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AW’SCAYM}L' Wﬁ Eigﬁ ’)'j‘-(ﬁ/? ’
—— u-calodus 9 HLE S ——

WIkKEEE 4R L

=} Lo 3§
unla -
quAd) U(A) A, xy-yx
Aut (A) Der (A)

KR Go | abiendd powts | Lo algpbra
R, 7REHY | Mﬂw Lomarts frmiline elomants

X0 BokhAoHRTIMA FAATRE S Linih 23,
Hh3 3B OFFITE -893R, Tibehushopalad)
faieie, B8 oz w33 w-Fe AL 49
F84 e w-Fih ok AR (RIS 3RIMAA L1 0E T9
R esh T 3. |

JIRIF RETHELS.

eifi e Fih 2 formod somupip £L2HRLS.
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X5 X“ Y 9 wonde (XY, YXY, XTYX, & % f,) 9 ¥
K10 R- W $14 0 A% RCK, YD B R-agebi o 7h
Hrd>. 922119

pik E(X,Y) = X+ T, FHE(Y)= XY

BsRov} T %OYMA[AM\MW—L H3.

Do F(X,Y) € R<X, > & ﬁmlmwzmm
() BIE(XY),2Z) = F(X, F(Y,2)) in R<X,Y,2),
iy 2 e, €R wth F(X,€e)=X= Fles, X) .

Thm R o redueed 5 318, & =053 formal svmigap
Rotn ke FR3: |

F, (Y= X+ Y +aXY +bYX,

122 a,b e R with ab =

Gr R % BIHSE, & =0 53 forml st
FOLY) = X+Y +uXYT (ueR)

B 49 W = PR.3.
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HET®, 207677 0 formal somiquep 25 Fod 33,
F, & Ak F r FIuF, 8 0 o{e»formaf-‘on 5N N -
u=1neI X—>1+X = 4&)

= £ =
oa)z\Fo Fa_/

FoaFaths J,00= 144X 13 formal seimtyupup map
., FE,— F,

£SR3 BPS, (R X,)=F (3(X,5.00), %,
=1 NKXI>.
Fo® $XtaR-alphao b=, 0 e 817273489
CMERET3 . AcfrfoR-pba £33

lem aeA # F“—/Mdud EE(Z unwd (293 ac
U~ uad té--S.“) = )"u(a) =1+ ua » uwt . 2985
a o F —inverse & = -a.j’u(a)" 753,

Ao u-umis 0% € G(A) £ T3, R-abubra = 2%
tRRICIAFG, LRI G,  RiEREG,, 2189
deformaton ¥ 34 203 : g =G, @1 x G, .

G, & fuithtuly 142 R-afyebra

H, = RLX, $,.07]
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Tt o3 B3, G, (A) % Aly (H, A).

u- devovadom v u- aMYm/mMm

R- Mm m«f., )( A— A
alacfna mop, v, f@b) = fefty , fo =1,
derncvaborn £ &, fab) = aflb) + fla)b, 4i1) =o
22T hHh3 (a,beh).

EedAR (x Ro M GILE TSRS

Def weRriL, P /&M.Baﬂ,m«f‘f A=A |
u-derivalion © 13
-}(al;) = af(b) + b + ufaflhy , ft) =0
(a,b  A)
NXIr>z: xR rd. |

)é{i’d) derivation & & 0-derivation o % L §
1-devivation » g 1+ f 6\‘"A 9 Jr&q ena/Onaorlo/;.sm z
N ‘;% T ha. A ) M-v{ér.‘\mf.‘on @/‘éﬁ‘ |13 Dm“'(A) £ 93.

BQF Dmu(A) - EholR A) & F“'/:rod.uc‘t T H T3,



al

A a u-derivation § & Ean(A) T u-unit T H3 R
jfu({-) = 1+uf 8V JW«,A ) MWM Th3 %L
BTH3. 20x3ft Ao v-oadomophsm £447. f0
FZ— mverse t 3 & u-derivation =5 3. 44,7 A9 u-auto-
mv*rr‘n‘sm nR4% s Auiu (A) « + 4 ‘i‘\,

Bop Ad,(0) & G, (Bl (A) 9 32585 153,

A“t (4) = D% (A=Dn (A8, <> 1+F 35§
A el #% Au7( (A = At(A) 254 3

w-promiive Aomants

HeRta ik, 7”273, id)ma/?»&m strdctuwna &
A:H—> HOH AW E:H—>R T 53ML, antipode €
STH— HTo35ha5. HoZx# primdie TH3 ¢
H, ACO=X®@1+ 10X, ebo=0 SHRL>5T33.
19grd S@W=-x T hY, Hd)/)r:‘m“t.‘vew")@ﬁ‘
P(H) ¢ [x,43 =24~ 3x~-r$ltz H o L subalyobra e
BL, f“R’i\’F;ﬁif s xr—» X TEHC2HE. -4
H@lli\awuf ke TH3 23, A= x®x , £l)=
1 A KRKI>%F7hH8 293 Sw=x"Thy, Ho




92

.W"MW "@@C‘(H) % Ho umwhb UH) 2
Mﬁyw«jhgf}j, fwmwp/xmrmw Fa, Ry t A0 2

xe H # |
pumibne & Ay = F (x®1,10%) | &) =0,
gwrl/’ce & Ak = F,(x®1, 1®x)  &(x =1
e phse T XS5 3 LK i3 R (we R RRIL
T RoRELENT NGB TH S,

D‘ﬂi H 9 i X iy O(-'P‘h'm.'i'-'ve Z lj’.

AB) = FE (101, 1®x) , &x) =90

SIS R85, o uprmtie sbwats o Btk &
P(H) £ <. | |

R) =P, PH)=1g-1|peaml<ss
X #N M-Pjr.'mxtrve_ =3 j’“(x) s 3 }W*/o—/f/ce W AT, 4t
» T u-primstee domgats & u-umds2 3 3.

E’f_O]E K, 7RI H =L, B GG, (H) 9 subgraap
e 5 9.
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R¥RF G, e represent 33 R-alyebra H, = RIX,
9071 B, Xt uprimitve x 73 Hopf #3422 i
tt2>. F¥F A:H, —H®H @ AKX =
F(X®1, 10 X) %3 unigue a/}eém map ThYy, &3t
Mife = TR IASZ. 2ok, 78K Hod G, ¢ e
Q-Jy}m B =Y RLTIFSAIBZRAT 'refvesent
(2v3. BP3

WI«m.a;,, = SrR H, (H.> 7% '/R—?a?x#—t\)

r<w H = RIXI, X promitwe 5 H = RIX, 0+x)7],
1+ X growp-like . H % B}EX RIZ1 e RAH 2535,

{CT(A)} o thiE

Rajg.eéra, A a,t,7ft$zH:—xa‘;s Der (A) &
P(H) & [4, 3] =2xp—3% (F5=RN4F4ep %3
yc') THCz0y . /29 ueRITB<, uN RO A

s{am g, Mm%, {P(H)}zigz,isz:%aﬁm
#ﬁ;{zt>=w\ 3.

&ﬁ R-algeﬁm, A r3FL Ziqaﬁ i{Gg, (A)}'“R I+
R0 Ofemﬁ‘ons st £, 2V 3
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1) A7 - Fin. u,ve R rifL

CTW(A) — G, A , A va

3. Yutaf hom. = % 3% .

) u,v-bracket. u,ve R =1L
aeqg, (A, l:e&v(A) &3w [a, bl a{j (aé—éa)j’w(a)"jbv‘
$ A0 w-unt TH3. g9 F ~inverse 1t [b,al,,
th3 7, [atb],,) = @emL@ywm?
N IL>.

i R * % p (%) B3H, ac g, (A) =it
Lale G (A 753 |

t< e g (A) & () ~ (i) AR ETH 2z 3. %
ha A o (p-)le Bl ev >0 253,
5 (u,v-bracket ») |

[a,b], ab -ba .

L, 1,4 3 A% @; (A) 9 commutator.

[ ., 1,, % imeracton & RIE 33 Ef3,
ae G, (A) =1L |

(n(A + [a,——]w = wn(1+a) (1+a oner 1€ fi),

)

z< 1= £q"31,0 i3 1-au‘fomorfh:sm Th 3

]
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0~ ) o thiE s> 280 A {G WY, % A%
oG oMe@ssoRA LAt 2037535, 4
TnAAE s IA TS RTIILRTIR N, L) Hi
T, 22 321G, (A3 £ Le ‘)Cqm.'{x of groups ($24x p
9 3 % p-Lie fam:,/; ) zEgTrrrELES

P‘YOP @) P‘Jaeﬁ'ra Ar L, {Aut"’-(A)}ueR 3
(p=> Lie famsly {G, (Bod (A) ], & subfamily 275 3.
Bp 3 () ~ () 7 opevations crELzHUTY 3.

b) Rea ik, 743 H = itL, {PW(H)}%R i3
(r—) Lee 'fam.‘// {Gr“.(H) }ueR d)Suqum-‘//' 2 5 3.

() ~ () o ofera'/'.‘ov)s r 53[#93; &_?rwf hom. o '/am.‘}'
rLe C["L~'€> ‘fﬂm-‘// Of;roups » hom. P FZIMNE. 2
A 15 13 >R 120K A 3 mney M-au‘fomorlo/')“sm 73 3.

PwF Q’Jyxﬁa« A =il def |
@ ae G (A) B3E i (@) = [a,-1 & A9
M—aq‘famorlyhcsm = 5 3. (rner M—aﬂ-fOMUY'PAtSM &40,
?w("w"u(“)) % j’“(a) 1= ;3@"\? o ‘nner declion T P 3.
(b) 5””“ : Q‘u(A> — Au}tw(A) (% ?rour hom.

7
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© Im ("""%) e Am‘u(A) ) nOYma[suﬁgrouf*. (%9
AR At (A t owtn u-awt. 92F ¢ £3°)

) {l'vmw }MR : {@'u(A) }‘ueR — {A“’tu.m)}uee
% (=) Lie famely o hom. 23 3.

© TAW (WY, o o ) Lie structure 1 1 Act, (],
Lo (p-) Lee structure ¢ S| A1 3. B3 {AT;E(A)} 13
TARAY o quotient p=> Lee -fam.-// % 3.

Fr <, R‘a/}eLY‘a. H, 2R F G, ¢ represent (2
30k 3, {éru_}MR £ 9 (p-) Lie styucture =H 033
B s 1H, b B2 2753, 23t R-abhebrn A
AT (T RN p) &30 ) o Dferqf‘:‘on a —
af, G, (A —> G (A FT- N ikt hom. TH 3. Al
330y THERD map |

Hu."' - Hu

13, Huf 9 canonic & LRI £, H, o tanonic & txxT9
P F =2 oY t3 342 3. =t w-Frobenws map
LJ’ ~S\“. '

X Fu(f, ""Vlu“», }*) = 4'|rmu Tu(})(a) , A€ G'“(A), )(é Au‘fw(A)‘

Jo
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(rossed !m)alucfs
B¥C € B2 S = (% 5) BoAZRT v ER
(2w 3%, Mebae L33 AS-Bd A} S* =

(axr)(bxd) = arb)xrd

(a,beS, vielM) G313 aMME N A3 =R
S T 9 oossed product 2 § 3. Flffrr, R+ o (p) Lie B
L33, R-alpba A =533 Dn(A) A 9 o) Lie map w
ShshTo he, A® UL , T 22 UL) '%{Lﬂweb[m}
q’gebra, lj:i?-q/geém NFEE 21D, IS 9 crossed /oh»(ud‘s
E¥ove , A 0fERG mmer SLthz v 3, BP5 S*[
F T |
CGxva* 01X Y) = Ya)xl
X, AO UL = &0k |

(10 x,a®1] = x@y®1 (xelL,ach)
NI B3P Le 2R 2 aﬂgp&ﬂa Ao fER
Ny THENFER e L 28 -0 =388 th, Lol R
Crossed F'Yoolvlc‘ts % aﬁjp&\a rah=AP3ERT3 R,
7% o Swmash Frocludfs o 4% 5 %5 34 2" 3 3.

R- a/geé'm A o 'u-amfomarf/)vsm feS$ide, 2o
femifitA®H, &

]
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Xa = aX +fo) +ufam)X , aeA
Eifi ] R-alsebro 9 4856 (AL X & H, 2 canonic & £
i) s Et->%>. #3347 A H, '3 % 9 sub-
Glae/nm zdTvih 2ME A;{Hu tp 3 A ):.Huo £ 1=
R T3 crossed product £ &30 Ry, PRI B3R T oA
Ko fER® £ 73858, h, 7R H, 0ArN 2L 23
NGFERNER->BA L, :Qfﬁﬂl=l§335maskfroduct
A#H, * A% H, Thi tod |
f = inanIA

83 23%) Ao v-aut § 18 A:;H“ = % i+ 3 daner
u-aut. i X n AAg J|BRTH3. u=09 i, >3y
feDer(A)n ey, A;{Ho = AlX; 41 2 ohd3 f=
W33 Oreextension vy, u=t9 3 &, AogBzRw
145 =RI3I ZoAraFRAR>Hz0 A% Z 5
A>_';H1 ThHhD,

T-~NwuAak ok
AREAFCE AL, GHRIFR) [T-#HePihr b, T
t%ﬁ?ﬁ’i&%’[%@éﬁ r\j-ajgeém S L, R-aj}céy& 9 rﬂﬂ’?

S ¥ [ (crossed product) 2 Eno(R(S)

1z
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£ 3 ALTI Qrouf/mm o : r’—-éAu‘t(S) 35483 pacy
(S,0)n =222 @Hh&> (R, S oTtHittRELAEY
2 vt T3 FoRIM oA GU(R ) 323 :
erd3. RN Roeyd, TTe koNBERZ k,
bEkofithn ey f?L;SZ?é,Wzr.sgaALf,;m«rg
o

CTJ(&) F') T~ H"(n—) r—.) (= Hamc(ﬂ, r‘)/ IA—:‘nn>

EIR-TWNXL>. 2F Y T 5 % descrete é-‘rf'/\‘uiﬁi
BRI ATRE, ToR e b3 XX LEKB ¢,
A -HePihkoR#,$af4281 =, A% % /:ur
Fo N H3, -MRRoTgigsg R =T, T =457 3%
Y3, % i st noT, 2ot ) e G (R ™) e A
W3IrEZhT U,

yseleqR2eT3e QAR M aRirfh st
2. Ra2oa [M-#epiht (S, «. ), =12, =ifL

S:-{XGS'®SZ,I‘®0(Z :o(‘®Iz Mx}‘

r3A,aa k=T, 0« =x, 0l £t T4&, (S0
$ Ral-Heptuzt ckh3. (S«)o4he (S, a)o4p
oA xR h}$.~;)Cué’(Rr‘)‘}r—'\w??a’i?

I3
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FT%, P59 Ra AR Mayp(T,R) =, (rfon =
forry, feMp(DR), v velm T CefpAte T
S3takodh ), Fad r—r” R CTIFRT
tEta2of 53 Reid kxinad’, Frap-Aniy
=L | |

Gl (k, ) = H'(T, ) = Hom (T, 1)

X T-NwA3oclds & 3.

APRE} T o fty = flat affine groap G = Sp H
(Ha R+t 6 TRE, 7AKR) 2 Huz, Ro G-
AePHaR (S,0) tRETIFNTIE. TS d
FERIB l?*a[jeém. , &G — Aut, (S) & R-
BERF 9 hom. , 1AL Au‘fR(S) EE S N ICE R“O\éeém
T At _(T®S) s AR Ie3RFHECH3hTE0
233, v3=, fio S* 2 End (S) = 48% 73

FrO®S = SakH

zsﬁm;a,’&'jzyz‘ pd, GaoSANofER o« ¢ R-
dyebramap 1S —SOH (tnedhity 2,
S & & H comadule q/Jeém THI) LR-FLL, [
72 S-lneay L3R CE L0 T4 3

14



61

Ro G-feT ik (S, ) o RAs %8 0 A 1% ¢
GA(R,G) 38322 = Lk> Kl rlkA = QIR )
&, constant P—;rouls [o =7 73 Gl (R, )Tk
SH . AE & =itz ik, (T8 EBF T o doscrete B
Glk) = & =ERT I, R (nr{ecf or &G a/jeémfc
smooth $ 9 40T Gl (®,G) & Hepasrtei-
H'(T, Glk)) «RI-4 3 [1, 0,85 3.5,36].
3+ EG ® Ttk (239 H W coommutatve) &3 & Gl (R,G
B % fRlE st > |

V2 IR} G, ¢ BiLEFG,, =itk

Gl (R Gy) =0, Gud(R,Gn)=Poec(R

Afesfzo 301, WM,5F6(, ¢+t]. ueR =473 G,
R>uvz2} R FE T 2483

Thm Gk (R,G,) = Pc, (R

23T u-Pand BF P (R) M € Re(R) & R/uR-
B0 [AFs §: RAR = Mfam 0 4 (M, 0)0 My ¥} 9
/2 kN RE (M, 0)(My, 0.) = (M ®M,, §,80,) RRL
TEIT-NLEIEHIN T RS P (R) =0,
Pie (R) = Re(R) 53
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G=5% Hr#HLRa G-HePiak (S.4) ¢, &
t % H womodule alyebra st S —SoH cR-4
2, (S, P) e TARTIZIL e FHoen Ak
IngBE bR, JHRILIIRE + KAF =11 343,
‘——ﬁ'ia) Reah, 22 $ H & Rm/aqeém Aw=3L, Ao
H-#ep ik (B, f) e X33 T3 f:B—
B®H @& & Hcomodule 1R 25 3 q/géém Maﬁ ,

A={(>e(3f fy=b®1%

{’ 0 }’f{?.'f pid 3- éneqrmaf 1% Wﬂ;tf& 73
{35% B =5 R®H

(3302, B, 3 B o B RFHAsRALRANE R
N33t H3) HNRERMEXIO AL
RoXzgsalin x [2 =@ A smz0 3. Y0t BAt
B e RS AR ERA A = a3

2ok> B H-AePtatar T, B0 dep ity
novmalbaseo)7,‘}73.(*-#8%33##2%7‘:;#/27@}45{/1
Ik eshm3[3]. ELa H=RII] 2 B3t 0 Ky 7
k33 2ey, Ao RIC]-Aepihr x& F'—gwa/ea(
‘qlaeéva—@erBe st BB, =Be, B, =A%

16
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<, 2K 0&# rd poe mitL B AN untt <
T2, 2%Y) B ™ Pasoman [Fla v < C)’()S;eolfwa(u et
A¥C 263 22T 3.

Q-a’geém Ao H-deft tht B o (A, H)=17% %8 2
ATkt O&ft (AH) cZ oz &5 [3, Thm i1, p3IS]
BN S R2o 383 =, 53 chom deserption 3T 3.

Thw weR = 3L c%(A,Hu)_e_ Ak (A).

>3#) Ao oﬁfﬂ Ho-1a £ o Q5% &) %, A9 ouater u-aul. ©
dr e Re33 fe At (B rHR RT3 Ao bHH,-
kB, Fy o= AE oossed product Ain TH3.
7Y HK fncoa,gebm #ﬁt%#} %3 &i@ 53 /‘/H'-romaa/of/e F -
Kerto £, 3eAud (A =330
f=9 mod Inm (4) <> A% H, (A%H,‘) A% He

THh3d,RM Az_} Hy 3 885\ 20 dft H, #h 4 tA
IENQRITAL T 3.

ST, ARP- NLBFC E T 3IRBGL(R T
Ad5. ex @R} Z/m) =¥ L
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GA(R, ™) = Gl (R, Z/m))
(RompIEAHEn BGIAE)
thnd UATHRIAIT, REEIBHp et >r73.
m=p" 12333 GA(R, P + Rk =% th3:

Thm (Avtin- Schyeier- With) R av iRz p 2 307

W, (R) FoL W,(R) = Gl R, P —0

C H3ITAINNH

2T W, ¥ Wi N7 o RF, F i3 Frobenwus
map, F(@o,a,, - a,) =(af, 0" - ~a,0) e 53, B3
Rtk xi, Gak(R, 1") & Hom (T, Z/pm) ¥ ¢ K39
243 % popular b 3 L[5, X, 33, p-163].
weRevL, Gl (R P)ERNES = EHES &

27k, Rapua (S, d)a R ETH I S B THRR
[3e£m z P-Pwaenem‘for , d e Der (S, dr =0 ($k, T
d o v-aut. ), I1,d, ---, d"'*} 3 End (S) 2 A S-
free base. Gl (R, p™ & P-~NWAF T =353 GJRD
Rt BgAEB B30 u=1 =L Gl (R
CJ(R, P e B =RH T8 3.

/7

B
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Gl (R, P") = 3 L, Avtin-Schrecer -Wott . ¥p 40 % 5,
FASSNBOESS R T @ 6 kbt 03 LELASs
ORI =Rz 3 .

£ W, (R) — W, (R

P . . r-
E(u,0,---,0)x0 WHF4,23) W (a,a, -- a,,)

n  n-

_ P Pi-p o P-r
= (W G, W "a, ---, u %) £33. E*na Ww#

N7k .)S = (Xo, Xy, ==+ Xn+), T =007, -~ Ye)? fog

.).<. + I =‘(S°/ §1/ T Sl’H) ' SL‘ = S;(.)S/ I>

P

. ' “ e
$33. Se=Xet Yo, S = X+T, - Z 7 (F)xy e

v=y

hd. &=(8,a,- - 0a,)¢c W, (R =ML, g1jd i
RIXJI=RIXo,Xi, = Xpa 1 9 R & adbatbon

F(X) = u"X +a

—

= &3 70107(8@4'6 m/geéra. 3 Sa THs3hi,. I EbH3
Se = RIX1/(X/-S.(d'X, ay, c=0,m)

t, e8@agr

XOP = (/(’-'Xo + Qo ,

¢ P

PP gy “
X =u rX, +a, - E,T(f)(u' X)) a, oA

I

1
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Lem (a) RIX1 N
d(x;) = 2. 2K

)
u' /

TRE3 U-dervation d &8 ¢ 2. = =2« =(u,u, ") |
v L, R=ZI[ul x13 fFrtvﬂ (UurzER) &2, 23ty
13,
Pn

b o =

) xnd 3, VeaeW (RriL, S, 9u-dervaton
e 34 9.

@) (Sa,d) o kb1 Gd (R, ") =473,

[l

Bedd d(X)=1, d(X) = o'~ Z L[)uinl

Thm (A-S- Wadeformaton) [7). RN 4RIz p o &
ae W, (R) =L, (a)—_— [Sq’ﬂe@v[u(&fﬂ)z
I <L ROREI XIS

W, (R) -E;'ﬁ W, (R) ——5 G, (R, =0,

AEoA-S-w3 R~3r0~\‘; scheme 9 7.4 5

F -
O—ﬁ(Z/rnZ)Rﬂ W"’R ————71 Woe —> 0

20
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=, H3ah ity FsRyepp I R ENI§ 31 3.
deform *hE Eo RA S >z ¢ ML o34 XLy
3.

Ny 7 EH, = RIX, $,00"1 = H L,

HCu, Py = RIXT/CX

3z N Juotent Hop{ q/gebm (n @& Mevated w-Frobencus
vnnr HMP“ B HM N Hop'[‘*(o[rernel) Y»\i)ﬁ- H(T, f”)
r3 R[Z/qm} ¥ Ay R A5

Sp Ha Y = (2/p2), .
BERP3I<HIES R

Gl (R, P") = Gul (R, Sp, H(4, 1)
LR- AL TR (H(u,f”)’* 3 dual Hoptalseboa € %00 %)
Thn M4 10 TREER 21 gueposon 0 esoct
0— Sp. Hw, py* — W, E_—f: Wy, — 0

B3I 3ILTIL

2|



68

tnexact e, BE 0A-S-WH 1335 R0
FEreane X, Bt o A-S-Wadeformation 34 s 1
3. M7 Sp Hw, P 3 d-Frobenias ma p

F")
Gw — G
2 kerned I,.,,CTbt 2 Cartoer ofual <fn6u )D HI RIS, 29 exact
) 1% | |
D
(r"CTu_ ) /—‘2- kF._‘('Wn (ﬁ’)

‘s D
2 ERY Y u=oo;a3:m:¢(r,,@a_) x W, en
‘) y - m rd A'ﬂfM‘HW ")O{Mq{‘\é/'

(F'!Wm )D L_\_' F"‘Wn [1) V/ §1; 7‘-7]

0 ol cone (m=10) =3 B0 L 3aE ()@ T, ¥
~fh§0%}&u%ﬂ4ﬁ7s‘)&ii,/ﬁz“%3 PELATE Y.

S ERAER u- calealus 2 ¥ <z *‘%,%;(fa) U=0cx 2,
00 u=100m o deformation ¢ T K A& =R 33
T, Mehes3RBotRE tAR AL,

22
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X ik
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[2] Kvermer- Takeuch:, Hopf a/geéms ond Galors extenscons of
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