kaplansky-Banach Z-li#ic % . —>® Z-J L A Z-M#H X, Y I,
X9Pd YOLEAND Z-J VL2 Ro Z-BUEREREFET I L &,
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EbhE, TORDHLUBEHNAEMARTS

I+a2TdH3%.

§3. Boole ¥ #E%X &KW Banach ZR&A

v(B) %52 4% Boole X% B % ¥ % Scott-Solovay @ Boole
REBEEBEET 3. W& G+, 0 g% VB gy agres
MU, TOHERMEES X E?X@&’)CZ%%?‘%;

X~ ={u€ viB)y [ué€& X1 =1 and
3BKE€ R [lhullg s KY1T = 13}.

ET, VB mERsK (g OEHRNEEALTOARRBER &>
T, Q@ % B® Stone RPEME T3¢, Q0 LOBRRKEEHEH
ORI AV-IR C(Q) EABRRZIEBHMS>N TS [81. U
T, BEHUT—BRETZ O AVE-R C(Q) 2 Z THT &
Ry¥3. zozers, Ko VB po L LR ERE S SR
EROoOEBERFBEARBSVTHE], Z LtomEowkgrslakg
TIENFHEINS. vB) jy L AR X O RS E B
XNt el > BROESRERT 5 . |

DX, y€ X*Of u [Tu=x+y1 =153 (VB ¢
M —DxElL, Th2BUY x+vyv &L,

2)a € 2t x€ X*0O® u%t [u=aul=1¢&%% (VB
TIM—DORTEL, ThEBY ax & &L . '

D ITRTD x € XN wOVT, Ixliz = Il xllg.

X, ERBEAMBORBLOVT, ROTESRY R D.
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FE3.1. VB o agREl X oFREEME X W
Kaplansky Z-li# & b, B2, X~ » Kaplansky-Banach Z-n # & &
2RHOLE+SE&HE X B VB Banach EETH B TH
3.

X, Y 2Zo2o0 VB o pagREmErys. VB myRgw
Egetkory VB 1y Banach ETM L(X,Y)p OF R E M
LI, 2% 2 &5. T€ LXKV &33.To VB mepmaE L
LeIThgexy. xB), vyB) % x, yoWm@gEaL LT (U5,
XB) = qu € vy I Tu € xXI=12%) , 1B » Treik->THE
FaNEmER TB): xB) 5 yB)Y 93 (s, 1B = x>
€ xXBlxyB) | [Tx)=yl=1) .8, % T8 @ xr a0
HRET 2. COE, ROEEVRYVILD.

E®3.2. X, Y VB L grEmey 3. &0 T €
L.V~ 20T T & X DS Y NOFR Z-BEELTH 5.
MIE T> T"BXROFHERLT LK.V & Homz(X,Y") OO -
H—XIETH 3

1) ¥FXTO T, S € LIX, ¥, a, b€ ZRY x € X &2L
T, (AT + bS)*(x) = aT"(x) + bS*(x).
2) IRTO T € LX,H)" k20T, HTHh g = 0T~ 7.

T, FE0=>0 vB) w o rggmeEm X, v, WRU S €
LIX,Y)~, T € LI(Y,W", x € X* 20T, (TS)I*(X) = TAS~(x)
Yo,



VB oo agmzEme VB nERBAUER TT TN €
ZiKkhyd02hhron3EE Norn'B, t%9. #oT, 20
DO hom EEBHFWE L., )" TH%. %k, Kaplansky Z-m# & FH
R Z-BUEBRLHEHP>RS5MEE Z-Kaplansky TXYT . EHE3.1 & &
M3.2Hh3, #HIE X-> X, T> T~ R&>T NormB), o z-
Kaplansky " OB EHHB I h L2 BN 3. CoBEFLHEAMER
FEWHES. }m:, COMFOHRRBEAFRLHERMULLD . T2 &
Yy, COZSQOBEPAEBETHIZEBRENITH S5 .

£, zZ-0h Z-mEPS VB moragREMoERCE
UTROEESRY RO,

3.3, <Xyt,o5ll sl > % Z-J0 KW Z-MBETSE. EFOD
x € X, @®UT, x* € VB s xoBBRTCEHRT 5 :

x¥ = (KyY ,Llhx-ylly =00 =1>y € X).
CDEXE, TARNTD X € X2l [x~ < XV1 1 T» o, 3

B x> x" W, x=y R, FOLEWXRY [x~=y"1=1T>3
ZEXVISBEHRT—N—Td3. X € VB) s woBRTEERT 3

X¥ = {x~1 x € X X {1}.

&, X Lo VB g L AR EMOSETROZ®RARLT
LOP—BREFET S EEO x, vy € X RU a € ZwR2o2WT,

Ix” +y = (x+y)l1=1, [Ta~x~=(a-x)*1 =1 H>
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I nx~lhg=llxit ;1 =1.

EE3.3 tHEBREhE VB o agrasmge xo vB) iy
HELGrIIEFS. #I5 x-»> x" 2 X»s X" oWaEEs x*B) aom
HTHE2B, ThH®W X" ANDLHRR2L2DOZXUEBROEHTRY
h3%.

EM3.4. X % Z-JNAh Z-MB, X~ ke VB gLy
5, HEO x € XMTFBIHRE [JIgyx)=x"1 =1 &Y, X
Do X" A0 Z-BRE Z-AERER JyBEETS. Bk, Iy 2§
LRBRDOLE+HEH Y X 85 Kaplansky Z-MBTH 32 & TH
5.

Jy 2 xo vIB pmumgsgemirs. vIB mEgoREEy
ROEETREN 3.

EFM3.5. X% Z-J) kN Z-MEE, YR VB Lo R
E¥ 5. FED T € Homgy(X,Y") WHIEUT, T=S%dy BAKARYT S

€ LX"\M" B —BRREET 3.

KoE®BIzLY, VB nEBESEFRRIIENTEN 3.

% B 3.6. X, Y BZOo0 Z-)JMVAh Z-MBEEUL, T €
Homz(X,Y) &9 %. ZO&%, ROXHRALT T° € LKX,Y) B
—BREET S  EEDO x € XR2VWT [T7&x™ = (Tx)~1 = 1,
B2 HT g = ITH,.
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EH3.6 CHMEhE VB meEREMNEH T X" > Y~ % T
O VB NWELrBR. Z-JLA Z-MBEER -BEMEEBORTHE
% Z-norm TXT . Z-Kaplansky X Z-Norm O A ML HLBETH 3.
hEte@®re VB NEGEOMFOMELIEDILROLI>LR
3.

E®3.7. vB) jyiEE E: X > X*, E: T—> T~ QGdXxoEs
o Z-Norm » & NormB), ~OMFT5 3 :9+~xTD a, b € Z,
T, S EHomZ(X,Y) U X, Y € Z-Norm & U T,

1) E(aT + bS) = aE(T) + bE(S),
2) " E(T)" B = " T" YA

gk, BF EW@ Norn® »3 Z-Norm \OHFRWHHF R: X ~
X', Ri: T> T~ OEHBRBFTH 3. #HIET 3 Z-Norm LOHRE#
1> REW {Jy! X € Z-Norm} THE 2 6h 3. H, HF ELH
Z-Kaplansky ICHR I hiL, ZoHBHIXZ>DME Z-Kaplansky &
NormB) | omoBERAELEILT 3.

COFEEDH S, ¥HIE RE: X = X, RE: T - T & Z-Norm »
% Z-Kaplansky ~OBF T, VIB) wugse Jy @ x »> 20T
RENDEBHTHZIEBREBEHNS. X>T, XORX2HE 5.

M3.8. X B Z-/J N A Z-MF & T 5. Kaplansky Z-lu# X~ W
XOoMHERZF OAEMEE LI D TH—O I-MHETH% :EEOD
Kaplansky Z-Wi# Y XU T, &# T € Homy (X", Y) & T = Sedy %



R IH—20D S € Homy(X,Y) »oHBo>h3. $k, ZOHIE S >
Sedy W2 & 2 T, Homz(X,Y) i& Homz(X~~,Y) & HEHMER L2 3.

JNLEM X OBEfKE BX THRU, VB poaaEm x
ODBEfHE UBBX)g THTIERUES. $k, $0RLRET 35S
g VB pogrmrRysEEEN I mMAREEe LWB)) Tt
PT. ROTHU, BHREL>EES VD WEBERLZL->TED S
BOWIERTRY.

SEM3.9 X % Kaplansky Z-mE & UL, ¢ (x) 2 LB i
BRI 5.

(D [¥x € UBXMg ¢ )] =1 BROVUDLDOXLE+HR
HBRINRNTO u€ BX)XD2VT [éw)dl =1 BRYVILDZ L
T 5.

(2) [ax € UBBXMg ¢ x)T =1 VMYV RDOLE+HSR
Hidd% u€ BX)YRS2VLT [l =1 BHYVYIELDIE&TH
3.

§$4. rAEROMMARE

1| [131 & &> T, von Neumann R % % @ Banach ZE [ © # &
WEIRBRNI B ERZBMBUTUX, ZOomABAZTHOEEIRX von
Neumann RO R RHPERVERB ER>R. UP»LUL, Halpern [11]
REkoTHHichTd»WE L5, Lo PBEHBETRVWVESRZE, 20O
BER OGS IMABET I EBRBRENB L5 RoR. 20D
RIFPEW, MW Banach ZERORHLYVYKHFLEOMHEOHERLHANRS
CERREUR. EBE, Bl von Neumann BB I I T H 2 LD WL %
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hBHh L ED® S Banach MBOE _HBRZERERIIEBLE+H
TdBC& (11, Tk, AV-BREHZIH AW-BRPILOEVVLEZ
HTFREUTCEBASKh S EDRE, ThPdh.H0LEDd % Banach
BOE_HBEMBERBIZIEBDETHTHIERRUR [2].

ChoDERIEThEIFTHFRE Banach EROoBRKRE LTH S
AhTLWReIEtDBYYRZ—KILEFEZAGOGHLS. ULIPL, COMRFTER
b7 % & Banach ZM AL £ << E1TMWIC Banach MBOEHR 2 HE
TEH53LLV5BDTHDLDULLVHEBELEAENSS. ®->-T, COEHO
PHORHEBRZI->-TEBEHERKE BT OEDS DY, Banach %
MofE#%L2 Banach MBOFTHIBEELEM I I REENAEBS L U
EFREZI LW ETHS. HIHIT, BABPUTERIEYD D&
ZOEIRFERERBUTVEIDOTHS. UTT, siicHion P
TEEORBHEUTERIWBEHZEROMBEBERCHISERRL VL
2hEANUK D,

Z UM AV-BEU, Al Z2FLOBUMBAREULTET
C*-R&¥T%. A, 335 /705 Z-MBO Z-RE{EMBEEAEHE R
OrE, Z-H#BEpMEWEhs. Tk, 3353/ V0H Z-MBEOE _HE

Z-mBrAERKEHNOEE Z-E_HEBHEHITITHLhS., AN AEBSHOD
- AL AEHEARor%, Z-BEOHBHERITIHh . RADH

HMUBRCOIIRBRUMERZHLT CC-BOVLLK 2P0 HER2EHFI S
ETH 3.

C*-BUW, Z2dhLET%55% I8 AV-B L& *@A® n: A
- LBTFEELVT nA) = n (A" & RB L&, Z-HBAGBERITH
.20 %, Al ZR2HL0OBMUM AV-BARELTET AV-R
&%, Fh, IXNTO Z-BATE AV-BURZD Z2hdET 352
EBHRBZEEODERTHLOMWBATGE TS 52 &) Boole KKER
FERIOVFEIAhTVLS [10]. BRAOEEOBHWOICAHRXROERET
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| EH4.1. A R AWV-R ZEHOLOBENHEARELTERLE
C*JR&dT%. COk%, AW Z-HMATNETHILDODLE+HEH
W, AD Z-HEBEWTHIILTH 3.

COERBWE, Z=Co&E, I (131 &S von Neumann R O
RBEHITRRBRBEIHNS. ¥k, 28 AOHDOTSH % & %X Halpern
21 Rk > TEREATVS. COTHE GO RO E AR
By sERIVBELEZTOBERENM IS XRORBRTONS.

Fa.2. Zyg-HATEE C-RE Zg 2R FLOITRNTO AW*-8
SR ZGCEAUVUT Z-BAGHETHY, POL-HBHTHS. HIZ, von
Neumann RE H LD FXTOD von Neumann A4 &R Z KB U T Z-# A
eE» > Z-HEWTH 5.

& Z AT, von Neumann RO B AW, s =B M Banach F
MOBOPTRE—-DREESIEBH>ALTL BB, }%Ht‘\?‘%
Banach MBOHERUCh I TR M TLRYL. ZCOMEBHET
o> BHW Banach MBOHRLEZBLVIHBEEBOERENILET
BAéohRhoRIERH®S. 2%V, KAWMTE#&UR Kaplansky-
Banach M # Banach MBPB RN I I3 R/EBB xS CEBMBREUT
RedgHALCHBUTVS., ChPIBTHRZIUV-EREONBEROD
T5Y, Boole HEABEAVWIZ LR ko THDTHEIIE R >R
CTETHB. THhTU, UTOXBGOBETIO—RHEOHEL B R
U&D.

Z-BATEE C-R A Z-ABH fW, IRTO x € AR

10
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WT, f(xX*x) 2 0¢(RBIECEXE@BERENSB. EE Z-AREB
Z, A OERDPoRAEEO—HKEREMBEEE {(a;) o0 T,
f(supj aj) = sup; fla;) E¢RBEXEHEMET N S. A LD Z-HH
BTEHRIEE Z-ARBOBRUBEEUTRESIDODLHUR Ay TR
7.

SEM4.3. AR Z-HATH C-BEThil, Ay & Kaplansky-
Banach Z-MIH T3 YV, AW Ay O Z-HEMBTHS. UL A Do
Kaplansky Z-mui# X © Z-#E&mMBPE LT HhE, X & Ay
AE#AYTS 5.

=®®ie, IR AV-BOBBIFITRODVLVTROEEELB >

EH4.4. AWV-BBIAUTCHEI3RDORET+RRHBE, ThB?
OFD ZREAUVT Z-B_H#HBEHTHIILTH 5.

EW4.5. AWV-RYB I FRETCHI-2DOLE+HZHBU, ZTh
BDHOCHBRBTHSZLTHS.
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