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1 ILDHI

HEDPLEL OFFEBTIEER. C-ROFERTHLHNEE DN L, B, LI
TEHEE TV Wwz e B Y, Kirchberg @ preprint [The classification of purely infi-
nite C*-algebras using Kasparov’s theory | [18] O ® 2 DD F%#, Theorem A, The-
orem B D) bD A DEBN%4T) o

Theorem A DHEZREV:/zDI3, FEE (19954 6 A) Fields Institute TdH o 72A%,
Kirchberg (3. Z DRI 1994 FDOEND HAF D D72 preliminary version (FRHLD B
Dt draft 3) OHIZFEH L LT, BRXTWw5, HFE, Fields Institute @ Lecture note
[25] % Bhat, Osaka #SiEHd % # - 7= note [3] 7% 54%, Kirchberg B &A% LT
R7BDIRBVEBbRS, | | |

FIT, [3], [25] RUT[23] 2BFIC LD, EOT T FIAVEE) TELITT B,
[3] DI ¥ —% %o T NAKKKICEHT 5,

%@ Theorem A &1, KD 22Th b,

Theorem A

(i) Separable C*- B A #% Oy DG C*- R THHIODLENPDOTHFEMIE. AP
exact B2 & TH 5,

(ii) Separable unital C*- 5t A 2%, Oy DL C*-WTH D, Oy B 5O DFEMAT S WiFF
D range TH B O DLEPDOT535EMHE. A D% nuclear 22 & TH 5,

ZZ T, Oy i, 2 generator ® Cuntz Bo (i.e. s187+ s983 =1 X AT
isometry s1, sy THB I N/ C*- 5 [8])

2 Exact C*- IR

Exact C*- BOEFHK L, Kirchberg cf.[13] I& o T7 0 FRFLIZH 2 b7

Definition 1 C*- 3 A »% exact ThH b & i, FED C*- IBH» 5 % 5 short exact se-
quence (ie. fEED C-H®B &, EDRAATT IV I)

0-J—B—->B/J—-0



i Ls
' 'O-—)A@J-)A@B—>A®B/J—>O
Aexact THHEZEV), (le. T TV —DEET, functor A® 2% exact TH5H &
& A % exact LR, )
ZZT, ® i, minimal C*-tensor product. ®max % maximal C*-tensor product

E§ 5,

Remark 2 Definition1 T @ #* ﬁ’(’ Omax WEXBZLEEBEDOC*-] A T
WKL T 5, (. AQmax 13+ HIZ exact % functor)

EBPLT IO AHE LT,
Fact 1 Nuclear C*- 3RiX. exact ThH 5,

Exact C*- IROTmbDBVWHE L LT,
Fact 2 Exact C*- 380D C*- 453 L. exact ThH b,

Highly nontrivial 2% & L T,
Fact 3 Exact C*- ZR® quotient iX. exact TH 5 [15].

inductive limit. EF1. minimal tensor IZ2WTEH L TWAZ L, LS, ex-
tension (DWW TIZP LT\ [14]6
EFIL (1], [7], [10], 23] EERTdHHZ L L LT, UTOFEIHMON TS,

Nuclear ¥ cBAP & PropertyS D Bract

Ezacts PropertyC < PropertyC'< Nuclearlyembeddable
Ezact & Local re flezivee PropertyC” & {1

(1) DAL L 2Bl LT CHF,),(2< n < 00). (5) DFBHILLAEVEE LT
C*(F),(2 < n < 00), B(H), C*(SL(n, 2))(n > 3) % 5. (2), (3), (4) OHOKIE
i3 open TH 5,

3 Busby diagram Dk

Theorem A (i) DEDAHRLHERT 572 DICROBEELEL T 5,

Theorem 3cf.[15] A %% separable exact C*- B% HiX, Oy ® C*-EFIWRE L E O
BAA 77N D TROD (i), (i) 27275 DFHEET 5.

(i) D X Oy D essential hereditary T ETH 5,
(i) E/D = A,
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Zh#2EL 7202 Glimm 12 & % nontype I C*- BRO4FBAT T f.[19] —Nontype I C*-
&iZ. CAR- IR My~ % subquotient £ LTb2D — % O, IZ@ELT 5, BB

Oy D AL closed left ideal;

Oy = N(L)+ L+ L*, N(L)/L N L* = My, 22T, N(L) = {z € Oy|Lz + La" C L}
& 5|2, Kirchberg iZ & % exact C*- IROFEHATIT [15] — Exact C*- JRiz. Moe D
subquotient — Bl 5
My D3C >3J; C/I= A
HhET
O D N(L) > N(L)/LNL* =2 My DC 1> J
¥"85, £Z T,

E={ze N(L)|r(z) € C},D ={z € N(L)|n(z) € J}

EBIHIE L, ;
ST, D& % Brown DEH [5] —- separable C*- B A O full hereditary #F5-5Ri.
A kL stable & — XY 0,9 K=ZD®K

& 512, Zhang DEH [20]—-Simple purely infinite C*- ZRiZ. unital 2 stable —
&Y D=D®K

£2T, D20, QK THAH% 5. KD Busby diagram [6], cf.[24] 2135,

00— D 5 E A A = 0
I lo l7e
0 - 0,0K = M(0;9K) 5 MO, ®K)/0,®8K — 0

Effros-Haagerup @ Lifting Theorem [10] — E %% exact T D %% nuclear % % 1¥,
B0 = idy &7 A completely positive map § FEHETS — EH, ZDH:A—EC
O, %* *-homomorophism B Y &z ST Lk v,

3 612, short exact sequence

0> D 3E L 45 0
. split (i.e By = id4y & 7% 5B x-homomorophism v DSHFET 5, ) TrIkl Busby

invariant 7 % liftable (i.e. nr =7 &£ %5 n: A — M0, Q K) DHIET 5 Z L HFH
fE7% DT, 7p % liftable TH X, Theorem A (i) DFEBHIZHD B,

4 Ext(D, A)

D % stable (ie. DX DQK) £ 5, 220 extension



0—D—B —A—0, 1=1,2
{Zxf L. Busby invariant
7,:A— M(D)/D i=1,2
% strongly equivalent (i.e. 7 ~ ) TH 5 Lix, M(D) > u unitary 2FEL T,
ni(z) = 7(u)n(z)7(u)”

ThhrLErn),
Hom(A,M(D)/D) > ¢,v %% equivalent (i.e. ¢ ~ @) TH 5 &I, liftable % 7,7 €
Hom(A,M(D)/D) »"fFfEL T,

POTIRYDT
'C’&Z.) k% %\/‘:) o ::_'C\ &) Gi‘ M(D) D 81, 82 (5181‘ + 828; = 1) .{'}Iﬁb\f\
1 @ To(z) = w(sy)m(z)m(s1)" + 7(s2)1a(z)7(82)"

T‘%%éhfb‘éo

Definition 4
Ext(D, A) = Hom(A, M(D)/D)/ ~

Ezxt(D,A)™! = {Ext(D, A)Dinvertible element &4k}

5 KK-7#, Wyle von-Neumann Th

Kasparov @ Stinespring type Theorem [11] & 1,
Ext(D,A)™! = {cp — liftable’z class &1k}

EBVHR B T EHHR L DT, Fil D Effros-Haagerup Lifting Theorem & . [rg] €
Ext(D, A)! Th 3.,
3 HIZ,

Theorem 5[12]
Ext(D,A)™! = KKY(D, A)

THYH., KKYD,A) i homotopy invariant Td %,

4. D=0:0K THH., O, K Lid & id @ id i homotopic [9] (i.e. z ~y
s128T + 50285 Vz € O, @ K) DT,

Ext(O, @ K, A)™! 3 [7]
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b:i‘fl,‘ [TE] = [TE@TE] = 2[TE]0 Jio'C‘

[TE] =0

Remark 6 O,,(n 2 3) DL &b, (n—1)[rg] = 0 i3, & FLHRTHL B,
[TE] =0 12V v, 22T, n=2»KEMICEVTL B,

L722¥> T, liftable % 7,7 € Hom(A, M(02®K)/0; @K) BHELEL T, md 7 ~
T2o

n Dliftingz A L Lo ilLb EDBEECLTHL p=7A75 r 1. KD Generalized
Weyl-von Neumann Theorem [18] DIRE % A 727,

Theorem 7 A % separable simple purely infinite C*- & L. C % separable unital
% M(AQK) O C-HGRTHHETE, ZDLE, ¢:C — M(AQK) 7% unital
completely positive T ¢(C N (A®K)) = {0} % 5Hi3. X% W77 unitary OFY {u,} €
M(AQK) B"HFIET 5,

)EED ce CITHHL. cdy(c)—uicu, € AQK

i) EED ce C T3t L. |le® p(c) —ulcuy|| — 0

XoT. unitary u € M(Oy ® K) T
| w(c) ® m(p(c)) = m(u)*n(c)n(u), ceC

B0, FHETL, I0LE,
w(u)*rg(a)r(u) = 75(a) ® 1i(a), a€ A

ERBDT,

TEZTEGBTlNTQ

£9 75 i3 liftable & % ) Theorem A (i) 25 & 7z,

6 Nuclear C*- 3
Theorem A (ii) 128} 5 50T S MRFEEBR T 2 2DICKDFEELLEL T2,

Theorem 8cf.[15] A %% unital separable nuclear C*- 8% 5. 0, DEHA 77
VL TRD (i), (i) 22T dOIFEHET 5,

(i) LN L* 13 Oy @ essential hereditary 538 TH 5,

(ii) N(L)/LNL* = A,

IhzELDIZ, §iHo Glimm 2 & % nontype I C*- BOEMAHT. Bl



O, D 3L closed left ideal;

0y = N(L1) + Ly + L, N(Ly)/Li O Lt & My, N(L1) = {z € Oy L1z + Lyz" C Ly}

%512, Kirchberg IZ & % nuclear C*- IROYFEAF T [15] Bl B

- My D 3Ly left closed ideal; Myeo = N(Lg) + Lo+ L3, N(L2)/LoNL;= A
*HHET

03 D N(Ly) - N(L;)/Ly 0 L} & My D N(Ly) — N(Ly)/LyNLy= A

2185, f |
D=p'(Ly), L=0.D
LB L, KD 5B short exact sequence

0 — ILNnL* - NUIL) & 4 5 0
%?ﬁﬂ’éo » ‘ ; ’
A F7 IV L2353 5 closed projection % g € O3* & §5 & (ie. L =05(1-
q)ﬂOz)\ 7
N(L)/LNL* = q05* g N O

.
¢102-—>A T — qrq

PEHKTE. Theorem A (i) EFRICLTHELONS § Dright inverse & § & T5 &
(le. fO =1ida) KB EHT SHIFHE E(z) = 04(z) ¥EON 5,

e E BN
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