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Hilbert C*-#2H FX# £ Lie EFHIREM

wm R

AR F EAE Hilbert C*-#5 574K L 25 18 — LL 2 1k WSS () A ofE
£ LA Banach fRECNEE A, F2AE Hilbert C*-BE B EEA
R3K Lie 37 LA K Lie n-BH 3 745 VERT, [R5 T —Lin T
T WR T BT Jordan S TS WU IR . SR8 LT
BAEN, FETIEWT:

R —TR, 7 N=T R AR TR ESHS I W 5. B A
M — L2 3 22 W AR ST F0 R a3k i DA N © 42 HUAS Y B ZE 00T FT SR AT
H A5 25015 AE B v AR e () — e X . Oy 1 5 B o o e 1R R A A
RNE, EARFR R T 352 2 AREO R ) BAA 8 SR H
FLEEM .

TR F, AN T — e S — e e R His
Z5ib

EHE="H, FJ8 [ Lie FT4E Hilbert C*- 5 7% LRk
Mo WA — DAl C-A8, JFHERHAITe, M-I
Hilbert A -8, M 2| H & A A A -2 1 Wb 2 A8 5 1 AR EGd AR
End ((M) o M B ARIF T A -SSR H BRI S /E Mo 3T
WERH TR E x e M fyeM s 15 fi(xp=e, W End (M) EBIRE
N A-Zelk Lie 3 THBR2ARER o
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I E S, RATUE =& Nl K 2 4 2 n (Lie 7
Tl Lie ~EST) , %MET Lie-n S T{F Hilbert C*- 15 103
ERIARENE . BT n E Lie BIREAME, B AR RE 2 255 18 4 i
(o BARAEW TWRFEE, eM, fieM, H15 f(x)=e, N
End (M) F A A2 1E Lie n-T S T80 ARHE .

TESE AT, WA SCHHT T RS, 4 T ORI AT T e
P A LB AR R

Jek@iA: Lie 7, Lien-ES 7, S71, MdEME, Hilbert C*-5
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STANDARD OF LIE DERIVATIONS ON THE ALGEBRA OF
OPERATORS IN HILBERT C*-MODULES

ABSTRACT

In this thesis, we consider some standard forms of linear maps on the
Hilbert C* -modular operator algebra. Taking Banach algebras as the
starting point, the structural properties of Lie derivations and Lie n-
derivations are studied on Hilbert C* -modular operator algebras, and the
properties of some mappings such as derivations, inner derivations, null
commutator and Jordan derivations are also considered. The whole paper
is divided into five chapters, the main work is as follows:

In the first chapter, we have divided our discussion into three
sections: firstly, to provide background information on the problem at
hand; secondly, to review previous research conducted by scholars both
domestically and internationally; and thirdly, to highlight important
research findings as well as unresolved issues that are currently being
focused on by scholars. At the end of this chapter, the specific definitions
and importance of algebra and mapping mentioned below are explained.

In Chapter 2, we first introduce the preparatory knowledge and some
basic and important conclusions that will be applied again and again later.

In Chapter 3, we consider the standard form of Lie derivates on
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Hilbert C*- modules operator algebra. Let.4 be a commutative C*-algebra
with units e and M is a full Hilbert A -module. The algebra of the whole

body of bounded A -linear map from M to itself is denoted as

End (M) .The set of all the bounded A -linear maps from M to A is
called M'.We show that if there isx,e M, f,eM’, such that f(x)=e,
then every A -linear Lie derivative on End (M) is standard.

In Chapter 4, by extending 2 to n (the Lie derivation is a double Lie
derivation), the normality of the lie-n derivation on a Hilbert C* -module
operator algebra is considered. The proof process should be
comprehensively considered due to the intricate nature of the
n-multiply-Lie product.Finally we show that if there is x,e M, f,eM’,
such that f,(xp=e, then every A -linear Lie n- derivative on End (M)
1s standard.

The fifth chapter presents a comprehensive overview of the entire
text, followed by an insightful analysis and strategic planning for future
research.

Huang Xingxing (Applied Mathematics)
Supervised by He jun
KEY WORDS:Lie derivation, Lie n-derivation,standard form,derivation,

Hilbert C*-module
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B1E 4

=1
1.1 5E&ENE

RGN TIZR TG, AT LA AR —A) 1. XT3 /R A%r
A A SRR T, FRATEE AT Ao, T AR (X B g 2 e
TIIES), EaTUMEER, BTG A RS T2 mmmk T — M. 7 T
FARE 2 A R X AE) T REEBT I AMRBOH — MERIA R, B
BT ) o B (AT BRI, A PR 4k 2 1] (AT SR 1A R B st i AR RS e
TR BB, KRR 2 r 0 &R AN T A4 1, an S AR 22 4
BERRRAR AT M &, B R B — AN AR AR H . 7E B AR, SE PRSI
MNTREFR B — 2 B Bl SRR R, BTRRHER, ¥E TR
B A PR R, 1T 1 PR 4 R 050 A IR SRR Bkt . 20 2D 30 4FAR, B R4
ERZRERTFHIREES, BRI T 57— K@ —-H T RGO ? FxfiX
Le )@, iff 70 # J.von Neumann 5 FMurray i 75 V —EH T HHRER T — R
E, SRR T TR R, ERERR R T AR B Jvon
Neumann 5 F.Murray i 72 I AREB A FR A von Neumann B, 7E 414 (1% %%
B, BEFRESETFERHIRKBE TR, ©5BTHRMET %, k.
Ltk 2 Gt LA R H A B 503 SO T AR AE 3G A NARA IR A8 U RTAR B, 2 BAR K
AT R 4 52 O LB AR A 87 )

20 42 40 24X, Gelfand,Neumark Al Segal #lf & | — &2 44 1) GNS #Jifid:,
R CHAREL I T A B e T RS A, W3 Gelfand,Neumark 5 Segal 1
RN CHAREITF A - 1977 4, 223 Dixmier!2IEAR ] &35 C*- Algebras ”
A “von Neumann Algebras” H RGN 41 T H B — LB A K. 1986 4,
PINCBIEERAERE N, EHRRNEE “HHAR% Pirgnrg 75 7R
U FEREFRER0R, JEH AT TR ZER) Von Neumann ACHGHEAT T B FMTE o
1988 4, Davidson ML.7EKFHIZENE “Nest algebras” F RGEf B T 5 FALHL

1
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Mt s iR, HEE T H B BT IR AR R & DU R 4518 . 2002 47,
N )1 AR IR SR S AR I 2R RS 5wt A b2 U T
ARA T e S B AR AR )RR T R L 4

- RBUT A AREEE M R L E 2 SR 0, IR 7 RE R A 1
REE, &0 AU AU G ATTE o« TR A B I 78 DA S SE BRI FH 0 75 22, 17
Z 2 H IR FORE LRI, HEAEARER T VR 2 AR, BN [FIAS. R
SF. Lie B 7. FULHT . B 75, TR, SIS & L IE IR,
JRAR % A SR B RUORTE I A AU 7y 32—

AT 3EAIR 2 2 4E Banach OB = MUK LA K BB ARB A 1 _ BT ST s
AR . 1953 4F, Kaplansky® Jy 7 IRAERRK 1 AW*RE BT, 6l
Bk T Hilbert C*-BEAIMES . Hilbert C*-BLKG & Hus, C By AR,
18145 Hilbert 7% 8] [ 2R SR 73 B LE i ¥ 2 . Hilbert C*-E 3R 7E 5B 7B 1B
G EEMEM, RN T2 0, R SRR LS, K- A
KK -3, JEc# ) Um54.

HAT Ak, Hilbert C*-BE AR EL FXF 570 Lie 5 T HIZ AN .
FESE TARB End  *(M) £, Han 1 Tang"%5 H 7 HAK EEAN S THRA S
TFHAEHEE R . X R A AL OB LRI, M2 A BT
Hilbert C*-f5, End , *(M) FoRFH M 2IH S 1. " ERERIIF HA 5 A -2k mt

44k AE# Moghadam!®1 5 Janfada 7EAAT 1k R IR SCHAR L A &2 — 4> C*-AR2L,
THYNL e, FHRZHM . MEA LI Hilbert C*-1, HAFTEx, e M,

foeM, i3 fx=e, BT End, (M) IR A-ZPES THR N ST
EWE R, Hel OB 5E T End (M) £ S TR E S, A Ltete, DR
ST 2 5 T A e
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12 ERETFRHE LS TS Lie FFRIMRINR

12.1 &5F. AEF. Lie BFUK Lien-EEF

B AR REC FMREEE IR, ME—AA-RUAR, W EA ER
VISR, d & A B M LS (TR, AT ER 2l n
PEX —ZR MR, R, AREER A AT LSR8 B XA T
EZILER A, Bec A, #H d(AB)=d(A)B+ Ad(B) B 4aFd NG T. FT1EAN—F
WG, HLSERUR IS G S HE S — M AEU . — AR, e AR
[l RS HESE.

EREMY, MRAFE NG ETEM, FRENERN deA, #HA
d(A)=MA-AM , AW d HNFT AR LKLY d BIERS 2R
M ESFTERNST) .

NS TRRRE DT, BAE KGR T RZWAKD, FTRAEANT TR
ARG TR Z EE R E G R, KT WHRBLE RTINS, HRH
Sakail'Vfi A HIJE H Ay DA, UEW] T W AT TR AR, Uk
HME 1966 4, KT von Neumann fR# F 5T d , Kadison!"?Hll Sakai P %%#
IR T d A ST IE R A X Hilbert 25 18] H 57157 1 %) i,
1977 4F, Christensen!3 45 7 H (B TAREN | N > N (3 TH 2 A2 T IIE
B2 6. 1996 4F, Dul'YAl Zhang ¥ Christensen AF 5T 45 50 FH T 5572 AR
Hel'"), Li Ml Zhao 45 T %5 7 d e End (M), W dZNTTHUEHER. #5E
BEIR SRR, RN E AR A, ME—NA-XGOE, THE R
SIS ZERZER R, M n>2,neNTH, M, (A) B M, (M) KIS TR DAREA—
AMAFTINES 2T AT Hilbert 7%[8) H B F AR T4k
HEREAICAE B(H) » £14F B(H) H () von Neumann XELE] B(H) 15 T 14544,
BEREFEN T LA, RS TR AN T TFRRRE DR B &
HE L

BwAFLMEEmSoHmE: WTFAEEILE 4BeAd, #HE
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5([4,B])=[6(A4),Bl+[4,6(B)] » W 4 ¥ & W AiE =& — 1 Lie & ¥, H
[4,B]=AB—-BAW#RH A B[] Lie R, HFN A5 BRI T. Bk A ERZME
WU O 5 & R AN SMERILK de A #H 5(4°)=0(A) A+ A5(4) , T4k

114 & BrAE & —A> Jordan 71

1EFFHL R, 4F Jordan 57 R Lie 51 M FT IER NI & — N LU,
LENBEMHEMNZ GRS ZL: (1) Jordan S FMIKANSF;  (2) Lie 1
I bR HE L .

Jordan ST NF o 1957 4E, Herstein EM I CE R T KA
2-LHEMICNER, 6 &R EW— Jordon 57, FFHEAFR MR, BaF
AT LA 6 RS T RIS . 1975 4, Cusack!'82Kf Herstein FIB 78 R #E4T T 4
J7, UE T R A 2- BRI, &R EM—/ Jordon 3T, HHEAH
AR, TS &S TF. 1996 4, Johnson!"NIEHH T: #76 /& C*-REFIHAT &
Banach XUiZ#%: _Ff#) Jordan 57, 3t H Jordan 57 6 BAELEMR, Mao2F
. 4 Hejazian A1 Niknam. Cuntz F1 Johnson JU 2434 A S SRR, T
¥ Johnson JIIE B 4516 71 ) “Jordan 3T H A ELEME 7 X — 25 fF 2o, IR 2
M > M L) Jordan 57 d 25 TIX —HIRAILE 8. 2004 4F, Alaminos!A
Bresar X Jordan 37 [ 45 F 11 T 76 & AAREL B BEAT T IR ANIRGT. XA T Lk 3%
ITBEFE, 2010 4F, Lul2PKE% Jordan ‘F¥ d B 5T # f& 2] Banach 25 [A] X )+

ML b, AR THELWELNL (LeT, }=0) K LU{L:Le T, }=X X—%

£, Jordan 7T d: AlgL — B(X) & F T IR G R . [ — I, S35 123,
I RN T . WX & ZE ) Banach {01, Jordan 5T 6: X - X ,iX B3R Jordan
S¥ s BAAIMME. RN TEEILR 4,BeX | %5 (LoB)=eHIL, HA4
Jordan F ¥ 6 &% T. H, AoB=AB+BAFA AR B¥] Jordan F. ¥ AR
A CxAREL M2 A IMAER — A Banach /£ A -1, 6 A A — M) Jordan £ FF,
2018 4, WEFLH &) FEUFH T 5 HE TR 418 .

Lie S AFERT . 1961 4E, Herstein 2Ighif H 7 LB 1E 45 & 8K ik
FERIN LY Lie West, #PRBLE — PR IR, B AT LA — A 30
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M FIX 54, 1964 4, Martindale. P H, # 2-LHEIAF R, H R B EFIEF
NAmEIC, 62X L Lie 37, W& BARHENEX —45ie. /£ CDCSL AW x L,
2006 4, LulMZl 7 X & —4 Lie S F#E A hrdElE . 2015 4, Benkovic®!
T, Hn>20, HWERBM,(A) LA Lie 3 TR . AT

7 HilbertC*-#t If#] Lie T T HInHEER, FEFMHREERIEHHE 2 Lien-T 1
bR AE T A 78 L.

1.2.2 Lie S FRItREM R Lie n-ESFHIFREM

WA BT IEE Lie BT FR, ST L AR 2 Lie
S, Wi Lidd+c KA —E & Lie 7. HERZ, — MU R Lie
S REMWRILFARAETL AL ? Xk, BN EFE M T AHRP . 2003 45,
¥ CheungE = ML L4 T 8A Lie T T EA d+ XF g7, IF
HAr g7 R ME—HIX — 4518 . 2015 4F, Benkovi 8% 15 %45 0 i B A4
B ER T X Lie 5 7 0 45 M PEJi . 2023 4F, GuangyuBY Rui 4% % % 4
Kadison-Singer X%t X} Lie 57 B F3HAT 7 ZiE . X T Lie 5 F7ESRMREL
IR A B, Lie triple 5 T-F1 Lie n-35-5 7 H3ZWF OHE N A F A THIBE 9T 36
Wi. 2015 4%, Dominik,BenkovicBHIER] 1. W A 2 — & A6 FURSE AL
MRE, AE—ERIZMT, A B Lie riple 3 F#E d=A+5+7 1

B, HPFARAFRFT, § &2 A LK Jordan 3 F. 7 M A B Z(A)

et m s, Hod Z(A) T KE[AAJA]. 2017 45, HIENNPY, SKREEE =F

A E2EER T Lie =H 3 7 AA KRR, 2018 4, L kg /KT

von Neumann A _E (% i 5 4F-7 JLAEE 7oAt Lie triple 7714544
BIIAEA 1k, FFATT T3 — e Lie n-H S FHIF AL R LD . 1R Lie

n-EF TS A AMEN: S=d+r, HH, dZ2 P ALNTT, 2D AF

Z(AM) FIBAMER, X Z(A,M) BRES (M e MM ERAe A,MA=AM} .
H Bl X TAEREICE C,.C,,,C e X #A «(p,(C,,Cyye,C ) =0 o AT K S

N — AR Lien-EE 5 1. 1981 4E, Lachin BY%E25 4 T = AL E Y Lie-n
ST R — 4518 . 2013 4, X EBS), E RAEE = M5 FiF¥ T Lien

5
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ST bR, 2023 48, XISOOFI RS RIS, R IHTE—E &M T,
SR ERIE S RB AL B I Lie n- S TRAFAEM . ASCHYE DT P 250 T
End (M) IREA A -Zebk Lic n-2 5 T-H0FRIER).
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% 2 & Hilbert C*- B FXE

2.1 BEARBER

2.1.1 AXHS R EHEEEN R

RSB T TR AR T IR S R R B AR ORI e SR g ELAAR s SORR I B S I, DA
75 B 2 B A R B R AR DR N 2 o
ZEMN 1.1 Banach #¥[H]

WX RSEEE LN, BHEX g AR R, 2T AR

(D MWERH x,ye X, || x+p [ x][+] ¥

(2) MEEMxe X, EEMEa, Hlax|Hallx|,

(3) ||x|=0HHANH x=0,

Mo X FRAREZS . 320, W FaEi 2

(4) X} X HHMER Cauchy 51 {x, } (B n,m —> o0, || x, —x, |0 ), fF{Exe X ,
fF#5lim,__ ||x, —x|=0,

4 X Fr N Banach Z¥[H] .

e JATE AR R EL |, AN (D - (3, WHRHAX B
B, WEAT (1D A (2, MIFRHATEE.

EX 1.2 Banach X3

WA R—MEL ||| 2 A ERTEEL R A $2 TG EUNC Banach 75 [H],
Hifi2, XTAEEMN A BeA

[ ABI<|[ Al [|B]|

AR A A IRTEAEL
NS4/ 4E Banach BT AR EE S, BIAESH AL ME



8 W YN T e VAT

Banach A8 A HhTGE A HIHE o(4) 5145 r(4) FIE L Ae A CARIXF A,
o(A)={AeC|A —ATE A PAH] I}
r(A)=max{|A||1eo(A4)}

A IR TR ER S RECT i C AR R 74 R 4512 r(4) 80, I8

0], RS x5 2(4) BEB BN B(X) M T3, IBARRATE RS 7 FR8 2
ATE X L3RR BT LA Banach AREL AR AT DA IR 2 B AREU —FrR B .
FEMX 1.3 Hilbert Z3/8]
WA F B — AN X, A AEAELG
() XxX—>F
WM SMEEICE Y, p,ze X, a,BeTF,

(1) XA TCH 2 <ax+ﬂy,z>:a<x,z>+ﬂ<y,z>,

() JEHEFRYE: (x,0)= (px) »
(3) &M (xx)20: I H (xx)=0 4 H{L Y x=0,
WFR () X ErAAR, IRRR (X, () I AR, e X
RIS, RS H A DU P -
(4) BATLIHILNE: (xay+ ) =alxy)+Blx,z),
(5) (x,0)=(0,y)=0,
584 (K RS (I RATTAR IR Hilbert 2511
BEH 2 Hilbert Z5[8], HABIN: ().
% AeB(H), 9 TEEN x,yeH ,
A (Ax,y) = (x, A% y) BOL,
RAFATIHG 4% FRN A BIHERESE 7 BRI 5E 7

8



8 W YN T e VAT

EX 14 CRH#

A RN E UK C _ERHL,

WA A EAFAERIEE— AW, RN TR S, TeA,a, e CHHA
(1) (aS+pBT)*=aS*+BT*,

(2) (ST)*=T*S* ,

(3) (T)**=T ,

IBAFR* A LR EBH

Banach fAEt A SHAXGBH*, HHEWRE: X THEETRTeA,
@D | T*T =TI

TBARR AR CrAR8

N 1.5 von Neumann X3

W Hilbert 8] H , B(H) Xom H _EWIITE A R AR T 214,
WAcB(H) & MEBA T C+-R3, I HXT 385 T2,

NIFK A 7& von Neumann K&, H A A KRS0 .
2.1.2 R HETY K HIRREGT

WA BB F (R C) ERE, M2 AL, BLR 2SR &
I A B M FIBSHET NG

EX 1.6 §F

WIRL TS ST e N TAEER A, Be A, #H 5(AB)=5(A)B+AS5(B),
IBAFRS F&

EX 1.7 ASTF

BRI S AT TLEMeM, FENTER AcA, #H
S(A)=MA-AM , AFRS E—AWNFT, FATHAT LK LB 5§ BE g€
LR M B ERAN ST

e WETERAST.
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KEIL R T .
HOR—MHAEITLEM FES-AENNGET,
A

5(AB)=MAB— ABM
DL

5(A)B+ AS(B)=(MA— AM)B+ A(MB—BM)=MAB— ABM .
FE X 1.8 Jordan F
WRLTEMS ST . WTAEREM Ade A, #H 5(4*)=6(A)A+ AS5(A)
AR S &—> Jordan F1.
NIE4H Jordan ST HIZEH E s
R ZR AL S W L : ST TATE M A,Be A, #H 6(A4oB)=5(A4)o B+ A-5(B).
Hrf, AoB=AB+BAWH A B K Jordan #, AR S f&—A Jordan FF.
Jordan 3554 & LSRR QTR -
MR TR A,Be A, #E
5(AoB)=6(A)oB+ Ao5(B),
JUES)
5(AoA)=5(A)o A+ AoS(A),
AT SZ B AT PAAS 3]
S(A)=5(A)A+AS5(A).
RZIFER, WHRX TR Ae A,
S(A*)=6(A) A+ AS(A),
JIUES)
S(B*)=5(B)B+BJ5(B),
PAA
5((A+B)")=5(A+B)(A+B)+(A+B)5(A+B).
AL IR =AN AT RIAT A3

10
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8(AoB)=5(A)o B+ Ao5(B).
EM 19 Lie &F
oL MM s s W X T AR = 4BeA , #WOH
S5([A4,B])=[5(A4),B]+[4,6(B)] » HHH, [4,B]=AB-BA ¥ N A B Lie #3,
IBAFKS & —4> Lie F 1
E: BT —E~N Lie 7.
Usatipan
wem—MNgT, WE
[5(A),B]+[A4,6(B)]=8(A)B—BS(A)+ AS(B)-S5(B)A
=5(A)B+ AS(B)—(8(B)A+ AS(B))
=35(AB)-5(BA)
=5(AB—BA)
=5([4,B)).
BIEEH 6 2 — Lie &7
EM 1.10 §rf Lie &F
WME Lie S F5 A LIS EN: S=d+7, HPdR—NETF, 12— A%
Z(A M) I tEms, JEHW e FIEETR x,yed, #H(x,y])=0, XH
) Z(A, M) FBRES M e M:SHEBAc A, MA=AMY , IR ATATE 6 FRVEN—A
PriE Lie 1,
Bk, AL E Lie triple 57 € X
ook MM s W XN TR R 4BCeA , L
0([[4,B],C]) =[[6(A4),B],C]+[[4,6(B)],C]+[[4,B],6(C)] » FAFRS /&— Lie

triple 5%
N, BATHE IR T 4 Lie n-8 3710 @ X HAFHETE K.

11
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EX 111 Lien-ESF
Bp(x)=x, p,(x,%,)=[p(x),%,]5 py(x,%,,%,) =[Py (x,,%,),%,]
B py (x50, 0) = [, X, 1,15 -.es
T2 p, (xx0,2500,%, ) =y (60,2, X500, )%, 1= 10 L0x, X, 12 ]+ x, 1ox, 15 e,
[ L0, 1, 1%, 1,x, TFRCA X, x, o, x, ) 0 EE Lie B
N SR LB S 5 2

5(pn (x1:x2a"'axn))=pn(5(x1)ax2 a"':xn)+pn (xlaé(xz)a'"’xn)+“'+pn(x1,x2 5""5(xn))

= zpn (xpxz [ '5(xi)9' ' 'axn) 5
i=1

IBARRS /& —> Lien-EHF T

EX 1.12 5 Lien-EST

WH Lien-BF TS (IUMRN: o=d+7, HH, d&2—NALHSET, ¢
e = AR ZAM) B &S, X R ZUAM) R oRE S

M e M:MERAe A MA=AM} . I BN TEEITER C,.C,,-.C e X, HH

7(p,(C,,Cyr,C ) =00 HLFATH 6 FA—FrHE Lie n-HH 31

2.2 FEEMR

WA C-REL, M2—NEAB, WRAFE— I
() MxM—A

R LUR Lok

(1) (x, x)>0, FHH(x, x)=04HXHx=0,
(2) (Ix+y, 2y=(x, 2)+(y, z),

(3) (ax, yy=alx, y),

(1) (x, y)=( )%,

HreCacAx,y,ze M, WF M Z— Pre-Hilbert A —#5. BLIS () FRAN A -

12
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AR AERARES = M PG (x| Gox) 2. B M KT I
Hooes, WIFRZE— Hilbert A -8 (B HHIVIRIUE, A B Hilbert C*-B0)

Wi BT T W0 (x, ), x,ye M IR JGER I TR MY K AEAE (M, My, #
(M, My=A, WFK M Z—AN#H Hilbert A~ 35— NS T: M—> M,
WHRNTAEE IR aeA,xe M, EFXT(ax)=al(x) [EH, BARKT Z—A
AL . M R — M B A -GPSR — DM ERE T M B
B AR ACAE End (M) o HET AT W FT 24518 UL End (M) £ 5T 7] A1
End (M) # Banach 0%k

WA RN C-RE, B AhI— NIt e, ATRLE XM BH S
=BT R XHEBEM xeM, T, (x)=ax, WIRT, eEnd (M). HTF
HEERE, R AANRZHE, AT, A A-LIER), HRWIRATLE End , (M)

o
NHPISIFES I [14]F 105 #E 1.4

2.3 BAR5|1E

5IFE 2.3.1

WA RN e AT OB, M R — A1 Hilbert A —8EL, U]
End (M) BIH 0 Z(End (M) =1{T,:ac Ay ={al :ac A} , o' I /& End , (M) 1]
A

WERMEBS f Mo A, RN TR TR aeA,xe M, F f(ax)=af (x)
TERAL, BANFR £ —A A -2k W . M 3 A BAH F A -V 4 iAid
EM', G xeM, feM', ATLUE L NERIEREO, . MM , WER
KlyeM, 20, ,y=Ff(»x, ©RO, eEnd (M)

N R HE R, ISR R E I, EAEEH, HiE
AT L2 2 SR [37]

13
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5138 2.3.2
" M 2 C * R # A E B Hilbert C* £ , X & & M
acAx,yeM,f,ge M',Ae End (M),

( 1) Hx,fA = Qx’foA ’
(2) AHx,f :HAx,f ’

(3) WRAZ—ASHH) A%, e, 0, =r00,,.0, , =ab,,.

x,g?

14
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28 3 & Hilbert C*-HRE FK I L Lie SFRIFRAEM

3.15|8

1953 4E, N LA ) C*-R%L, %% LKaplansky B $EH T Hilbert C*-
BLX MR . JEORAE 1974 4, %3 M.ARieffel % REH] 7 L5 #H Cx-R ¥ LY
Hilbert C*-fid . BLLE A ] Y Hilbert C*-A (A & §- W.L Paschke - 1973 E5] A
Hilbert C*-# HARFERI 0 5 T AABSUR R A7 28 R R B (A7, Hilbert C*- 310
IR M AR IE SR PR ES . BRI T5 1, @t — P R 3 & i
77 AT T, ORI Ee R >R 1 B A S A FUANE

WA A CAREL, M E—ANE AL, R M T A-EANRFESE—A
M FPTEHGES, WFR M 2 —A Hilbert A -1 (S0E ERVINIUL, A L/ Hilbert
C*-F)

WA RKIEF (R 8C) ERAREL, MR A -G, F5 R PEMU S 2 -
SRR A,Be A, #4 6(4,B])=[5(A4),B]+[4,6(B)], i, [4,B]=A4AB—-BA
MRy A B Lie #1, IEAFKS &—4 Lie 37

R Lie S 7o WU EN: s=d+r, HPdR-R—NETF, t 21T AF

Z(AM) B, HHW e TR TR x,ye A, #A o(x,y])=0, XH
1 Z(AM) BIREE M e M SHERAc A, MA=AM} , IALFATE S FRAEA—A
PriE Lie 1,

3.2 Hilbert C*-1#& t Lie SFaIFrEM

EIE 3.1 WA R—AEHALe I CH-ALHL, M 2N Hilbert A —
B, WMRGFEx, eM,s fieM, (615 fi(x)=e, W End (M) EHIEA A-Z1E

Lie 31 #REARAEN o

15
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FEREITRGE Z AT, FATSEXS B F B4 5 BEAT B A A RE , DA T30 2 T A
VENE. HXEREd, (M), SEX ER—D AL Lie 37, Z(X)Fr
X Wy, T 3oR X RIRAE 1. W h=0,  MP=1-F, ®5&MNHR Pk
X PRI FETT. $ PAPACAE X, WX LRI Y ., o X, o FHNHE,
FINEATCR A TR Y., o 4, HH, 4, =PAP X, .

FEVERAEBE 3.1 Z /T, FRATGIERI LR LA 91 3.
S 32 XTAEEM AeX ,PAP = f,(Ax,)P,= f,(PAPx,)P, FtH X, =&¥
WEB: W AR Ae X, RHET1HEA

PRAP =0, , A = fo(Ax,)0,, , = fo(Ax,)P.
H PAP, & b 47714,
RAR =PRAF P = f,(FAR x))R.
KN £, (Ax,) BT A, FTBLX, SRR 383
513 3.3 PS5 (P) P+P5 (P) PeZ(X).

UER: 513 3.2 AT RS(R)R =aR,, X a=f(RS(R)Rx,),
Xj‘/ff%t:EQXEM’ ﬁ

(b, ,R)=46(R, R0, R
=[6(R,).50, , R1+[P,,0(50, , R)]
=06(R)h0, , F,-h0,  Ro(P)+Po(P0,  R)-o6(P0,  R)P, (3-1)
¥ (3-1) XA p, TP
Po(P)FY, R =P0, ,Po(P)F. (3-2)
¥ (3-2) AMERTEX, b, ATLS 3

Jo(Bxo)B0(B) Box= fo (RO(P)Bxg)Pox .

16



8 W YN T e VAT

FERE fy(Bxy)=fi(x)=e>
el BO(P)F, = fo(R6(R)Px))Pb, .
KNS X B Lie 87, BHWIES (DeZ(X), HMHSPR)=6(1)-5(P) X

A B, S G Ri  5] BT R 15 2

PBO(R)P, = f,(RO(R)Px,)P, =aP,.
Kk RS (P) B+PS (B) P,=a(P+P)=al.
FrLAMSIE PSS (P) P+PS (P) P e Z(X).
W G=PS(P)P,—PPS(P) » XX EHI— MBS AITR: WTEE deX,
A(4)=5(A)-[4,G].
SR, AR X B A-ZME Lie ST . ¢ HAERTIE 105 BT %0
A(R)=6(R)-[R,Gl=P6(R)R+FS(R)P, € Z(X).

N HEBATEE DRI A KL

SIH 34 A(X)cX,, HF1<ij<2, HHizj.
E: RAAP)eZ(X), WMTAEERA4,eX,, B
A(4,)=A([R,4,])
=[A(P), 4, 1+[F,A(4,,)]
=[FR,A(4,,)]
=BA(4,) - A4, R
=RA(4,) (B +P)— (R +P)A(A4,)R
= BA(A,)P, —P,A(4,)P, . (3-3)
¥ (3-3) AEFP, P, 0[fF PA4,E=0, RN TIEER4,eX,,,

&l

A(A4,)=FA(A4,)PeX,,,

17
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RIS AT 4, € Xy,
RATRERETS A(4,)=A(4,,P])=PA(4,)PeX,,.
I3 3.5 A(X,)cZ(X).
FE: W TAERI 4, e X, BRI S| BT 45
A(A)=AP A P) = Afo (A x0) R) = fo (4% ACR) .
KAAR)e Z(X) UK f,(4,x,)e A,

FrUARHIEA(4,) < Z2(X).

Sl 3.6 M &M 4,eX,, » A4y~ fi(A(4y)x ) eX,,

AR = £ (AP -
T SRR, A
0=A(P[P,4,])
=[P.A[P,4,]]
=[P.[P.A(4,,)]
= PA(4,,)P, + PA(4,)E,.

RIEA(4,) =X +X,,, HIATHK G2 3.2, JATREAR 2]

R 3] Hh

A(Azz )= RA(A22 )P1 + PZA(A22 )Pz = fo (A(Azz )xo )Pl + RZA(A22 )Pz >

AT

A(Ayy) = fo (A(Ay)x) ] == fo (A(Ayy ) X)) P + B A(Ayy )Py € X gy .

FHAP)=A)-AR) € 2(X)
BT ART 43
A(R) = fo(A(R)x)] € Z(X)N X, ={0},
R A(P,) = £, (AR -
N, FRATRIEY E R 3.1

18
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WAL X FFAES e MIDWR: XFAEREMN AeX,

7(A) = fo(RARx)AP) + fo (A(P,AF,)x,)]
A

D(A)=A(A)—7(4).

ST X B Z(X) B —A AL, DE X ER—A A Sk BUg . Ak,
AR AT 51 FE LA & « 0 D s SURRATTA -
(1) XHMERI 4, e X, A D(A4;)=A(4,)eX,, Hil<ij<2, JfHizj,
(2) D(R)=D(P,)=D(1)=0,
(3) SHEEM 4, €X,,,D(4,)=0,
(4) SHEEM A,, e X ,,,D(A4,,) =X, »
N TUERH A ZFRER, REFIEH D2 X ST TR 4,Be X,
H1([4,B])=0 Rl

NHEHHATIEY: WERER 4, eX B, e X,

ij o

D(AyBsk) :D(AU)Bsk +A1]D(Bsk)

HA1<i, j,s,k<2.
KRNDX )X, MTF j=s, BRE

D(4,B,)=0 , D(4,B,)=0=D(4,)B, +A4,D(B,).
PRI AT FEIER LT 8 A& T

(1) D(A4,B,,)=D(4,)B,, + 4 ,D(B,)
(2)  D(A4,B,,)=D(4,))B,, + 4,D(B,,)
(3)  D(A4,B,,)=D(A,)B,, + 4,D(B,,)
(4)  D(A4,,B,))=D(4,,)B,, + A, D(B,,)

(5) D(AzzBm) = D(Azz )Bz1 + AzzD(Bm)

19
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(6) D(A,,B,,)=D(A,,)B,, + A4,,D(B,,)
(7)  D(A,B,)=D(A,)B,, +A,D(B,,)
(8)  D(A,B,,)=D(A,)B,,+ A, D(B,,)
fHE (1) Z2EBARE), BEONXHMEER A4, eX,,H D(4,)=0.
TR A,BeX, HAA)-D(A)=1(A)eZ(X), TATH[A(A),B]=[D(A),B],
RIS ERE ) 4, e X, F B, eX,,
D(A4,,B,,)=A(4,,B,,)
=A([4,,,8,,])
=[A(A4))), B, 1+[4,,A(B,,)]
=[D(4,),B,1+[4,,,D(B,,)]
=D(A4,)B,,+4,D(B,,).
RS (2) Wor. 15F (3) « (4 o (5) AEE (2) 580, EBH AR .
SHEREI C, e X, WIEEE (5) K4, BRITAUTHAER:
SHERE) Ay, By e X,y s
D(A,,B,,C,,)=D(A,,B,,)C,, + Ay, B,,D(C,,),
PAK
D(A,,B,,C,,)=D(A,,)B,,C,, + Ay, D(B,,C,,)
=D(A,,)B,,C,, + A4,D(B,,)C,, + 4,,B,,D(C,,) .

e B Ea, A AR

D(AZZBZZ)CZI :D(AZZ )B22C21 + AQZD(BZZ)CZI 4
Fﬁ BLXHWE%LE/‘] C21 Ele ’ TC21 =0, /ﬁ\:;:':[ T:D(A22Bzz)_D(A22)322 _A22D(Bzz)-
2 Cy=P0, B, HhxZMPPMER PR, H

0=TP#, , Px,= f,(Px)TRx=TP,x

20
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A3 TP,=0.
NKANTeX,,, FILAT=TP,=0, HM&ER(6)HKAL.

e, UEE(T)A(8).
EHL X, FI— N TUH A, X, P IIJCE By, » W B R HE, A58 2]

A([4,,,B, 1)~ D[ 4,,,B, ]
=[A(4,,), By ]+ [ 415, A(By, )] = D 4,5, B, ]
=[D(4,5), By 1+ [ 412, D(B,))]= D[ 4,5, By, ]
=[D(4,,),B,,1+[ A, D(B,)]- D(A,B,, — B, 4,,)
=D(A,)B, — B,,D(A,)+ 4,D(B,,)— D(B,)) A, — D(4,,B,,)+ D(B,, 4,,)
=(D(Ay,)B,, + A,D(B,,)— D(4,,B,)))+(D(By A,,) — B, D(Ay,) — D(B,)) Ay) -
A A4y, By D) = D([ Ay, By D) =7([ 4, B, ) BT Z(X)

HIATH A S| A E Ae A, fE15

A([Au aBz1]) _D([A12 ,le]) = 5

ﬂ’[:D(AM)BZI +A12D(BZI)_D(AIZBZI)
+D(leA12)_D(Bz1)A12 _B21D(A12) .
KR DX )X, BT

D(A,,)By + 4,D(B,)—D(4,,B,))e X,

D(B, 4,,)—D(B,) A, — B, D(4,,) € X, .
H P, Poraltig b, mTUASH:
D(A12321) = D(Alz)Bm + AlzD(Bm) _/1Pl >

Al

21
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D(Bz1A12) = D(Bz1)A12 + Bz1D(A12)+ ﬁva .

aEr (2, f

e

D(A,,B,,A,,)
=D(A,,B,) A, + A,B, D(4,,)
=D(A,,)By A+ A,D(By,) Ay, — Ay, + A, By D(A,,) .
Semry 3, A
D(A,,B,,4,,)
=D(A,,)By A, + A,D(B,A,)
=D(Ay)B, Ay + A,D(By)) Ay + Ay By D(Ay) + A, .
L mEt, AT LA A4, =0, JEREI D2 A -2, RHEmA TRk A ,
AR R =2P =0, HIAEI=0.
KR A s — ANy Cx-AR%, AP =0 EWRE 1=0.
e BdiuEm, 5% (7D M (8) WAL,
HfEE (1D 2 (8) W&iL, 45 DMtk D(4,)ex,, BIFID 1%

T
PUAEIE ST ZE I A,Be X, A ([4,B])=0 5L L,
7([4,B])=A([4,B]) - D([4,B])

=[A(A4),B]+[4,A(B)]-D([4,B])
=[D(4),B]+[4,D(B)]-D([4,B])
=0

ZE TR T A(A)=D(A)+7(A4) ==X ER— i Lie 7.

TR X ER A A -GBS E SO

WTFAEEILER AeX: d(A)=D(A)+[4,G] .

22
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It

5(A)=A(A)+[A4,G]=D(A)+1(A)+[4,G]=d(A) +1(A4).
Hpd 2= AT T, o« 2 DINX 2| Z2(X) B A -ZRIER O EBUS,

HHAMFENR A,BeX, Hr(4,B])=0. HHEH S & —MriER Lie $ 7.

23
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% 4 Z Hilbert C*-{REFRH L Lien-22neN) ESFH

FrAEE

4.15|8
WA RBORTF (R B C) EHAE, M2 A-XGUREL, &AL 6 /2 -

SRR A,Be A, #4 5(4,B)=[5(A4),B]+[A4,6(B)], H, [4,B]=AB—BA
Wy AR B[] Lie B, IAHKS &4 Lie T
FAVL T AE X
p(x)=x,
Py (x,%,) =[p(x)),x, ]
Py (30, %5,%) =[ Dy (x,,%,), 0, 1B py (3,%5,5,) =[[,5, 1%, 15 oo
T2 p, (x50, ) =,y (60,2, X0, )%, 1= 10 L0, X, 126 ]+ x, 1ox, 15 e,
(L0, 1 X1, 1o, TFR N X, x, 0, x, [P n EE Lie B
U SRR & 5 2 -

é‘(pn (x17x2"”5xn))=pn(5(x1)’x2 ’“.’xn)—i_pn (xl’é‘('x’-Z)’.”"xn)+“.+pn(x1’x2 "“’5('xn))

:zpn(xDXZ"“5(xi)9'“’xn) .
i=1

MAFRS — Lien-EHS T
WR Lien-BERE TS A UUSEN: S=d+7, EF, d2—NALKET, ¢

e A R ZAM) B EME T OEBRY, XENZAM RRES
M eM:MEFEAe AL MA=AM} . FFHH N TAHEETERC,C,,,C, e X, #AH

t(p,(C,C,,+,C =00 LN S FA— ik Lie n-H F ¥

24
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4.2 Hilbert C*-#& I Lie n-ESFRISREM
EIB 41 WA RN e IR CHARVE, M 2 —ANF I Hilbert A —
B, R Ex, eM,s fyeM, §i15 f(xp=e, MW End (M) EHIERA A -2 1%

Lie n-HF T T AR & An i1 o
TEREFFRUR 2 H, FATIAX BT A8 FH 455 04T SR B A AR, DAGE T3 L
WEHNE HX KR End (M), 62X FIH— AL Lien-ESF T, Z(X) X

XL, T RRX TR T, W h=0, MP=I-F, ®5&EMHEB P,
& X PRI ST, ¥ pAP R EX,, WX AT R Y ., o, X, FHIIHE,

X PN TR AT UDRRY,, 4, Hf, 4, ,=PAP eX,.

TS LA BB R A
SIFE 42 (1D WRNTFAEER 4, eX,,, BA, =0, I4BP,=0.

(2) MENTEER A4, eX,, A,B=0, AL PB=0.

EH: (1D 2 4, =PR0, P 3 x &M PHIEEICE,
hy BA, x,=BP,0, , Px,=BP, f,(Px,)x=0.
ERE £ (Bx)=fi(x)=¢,
FrUAEAITE BPx=0, Bl BR,=0.
itd,=RO, P, HhfRMPREEITR, xMPHIEEITE,
il A,Bx=PR0,  P,Bx=f(P,Bx)Bx,= f(P,Bx)x,=0,
EPRUER] PB=0.

I3 43 5 (DeZ(X).

WEM: XfFv4, 4,4 _eX, Ap, (4,4, A4 _,1)=0.

ﬁﬁw\ 0= 5(pn(A1’A2""’An—1a1))

25
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n—1

=p, (A, Ay A, 5D+ p, (A, Ay, 8(A4) A, 1)

p
=p, (4,4, 4,,,6(1))
Ep [6(1),p, (A1 Ay A, D=1, (A1 Ay A,),6(D)]
=p, (4,44, _,5(1))=0.
e 4, =p, (4P P By)
GIES; [6(1),4,1=[6(1),p, (A, B, )] =0.
W6 A4y =p, (4, BB F)
CIES; [6(1), 4y 1=[6(1), p,1 (A, P, P)]=0.
M ex, i EXATHRI[M,4,]=0,
R (M, +M,+M, +M,,,A,]=M, A, +M,A,—A,M, —A4,M,,=0.
55426 M, =0,
[FF AT M, =0.
i FIRUERIS PS(I)P,=P,6(1)P,=0.
HH[M,A4,]=0%0A4,A4,,M = MA, A,, = A,MA,, , RIE5IEL 4215 A4,M=P,MA,, .
NIKN MA,, =P,MA,,
FITBL [M,4,,]=0 BI[5(1),4,,]1=0, FBEAG [5(1),4,]=0.
RIER 6 (D e Z(X).
51344 BS (B) P+P6S (P) PeZ(X).
UERH: M5 32 /M PS (P) B=aP, , HHa=f,(Ps (P) Px,),
W6 A4y =p, (4, BB R)

5(4,)=5(p, (4, B, R))

26
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=D, (5(A21),B,P1 ’...7R)+pn (A2175(R)9P1 ""93)
+p,(Ay,B,6(R)y - B)++p,(4,,B,F,,0(F))

:pn (5(A2])’RJP1 ’...9R)+pn (A2195(B)9P17"'33)
+ P, (A4y,6(P), By B) 4+ py(A4,,6(R))

P,AP —PAP,n="2k k=123,
PAP +PAP,n=2k+1k=1,2,3,

j'\jpn(AanPl"'BR):{ (4-1)

éB:pz(Azné‘(PJ) ’
Yn=2k+1Hf,

0(4,)
:Rzé‘(Am)Pl +P1§(A21)P2 +pn—l(Bv}LPls"ER)-"pn—2(Bapla"'aP1)+"'+p2(B’R)+B
= P,3(A, )P+ RS(A, )P, +(n—2)P,BR ~ BB, + B

= P5(Ay)P +BS(Ay))P, +(n-2)(4,5(P)P,~ P5(P)Ay,)
~ P(A4,8(P)~8(B)A4,)P, + A, 8(R)~5(P) A,

:P25(Az1)P1 +P15(A21)P2 +(” - 2)(A215(P1 )Pl _P25(R)A21)+ A215(P1)_5(E)A21 (4-2)
¥ (42) REFP, LRP, WUIGH
A4, 60(R)R =PF0(P)A, .

5(4y)
=B6(4,)R+R6(4,) P, +p, (BB, Ry B)+p, (BB B)++p,(B,R)+ B
=F,0(4, )R +R5(4,)P, +(n—2)F,BF + B
=P5(Ay )P+ R6(Ay)) P, +(n—=2)(4,,6(R)R — P,6(R) 4y)) + 4,,6(P) = 6(P) 4, (4-3)
K (4-3) AEskp, fikPR, B

4,,06(R)R =P,6(P)4, .
R FAER M n(n>2,neN"), f

4,,06(R)R =P,6(P)4, .
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4 A,=P0, PBNxeM, FiLlF
B, RO(P)R=P3(P)R0, , F. (4-4
K 44 XEMEY L, A
BS(R)P,fo(Bxo)x =P, [ (RS (R)BRx,)x .

E‘%nfo(Plxo)=fo(xo):e )

BT AT 15 R6(P)P, = f,(PO(R)RxX,)F,,
[V&E] R6(P)P, = fy(PS(R)Rx,)P, =ab,.
Hifn3 PS(P)P+P,5(P)P,=aP,+aP,=al € Z(X).

W G=PS(P)P,—PPS(P) , EXX EH— MBI AIITR: XFER deX
A(A)=8(A)—[4,G].

SR, AtRX E— AN A-ZM Lien-BES T, FHAU)=6(1)eZ(X), LK

AR FE i T A 5] B AT 0

A(R)=06(R)~[R,Gl=Ro(P)R + B,O(R)P, € 2(X) .
NBATHE 2RI A ) — L2 I
SIE 45 AWX,)cX,, HA1<i,j<2, JfHi#].
UEW: A AR)=AD-AR)e Z2(X), 455 (4-1) XAl

PAP,— P AP .n="2k,k=12,3
PAP,+ P AP n="2k+1,k=12,3,---

pn(A’Pz’Pz’“"Pz):{
U FAEE 4, eX,,, B
A(AIZ):A(pn (A12’PZ’PZ""’PZ))
=pn(A(Alz)aPZ>PZ>”"Pz)+pn(Alz’A(Pz)apz""’])2)+"'+pn(Alz’PZ’PZ""aA(PZ))

=P, (A(Alz)’PZ ’PZ ""’Pz)

_ B(A(A))P, = P (A(A4,) B n =2k, k=123,
B (A(A,)P,+P,(A(A,)P,n=2k+1k=12,3,--
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/fEEX AIQ’BlZ (S XIZ’ Xﬁ’fi%ﬁ% CI’ Czy"'C’172 S X’ ﬁ
pn(Al2 5BlZ’C1’C2 7“.’Cn—2)=0 .
FrART45 H
0=A(p,(4,,B,,C,,C,,-,C, ,))

=D, (A(Alz )=B12C1 ’CZ s "Cn—Z ) + D, (Alz ’A(Bm )9C1 ’CZ s "Cn—2)
n—2

+ zpn (A12 aBlzaCUCZ [ '5Ci—1’A(Ci)’C‘+1 “"Cn—z)

2. ;
=p,(A(4,), B, C,Cyyo,C, )+ p, (4, A(B,),C,C 0 ,C )
=P, (P2 (A(A,), By) + p.(4,A(B),)),C.,C 0 -,C )

SHEEM C,.CyrC, e X H

P2 (P2(A(4,,),B,,) + p,(4,,A(B),)),C,,C,,++,C, ;) =0,

DAL EHE, MHMERIIC eX, A

P (P, (A(4,),B,)+ p,(4,,A(B,,),C) =0,
B~ N=p,(A(4y),B,)+ p,(4,,A(B,)) e Z(X).
KA A, =p,(Ay, PPy P) s FITLA
P2(A(4,),B1,) =N = p, (A4, A(B,,))
=N-p,(4,,P,,P,,P,,A(B,,))

=N- {A(pn (A12 aPz ,1)2 a'“aPz 9B12)) —-D, (A(Am)apz ,Pz ,'"aPz aB12)
D, (AlzaA(P2)9Pz""sP2=B12)_"'_pn (A12 ’PZ ’P2 ""aA(Pz)aBlz)}

:N+pn (A(Au)apg :Rg 7'"7P2 :B12) .
n=2k+1Hf,

P2 (BA(A4,) P, + BA(4,,)P,B,,)
= N+pn (PlA(Alz)PZ + PZA(Alz)Pl’PZ >PZ 7""])23312)

=N+p,(p, (BA(A4,) P, + BA(A,) B, B, P, F), By)
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=N+ p,(FA(A,)P, — BA(A,)P,B,,) .

PAPAULR B = € 2(X)
Fiid Py (BA(A,)R,B,) =0,
BT R B, eX,, A
P,A(A,)B,, =B,,A(4,)P, =0.
4t LRG| H AT LIS H PA(4,,)P,=0.
n=2k i},
A4y = A(p, (AP, Py P)

=P, (A(A12)5P2 vP2 9"'aP2)+pn (A12 aA(PZ)vPZ 7"'>P2)
+ot p, (A, By, By A(R))

=D, (A(Alz)anPZ’”"Pz)

_JRAUAL)) B~ B (A4 ) Bon =2k k=1,2,3,
P(A(A)P, + Py(A(A,)Pon=2k+1k =123,

¥ (4-5) XATep, HiFp, TLUSHE PA4,)P=0.

(4-5)

ek F AL B n(n=2neN), #H PA4)R=0, & EX, w45

A(4,)=PA(4,)P,eX,,, HHEAX,,)CX,,.
[FHE, YRR A, eX, , FATATUEER] A(4,)=PA(4,)PeX,, -
I3 46 AX,)cCZ(X).
EBH: XMMEEM 4, eX,,
A(4) = AR A, R) =A(fy (A1x0) P) = o (A411x0)A(R)

CRIAR) e Z(X), H fi(4x)eA, PFIELA(4,)c Z2(X).

SI 3R 47 XAE BB 4yeXy o A(dy)—fi(A(Ay)x ) eX,, » FF 7 H

A(P) = fo(A(P)x)1 .
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UEH . y\jpn(Pl’AZPPUPl’”"Pl):O,
ﬁﬁw‘ﬁ 0=A(pn(Pl’Azz’Pl’Pl""aPl))
=P, (E’A(Azz):Pl’Pl"”>Pl)

_{—PZA(Aw)PI—PlA(A22)PZ,n:2k+1,k=1,2,3--- (4:6)

— P,A(Ay) P +PA(Ay) P n =2k k=123
RS AR n(n>2,neN"), ¥ (4-6) XEFP, £iP,,
3 BA(4,)R=0, Bl PA(4,)R=0,
BRI 153 A(Ay,) e X + X, .

45 AT R 5| B ]

A(4y,)=PA(Ay) R + PA(Ay )P, = fo(A(Ay )x,) B + BA(A,) P,
FiTEs A(Az) = fo(A(Ap)x)] == 13 (A(A )Xo Py + PA(Ay, )Py € X oy
IR A(Ay) — [y (A(Ay)x ) € X,
H_EA AR - f,(AR)x) eX,,, FFHAPR)=AUI)-AP)eZ(X),
y A(P) = fo(A(P)x))] € X, N Z2(X)={0}.
HCATIER A(P) = £, (A(R)x,)] .
N, FATRIEY EH 4.1
T —Vldex, TAlwE L x ERIPAEUR ADUWR:

o(A) = fo(BARx))A(R) + /(AR AF,)x,)1
A
D(A)=A(A)—7(4).

DRIt N X B Z(X0) B A-ZVEBU, DR X ER—A A-ZeEm, 1t
MRIE € SCHY 7 A0.D LA SCHT T ¢ 51 BRERATTAT LLRNAE T 51 &5

(1) MEEI A, eX, HDUA)=AA4,)eX,, Hil<ij<2, JFHi%;;

(2) D(P)=D(P,)=D()=0,
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(3) XHMEREM 4, eX,,D(4,)=0,
(4) WHEEM 4y e X,,,D(Ay)eX,,
RIIEI A R FRUER, FEUED 2 X FST UL FERRC,C,,\C, e X,
#7(p,(C.,C,,+,C,)) =0 BT
THRATHEATIES: SMERM A4, eX B, eX, HA1<i,js,k<2
D(A4,B,)=D(4,)B, +4,D(B,,).
FADX )X, WFj#s, BRE
D(4,B,)=0 , D(4,)B, +A4,D(B,)=0.
JItEL D(4;B,)=D(A,)B,, +A4,D(B,,).

PRI AN A EIE LT 8 Frig I

(1) D(A,B,))=D(A,)B,, + A ,D(B,)

(2)  D(4,B,,)=D(A,)B,, + A ,D(B,,)

(3)  D(4,,B,,)=D(4,))B,, + A ,D(B,,)

(4)  D(A,,B,))=D(A,,)B,, + A, D(B,,)

(5)  D(Ay,B,,)=D(A,)B, + A, D(B,,)

(6)  D(AyB,,)=D(A,,)B,, + A,,D(B,,)

(7)  D(A,B,)=D(A,)B,, +A,D(B,)

(8) D(A4,B,,)=D(A4,)B,,+A,D(B,,)
KEFEI 4, € X,,D(4,)=0, FILMER (1) 2S8R,
SFFAERM A, BeX, AA)-D(A)=1(A)e Z(X), "LIEH|[A(A),B]=[D(A4),B]-
KIESHERE M 4, € X, ByeX,, it

A4,B,, = (=1)" b, (4,,,B,,F,B,-P),
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A AAS

D(A4,,B,,)=A(A4,B,,)

=A(=1)"p,(4,,B,,5,8,F))

=(=D"(A(p, (4,8, 8,8, R)))

=(=D"p, (A4, By, B, By B) + p, (41,A(By, ). B, B oo B}
=(=D"{p,.(A4).B,,). B, B R) + p, (A, A(By), LBy, B}
=(=D"{p,1(p(D(A4), B)y), B, By, B) + p, .y (4, D(By,), B, P+, B)
=(=D"{p,.(D(4,)B,, = B;,D(4,)) + 4, D(B),) = D(B,,) 4, B, B+, R}
=(=D"{p,.(D(4,)B,, + 4,D(B,),h, R -, )}

= {(_l)ﬂ (=P (D(A4,)B, + 4,,D(B,,))P,),n=2k +1k=12,3---
(-D"(BR(D(A4,,)B,,+ A4,,D(B,,)P,),n=2k,k=1,2,3--

=D(A,)B,, + 4, D(B,,) .
JITCL D(A,,B,,)=D(4,,)B,, + A, D(B,,) » 5 (2) Mor.
B (3« (4 (5 FEE (2) IEBAZEL, HOE RS 2.
SHERIC,y e Xy, WRIEEE (5 HIZ5E, AT AE R F A2

D(A,,B,,C,)=D(A,,B,,)C, + 4,,B,,D(C,,),
DA

D(A,,B,,C,))=D(4,,)B,,C, + 4,,D(B,,C,,)

=D(A,,)B,,C,, + 4,,D(B,,)C,, + A,,B,,D(C,,).
R 5 TR e W IR X
D(A,,B,,)C,, = D(Ay,)B,,C,, + Ay, D(B,,)C,, .

Hv4,,,B, eX,,.
R BATAT AR SRR Cy e Xy, TC,, =0,
HH T =D(4,,B,,)—D(A,,)B,, — A, D(B,,).
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EBRM B —Aexx, £Cy=PR0,, P,

Hi 0=TP#0, , Px, = f,(Px,)TPx=TP,x , A[{3TP,=0.

N ANTeX,,, FbAT =TP, =0 M5 (6) T .

N, ATERTEIE (7) A () .

R X, FH— IR 4, X, THITEER B, , BEHHE, BAIMRAESEE T
{TF:

A(p, (A, Py, BB, By )= D(p, (A, B By o+ Py, By)

=p, (A(A12)5P2 9P2 9""P2 ,B21)+pn (A129A(P2)’P29"'9P29321)
tt+p, (A12 ’PZ ’PZ ’“"PzaA(Bﬂ))_D(pn (AIZ ’P2 ’PZ ’“"PZ’BZL))

=P (A(A12):P2 5P2""7P2 vB21 ) + P, (A12 9P2 9P2 9"':P29A(321))
-D(p, (4,,P,, B, P, By)))

=Py (A(4,),B5,) + Py (A,5,A(By))) — D(p, (4,5, B,,))
= p,(D(4,,),By)+ py(4yy,D(By)))— D( A, By, — By 4,,)
=(D(4,y)By, + A, D(B,)— D(A,,B,))) +(D(By,4,,) — By D(4,,) — D(By)) 4,,) -

Koy

A(pn (A12 51)2 ,1)2 ,'“51)2 5321)) _D(pn (A12 ,1)2 ,1)2 ,'“91)2 5321))
= T(pn (A12 ’PZ ’PZ ""7P2 ’321)) e Z(X)

TP fE e A, f#15
A(p, (A, P PPy, By )= D(p, (A, Py By By, By ) = AL,
Hp D(A,,)B,, + A,,D(B,,)— D(A,B,,)+ D(B,,A,,)— D(B,,) A, — B, D(A,)= Al .
HADWX, )eX,,,
%] D(A,,)B,, + A,D(B,))—D(4,,B,)eX,,,
DA
D(B,,4,,)—D(B,) A, — B, D(A4,) € X, .

W P, P, oralAigR E3C, TS
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D(A4,,B,,)=D(4,)B,,+ 4,D(B,)— AP,
D(B, A,)=D(B,) A4, + B, D(A,)+ AP,.
@Ziatey (2 #
D(A4,,B,,A,)=D(A,B,) A, + A,B, D(4,,)
=D(A,,)By A, + A,D(B,)) A, — A4, + A, B, D(4,,) .
air 3) A

D(AIZBZIAIZ) = D(AIZ )BZIAIZ + AIZD(BZIAIZ)

e

=D(A,,)B, A, + A,D(B,) A, + A, B, D(A,)+ A4, .
HE PRI DA, A4, =0, VEREID & A2, LA o alsell A4
AR AP=27P =0, KIHI=0.
WRYE A R — ) C*AH, A =0 BIRTBAHEH A=0.
it BIRUER, 1B (7) A (8) WAL
S BI®) LSS, 254 DIATIERLE D(4,)e X, , BI%IDR—NGT.
PAEBARERHMERN C,,C,,-,C, e X, H2(p,(C,,Cpr-C,))=0. Lh5E,

T(pn(CUCz 7"'9C,1)):A(pn (C13C2 v"'acn))_D(pn (Cpcza"':cn))

:i(pn (Cl,C2,"-,A(C[),---,Cn))—D(pn(Cl,CQ ""9Cn))

i=1

:i(pn (C19C2:"'9D(Ci)""’Cn))_D(pn (C19C2 9""Cn))

=0.
FTCAA(A)=D(A)+7(A) 72 X E— i Lien-EHS 7. BN & EIA-Z
VEMS g AHMEER Ae X
d(A)=D(A)+[4,G],
R FRATT A
5(A)=A(A)+[A4,G]=D(A)+1(A) +[4,G)=d(A) +7(A4).
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Hrd 22— A-LIERNST, t2—DINX B Z(X0) 1 A-ZEBg, IF BT
BICL,CorCeX s A1(p,(C,Cop,C))=00 RIEM & &5t Lie n-H

27
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FH5E MM5EE

5.1 BlmM5S 245

A EAE Hilbert C*- 15 T Q% _E 2% fe — L 28 M i i b e 50 LA
Banach fAE 97 i, 2 2E7E Hilbert C*-f5H TR EIR A#RK Lie 31 BA K Lie n-
HIETHEMMER, FRWEFEET LT, A5 TS H T Jordan
SFEIG T AR A AT, FETEN .

e —E g, AT =R B IRA PG B )T 5t BN A —
e 5 2 HAH OB A 3 R LA K O 48 A 1) B LR A R R AN H RIS AT B AR
WA MR — e R Sy T B A AR A S N A, TEAR TR R R T 3L
Hh B S 1 ARHORT LR ) FL A s SO

T, WATE RN H T I FRA— Sl H BB el e
BN RIS

=%, HET Lie 5 T4 Hilbert C*-#&_E [bruErE, ATEM 1 4R
fifEx,eM, fyeM', #13 fi(xD=e, W End (M) EHIEA A -t Lie 37
HP AR o

FESEVIE T, BATUAE =S AR 70 LA, #% 2 #E #n (Lie 7R Lie —
HET) , BET Lie-n .5 T1E Hilbert C*-#i_EIbrHENME. 55 =2 ARRMAZ,
PATEZETE n WEHASRTE, Fr DR R 2 B2 I8 T o A RATE T iR AF
fEx,eM, fieM', 17 f(xp=e, W End (M) EHIEA A -2 Lie n-E F

FE AR
52RETE

BN —Hr B CAF S BUS - E E FLAG R, (HRARNEHIEZ A a3
MERRE B ERROER TAFHAEE DTN RE: (1) FE2
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T HeH “Hilber C*-M FAFEx e M, fyeM', (153 fi(x)=e” X—HIH#EKM 2

K, #t— B ERE WA Lie 7 M Lie n-E S T Hts#EER.  (2) X T Hilber
CH - FRE L R 2S5 /b, v DL SR B RES Lie 51 2 B8 Lie F
TUANJFHES Lie n- 5 TR0 BAG MR R
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EiH

WHUAE =R AR R A, EIX =B, ARRAES] BIERAN b,
WA TARKRIED . 22 b, BB T AR, FH T — SR e+ . 723
PR R B[RS T RE M T B A2 57 B BL, NS S L2 AL 45 AT 55
[FI e 1 B SR8 5 RIE RE

U2 TR R A A TR 1 RIF AT 52 S35, 78 HAR 2R i B 5 58
IR, SEBE L HEIT IR, WA E N ERARLN, 1hAE 2 DR
AR

FELRF 5 U SR B BT U AT (R B e, BAS B R RO D, I B3
FAREOSURN [ THME, 22 R Sks J B mnra], T HME AR . X =400k, RS
WFFCTT A (R d . e B e S ) Atk ) SCRR BRI B A, SRR SR 7T
S, LEARHIE, MESCER. B LKE, SIS RO
Hir GRS AR MO, ZImEs kA IEIFE028AT: %
Fot M ARE T ER AR AR MEDP BRI AR AW R, 7
IR REATT, o —1F B QKBRS IR AE, AERRIEEH DA K EF R
o FIRAAVENF AL, X RIREALRE, X > BRI B2 LK 9 A
W, FER T IEE AT ST B, BRE KT H 0 2 o FR i 2Life !

SRS VR BIT (10 0T QL A g R[0T AR AR A T 563 DR AT SRR AT D 2 5] T R
HRORF R T R PR R % A B e B8t — s s PR R 36 B, SR AT T H B 1Y
FRAANF A o

U SCBEANZR N, JEHRAT T — B DUOR I BRERSCRF AT HY A B LEBRAERL
el B2z 3], BB it !

BJe, SISOV B AR L AN AT ZA 20 i !
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