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C*-BRD BB O lifting FEIZ DWW T
FRRXFHBFNL A IE (Tadasi Huruya)

C-BROBER~DERD lifting FIEEHHET D L &, EREPARRITOZEMD lifting
BEERFERERZLUTER (1,3],6]) =2 Tik, ERBBBIFRKTDZER D lifting [
DB %5, Robertson-Smith [14] XA FRKRITAD operator system 225 C*-BRDOFGER~D
completely positive unital F&I%, EED n {22\ T, n-positive 72 lifting ZFF>Z & %
ALz, 22T, Wi n= 00 IZH7=5 completely positive 72 lifiting DHF-AIXE 5 H»
EWOEBREBALND, ZZ Tk, 2&¥D X O BREEKFZRT,

2OMERTE L OHBBEOR C-5 C*(F,) & reduced & C-B%E CHF,) L35,
Cr(Fy) DAERTE {Mu), \(v)} DAERRT 5 5D operator system 2 E L L, E @O
Cr(Fy) = C*(F)/d ~DHEDIALE ¢ £T5, ZZTiE. ¢: E - C(F,)/J iX com-
pletely positive unital 72 lifting % b 7272\ 2 & 7R,

¥ 7z, lifting f81%8 & operator system > maximal tensor FEDBERZ A5,

1. ¥

C-B A B IZx LT, A®B T minimal C* tensor #%. A ®mnaz B T maximal C*
tensor FEEE T, EBEOC-BBIZH LT, BIZ ARB=A®mw B W3 C-B A X
nuclear T % LS [12],

UTFTiK, C-BRITTRNTHMT 1 205, AT T7MVETATHCEEMOLEE XS,
¥72. L(H) ZERRTD separable Hilbert 25/ H DFRMEAR A LT 5,

C-3R A DB ZEM E B E* = E > 1€ E 2W#§ilz+ L %, E % operator system
EFES, FRiZ. fTHIR M, @ operator system % matrix system &FESZ &35, C*-B
A; @ operator system E; i = 1,2 iz L' C, F, ® E; € A; ® A; T minimal tensor & %
EET D, . REVFINLE E,0FE, iz, max J VA%

z= Zx“’ ® P, ||2]/maz = sup|| Zel(x“’wa(a:f’)n

ZZ T, sup i, 0;: E; —» L(H) T commuting range 2##2, TRbbH, 0,(z1)0:(z2) =
02(z2)02(x1) %723 completely positive unital BARD pair (6,,0,) &Iz 72%, +4
%< D (01,0:) IZHRETDONWZRED direct sum vy : Ey © E; —» L(H) 28252 412X

|Zllmas = [I¥(2)I| € E1© Bz

D y(E, © Ey) ODFA@% E, ®uae B2 TRL., E, & E, ® maximal tensor & & FES [13],
Ei, E; 28 C*-BD & &, C*-BR? maximal tensor FEIZ—E T 5, £72. Fs 2% nuclear C*-
ROLE, EBD E, XX LT, E,®FE; = E) ®maz B2 BT 5 [13], Z® operator
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system > maximal tensor f&iX. doubly commuting operator @ joint normal dilation ~
- DISABRELN TS [13],

C-B AWK LT, ACB Rl TEBD C-BB »b A~DJ)ALLD projection
BFET D L&, A % injective EFES, L(H) IX injective TH B,

C*-B A Izt LT, f£BD C-8 B DR B/J ~® completely positive unital 72
$p:A— B/JBEZONIELE, A DIEBDORRRITTD operator system E ~DHi|[R
$5: E — A — B/J % completely positive unital 72 lifting . $72bH, v : E —- B T
¢ = mo Wi/~ F completely positive unital 72518 v EBRBTEET D L X, A 1X local
lifting property -2 LS (11], 7272 L, niiiEBR n: B — B/J #&7, EE@ED
AL E b OB MEE F Off C*-8 C*(F) 1 local lifting property % -2 ([11] ® Lemma
2.1), 2 ¥ ® Kirchberg & Choi DFERIX, LLTD key &b,

EHLA ([11] @ Proposition 1.1). C*-Bt A #3 injective T, C*-8 B 8 local lifting property
ZhoLX,
A®B=AQ®mu. B
EHEB ([2] @ Thoerem 3.1). C*-B A 2>5 B ~® completely positive T/ /L A5 1 LA
TOER ¢ 1z LT, My ={a € A: ¢(a*a) = ¢(a)*¢(a), >2¢(aa*) = d(a)p(a)*} % ¢
? maltiplicative domain & X5, a € My 25, EBED be AT LT, ¢(ab) = ¢(a)d(d),
d(ba) = d(b)d(a) MRRILT B,

2. #i

Bl1. Cr(Fp) DERIE {A(u),\(v)} DERT S 5KILD operator system & E & L,
E O CiHF) = C* ()] ~DBDIALZE ¢ L1565, ¢: E — C*(Fy)/J i% completely
positive unital 72 lifting %2 & 7272\,

B

Wassermann OFER [15] 235, short exact 51l

0—J—CF) - Ci(F) =0

Xt LT o
0— J®C*(Fy) — C*(Fy) @ C*(Fy) — C*(Fy) @ C*(Fy) — 0

I% exact TRV, &Ko T Kirchberg Of&% ([11] @ Proposition 2.2) 2% Ck(F,) I local
lifting property & b 7272\, $72bb, EEHAIZLD

C;(Fy) ® L(H) # C;(F2) ®maz L(H).
@ 3 completely positive unital lifting ¢ : E — C*(F,) b2 L{RET 5,

O: EQL(H) — C*(Fy)®L(H) = C*(Fy) ®mas LIH) — C(Fy) @mas L(H)
TRY — Y(r) @y — ¢(z)®y
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iX completely positive T %, 7 % Hilbert 25f K £® C}(F3) ®mas L(H) O faithful 72
RHRLT5B, 0:CH(R)QL(H) — L(K) % ® ® C}(F2) ® L(H) ~® completely positive
RIEEEL T3, O(A\(u)®1) = 2(\(v) ® 1) = m(A(v) ® 1) 2D T,

$(1) = B((\(v) ®1)* (Mu) ®1)) = ®(A(v) ® 1)*d(\(v) ® 1),

$(1) = d((\(w) @ )(A(w) ®1)*) = d(\(u) ® 1)®(A(v) ®1)".

Y oT. Aw) iz & @ multiplicative domain IZJ&¥ 5. FEIZL T, A(v) b & ® multi-
plicative domain IZ&3 5, {\(u),A(v)} iX C(Fy) ZEMTHDT

P(zR1)=m@z®1) z€CF).
o T. & 12 CH(Fy) @ L(H) 135 CH(Fy) ®maz L(H) ~DBERRERBELL 2D,
C:(Fy) ® L(H) = C*(Fy) @™ L(H)
BRI, ZIUIRMHITRT D, Lo T, ¢ iX completely positive unital lifting % & 7272V,

3. Lifting E¥
Effros-Haagerup @ technique [6] & Kirchberg DfER [11] 2> T, DEDEHEZR/ D,

EH 2. HIRWKITD operator system E 225, local lifting property % %2 C*-8g A @
W8 A/J ~~ completely positive unital 28 ¢ IZF LT, DED (i) (ii) IXFEME,

(i) ¢ 2% completely positive unital lifting % b2,

(M@'E@CqA®mﬂ7

Ty — ¢(z) ®

BEE D injective C*-BR C 1Z%t LT completely positive Tdh 5,

FERA

(i) = (i). E REMKRTRDT ¢ = ¢* &WilzT ¢ O lifting v BHEET D, m EEHF
Br:A— A/J £ 55, J D quasicentral approximate unit (ex)rep ZE,

Day) = (1 — )79 (y) (1 — ex)?

<, Effros-Haagerup ([6] ® Theorem 3.2) ®FE#H 5. limy || ¥ |lcp= 1 ZREE
v,
EOEXBBRIL LBV ERET D, ZDLE

lim/\sup ” Py ”CB> 14e.

LB e>0 BEETD, {¢¥»} % subnet ITBEEXMA DI LIZED, T RTDAeA
DWT, || Yz llep>1+e ELTEN, 2T, EﬁOA:ﬁLT\

| ¥x @ida(zs) |21l ¥ licB —5 >1+ 5
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%%f&?ﬁ@%ﬁ (5N <E' xy € -E@M’n,\ < “ T “S 1 &iﬁéilﬁﬁ&jﬂéo ZZT Mm\ X
ny x ny FTHIBR %, idy 13 M, DESEBRERT, C={(): yr € Ma,,sup, || yx ||< oo}
B, y=() €C E A€ ATH LT, pA(y) =yr TEBEND C b M, E~DHE
F2% py TEY,

C 78 injective TH Y, RKEND EQC b (A/J) @ C ~® completely positive
untal B8 ® T, ®(a®b) = ¢(a) ®b Wi TER & BEET D, #- T, THA 02D,

ARC =A™ C.

T @2 ide & AR C b (A/J) @ C ~D (1 @™ idc)(a ®b) = 7(a) ®b EWI=T
completely positive unital BB &35, ZDE&E
Py @ 1dx(z5) = ida ® pA(Yr ® ide(7)),
- T .
L+ 5 <l ¢ @ida(2n) 1<) 2 ®ido(2) || -
-dﬁ\ 1 1
: ¢,\®idc($)= (1—6)‘)5 ®1(¢ ®idc(x))(1—e,\)5 ® 1.

J ® C @ quasicentral approximate unit (ex ® 1)aea X
1@1—e®1)i=(l—e)2 @1 ZMLTDT,

lim || 2 @ide(2) | = || ¥ @ideo() +J@C||
= [[¢®idc(z) +J @™ C||
= || 7@ ide(y ®ide(z)) || ([8] ® Theorem 2 iZ X 2)
= 2= |l |
< =
< 1
ZHITFE.

(i) = (ii). ¥ % ¢ ® completely positive unital lifting &3 %, BFH 7: A — A/J I
LT, 7@ idc(a®b) = m(a) ®b &’z 3 completely positive unital 72 FBr @™
ide 1 A®™= C — (A)J) @™ C BIFETD, AQC =A@ C DT, ¢(a®b) =
@™ ido(y @idc(a®b) TO:E®C — (4/)) @™ C 2 E&T 5, @ B’RDLFH
Th D,

BZDC-B AR LT, CH(F) b A L~OHEFREIRFEEST 2HBAH F BESDH T
b, LOEHELY, 2XOERERD,

% 3. AFRKITD operator system E 55, C*-B A DEER A/J ~~ completely positive
unital 72 ¢ 12Xk LT,
®: EQC — A®maC
r®y — )y
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BEE D injective C*-B& C 1Zxt L T completely positive 725, ¢ 23 completely positive
unital lifting % % 2,

4. Operator system ¢ maximal tensor f&

#iE 4. E % M, ® matrix system, 7 : C — L(H) % C*-B C ORH, ¢: E — 7(C)’
T.®:EQC - L(H) X ®(z®y) = ¢(z)n(y) Z#i7~ 9 completely positive unital 72 &
B35, ZDLE, ¢ D completely positive 223EE ¢ : M, — n(C) BEET B,

AIERA

E®CCM,®C T L(H) ¥ injective 2D T, ® O M, ® C ~® completely positive
RILEB VY : M, C — L(H) BHFEET S, ye CIZHLT, V(1®y) = (1 Q®y) = 7(y)
20D,

V((1ey)'(1ey)=Y1ey)¥(1ey), ¥ (1ey)(l1ey)) =01y ¥ (1ey)
- T, EHAIZIY, xeMn,yeC&:ﬁLT\ |
TW)¥(E®R1)=Y(1RyY ¥ (zel) =T (zey) =V )l(1ley) = ¥ (= 1)r(y).
>T, $(z) =V (z®1) € n(C) BRDBEHTH B,
#RE 5. E % operator system, C % C*-B| &7 5, z= Zx,- Ry EEQCIZXHLT,

l|2llmaz = sup{l| 3_ ¢(z)m(vi)ll : 6 : E — L(H),m : C — L(H)} (x)

Z Z T sup iX ¢ & 7 I¥ commuting range % % -2 completely positive unital & D pair
(¢, m) &Iz 3,

AlEFA

¢:E— L(H),y:C — L(H) % commuting range % % -2 completely positive unital 72
B L45, (n,K,V) % ¢ O minimal Stinespring 8., T72bb, ¢v(y) = V*ry)V y €
C. V iX isometry T3 5, 72 Arveson DEH ([13] ® Theorem 10.7) »*5 unital *-
homonorphism

vy (V*a(C)V) - n(C) n{VV*Y
BIFIEL, z€ EITX LT,
V(z) = v(é(z))V

BT, dz) = v(px) z € E £BL, m:C - LK), é: E — L(K) IX commuting
range b2, 7=

B(z)y(y) = @) V*1(y)V = V*v(d(@))r(y)V = V*¢(2)7(y) V.

bz
I ()@l < VY Sl = 113 ()l
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= 2T () DERE |2l EBL L.

“z”rep > ||2||mas

HOREXITHAZLNTH D,

6. E % M, @ matrix system, C % C*~B T, E@unewC# EQ®C %5, D
kx| :
r®y — #z)®y

2% completely positive T7Z2\Y E 236 separable C*-B¢ A ~® completely positive unital
REH ¢ BEET D,

e

b LIEE D commuting range % -2 completely positive unital 72 ¢ : E — L(H) &%
Br:C— LH) ITRHLT, ¢ D completely positive 72353 ¢: M, — n(C) b0 L ¥
oR N

E®meCM ®maz C =M, C

L%, XoT. commuting range % b ->¢ ?® completely positive 253 ¢ : M, — W(C)
% b 7272\ completely positive unital RER ¢ : E — 7(C) LRH m: C — L(H) BHFE
T 5,

H(E)C A &£7250D n(C) @ separable 72 C*-#H8R A &S5, ZZT
®: EQRC — AQ®muC
Ty — )0y
2% completely positive &35,

d: EQC — A®miz C — A @®maz 7(C) — L(H)
Ry — )y — ¢@)erly) — o))

% completely positive TH 5,

WE 4125 T ¢ D completely positive 22553 ¢ : M, — m(C)' BTEFEL. ¢ DHEIZ
ﬁj—éo

% 7. matrix system E, C*-8 C {Zx LT, WiX[EME,
(i) E®muC=EQ®C,
(11) FEBD C*-88 A ~D completely positive unital B ¢ {ZxF LT

P: EQC — A®m,wC'
Ty — ¢(2)

I¥ completely positive Tdb %,
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#ME8. BLC % B®nmwC#BRC Wil C+-BRETH, ZDELX EE2ELMER
D B O C-EER_ A ~DHEDIAHR ¢ izt LT

TRy — )y

I% completely positive T2\ B DARRKIT operator system E 2FEET 3,
AlEBA
|12l maz, B > ||2||min
EWMET 2= ,2:Qy . € B, v, CC BHEET D, 72721, ||2|lmaz, B & B ®maz C IZ
BIFTE 2D/ NVE%E, ||2|lmin £ 2D BRC IZBITD 2z D/ VA ERT,
E % {l,z1,2%, - ,Zq, 23} PHBER/E LTS, b L @ B completely positive &9 5,
12| lmaz, a4 % A®maz C D 2 DI NVEETBE,

||zllmin 2> [|2(2)|| = ||2]lmaz, 4 2 ||2|Imaz, B

i, XU NV ADRERICKT B,

#E9. C % non-nuclear C*-Bg £33, ZDLx
EQuixC#EQ®C

%#Wil= 3 matrix system E BFEET 5,

#lEBA

C % non-nuclear 72D T 7(C)” #* injective TRWEIH m BHFEET 5, Choi-Effros ([4]
@ Theorem 3.4) £V | 17518 M, ® matrix system E T, completely positive unital 72
¢: E— n(C) Tn(C) IZfE%EbH> M, ~D completely positive Z2YEIREFF /2 RV EAR ¢
BIFIET D, VWE EQua C=EQ®C &7 5,

¢: EQRC — 7(C) ®macC — L(H)
zQy — ¢(z)®y - ¢(z)7(y)
i¥ completely positive TH 2, M4 XY ¢ iX n(C) IZfEZE b2 M, ~D completely
positive RILIEEZ B DT LIZRY ¢ DMEIZK TS, Lo THR7TXVRDHIEENEDL
na, ‘

M = {(zn) : o € M, sup, ||za]| < 00}, K(H) % Hilbert 2] H ED = )7 MERR
2k L9 %, Junge-Pisier DFERE (10} 12XV, L(H)®L(H) # L(H) Qmaz L(H), MM #
M ®mae M, Wassermann D#5R [16] (& V., (L(H)/K(H))®L(H) # (L(H)/K(H)) ®max
L(H), C}(F2) @ L(H) # C}(F2) ®maz L(H). £7= M, L(H) IX injective T&% %, separable
2O-8 A LT, WREOARITE b OB M Fo © C-HR C*(Fy) b A L%
FEIREET D, Lo T, TEH2, ME6, 8. 9»b, #il1LUSAHBKRITD operator
system E ZEZHIK & 35 completely positive unital map ¢ : E — C*(F.,)/J T completely
positive unital 72 lifting % b 722 WEBROFIEN B,
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