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Abstract

1950 £EEE D & 2020 4EALE %2 A2, 20 70 EMICHA (HARAIC L 55
FEOEMFEZED) THIRI N ) —RE(BR) & &A1 FMVIZHFETRDT 50
TWBHEARDY) A MaFFELT, T - 5L, MMEIZHWT Lie algebra @
naming & EHEDMESEFD Y 2 VXV ZIHARAD —RILIZ DWW T O TR
METLONERHNTT.

Introduction (IF L &®I2)

Z D/NGRIEIERE A IAREGR (non associative algebras) DFE/EIZ DWW T D
FhE (topics) T, EITVU —RE (BR) ITDOWTTY.

EDFEID 1 D HIE 1956 FITMEHRAED ) —BERORPHIRENE L.

2 DHIF1965 FITRH U727 AV WEF 2O E% X 172 N.Jacobson
(Yale Univ.) &A%, HABE2OHAHFTHAL MO KT (RREKY, [REKR
7R, JUNRE, AL E R [ 1KY, A ERTEE) T, ) — R,
T a )& R FERTHREE DR GEE) 2 3 AN O ERITIT o 72

SOHIEY a VX VREBOEEITZHAR ) CTIEHERINTOWARWVWERTT,

INHDHEREIFEZT, HAD Z OREFOBZEELIRTZ ) =K%
EWVWD XA MIVIIDIF ONTZERARZED - TITEHFDOTEIZIRE L T, 4
DM IR Z X U 2R 5 IR I T W72 & £ 9. (LUR A AT OHFREE).

ZDEDOFREIZ) —RE(V —8R) OEHRLHRLRFIZERTEEET.

O LDORY FVZERMV T2HHM [, | THUTWTHREEEZ RS, X
D1) & 2) 2wz REREZ Y — B (Lie algebra) &\ 5.

1) [z,y] = —[y,z], Vo,y € V

2) [[z,y), 2] + [ly, 2], 2] + [[2, 2], 4] = 0, Va,y,2 €V

EH 17HRE Mat(n, ) THZ [z,y] = vy — yx LEFR L ZREL

4 TR H CTREEO N7 SIVEZEH Im H Oz x y % (2, 9]
DEFELTDL, Thold) —RE&ETT.

Lie algebra @ naming IZ2DWTHBETERNIETWAEEZEXT (Fies
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—73, C.Chevally OMRE D HARES X AARNIIY, V- DHE
gEoRimeBbnET (ERKD [V —EBROFE] OARDY a L —DEWN
HSR). HOEE () —F) 20T ERIA L £7.

LEULPLESEEDERTFOHICIKITIEL TWAHRYRFEEL TN
W, 20X S WFm X DB B LTHHL I ZI .

)—ZH 5 —REA: i1 9 8 bEEETIZY -2 WS 7 22X
DKL TWrOHAD—21 ) —BEH Y —Hf & X9 % concept & LT
EZoNTWENSFEERWET. ZoRHETIE, )V —BoEEME LT
) —REHRET B ALDEL R oT-DTIEHRVWTU kD Z0D% (1985 £ L4
%), ERRITY —RE, Kac-Moody algebra, affine 1, super (b5 % L T
IR e QR EME T ) — A& ORIBRME L D B ) - E ORI e E
DD T EF NIRRT D AN ZE U/ EHERE L TWE T,

§2 BARICH T2 WL DO DEHZRER

ZDETIE, FHEFEEFIZBEWT Y =R WD A FIVDTED TS - T
W MEEFEEARCTAET.

[1986] Briig b2, FEYE =MW, U —BR& MW AN, B RFHFES
#%, n0.23

2000] F2iER, SEHEM Y —BRO 3, 510 MBUER Y YR DT L i
R, B - FHRBERIEITIEATR, vol.20, p158-391.

[2006] f&H fd&— ER#H, Proc. of the Conf. on Groups and Lie algebras, I
BRI FRITHE, 10.46.

X, BRI S AT RS #% D Repository KURENAI(KL) TV — R (Lie
algebras X & superalgebras) &\ 5 ¥ —7 — R CHKT 5 & B FHFER,
EEDVRE GHEE) LZZA MVOEDOUNPREEL L7, (LA LZ6
mistake U CWAAEEMEH D FTOTHAEAM T I V.) ZOFIZEHL Tk
CRCHIN I - REIATORED L #FHEL TO L REMELH 506 LK
HA BEODTHEDFETTIDTHEDEBEEZBHVLET.

§3 1 —REFT—EIF—D5H

IREGRFTELS—HUTHE - LS N2 BUEIH KO 5 11 (AERL,
IMRE LREZHF MUV —T) 2 ERIZAIE S N2 ) —REDOIES
EZDHEE L LT Proc. of Summer Seminar Lie algebras and Related
Topics] () —REY~—k I F—REE- VR 2O BHliFEINT
WE 9. BIFERIF 1985 4 K D AR - BT & THIME X N, SR IX 1990 4E DR
TEET (0D 2020 EOARRME) HRE N TWET. BEOo—av
EUT,HB RPN SHAE (2023) ETORM - HEEANERGELATITHEL £,



EREEEE Y] BT A
1 |854ES8H12H LB T¥ERPAE X EEE PN 6
2 | 86 -8 H 25,26 H | & E#%F KF AR 7
3 | 878 H34H NP ESTES A, 6
4 | 8847 H 25,26 H | [IKEKRFPHE T AL, A 7
5 | 8946 H 3 H INEYNE2iiEa AR, 6
6 | 90F6H2H INZPNES A 6
7 191ETH21H INZPNES L 6
8 |92#7H20H EEHE KT H 2R E IR 9
9 |934E8H4H PR T TS PNES A% 6
10| 9446 H5H JL B KA HEE 7 b AL, A, 7
11 [ 954E7H 28 H I KZEHEF v VN A R0 AR 7
12 | 96 £ 8 H 5 H FUIN L2 R T2 R R M, AL 7
13978 H19H ] 1L K 27 K2 Bt B SRR SEHY 7
14 | 9848 A 3,4 H AT E e 2 RTHE > & — | k5T 9
15 | 99 4E 8 H 23,24 H | JUINEEZE R AH 6
16 | 004£8 H 2,3 H IN=PNESTS=ca O <3 AL, A 6
17 | 01 £ 8 A 10,11 H | #&ILK% =) 5
18 | 024E 8 H 10,11 H | JuMl T2 K2 T B BB 5o M, AR, AR 5
19 | 034E8 H 9,10 H | JuM LNz Ko7 T2 ¥R AR EY ] 5
20 | 04 8 H 20,21 H | KB KRFHE 4 HLEE, TIA 5
21 | 05 4E 8 A 26,27 H | KIS K2 L ARE AR 5
22 | 06 =8 H 25,26 H | FAH AL KF YN 5
23 | 0T 8 H 31,1 H | EARZKRFREEE LM A 5
24 | 08 4F 8 H 29,30 H | tEMHAE KFL HI=E PRA 5
25 | 0948 A 21,22 H | W TEKRFREGHEMH MiENs] 7
26 | 104£8 H 2324 H | JKEBKFHRFHF v /XA AR 5
27 | 114E8 H 2223 H | KB KRFEFX ¥ VXA AR 7
28 | 1248 H 24,25 H | IO RFEHF ¥ VN AKFELAH AR 7
29 | 138 H 23,24 H | Kika &+ R FBEEFx v /3 A ST, A 6
30 | 1448 H 29,30 H | f&k A —F >N L A A 6
31 | 154E 8 28,29 H | k3R K K% 8
32 | 16 £ 8 H 26,27 H | B F KRFHE 74 EEas 7
33 | 1748 H 18,19 H | Ik AR 6
34 | 1848 H 25,26 H | & L KFHLI AR 7
35 | 1948 H 28,29 H | FRIENEZH L B AR 7
36 | 2148 A 28,29 H | MlLEERIAY (Zoom) e 10
37 | 228 H 27,28 H | fEHRF I F v VXA e 9
38 | 2348 H 22,23 H | & FKRFHE Y gL, S 11
39 | 2448 H [RY-Ear PNES HIR FiE
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556 171 (1990) LA (X Proceedings (H&G ) 23D b £ 7.

BOL DM & U T, V) — AR DR Hopf (REGE DI%EE (AAEAS
G) BIZEDFHR - MXBWMAOOHN £ (b LEIELNDH 5508 1%, #H
HHEZ OO, BREICTHEBI AN, BREFIZAL EAWET).

§4 51D

() VU —5 - RE L WD SEZ DA Lie algebra OFE U THA L7
DPEZFIFHD FBADT, ZOHZHEDIT 208D H5HNTYT. HA
ZHEWTH PRI —REDHE R Z I NZDOTL L5027 (o6 TWD
HWP BN EEAD).

1938 4EIZFH H K D Lie ring (Japan J. Math. 14) &\ 5 g XX AFAE, 1947
FEDY LA EDME KD X T Lie algebra £\ 5 X1 LA DI 51T
WBEDHRH D £9; On the Cartan decomposition of a Lie algebra, Proc.
Japan Acad. 23(5) 50-52.

(4) MeAT (b2 & T) OFFE (K - ) T, ) —REUZ DWW TEmsE S 1
TWAHDDXHREFAND (BIZIX, FHBHE, 2558, INEFRE RO F X
EEFCER LHEEROHRITFEELTVWET).

FEHBAKFHELRTER S VAR YT L (2023, Oct. 15) O, BLFD Z & 2 ¥
MW 72 & £ Uz [1939] & HEHE, D WERER (R Bl R PR EE V)
PFET S

N5 DHEW S OEEDHERI TS A, IEFI 12 4 (1937) & H KA PR D
BABEOFEIZD —BRRDFRZTHN, ZUTELPLERR T VA B
TR (1937-1939) TN T W=D TGRS TD H. Weyl @ Continuous
Groups LII (1934) Z AF L 72D PHANDERAIDIZRK TIE LW e Bbh
9. 2D 1934 4D H. Weyl @ Princeton TD##FE#k LIT (N. Jacobson &t
W) IZBLCIE, HAFETRVWOTI ZTIRENPETWEEE T (kO
RIS H).

(1) V —HOHR (FEE) 2V —REE FRRICHRE - K35,

(#) S.Togo, N.Iwahori, I.Satake EKDFR (Z D7) BF D IEERE ).

§5 & & A Z (Conclusion)

D—REDOARDEE S & LT, BMEH - FEHlZTNZE LR SHAFEICHHE
fEL R TWE S ITOENT SNk DR, £ BRI ORIZEE T 2484
ELUTHRZAS, EMEL U THAEZRET 5, o508 & o)t A2 flme L
TERTS.
EEODZEZH{IT I DALk (EFR) ORHOMLTTVFET L LB VET.
Z - LA (RO EEE), R— VORI ELEBT 2 EBVET. FlxiE



Section 1 TIB R/, A, PR OFFIF=F =KD TN ENDO K[ (F
JA) PHETWTHERENTT (EHIEZNThOREH EH#HIH D £ L7
DT). £7EDEI LM TEEZZEINITED GiEEEzLEZITT5D)
Bl Z XA A RIREL (48, 8 U Y DD HLEE) DFEHFIE LT, &1
FOWRIZFEHTHZRBELE LT, LEADOWH, KEGEOBIEYH %2 &7~ H
FIRL U THRADEFERDM G EOL L HIENFET D EFEAET.

ZUTEISITAIIMAS &, U —# Rz, RBGmIZEL L T, V) —REK
ME OREFROMFFEE ED, FEAMNENZ IR L T, HARIZZ L TZ D% (nonas-
sociative algebras) DEEVRDILNDIE, G ik AR EKPE U.S.A. TH
izt onzZl LBEFRT2ONE, NFIENICHHEADPFEET 200 H
NEEA. HlZIE EHED 1982 HH T Oberwolfach(Germany) T N.Jacobson
K B - 7255 T DA IZ Jordan algebra DFfi S % 125 o 72 D3 1L Hlibk
ZRUTS NP o702, ZORMY, HAANDHT Jordan algebra (2 il
% Rz T W 7z DIRMER G (1987 D FEAE) 2 & 084 (1107, RIS
DRRTY .

) —REDOREXNINT D) —HIZOoWT, ALETRRET L, ) —K
BOBIHEEL ) —HORILEIFET 5 L WE T HIAIX, BH—E, 2
YR, alRRE, (R —MRKSE, XABIZ) —REDOFEMRPE LS T
LY REGRXIIBRMFORSLHERINTVWET. I TIE1 D%
I3 C.Chevalley @ Princeton Univ.Press %* 589 <2 HIIR X 3172 1946 4D
Lie group DEVEIFFETREED L FEZ T (1965 41T Asian text edition
iR, 2012 FIZHFBEEER, b < EFE=ER). — 7, ERENIRBRDOEFEL
L TiZ, S.Okubo(KALRE) KD [1995] Introduction to Octonion and other
non-associative algebras in Physics, Cambridge Univ. Press. @D & D HRR X
NTWVWET. (%X Wigner medal & f-RIERZE).

ZDE — b T, )V —REE WS R MLVOAMMIEHLTY —BE - &
B2 OWTIEE AL TWERA (it - MHERIZDOWTE). 206
WZOWTIRHOBERIZ, T UTHEIDBIT SN TWRWIIES - BIEED 4
LEZBEETHIPHHNERTA. EOHERZBHNL 7.

BARIZZ DK D RE O HELR & FE (i) ORI, £7ZHAT
FRATERIPEWEE A LT DT, 2F R (BT AR FFEEL A (%
TIZESE, EEDHAR RN B HNEEAD, HEOEREBHFLIZIV).

AN+ RRTTER - BEERTTD, HFELDE L5 2THTO—fFle UTH
TEECITHR S NIZED XA PILERNED» SROFEFHK L Z DO E DM
7% Z 89 2B G OREROFrEd & U BTN ZRE D 2 &0 72im &k TT
D, AR EERO—5 - HHWH L U THFAMBEEDHRTI ZIZ
e XE TV EE L.

ZD/NRDEARIZEH CERZ IR TRDI X Z ED T, LNDOEFITIEZ
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D 45387 (Lie algebras, Jordan algebras, nonassociative algebras, etc. ) D il
D (Fields BED3ZEH D Zelmanov, Kac-Moody algebra T#E#, 72 Kac, 3%
DHAFREE) DIk I N T WX 9, Springer Publisher, Proc. Math. and
Statistics series DA (2023 4£HIR, vol.427) 125 W T Nonassociative algebras
DEEE S (2022 4£F, KV M AV, Coimbra University) D& e X ED
Bob O EIZ M5 ETHRIZED2DE L ERA.

AL EODLE UNIEAD 1990 45, JKETD ICM D satellite DEER
2D Proceeding & LT World Scientific £1: & D Nonassociative algebras and
related topics, Yamaguti and Kawamoto eds, (1991) 23RS CTWE T,
Lie algebras & ®, Z D0 E (FERE A IIRECR, Math. Review classification
17) IZHIRD B 55 E X T —Fe < 72X 0.

§ Appendix I (f25%FA)

ZDETIEHARDHEMNTIZARWTTAIN. Jacobson @ personal history
( Jacobson @ collected papers DIKFETT) & D BATRD Lie algebra @ % —
IVTIEIDOVWTOHD P UELS LD EIVEHIE TV LEET.

The advent of the Institute for Advanced Study in 1932 had great poten-
tial, but in the beginning it amounted only to the transfer of several members
of the Princeton department to the new Institute and the addition of Einstein
- who did not lecture. Gradually new members were added: Hermann Weyl
in 1933 and Marston Mores in 1935. From the time of his arrival, Weyl gave
a number of important courses. Perhaps the most influential of these was his
first course, Continuous Group I and II. given in 1934. Richard Brauer had
been designated as Weyl’s research assistant, but he was unable to arrive in
Princeton until the fall of 1934. I was asked to fill the gap and I wrote up
the lecture notes for I. given in the spring of 1934. This part of the course
was largely preparatory to the structure and representation theory of semi-
simple Lie groups presented in II. The last part of II. was devoted to a ”Sem-
inar on various topics in group theory”. This included lectures by Brauer on
the detemination of the Betti numbers of the classical simple groups and by
H.S.M.Coxeter on groups generated by reflections. The achievement of Lie
had been to reduce the study of local properties of an analytic group to the
study of corresponding properties of a certain non-associative algebra called
its infinitesimal group. In his lecture, Weyl proposed an independent study
of such algebras, which became known as Lie algebras. He felt that it would
be of interest to study these algebras over arbitrary fields of characteristic 0
and that it would be desirable to derive their properties "rationally”, that



is, without recourse to extension of the base field to its algebraic closure - as
had been done by Wedderburn in 1908 for associative algebras. These goals
attracted A.A.Albert and myself. My first paper on Lie algebras, ”Ratio-
nal methods in the theory of Lie algebras” (Z£# ®7E [Rational methods in
the theory of Lie algebras, Ann. of Math. 36(1935)875-881.]) was directed
toward the second goal.

UEPSHBTEZT LI, WMIBEHNDH A HFHELTVWEIE LN
FHAD Lie algebra” O T ITHIZH. Weyl EF 2 £9. 2 ZIZEHKD
ORI T TWAEEE L.

HIZ, 2S5 DFMZHF 2T N. Jacobson % Annals of Math. vol
36(1935) IZ¥2 L 72" Rational Methods in the theory of Lie algebras” (Re-
ceived May 20, 1934) 23 & A b )LIZ Lie algebra ZfHH U 72 ] D X & EH
FEATVET.

§ Appendix II (Triple systems and their examples)

ZOBSITTREIC, fRIZHRc O (& ICHE T 5) 285 Z &I
LET. - YValbXURE(ZHER), V— =R, V— () RO

<z,y>RKH5NEZED & LD vector space V IZHWT,

727U <a,y>=<y,x>c®, I TP IIHEWATT,

{zyz} =<z, y>z24+ <y,z>x—<z,2>Yy

& EFR T NIX Jordan triple system (¥ a )L XV ZIER, JTS WY ) 12742
D, DD {zyz} ={zyz} and L TFDOEARAK (#) Wiii7-I N 5.

X oI JTS (V{zyz}) 5 l(z,y)z = [xyz] = {zyz} — {yzz} IT&D
Lie triple system(the tangent space of a symmetric space) with respect to
the ternary product I(z,y) € End V 23354, % U T Lie algebra D3R AT
RETY. DXV Der V =<I(z,y)|z,y € A >pan DT Lie product % & A
T5HETT. ZUTL(V) =V @ Der V IZ Lie REDHEEDTFHET 5.

IRIZ binary product DB S, Ty = yT %M 723 involution % FKFDREK
RINZIHZR (triple system) {zyz} = (27)2 + (27)z — (2T)y [T X > TEZRI N

(®) {zy{uowi} = {zyupow} — {u{yrojw) + {uv{zyw}}

125 FARNK (FEEEER L IPIG B H D £97) DD LD & & structurable
algebra EIFIXNFT. D& 52 =TR ((-1,1)-Freudenthal-Kantor triple
system EIFXND ) 205 BT Y — R (H I & FISNKZR Gy, Fy, Eg, E7, and Eg
ZEL)PEONET. DUZEET S L Lie superalgebras K ATEET T .



FLHDHLIRD a)b),c),d),e) DX D% types IZ K5 root systems %
WIRWHEDPFEELET. a)Ad = g4 = O®0(64 IXJt), b)A = g, =

( g g )(56 IXJt), ¢)A = Ay @ Jo(182 XJt) Tits construction, d) bilinear

forms < z,y >, e) triple systems induced from matrix algebras.

IS DEEZNE L triple system, or nonassociative algebra @ struc-
ture DVEAIN, TN 5 ) —REBE 721X — R E % construct TE %
9. a),b),c),d)e) types DIREGRE FLHTA LKRLEXT. a),b),d),e) i&triple
system (=IHRAL) D structure 26 5, a),b),c) 1&H % REL (normal triality al-
gebra) O THIUTWX T, INSDEAZENEN LD simple Lie algebras
or simple Lie superalgebras %% construct & #V£ ¢, we denote by L(A). KT
5-graded Lie algebrag o &g 1@ go & g1 & g2 = L(A), and g1 = A TY.
TUTT(A) =Ad A= (g-1 ® g1)has a structure of Lie triple system.

&> T symmetric (super)spaces X & reductive homogeneous spaces %%
L(A)/Der(T(A)) = g-1 ® g1 and Der(T(A)) = g_» ® go D go PBEZ L LT
EEABETT . 7272 L Der(T(A)) I =ZIHR MR T(A) D derivation TY.

EHE LT (m,n) IRITH A = M,y (D) IZBWT o =+1 2B o7 1Lz
EATHE UTIRO LD ICZHM 2 R T S (AAITHIOMTERSINET);

(#) {zyz} = vy’ 2+ 6(zyt e — zaly), Vr,y,z€ A

Z D triple product {zyz} 1 (—1, §)-Freudenthal-Kantor triple systems T9".

DED (M) and () K(K(a,b)c,d)— K(a,b)L(c,d)— L(d,c)K(a,b) =0,
D2 ODMEFEXEN-UE T, 272U L(a,b)c = {abc} and K(a,b)c = {ach}—
0{bca} T9. That is, A = g_; has a structure of ternary product.

(M) and (de) DIEFX THIZ 6 = 1 and K(a,b) = 0 (that is, {abc} =
{cba}) Y a VXV ZTH% (JTS) DEHEATT. FK 4 D triple product &
DFERIGE T, F L XA DO F 3 (Springer Pub.[2023]) 2.

JTS 1% R-symmetric spaces %> bounded symmetric domains & BEfRd %
KRBT

(f) DA T § = 1 A structurable algebra (if m =n) TH D, ) —REDH
I 0 = —1 D & Z7) anti-structurable algebra (if m =n) THH, ) —id
REDRERL V£ 3. 758 5-graded Lie (super)algebra L(A), THH A =g,
WZRBI R E D E A I N T W E T . root systems &2 FHWRWHIETY.

m # n 72 51X ternary(triple) product &2 U % 3 %% binary product
BEELXEA, £ U THIZT anti-structurable algebra (6 = —1) D& &,
Moy 20 (®) 78 51X 0sp(2n, 4n) type with (18n% 4+ n) {RIG, May 19011 (P) 72
51X 0sp(2n +1,2(2n + 1)) type  with (18n2 + 19n + 5) IRITD UV — ALK



DHERINET. A= Myi10:11(P) 2254351 Lie superalgebra L(A) @
extended Dynkin diagram Z#%23 % EIRDFRIZRD £ ¢
©@=>0———0—K—0——0o=>0, X omitted
Qp oy Qoni1 Q3n11, Qo is the highest root
= Cy1® By, = Der (T'(A)) (the derivation of the Lie triple system T(A)).
RIZ A= Mypo,(P) D L(A) D extended Dynkin diagram &% X 5.
©@=>0———0—XK—-0———0—0, ag,_1 X omitted
|
Q o oy, o 3y, v is the highest root
= Oy, ® D, = Der (T(A)) (the derivation of the Lie triple system T(A).

(8f)consept of algebraic structures <= concept of geometric structures

ZDE SN IEREAHNRBRDIGN OFEZoNET (Bfip £ 205
AHLEHTTY). TNSDEA, roots system & FHWRWHILTY.

BllIk 2 FF DX RIZ K D a),b)c),d),e) 5, IR A HREBER DB E notation,
F¥& (methods), 12 & 0 12 & RN FREERZ H E D IERTITERT ST
EOTEETT. 2N S DIFERIZ DOV TIXEE DR (B 2 X HARZE TIZRIMS
Koukyuroku O +HDFwL) XiZZF ZIZEWTHIHALE Lz eS|/ L T
7Z2Z . (Math. Review classification 17, nonassociative algebras, mainly)

DUGEEDRZNE0E ULNVERA D, For Lie algebras and symmetric
spaces (or bounded domains), XIFRZE [ S AE 0 FEIIZBE S % ZF:

[1980] Satake, Algebraic structures and symmetric domains (the corre-
spondence of Hermite JTS and bounded symmetric domains),

[1969] Loos, Symmetric spaces, I, II (the correspondence of Lie triple
systems and symmetric spaces)

[2002] Bertram, Complex and quaternionic structures on symmetric spaces
-correspondence with Freudenthal-Kantor triple systems, Sophia Kokyuroku
in Mathematics, vol.45, 57-76.

Inod ZHR N E BMPONIGZ RS I 5 VHOEEZEE R F
9. X 7ZEITB R 7z Okubo’s book ([1995]) 1XBEEYHY: & =THR O
WERSENTWET.
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