000 [ (HopfOODODODOODOOD)

oooobo o,gggg o

20020 60 100

1 00 coalgebra 00O coalgebra (0O 2)

1.1 coalgebra map 0O 00O coalgebra 0, O coalgebra
Oo0oooooo

gogbooa,gbbbdogooobuoooobbod:

(A) C OO0 coalgebra, f: C — E (f # 0) O coalgebra map 00000,
coalgebra f(C)0,000000007

(B) C,D OO0 coalgebra OO0, coalgebra C®@ D 0, 000000007

00,C,DO0O0O coalgebra, f: C — E (f #0) O coalgebra map 00O, C' D R,
D> SOO0000000D00 (0O00) 00 subcoalgebra D00 ODO.

00 1.1 (A) f(C)DT O f(C)ODO0O subcoalgebra DO 0O, T C f(R)ODOO.
B)CeDDO>TDO C®DOOO subcoalgebra OO0, TC R SOODO.

[00](A) 000000000 1.100,C00,0000 subcoalgebra000O00O00O
gboboobogoogoon:

C = UC’a (0 C, 00000 subcoalgebra).

0000 7TcU, f(Cy)O,T000 subcoalgebra000,00 «O0000,T C f(Cy)
oo0. , 000000 coalgebrall C, D ROODOOO, OO dual algebra C O

*o0oobooOo,0000000000oO0b0000.



R+-000000 ideal 000 local algebra DO00. 0000 R*OO0O0O0O000O0O
00oooooo.oogo,oon coalgebramapCaLf(C’a)DDDDD:

cr ope

00000,00000000.000000 f(RFO000000000,

v € f(R)" = {0} =z, f(R)=(f(x),R)
= f*(z) € Rt

000,00000 f(R:— R-O000000000000. 00 f(R*0000
0o.
00,0,00000000 T¢ f(R)0D00O0O0O0OOOOO. 0000,7T000
00000000,TNf(R)={0}00000000.000 z€ f(Cy)* 0, zlr=¢,
Zljm =0 (=2ze f(RH)0DDODOODODOD. f(RF00D0000,00 neN
0000 2z"=00000000000,000 2"y=e"=¢4000000000,
D0000000.000TcCf(RODDDD00000
(B)0ODODOO0O0,C,D 00000 subcoalgebra 000000000

c=JC.. D=JDs
o B

00000000.0000 C®D=U,;C.®Ds000.00,TCC®DOT
000000,00 40000 TCcC,®D;000.000,(ReS)-0000
000000000, (A)0000000TCR®SOO00O0O0OOOO.000,0
0,(ReS)! 000000000000,

C,.D;, 00000000,

(Co ® Dy)* =~ Ci @ D}
D00000. 0000 (ReS)-0000 ideal 000,
(R® Sy =R"@Dj + Cir o S*
N—_——

——
ropog Jood



OoooooOol 000,RYy,SL000000,/7,J000000.000,00 N,M €
NOOOO /MN={0}=JY000.00,

IJ=R-® S8+t =JI
oo,

(I+J)? = P+I1J+JI+ ) =F+1]+J

1=0

000.000nr>N+M-100 20000,i=0,---,n000,00n—i>M
000 i>NOOOOO,J+J)"={0}0000,/+J=(Res)t000000
oooooo. O

gbogobgoobo,bboobn:

00 1.2 (A) f(C)0D00 & f(R)OOO.
B)C®DOO0O & R®sSO00.

0O0]000D000, (A) S(F(C) =S(f(R), (B) S(C® D) =S(ReS)000.
O

00,00,C O pointed, 0000 R=Fkg (g€ G(C)) OO0, f(R) = kf(g) (O
00)000 f(R)OO0DO0O0O0O0.00,ReS0O,

RRS=kgoS~S
oo, 0oooooooooo. oo, booooad:

0 1.3 (A) C O pointed irreducible 0 O O, f(C) O pointed irreducible.

(B) C,D O irreducible 0, 0000000000 pointed D00, C® D O irre-
ducible 00O 0O. OO0, C,D 00000 pointed irreducible 000 C® D O pointed
irreducible O 0O O .

000, Y20y € CLOD; (1, € CL oy € D5) 00O,

<Z 2; @y, R® S) =Y (zi, R)(y:, S) = {0}

i

gooobooooboobooooobooon.



LO000,pointed DOO0O0O0DOO00OOOODO,000000000000O0D00A0O.
pointed irreducible [ coalgebra [, coalgebramap OO0 OO0 — OO 00O 0O, pointed
irreducible coalgebra [0 quotient coalgebra — [0 [0 [0 pointed irreducible O OO . O,
subcoalgebra 000000, 0000000000O. O0,0000000000. 00
00000000, pointed 000000 ODO,00000000000O0O.
00000000,00000000000 f(RHODDODODODOODODOODOOO...

0 1.4 RO cocommutative OO0 coalgebra DO OO0, RFO £O0ODODDDOO
O00. 0000 R D f(R* > k0000, f(R)* O cocommutative O R* O
subalgebra, 000000 R/ 000000OOCOO0OO0OO. ODOO,00000
f(R) O OO coalgebra OO O.

o00,0000 ..(A)00oopoooo..,

0 1.5 (A) C O cocommutative irreducible D OO0, f(C) D000 O00O.

gogoobogo..,bogggoboboooobbobooon.

2 pointed OO OO0

OO000boob0Od,pointed DOO000OD0OO0O0OODOODOOOO,0000000
O00D00 elementary OODOO0O. DOOOOO0ODODOOOOODOODODOOO
ugob —o0b,00b0boooobbdoa.gbbooobbooda,boooboboo,
gobobobobbuooooooob. ooooooobobobooobbobo. boobobo...,
LeOOOOOOOO....... 00 (CooooODO)0D00O0OooOoDOO,0000O0
gbboboobuogoboboobuogbooobog. boo,boobuoobogo
goog.

gogboobouogoobood,

(a) H O bialgebra 00O O .
(b) H O, antipode S 0 0O 0O Hopf algebra 00O 0.

0000000000000000 (b0 () 00000000000000). O
O,(), (b)) 00000,00000000000000000000000000
0.00,0000000 G=G(H)O HO grouplike 00000,¢geG 000,
H'CcHO kg0 IC(0000O ¢gO PIC)00D0. 00O subcoalgebra H O

ﬁ:@chH

geG

ggoooo.



00 2.1 ¢gheGOOO,
(a) HYH" C H9". 00, H' O H O subbialgebra 00 0.

1

(b) S(HY) c HY . 00, H' O H O Hopf subalgebra 00 0.

[00](a) 0 1.300, HY® H" O pointed irreducible coalgebra 000000. 00,
H 0O bialgebra [0 O O, multiplication

H'@ H" ™ H
O coalgebramap OO0O. OOO,000 1.300
HIH" = m(H! @ H")

0O pointed irreducible coalgebra 0000 O0O0000. OO H O gh OO0 irre-
ducible coalgebra OO0 OO0 O0O0O0OOOO,

HIH" ¢ H%"
ooooooooo. oo,
H'H'c H', 1€ H'

000, H' O H O subalgebra O O subcoalgebra, 0 O O subbialgebra 0 OO .
(b) O O, anti-coalgebra map HY LNy ' in coalgebramap 0000, 0000000
OO0O0O0O0O. 0000, oppsite coalgebra AP OO0 DO OO0OO0OOO, 00 map O

H9 25 feop

O00000. D00, He 00,000 (HO sigmaO00) Ac=>ca®¢ O
000000 coalgebraD00O0O (0 HOOODOOOODO). oOO0OO H9 2, feop
O coalgebra map O, HY O pointed irreducible 0 0 0O, S(HY) (C H®P) O pointed
irreducible 0 subcoalgebra OO 0O . OO0, 00O coalgebra OO HP [0 subcoalgebra
00000000000 H O subcoalgebra 0000000 OOODOODOOODOODOO,
S(HY) O, H O, pointed irreducible 0 subcoalgebra 00 00. 000, S(g) = g*
00 gleS(HY)OOO,
S(HY) Cc H™Y

000000000.00,(a) 00 H'O H O subbialgebra O, 000
S(H") c H!

000, S(H'Y) O H O Hopf subalgebra D0 0000000, O

ggb,uogoobbobooooobobn:



0 2.2 (a) HO H O subbialgebra 00 0.
(b) HO H O Hopf subalgebra 0 0 O .

[0O0](d)0O00000d,
HH = (Y _H%)()_ H"
- ZHthCZHg"CfI
g,h g,h

O000,HO00DO00O0ODO0O0DOD0O00,000 1eHcHOOOOO,HO
H O subalgebra OO O OOOOOO. DD,ﬁD subcoalgebra 00 OO0 OO OO,
subbialgebra 0 0 O .

(hyoooooo,

1

SH)y =P sH)cPHu" =0

00000, Hopf subalgebra 0000 O00O0O0O. Il

00 2.3 0000000000000000,H0 HOOO,O0OOOOOOOO
00. 0000000000000000000000000, 000,00 HO
pointed 00000 H=HOOOOOO.0O00,000000000000000,
00000000000000000000000.

000,00 HO cocommutative 0, 00 pointed 100, 00000000, 0O
00000000 1210000000, H=H000.000 Ak00000000,
H O cocommutative J00000 (0000 pointed J0000O0)H=HOOO.
0000000000.....,0000000 (hyperalgebra) 00000000000
0000 — 0000 (0000)0000000000000000000000 —
0000000000000,00000000000000....00,000000
000,00000000000000..,,0000000000000000000
0,00000,0000000000000000.

000,000000,(b)000,0000 HO HopfOODOODOOOOOOOO
O, 00000000000, 00, antipode JO0O0OO0O0O0O0ODOOOOOOO
g,0bogggon.

g, heGOUODO,
HIH" ¢ HI"
oooooD,000,
gH" C H"
H9 c H"



0o00. 000,
1

gH"¢7' c H9"¢~' ¢ H9"9~
ooooooooo.oono A=10000,
gH'¢g' c H!
good. od,guouoouoooouoouoouoouooon:
Gx H' — H!
(9,2) — gxg~.

-1
A giopoo. 000 Hopt algebra

DO00000,0 geGOOOODOOO HYZ
map OO 0. 00,000 algcbramap 00O O00O00O00OO0OO0OOO,ce HODO

g

9( g ~1
c — gcg
J» |
2@ 7 LgagT @ geg

(9C Jg~Heg( g
000000000000000, coalgebramap 0000, 00,00000000 H!
0 kG module algebra 0000000000 (g(ab)g™t = (gag=")(gbg™), glg™' =1
000,0000 measuring 000000). 00000000, smash O H'#kG O
000000000, H'4kG 000,

(x#9)(y#h) = x(gyg") # gh
O000000,0000 1410002

00 2.4 (i) H*# kG O, smash 00 algebra 000, H' ® kG 0000 coalgebra
ao:

Az #g) =D (21 #9) @ (v2# 9),

e(x#9) =e(x)
00O 0O Hopf algebra O 0 O . antipode O

S(x#g)=1#g7)(S()#1) =g 'S(x)g#g™"
odoooooooon.
(ii) N
¢:H'#kG — H
g — Plx#g) =g
0000, ¢ 0 HopfalgebraODOOOOOODO.
250 2700000000




[0O0joo00 )ooooOoOoOoOoOoOoOoQoO0OD,00 ())OoOoOoOooooooo
ggboob. oo, gbbobooooobn,

H' — HY
T — xg
O, coalgebramap 00000000 (y—yg ' 0000), 00000 H'#kg = HI

(as coalgebras) 0 000D OOODO. ¢:H1#kG—>flz@gecH9DDDDDDD
00000, 000 coalgebraisomorphism O OO O0O0O0OO0OO. OO,

o(x(gyg™") # gh) = 2(gyg " )gh = (zg)(yh) = d(x # g)p(y #h)

Odd, ¢ O algebramap OO0 OO0, 00000 ¢ O bialgebra OO O OOOOO
0. 000 HO Hopf algebra 0 0000, H'# kG 00 Hopf algebra 00000
0.0000 HO antipode 0000000 H'# kLG O antipode 00000000
oboOo,000 So=9SO00O00000O0O00O0OOO0O0OO. ODDOO0O,

¢S(x#g) = So(x#g)

= S(zg)

= S(9)S(z) (<« S O anti-algebra map)
= g7 'S(z)

= g 'S(x)gg™

= ¢lg ' S(x)g#g7")

noo,
S(x#g) =g 'S(x)g#g”"

000000 SO H'#kG O antipode 100000000. 0000 (i) O (i) O

ooo. O

0o0o0o0,000000000o0o0,0000:
0 2.5 H O cocommutative pointed Hopf algebra O 0 O,

H = H'#kG(H) as algebra

= H'®kG(H) as coalgebra

g < TRXg
O0D0.00,k000000000, HO cocommutative 0000000, pointed O
ooodoo,00000do. ..00,00000,000do0odooooooon
0.0000000000 LieDDOOO0OD. Lie00OO0OO0O0OD,00000 0000

gbobogoboogooboo,buogobogobogobooogbog,booon
OO000,000 cocommutative I Hopt UO OO OOOOOO.



gobooboggbood,

00 2.6 HO bialgebra O00. OO0 H O coalgebra 00000000, H D> H'O
O00,HO0000000 subcoalgebra 0, H* OO OO OOO coalgebra k1 OO 00O
O00o0. 000, HO000000D000 pointed irreducible O 0O O .



