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1 � �
Virasoro �� Vir ������ C ����������� {Li, c, | i ∈ Z}, ��

[Li, Lj] = (j − i)Li+j +
i3 − i

12
δi,−jc, [Li, c] = 0, ∀i, j ∈ Z.

������ V ��������� Æ� Vir- �

V = ⊕
λ∈C

Vλ,c, Vλ,c = {v ∈ V |L0v = λv, cv = cv}, dimVλ,c <∞, ∀ (λ, c) ∈ C
2.

��� c !!� Æ����"#"���� ∃ c ∈ C � cV = cV (# V �$� !�

c = 0, " [1–3]). �$�" λ %#����&$ Vλ,c # Vλ.
%&�%&���' Aa,b, A(α) ( B(α), ∀ a, b ∈ C, α ∈ C ∪ {∞}, '�'# [2−5] ((�

�� {xk | k ∈ Z}, � c ��"�))��&��' ∀ i, k ∈ Z,

Aa,b : Lixk = (a + k + bi)xi+k,
A(α) : Lixk = (i + k)xi+k, k �= 0, Lix0 = i(1 + (i + 1)α)xi,
B(α) : Lixk = kxi+k, k �= −i, Lix−i = −i(1 + (i + 1)α)x0,

)**�# α =∞ !� 1 + (i + 1)α=i + 1. #*+�$ A′0,0 ( V (0) # A0,0 �,))())

�-.�+/

* �+,,��0- (10471096) ����� “1.�2” 3/-45060-./7
182392004-02-23.
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 ! 1.1 6 ∃N > 0 � dimVλ ≤ N, ∀λ ∈ C, 4: V #�$� � [1−4]; 6 ∃λ0 ∈ C,
��' ∀λ ∈ C, Vλ �= 0⇒ λ ≤ λ0 ; λ0 ≤ λ, 4: V # <= O ; O− ��� (�' C �75

#' λ ≤ µ⇔ (λ− µ) ∈ Z+).
Kac[6] >?86978�@9'!�* Vir- ����:A;:B���;;����

��/)�<:@9= Mathieu[7] >; (C >;<" [8]), &D [2] ?EF Virasoro G��
HD [3, 4] ?EFA= Virasoro ��/ [5] >;8!� Æ Vir- �;;��$� ��;
;�<= O ; O− ����;;���I))��#(�-.�+��/

!� Æ�$� Vir- �� &���J�>�@A/ [1] >?8-.�+�� ≤ 2
�!� Æ Vir- �� &/��?KB( &�&!� Æ�$� Vir- ��L�@A!
� Æ�$� Vir- ��-.�+;BCKD� Aa,b()* a /∈ Z ; b �= 0, 1), ;BCKD
A0,0 �-.�+/E8CM"�D 2.3.

2 "#$%
� V �!� Æ�$� Vir- ��'F��-.�+;CKD Aa,b(a /∈ Z ; b �= 0, 1),

;CKD A′0,0 ; V (0). 6EGF V ��GCK/� V !� Æ�N��� ∃ a ∈ C �

V =
∑
k∈Z

Vk+a.

H(I�� 0 ≤ Re(a) < 1. = [1, 2], O
&' 2.1 ∃N ∈ Z+ � dimVk+a = N, ∀ k ∈ Z, k + a �= 0. =$O�6 0 �� (4 a = 0),

4 N − 1 ≤ dim V0 ≤ N + 1.

#*+GF�J� N = 2 H V (0) !� V �-.�+/4-.�+KG� Aa,b L��'

� a /∈ Z ; b �= 0, 1. �$�I V ���� {xk, x′k | k ∈ Z}, HP! ai,k ∈ C �� a0,k = 0, �

Lixk = (k + bi)xi+k, Lix
′
k = (k + bi)x′i+k + ai,kxi+k, ∀i, k ∈ Z.

)*$ k = a + k, ∀ k ∈ Z. 6EH(?7MNO��� x′k, �O ai,k = 0 QJ�GR�
i, k ∈ Z .K/LJ�I�ST� K ∈ Z+ �O�# i, k ∈ Z, |i| ≤ 2, k, i + k ≥ K !U�

k + bi �= 0.
MP 1. �P! K ′ ≥ K �O�# k ∈ Z, k, i + k ≥ K ′, |i| ≤ 2 !�U� ai,k = 0.
(i) � a /∈ Z. 4 ∀ k ∈ Z, ;; k − 2b �= 0, ;; k − b �= 0. =$�7MÆN x′k, k < K ′, �

x′k = 1

k+1−b
L−1x

′
k+1, H�> Lix

′
� = (� + bi)x′i+�, ∀ i = 0, 1, 2, � = k, ;; ∀i = −1,−2, � =

k − i. )QLO ai,k = 0, ∀ k ∈ Z, |i| ≤ 2. � Vir = {Li | |i| ≤ 2} N.�)R; ∀ i, k ∈ Z O�

ai,k = 0. VW V �� Æ�/L)SMP!?T/

(ii) � a = 0. 4 b �= 0, 1. UMP (i) �Q�Q

x′k =

⎧⎪⎨
⎪⎩

1
k + 1− b

L−1x
′
k+1 # k + 1− b �= 0,

1
k + 2− 2b

L−2x
′
k+2 # k + 1− b = 0,

∀ k < K ′.

4 ∀ k ∈ Z, |i| ≤ 2 O� ai,k = 0, )QVOF V �� Æ�/
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MP 2. �QDSY��NO�UP!Z�� k > K � ai,k �= 0 QT� |i| ≤ 2 .K/
(i) � b �= 0, 1. ∀ k > K, 6Q x′k = 1

k−1+b
L1x

′
k−1, 4O a1,k = 0, ∀ k ≥ K. ? [L−1, L1] =

2L0 �"F x′k &Z[ xk �\��O

(k + b)a−1,k+1 − a−1,k(k − 1 + b) = 0, ∀ k ≥ K + 1.

VW ∃ a′ ∈ C �

a−1,k =
1

k − 1 + b
a′, ∀ k ≥ K + 1.

CQ�= [L−1, L2] = 3L1, [L−2, L1] = 3L−1, O ∃ a′′, a′′′ ∈ C �# k ≥ K + 2 !�

a2,k =
1

k + 2− b
a′ − 2b(1− b)(2k + 2b + 1)

(k + b)(k + 1 + b)(k + 1− b)(k + 2− b)
a′

+
1

(k + 2− b)(k + 1− b)
a′′,

a−2,k =
3

k − 2 + b
a′ +

1
(k − 2 + b)(k − 1 + b)

a′′′.

(2.1)

=$H" [L−2, L2] = 4L0 �"! x′k � (k ≥ K + 4), �O (a′, a′′, a′′′) ���]�U���/
?� x′k [.T�Æ�\�V?�)Q���]��/�$7MI�\�H(�!� Æ�

Aa,b(2) : Lixk = (k + bi)xi+k, Lix
′
k = (k + bi)x′i+k + ixi+k, ∀ i, k ∈ Z.

)* k = a + k. �]^� ∀ a, b ∈ C, n ∈ Z+\{0}, b �= 0, 1, ��' n �-.�+�!� Æ�

Aa,b(n), �'��� {x(�)
k | k ∈ Z, � = 1, 2, · · ·n}, H

Aa,b(n) : Lix
(�)
k = (k + bi)x(�)

i+k + (�− 1)ix(�−1)
i+k , ∀ i, k ∈ Z, � = 1, 2, · · · , n.

(ii) � b = 0, 1(4 a /∈ Z). U (i) �Q�)!�O a′′′ = −a′′, H?� x′k [.T�Æ
�\�� a′′ = 1, a′ ∈ C, ; a′′ = 0, a′ = 1. N)Q��=_� α ∈ C ∪ {∞} ]�W�/
∀ a ∈ C\Z, α ∈ C ∪ {∞}, 7MI�\���'����� {x(�)

k | k ∈ Z, � = 1, 2} �!� Æ
�

X(a, α, 2) : Lix
(�)
k = kx

(�)
i+k + iδ�,2

(
1 +

k

i + k
α
)
x

(1)
i+k, ∀ i, k ∈ Z, � = 1, 2.

)*# α =∞ !�X 1 + k

i+k
α # k

i+k
. #*+Y"�H(>?)&��<�PZ

X ′(a, α, 2) : Lix
(�)
k = (i + k)x(�)

i+k + iδ�,2

(
1 +

i + k

k
α
)
x

(1)
i+k, ∀ i, k ∈ Z, � = 1, 2.

4 X(a, α, 2) ∼= X ′(a, α−1, 2).
T!� V � 3 �-.�+�H) 3 �-.�+CKD A′0,0 ; V (0). J� dim V0 = 1. 6

V (0) �BC-.�+�4=^D 2.1, V
V (0) �� Æ��H

V
V (0) = U

V (0) ⊕ W
V (0) , '� U, W �

L[ B(α), B(α′) � V �!� Æ+�/\#NO�\��� α = 0, α′ = −1, _]�R��

N V ���� {x0 = x
(1)
0 = x

(2)
0 , x

(�)
k | k ∈ Z\{0}, � = 1, 2}, �

Y1(3) : Lix
(�)
k = kx

(�)
i+k, k �= −i, Lix

(�)
−i = (−i)�x0, ∀ k ∈ Z, � = 1, 2.
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CD�6 V (0) �`C-.�+�4�O 2 � A′0,0 L�a+��H=$�N V ����

{x0 = x
(1)
0 = x

(2)
0 , x

(�)
k | k ∈ Z\{0}, � = 1, 2}, �

Y2(3) : Lix
(�)
k = (i + k)x(�)

i+k, Lix0 = ix
(1)
i − i2x

(2)
i , ∀ k �= 0, i ∈ Z, � = 1, 2.

6 V (0) ���-.�+�4�O��L# A(α) � V �!� Æ+�(��L# B(α′) �
V �!� Æ^�/�$��I V ���� {xi, x

′
k | i, k ∈ Z, k �= 0}, �

Lixk = (i + k)xi+k, k �= 0, Lix0 = i(1 + (i + 1)α)xi,

Lix
′
k = kx′i+k + ai,kxi+k, k �= 0,−i, Lix

′
−i = −i(1 + (i + 1)α′)x0, i �= 0,

(2.2)

'� ai,k ∈ C H a0,k = 0. _�b^��)QI x′k, k �= 0: I� x′−1 &�' x′1 = −L2x
′−1.

∀ k > 1, c`�' x′k = 1
k−1L1x

′
k−1. 6 k < −1, � x′k+1 %N��4= (2.2) ��'��`

a' L1|V
k

: Vk → Vk−1. �$�I Vk �� x′k �� L1x
′
k = kx′k+1. = x′k, k �= 0 �NO�O

a1,k = 0, )*k �= 0,−1, Ha2,−1 = 0. (2.3)

" [L−1, L1] = 2L0 �"! x′1, x
′
−1, x

′
k � (k �= 0,±1), O

a−1,2 = 1 + 2α, a−1,−1 = −(1 + 2α′), H ka−1,k − ka−1,k+1 = 0, k �= 0,±1.

b")a�H(OF

a−1,k =

{
1 + 2α # k ≥ 2,

−(1 + 2α′) # k ≤ −1.
(2.4)

CD�" [L−1, L2]=2L1 �"! x′1, x′−2, x
′
k ��O

2a2,1 = 2(1 + 3α)− a−1,3 = 1 + 4α,

−2a2,−3 = a−1,−2 + 2(1 + 3α′) = 1 + 4α′,

H
(k + 1)a2,k − ka2,k−1 = (k + 1)a−1,k − ka−1,k+2, k �= 0,±1,−2.

" [L−2, L1] = 2L−1 �"! x′−1, x
′
2, x
′
k ��O

−2a−2,−1 = 2(1 + 2α′)(1 − a)− 3a−1,−1 = (1 + 2α′)(5− 2α),

2a−2,3 = 2(1− α′)(1 + 2α) + 3a−1,2 = (1 + 2α)(5− 2α′),

H
(k − 1)a−2,k − ka−2,k+1 = −3a−1,k, k �= 0,±1, 2.

b")a�H(OF

(k + 1)a2,k =

{
(1 + 2α)(k + 1)− 1 # k ≥ 1,

−(1 + 2α′)(k + 1)− 1 # k ≤ −3,

(k − 1)a−2,k =

{
3(1 + 2α)(k − 1)− (1 + 2α)(1 + 2α′) # k ≥ 3,

−3(1 + 2α′)(k − 1)− (1 + 2α)(1 + 2α′) # k ≤ −1.

(2.5)
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= (2.1) H� a′′+a′′′ = 0, db� 1+(1+2α)(1+2α′) = 0. <�*E�[M" [L−2, L2] = 4L0

�"D x′2 ��O 1 + α + α′ + 3αα′ = 0. �$� α = −1, α′ = 0, ; α = 0, α′ = −1. c"
[L−2, L2] = 4L0 �"D x′1 ��VO a−2,1 = 3(1 + 2α). )Q�c- (2.3)–(2.5) &� Vir =
L±1, L±2 N.��dV? V = α, α′ ]�W�/T!�6 α = −1, α′ = 0 ; α = 0, α′ = −1,

4Oef�d {y0, y
(�)
k | k ∈ Z\{0}, � = 1, 2} #��d��

Y3(3) : Liy
(1)
k = (i + k)y(1)

i+k, k �= 0, Liy0 = −i2y
(1)
i ,

Liy
(2)
k = ky

(2)
i+k − i(i + k)y(1)

i+k, k �= 0,−i, Liy
(2)
−i = −iy0,

Y4(3) : Liy
(1)
k = (i + k)y(1)

i+k, k �= 0, Liy0 = iy
(1)
i ,

Liy
(2)
k = ky

(2)
i+k − iky

(1)
i+k, k �= 0,−i, Liy

(2)
−i = i2y0,

'� i, k ∈ Z. )Q�7MN Y3(3) �� {x(1)
k = −ky

(1)
k , x

(2)
0 = y0, x

(2)
k = y

(2)
k | k ∈ Z\{0}}, &

Q x
(1)
0 = 0, ]OF

Y3(3) : Lix
(�)
k = kx

(�)
i+k + iδ�,2 x

(1)
i+k, i, k ∈ Z, � = 1, 2.

7MN Y4(3) �� {x(1)
k = y

(1)
k , x

(1)
0 = y0, x

(2)
k = 1

−ky
(2)
k | k ∈ Z\{0} },&Q x

(2)
0 g� (;Q x

(2)
0

!� Y4(3) �� ), 4�

Y4(3) : Lix
(�)
k = (i + k)x(�)

i+k + iδ�,2 x
(1)
i+k, i, k ∈ Z, � = 1, 2,

T!� N = 1 H dim V0 = 2. &hD�E�GF��O�# {x(1)
0 , x

(2)
0 , xk | k ∈ Z\{0} } � 4

�!� Æ�

Y ′1(3) : Lixk = (i + k)xi+k, Lix
(2)
0 = −i2xi,

Y ′2(3) : Lixk = kxi+k, k �= −i, Lix−i = −ix
(1)
0 + i2x

(2)
0 , Lix

(2)
0 = 0,

Y ′3(3) : Lixk = kxi+k, Lix
(2)
0 = ixi,

Y ′4(3) : Lixk = (i + k)xi+k, k �= −i, Lix
(1)
−i = ix0,

'� i, k ∈ Z H!e 3 SMP� x0 = x
(1)
0 , W! Y ′4(3) �MP� x0 = x

(2)
0 .

T!� V � 3 �P[ Aa,0, a /∈ Z �-.�+�4&hD�9�GF��6E�#

{x(�)
k | k ∈ Z, � = 1, 2, 3} � 4 �!� Æ�

X1(a, 3) : Lix
(3)
k = kx

(3)
i+k +

ik

k + i
x

(1)
i+k, Lix

(2)
k = kx

(2)
i+k + ix

(1)
i+k, Lix

(1)
k = kx

(1)
i+k,

X2(a, 3) : Lix
(3)
k = kx

(3)
i+k + ix

(2)
i+k +

ik

k + i
x

(1)
i+k, Lix

(2)
k = kx

(2)
i+k, Lix

(1)
k = kx

(1)
i+k,

X3(a, α, 3) : Lix
(�)
k = kx

(�)
i+k + (�− 1)ix(�−1)

i+k + δ�,3
ik

k + i
αx

(1)
i+k ,

X4(a, α, 3) : Lix
(�)
k = (k + i)x(�)

i+k + (�− 1)ix(�−1)
i+k + δ�,3

i(k + i)
k

αx
(1)
i+k,

)* k = a + k, a ∈ C\Z, α ∈ C H � = 1, 2, 3.
ef�E�GF�H(VF�L[ X, Y ���difN. (�'g\g%#/� V

�+h C :�N. h�[M C N. V H C �h�� jUQf V ���-.�+��
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#C iD V �-.�+��i/j[�! Y1(3) ��I C = {x(1)
1 , x0, x

(2)
1 }. 6 V I-.�

+ V (0), 4 ∀ v ∈ C, H(�' v �� w(v) # 0 ; 1 [M v QfD))�+ V (0) ;,))
�+ A′0,0 ! C �j��'[6g\' ∀u, v ∈ C,

u→→v ;v←←u ⇔ u �= vH v �= u N.,

u→ v ;v ← u ⇔ u→→vH!P! w ∈ C �u→→w→→v.

4H(�"6k*k%#L[ X, Y ��

X1 : x
(2)
0 → x

(1)
0 ← x

(3)
0 , X2 : x

(1)
0 ← x

(3)
0 → x

(2)
0 , X3

X4
: x

(1)
0

α
← x

(2)
0 ← x

(3)
0 ,

Y1 : x
(1)
1

1

→ x0
0

← x
(2)
1

1

, Y2 : x
(1)
1

1

← x0
0

→ x
(2)
1

1

, Y3
Y4

: x
(1)
1

1

← y0
0

← x
(2)
1

1

,

Y ′1 : x
(1)
0

0

→ x1
1

← x
(2)
0

0

, Y ′2 : x
(1)
0

0

← x1
1

→ x
(2)
0

0

,
Y ′3
Y ′4

: x
(1)
0

0

← x1
1

← x
(2)
0

0

,

)*� X3, X4 � x
(1)
0 6E� α %#�I��_� α, W Y ���k 0, 1 %#l(�

�/)QLO[6�' (_" [9] ��' 5.4, [10] ��' 3.4).
 ! 2.2 (1) ��l��m � (a, b, C, n, x), '� a ∈ C, b = 0, 1 ()*� b �#8m

 � X3 (� X4; � Y3 (� Y4; � Y ′3 (� Y ′4), n ≥ 2, x ∈ C, H C = {v1 < · · · < vn} ��
�5h�' j��g\

(i) Q i = 1, · · · , n− 1, vi U vi+1 D�lnn�oeo (u→ v U v ← u V.��Q�);
(ii) (a) 6 a ∈ Z, 4 n ≥ 3 Hh� vi ��� w(vi) = 0, 1, &H w(vi) = 0⇔ w(vi+1) = 1;

(b) 6 a /∈ Z, 4 v ��� w(v) = α ∈ C ⇔ C ��p “qo ”, L� v1 ← · · · ← vn, v = v1 ;
v1 → · · · → vn, v = vn;

(iii) x �= 0 ⇔ vn U v1 D��lnn�oeo ()!:l# “p”, m4:# “o”);
(iv) x �= 0 ⇔ (a) a ∈ Z, n ���q��H (b) vi ( vi+1(i = 1, · · · , n− 1) H vn ( v1 �

�oo!GUrsC�*s�L C !�G# v1 ← · · · ← vn ← v1 ; v1 → · · · → vn → v1.
(2) d�l (a, b, C, n, x) ( (a′, b′, C′, n′, x′) ('� C = {v1 < · · · < vn}, C′ = {v′1 < · · · <

v′n′}) ir ⇔ a′ − a ∈ Z, n′ = n, x′ = x H���n�(not�`a τ : C → C′ (L�
∀u, v ∈ C, � w(τ(v)) = w(v)(6 v ��) H v → u ⇔ τ(v) → τ(u)), �O ∃ j, 1 ≤ j ≤ n �

��6 b′ = b, 4 τ(vi)=
{

v′i+j #i + j ≤ n,

v′i+j−n #i + j > n;
6 b′ = 1− b, 4 τ(vi)=

{
v′j−i #j − i ≥ 1,

v′j−i+n #j − i < 1.

(3) [M! (2) �� n < n′, a− a′ ∈ Z, x = 0 ()* x′ !d#s) Hua τ : C → C′ t�
�aa�4R (a, b, C, n, x) � (a′, b′, C′, n′, x′) ���+l/

#!vD^Yow!�H(?R C ���l/H(6" C � j��g�%(� j

(W# ju��!�]"p “·” g%#), &H# x �= 0 !�q j x r!V vn F v1 �oo

6E/)QH(]�"��xg%#F�'�l/s[�

(i) 0→1→0→1→0, (ii) 0←1←0←1←0, (iii) 0←1←0←1←
←−−−−−−−−−−−−1←−−−−−−−−−−−−−−
x

0,

(iv) α←·←·←·, (v) ·←·←·←·→·→·, (vi) ·←·←·←←−−·←−−−
x

·, (2.6)

U�l/6 (i) � b = 0, (ii) � b = 1, 4) 2 �l�ir�/6E�x]!�l'

(vii) 0→ 1→ 1→ 0→ 1, (viii) 0←1←
←−−−

x

0, (ix) 0← 1←
→
x

1→ 0,
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 ' 2.3 (1) Qh��l (a, b, C, n, x), P!]��!� Æ� Y (a, b, C, n, x), 'N.
 hQfDl C, HQD!C�l C, � Y (a, b, C, n, x) _�!C�/

(2) � V ��!� Æ��'-.�+;;U#� Aa,b('� a /∈ Z ; b �= 0, 1), ;;U
#� A′0,0 ; V (0). 4 V ;;� Aa,b, A(α), B(α) �+^��;;CKD Aa,b(n), ;;QfD
��l (a, b, C, n, x).

( (1) ∀ a ∈ C, b = 0, 1, α ∈ C, m ≥ 2 �� a /∈ Z ; a = α = 0, H(��'�#

{x(�)
k | k ∈ Z, � = 1, 2, · · · , m} �!� Æ�#

X(a, b, α, m) : Lix
(�)
k =(k+bi)x(�)

i+k+(�−1)ix(�−1)
i+k +δ�,m

i(k+bi)
k+(1−b)i

αx
(1)
i+k,

'� i, k ∈ Z, � = 1, · · · , m. )* k = a + k.
J� (a, b, C, n, x) ��p “o”(L x = 0). 6 a /∈ Z, 4 C d#L (d1): α ← · ← · · · ← ·

(� n �`p), )!�Q Y (a, b, C, n, x) = X(a, b, α, n), �#N. h C = {x(1)
0 < · · · < x

(n)
0 }

��F8v�pw/� a = 0. �� n = 2m. 6 b = 0 H C L[ (d2): 0← 1← · · · ← 0← 1,
; b = 1 H C L[ (d3): 1 ← 0 ← · · · ← 1 ← 0, 4�Q Y (a, b, C, n, x) = X(0, b, 0, m),

)�#�6 b = 0, 4�I C = {x(1)
0 < x

(1)
1 < · · · < x

(m)
0 < x

(m)
1 }, 6 b = 1, 4�I

C = {x(1)
1 < x

(1)
0 < · · · < x

(m)
1 < x

(m)
0 }, )! C ��H(�yv/zYF�SY'( “o” ��

QfF (d2) ; (d3) �+x (ifxtu��;:\��`p�;;C!Itu��(:\�
�`p), ef^�H(�I Y (a, b, C, n, x) # X(0, b, 0, m)�^+��'� n

2 < m ≤ n
2 +1. s

[�6 b = 0, n = 2m− 1, 4 Y (a, b, C, n, x) ;;�= x
(m)
0 N.�� X(0, 0, 0, m)(_V Y ′3(3)),

;;�^� X(0,0,0,m)

Cx
(1)
0

(_V Y3(3)).

6� (a, b, C, n, x) �S��l/H(�v[6w4q( .�a+l (a, bi, Ci, ni, 0) (h
����p “o”): 6 → v ←(:$ v # Bp �(Qf�a+�), ; ← u→ (:$ u #`p),
4!p v ; u xyzl�{. → v′, v′′ ← ; ← u′, u′′ →. s[�� a = 0, n = 6 H C � (2.6)
�� (iii), H(J! v1 xyz�4l{#' 0← 1← 0← 1← 0→ 1→ 0 ()! x {y8��

#(.8�p “o”); z\! v5 xyz�4OF 2 �+l (0, b, C1, 5, 0), (0, b, C′2, 3, 0) H C1:
v1

0← 1← 0← 1←
v5

0 H C′2:
v5

0→ 1→
v1

0 . qu|�l�|5}~fg�OFl (0, 1− b, C2, 3, 0)

H C2:
v1

0← 1 ←
v5

0 . Vs[� C � (2.6) �� (vi), 4H(�O 2 �+l (0, b, C1, 4, 0) (
(0, 1− b, C2, 3, 0), '� C1: 0← · ← · ← · H C2: 0← · ← ·, WHH(Q v′1, v′′1 ��# 0, d+
� C1, C2 .#l/T!�Qh�+l (�p “o ”) (a, bi, Ci, ni, 0),H(]�� Y (a, bi, Ci, ni, 0).
Q V ′ #F�)a��q(/Qh�Q v′, v′′, H(if"^� V ′

U (Vir)(v′ − v′′) g�} V ′ V
Wq v′, v′′ “-& ” #�p v()���Bp); &Qh�Q u′, u′′, H(ifQ u = u′ + yu′′ g
“c-” l(��l(.#��p u()���`p) ('��6 x �= 0 H u �D “c-” WP.
p�:\�� j�4 y = x, m4 y = 1). :\Q Y (a, b, C, n, x) #=F� “c-” � u()a
pU�`p) N.� V ′ �+��4 Y (a, b, C, n, x) �U (a, b, C, n, x) Qf��/#8>;!
C�l�!C�� Y (a, b, C, n, x), H Y (a, b, C, n, x) �!� Æ��&=l (a, b, C, n, x) ]
�W��CQ^�H(�J�� C ��p “o ”, {|]�Q n }~c`k/

(2) �� V ���!� Æ��'-.�+B# Aa,b(b �= 0, 1), 4=MP 2(i) �GF�
�O V ∼= Aa,b(n). T!�� V v~� 3 �-.�+�&HF� V �-.�+U� Aa,0 �-



568 0 1 4 2 3 � 2 26 5

.�+/H(8>;��N V ���N. h C, � C Qf��l/6 V (0) � V ���-

.�+�4=^D 2.1, !P!)Q�+l' 1 ← 1, 0 ← 0, 1 0 1
1 ; 0 1 0

0(:\dS
MP�nn*s�SY�). �$H(�� V u�-.�+ V (0). � C ���+l�s[�
v1 ←
v2 ←v3 ← v4, )* v1, v2 �� α, α′. 6 α′ = α, 4ifQ v′1 = v1 + v2, )�+lLD . 2

C ' v2 ( v′1 ← v3 ← v4. 6 α′ �= α, 4ifQ v′2 = v2 + v1, v
′
1 = 1

α′−αv1 + αv′2, )�+l]

{.
v′1 ←

v′2 ← v3 ←v4. �$�H(GNO\#�N. h C �(Qf��l/

) * + ,
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A CLASS OF UNIFORMLY BOUNDED MODULES OVER THE

VIRASORO ALGEBRA

Wang Wei

(Department of Mathematics, Shanghai Jiaotong University, Shanghai 200240
School of Mathematics and Compute Science, Ningxia University,Yinchuan 750021)

Su Yucai

(Department of Mathematics, University of Science and Technology, Hefei 230026)

Abstract In this paper, a class of uniformly bounded indecomposable weight modules
over the Virasoro algebra is classified. To be precise, we classify all uniformly bounded inde-
composable weight modules whose composition factors are either the composition factor of the
module A0,0 of the intermediate series, or isomorphic to the module Aa,b of the intermediate
series for some a /∈ Z, b �= 0, 1.

Key words Virasoro algebra, uniformly bounded module.
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