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1 [ � WP�;=9� g, Drinfel’d x Jimbo f&OBH'�Ga;^��^u�� Hopf 9� Uq(g) (� [1, 2]), �;9�%7E$
P9��8d5/
P9� U(g) DR��P&
p7EDZ-�G?'��: [3–5]. L U>0 �� Uq(g) D��� Hopf$9��%7�E${ (� [6, 7]), U>0 �D Yetter-Drinfel’d \D[ R-/�*kGE$ Yang-Baxter \)D&�&U.h%<Ox�8MR��E`p"pvDC> (� [8, 9]).> q ��;9iÆ� Uq(g) . U(g) D��<OÆ��a℄�=> q �;9iÆ�
Uq(g) 
uad!7D�P$9��$dt:4y�. (� [3]). Pt�E${ U>0, p; DBL��Æ�<U8dC� U>0 DadpC8 Hopf �9� u>0, Gunnlaugsdóttir �: [7] �Z-G g = sl2 Æ u>0 D monoidal S�P;�=9� g, Cibils -t�1xp>W�G u>0, �YG)p u>0(sl2) �pC��QD�m&27_��Q (� [6]).Æ:_D�P�f;=9� g, Z- U>0 DS�x���I 1 $�<U�mGE${ U = Uq(g), �g, U>0 DLgxaOS��(OG_3 Hopf 9�Ddu��S��YG U>0 ��du��D�i1- U>0-\Y* U>0M ���$ monoidal Y*� f�> Hcop � Hopf 9�Æ� Yetter-Drinfel’d H-\Y* HYDH ��$ monoidal Y* (�
[10]). T HM D�P Z(HM) ��$ monoidal Y*s�EF�t HYDH (� [5, L<
XIII.5.1]). <U�6N�9� u>0(g), 2qG: [7]�D%s��I 2 $��<UZ-G;\�Verma \xw\Y* W �D�8_&/	PL�(OG W D monoidal %l�g,GDd Verma \�E	D_&��<UzLG;D Yetter-Drinfel’d w\��n RadfordD%O (� [11]), �YG��z G((U>0)◦) × G(U>0) w;D Yetter-Drinfel’d w\D.l;� E ��5�adaaPl�ptE${x Hopf 9�DEpb�8"�: [4, 5, 12].
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728 � X g 4 30 0 A �,�$p9�� Hopf 9�
\2Lg� k ��aw dim, ⊗ w Hom _��� dimk, ⊗kw Homk. Pt Hopf 9�Du(V<U�n Sweedler aw (� [12]). n Z ��
���
Z+ ��^b
���� n ∈ Z, L [n]q = qn−q−n

q−q−1 , Lg [0]q! = 1, [n]q! = [n]q[n−1]q · · · [1]q,

n > 1, 
 Gaussian q-UI�>� [

n
j

]

q

=
[n]q !

[j]q ![n−j]q ! , n > j > 0.gLad�7 n D;=9� g, �PlD Cartan /�7 C = (aij)n×n, �aL5� Z�P�/� D = diag{d1, d2, · · · , dn}, �C DC �P%D��LTd di > 0 s� ∑

i

di +8
N�L qi = qdi ,�
# gDE$
P9� U = Uq(g)/79�o Ei, Fi, Ki, K
−1
i (1 6

i 6 n) 
'��sQ)�Ip>�P�f 1 6 i, j 6 n,

KiKj = KjKi, KiK
−1
i = K−1

i Ki = 1, (2.1)

KiEjK
−1
i = q

aji

j Ej , (2.2)

KiFjK
−1
i = q

−aji

j Fj , (2.3)

EiFj − FjEi = δij
Ki − K−1

i

qi − q−1
i

, (2.4)

1−aij
∑

s=0

(−1)s

[

1 − aij

s

]

qi

E
1−aij−s
i EjE

s
i = 0, > i 6= j, (2.5)

1−aij
∑

s=0

(−1)s

[

1 − aij

s

]

qi

F
1−aij−s
i FjF

s
i = 0, > i 6= j, (2.6)�s U � Hopf 9��mu(V ∆, X
z S xu;9 ε Lg7

∆Ei = Ei ⊗ 1 + Ki ⊗ Ei, ∆Fi = Fi ⊗ K−1
i + 1 ⊗ Fi, ∆Ki = Ki ⊗ Ki, (2.7)

SEi = −K−1
i Ei, SFi = −FiKi, SKi = K−1

i , (2.8)

εEi = 0, εFi = 0, εKi = 1, (2.9)m� i = 1, 2, · · · , n.� U+, U− x U0 _���o {Ei | 1 6 i 6 n}, {Fi | 1 6 i 6 n} x {Ki, K
−1
i | 1 6 i 6

n} 
'D U D$9��o (2.1)–(2.6) � U = U−U0U+, �s(Vg,GKE9�.l
U− ⊗ U0 ⊗ U+ ∼= U . (2.10)� U>0 = U0U+ � U Do {Ei, Ki, K

−1
i | 1 6 i 6 n} 
'D$9��/79��U>0`8�"Lg7o Ei, Ki, K

−1
i (1 6 i 6 n) 
'DQ)p> (2.1), (2.2) x (2.5) D9��� (U>0)+ x (U>0)0 _��� U>0 Do {Ei | 1 6 i 6 n} x {Ki, K

−1
i | 1 6 i 6 n} 
'D$9���p (U>0)+ = U+ x (U>0)0 = U0. �e[� U>0 � U Dad Hopf $9��Æ:�^Z- U>0 DS�x��<O�

2.2 U
>0 7A<℄VagLad Cartan /� (aij), � P =

n
∑

i=1

Z̟i �w
�Lg;i��� αj =
n
∑

i=1

aij̟i,

j = 1, · · · , n. � ∆ = {α1, · · · , αn}, Q = Z∆ (i
) 
 Q+ =
∑

i

Z+αi. �s λ − µ ∈ Q+,�Lg µ 6 λ. �� P �LgGadjU “ 6 ”.Lg P D&.l γi, �C γi̟j = ̟j − δijαi (i, j = 1, · · · , n), � γiαj = αj − aijαi.� W �o γ1, · · · , γn 
'D GL(P ) D (pC) ${�%7Weyl {�� Q � W -��D�



6 l 5�� $�F �F%| U>0 729L R = W∆, R+ = R ∩ Q+ 
 R− = −R+, � R �
# Cartan /� (aij) Dadi>�
R+ ��i�� R = R+ ∪ R−.nL W �+#z" ω0 Dad�}�6� γi1γi2 · · · γiN

, <U8dLg�i� R+ �DadU� β1 = αi1 , β2 = γi1αi2 , · · · , βN = γi1 · · ·γiN−1
αiN

.� Ti (i = 1, 2, · · · , n) � U D&.l��C
Ti(Ej) =







−FiKi, � i = j,
r
∑

l=0

(−1)l+rq−l
i E

(r−l)
i EjE

(l)
i , � i 6= j,m� r = −aij x E

(l)
i =

El
i

[l]qi
! . LgiKE (� [3, 4]) ���

Eβs
= Ti1 · · ·Tis−1

Eis
, 1 6 s 6 N.4B�3��<U�� g �ad�7 n D;=9�� C = (aij)n×n �&D Cartan/��D = diag{d1, d2, · · · , dn} � Z �DP�/���C DC P%�m�Td di > 0, �C n

∑

i=1

di +8
N�9E 2.1 aw����p
(1) {Eβ1

, Eβ2
, · · · , EβN

} ⊂ (U>0)+.

(2) {E1, E2, · · · , En} ⊂ {Eβ1
, Eβ2

, · · · , EβN
}. zrH��� αt = βj, � Eβj

= Et.

(3) P
� r (1 6 r 6 N), � ω = γi1γi2 · · ·γir
∈ W , �C l(ω) = r, �� (U>0)+(ω) =

k〈Eβ1
, Eβ2

, · · · , Eβr
〉�o Eβ1

, Eβ2
, · · · , Eβr


'D (U>0)+ D$9���$p;I� Em1

β1

Em2

β2
· · ·Emr

βr
, m1, m2, · · · , mr ∈ Z+, l'G (U>0)+(ω) Da*��

(4) (U>0)+(ω0) = (U>0)+.

(5) /7KE9� U>0 ∼= (U>0)0 ⊗ (U>0)+._ o U DS� (� [13]) xp> (U>0)+ = U+, (U>0)0 = U0 C��<U`8d-t smash 	Lg U>0. � (U>0)0 � (U>0)+ �Dr/n7 Ej · Ki =

q
−aji

j Ej , 1 6 i, j 6 n, � (U>0)+ �adr (U>0)0-\9��}|8dl�ad smash 	
(U>0)0#(U>0)+: /7KE9�� (U>0)0#(U>0)+ = (U>0)0 ⊗ (U>0)+, (Vo��g,
(a ⊗ x)(b ⊗ y) =

∑

ab(1) ⊗ (x · b(2))y, a, b ∈ (U>0)0, x, y ∈ (U>0)+.9E 2.2 /79�� U>0 ∼= (U>0)0# (U>0)+._ �"[��P k = (k1, · · · , kN ) ∈ ZN
+ x λ =

n
∑

i=1

tiαi ∈ Q, L Ek = Ek1

β1
· · ·EkN

βN
xKλ =

Kt1
1 · · ·Ktn

n , �oL< 2.1, U>0 p PBW � {EkKλ | k ∈ ZN
+ , λ ∈ Q} .P 1 6 i 6 n, L deg(Ki) = 0, deg(Ei) = αi. �} U>0 DLgp>��o3D� U>0�ad Q+(= Z+∆)-_39��A}� U>0 pt�d_3�ad_3 Hopf 9��ZE 2.1 � A =

⊕

i∈Z+I

Ai �d Z+I-_39��m� I 7^d�z��s x =

∑

i∈Z+I

xi ∈ A �8fz�� x0 ∈ A0 `8f�4T x0 �^JD�_ �"[�8C�ad Hopf9� H %7du��D��s5�ad8fz R ∈ H⊗H , �C ∆op(h) =

R∆(h)R−1, h ∈ H . �Æ�<U`% (H, R) �du��D�



730 � X g 4 30 0 A �ZE 2.2 � H � Z+I-_3 Hopf 9��� H ⊗H `� Z+I-_3 Hopf 9��m_37 (H ⊗ H)i =
⊕

j+l=i

Hj ⊗ Hl, i ∈ Z+I. �s R =
∑

i

Ri ∈ H ⊗ H , �C (H, R) �du��D�m� Ri ∈ (H ⊗ H)i, i ∈ Z+I, � (H, R0) x (H0, R0) N�du��D�_  f� (H ⊗ H)0 = H0 ⊗ H0, ok< 2.1 � R0 8f�� h ∈ Hi, i ∈ Z+I, i7
(H, R) �du��D�$dp ∆op(h) = R∆(h)R−1, i1 ∆op(h)R = R∆(h). -t�!�dF�D� i 3o3 _�p R0∆(h) = ∆op(h)R0, i1 (H, R0) �du��D�ot
H0 � H D Hopf $9�s R0 � H0 �8fz�$d (H0, R0) `�du��D�o�Vk<�8dC��VDL<�9E 2.3 Hopf 9� U>0 ��du��D�_ �s5�8fz R ∈ U>0 ⊗U>0, �C (U>0, R) �du��D��ok< 2.2 8d�� R ∈ (U>0)0 ⊗ (U>0)0 = (U>0)0 ⊗ (U>0)0. � R =

∑

j,l∈Zn

aj,lK
j ⊗ K l, m� Kr =

Kr1

1 Kr2

2 · · ·Krn
n , r = (r1, r2, · · · , rn) ∈ Zn, �� ei = (δ1i, · · · , δni), i = 1, · · · , n. �F�

R∆(h) = ∆op(h)R �_�L h = E1, · · · , En, �p










































































































































∑

j,l∈Zn

aj,lq

nP
i=1

a1iji

1 E1K
j ⊗ K l +

∑

j,l∈Zn

aj,lq

nP
i=1

a1ili

1 Kj+e1 ⊗ E1K
l

=
∑

j,l∈Zn

aj,lK
j ⊗ E1K

l +
∑

j,l∈Zn

aj,lE1K
j ⊗ K l+e1 ,

∑

j,l∈Zn

aj,lq

nP
i=1

a2iji

2 E2K
j ⊗ K l +

∑

j,l∈Zn

aj,lq

nP
i=1

a2ili

2 Kj+e2 ⊗ E2K
l

=
∑

j,l∈Zn

aj,lK
j ⊗ E2K

l +
∑

j,l∈Zn

aj,lE2K
j ⊗ K l+e2 ,

...

∑

j,l∈Zn

aj,lq

nP
i=1

an−1,iji

n−1 En−1K
j ⊗ K l +

∑

j,l∈Zn

aj,lq

nP
i=1

an−1,ili

n−1 Kj+en−1 ⊗ En−1K
l

=
∑

j,l∈Zn

aj,lK
j ⊗ En−1K

l +
∑

j,l∈Zn

aj,lEn−1K
j ⊗ K l+en−1 ,

∑

j,l∈Zn

aj,lq

nP
i=1

aniji

n EnKj ⊗ K l +
∑

j,l∈Zn

aj,lq

nP
i=1

anili

n Kj+en ⊗ EnK l

=
∑

j,l∈Zn

aj,lK
j ⊗ EnK l +

∑

j,l∈Zn

aj,lEnKj ⊗ K l+en .

(2.11)

�!�OF�D�D>��C


































































aj,l = q

nP
i=1

a1ili

1 aj−e1,l, aj,l = q

nP
i=1

a1iji

1 aj,l+e1
,

aj,l = q

nP
i=1

a2ili

2 aj−e2,l, aj,l = q

nP
i=1

a2iji

2 aj,l+e2
,

...
...

aj,l = q

nP
i=1

an−1,ili

n−1 aj−en−1,l, aj,l = q

nP
i=1

an−1,iji

n−1 aj,l+en−1
,

aj,l = q

nP
i=1

anili

n aj−en,l, aj,l = q

nP
i=1

aniji

n aj,l+en
.

(2.12)



6 l 5�� $�F �F%| U>0 731i1P�f j, l, j′, l′ ∈ Zn, p aj,l = baj′,l′ , b ∈ k×. i7 R =
∑

j,l∈Zn

aj,lK
j ⊗ K l �pCx

(Æ�~$p aj,l Ft 0), $d aj,l yFtJ�i1 R = 0, w R 8fRR����> q �Æ{ r-3;9iÆ�L
d =







r, �s r �n�,

r

2
, �s r �i�.� u>0 � U>0 \o {Kd

i − 1, Ed
i | 1 6 i 6 n} 
'D<H$CD�9���s d > d0 =

max{d1, d2, · · · , dn}, � u>0 �_3 Hopf 9��m� d1, d2, · · · , dn � D DP�D�Dz"��s d 6 d0, � u>0 ��ad Hopf 9��Æo {Kd
i − 1, Ed

i | 1 6 i 6 n} 
'D<H�� Hopf <H��Æ$u� _�<U(�� d > d0.P j = (j1, j2, · · · , jn), l = (l1, l2, · · · , ln) ∈ (Z/dZ)n x X = (xsi)n×n ∈ Mn(Z), L
A(j, l) = jXlT =

n
∑

s,i=1

xsijsli ∈ Z/dZ, m� lT � l D!��A}��s X �P%/��
A(j, l) = A(l, j).9E 2.4 u>0 �du��D>s)> g = sl2 sr = 4._ �s g = sl2 xr = 4, � u>0(sl2) pv� Sweedler’s 4-8 Hopf 9���$��� (u>0(sl2), R) ��� Hopf 9��m� R = 1

2 (1 ⊗ 1 + 1 ⊗ K + K ⊗ 1 − K ⊗ K). i1
(u>0(sl2), R) �du��D�B��� g 6= sl2 � r 6= 4, ���5�8fz R =

∑

j,l∈(Z/dZ)n

aj,lK
j ⊗ K l ∈ (u>0)0 ⊗

(u>0)0 �C (u>0, R) �du��D�; tL< 2.3 �Y�<UpF�* (2.12), m�
j, l ∈ (Z/dZ)n. oF�* (2.12) � aj,0 = a0,l = a0,0 x aj,0 = qA(j,l)aj,l = q2A(j,l)a0,l,

j, l ∈ (Z/dZ)n, m� A(j, l) = jDClT ∈ Z/dZ, DC �Pl Cartan /� C DP%��B�P g D�.;Q-t6N A(j, l) D�.8d?,RR�A��� g � G2 QD�� n = 2s DC =

(

6 −3
−3 2

)

. ��t:��L j = (0, 1), l = (1, 1), � A(j, l) = −1. i7 q−2 6= 1,

a0,l = aj,0 = a0,0 = 0, $dP�f j, l ∈ (Z/dZ)2 p aj,l = 0, i1 R = 0, RR����Ptt: g = sl2 s r = 4, oL< 2.4 D�Y���ad8fz R ∈ (u>0)0 ⊗ (u>0)0,�C (u>0(g), R) �du��D�� R aLR�
R =

∑

j,l∈Z/dZ

qA(j,l)aKj ⊗ K l =
∑

j,l∈Z/dZ

q2jlaKj ⊗ K l, a ∈ k×.d 2.1 (1) Pt u>0(sl2), Gunnlaugsdóttir� [7] ��YG u>0(sl2) �du��D>s)> r = 4.

(2)o: [5]��E$
P9� Uh(g)�du��D�Ts> q �#7 r D;9iÆ�
Uq(g) \o {Kd

i − 1, Ed
i , F d

i | 1 6 i 6 n} 
'D<H (�� Uq(g) Dad Hopf <H) $CD� Hopf 9�`�du��D�
3 U

>0 8 3 LÆ$(O U>0 D���<U�n�a$�Daw��� q ��;9i�� H � Hopf 9��X
z S, H∗ = Homk(H, k) � H DPi9��� H◦ �� HDpCPi�Æ H◦ = {f ∈ H∗ | f(I) = 0, I � H D^d<H��s dim(H/I) < ∞}, �
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H◦ pads?D Hopf 9�%l�� M x N �Dd- H-\�� M∗ = Homk(M, k) x
M ⊗k N `�- H-\�\/n7 (h ·f)(m) = f(S(h) ·m) x h · (m⊗n) = h(1) ·m⊗h(2) ·n,m� h ∈ H , f ∈ M∗, m ∈ M , n ∈ N (� [12]).

3.1 6J� HM �� Hopf 9� H D-\Y*�d��.^)��,�ad H-\��ad- H-\�ad H-u\��adr H-u\�� M � U>0-\�P�f σ = (σ1, σ2, · · · , σn) ∈ (k×)n, L M(σ) = {v ∈ M | Ki · v =

σiv, 1 6 i 6 n}. adKE v ∈ M %7wKE�s5� σ ∈ (k×)n, �C v ∈ M(σ). e�P 1 6 j 6 n, p Ej · M(σ) ⊂ M(ǫjσ), m� ǫj = (q
aj1

j , q
aj2

j , · · · , q
ajn

j ) ∈ (k×)n, ǫjσ =

(q
aj1

j σ1, q
aj2

j σ2, · · · , q
ajn

j σn), i1 ∑

σ∈(k×)n

M(σ) � M Dad$\�mx�KE9�D�x� Π(M) := {σ ∈ (k×)n | M(σ) 6= 0} %7 M Dw9���s M =
⊕

σ∈(k×)n

M(σ), � M%7w\�L W ��o$pw\l'D U>0M Dy$Y*�A}�W Pt�x`��� σ = (σ1, σ2, · · · , σn) ∈ (k×)n, � σ zLGad9�.' σ : U>0 → k, σ(Ki) = σi,

σ(Ei) = 0, 1 6 i 6 n. n Vσ ��ElD 1-8 U>0-\�Æ Ki · v = σiv, Ei · v = 0, v ∈ Vσ,

i = 1, · · · , n. A}� Vσ �ad;D U>0-\��sP (k×)n ��fz" σ x τ , Vσ
∼= Vτ>s)> σ = τ .B��M �pC8 U>0-\�ot k �9��D�$d5� σ ∈ (k×)n,�C M(σ) 6= 0,i1 ⊕

σ∈(k×)n

M(σ) =
⊕

σ∈Π(M)

M(σ) � M Dad^J$\��℄��s M �ad; U>0-\�� M =
⊕

σ∈Π(M)

M(σ), Æ M �adw\�4TTd�; U>0-\�w\�B��� M �adpC8; U>0-\�� Π(M) �adpC^9���} q ��;9i�5� σ ∈ Π(M), �CP�f 1 6 j 6 n, p ǫjσ /∈ Π(M), i1p Ej · M(σ) = 0,

1 6 j 6 n, M(σ) D�a$9�2� M D$\�4T M = M(σ)
∼= Vσ. �℄<Up�VDL<�9E 3.1 �apC8; U>0-\2�w\s� 1-8D�*a�H�� (k×)n wpC8; U>0-\D.l;D�z��pad 1-1 Pl�d 3.1 P Hopf 9� H , L G(H) �� H �$p{℄zD�z��$���adz" f ∈ H∗ � H◦ �{℄z>s)> f � H � k D9�.' (� [12, L< 9.1.4]).��Y� G(H◦) = Alg(H, k), m� Alg(H, k) �� H � k D9�.'��oqVD(O�� (k×)n ��az" σ N1Lad9�.' σ : U>0 → k, σ(Ki) = σi, σ(Ei) = 0,

1 6 i 6 n. Ka\V��s σ : U>0 → k �ad9�.'�ot q ��ad;9i�e� σ(Ki) ∈ k× s σ(Ei) = 0. i1<U8d�7 σ = (σ1, σ2, · · · , σn) ∈ (k×)n, m�
σi = σ(Ki), i = 1, 2, · · · , n. �℄�p (k×)n = Alg(U>0, k) = G((U>0)◦).

3.2 Verma JP�f σ ∈ (k×)n, �} U0 � U>0 D$9�� Vσ `� 1-8 U0-\�i18Lg U>0-\ M(σ) := U>0 ⊗U0 Vσ, %7 Verma \�otp U+-U0-�\.l U>0 ∼= U+ ⊗U0, $d/7 U+-\�p M(σ) = U>0 ⊗U0 Vσ
∼= (U+ ⊗U0)⊗U0 Vσ

∼= U+ ⊗ Vσ
∼= U+, Æ M(σ) ��7

1 D&o U+-\�Wuad^Jz xσ ∈ Vσ, L υσ = 1⊗U0 xσ ∈ M(σ), � M(σ) = U+ · υσ.�a[�/7 U>0-\�P�f σ ∈ (k×)n p M(σ) ≃ M(1) ⊗ Vσ ≃ Vσ ⊗ M(1), m�
1 = (1, 1, · · · , 1) ∈ (k×)n.



6 l 5�� $�F �F%| U>0 733ZE 3.1 � σ, τ ∈ (k×)n, �p
(1) M(σ) �adw\�
(2) M(σ) Do E1 · υσ, · · · , En · υσ 
'D$\ J(σ) � M(σ) D6a
7$\�
(3) L(σ) := M(σ)/J(σ) � 1-8;\s L(σ) ∼= Vσ;

(4) M(σ) ��8_&D�
(5) M(σ) ∼= M(τ) >s)> σ = τ ._  f� U>0 � Q+-_3 Hopf9��m_3��� deg(Ki) = 0, deg(Ei) = αi, i =

1, 2, · · · , n,A}�U+ � U>0 D_3$9��P�f 1 6 i 6 n,ot KiEjK
−1
i = qdjajiEj ,

j = 1, 2, · · · , n, $dm	 U+ → U+, u 7→ KiuK−1
i �_39�&.l�B�L u ∈ U+ �o3z�3�7 deg(u) =

n
∑

j=1

ljαj ∈ Q+ = Z+∆, � KiuK−1
i = q

nP
j=1

ljdjaji

u = q

nP
j=1

ljdiaij

u.i1�� M(σ) ��p Ki · (u · vσ) = (KiuK−1
i ) · (Ki · vσ) = σiq

nP
j=1

ljdiaij

(u · vσ), 1 6 i 6 n,$d u · vσ �wKE�w τ ∈ (k×)n 7 τi = σiq

nP
j=1

ljdiaij

, i = 1, 2, · · · , n. �.�YG (1).� u, u′ ∈ U+. �} C �^nh/� (� [14]) s q ��;9i�oqV(O��
u · vσ ∈ M(σ) �wKE>s)> u�ado3z�K3�� ux u′ 2�o3D�� u · vσx u′ · vσ pE.Dw>s)> deg(u) = deg(u′). *a�H� u · vσ ∈ M(σ)(σ) >s)>
deg(u) = 0, KiuK−1

i = u, 1 6 i 6 n.o: [4, p. 161]� Eβs
�o3zs3�7 deg(Eβs

) = βs 6= 0, s = 1, 2, · · · , N . �℄�� k = (k1, k2, · · · , kN ) ∈ ZN
+ , � Ek �o3Ds deg(Ek) =

N
∑

s=1
ksβs, )�H�� k 6= 0� deg(Ek) 6= 0. �} {Ek | k ∈ ZN

+} � U+ Da* k-�� U+ D 0 3o3_Æ� k1, m� 1 � U+ �;9z�4T M(σ)(σ) = kvσ, vσ /∈ J(σ) s ∑

τ 6=σ

M(σ)(τ) = span{Ek · vσ |

0 6= k ∈ ZN
+ }. A}��s� ZN

+ � k = (k1, k2, · · · , kN ) 6= 0, � Ek · vσ ∈ J(σ), i1�
J(σ) =

∑

τ 6=σ

M(σ)(τ) = span{Ek · vσ | 0 6= k ∈ ZN
+} s M(σ)/J(σ) ∼= Vσ. �.�CG (3).e�w\D$\�w\�L M ′ � M(σ) D�$\��o (1) � M ′ �w\�i7

vσ /∈ M ′ s M(σ)(σ) = kvσ, $d M ′
(σ) = 0, Æ σ /∈ Π(M ′), �℄�oqV(O��

M ′ =
∑

τ∈Π(M ′)

M ′
(τ) ⊆ J(σ). �.�CG (2) x (4).� σ = τ , �A} M(σ) ∼= M(τ); � σ 6= τ , � Vσ ≇ Vτ , 4T M(σ) ≇ M(τ). (5) C��IN 3.1 � M � U>0-\� σ ∈ (k×)n, �5� U>0-\Q	 f : M(σ) → M >s)>5�w7 σ DwKE v ∈ M , �C M = U>0 · v = U+ · v._ A}�� (k×)n �LgjU “>” ����p s1, s2, · · · , sn ∈ Z+, �C στ−1 = ǫs1

1 ǫs2

2 · · · ǫsn
n ,�L σ > τ , m� σ, τ ∈ (k×)n s στ−1 := (σ1τ

−1
1 , σ2τ

−1
2 , · · · , σnτ−1

n ). gLad U>0-\
M , adw7 σ ∈ (k×)n DwKE v ∈ M(σ) %7+GwKE��s�5�Kadw7
τ ∈ Π(M) DwKE w, �C v ∈ U>0 · w T w /∈ U>0 · v. adw\ M %7+Gw\��s5�^d+GwKE v, �C M = U>0 · v.A}�Td Verma \ M(σ) 2�+Gw\�



734 � X g 4 30 0 A �IN 3.2 � M � U>0 �Dadw\�� M �ad+Gw\>s)> M �^d
M(σ) D�\�_ o[+ 3.1 8��e�w\Y* W P�E	�$\x�\`��IN 3.3 � U>0-\.lfg��p

(1) {Vσ, σ ∈ (k×)n} � W �;PLDad4y��
(2) {M(σ) | σ ∈ (k×)n} � W ���.lD�8_&/	PL��_ (1)� V � W �Dad;PL�� V �w\��WadwKE v ∈ V , �w7 σ,� V = U>0 · v, o[+ 3.1 �� V .lt M(σ) Dad�\��ok< 3.1 �� V ∼= Vσ.

(2) ok< 3.1 ��Td M(σ) ��8_&D��u W �DadQ'	 f : M → Lxad'	 g : M(σ) → L, �P�f τ ∈ (k×)n, p f(M(τ)) = L(τ) s g(M(σ)(τ)) ⊆ L(τ).i15�wKE m ∈ M(σ), �C f(m) = g(vσ). Lg φ : M(σ) → M , φ(u · vσ) = u · m,

u ∈ U+. �} M(σ) � U+-�7 {vσ} D&o U+-\� φ DLgz<�A} φ � U>0-\.'s fφ = g. i1P�f σ ∈ (k×)n, M(σ) � W �Dad�8_&/	PL�ok<
3.1 ��� σ 6= τ , � M(σ) ≇ M(τ).B�<U(ODdw\D�E	��VDk<�A}D�ZE 3.2 � M x N �Ddw\�� M ⊗ N `�w\s

(M ⊗ N)(σ) =
⊕

τν=σ

M(τ) ⊗ N(ν). f�P�f σ, τ ∈ (k×)n, p Vσ ⊗ Vτ
∼= Vτ ⊗ Vσ

∼= Vστ .<U
,�B U+ �ad Q+-_39�sP η ∈ Q+, o3_Æ (U+)η Ft
span

{

Ek1

β1
· · ·EkN

βN
|

N
∑

i=1

kiβi = η
}

.Lgad{.' F : Q → (k×)n, �C F (αi) = ǫi, m� 1 6 i 6 n, ǫi ���P Verma\ M(σ), Lgm	 Fσ : Q+ → Π(M(σ)) 7
Fσ

(

n
∑

i=1

liαi

)

= F
(

n
∑

i=1

liαi

)

σ = ǫl1
1 ǫl2

2 · · · ǫln
n σ.�a[� Fσ ��	�� η ∈ Q+, � Fσ(η) = τ , �ok< 3.1 D�Y�� M(σ)(τ) =

(U+)η · υσ, i1 dimM(σ)(τ) = dim(U+)η.P�f σ, σ′ ∈ (k×)n, M(σ) ⊗ M(σ′) `�w\��V(O M(σ) ⊗ M(σ′) D_&�ZE 3.3 � σ, σ′ ∈ (k×)n, � Ek · υσ ⊗ vσ′ � M(σ) ⊗ M(σ′) D+GwKE�m�
k ∈ ZN

+ ._ � k ∈ ZN
+ s v = Ek · υσ ⊗ vσ′ . ok< 3.1 D�Y8�� v �wKE���� M(σ) ⊗ M(σ′) �pw7 τ DwKE w =

∑

r,s

ar,sE
r · υσ ⊗ Es · vσ′ , �C v ∈ U>0 · w,

w /∈ U>0 · v. ot w �wKE�$d U>0 · w = U+ · w, i1po3z h ∈ U+, �C
Ek · υσ ⊗ vσ′ = h ·

(

∑

r,s

ar,sE
r · υσ ⊗ Es · vσ′

)

=
∑

r,s

ar,sh(1)E
r · υσ ⊗ h(2)E

s · vσ′ . (∗)



6 l 5�� $�F �F%| U>0 735� deg(h) = η ∈ Q+, � h ∈ (U+)η. o: [4, p. 59], p
∆((U+)η) ⊆

⊕

06µ6η

(U+)η−µKµ ⊗ (U+)µ.ot w /∈ U>0 · v, $d η 6= 0, i1 ∆(h) = Kη ⊗ h +
m
∑

i=1

hi ⊗ gi, m� hi ∈ (U+)η−µi
Kµi

s
gi ∈ (U+)µi

, 0 6 µi < η, i = 1, 2, · · · , m. �℄�� hi = aiE
kiKµi

, gi = Eli , �? ai ∈ k×,

ki, li ∈ ZN
+ �C deg(Eki) = η − µi x deg(Eli) = µi, i = 1, 2, · · · , m. i1o (∗), 8C

Ek · υσ ⊗ vσ′ =
∑

r,s

ar,sKηEr · υσ ⊗ hEs · vσ′ +
∑

r,s,i

ar,shiE
r · υσ ⊗ giE

s · vσ′ .ok< 3.1 D�Y�� ar,sKηE
r · υσ = a′

r,sE
r · υσ, a′

r,s = bar,s, b ∈ k× x ar,shiE
r · υσ =

ar,saiE
kiKµi

Er · υσ = br,s,iE
kiEr · υσ, br,s,i = ciar,s, ci ∈ k×. i1

Ek · υσ ⊗ vσ′ =
∑

r,s

a′
r,sE

r · υσ ⊗ hEs · vσ′ +
∑

r,s,i

br,s,iE
kiEr · υσ ⊗ EliEs · vσ′ .i7 M(σ) x M(σ′) 2�&o U+-\�_�p U+-� vσ x vσ′ , $d M(σ)⊗M(σ′) ��7 vσ ⊗ vσ′ D&o U+ ⊗ U+-\�i1��V+|DF�F�t

Ek ⊗ 1 =
∑

r,s

a′
r,sE

r ⊗ hEs +
∑

r,s,i

br,s,iE
kiEr ⊗ EliEs. (∗∗)oL< 2.1, {Ek | k ∈ ZN

+ } � U+ Da* k-��$d {Ek ⊗ El | k, l ∈ ZN
+} � U+ ⊗ U+Da* k-��o: [3, Corollary 1.8] � U SpJi$�i1 {hEs | s ∈ ZN
+} � k �DS=p�4T {Er ⊗ hEs | r, s ∈ ZN

+} `DS=p�Ka\V�ot U+ �ad Q+-_39��$d U+ ⊗U+ �ad Q+ ⊕ Q+-_39���s deg(Er ⊗ Es) = (deg(Er), deg(Es)),m� r, s ∈ ZN
+ . > s = (s1, s2, · · · , sN ) 6= 0 (� ZN

+ �) Æ� deg(Es) =
N
∑

j=1

sjβj 6= 0.� deg(Es′) � Q DpC$� {deg(Es) | a′
r,s 6= 0 P^d r} �D+7z��5� r′,�C a′

r′,s′ 6= 0. �� deg(Er′ ⊗ hEs′) /∈ {deg(EkiEr ⊗ EliEs) | br,s,i 6= 0}. �����s deg(Er′ ⊗ hEs′) = deg(EkiEr ⊗ EliEs), br,s,i 6= 0, � deg(hEs′) = deg(EliEs).i1 deg(h) + deg(Es′) = deg(Eli) + deg(Es), ��Y deg(Es) − deg(Es′) = deg(h) −

deg(Eli) = η − µi > 0, RR�ot br,s,i 6= 0 >s)> ar,s 6= 0 >s)> a′
r,s 6= 0, $dz"∑

r,s

a′
r,sE

r ⊗ hEs +
∑

r,s,i

br,s,iE
kiEr ⊗EliEs �3�7 deg(Er′ ⊗ hEs′) Do3 _^J�i7 deg(hEs′) = η + deg(Es′) 6= 0, $d deg(Er′ ⊗ hEs′) 6= deg(Ek ⊗ 1) =

( N
∑

j=1

kjβj , 0
)

,�℄� (∗∗) ?,RR����9E 3.2 P�f σ, σ′ ∈ (k×)n, � W �5�ad�x_&
M(σ) ⊗ M(σ′) =

⊕

k∈Z
N
+

U>0 · (Ek · υσ ⊗ vσ′). (3.1)_ � k 6= l ∈ ZN
+ . �� U>0 ·(Ek ·υσ ⊗vσ′)∩U>0 ·(El ·υσ⊗vσ′) 6= {0},�5�^JwKE v ∈ U>0 · (Ek ·υσ ⊗vσ′)∩U>0 · (El ·υσ ⊗vσ′) = U+ · (Ek ·υσ ⊗vσ′)∩U+ · (El ·υσ ⊗vσ′),i15�o3z g, h ∈ U+, �C v = g · (Ek · υσ ⊗ vσ′ ) = h · (El · υσ ⊗ vσ′ ), �� Q+ ��

deg(g) = ξ, deg(h) = η, � η = 0, ��℄� h = 1, 1Æ El · υσ ⊗ vσ′ = g · (Ek · υσ ⊗ vσ′) ∈

U+ · (Ek · υσ ⊗ vσ′ ), ok< 3.3 �� Ek · υσ ⊗ vσ′ x El · υσ ⊗ vσ′ 2�+GwKE�i1
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Ek ·υσ⊗vσ′ ∈ U>0 ·(El ·υσ⊗vσ′) = U+ ·(El ·υσ⊗vσ′),�s Ek ·υσ⊗vσ′ = g′ ·(El ·υσ⊗vσ′),

g′ ∈ U+, 4Tp El · υσ ⊗ vσ′ = (gg′) · (El · υσ ⊗ vσ′). �!&UDw�� deg(gg′) = 0, ��Y deg(g) = 0, i1 g �d^J0Es El · υσ ⊗ vσ′ = g · (Ek · υσ ⊗ vσ′ ) = gEk · υσ ⊗ vσ′ .ot M(σ) ⊗ M(σ′) �ad�7 υσ ⊗ vσ′ D&o U+ ⊕ U+-\�$dp El ⊗ 1 = gEk ⊗ 1,4T l = k, RR�i1 η 6= 0. ; H8� ξ 6= 0.; tk< 3.3 D�Y�8�
∆(h) = Kη ⊗ h +

m
∑

i=1

aiE
kiKηi

⊗ Eli ,

∆(g) = Kξ ⊗ g +
n

∑

j=1

bjE
sj Kξj

⊗ Erj ,m� ai, bj ∈ k×, 0 6 ηi < η, 0 6 ξj < ξ, deg(Eki) = η−ηi, deg(Eli) = ηi, deg(Esj ) = ξ−ξj
 deg(Erj ) = ξj . i1
h · (El · υσ ⊗ vσ′) = aEl · υσ ⊗ h · vσ′ +

m
∑

i=1

aiciE
kiEl · υσ ⊗ Eli · vσ′ ,

g · (Ek · υσ ⊗ vσ′) = bEk · υσ ⊗ g · vσ′ +

n
∑

j=1

bjdjE
sj Ek · υσ ⊗ Erj · vσ′ ,m� a, b, ci, dj ∈ k×. i7 M(σ) ⊗ M(σ′) �ad�7 υσ ⊗ vσ′ D&o U+ ⊕U+-\�$d� U+ ⊗ U+ ��p

aEl ⊗ h +

m
∑

i=1

aiciE
kiEl ⊗ Eli = bEk ⊗ g +

n
∑

j=1

bjdjE
sj Ek ⊗ Erj . (∗∗∗) f� U+⊗U+�ad Q+⊕Q+-_39���sp deg(El⊗h) = (deg(El), η), deg(EkiEl⊗

Eli) = (η − ηi + deg(El), ηi), deg(Ek ⊗ g) = (deg(Ek), ξ) d
 deg(Esj Ek ⊗ Erj ) = (ξ −

ξj + deg(Ek), ξj). ot η > ηi, ξ > ξj , 1 6 i 6 m, 1 6 j 6 n, $d-t�! (∗∗∗) �fID3�C aEl ⊗ h = bEk ⊗ g, ��Y El = Ek s h = cg, c ∈ k×, �w l 6= k RR��℄.�CG ∑

k∈Z
N
+

U>0 · (Ek · υσ ⊗ vσ′) ��x�oqVD(O�� U>0 · (Ek · υσ ⊗ vσ′) = U+ · (Ek · υσ ⊗ vσ′) �ad�7 1 D&o U+-\�m U+-�7 Ek · υσ ⊗ vσ′ , �? k ∈ ZN
+ . i1P�f η ∈ Q+ x k ∈ ZN

+ , p
dim((U+)η · (Ek · υσ ⊗ vσ′)) = dim(U+)η.P�f τ ∈ Π(M(σ) ⊗ M(σ′)), wKE9�

(M(σ) ⊗ M(σ′))(τ) =
⊕

νµ=τ

M(σ)(ν) ⊗ M(σ′)(µ)

=
⊕

νµ=τ

(U+)F−1
σ (ν) · υσ ⊗ (U+)F−1

σ′
(µ) · vσ′

=
⊕

η,ξ∈Q+

Fσσ′ (η+ξ)=τ

(U+)η · υσ ⊗ (U+)ξ · vσ′ ,�?ok< 3.2 8CI 1 dF��o Fσ x Fσ′ 27�	� Fσσ′ (η + ξ) = Fσ(η)Fσ′ (ξ) F��8CI 3 dF��Ka\V�P�f k = (k1, k2, · · · , kN ), l = (l1, l2, · · · , lN ) ∈ ZN
+ ,

El·(Ekυσ⊗vσ′ )N�adw7 Fσσ′ (deg(El)+deg(Ek)) = Fσσ′ (deg(ElEk)) = Fσσ′

( N
∑

j=1

(lj+
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kj)βj

) DwKE�i1
(

⊕

k∈Z
N
+

U>0 · (Ek · υσ ⊗ vσ′)
)

(τ)

=
(

⊕

k∈Z
N
+

U+ · (Ek · υσ ⊗ vσ′)
)

(τ)

=
(

⊕

k,l∈Z
N
+

El · (Ek · υσ ⊗ vσ′ )
)

(τ)

= span{El · (Ek · υσ ⊗ vσ′) | k, l ∈ ZN
+ , Fσσ′ (deg(El) + deg(Ek)) = τ}

=
⊕

η,ξ∈Q+

Fσσ′ (η+ξ)=τ

(U+)η · ((U+)ξ · υσ ⊗ vσ′ ).B�� η, ξ ∈ Q+ s Fσσ′ (η + ξ) = τ . ot M(σ) ⊗ M(σ′) �ad�7 υσ ⊗ vσ′D&o U+ ⊕ U+-\�$dp dim((U+)η · υσ ⊗ (U+)ξ · vσ′) = dim((U+)η ⊗ (U+)ξ) =

(dim(U+)η)(dim(U+)ξ) < ∞. Ka\V�i7 {Ek | k ∈ ZN
+ , deg(Ek) = ξ} � (U+)ξDa* k-��$d

(U+)η · ((U+)ξ · υσ ⊗ vσ′) =
∑

k∈Z
N
+

deg(Ek)=ξ

(U+)η · (Ek · υσ ⊗ vσ′ )

=
⊕

k∈Z
N
+

deg(Ek)=ξ

(U+)η · (Ek · υσ ⊗ vσ′ ),i1
dim((U+)η · ((U+)ξ · υσ ⊗ vσ′ )) =

∑

k∈Z
N
+

deg(Ek)=ξ

dim((U+)η · (Ek · υσ ⊗ vσ′ ))

= (dim(U+)ξ)(dim(U+)η),�℄ dim((U+)η · υσ ⊗ (U+)ξ · vσ′) = dim((U+)η · ((U+)ξ · υσ ⊗ vσ′)). i7 {(η, ξ) | η, ξ ∈

Q+, Fσσ′ (η + ξ) = τ} �dpC��$dp dim((M(σ) ⊗ M(σ′))(τ)) = dim
((

⊕

k∈Z
N
+

U>0 ·

(Ekυσ ⊗ vσ′)
)

(τ)

)

, 4T (M(σ) ⊗ M(σ′))(τ) =
(

⊕

k∈Z
N
+

U>0 · (Ekυσ ⊗ vσ′)
)

(τ)
.QG 3.1 P�f σ, σ′ ∈ (k×)n, 5�ad U>0-\.l

M(σ) ⊗ M(σ′) ∼=
⊕

η∈Q+

(dim(U+)η)M(F (η)σσ′)._ � k = (k1, k2, · · · , kN ) ∈ ZN
+ , L

η = deg(Ek) =

N
∑

j=1

kjβj =

n
∑

i=1

siαi ∈ Q+,�oL< 3.2D�Y��U>0 ·(Ekυσ⊗vσ′).ltM(F (η)σσ′), m� F (η)σσ′ = Fσσ′ (η) =

ǫs1

1 ǫs2

2 · · · ǫsn
n σσ′. �℄oL< 3.2 �C2O�



738 � X g 4 30 0 A �QG 3.2 /7 U>0-\p M(σ) ⊗ M(σ′) ∼= M(σ′) ⊗ M(σ), m� σ, σ′ ∈ (k×)n.

3.3 \J℄ Yetter-Drinfel’d Jm	 ht : Q → Z, ht
(

n
∑

i=1

aiαi

)

=
n
∑

i=1

ai, � Z-DSD�Æ ht ���{ Q � Z D{.'�i18d� U>0 �Lgad Z+-_3 h ��
h(EkKλ) =

N
∑

j=1

kjht(βj),m� EkKλ = Ek1

β1
· · ·EkN

βN
Kt1

1 · · ·Ktn
n , k = (k1, · · · , kN ) ∈ ZN

+ 
 λ =
n
∑

i=1

tiαi ∈ Q. �℄
U>0 =

∞
⊕

l=0

(U>0)(l) �ad Z+-_3 Hopf 9��m� (U>0)(l) = span{EkKλ | h(EkKλ) =

l,k ∈ ZN
+ , λ ∈ Q}. )�H� (U>0)(0) = k[K±1

1 , K±
2 , · · · , K±

n ] �ad n z Laurent SI�9��ot U>0 Dui
u� (U>0)(0) � (� [12, Lemma 5.3.4]),$d (U>0)(0) = kG(U>0)� U>0 Dui��s G(U>0) = {Kλ | λ ∈ Q}, i1 U>0 DTd;ru<HN�ad;$u9�sR� kg, m� g ∈ G(U>0).� H �adp�	X
z S D Hopf 9��ad (--r)Yetter-Drinfel’d H-\ (��7 YD H-\) M ���z* (M, ·, ρ), �C (M, ·) �ad- H-\� (M, ρ) �adr H-u\��sQ)�VDdF�DE�S,� (� [15]):

h(1) · m(0) ⊗ h(2)m(1) = (h(2) · m)(0) ⊗ (h(2) · m)(1)h(1), (3.2)

ρ(h · m) = h(2) · m(0) ⊗ h(3)m(1)S
−1(h(1)), (3.3)m� h ∈ H , m ∈ M . ad YD H-\m	��ad H-\m	.Æ`�ad H-u\m	�n HYDH �� (- -r)YD H-\x YD H-\.'l'DY*���ad monoidal Y*�� M ∈ HYD

H , M Dad YD H-$\��ad H-$\.Æ�ad H-$u\�ad YD

H-\�;D�s&Sp^kWD YD H-$\��: [11] �� Radford g,Ga�-t H �D\xu\l� YD H-\D\V�� L �; H-\�� L ⊗ H ∈HYDH , m�/nxu/n���
h · (l ⊗ a) = h(2) · l ⊗ h(3)aS−1(h(1)), ρ(l ⊗ a) = (l ⊗ a(1)) ⊗ a(2),

l ∈ L, h, a ∈ H (� [11]). A}�p H-u\.l L ⊗ H ∼= (dimL)H .P β ∈ G(H◦), L Lβ ��PlD 1-8; H-\� h · l = β(h)l, h ∈ H , l ∈ Lβ. Lg
Hβ = (H, ·β , ∆) ∈HYDH , m� h ·β a = (h(2)↼ β)aS−1(h(1)) = β(h(2))h(3)aS−1(h(1)), �
Hβ

∼= Lβ ⊗ H . � N � H Dru<H�� Hβ,N = H ·β N � Hβ Dad YD H-$\ (�
[11]).ZE 3.4 (� [11]) � H =

∞
⊕

n=0
H(n) � k �ad_3�9���C Hop �_3 Hopf9���� H(0) � Hop Dad��u��D$�9��

(a) � β : H → k �ad_39�.'� N � H Dad;Dru<H�� Hβ,N �ad;D YD H-\�
(b) �� β, β′ : H → k 7_39�.'� N, N ′ � H D;Dru<H�� Hβ,N ≃

Hβ′,N ′ >s)> β = β′, N = N ′.<U�	�O%sln��E${ U>0 ��



6 l 5�� $�F �F%| U>0 739ZE 3.5 � β : U>0 → k �ad9�.'�� β �ad_39�.'�_ o 3.1 ÆC�P�f β ∈ G((U>0)◦) x g ∈ G(U>0), p (U>0)β,g = U>0 ·β g ⊂ (U>0)β , m�
h ·β g = β(h(2))h(3)gS−1(h(1)), h ∈ U>0, S 7 U>0 D�	X
z��} kg � U>0 Dad;Dru<H�ok< 3.4, (U>0)β,g �ad;D YD U>0-\�9E 3.3 � Φ(β, g) = [(U>0)β,g], � Φ �ad4 G((U>0)◦)×G(U>0) � E D�	��? E ��$p;D YD U>0-w\D.l;l'D�z�_ oqV(O�� (U>0)β,g �ad;D YD U>0-\�A} (U>0)β,g `�ad
U>0-w\��ok< 3.4 �� Φ �;	�B�� M 7;D YD U>0-w\�� M =

⊕

σ∈(k×)n

M(σ). ; t: [11, p. 697]D(Ot)�8d�Y M �^d L⊗U>0 D Yetter-Drinfel’d U>0-$\�����L N � M Dad; U>0-$u\�ot U>0 DTd;D$u9�R� kg, g ∈ G(U>0), $d N = kmP^d m ∈ M , �s ρ(m) = m ⊗ g, g ∈ G(U>0). � m =
s

∑

j=1

mj , 0 6= mj ∈ M(τ j), m�
τ1, τ2, · · · , τs � Π(M) ���E.Dz"�� s > 2, �5�^d 1 6 i 6 n, �C τ1

i 6= τ2
i .o (3.3), ρ(Ki ·m) = Ki · m⊗ KigS(Ki) = Ki · m⊗ g, Æ span{Ki ·m} `�ad;$u\s.lt N . � m′ = τ1

i m − Ki · m, � km′ � M Dad;$u\s m′ ∈
s

⊕

j=2

M(τ j). �V�dt)�<U8d�L m �adw7 σ DwKE�o (3.3) �� U>0 ·N � M Dad YD U>0-$\�$do[+ 3.1, M = U>0 · N s M /7 U>0-\.lt M(σ) D^d��ot M(σ) )pad U>0-
7$\�$d M `)pad U>0-
7$\��7 M ′,� L = M/M ′ � 1-8 U>0-\s L ∼= Vσ . Lg f : M → L ⊗ U>0, f(m) = p(m(0)) ⊗ m(1),m� p : M → L ��KQQ.'� L ⊗ U>0 D YD U>0-\%l���A} f � YD

U>0-\.'��} M �ad;D YD U>0-\s f 6= 0,$d Ker f = 0,4TM � L⊗U>0Dad YD U>0-$\� f� L⊗U>0 ∼= Vσ⊗U>0 ∼= (U>0)β , m� β = σ ∈ (k×)n = Alg(U>0, k) = G((U>0)◦)

(� 3.1). i1�℄�7 M ⊂ (U>0)β , t� N = kg, g ∈ G(U>0), 4T M = U>0 ·β g =

(U>0)β,g, $d Φ �Q	� 4 � C � S � U
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Abstract Let U>0 denote the half-quantum group for a fixed simple Lie algebra. This

paper examines some properties and representation of U>0. The authors prove that the Hopf

algebra U>0 is not quasi-cocommutative, and hence the category of left U>0-module is not
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the projective objects are described. And all simple Yetter-Drinfel’d U>0-weight modules
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