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T B4 Hom-Hopf ACHUKF#2F1 Drinfel’d 1

[PfFE, Horh Ria = R® 1, Ros = 1 ® R,Ry3 = (flip ® id) Ras.

Hom- 1, Hom- 4%, Hom-Hopf #i & Hom- #ACEAE SRR [8,9] 132 T 3 2PHF9T. RN}, ¢
Mk [8] 45 T Hom-Hopf #5[1)HEAR 45 44 i B

ARSI FEH 2RI A Hom- MUK Hom-Hopf {CBOIF 5T Hom-Hopt ACHKIXHHK, I,
HA PR 4E Hom-Hopf 13 (H, o) Hi&— N HA = Hom-Hopf {8 &5 ¥ Drinfel’d

D(H) = H**°" 1 H.

ASCHARZAHFNR: 55 174, [BZEEARES AR, 55 2 719, 43— Hom- XUREUE A Hom-Hopf
ARELT 78 53 554, [N, B Hom- XUACEIH4IE Hom-Hopf A4 28 3 717, #91 Hom-Hopf AAEL XK
J45 1 Hom-Hopf fA31# Radford A3X; 55 4 19, H— IR 4E Hom-Hopf A3 (H, o) #Ji& Drinfel’d
fly: D(H) = H*°P b H, 3FUFW D(H) #&— =4 Hom-Hopf 1UAL.

1 P&l

Wk hER, i AR R b ERg bl S MO N, 2SS M@, N I M@ N.
L My N k- BEEWE. SCHER [8] & LT —ASHRIIEE H(A): XF R It (M, p), Hrp M e #4,,
1€ Aut_y, (M) (M [T k- 26 A MU R RS, FE&SE £ 2 (M, p) — (N, v) 52

vof=fopu. (1.1)

LU, TR H () K5 oty AROCH) Hom- JuWs. tH3CHR [8] 1 H( ) = (H( M), @, (I 1),a,1,7) A
monoidal YEI4: Y505 H(A) FHIFTHR (M), (N,v) F1 (p, ) HI5KERA

(M, 1) ® (N,v) = (M ® N, p®v), (1.2)
SRR L O

an,n,p((m @n) @ p) = p(m) ® (n @7~ (p)),
Iy(x@m) =ry(m®z) =zu(m).

EX 1.1 il Hom- 0B (WICHR [6,8])) 24605 (H,a) € H(M), I HAFLE k- Lehmsgt
m:H®H— H NIGE 1y € H, F5MTE h,g,l € H,

a(hg) = a(h)alg), a(lx) = 1u, (1.3)
a(h)(gl) = (hg)a(l), hlg = a(h) =1mh, (1.4)

XHIE m(h ® g) = hg.
EX 1.2 Jirid Hom- RARE (WICHR [6,8]) ZIEXE (C.vy) € H(Ay), I HAFLE k- LrEW
A:C—=CRC,Ac)=c,®c; Me:C—k, MEMMER ceC,

A(y(e)) = (e1) ®7(e2),  e(v(c)) = e(e), (1.5)
T He) ® Alep) = Aler) @7 Hea), cre(er) =71 e) = e(er)es. (1.6)

1080



hERE B 42 11

i (1.6), &ATA
c1 @ ca1 @ y(c22) = y(e11) ® 12 ® ca. (1.6)

EMX 1.3 % (C,7) A Hom- RAREL. HXFK 2 C L Alx) =22z, WK 2 & ¢ PHIBESIT
(JWL3CHR [10]).

F5L I, Hom-(RR) ARECHTENE H () TR (5) AREL

EX 1.4 Pl Hom- XUREL (WICHR [6,8)) &£45 monoidal Juls H(z,) T HIXACKE. B,
(H,a,m,n) A Hom- fREL, (H,a, A, e) N Hom- RACEAEA A A e ¥4 Hom- AREAIZS, k&
Ui, XMEE h,g € H,

A(hg) = A(h)A(g), A(lp) =1p ® 1p, (1.7)
e(hg) = e(h)e(g), e(lm) = 1i. (1.8)

N, [BIAZSCER (8] H ) Hom- M.
FTiliA (H,a)-Hom- BEFRH (M, 1) € H(My) BEWE H(A) FIIES v M@ H — M,¢(m®
h)=m-h 41, HHIMEE he H Flm e M i 2

(m-h)-a(g) = pim) - (hg), (1.9)
m-1lg = p(m). (1.10)

M e HMy) BHE
p(m - h) = p(m) - alh). (1.11)

FRows H(atw) PSS f o (M,p) — (N,v) A H- ¥R, 5 F RFE H- B, B, 32
fim-h)= f(m) h. LCF, H H(A) g EnAi (H, a)-Hom- {515,

Xl AT PlE X Hom- R, % C = (C,~v) A Hom- KA. Fri4s (C,v)-Hom- RAEFEX S
(M. 1) € FL(ty) FEHE FL(A1) T he BV p s M~ M ® O, plm) = mo) © myyy, HAIRHER
m € M 2

1~ H(mey) @ Amyny) = moyo) @ (meoyny @7 (mq))), (1.12)
me(may) = p~t(m). (1.13)

M p € H(M) BSRAE
p(p(m)) = p(my) @ y(m)). (1.14)

Friuwh 1) IS £ (M, p) — (N,v) IA H- REVER, 25 pyo f = (f®id) o par. BAF,
F H(A,)C Tt (C,~)-Hom- R4,

EX 1.5 Ff Hom- XUCHL (H, ) & Hom-Hopf AH (WL 3CHR [8)), 5 ETUlE H () TPAFAERST
(PR FXH) S H — H (W2, Soa =aoS) fiif

Sxid=noe=1id* S. (1.15)

T o X HE S 78, 5 o P ot s S a8k, Bl Soa ™t =a710S.
5|38 1.6 % (H,a) A Hom-Hopf AREL, Wi SCHR [8] %1, XMT= h,g € H,

S(hg) = S(9)S(h), S(lu)=1mu, (1.16)
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T B4 Hom-Hopf ACHUKF#2F1 Drinfel’d 1

A (S(h)) = S(hs) ® S(hy), co0S =c. (1.17)

XHe S J&— Hom-(4%) REUR [FIZS.
EX 1.7 B (M, p) At (H,o)-Hom-Hopf £ (WICHR [8]), 7 (M, p) BE2AT (H, o)-Hom 5, X
A (H,a)-Hom R, HXMER m e M A h e H 2T AHZE A

p(m-h)= m(o) - h1® m(l)hg. (1.18)

Fi(H, o)-Hom-Hopf B2 IR —A k- BMEE, RN SO H( A g 1 H( )T TS

2 Hom-Hopf XE B3R H49iE

AATHGUEW] A Hom- JEBEZEM 1) Hom- WREUE Hom-Hopf /R4, 7t Hom- XUREH4iE Hom-
Hopf AREL X1

WAl 2.1 W (H,«) £ Hom- BUREL, W F 5 &5

(a) (H,a) & Hom-Hopf fGEL.

(b) MG

¢:(HoHa®a) - (HoHa®a), ¢heg)=a '(h)g ®alg)

JEXUT.
WERR  (a)=(b). B S A H I, & X

Vv:(HoHa®a) = (HoHa®a), Phog)=a (h)S(g)® algs),
JUIES)

Yo p(h®g)=v(a (kg @ alge)) = (a*(h)a (g1))Sa(ga1) @ o*(ga2)
= (a2 (h)a~"(g1))aS (g21) ® a*(g2) = 0 (W)@ (91)S (g21)) ® 0 (g22)
0 () (9118 (g12) © alg2) "E) a7 () ((g1)1m) © alge)
= o (W)1x @ ale(g)g2) = ala™ ' (B) @ ala ' (g) = h@ g,
po(h®g) = ¢ (h)S(g1) ® alga)) = (@ *(h)a™ " S(g1))e(g21) © ?(ga2)
) o~ (h) (@' S(g1)g21) ® & (g22) = a~ (h)(S(g11)g12) ® a(ga)

1.15 _
A2 0=t (h)e(g1)1n @ algs) = h® g,

SRR NS TE UL B
(b)=(a). & He H LHgiH,
p:(HoH,a®a) > (HH®Ha®a®a), phg)=(1(h)eg) g,
CH@OH®Ha®a®a) > (HoH,a®a), (h@g) -t=ah) gt,
. (HHR®H a®a®a) > (HRH,a®a), (h®g)et=ha(t;)® ga(ts).
WAL (Ho Hya®a,-,p) Fl (HR H,a®a, e, p) ;&4 H-Hom-Hopf £, HWU ¢ . (He H,a®
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hERE B 42 11

o, p) = (HOH, a®aq, e, p) 5e A H- NN H- REVER). 2 ¢ FIHURN A ¢ HOH — HoH, W
WoRAT H- MR H- REER. FEH o e ST ¢ 5 aea 20 ZHH, Bl go(a®a) = (a@a)og,
M o 15 o @ a ATACH.
E X
S:H—H, Sh)=io(id®e)otyy(lg ®h),

Horp Hok 2 H e RS, CUNUER S 8 H PR

i
%
Y(lg @h) =h" @ h',

WISHAT = hoe H, 307k

o A H- %M, 15
pov(lp@h)=(a' ®A)op(ly ®h) = (Y ®id) o p(ly @ h),
s HIBATIE ik, BT Ak
Y @ (W) @ (B2 = (h)° @ (h)' @ ha.

X EXVERBU (deideidoa?)o (el ®@a t®@ideid)o (id@id®@ A), HARHEERK vo(a®a)(1p@h)
=(a®a)o(ly ®@h), B, a(h)’ @ a(h)! = a(h®) @ a(hl), 7#F

2 @ (A1 @ (M) 12 @ a((h')2) = (h11)° @ (h11)' @ h12 @ a(hs).
HL b, — Iy,

(deideid®a®)o(a'®at®id®id)o (id®id® A)(a 1 (h%) @ (hY); ® (h')2)
=([deideid®ad?)o(a!@a ! @id®id)(a ' (h°) @ (h'); @ (h')a1 @ (h')a2)
=a 2 (W) @a"H((h')1) @ (h1)a1 @ @?((h')22)

a2 (1) @ (W) @ (W12 @ a((hL)a);

T,

(deideid®a®)o(a'@a ! ®@id®id) o (id®id ® A)((h)° @ (h1)' @ hy)
=([deideidoa®)o(e ®a™ @id®id)((h)° ® ()" © hat @ hao)

(i[d@id ®id @ a?)(a™ " ((h1)") @ a™ ((h1)") @ har © haa)

(1)) @ a7 ((h)") © har © o (hag)

(h
1((04( 1)) ® a7 (k1)) @ hiz @ a(ha)
=a" (o((h11)?) @ a7 (a((h11)")) @ h12 @ a(ha)

)’

(e
= (h11)° ® (h11)' @ hiz ® a(hy).

(%
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T B4 Hom-Hopf ACHUKF#2F1 Drinfel’d 1

HT o Mo ZEHE), BT ¢o(lyg @ h) = 1g @ h, FHaHILIL, BAH
(@ al(h')2) = 1 @ h.
Wi S(h) = hOs(ht), £2
S(hi1)hiz ® a(ha) = (hi)°e((ha1) Y hiz ® alhy)
a2 (R)e((h')11)(h')12 @ a((h')2)

a”?(h")a((h)1) ® a((h')2)

1y ® h.

AR, # EXAERH U ide e, 15
S(h1)he = £(h) 1y, (2.1)
I HH ¢(aS(hi) ® alhe)) = S(hi)a(ha) ® a®(has) ) aS(hi1)a(hiz) ® a(hs) @) 1y ® h, f4

'l/)(].H & h) = aS(hl) ® a(hQ).
é\
p:HoH—=HeH, ¢hog)=a'(h)S(g)®agp),
WZUE ¢pop =idugu. H ¢ RAIUHE ¢ =¢. HT ¢v(lg ®1y) =1g @ 1y. JFH ¢ &4 H- ZebE
Pl p((1@1)eh) = (1®1)-h, B, (e (h) ® a®(hg)) = 1 ® a(h). FHHT @ =4 Al
1y @ a(h) = p(a® () @ a?(h2)) = a(hi)a?S(har) ® a®(has).
X EAXAEHBU o7t @ e, 113
h1S(hs) = e(h) 1. (2.2)

H (2.1) F1(2.2) AT%: S 4 (H, o) BN, AT (H, o) 24 Hom-Hopf A%k, O
H Al 2.1 AT LA 2 LU e 3, 4 7 S0k (11, s BE 1.
EHE 2.2 % (H,a) /& Hom- BCEL. R H T

(=) H ()T — H (M)

A& Hom- JuWESEMH, W) (H, o) & Hom-Hopf 185L.

WERR B (M, -, p)~ (N,v, ' p)) B f o (M) — (N,v) 53 BESEHE H(a0)E xS SRS
7E X

MH — fm e M | plm) = = (m) @ Lk, F = gy

L F=(—@H,-®a) : H(AMy) — H(AM)E TR E IR T X008 H(A) THIXE (N, v),
(N®H,v®a,-p) 2300 H()E HHIxTS, X (n@h)-g = v(n)@hg, p(n@h) = (v (n)@h) @hs.
TRESHRT F ZE/AEERT G = (—)°  H(M)E — H(M,) WATERE, Z W3 (8, wHE3.1].

Dk, RS, BT F 5 G RSN TR (M, p, -, p) € H(A) 5, A RIF WG

1/}(M,u) (MCOH@H Ky ycor )_>(M7M)v ¢(M,u)(m®h):m'h'
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HA 2.1 (IEA AN, (H @ H,a ® a, 8, p) AEV08E H(A0)E PSR, IROGVENAT (H, o)-Hom- 4%
WA (HoH,a®a,p) = (-0 H,—@a)(H,a), FTLAEEW; H(4:) H, 6 (H,o) = (Ho H)*" (a®
Oé)|(H®H)coH) (RIS 7 h = h® 1y &f#ﬁﬁéﬁﬂj)

Gk W Ymenase  (HOH) T @ H, (0@ a)|(zemyon © @)= (Ho H a®a) HXUR AT, B

p:(HoH,a®a) = (H® H,a® a)

HIE ¢(h@g) = (@' ®@a™Y) o manana) © (T®idy)(h® g) = a1 (h)g1 ® a(g) 4t XU, M
M 2.1 &1, (H,«) & Hom-Hopf %X O

3 #l=f Hom-Hopf XEAI TR

AT, AT BT =M Hom-Hopf AREX AL J7, I H4 T Hom-Hopf 482011 Rad-
ford >3,
513 3.1 W (H,a) HAXHK S 1 Hom-Hopf fRE, HXMTR h e H, ik A®P(h) = ho ® hy.
X H FVER: g« h = (S(ha)a~t(9))a(hy), h, g € H, W (H,+,a) B4 (H,a)-Hom- .
WERR EEEAE. O
R
S%(h)e(g) :(oflsz(h)g) (Sz(hl) )e(ha) 1y
UL (52 (h1)g) (@S (hat)a(has))
:(0671(52( ) )OlS(th a2(h22)

)
(820 (n)a™ (9)S(alhan))a? (ha2)
(L6) (

Ja~
= ((8*(h)a™ (9))S(a(h12))a(h2)
= (9 ¢ S(h1))a(ha),
[1&E]

S (h)alg) = (g ¢ S(h))a(he). (3.1)

TRBMA W 4R

WAl 3.2 W (H,o) A% S ) Hom-Hopf /8%, #H R = RY @ R® ¢ S(H)® H &
H @ H "WAEAEW e %, HXHERE h e H, AP(h)R = RA(h), WIt % v = S(R@)RW w]ifi HAFFFXS
T heH, f

§2(h) = (a™H(w)a"?(h))u~".

R, S XU
WERR BTG, 1 AP(R)R = RA(R), h € H, WiE

R™IA®P(h) = A(R)R™. (3.2)
SR he H, WtE X = XM o X® e He H il ACP(h)X = XA(h), WEANT

ho XMW @ X3 = XWhy @ XPpy. (3.3)
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T B4 Hom-Hopf ACHUKF#2F1 Drinfel’d 1

R (3.3) BIAMEHIMUT id® S, 13 he XD @ S(X@)S(hy) = XWhy @ S(he)S(X @), EIXFI
o, H

(S(X)S (7)) (ha X)) = (S(h2) S (X)) (X D)

:>as<x<2>(5( Do (he “>>> aS(ha)(S(XP)a~ (X Why))

= aS(XP)(a 1 (S(h1)h2) X)) = aS(h2)(a ™ (S(XP) X M)hy)
= (M) a(S(XP)XWV) = aS(hy) (e H(@)h) (L z=S(XP)xD)
= e(h)a(z) = (S(ha)a " (x))a(h).

T, JAH
x < h = a(z)e(h). (3.4)
=l (3.1) F1 (3.4) 18
S?(ha(z) = (x + S(h))a(hz) = a(x)e(S(h1))a(hs)
= a(z)a(a"t(h) = a(z)h.
[/
S%(h)x = xh. (3.5)
i R =UM @u®. K R'A“P(h) = ARR™Y, SHMEE h e H, Fibh UDhy @ UPhy =
UM @ hoUP) | T hoU) @ hyUM = URhy @ UMD hy, #H (3.5) 3
S%(h)at(u) = a "t (u)h, S*(h)a"'(v) = a"t(v)h. (3.6)

H UWRMD @ UDRD = 15 @ 1y, WILERBS S®id 13 1g = (S(RM)a1(v))a(RP). HH
(3.6) AJHE (S(RM)S2(RP))v = 15, I,
S(u)v = 1g. (3.7)
Hi (3.7) 401, v A 2500, I S S, RE o AAT I, SR BT AT w = S(RP)RWM € S(H), I
MAFETCE w e H i u = S(w). AR (3.5) A (3.7) &l 1y = S(u)v = S%(w)v = vw, W v &1
). (3.6) ATE
S%(a%(h)) = (et (v)h)v L.
I S2(a?(h) = (™' (v)h)o™t, L S*(a(v)) = (e (v)a  (v))o™! = va~l(ww™!) = a(v), il
S2(v) =v. XH a1 (v 1) (S?(?(h))v) = h 51 h = S((S(v)Sa?(h))a~t(u)), BN, S i, M2,
THE uw AV, i (3.6) 13

NI}
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il 3.2 fHIE. O
EX 3.3 FriEuEE H(a,) PIEPI= M Hom-Hopf fOEL, ZF6VUICHL H = (H, p,n, A, e, o, R), i
2 (H,p,n, N e, ) 4 Hom-Hopf 1%, HA7ELHE R= RV @ R® ¢ H ® H 1§15

(QT.1) A(RM)®a(RP) = a(RM) @ a(rM) @ RAr®);
(QT.2) e(RMW)R®) = 1y;

(QT.3) a(RM)® A(R®) = RMrM) @ a(rP) @ a(R®);
(QT.4) RWe(RP)) = 1y;

(

QT.5) A“P(h)R = RA(R).

3138 3.4 W (H,«) 2 LAXH S ) Hom-Hopf 1881, HILE R e He H L (QT.1) M1 (QT.2),
W R OERTI, HieE N R = S(RW) @ RO,

WEBR S IAAE B A . O

E 3.5 (1) idwdl 3.2 MGIE 3.4 AIAIH AT UM 45K ) Hom-Hopf ARSI B2 XUR

(2) W (H,o) ZHAXH S 1) Hom-Hopf /0%, #770% R Wi Hifi & (QT.1), W R i
(QT.2). F&fLlth, # R w30 Hig 2 (QT.3), W R B2 (QT.4).

5|3 3.6 W (H,«a) &HATX S 1) Hom-Hopf 3L, J7tHE R € HeH /2 (QT.3) Al (QT.4), I
S(RMY@R® JEr[if), Hif st &N S(RV)@RP, #24 (H, o, R) A#L=1 Hopt &I, RVQR® =
S(RM) @ S(R®).

MERR HAREGE. O

W (H,a, R) /&3 =1 Hom-Hopf AL, WIH5H 3.6 41 R € S(H) @ S(H). W 3.2,

il 3.7 W (H,a,R) /&3 = Hom-Hopf /A%, W) S &vliify), HXMTEE he H, &

S*(h) = (@ H(w)a % (h))u™",
Hrp w2 H P RnToe s, e
U= S(R(Q))R(l), = R(Q)SQ(RU))7 Aw)=Q ' udu) = (u®u)Q?,

ﬁ% Q = RglR,Rgl = T(R)
[, 290 w = S(u), WXHTE he H,

S*(h) = (o (w)a 2 (h))w™,
o w & B RIS TE, I
w=RYSRY), wt=5(RV)R®, Aw)=Q ' (wew)=Q (waw).
ERR R 3.2 A u R ATOCE, M S R AT HAHER h e H,
S2(h) = (o Y(w)a 2 (h))u".
A, 51 3.4 AI51HE 3.6, AE
(RPS*(RW))u =1 = u(R®S*(RW)),
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T B4 Hom-Hopf ACHUKF#2F1 Drinfel’d 1

=l = ROS2(RW). Fh5I B 3.6 ATiE
Au) = (u@u)Q

XH Q'=R 'Ry, Ry = R® @ S(RW).

X v FEALATIE. Ay A E. O

Wk Al 3.7 145K, JAT AT Radford A2\

EIH 3.8 W (H,o, R) £ =f Hom-Hopf /LHL, H R 2 o- AZM, B, (o ® a)(R) = R, WX}
{TE h e H,

S*(h) = (ga—?(h))g~",

X g =uw™' & H PEEST.

IERA XA 3.7 PHIICE uw = S(R)RW, w = RDS(R®) fl Q = Ry1R, & R & a- RAZ,
W, w FQ 2 a- A, IITT g 72 H T, X2EHh

[, B (QT.2) A1 (QT.4) FiilE e(g) = 1.
PR 3.2 H1, S%2(h) = (o (u)a™2(h))u, MAMTE h e H,

SHh) = S$*((a"H(wa?(h)u™") = S*((wa™*(h))u™") (a7 (u) = u)

= (uS%a2(h))ut (S?*(u) = u, S*(u™) =u™t)
= (u((wa™ (R))o~u™" ($*(h) = (a7 (v)aT(h)a" (vT))
= (u((a (v ))u™ = ((wo) (@ (v~ 1))u™
= (((uw)a=>(h)~Hu™" = ((wv)a™*(h)(v""u™")
= ((ww™a?(h)(wu™") (v=w")
= (ga™*(h)g™"
JE AR O

4 Hom-Hopf X#(#Y Drinfel’d {&

A XA BRYE Hom-Hopf {8 Drinfel’d 4%, FFiF 3& Al =4 Hom-Hopf 1CHL.
B (H,p,m, D¢, S, ) AHEBRYE Hom-Hopf /0¥t [7, 2.4], (H*, pu*, 0%, A e*, 8%, o) it
Hom-Hopf A%, Hr

(W (8),x@y) = (b, u(z,y)), (A" (p®@1Y),z) = (p @Y, Ax)), (4.1)
n(lx) =¢e, €(¢) = (¢, 1m), (4.2)
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S (§)= oS, a*(¢)=doa (4.3)

SR z,y € H, ¢,1p € H*.
W (H, o) HEARFH S KA RYE Hom-Hopf /AL, H o ZXEW, Ml o =id. 1T S 2
9, NI S* Wi U, I HAHER e H*, A S*1(¢)=¢ o S~L. FIiFATH & X H 1 Drinfel’d 1.
EIE 4.1 i Drinfel’d 8§ D(H) = H*°P 0 H &% XAE 720 H*°P @ H | ) Hom-Hopf
A, AL NAATE f,9 € H*P Ml a,be H,

(f > a)(gpab) = (g1, 5™ (az2)){g22, a1) fg21 > anb, (4.4)
FLAARITCA 1 04 1, apomy = o 1 a, 36 Hom- AAHEE ) 38 % (1) Hom- AACKCK R, B,
Apmy(f>a)=(foxa1) @ (fixa2), epm) =cn- e, (4.5)
A PAE o]
Sp) (f = h) = (S*(f1), S(h22))(f22, S(h1))S™ (f21) < S(ha1). (4.6)
IR G, WAFTRVANY Hom- Z541E.

(a*(f) > a(a))((g >ab)(l><ic))
= (I, S7 (baa)) Loz, br) (e (f) 4 a(a)) (glar > basc)
= (11,87 (ba2)) (laz, b1) (grlann, S~ e(az2)) (gaalaras, a(ar))a (f)(garlaiar) >4 a(ag ) (barc)
U2 (10,57 (o)) (Lo, b1) (g1, S a(azn)) (lorr, S~ a(azan) ) (gaz, alarn)) (loizs, alasz))

x o (f)(ga1l2121) > aaz1)(baic)

‘) (g1, S a(a222)) (g2, (a11))(l1, S~ (baz)) (la111, S~  (azo1)) (l212, a12) (22, by)

x " (f)(g21l2112) > a(ag1)(baic)
= (g1, 8™ aazz2))(g22, a(a11)) (L1, S~ (b22)) (@ (l2111), S~ (a221)) (l12, ar2) (L2, by)
x o (f)(garlor12) > alagr)(barc) (™ =id)

(91, 87 aaz22)) (922, a(ann)) (I, S~ (ba2))(loa1, S~ a(az21)) (loa1, ar2) (l222, a(br))
x & (f)(ga1a™(I212)) > a(az1)(baic)
= (g1, 5~ (a222))(g22, aa11)) (1, S~ (baa)) {@* (lo11), S~ (a221)) a2, ara) (@ (Ia22), br)
x a*(f)(g210" (I212)) > ar(@z1)(b21¢)
= (g1, 5 ' aaz22))(g22, (a11)){l1, S~ (ba2)) (b1, S~  (a221)) (l2221, ar(a12)) (2222, b1)
x a*(f)(g210" (I221)) > ar(az1)(b21c)
= (91,5~ '(a222))(ga2, a(a11)) (11, S~ (baa)) {l21, S~ (a21)) (@ (la221), ara) (@ (la222), (b))
x " (f)(g210" (I221)) b a(az1) (baic)
= (g1, 5™ a(a222)) (g2, a(an))(lr, S~ a(baa)) (L2, S~ (aga1)) (loar, arz) (lazz, a(br))
x a” (f)(g21l21

(1.6

) > Oé(agl)(bglc)
Ygaz, a1) (11, S (b)) (li2, S~ a(agao1)) (la21, az1) (l2az, cu(by))

= (91,5 (a2222)

1089



T B4 Hom-Hopf ACHUKF#2F1 Drinfel’d 1

x o (f)(ga1la1) 4 0 (az21) (ba1c)

= (g1, 5 (a2222)) (g2, a1) {l11, S a(baz)) (12, S~ x(aga21)) {la21, @21 ) {laga, a(by))
X o (f)(garlor) >4 aga1 (borc) (o =id)

= (91,87 a®(a2222)) (922, a1) (l11, S~ a(b22)) (12, S~ u(az021)) (l221, az1) (l222, cu(b1))
X a* (f)(g21l21) > aga1(barc)

= (91,5 " aage2))(gaz, a1)(la1, S~ eu(baa)) (L2, S~ (a221)) (laar; (aznn)) (lasz, cv(b1))
x a*(f)(g21l21) > az12(ba1c)

= (g1, 57 (a22)){(g22, a1) (i1, S~ au(b22)) (a2, S (a212)) (221, 0% (a2111) ) (l222, @(b1))
x a*(f)(g21l21) > a(azi12)(baic

= (91,5 (a22))(g2z, a1)(l11, S~ a(ba2)) (l12, S~ (a212)) (l221, a2111) (l222, a(b1))
X o (f)(ga1l21) > a(az112)(b21c

= (91,5 (a22))(g22, a1)(hi1, S~ (b22)) (la2, S a(az122)) {2, @(a2n1)) (lazz, (b))

x a*(f)(g21l21) > a(azg121)(ba1c

) (g1, 5 (a22)) (ga2, a1) (@ (1), S (azrazbas)) (" (Ia2), az1abr)

X (fga1)a” (la1) > (az121b21)a(c)
= (91, Sil(a22)><922,(11>(f921 > az1b)(a” (1) > a(c))
= ((f > a)(g > b)) (e (1) > afc))).

R, BRIV Hom- R EEG1.

(
)
(
)
(
)

ap i ((f = a) ) ® AD(H)((f > a)2)
= ("' @a ) ((fraa)) @ Apun((f xa)2)
= (" ®a)(faxar) ® (fi M az)1 @ (f10a2)2
= (" (f2) M afa1)) @ (fi2 b az1) ® (fi1 > az)

O (fa3 0 a11) @ (for 2 a12) ® (@7 (f1) > a(an))

~
o

O (fsaar) ® (fo0aa1)2 ® (0" @ @)(f1 1 az)

= (fr<a)1 @ (fxa)i2 ® (@ ®@a)((f >a)2)
= Dpny((f > a)1) @ apg) ((f paa)2).
FHR, Apcy & Hom- SREFIZS, ep gy & Hom- ARELIRIZS, B4 AT LA EH L.

heH,

apwy © Sp) (f > h) = ap)(S™(f21) > S(h21))(S*(f1), S(ha2))(fa2, S(h1))
= S"a"(fa1) > Saha1))(S™(f1), S(h22)){f22, S(h1))
= S"a*(f21) > Sa(h21))(S"a"(f1), Sa(ha2)){a™(f22), Sa(h1))
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= Spm)(@*(f) > a(h)) = Spuy o api) (f > h).
I H,

S (f e a)1)(f = a)z = Sp)(f2 2 a1)(
= (57 (f21), S(a122))(f222, S(a11)) (5™ (fa21) B S(a121))(f1 < az)
= (S"(f21), S(a122))(f222, S(a11))(f11, a12111)(f122, S(a1212))

x §%(fa21) fi21 > S(ar2112) a2
(S5*(fo1), Saar222))( faz2, S(a11)){fi1, a(ai211))(f122, S(a1221))
X S*(fao1) f121 > Sa(aie12)as
(S*a*(fa1) fr22, S(a122))(f222, S(a11)) (f11, a(a1211))
X S*(fa21) f121 > Sa(aie12)as
(57 (f221) fo12, S(a122))( fazo2, Sa(ar1)) (f1, a1211)
x S*a*(f221) fa11 > Sav(ai212)az
= (S"a"(fa221) fa21, S(a122))(fa2222, S(a11)) (f1, ar211)
x 8™ (faz221)a" (f21) > Sax(a1212)az
= (S"a"(fa212)" (fa211), S(a122)) (faza2, Saar))(f1, a1211)
x S*a™(faa21)” (f21) > Sa(aiziz)as
= (S"a" (faz12)a" (f2211), S(a1222)) (faza2, Sa(a11)) (f1, a(a121))
x S*a*(fag21)" (fa1) > Sa(aizer)az
)
)

1[><16L2)

(1.6)

(4.1)

(L6)

(1.15)

- (f2211)€H(a1222 <f222; (a11)><f17 (a121)>
X 5% (faz12)a” (fa1) >4 Saaraar)ag (f € H*F)
= (fa22, 8(a11)) (f1, a(a121))S™ (faz1)a™ (f21) B S(a122)az
= (fa2, Sa(a11))(f1, a(a121))S" (fa12) for1 > Sa(aiaz)az
= (fa2, 8(a111))(f1, a(ar12))e = (f21) 1+ > Sa(arz)az
= (f2, Saa111))(f1, a(a112))1a- > Sa(arz)as
= )

foa(S(a111)a112))1 - > Sa(aiz)as
= EH* (f)EH(au)lH* > SO((GJQ)GQ = EH* (f)lH* > S’(al)ag
=eg+(fleg(a)lyg- < 1g.

FBIFTE ((f >0 a)1)Spm) (f 0 a)2) = ex- (flem(a)la- > 1g. %5 BFTA, Drinfel'd fl D(H) /2
Hom-Hopf /%L O
NI B T FR4E Hom-Hopf AAEH) Drinfel’d 8240 = f 1.
EIE 4.2 W (H, o) AHHI A S A BRYE Hom-Hopf /8%, H o? =id. & {h} A H ¥
—HIE, {hr) ot HE PA NSRS, W (D(H), R) /&4 = ffi Hom-Hopf /8%, Jrh

R= (e malhy)) ® (b = lp).
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WEBR S (QT.2) A1 (QT.4) RO, A THAE (QT.1) Rl (QT.3) Miar, Tl
hiy @ hiy @ hy = hi @ b @ hyhy, (4.7)
hi @ hiy ® his = hiht @ h; @ h. (4.8)
gz b, WEAE FASE (4.7) A (4.8) 1P BV AT IE B
H T IAE (QT.5) oz, — i,
A (¥ > x) wl b 22) (17 54 a(hi)) ® (2 b4 1) (5 b 1)
=) (0 () b 220(hi)) @ (fy, S (2122)) (Bigg. 211 ) (ahyy 5 (121))

S (hz, 57 (@29 (1) (0 (1) 59 wa(alhy) (ahy)a(hy))) @ (1h2h} > a(2121))
= (a (?ﬁl)Nxz(S La(aize)(alhi)a(zn)))) @ (Y2h] b a(z121))
" (0" (1) 54 (alw2)S T alr2) (i) © (b} 2 alaron))
(@ () 4 (2225 almn)) (hia(@1))) @ (92h5 4 a(wann))
= (@ (¢1) > (aw222) S~ (1)) (hicx(w1))) © (2h] D4 21)

(1.15

15) (o™ (1) > ahy)zr) @ (Yohy b a(xs));

®
®

—
Gb

3771,
RApmy(paz) = (e > alhi)) (P2 1) @ (B > 1) (11 < 22)
= (1ha1, S u(hin2)) (222, (hin)) (@ (1h221) B au(hio1 ) 1) ® (hieb1 < a(a2))
) (o1, S o)) (anan, (i) (@ (1) b a(hy)ar) @ (B (R3hE))n > ()
= (o (tha21) b a(hy)w1) @ ((0F (thaza) (RS T (1h21))) 1 2 au(2))

) (0 (921) 0 @ (i) 21) @ (hana (B3 S™ 20 (1)) (11)) 1 a(x2))
= (@ (¥221) <1 a(hy) 1) ® (haoa((a*(h)(S* 1 a* (Yha1)¥1))) < ()
= (a1 0 a(hi)z1) @ (0 (22) (0 (A1) (S* L0 (¥r2)a” (¥11))) b a(w5))

O (@ (1) b2 alhi)zr) ® (k] 04 alws)).

€ BEAGHIE. O
5 4.3 % G NHEMREE, o: G — G HRERZ, W2 o =id, W SCHR [7], 5 Hom-Hopf {0

kEGy = (kGaﬂa =aopu, Ny = AOQ,S,&),
KGar = (K(G), o = " 0 A, Bge = i* 00", 8%, %),

Hdr p, A RS 3l kG HIFeTE . RITEFN, k(G) s kG — k BT BB % ¥) Hom-Hopf 1
;bﬁc, A* N E(G) ATk, Hom- XUCEFEMIBUR o @ k(G) = k(G) B a*(¢) = poa 4, kGy- [T

(o (&, 0), u) = (¢, (W) (¥, a(u)),  (Dax(9), (u,v)) = (¢, a(uv)).
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T, 47 Drinfel'd f§ D(kGy) = (kGa)*%P a1 kGo = kG a1 kG, THIEFE 4.2 FIEEM =1
Hom-Hopf A, HHAKRGE R Ky

(’(/}S > u)(d}t > U) = 5a(t)ufls*1,u*1ws > uv,
Apa)y (s M u) = Yo (s)=abPa(a) X () ® oy X alu),
€D(H)(¢s > U) = 5s,e, SD(H)(1/)3 > U) = 1/@(“71)571,1(“) Y u’l,

R = (Y ™ 1ia,) ® (lkg,,. M u),

ML s, t,u,v € G, IXHL 6, , KR Kronecker £
BUst  AEH KR = RS R AR B3GR B FS AR F F AR5 19, T HARAG A 5 BUR AR
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The antipode and Drinfel’d double of Hom-Hopf algebras

WANG ZhongWei, CHEN YuanYuan & ZHANG LiangYun

Abstract We find that a Hom-bialgebra which admits an equivalence of Hom-categories is a Hom-Hopf algebra,
and reconstruct the antipode so that a Hom-biagbra is a Hom-Hopf algebra when the fundamental structure holds.
We study the antipode of a quasi-triangular Hom-Hopf algebra and prove the Radford formula for a given Hom-
Hopf algebra. In the end, we introduce the concept of the Drinfel’d double for some finite dimensional Hom-Hopf
algebra, and show that the Drinfel’d double is a quasi-triangular Hom-Hopf algebra.

Keywords Hom-Hopf algebra, quasi-triangular Hom-Hopf algebra, antipode, Radford formula, Drinfel’d
double
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