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1.1 Liell O Liel

Uobdb Lie0O LieDOO0OO00OO0OO0ODOOOOODOODOOODOODOOOODO
00000000000 Lie0JOD LieD0OO0OOO 5000000000000
gobooog

00 1.1.1. 000 o000 oooooooooooo
GxG—G; (g,h)— gh, G—G;g—gt

OCc*000000000GO0 Lie0000O0Le0O00ODODODOOOOO
LeDODOOOODOOODOOODOODOODLIeO0DOO0ODOODOODOOD
O0O0Lie00O000O0DLe0OD LeODODOODOOODOOOC*O0000O0
Ub000dLieb00DbO0O0DO0ODDLie00DOODOOODDODDOODOO
UOLedD0D0O0OD0ODO0ODO0OOO0OLEe0OO0OO0OOOOODOOODOO LiebODOO
LeDOOOODOODOODOODOODOO LeODDODDOODOODOO

o0 1.1.2. LeO00OO0OO0OOD0OODOO LieODOOODOODOODO

0 1.13. 0000000000000 000O0O LiebODOOODOR™DO Lied
good

0 1.14.n000000000VOOODOVOOODODODODODOOEnd(V)DODO
O0End(V)O R200000000000000

GL(V)={g € End(V) | det g # 0}

O0000GL(V)DVOOOODDODODOD0OOO00O0O0O000 detg#000 GL(V)
OEnd(V)OOOOODOOORP00000000000000O00O000 GL(V)
000000000 Led00O00OO0OD0ODOOOOOGL(V)OODDOOODDOOOO
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00 1.1.5. GO LeD0O00O0GOOOO L,0000 R, O
Ly(z) = gz, Ry(x)=xzg"" (9,2 €G)
D0000000GOO000000 X00GOO0000 ¢g0000
(dLg)e(Xe) = Xgo (v €G)
0000000000000000000
(AR )(X,) = Xopr (2 €G)
00000000000000000000

00 1.1.6. 0000000 ¢000000(, ]:gxg—g000000000
X,Y,ZegOOOO

[X> Y] = _[Ya X]v HX’ Y]’Z] + [[Y7 Z],X] + HZvX]’Y] =0

O0000000g0O LieODOO0O0OLIe0 gO0OD0OO0OOOODOOOOOO], |O0OO
O0oboo0o0dd0gh LieDOOO0O0OD0OLeD DO LieOOODOOO f:g—bH
U

f(X), fV)] = fIXY]) (XY €g)

0000000 f0 LieJ00ODO0O0ODOODOO0OLEe00DOODOODOODODO
O000OLied0000O0OD0O0ODOOOOD LieDODO LiedDOOO0ODOODO
0oooboobO LedbooboobOonDO

Lie gU LieD OO0 gOOD0O0O0DODODOODOOODO LieOODOOO
o0 1.1.7. LieJ0OO0OO0OODODOODOO LiedODOOOOODOODO

0 1.1.8. 000 MOOOOOOOOOO ¥(M)O LeO0OOOO [, |0000
Lie0OOOO

0 1.1.9. VOOOOOOOO0OO0OOO0OOVODOVOOOO0O00000 End(V)00O
X, YO0OOO [X,Y]=XY-YXOOOOOOEnd(V)O Le0O0O0O0000 Lie
00 gl(V)OOOO0g(RY) O gl(n,R)000OO

g 1.1.10. 0 119000000000

o0 1.1.11. GO Lied000OGUOOOODOOODOODODOgOODOOOO
O0g0 GOOOOODOOOOOD0ODO Lied X(G) 0 LieODOOOODOODOO

ag:9—=>T.(G); X — X

0000000000000 dimg=dimT,(G)=dmGU0O000O000O
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00 1.1.12. Lied GOOOOODOODODOODOODODO Lied g0 Lied GO
LieODOOOO

gboboobodbddLiedbgobboobobooobobobooobobo
U0 LieUO LieDDOOODO

00 1.1.13. VO n0000000000000Lied GL(V)O GL(n,R) 00
00000Lied gi(V)O gi(n, R)O0O0DO0 D000

00 1.1.14. GL(n,R)0 gl(n,R) 0000000000000 00 T,(GL(n,R))
0 gl(n,RA)DOOO0DOO0D000Lied GL(n,R)0 LieO D g0 00X € gl(n,R)00
00 XegO X, =(dL,).(X) (9 € GL(n,R) 00000000000

Tigln,R) = g; X = X
U Leld0d0O0OO0OODOOO

00 1.1.15. 00 1.1.140 Lie 000000 ~: gl(n,R) — g 0000 Lie O
gl(n,R)0 Lied GL(n,R)0 Lied g0 00000000 gl(n,R)0 GL(n,R) O
Le0O000000000000 1.1.130000000000000000 VOO
000 gl(V)O GL(V)O Le0 0000000000

00 1.1.16. G,HO Lie00O0f: G —» HO Le00O0O000O000000
011110000000 a¢ : g —» T(@), ag : h —» T,(H)ODOOOdf =
ajlodf.oag:g—h 000000000040 Le0 0000000000

00 1.1.17. Lie0 000000 f: G —» HOOOOOdf = aj' odfooag:g— b
0 f00000000000O00000O0 11160 Le0 0000000000
LedOO0ODOOO0ODOOODOOODOOOOOOOOOO

00 1.1.18. A,B,CO LieD000O00DADOOOCOOOOD «00000O000O0O
00 f:A—>B,¢g:B—COLed0000000O0000d(gof)=dgodf:
a—c000000

ud 1.1.19. 00 1.1.180000 00

0 1.1.20. A, BO Lie00000000 LieD00OO0O000 o,b0000f:A— B
OLe0000O000O000Odf:a—b0Le0000000000

o0 1.1.21. 0 1.1.20000000

OO0 1.1.22. 0000 ROOOOOOO LeDOD0OOO0OOO0OOORODO Lied G
00 LeODOOOODOODO GOODOODODODODOO
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00 1.1.23. GO LieO0OO0OO0OOGUO Lieb g0O0O00 GOOOOOOOOO
0000000 101000000X egO00Db0 X0OOOOOcc:R—-GO

c(0))=e00000000100000c0 GOOOOOOOOOOOX egOO

d
OcOO0OO00OO0DODODOOGUODOOOOO cOOODODDO 11110000 d—:;(O)

bodbgddd XOcOOODOODO

00 1.1.24. GO Lie0 00000 LieD0 g0000X e g0 00000 1.1.230
000000 XO00000¢:R->GO¢(0)=e000000000expX =c(1)
00000000000 exp:g— GOOOOOOexpd Lied GOOOOOO
ooo

00 1.1.25. GO LieOJDOODODOO LieOD g0 000X egO0ODOODO 1.1.23
OO00DO0O0b0O0GOO00DO000t—exptXOOOO

OO0 1.1.26. GO LieDO0OO0O0OOGOOOOD exp:g— GO C*O000000O0

00 1.1.27. G,HO LieO0O0O0OgO GO LieDODOODOf:G— HO LieO O
gogbobobooogbboboooooboo

flexp X) = exp(df (X)) (X € g).

00 t—exptXO GUOODOODODOO0ODO0OOt flexptX)O HOOOODO
000000000t~ exp(tdf(X))0D HOOOOOOOOOOODOODOOOO
0000000000 000000 df.(dexp,(X) 0000000000000
D0D0D000D00 flexptX) = exp(tdf(X)) 00000000 t=10000
flexpX) =exp(df(X))DDODOOOO

00 1.1.28. Liel GOUOO LieD g0 0D00O0GOOO0O0 expd gdOOOO0O
O000bodb GoOoboUbegbobooboobOobOobobOOobOOoDOoD

00 Xeg™T(g)DOODO

d
dexpy(X) = pr exp(tX)

000 dexp, =a:g—T,(G)00000000 1.1.1100 dexp, 000000
000000000000Oexpd ¢g000000000000GOOOO 00O
000000000000000000000000

:Xe = a(X)

t=0

00 1.1.29. GO LieDOOOOX,Y €g, f€C®(G), g GOODODO

(XD)(g) = 5 FlgexptX)

(X Y17)(0) = -2 flgesp sX expty (expsX) ™)

t=0

s=t=0

gooooo
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0 1.1.30. Lie0 GOOOOOO GO LieD g0 0000 X, YOOODO [X,Y]=0

oooood
00 GUO0O0OD0000 112900000 f€eC>®(G),geGOOOO
d 0 _
([X.Y]f)(9) = 5-7; f(gexpsX exptY (exp sX)™")
s Ot se1—0
d 0
= 555 (gexptY) =0

s=t=0
000000000 [X,Y]=0000000

00 1.1.31. Lie0 g00000 X, YOOOO [X,Y]=000000000g0O
gbobobooooobuoobobob 130000 Lieb O LiebODOO0OO
gobbbooodabbodd

00 1.1.32. GO Le00O00OMOOOOOOO00GOOO00Oe0000C®0
00p:GxM—MOOOO

ple,x) =z, plg192,x) = p(g1,p(92,%)) (91,92 € G, x € M)

0000000GO MO Lie0D0O0O0OOO0O0O0000O0GO MOOOOOOO
00000 p(g,2) =plg)z =¢gx 000000000000 2,ye MOOODOO
ODgeGOO0D0y=¢:00000000GO0MOOOD0ODOOODOOOOO

00 1.1.33. LieUOOODOOODO0ODO0OLIedODOODOO

00 1.1.34. 00 1133000000 LieDOOOOOO0OOOOO0OOOO LieOd
O0oob Lied 0000

o0 1.1.35. LieDODOOO0ODOOOO0ObOOOODbDDOODODOOODbDOOO
gbod111330b00db LiegbobobbbOobOobOobuoboboooon
gbo0dbo0 Le0000000O LieDOD0OOO0OODOO0OODOO 113300000
LeOODOODOOODOODODODOOODODOODODUOODODODO LiedD
g0oob Lied000O000O LeDOOD0ODOOODOOODOODOODOODOO

1.2 0O000O00OO0O0OO

KoooooooosOODODDOOOOD M(K)DOODOM,(K)ODOOOOO
01,0000XeMKDODODD XOOOOOOODOODOOoooooooo
00000 X*0000X=[z;0000 X*=[z,;0000000 X0000
X*Ooooobooooooooo

gobboooogn

(XY)' =Y*X*  (X,Y € M,(K))
0ooooo
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ud 1.212. 0000000
On)={X e M,(R) | X*'X =1,}

000000ooooooooo(n) 0 n0O0O0Qooooono
SO(n) ={X €0(n) |det X =1}

00n)00000000SO(n)0 »n0000000000nDO0D00OOODODO
00000SO(n)0OR)DD0O0O0D00O0O0O0D0O0O0O0D0O0ODO0O0OO0O0OOO
O0On)0D000000000O0ODODOOOOOO

00 1.2.2. O(n)0 SO(r)0D0D0O0000000
00 X,YeM,R)DOODO

(X,Y) = %tr(X*Y)

0000 (X,Y)000O000(,)0 M,(R)0000000X €eO(r)0000

(X, X) = %m«un) =3

00000(m) 0 M,(R)DO0DO00O0000000 O 0000000000
SO(n)0 O(r)OD0000000SO(R) 0000000000

ogd 1.2.3. 00 1.2.2DDDDD<,)D MH(R)DDDDDDDDDDDDDD
0 1.24. M;(R)ORODODODODOOO
SO(1) = {1}, O(1) ={£1}
gopoo2000000gooogn
QGR}

SO(2)

sinfl cosf

SO(2) = {

cosf) —sin 0]

1 0

0(2) = SO(2) U [O O

goon

00 1.2,5. 0124000000000

oo 1.26. 000
Un)={X e M,(C) | X*X =1,}

000000ooooooooU(n) 0 n000000O0O0DOO
SUMn)={X €U(n) |det X =1}

OURn)DO0DO0O000O00SU(n) D nOO00O0O0OO0OO0O0O0OO0O
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00 1.2.7. U(n)O SU()ODOO0D000000000OO
00 1.2.8. U(n)O SU()DOOO0O0O0000OO

00 000 :0000Rez0000X,Y € M,(C)DODO
|
(X,Y) = SRe tr(X"Y)
0000 (X,Y)OOOOODO(,)0 M,(C)0000000X € U(n)0000
1
<X;X>::§Rem(bg::g

0000UM) O M,(C)0O00000000000 U(ROOODOOO0O00OO0
SU(M)O U()OOO0O00000SU(OO000000000

00 1.29.00 12800000 (,)O0 M,(C)0000ODOOOOOOOOO

0 1.2.10. Mj(C)0D COOOOOODO

SUM) = {1}, U)={z€C|[z[=1}
00002000000000

|

ud 1.2.11. 0 1210000000000

€ (CZ, ’21’2 + |22’2 = 1}

gooo

gb 1.212. 0000000000000 OO0OOO0ODO0ODO0O0 LiebO0DOO

Ut 1.213. 00000gogbobobbouoggbobbooooobbobodan
1133000000 0b0boboboooobobOoby LiebboboboooO
gogooo

00 »0000000006,(R)0000S,(R)DM(R) 00000000
00000

dim M, (R) = n? dimS,(R) = %n(n +1)

0ooooo
®: M,(R) = Sp(R): X — X*X

000000 e00000X e M,(R)DOODO

(X)) = (X"X)" = X" X = &(X)
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0000®(X)eS,(R)DI000000000®(X)0 XO000O00000000
0000C*00000000000000() =%"'(1,)0000000000
0000000¢01,000000d%, 00000X € M,(R)0000

d d
d@h(X)::J— @(uf%&X):ZT- (1, + sX)*(1, + sX)

Ss:O Ss:O
d

= —| (L, +sX) (1, +sX
dss:o( + sX7)(1, + sX)
d

= = (1, +sX +sX* +°X*X) = X + X*.
85:0

goood
d®,, - M,(R) = S,(R); X —» X + X~

0000000000001,0 M,(R)D0D000000UO000000zeU00
00 de, : M,(R) - S,(R)00000000000000000000

On)NU =& Y1,)NU

OMRDODODODDODODDODODODOOODOOOOODOOODODODOODOOOOOO
g

1 1
n® — §n(n +1)= §n(n —1)

0000V =0nrNUOODODOO0M,(R) 00000000 OR O000000
00VOOrOOO000000000000

omn)= J gv

g€0(n)

DDDDOWHMM]MAMDDDDDDDDDDDDDDDD%Mn—DDDD
00000000000000000000000 M,(R) X M,(R) 00 M,(R)
00 Cc*0000000000000000000000 M,(R)0000000
000000000 C*00000000000O(m 00000 c*00000
000000000®) D Le000OO0DO

geO(n)0000

1 = det 1,, = det(g*g) = det(g*) det g = (det g)*

O00000Odetg=x1000000
g,he SOn)0 OO0

det(gh) = detgdeth =1, det(g') = (detg) ™' =1
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000Ogh,g '€ SO(MOO0O00SOM O OMRODOOOOOOR, ={reR]|
r>0)00000R, 0 ROOOOO0O00det: M,(R) > RO n0000000
00 -,00000000000000000000 O(m)Ndet™ (Ry)0 On) 0O
00000000000000000000000000

O(n) Ndet ' (R,) = SO(n)

000 SO(n)0 M,(R)DO0DO0000000(®O000SOn)D LieDOO0DO
n0 Hermite 0 0000 H,(C)00O00H,(C)D M,(C)D0D00D000000
godn

dimg M, (C) = 2n? dimg H,(C) =n(n — 1) + n = n?

000000
® : M,(C) = Ho(C); X — X*X

000000 ®00000X € M,(C)0D000
(X)) = (X"X)" = X" X = &(X)

0D000®X) e H,(C)0OOO0D000000®X)0 X0O000000000
00000C*0000000000000U(R) =4"Y(1,) 000000000
00000000¢01,000000d%, 00000X € M,(C)0000

d d
d@M(X)::Eg @(L,+3X)::a§ (1, + sX)*(1,, + sX)
s=0 s=0

d

= — L, +sX")(1, + sX
dss:o( + sX*)(1, + sX)
d

= - (1, +sX +sX*+s*X*X) = X + X*.
SS:O

oodd
d®,, : M, (C) - H,(C); X —» X + X~

ooooooooooOooL O M,(C)DO0D0D000OUDODODODOO0zeUOO
oo de,: M,(C)— H,(C)DO0O0O0O00O0000O0O0O0O0OO0OO0OOOQ

Un)nU =& (1,)NU

0OM,C)DOO0D0D0D0O0OODO00D0ODOOOOO0D0D0ODODDODODODOODODOODOO
oo

om? —n?=n?
oooov=UmnnNnUuoOooooOM,(C)D0000000UMm)ODOOOCDOOO

O0VOURn)ODOOODODODOOOOOOOO
U(n) = U %

g€eU(n)
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0000U((R OO0 M,(C)0000000000000000-2000000
00000000000000000000 M,(C)x M,(C)00 M,(C)OO C=
0000000000000000000000 M,,(C)00000000000
00000 C*00000000000U(OO0O00 C*000000000
0000U(R) O Lie0O0O000

g,heSU(M)ODDODOO

det(gh) = det gdeth =1, det(¢g7') = (detg) ™t =1

0000Ogh,g ' € SUMMOOOOSU(M O UMM OOOOOOOOOOOOOO
00000 SU(ROOO0OO0OO0O0
geUm) 0000

1 =det 1, =det(g*g) = det(g*) det g = det(g) det(g)
= det(g) det(g) = | det(g)[?

000000|det(g))=1000000000000detD U(n)0O0O U(1)O0O C™
000000O0SU(RO00000SU(R) =det™'(1)000000000000
00000U(R)O1,00000000000Ty,U(r)0 det: U(n) — U(1)0 1,
00000000 ddety, : Ty,U(n) - TU()ODOOOO0OU(R) =o4(1,)0000

T, U(n) = kerd®; = {X € M,(C) | X + X* =0}

0000000007, Um0 n000 Hermite 00000000000 n=10
D000TU()=Ry=10000det00000000 det: M,(C) »COO0O
00000000000X € M,(C)000O0

d d
ddet;, (X) = — det(1, + sX) = — (1+strX+(sOO0O0O0O0O00))
dss:O dss:O
= trX.
0000 ddety, : M,(C) -CO T, Un) 00 TyU()ODOOODOOODODOODOOO
ddety, : T, U(n) —» TYU(1) ; X — trX
ooooooooooooboooD 1, 0URODO0ODODO0OOUVUDODOODOOO
SUM)NU =det " (1)NU

0U(DODO0O0D00000000000000000000000000000
n?—10000V =SU(MNUOOOO00U((RODO0000000 SU() OO0
000000 VOSU(ROOO0000O0O0O000000

SU(n) = U %

geSU(n)
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0000SU( OO0 U(OODO0000000000000x2—-10000
0000000000000000000 Um)xUm OO0 UMRDOOC*000
000000000000000U(R OO0 UMROO0C*0000000000
0SU()OD0000C*0000000000000S8U(R)0 Lie00000

gboboboboobooboooooooobobobobobOobOob Lied
goboboobooogbo

0 1.214. R 000000 (,)0000| |0D0000nOO0O0OO0O0O S"O
S" = {z e R"™ | |z| =1}
gooddooooo
R S R; oz |2)? = (2,2)

000000 e00000¢(x)0 200000000000 OODOOC*0O0O0O0O
OoooooooosS*=o'(1)0OO0OODOD0OD0D0O0OD0O000O00000®0 z€ S
000000de,00000X eRM 0000

d d
d(IDw(X):% @(:L‘—FSX):E (x 4+ sX,xz + sX)
s=0 5=0
d
= % (($,.’L‘>+2S<SL’,X>—|—S2<X,X>) :2<£L',X>
s=0

oooo
dd, :R"™ = R: X — 2(z, X)

ooboo0oo0o0ooooo0deg0000000U0,000000ye0, 0000 dd, :
R - ROODODOOO0OOODOOO0OOOOOOOOOOO

S"NU, =d (1)NU,

OR'O0000000000000O00O00O0O0O0O0O0O0O0O0O0O00000O0
(m+1)—1=n0000V,=8"N0U,000008"0000 {V, |zes"}0 S"
On0d0000O0Ooooooad
RIO000000000000000000O00O0O0O0O00O0O00O0O000
00
(x) On+1)x8S"—S"; (¢g,x) — gz

O000OMr+1)0 S"0 Le000000DO0ODOOO0O0ODOODOOOODODOODOO
gobbobuoooobbouooobobobod

M, (R) x R™™ = R™ (g, 2) v g
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gobogoboobbuooobooobooobboobboobboooboo
C*00000000000geO(n+1),zes5"0000

(gz,gz) = (97)"gr = "¢ gr = 2" 1,17 = (z,2) = 1

O0000gzr e S"O00000000 (x0¢g020000000000000C™
00000000000O0(n+1)0S"0 Le00DO0OO0O00O0O0D0DOOO
O(n+1)0 S"0000000000000000 1000010000000
000000000000 ¢ eS"CR™OOOO0DOO0O0xeS"00000x0
RO000000 2 =21,29,...,7,1000000g, = (21 2pp1) € O(n+1)
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((Lg o Ly-1)"" 0 Ry)g X, d((Ly 0 Ly-1)"" 0 Ry),Y)
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0000 ges=y000 g, €UMn+1)00000y =gye1 =g,(g:) 20000
00g,(g.)' €U(n+1)0000U(m+1)0 S*0000000000

Un+1)OCHO0D0000OC™ 0000 HermiteDOOOOODOOOOOO
HermiteO O OO OO (Cn'H:R2”+2DDDDDDDDDDDDDDDDDU(H+1)
oct'opoooooCc' 000000000000 o0ooooOUMm+1)0
C”+1DDDDDDDDDDDDDU(H—I—1)D S+lgo0ooo0o0o0oooooo
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oo 1.6.4.DDp:(C”“—{O}%CP”DDDDDDDDDDDCC’ODDDDD
OooOo s goonooCc*0000nonnoooon CPYO Riemann OO0
O0O00OCP"O Riemann OO OO OQOOO

00 p:C"'—{0}—-CPrO0000000O0ODOOOOOOPOODOODOCP
000000o0oO0o0oooooOoooc*0oooooooce ! —{oyooooo
Osigpi00000C*0000000CP"O00 S O00D000OO0
0000o0O0oO0dp:S*™ ! wCcprO000000zeS™ 0000

p~Hp(z)) =S NCe=U()x

000000000 T8 = (Cx)t @ Ry/—12 00000 Okerdp, = Ry/~1x
0000dp, : (Cz)t - T,nwCP"O0O0D000000000000000 (Cz)*
0000 TyeCPrOODODDO0000y e€p(p(x) 000000 2z€ UMD
D00y =-20000x000000000000000000000000
dpy:((Cy)L—>Tp(y)(CP”:Tp(x)(CP”DDDDDDDDDDD 00000000
oo0o0o0o0oo0o0oooooooocprO0000oooOoOoOoooooobooooocPkr
0 Riemann OO O000O00O0S?H 0 Riemann O OO0 CP*0O Riemann 0 OO0
O0o0oooooU(n+1)OoCPrO00000OO0OOODODOOOOOOOOOOOO
CP"0 Riemann 0 OO OO0ODOO

1.7 Grassmann (] [ []

KOROOOD COOODODOoDOobOooooooo

00 1.7.1. »n00000000r4+a00 KOODODODOOK*OOr00K
0000000 G(K*™DODO0O00OG(K*™) 0 K=ROUOOOO Grassmann
O00O0OK=COOODOOO Grassmann OO OOOOOOO»r=10000
G (K" =KP"OO0D

00 1.72. K=R,COOOOd=1,200000G.(K*t™)0drmO000000O
oo

00 K*"OK=ROODODOODUOOODOODOOOK=COOUOOOOODO Hermite
0000000000000 G(K™™O00VvVoooovioooooooooo

v« Homg (V. V) = G, (K™™) 5 f > graphf = {v+ f(v) | v € V}

DDDDD{¢V|V€GT(K’"+”)}D GT(K””)DDDDDDDDDDDDDDDD
O0000000000Grassmann D OO0 OO0

dim G,(K"*") = dim Homg (V, V*) = drn
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0000
V edimG, (K" 0000

Oy = {U € G,(K™™) | UNV* = {0}}

0000 ¢y(Homg(V,V4H) =0, 00000000000 f € Homg(V,V+) O
000 ¢u(f)NVEOD0O00D0 v € VOOOO v+ fv) 000000000
v+ flv) eVEODOOf(v) eViOOOveViODOOOv=00000000
0000f(v)=00000v+f(v)=00000000000 ¢y(f)NnVE={0}
oooo

oy (Homg (V,V*)) C Oy

D00000UNVE={0}0000U € dinG, (Kt O0000K* 00 V
000000 A,0KOOOOOOOOODOOO VAOOO0O0OR 0U0UDOO0O0
Pyly:U—-VvVOOOUNVE={0}0000 Py, 000000000 VOO0
000000 Py0 KODOOOOOODOOOOOOOOOOg:V »U0U0
000v0000g(v)eU0VOOOODOO0O00000000g(w)—veV+to
00000000 f(v)=g(v)—v00000 f € Homg(V,VH) 0000

ov(f) =graphf = {v+ f() |[v e V}={g(v) |ve V}=U.

oooooo
¢y (Homg (V, V) D Oy

00000y = ¢y (Homg(V, V1) D ODODOODODOOD
ooooooooon
oy : Homg (V, V) — Oy

0000000000 ¢,000000000000000 f,, f» € Homg(V,V4)
oooQ

v (f1) = ov(f2)
gooogooogg

{v+ filv) [veV}={v+ folv) |[veV}
000000000y eVOooOuoouoooJsLevooooo
v+ fi(v) =0 + fo(v')

gogbobobooogbboboooobbobogb

v=1',  fi(v) = fo(v))
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00000000 fi(v)=f()00000000000veVO000000000
00f=/,0000000000

¢y : Homg (V, V*) — Oy

gobbooboobobuoooobbobooogon
00000000000000000000000000gOvV,w € G.(K™*m)
gooo

b 0 dv : by (Oy NOw) — ¢yt (Oy N Owy)
gdoodoooonoonooooogoogoa

¢y (Oy N Ow) € Homg(V, V1), ¢t (Oy N Ow) € Homg (W, W)
0000000000000 0O0O0¢, 000000000

¢y (Ov N Ow) = {f € Homg (V, V) | ¢y (f) NW+ = {0}}
= {f € Homx(V,V*) | Py (graphf) = W}
= {f € Homg(V,V*) | Pwo(ly + f)|y: KODOODOO }

D000¢, (OyNOw) 00000
Homg (V,V+) — Homg (V, W) ; f+— Py o (1y + f)|v

000 Homg(V,W)0 O KOOOOOOOOOOOOO0OOOOHomg(V,W)0O
000 KOOOOOOOOOOO0O0O000046; 0y NOw) O Homg(V,V4) 00O
D00000VOWOOO0O0O0O0O0O¢, (OvNOw)D Homg(W,WH)DDo0OO
0000000000

QS;Vl o) ¢V : gb‘_/l(OV N Ow) — gb;[,l(OV N Ow)

0D0000000000000000000000000000F € ¢;'(0OyNOw)
0000 ¢v(f) eOw0OODO

Pwloy iy ov(f) = W
DKOODOODDODOOOgy ody(f) =g€ Homg(W,W+)0OODODO
ov(f) = ow(g)
D0000O¢w(g) 000000

w+g(w) (wew)
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00000000 Pwle,pOOODOO

(Pwlgy () (w + g(w)) = w

0000Pw|s,p 0 KOOOOOOODOODO

w+ g(w) = (Pwloyp) (W),  gw) = ((Pwloyr) ™ —1w) (w).

00009 =(Pwlsy(n)™' —1lwDODD

¢17V1 © ¢V(f) = (Pw,qﬁv(f))il — lw.

gooo
¢17vl o Qy : Cb\_/l(ov NOw) — ¢17V1(OV N Ow)

00000000000000000{0y |V € G.(K*)}00 Oy 0 Homg(V, V+)
0000000000000 G.(K*+)O000000000Hausdorff00000
000000000000 {¢y |V € G(K*}0 G.(K*+) 000000000
00000000

OO0 1.7.3. Grassmann D 000 Riemann OO O OO QOO0O

OO0 GrassmannOOOD0OO0O0O0O0O0OO LieOOO0OO0OO0OODOODODODO
obooooooobobod RemannODO0OO0O0OO0O00OOODOO

UK<m):{ O(m) (K=R), SUK<m>:{ SO(m) (K =R),

0000000000000 Le00O0O00000Uk(r+n)0 G(K*) 000
000000000000K"00000000000ey,...,e,00000
000000000 100000000000000000000000 =
KOG (K+O00O0DOO0O0000OVeG K+ OI0000vVOOOoOoOO
Owv,...,,0000000K*™"0000000 v,...,04, 000000u =
(vi...,04,) 0000 r+n00000000000ueUkx(r+n) 000000
O ule;) =v; 000w =VO000000000000Uk(r+n)0 G(K*+) 00O
0000000000G (K0 Uk(r+n) 000000000000

K ={k e Ug(r+n) | ko= o}

gooodg ]CH & MT’T(K), klg € Mr’n(K), ]{321 c Mn’T(K), ]{722 & Mn,n(K) godno

k= kll k12 c K
kar koo
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O000001<i<r0000%ke; €0o000000ky =00000ko=000
kot =0t0000r+1<j<r+n0000ke; €0t0000000 kip=00
0000000

kll 0
K C
1K

000000000 ky € Ug(r), ke € Ug(n) 0000000000000 0

Ux(r) x U (n) = { [ ’“51 k[; ]

0000000000000 KCcUk(r)xUg(n)DOODOO Uk(r) x Ug(n) O
0000000000000 00D000O0K =Uk(r)xUg(n)DOOOOODO
00 G.(K*) O Uk(r+n)/Ux(r) x Uxg(n) 000000000

SUk(r+n)0 G(K*™)OODO0DO0O0O00O0O0O0O0OO0O0O0O0O0O0O Uk(r+n)0O
0000000000000 00000000V eG.(K*™™OD0O0000 u e
Ug(r+n) 00000V =wo000000u, = diag(z,1,),2 € Ug(1l) OOO
0w, € Ug(r+n) 000 detu, = 2000000detu € Ug(1)DODODOO
z=dete'0000 wu, € SUg(r+n) 00000000V =wo=uu,o0000
SUg(r+n)0 G.(K*)OODODOOD0OOO0OUe0DOODO SUk(r+n)0000O0

€ UK<7" + n)

ki1 € MK<7"), koo € MK(TL)} .

ki € UK(T’),]{JQQ < UK(TL)}

S(Uk(r) x Ug(n)) = (Uk(r) x Ux(n)) N SU(r +n)

0000000 G(K*) O SUx(r +n)/SUx(r) x Ug(n)) 000000000
G (K™*") 0 Ux(r +n) 00 Riemann 0000000000 149000000
Uk(r+n)0 LieO ug(r+n) 00000 ug(r+n) = ug(r) X ug(n) +m0O

X, 0
ug (r) X ug(n) = { 0 Xu ]

m:{ _2(* i:”XeMm(K)}

X11 c UK(T),XQQ c HK(TL)} s

0D0000000Ad(Uk(r)xUx(n)m=m000000000000000000

]{311 0

k:
0 ko

€ Uk(r) x Uk(n)

gooo
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B 0 kuXks, | 0 k11X k3,
— ko X ¥k, 0 — (k1 XE3,)* 0
oooo

0 X
3 ~XeM,, (K
s[4 Fexem

0000mO M,,(K)OOOOO0000AdUk(r) x Ug(n)) D mO 00000

kit O
X =k XE
ClaEE

ooo M, K)DOOODoOoOooooo
(X,Y) = Retr(X'Y)  (X,Y € M,.(K))
0000 M,,(K)OOOOOO (,)00000
(X,Y) = Retr(X*Y) = Retr((X"Y)") = Retr(Y*X) = (Y, X)

0000(,)00000000000000X = (Xy),Y = (Ye) € M,,(K)0OO
0o

(X,Y) =Retr(X"Y) =Re > XuYu = > Re(XuYa)
a,b a,b

= (ReXaReYa, + ImXoTmY,)
a,b

00 ¢(,)0000000000000OODO (, )O00DODO0OODOOOOOOO
klleUK(r),kQQEUK(n)D X,YGMTW(K)DDDDD

<k11Xk;2, k11Yk;2> = Retr((ank;Q)*knYk;Q) = Retr(kggX*kI1k11Yk§2)
= Retr(knX*Yki,) = Retr(X*Y) = (X, Y).

000000(, YO Ad(Uk(r) x Ux(n)) 0000000 1490000000
G (K') = Ug(r +n)/Uk(r) x Ux(n) 00O Riemann 000 Uk(r +n) OO0
ERERN

00000Grassmann 000 G(K™*) 0 Riemann 00 0000000000
g
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120 Riemann(] [ [

2.1 Riemann(l [0

Riemann OO OOOOOOOOO0OOODOOODOOODOO0ODOOODOODOO
gobbbuooobobbbodoodgbobbbooobbboooobbbod

0 21.1. RRO0OJO00O0O00O000O0O000O00RIemann 000000 O0OO0O
reR*"O0D0O0O0O

s.(y) =2 —y (yeR")

0000s,000000s,0000000200000000000s,0 82 = 1gn
0
F(sy, R") = {}

gooon

0 212. 200008000 20000

s:(y) = —y+ 2z, y)x (y e R

O000R"M 00000 s, 00000s,(x)=20000200000 ye R
0000 s (y)=—y0D0O0O0OD0OO0OO0OO

Sy = gy — 1(Rm)l-

0D0000000000s,0+100000000+1000000Rz0000-1
000000 (Re)*0000000s, €O(n+1)0000dets, = (—1)"000
00000 s2=1,,00000s0R"*000000000000000s,0
000 S"cR"MO00000000000000

F(s;,S") ={£x}.
gogoooooobbbboooooogo

o0 2.1.3. 00 Riemann OO O MOUOD xe MOODODO MOOODOO s, 0
Oo0o00ooob0obobo0od MO RiemannOOOOOO0O0O
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(2) 20 5, 0000000000
s, 0200000000000
00 Riemann 00 000000000000000000000000

00 2.1.4 ([3] Chl Lemma 11.2). M OO O Riemann000000¢0 v 0 M
000000000000 peMOOOO ¢(p) =4(p)0 dp, =dy, 00000
0000¢=¢000000

00 2.1.5. Riemann 0000 MOO pO000000000f(p) =p0 df, =
-1, 00000000 f00000000000

00 pO0000000Ss,0s,(p) =p00000p000000~0 s,0
00000000000 Os,(y)0+00000000000000000000
(sp)p = =1,y 000000

MODODOOO f0 f(p) =p0 df, = -1, 00000000 21400 f=s,
0000000000000000000000000000000000s,0
ooooo

0 2.1.6. 021100 R*"0O Riemann OO OO OOOOO 21200000000
OO0 Riemann OO QOQOOOOO

22 0O00O00O0OoOO0O 2

00 2.2.1. p(z) eRP" (z € SO0 00

Sp)(P(y)) = p(sz(y)) (x € S™)

0000 pe) € RPPO000000 sy 000000 s, 0 well-defined 0 O
OORP*0 Riemann 00000000

OO0 zywesStOOOOOOO

$—o(y) = —y +2{=2,y)(~2) = —y + 2z, y)r = 5.(y)
000000000 su(—y) = —s(y) OO0 p(sz(—y)) = p(s.(y)) D0 00¢ =
+l,ee =x10000

P(seoz(€1y)) = p(s2(y))-
000000 sy O well-defined 0 O 0O 0O

LI T, () S"

dpyl ldpsm)

Tp(y)RPn (—>dsp($))p(y> TSp(z)(p(y))RPn
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000000000(dsy)y, dpy, dpe,y 0000000000 O (dspa))pey 0000
0000000000 O0s,y 000000000
0000

Sy (P(Y)) = Sp() (0(52())) = p(52(y)) = p(y)
000082, = lg» 000000
St={uec S| (uz)>0}0 S"000000000000p(S?)0 RP*O
000 p(z)00000000p(S?) 0000 spye00000 pz)0000000
0000uwe S"0000

00000000 s,(v)=+«0000000 w0 s, 0410000000000

O000b000s, 0410000000 2200008000 2000000s,

0-10000000 000000008 00000000000000p(S)

00 sy 00000 p(z)00000000000p(2)0 55,y 0000000000
gbooob RP'O Riemann DO OO OOOO

23 UO0O0OOOOOO 2

00 2.3.1. p(z) e CP" (z € S>)0000O

SS =1lcy — 1((Cac)l € U(n + 1)
Spa) () = p(sS(y))  (y € >

0000 ple) € CPPO0000D00 spp 000000s,q 0 well-defined O O
O0CP"0 Riemann 000000000000 (Cz)t0 C*™' 0000 Hermite
Oo00o000000o0o0oo0oooOooocpPr00n0O0DODnOn syyOOOoO
goodd

00 zyeSTlOOO0000OO
u,v € U(1)DD0000Cuz =C2x000 s, =s£0000000 s&(vy) = vsS(y)
00 p(sz(vy)) =p(s; () 0000

P(siz(vy)) = plsg ().
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000000 sy 0 well-defined 0 000

T §2n+1 (dsg)y T G2n+
Y ’ s5(y)

J o
€yt B sty

dpyl ldpsg(y)

Tyy)CP" ——— T HCP"

) (P(y
(dsp(a))p(y) P)

000000000(dsS)y,dpy,dpec,y 00000000000 (dsye))pey 000
000000000000s,,000000000
0000

52y (D) = $p(a) (P(sS () = p((s$)* () = p(y)

000083, =1 000000

C+'0000 Hermite 000000 (,)00000000 C*+' 0 R>200
00000 R»200000000000082 = {ze S| (u,z) > 0} 0
S’ 000000000000p(S2)0CPrO0000 p(x)00000000
p(S2) 0000 s, 00000 p(x)00000000000ze 80000
p(z)0 s,»00000000000000

0000000000 weU(1)00000 sS(2)=wz000000000000
00:0s<0«w000000000000000000s$00000+10000
w=+10000s£00010+100000000000(1)2z00000000
p00000000 p(z)000000s£0 -10000000 C2000000
00S»HO0000000000000082H 0000000000 U(1)z0
00000000p(z)0 sy 0000000000

00000 CP"0 Riemann 00000000

001640000000 U(R+1)0CPr0000O0O0O0OOOCP" 0000
00000000000000U(R+1)0C*"000000000000000
0000000000000000000p:C-{0}->CP*0000 U(n+1)
OCPrO000000O0O00000OOCP 000000000z € C™!—{0}
oooo

Sg = 1((390 — 1(C$)J_

O000o0o0ooooooooooo0U(n+)OOOooooOoooooocep
oooooooocprobobOoobDOoOO
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2.4 GrassmannO0O0O0O 2
00 24.1. VeG (Kt D000

szlv—lvj_ EUK(T+R>
O0000vVOoUOOoUOoOO s, 000000G.(K™*)0 RiemannO0O0OOO0O0OO

00 1700000000 Ukx(r+0)0G.(K™ 000000000000
00000 s,000000000000s, 000000 s =10000000
000000, 0000 s, 00000 VOODOODODODODO0OODO0O0O0O0oOy00 «
O0000000000000K*™=v+VviOoO0O00 vi+ot,...,v.+v00
00000000 eV eViOOOOPR/|,:z2—-VOKOODODOOOOO
O0wvy,...,0,0VOOOOOOOsy(z)=2000000

1
v; = 5(1)1- + v+ sy (v + o)) €

O0000z={v,...,0}xk =V 0000000000000,y,0000 sy000
O00VOOOoOooooovVOs, 0000000000000 G(Kt)OOoo
gobboobuooooboo

2.5 000000 Riemann (1 [

00 2.5.1. MORlemann OO O ODOOOOOMOODOOOOODOOOI(M)O
MODOOOOOoOOoOOoOOOoOIK(M)DOODOOOOD IWM)D MOOOOOODOOOO
OO0 RiemannOOOOO Riemann OO OO OOOnQ

ugd obobbbbobdoooooobbbbbodooooobbbbobdaoo
000000000000MOD20000000s82=1,00

(dsx)i = (dsz)x © (dsx)w = d(sx © Sx)x = d(lM):c =lr,um

0000000000 (ds,),: T,M »T,MO00000 1000 —1000020
s,0000000000000010 (ds,),00000000000000000
010 (ds,),0000000000000000 (ds,), 0000000 X#£00
00000000000000(ds,),(X)=X00000000 13500000

gobbbde>00

dry
0 = _—
7(0) = =, o

0000000 ~:[0,e] > MOOOOOOs, 0MOODDODODDODODOODOSs,0n0O
MOoooDooooo

(0) = X

s2©7(0) = 5:(7(0)) = sa(2) = =,
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22 0) = (@5, (G10) = @500 = x

ggbogdbb~y0s,oydbougnd

7(0) = 5, 07(0) = =,

dy d(s, 07)

—(0)=—(0)=X

5 (0) 7 (0)

000000000 1.350000000000000005(t) = sgoy(t)dte|0,¢

000000000000 20 s, 00000DO0DODOOOO00O0OOOOOOO0O

10 (ds,), 00 000000000OWds,), 00000 -100000000000
D00 zxzeMUOXeT,MOOOOOO ex>00

10 =2, ) =x

0000000 ~:[0,d »MOOODOOOs,0~(0,¢)0000000000
0000000 [-6d000000000000(ds,).(X)=-X0000z0
0000 y(~6¢)00000000000s,0 v(—6d)000000000
000~00000([-¢3]0000000000000000000000+~0
D000 ROOOOOOOOOOOOOOOMOOO0O0000000
00 131300000000 2,ye MOOOOOO 4000000

0] = M, 4(0) =z, (1) =y

00000000000s,q2(x)=y00000000000O01(M)0 MOO
ggbooogd
0000000 LW(M)D MODODDODOOOOOOOOODODOOO

b 2.,5.2. LedO0OOO0OOO0OOOO0ODOO0ODOOODOODOODOODOO
gogobobooodod

g 2.5.3. 00 252000000

00 2.54. Riemann OO OO MOO 0000
op : I(M) — I(M); g+ $.95:

0000006, 0000000,0 I(M)0D0D0D0 (62=1,)00000000
00000 o,(Ie(M))=I,(M)0DO0O00

K, ={g € Io(M) | gz = x}
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O0000K,O0 I(M)OO Led0OO0OOOO
M= 1,(M)/K,, Fo(og, Io(M)) C K, C F(og, 1o(M))
gobobooboogn

F(og, Io(M)) = {g € Ioy(M) | 0.(9) = g}
0000 Fy(o,, (M) 0000000000000

O00oobooO0O00oobboOO0000o000obobDOUU M Helgason
[3] Chapter IV Theorem 3.30 000000 n00000000O0O0O0OCOODOO
goboboooogoo

0 2.5.5.n00008"00001(S") = O(n+1)00001(S") = SO(n+1)00
00000 1000010000000000000000000 ¢ € S" C R
nooo

—1
oOoOood
‘761(9) = Se198e; (g € O(n + 1))

f

gdbbbe, 00000

ERERE

g€ SO(n)} =1x S0(n)

F(0.,,S0(n+1)) = S(O(1) x O(n)), Fy(oe,, SO +1)) =1 x SO(n)

goboboooon

ﬂomxom»:{klﬁl

g1 € O(1), g € O(n), det g; det go = 1}

godgogod
Fo($e,, SO(n+1)) = K. C F(8¢,,50(n+ 1))
goooogoooogo

g 25400000000 25500000000000000
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OO0 25.6. 0000000 LieD GUGOOOO0ODOOOO0O ¢O GOO LieO
od KO
Fyo(o,G) C K C F(0,QG)

O0000000(G,K)D00000 RiemannOOOOOO0O

00 25.7. (G,K)000000 Riemann 000 00000000000000
0c000000000GOO0O0000000 RiemannOOO0 G/KO0O0000O
O0o=KeG/KOOOO s,0

so(9K) =0o(g)K (g€ G)
0000000000000G/KOO0OO00O Riemann0O0O0O00000

Helgason [3] Chapter IV Proposition 3.4 0 0O O
U(l)0000000000000 LeD0O0O0O0OOODODOOO

00 258 (G,K)000000 RiemanmOO0000O0O0O0O0O0O0O0O0OOOO
O0c00O00de:g—gU00O0O0 £10000+£10000000

=t+m, t={Xeg|do(X)=X}, m={Xeg|do(X)=-X}

O000g=¢t+mO0000000DOODODODOR:G—-G/KOOOOOOO
00000 dr:g— T,(G/K)DmO0O00000mO0 T,(G/K)000000
goooooooo

Exp,(dm.(X)) =exp X -0

O00000mO00D00D00000 a000OD0D A=expal0O0O000OD0ODOO
A-o0 G/KODDODOOOOOOODOODOODO

m=|JAd(k)a, G/K =[] k(A o)

keK keK

OooDoooo0oobobD G=KAKOOODOOO

Helgason [3] Chapter V Theorem 6.7 0 000000000000 O0OOOOO
gogooooooo

00 2.5.9.0GOOO0O0O X,Y,Z20000
XY ={ay|lzeX yeY}, XYZ={ayz|veX yeY, z€Z}

goboboub0 Xy, XyZoouooo4oooooooobooooobooobooo
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0 2.5.10. 0 25500 (SO(n+1),1 x SO(n)) 000000 Riemann 0 00 O
0on
SO(n+1)/1x50(n) = S"; g(1 x SO(n)) — ge;

gobbooogoobbodao

( .
cos —sinf

sinf  cos6

1
\ L . J
0000 o \
( [cos
sin 6
Ae; = 0 feRP>C S
\ L O . y,

0S"0e0000000000001xSO(n)0000000 000000
00000000
- U kAe,

kelxSO(n)

000000000000
0 2.5.11.02550000000000
F(0e,,50(n 4 1)) = 5(O(1) x O(n))

0000(SO(m+1),S(0(1)x0(n))000000 Riemann 000000000
152000000 p:R"™ —{0} »RP"0000

SO(n+1)/S(O(1) x O(n)) = RP"™; ¢S(O(1) x O(n)) — p(ge1)
O000000o0oooooog 25100 AooQd

RP" = U kp(Ae;) = U kp(Aey)

keS(0(1)xO(n)) kE1x SO (n)
Oo00ooooooooon

0 2.5.12. 0 2550000000000

0e(9) = 86,95, (g€ U(n+1))
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000000000000000, :U(n+1)—=Um+1)00000

F(oe,,Uln + 1)) = U(1) x U(n) = { [“ ,

ueU(l), g€ U(n)}

ggoboboooobboooon

udetg =1

F(0e,,SU(n+1))=SU(1) x U(n)) = { [u g]

uEUﬂ%gEWW}

goooooobooon
(Un+1),U(1) xU(n)), (SUn+1),S(U(1)xU(n)))

0000000000 Riemann0 00000000 162000000 p: C*H—
{0} >cproOOO

SUn+1)/S(U(1) xU(n)) = CP"; ¢gS(U(1) x U(n)) — p(ger)
O0o0ooooooooooog 25100 Aood

CP" — U kp(Aey)
KES(UA) XU (n))

ggbobobooogooo

0 25.13. U(n) 0000000000 oO

og)=g9 (ge€U(n))

00000000F(o,U(n) =0® 000000 Fe,Um)) =50r)0000
0000(U(n),SOM) 000000 RiemannO0 000000

U = % e U(1)

Zn

ooooouUu(m)oooooooo

U(n)/SO(n U kU (1

keSO(n

0000000000000000000 U(n)=S0(R)U(L)"SO(n)000000
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030 ot

3.1 00O

00 3.1.1. MOOOOOO Riemann D00 00000MOO 20000000
s, 000000 F(s,, M)0OOOOOO MOOOOOOOOO0O0000000O
0000000000000000000000020 s,0000000000
000 {z}000 F(s,, M)00D0O00000000{z}00000000000
1.3800000000000000000000000000 Chen-Nagano [1]
0oooooo

0 3.1.2. 20000 S"002:20000000.s, 0000000 F(s,,S") ={xz}
0000000080 0000000 {z}0{—2}000000000000

00 0212000000
s:(y) = —y+2(z,y)x  (y e R"M)

0000000 R"™MO0000 s, 05" 020000000000000 2.1.2
000000 F(s,,S") ={+2} 000000008 020000000 {«}0
{(-2}000000000000

R0 mO0000000000VOOOO
RP" > P(V)={Rz |z €V —{0}} 2 RP™
0000

0 3.1.3.n0000000RP'0O0 p(z) =Rz (z e R —{0})000000
0 sy 0000000

F(sp@), RP") = {p(x)} U P((Rz)")
OD0000O0O0ORP'O p(x)0000000 {px)}0 P(Rx)4)0000

00 z,yeS"0000
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000000000000000 s,(y) = +y000000000y0 s, 0 +1
000000000 -1000000000000000000y € Rz000
ye(Re)*0000000

F(sp@), RP") = {p(x)} U P((Rz)")
Dooooo
Ct'000mO000000000D0O0VOODO
CP"> PC(V)={Cz |z cV —{0}}=2CpPpm
0ooo

0 3.1.4. n00000000CP" 00 p(z) =Cz (z € 20000000
s 0000000

F(sp), CP") = {p(z)} U P((Cx)")
00000000CP'0 p(z)0000000 {p(x)}0 P(Cz)1)00 0O

00 z,yeS™OoO00

000000000000000 s,(y) =+y000000000y0 s, 0 +1
000000000 -1000000000000000000 ye CxO000
ye (Cx)t0D0O0DDOOO

F(sy(a), CP") = {p(2)} U P*((C2)")

0000000000(Cx)*0C*™ 0000 HermiteDOOOOOODOOOOO
ERERE

3.2 0O0OOO

00 3.21. MOOOOOO Riemann OO OOOOOOMOODOOO SOODOO
00 z,y000OO s,(y) =y000000D0O0SO0OOOOOO0OOOMOOOO
O0oooboodiod 2-number000 #£,MO00000000O000O0DOOO
ooboobod2znumber 000000000 0ODOOOOODOOODOOOODOO
Chen-Nagano 2|0 0000000000000 O00OOOOOOOOODOOOOO
ggbooogd
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00 3.2.2. 00000 Riemann 000000 2,y0000 s,(y) =y0000
00000002,y000000~0000s,(7)02000000000000
0000000040y00000000000000000000000000
000000000002y 00000~0000000000 sy(z)=2000
D0000000s,(y)=y000000000s,(z)=2000000

g 3.23. 0000000 2z0 s, DOOOOOOO0O0OOODOODOOOOOO
gboboooboboboooboboooboboboobobobgd 2-number
ggobbbobbbouoooobbbbbbuooooooobbobbougo
gobooog

0 3.24.n0000 S"00 20000000, 0000000 F(s,,S") ={xz}
O0000000004{xz}0000000000#4,8"=20000

00 3.25.n0000000RPO00000000000000DO0 ADDD
OOR*' 000000000 24,...,2,, 00000

A:{Rxl,...,R$n+1}.
Ooobooooooobo0#RP"=n+10000

00 nO0000000000000AORPOO0O0000000OO
n=10000RP'0O00000R0000000 21,2,00000A4 =
{Rz1,Rz,}. 000000000000 #RP =20000
000»,00000000r-1000000000000000000000
0000000000000ADO Ry (2, €S 00000

A C F(spey, RP") = {Rz1} U P((Rap)t)
Ooooo0ooooo
A —{Rz,} C P((Rzy)*) 2 RP™!

000000 P(Rey)Y) D RPPO00D0C00D0O0O00D0000O0OP((Rey)Y)
00000000 RPO00O00O0DOO0O00O0OOO00A—{R2,}0 RP* [
000000000000 00000000(R:)*000000000 s, . .., Tnst
gogooo

A—{Rz 1} = {Raxy,..., R}

goooon
A:{RIl,...,RIn+1}

00000000xy,...,.z, 0 R O0000000000ADOODOOOO
UO00#RP"=n+10000
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00 3.26.n00000000CP'0000000000000000 AODO
oooC*'o0O00o0000day,..., 2. 00000

A:{C$1,...,CIn+1}.
O00000000000#,CP"=n+10000

00 »0000000000000A0CPO0000000O00O00
n=10000CP'0200000000C20000000 2,,2,00000
A={Cz,Cz,}. 000000000000 #CP'=20000
000»00000000r—-1000000000000000000000
00000000000000ADO Cay (2 €52 00000

A C F(scqy,,CP") = {Cz,} U P%((Czy)Y)
0000000000
A —{Czx} c P°(Cx)") =CpP!

000000 P((Ce;)Y)D CPPODDOO0NDOO00DD00NDP(Cr)b)
00000000CP00000000000000000A—{Cx,}0 CP™ !0
00000000000000000000(Cz)t000000000 @9,...,Tnn
ogoooo

A—{Cx1} ={Cuxy,...,Crpy 1}

ggoooo
A:{C$1,...,an+1}

00000000xy,...,z,,0C'O00000000000AOOODOOOO
O00#,CP"=n+10000

3.3 U0 RUOO

00 3.3.1. (G,K)000000 RiemanmOO0000O0O0O0O0O0O0OO0OOOO
OcO0O0ODOGO Lie gD OO0

g=t+m

00000Adg(K)(m) =mO000000000000000X € mO Adg(K)
00 Ade(K)X 0 mO Ade(K)00000000000 Riemann 000000
Riemann OO0 ODO0O0O00000Adg(K)XOOO ROODOODOOOOOOOOO
Adg(K) X cmO0O0D ROODODOOODO0O0DO0OO0DOO0DKOODODOODOOO KyeOO
00 Adg(Ko)X = Adg(K)XODOODOOOOOOOOOOO (Hirohashi-Kanno-
T.[5] Proposition 2.1 00000000 G/KODOD KOODODODODODOOOOOOO
Tanaka-T.[12] Theorem 1) 0 0 OO0 Ade(K)XOOOOOOO
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0 3.3.2.025500000000(S0(n+1),1x50(n))000000 Riemann
0000000000000000000

a(g) =

! _1]g[1 _1] (g € SO(n+1))

:BG]R”}
00001xSO(n)0mO0O0D000

[1 ] _tx] [1 ]_ _ [ _t(gx)] (g € SO(n), z € R")
gl |z g gr

O0000SOnODR"O00000000O0O0O0O0O0O0O0O0O0O0OmOO0OO 1000
SOn) 000000 ODmOR"O00O0O0O0OOOR—1000000O0ODODODDOO
021200 Remann OO O OOO0O0OO0O0OO0 ROOOODOO

O0000de0OO00O0(n+1)0 10000000

o(n+1)=o0(n)+m, m:{[x _tx]

U0 rROODOODOO0ODOODODOOODDOODOOO

00 3.3.3 (Takeuchi [9]). M 00O ROODOOO0O0O00O0OOO0O00O
O000H.(M;Z,)O MO Z, 000000000000

00 3.3.4 (Takeuchi [8)). 00 ROO MOOOOO0O0O00 My, My,...,M,00
0000000000

(1) 0 M;D00 ROODOOOD
(2) dim H.(M;Zs) = idimH*(Mi;Zg).
=0
0335 00RO MOOODDODODOO My, My,...,M,O000000O00O0ODOO
#QMZZS:#zMi-
i=0

00 Riemann OO0 MOOOOO A BOODOOOOOgely(M)ODOOODO
B=¢gAO00OD0OO0OO0OO0OO0A BODODODOOOOODO

00 3.3.6 (Tanaka-T.[10]). 00 ROO MOOOODOOOOOOO
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() MOODDOODODOOOOOOOOOODOOOUOOODODUOUODOOOOOO
ggboooogd

(2 000O00O0D0OOOOOOOOOOOO

ob 33 7. 0000000000000 0Db0Ob0Ob0ObO0ObO0bOnDO Hes-
slanJ 0 0000000000000 MorseOD OO

O0O00O0000bOob0O0OOMorsel0O0O0O0ODOOOODODOODO Morse
Uboboboboonooobob Morse OO0 oboooooooonO
O0oooooobooobooboodnD Morse DOODOOOOoOOoOoOOODO
gogobobooggobobooooobooo

00 3.3.8 (Kocherlakota [7]). M CR*"O000 ROO MOOOODOOODOOOO
ggbobobuoooobboo XeR*ObooOo

hx: M —R; z— hx(x)=(x,X)
OMorselODDOOODOOOODDODDODOOOOODODO

(1) hx0ODDODODOO C(hx)D MOODODODODODO0O00DO

(2) hx 0 Z, OO Morse D0 0ODOO0O0OD0OD 0000OO0Z, 00 MorseO OO
ERERE

ggoooo

000000000333000
#yM = dim H,(M; Z,).

gogoboobouoodd
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40 O4O4OOOOO

4.1 0OOO0O0OOOO

gogoobbbobbbbogoooooobbbobbboodoooooooo
2590000000000 OODLOODOODbLO0ODbLOODbLOOD

00 4.1.1. 0 GOOOO H,KOOODOOOOOOOOOOOOO
(1) HKODOO hk(he H, ke K)OODOOOODODOOOO

(2) hk=e(he H, ke K\OOOOh=k=e0O0OOOO

(3) HNK ={e}000000

00 ()=@Q) hk=c(heH ke KYOOOOOhk=e=ee0ODOO(1)0
00000 h=e k=e000000

(2) = 3) HNKOOOOO!0O0OOW0™! =e0000l € HNK C H,
I"le HNK Cc KOODOO()OOl=1"'=e000000000000HNK = {e}
0ooo

(3)= (1) HKOOO hk = hyky, h,hy € H, k,ky e KOOODODOOOODOOO
00000k 'h=kk'00000000000000 HOOOOOOOOOK
00000000000000 HNKOOOOOO@3)000o0ooooooooo
O000h'h=e0 kik'=e000000h=m0k=kOOO0OHKOOOO
00 RKOOOOOOODO

O0000 Le0DD0OO0ODOOODOOODOOODOOODDOOODOOO SylowD
oooooooobooSylowOhOOoOooooobOoboooooooooo

00 4.1.2. 0 G00000SO00000S0000000000(S)000050
00000000000(S)0S0000000000000000000S8 = {s}
000 (S)=(s)00000(s)={s"|nez}000000

gobbooogbbbuoooobbbuooobon

00 4.1.3 (Lagrange). 100 GOOO0O0O00O |G|0000000
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o0 GqUO00ob0oboobooboboooobobOobobOobobOobOoobOoo
00000000000000000 |[G|Dooo0ooooUooo|GiIooo
gogon

0 4.14. 000 GOOOOOO|G|OoDOOOOO

00 GO0O¢00000¢00000000()WO0Go000000000non
041300 (¢)0000|G|0000000¢g0000 (()OOOOOOO0O|G|
0oooooo

Lagrange 00000 000000000000000000|G000000
000000000000000000000 SylewDOO0O000O0

00 4.1.5 (Sylow). 000 GOOO |G|O000 p0000 |Gl =p"mO0000
00p0mO0000000000000O0O0O0OGOOOp" 000000000
00000 GO p-Sylowd 0O0O0O00O0GOOO0O0000 pSylowdOOO000
0000000000 p00000000000 pSylowdOOO0OODDOO0O

SylowO O OODOOOOOODODOODOOO0ODOOODOO0O0OOOODOOODO
gogobobbbbbouoooooobbbbboooooooobbbbbodao
gogbobobuoggobobod

gobouobodbd Le00booboooboobooboobogobog

00 4.1.6. 0 GOOOOO eD0OO0ODO0OOgeGOU¢*=c00000000
GO AbelDOOODOOOO0 GUOOOOOODOOGO Z,OODODOOODOOODOO
ERERN

00 O0O0g¢geGOOOO ¢ =e00000000g=¢"'0000000
00000000000 2,yeGOO00

vy =(zy) =y a7 = yx

0000GO AbelDDODO0O

00 GO00000 A,4,,.. 000000GOO0000000000000
0%Z,0000000000G\{e}#00000a;€G\{e}0000A4; = {a;)0
O00G\A, =00000G=A,2Z,000000G\A4; #0000 0a, € G\4
00004, = A{a) 000000 41100 Ay 2 ZyxZ, 000 000G\ Ay =0
O0000G=A4,~7Z,xZ,000000G\A, #00000a3 € G\A, 0000
A; = Ay(a;) 000000 41100 A, = (2,))00000000000000
00GOOO0O0O0000000000KO0OO0O0O0G=A,(Z)-000000

00 4.1.7. 0 GOOOODOODODOOOOOODOODOOO
GxG—=G;(gh)—=gh, G—=G;grg!

oooooooobGeohoboooog
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00 4.18. 00000 GOOOODOODOODO  GOOOObDOOOO

00 A0 GOOO0O0ODOO0O0O0O0ODeeAODOOOOO

fo:G—G; g gag™

0000 f,00000£000000000A0 GOOOOOOO0O000OOO
00 f(G)c ADDDOOOf(G)0000000ADDDOOOOO f(G)00
00000 fu(e)=«00000000000000 g€ GOOO0O gag! =al
D000000000eOD GOOOOOOODAD GODOOOOOOOO

0 4.19. 00000 GOOOOO GODOoDU0O0O0OOoODoO~:G—-GO00O0O0O0O
00 ker7 0 GOOOOOODOODOODOOOODOO

OO0 DODOO0O#~0OO0kerr0 GO0OO0O0OODODODOODO-0O000O0ODO
OO000Okerr 00000000000 DO0OO0O0kerrO00000O0OOC0OOOODOO
O00000DO000000418000kernr0 GOODOODOOODOO

0 4.1.10. 00000 GOOOODOOODOODOOODOODODOODOD GoOOODOO
ggobbbbbotouooooobbbbbouooooobobbbobbodao
O00GO0O0 Le0D0O0ODOGOOOODOD LieODOODODODOO GO
gogobbbobbbouoooobbbbbbuouooooobbobbougo
ERERE

00 0419000¢G0O0O00O00O0O0O0ODOO0OODOODOOGOOODOOD
oobooobooboooob Goooboooobooobo zob00b0oZzZOo GO
000000000G—G/ZzZ00000000000O0000OOU0OODOObO
gooobogobg zooon

GOODO Le00OO0OO0OO0OGUOOOOOOOOODODODODO ZO00000G —-G/Z
U Leb0O00000DO0ODOODODOOODOODOODOODOOD

4.2 00000 LielO

gbooboboobon Lie000D00O0 RiemanmUJ OO OO0O0O0OO0OOoOO
gbooobgobooboob
gboobobbob LebgbO0o0obO0o0obOo0obOoobobbOobon

00 4.2.1. GO LieODODO

p:GxG— Gy (x,y) — xy,

LG =G a?
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oo GoooooooobD pbobobobobo OO0 O0OODGUDOO
O0edD0OD0g=T.GOOOOOwpO  O00OO0OO0OOODOODODOO

ey (X,Y) = X +Y, di(X)=-X (XY €g).

OO0 GOO0O ex,ey O

cx(0) =e, icx(t)

di =X, o(0)=e, —cy(t)

t=0

gogbobobbooggooboooooboo

d,u(e,e) (Xv Y) = d,u(e,e) (Xv O) + dﬂ(e,e)(()? Y)

d d

= % ex(t £ /
dtﬂ(CX( ),¢€) . + dt”(e’cy< ) .
d d

= —cx(t —cy(t =X+Y
dth( ) . + dtcy( ) . +

00000000 ex()ulex(t) =cx(t)ex(t)t=e0 ¢t=0000000

d

0= —nlex(t), elex(t)))

i = du(&e) (X, dbe(X)) =X+ dLe(X)

t=0

000000d(X)=-X000000

001440000000 LeOUODDOOO0O Riemann OO oooood
00000000 Lied 00000 RiemannOOOOOO0OODOODO Riemann
gogbobuoogooboogogo

b 4.22. 0000000 LeOOD0DO0 Riemann OO OO0 O0OO0OO0O
Riemann OO OOOO0OOOO0ODOOOOOOOOOO

sg(x) =929 (9,2 € Q).

OO0 GO0000000 Le00OD0OGOLOOOOOe00ODOg=T.GODO
Oooooooo4210000.0G00000 RiemannO0O0O00O000O00OOO
ooooooobobo g,zeeGOO0ODO

LOLQ(:E) = (917)_1 :x_lg_lzRgoL(fE)
000000weL,=R,0. 000000000 XegOOOO

dig((dLg)e(X)) = d(v 0 Lyg)e(X) = d(Ry 0 t)e(X) = (dRy)e(dre(X))
= —(dRy)c(X)
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fufsls
dig(X) = =(dRy)c o (dLy). (X) (X € T,G)

oooooooobode:=-=GUO0OO0OOO0O0O0O0OOOOODOO0OOOODOO
o0b0oobboobboOo. 0 GOO0O0D0 RiemannOOOD0O0OO0D0OOODOOODOO
b0dbedbbdbebobuogboboboobobobdled 00000
000000002 =10000000000000e00000000O0O000O
OOgeGUOOOOOODOOOODO LgOLOL;1DDDDLQOLOLg1<g):gDDDD
0090 LgowoL,'00000000000000O(LgoroL,")? = Lgor’oLl,t =1g
O00b00o0GEoU0000 Riemann O OO OO0 LQOLoLg_lm guoooon
0000 Riemann OO DO OOO0OO0zeGOOODO

Lyoro Ly (x) = Ly((g~'2) ™) = gz™'g
00000000sy(z) =92 'g0000

ub 4.23. 00000 LieOO00O0OO0OODOO

sg(x)=g27'g (9,2 € Q)

0000000 s,000000Remann000000000000000000
0000000000000 Le00000000000000O Riemann 00O
0000000000000000000000000 RiemannOO000000
0D000000000000000

0000000 3220000 s,(y)=y00000000 s,(z)=200000
D000000000000000 Riemanm00000000000000000
D00000000000000 Le00000000000000 s,(y) =ay 'a
D0000000000000s,(y)=y00000000 2y 'z=y00000
00000y '00000z=yry000 s,(2)=2000000000000
0D000000000000000000 Le0O0O0O0O0O0Os,(y)=y0000
0000 s,(z)=2000000

00 4.220 000000 GGxGEOOO0O0OO0OOO0OOO0O0O O
UIGXG%GXG; (gl,g2)—><gg,gl)

00000000
F(o,G x G)={(9.9) | g € G}

0000000 0D GO LiegOD0O0OOOODOODDODODOODOOODOO AG
0000000000000 (GxG,AG)D0000O0O RiemannO0OOOO0OO



52 40 DOO0O0dooo

0000025700 (GxG)/AGOO GxGOOO00000O0OO0 Riemann O
0000000 (g1,9)AG € (Gx G)/AGODOODOD

S(g1,92) (21, 22) AG) = (g1, 92)0((g91,92) ' (21, 22)) AG

DDDDDDDDD(GXG)/AGD Riemann OO OO OQOQOOQOOOO
O (GxG)/AG — G (g1,92)AG — G (gl,gg)A&—)glggl

OO000O0ob0e0OdnoOoOed welldefinedOOODOOOOOODODOO®OO
oooooooobGeGxGEO @O

(91,92) = qrzgyt (g1, 92,2 € G)

0000 Le000O00O000O00O0O000GOOO0 0000
(G xG)e={(g1,92) € G x G| giegy," =e} = AG

O00000GxGOOOODODODODOODO (GxG)/AGO Riemann OO0 &0
000 GOO000 RiemannO0O0O000000(GxG)/AGOODOOO 000
OoGO0ogo

sg(x) =929 (9,2 €G)
0OooOoOoOooooQ

o0 4.24. 00 2580000000000 0O04220000000000000
gbodb Lie000000D0O0DLO0ODOO0ODOO0OD LeDO0ODOOODOO
exp=ExpUUO0Q0oooooooooobooboooboobooboooon
ggbobobooodgbbo

gbobodoob Lieg0bOO000ODbOO0OO0DOOO0ODLODOOODOOODLDDO
gogoob22s58000000bobooooaoobon

00 4.2,5. GUOOOOOOO LieDOD0OO0OTO GOODOODODODOOOO
ggoboood

G = U gTg™ "

geG
0 4.2.6. U(n)ODODOO
<1
T = zeUl)(1<j<n

Zn

~—
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gboobobobobobo4.2500

Un)= J ¢7g™"
)

geU(n

gogobobbobbougoooobobboboboouoooobbobboago
gbooobogd

TOUrOOOOOOOOOOOOOODOUOOOOOOoOoOoOoogozeU(n)
07000000000000000DOO00DO0O0OO{:}uTODODOOOOOO
gogobobbobobouooogobbobbbooooooobbbobbooago
0000000000 geUnODOOOOO

g{}uT)g™ CT

000000gTg ! cTOO gTg ! =T000000gzg €T =¢gTg 00
000000:e700007000000000000000000

0 4.27. 00000 LieDl GOOOO eOODODOOO

F(se,G)={9€G|s(g) =g} ={9€CG|g*=¢}

00000000000000GOO000O0O00GOO0OOO0ON0 T00000G
OD0000O0gtg ' (geG, teT)0OOOO

1

(gtg™")? = gtg 'gtg™' = gt’g~"

000000 ((gtg ) =e00000000¢#¥=e0000000000

{geGlg@=ct=JolteT | =c}g"

geG

00000000000GOOO00000¢#¥=e00007TO0¢t0O00OO

{gtg™" | g € G}

gobboooogbbodd

ULieD0O0D0O0O0DOODO

{(z1,. ., 20) €U | (21,...,20)* = €}

goboobodgo



o4 40 DOO0O0dooo

gooooood
{£117 = {£1} x -+ x {1}

O0o0oDodoG=Un)0DDO0O0O0O0O0O0

goooog

00 4.28. GOO0O0O0OO LieDODDDODDODO Riemannd 000000 Riemann
gooobooboooGUoioobbebdbbz,yeUOO0DOOOOOOOO

(1) s.(z) =200000000 2?=e0000

(2) ’=y*=e00000000s,(y)=y00000000 ay=yx0000
00 (1) s(e)=2"'000000

(2) spx(y) =2y 200 s,(y) =y0 2y la =y0000000000 2y =
ye ' 0000000000000 ay=ye 0000000

00 4.2.9. GO0000O0O0O Lie0O00OO00OCO0O RiemannO OO OO OO Riemann
O00000000@UUOO0O0 e 000A0 GUUOOUODOUOUOOUODOOeOO
O0o000onoA0 GOO0OOO00O0O0Z, x---xZ, 0000000

OO0 AQ0e00000DOOOzeADOOD

000022=e000000000000 2,y A0DO0 s.(y)=y00000
OO00D0D0 42800 x2w=y2 000000000 z€ ADDOO

s.(zy) = z(ay) tzr = 2yt ey = zywr = Yyt = yr = 2y
O00000AU{xy}000000000AOODOOODzy e ADOODOOO
O00xzwwe ADOODAD GOOODOOODOOAOODO AbelODOOOAODO
Ood0o200000000416007Zyx---xZ, 00000000

oo 4.2.10. 00 42900000000000000DO0ODLODODOOOO
gboooooood

gbob0d Ledb0ob0obobobOoboboboobobobuoboboobog
ggogobbbbbbdooooooobbbbbuooooobbobobboboodad
gogooood
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00 5.5.1. x00000A0 10002000000 (U(n)/Z,) % (e)0000
000000000000 (Un)/z,)x{1}000000

(1) nO000 p0000000m,(A,)x(0). 00 m,(A,)x(o)0 (U(n)/Z,)x (o)
gbgobobobobboboobooboobon

(2) n00 xO00D000D
m({1,0}D(s,n)) x (o) (0<s<k).
0000 (s,n) =(k—1,29)0000000
gogooooooobbobbobooooo

00 5.5.2. AD (U(n)/Z,)x(c)000000000000ANU(n)/Z,)x{c} # 0
000000

00 DOO0O0AcC (Un)/z,) x{1}000000 4450000 g € U(n)O
0<s<kODOOOO

A C mu(g)ma({1,0}D(s,n))ma(g) " x {1}
= (ma(9), D(ma({1,0}D(s,n)), 1)(7a(g), 1)~
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0000000000
(mn({1,0}D(s,n)),1) & m({1,0}D(s,n))  {0)

000000000000000(m,{1,60}D(s,n)),1)0 (m.(1,),0)000000
000000O000de D(s,n)0000 o(d)=d0000

(T (1n), @) (mn(d), 1) = (7 (d), 1) (mn (1), 0) (70 (d), 1)

ggbobobogogd

(70 (1n)mn(0(0d)), 0) = (Wn(e_d)v o) = (Wn(020_d)a o)
(mn(0d), 0) = (1, (0d),1)(7(10), 0)

(Tn(1n), 0)(mn(0d), 1)

0000000000000 m({1,60}D(s,n)) x (o) 0 m(U(n)) x () 0000
D00000ADODDOOOOOOOOOO0AN(U(n)/Z,) x{c}#0000
000

00 5.5.3. A m,(U(n)) x (¢) 000000000000 (m,(61,),1) € ADD
0000

00 000(m(A1,),1)0 m(U(n)x(c)0000000000000 Or,(61,)
0 (U)000000000geU(n)0000

(mn(9), 0) (70 (01,),1) = (0 (9)mn(01,),0) = (Wn(g)ﬂ—aneln) o)
= (mn(9)mn(015),0) = (ma(09), 0)
= (Wn(eln)7 1) Wn(g) U)

000000 (m,(01,),) 0 m,(U(n)) x (o) D0 0OD0OD0OODOOOOO
(mn(015), 1)2 = (Wn(eln)Qv 1) = (Wn<821n)7 1) = (mn(10), 1)

0000 (m(A1,),1)000000000000AUA(m,(01,),)0000000
D00ADDDOOO00 AUA(m,(A1,),1)=A000000 (m,(A1,),1) € ADDO
0000

005.51000 p=10000000000000000k>100000
000AO m,[Un)x()00000000000000000

U(n) x (o) = ma(U(n)) x (o)

0r0000B=m1A)00000055200 Anm,(U(n))x{c}#£000
OD0BNUMR)x{c}£#0000000A0 m,(Un)x{1} 0000000000
00 (ty,0) € B, (t, e T)OODOOOO0O0DO AD m,(U(n)) x {1} 00000000
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0000(1,,0)eBO000000O5.5300 (01,,1)e BOOOOOO(1,,0)0
(1,,1)00000000000000

(1, 0) (01, 1) = (0(81,.),0) = (A1, 0) = (A1, 1)(1,,,0)

0000000 (01,,1)(1,0)00000000000000000=600000
goodbo0é=x10000000p=10000000p>100000000
00000(1,0)0 (A1,,1) 00000000

m(l,,0) € AOO

A= (Anm,(U(n)) x {1}) U(ANm,(U(n)) x {})
= (ANmy(U(n)) x {1}) Uma(1n, o) (AN 7, (U(n)) x {1})

000000ANT,UM0) x {110 m(l,,s) 000000

ANm,(Un)) x {1}) C{m(u) |u € U(n), (mn(u),1)0 m,(1,,0)000 }
= {mu(u) [ u € U(n), m(u) = mn(u)} x {1}

0000D0000000000 ,m(d) =m00000000ue Un)00
00 m,(u) =7, (u) 000000000000 OCOO0OOODOOOmODOODOO
u=000000000000000

U= 0*"u < 07" = 0Mu < 0mu = 0™u < 0™u € O(n)
goooboogno

AnNm,(U(n)) x {1} € m({1,0}0(n)) x {1}

0000p0000000000000000000000p000000000
0oooo
O({1,610(n)) = m,(O(n)) U m,(00(n))

D0000000000000000000000 g,9: € O(n) 0 malg) =
m(lg;) 00 000000000000 mOO000 ¢ = 6>+, 000000
DOoO0O0m e{+1}000000006¢*=1000000040000000
0D000000000000000000000000000000000

AN (0O(n)) x {1} = A" x {1}

D000 A4 Ccm(O(n)0000000 A0 m,(O(n) 00000000000
D00000000D000A CcACT,(OR)00000000 A0DDOOODOO
mn({1,0}1,)A % (o) O m,(U(n)) x (c) 0000000000

A=, ({1,0}1,) x {1HAN T, (U(n) x {1}) % (0) C m({1,0}1,) A x (o)
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000000ADODODOD A=m,({1,0}1,)Ax () 000000000000
00000000004 =A000000000000A40 7,(0O(r))0000
00000000r,0000000

T (0(n)) = O(n) /{+£1,}

00000000 44140000(n)/{£,}000000000000O00ODODOO
m(O(n) 000000
m(D(s,n)) (0<s<k).

0000(s,n) = (k—1,2°)0000000000000A40 m,({1,6}D(s,n)) % (o)
0 m(U(n)x{1}000000

71ooboogn
PD(s,n) ={x € D(s,n) | 2* = 1,,}
0o0o0oovl(n)/z,00000000000000000O
00 5.54.Ul(n)/z,000000000000000C000O0OO
(1) p000D0000m(A,).

(2) 0000000
m({1,0}PD(s,n)) (0<s<k).
0O00O(s,n)=(k—1,2)000000000
00 A0 UI(n)/Z,00000000000UI(R) x{1}0 Un) x (o) 00
00000mUIR) x {1} 0 mU®) % ()00 000000000Ax {0} O
Wn(U(n))N<U>D~DDDDDD~D O{(m.(1,),)}U(Ax{c}) D00 m,(U(n)) x (o)
0000000 ADDDOOAD m(U(n) % (¢)00000000000000

00m{Un)x(c)0000000000000 (005.51)000000
() y000000000g¢geU(r)DDOOO

A= (m(9), 1)(7(An) % (0))(ma(g), 1)

O00D0O00de A, 0000

(9, 1)(d,1)(g,1)™" = (gdg™", 1),
(9, 1)(d,0)(9,1)"" = (ps(9)(d), 1)

ggbobobooodgboboo

ANm(Un)) x {o} = ma(po(9)An) x {0}
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D0000000A C m(pe(9)A,)000000A00O0O0O000A =m(ps(g9)A,)
0000AO 7m,(A,) 0000000
(2) pn0000000000<s<kOgeU(mODOOOO

A= (1a(9), D(ma({L1,0}D(5,n)) % (0))(ma(g), 1)~

D00000de D(s,n) 0000

(9:1)(d,1)(g,1)7" = (gdg™", 1),

(9, 1)(d,0)(9:1)™" = (po(9)(d), 1),
(9,1)(8d,1)(g,1)"" = (8gdg™", 1),
(9,1)(0d,0)(g,1)™" = (8po(9)(d), 1)

gobbobuooogboo

ANm,(UI(n)) x {0} = (m({1,0}ps(9)D(5,n)) N (U1 (n))) x {o}

D0000000AC m({1,0p.(9)D(s,n)) Nma(UI(n)) 000000 ADOD
O000A=m,{1,0}p,(9)D(s,n))Nm,(UI(n))D000ADO 7,({1,0}D(s,n))N
m(UI(n)) 00000000000

m({1,0}D(s,n)) N7, (UI(n))
= (m(D(s,n)) N, (UL(n)) N (7, (0D(s,n)) N, (UI(n)))

J000d0o0o0o0oooobooooooogooDooDe = 1,d0000d €
D(s,n), my(ed) € m,(UI(n)) 0000000 2z Ul(n)00000 m,(ed) = mp(x)
000000000000000 e00000 2z =60d0000000000
v eUI(n) 000000

0 *ed=7=0(r)=1"'=0td!

O000Oe=¢'0000d=d'000d =1,000000000000d ¢
PD(s,n) 000000 de PD(s,n)0000

oled) =ed = e 'd™ = (ed)™!
0000edeUI(n) 00000000
m(eD(s,n)) N1, (UI(n)) = m,(ePD(s,n))

000000000A0 m({1,0}PD(s,n)) 000000000 55400000
0ooo
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