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Abstract

Let J?1 fce an algebraically closed fleW of charac亡eristic p>0, 2, 由 ⑷ a gra<ie<®

Lie aigebra of Oartan type over This paper gives a description 〇:£ ttie adjoint module*

. by means of the.mized product ^nd the induced module so that the computation of

丑乂!/，Z) can be reduced to that of the cohomology of Lc〇], Then the structures of the

derivation algebras of L is determined,

. . • . '

§ 0, Introduction

The Oartan^ theorem shows that nonmodular semisimple Lie algebras do not
8

have outer derivations. Let If=  ©  Lm be a graded Lie algebra of Oartan type over
. . <~-t* , .

F y where F  is an algebraically closed fi^ld of oharaoterifitio jp>0. In [16, Ohap〇 4r, 

§ 6 ] ,  the derivation algebras of the restricted Oartan. type Lie algebra IF (w, 1)^.

T)., H(nj 1) and K(n, 1) (i>>2) are investigated and the results illustrate- 

that simple modular Lie algebras may possess outer derivationis and every 

derivation of 1) (^>>2) is inixer. In this paper, we propose a new unifyirtg- 

approach to inyestigato the derivation algebx*as of Oartan type Li© algebras o f  

oharaoteristio p and detex*min© the structures of E 1^ ,  L) and the derivation, 

algebras of L, where L^W (n, m ) for ^ > 0 ,  8(n\ tn) for p > 27 H(n, m) for p>2* 

and K(ny fn) {〇v p>2. Our results show that if  then W(n, 1) may possess

outer derivations.

Our method Is maialy based on tlie computation of Zr), We first give a,

description of the adjoint module L by means of the mixed product (of. [13]) and 

the Induced module (of. [9, § 3 ] ) .  Thus th© computatkm of 丑X lf，i )  is reduced to  

that of the cohomology of which the Lie algebra of a； certain reductive， 

algebraic group and we exploit certain teohniqueiS in the representation theory oi 

reductive algebraic groups.
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§ 1 . Preliminaries

Throughout this paper we shall assume that F  is an algebraically closed field,
■ ■ * ■

ohar F  = ^ > 0 . Let L be a finite dimensional Li© algebra over F  and V an. £-modul©„ 

A. linear mapping q>: Ir^V  is called a derivation from L into V if

^  h 6 L . .

Thus F ) is a derivation if  and only if  F ). Hence the set of all

derivations (p: Ir->F has an̂  ^-vector space structuro； w© shall denote the vector 

spaoe by Dei>(Ii-, F ) (  = ̂ 1(I/, F )) .  A derivation q>： L->F is called inner if  there is
■ ■  f • .

suoh that =  〇;. The inner derivations in T>er^{Lr V )  clearly

form an jP-subspaoe, which, we denote by Id©x>(I/, F ). It is clear that Idei>(£, F )  

^ B x(L y V)- It implies that

S \ L } F )^D e x > (£ , F )/Id erF(L, F ). 丨

In oas© of V —Ly we denote Dbtf^L, L )  and Iderj?(i, L) by Dei>(L) and 

I d e i> (i), respectively. By abuse of language，仏 1>(_£)/1(161>(*£)(兰丑X L，i ) )  is

referred to as the algebra of outer derivations. If jD is simple, then tHe adjoint
. . • .

representation ad： gives an isomorphism of LontoXd©x>(I/). It implies

that the structure of L) determines that of the derivation algebra of L.

§ 2. The Adjoint Modules of the Graded 

Cartan Type Lie Algebras

Tliyoiighout this paper we shaU assume that is an algeT^raicallyv closed field P 

ohar ^ = ^ > 0 ,  and a ll Lie algebras and modules are finite-dimensional.

We are i*©ady to give a bi'ief description of the graded Li© algebras of Oarian

type. Let j1 (w) be the set of «^-tuples of nonpegatiye integers, s(= = (§i<，…，Sni)€
； , . . . .  .•

J.(« ). For «== («i, •••, a„) , set

丨《卜 3 吟 . . . ...

te t  2t(n) he the difided power algebra witli basis {£B(a,|« g  J.(w)} and mulitplioation

, . , . «, $ e A (n ),

1 3 ^¾ ) for «==(<*!, •••, an), (in)£ A (n ) .
• '■ <=sl 'v' .

If m = (m i, * ♦ * 7 m„) is an ^-tuple of positive, integers and A(n, m ) = {«€  JL(tc) |« 4<  

pm, i = l ,  •••, n}, -then St = 8f(%, «4) =<a?(a)|« 6  J.(ot, m)> is a subalgebra of St(<re). 

Defia« deriyatiQnsDi, ¢=1, ..., TC, by ,
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(We set a?(®)==0, if Then

r ， ( 一  =={自 舞 祕 ’饥)}

is a derivation algebra of m), Tiie bracket operation of TT(w, m )  is

C S ^ i ,  S W - S S  W ( ^ ) ) A .  (2.1).4 « i i

get SlCi3 — <a;(oi)| |a| =i)> aiad lFci3™X^w A :i^(a)€^ci+i3j 0,*» Then PT—

®  W zil is a graded Lie algeBra of depth 1.
>一1

The subspaoe jS(nj in) (ft >3) spanned by

. A.i(/)：= 4 C / ) A - A ( / ) A ,  f ^ ( n ,  m), ..., (2.2)

is a Lie subalgebra of W(n, in). Write 〇v =  {pmi —  l, ••*, pmn —  l}. If n — 2r, let

1, l <i分 ，

-1,
..;〇*(0： =  I

(2.3)

®  ifl

孓’= 么+  (i)。i =  l，•••，扑. ■ .
. ； . . .  . . . . .  . . .

The sufespaoe U(n, m) spanned by

. Ps((BCa：;)- aQAQn, m), a=f=at,

is a Lie subalgebra of 8 (w, m ) .
:If £  is anyone of TT(^，m ) ,汉(抑， and H(w, m), theri ®

1

is ̂  graded Lie algebra of depth 1 and under the linear map L t〇2 is
isomorphio to gl(w), si (w) and sp (-̂ ), respeotxvely, where is the matrix whose 

(J〇y 〇-component is

W e  proceed to construct a olasa of graded modules of m), m )  or

H ( n y m). Let p〇 be a represenfetion of .L|；〇] in the module F〇 and F 〇=3r(x)F〇. If 

D^SaiDi^L, then Let where €̂§1, h Q

Xrc0：I. Define a lineal, transforiiia'kon f0(D) of by

. , a & C〇)(/(g^)-^(/)® 奸 艺 加 ， (2 渴
i * ! *
 ̂ •• ■ , • ' • • ■ i . . . . .  • , . .  '

Aooording to [13, Theorem 1,2}, p〇 is'a representation of i  in ]̂〇 and V 〇=
• ’• . . ：-、 J • v ,  . . .  I k '

®  <a；(a)® F 〇r f〇：| is a gx-aded £ - m〇duIe such that the base space of V 〇 is l®-y〇̂

^〇. The module F 〇 is called the mixed product of St and F〇. W e  shall give the 

adjoinl/ modules W(n, m), 8 (71, m )  and M ( n f m ) In. the forms of mixed produots.
1 ! Let ̂ ( Zc〇3) tlie fetaiidard Gartan： suMgebx^ of 1 /(:03= ^ 1 (̂ ) ,. sl(w) oi- sp(w) 

and A iy  ̂=  1, •••, ny the linear functions on A ( ^ 1 ( ¾ ) •••, M nny suoh that

. - (2.5)

The restriction of Ai on eyery h(Lc〇1) will also be denoted by Let

久0T 〇,久 广 53為 ，多这工，… ，，队 (2.6)

Then ^(^=*=1, •••, nt for Z r^^g ^w ); i —1 ? •••, w^l> £01̂ ^ 63- 81(9¾)  ̂ Tf f〇T

Z/c〇3^ s p ( ^ ) )  are the fundamental weights of J&c〇j. Eyery weight of gl(w), sl(w) or
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sp(ri) is a linear oombination of the fundamental weights. W e  haye

■ 為 二  U = l ，•”，邛 . ：

If XG (^(gl(w)))*, denote by F〇(X) the irreducible module of gl(w) with highest 

weight X, Let N 〇 be an w-dimensional linear space with, basis {01, •••, en}. On. N 〇y 

we have the natural representation p〇 of gl(y&): ! V  ̂ 、:

， . .  ， 外 〇 £ ^ ) 曲 = 8 如 卜

It is obvious ijliat.. , '

八吸〇= 1 〇八,…八i\T〇( faoto：fS) = F〇(Ai)，.< =  l，…，w.

B̂y [13, Llemma 2.2], we have

W(n, m)sFS(A〇, .. • (2.7)

that is, the adjoint module W(n, 'fn) is isomorphio-to the'mixed product of ST and 

the dual module FoCA^ of 7〇(^). Let Then the

action oi l on FoCAa) is the soalar multiplication Jby . As sl(M)-tQ〇dules we

have • .
W a ) = F U -  (2.8)

• . - ■ • • ■ . .

Note that the gl(in.)-module V 〇(h) be also regarded as an sl(<Ri)-modiilo whioh. 

is sl(<ni)-ix*reduoibl© and F 〇(̂ i) = S I ® F〇(^) is also a mixed product of 8(n} m). .As 

sl(^)-module$, the adjoint module m )  is isomorphio to tiie, m i n i m u m

submodule of [14, Theorem 2.2]). Since [15, Theorem 2.2]

is also true for p>0, we have an exact sequence

0— 汶(《，wi)— ^ 〇(入„一1)~>严 +1—>0. (2.9)
....... . r • . . • •

Next, we> shall consider the case HQa, m )  ,(n=2r) for j?>2. Let St7: =  ®  ^〇){0c>y.

Since the *base space (homogeneous space of degree 0 ) 丑[—u — Tr[:二 .the adjoMt 

module JI(r6, m) is *bh© natural S m (^B^(n))-module F〇(Xi) and 1̂5, Theoreiii 

：2.3]- is also true for p > 2 7 by [14, Theorem 2.2], H { n r m )  is isomorphio to th,e 

m i n i m u m  submodule of F 〇(̂ i) and there ai;e three exact sequenoes - ,

, ; . - (2.10)

0~ ~ ( j b j  (2,11)

(jby fn)r~>^〇(,̂>1) /S (w, fit)., (2.12)

*We oonolude this section by considering the case of K  (ny m )  (p>2). Adopting 

；tlie notation of. [16, Ohap. .4,'；§ 5] and putting w；>2<r；+l, )(0:11: =  1^1+0:^-2, 

21(̂ , \\a\\ =-i> and ||̂ | then w© have .

e

. ■ -.(2.14)

is product of and , i，\ ^ / ^ H (；

5t(w, m)j ̂ + 3 ^ 0  ；: mod(^),: 

<a5(a)|a<ffp>, rt+8^0 mod(^) T
(2.13)
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a ( j) *={ ， ， / =  ’卜 『，
I --1 , j > r + l y 7 l i » l ,  i > r + l .

LetJST =  jS"(w， m ) ， iT (^广 2 t (符，fy O i^a n d ^B T ie  T h e
. '• j>\ ‘a [ i Let V

be a -K"〇-module, and U (K )  and U (K 〇 ) the universal enveloping algebra of K  and 

jK"〇, respeotiyely. We shall define the subalgebra K 〇 ) of U (K )  and consider 

tlae induced module U ( K ) ® e(KtKa)V. It is obvious that the elements

. 為 ： ==(〇? ) ’ " ，4 = 1 , … ，2 犷，

- l pmn .

l>elong to the oenter of U (K ) :  Let 0( K } K 〇 ) be the subalgebra of U (K )  which is 

generated by Z7 (X 〇) and {z1} •••, 2；n}. Then it is isomorphio to F [^ ly •••,

U ( K 〇 ). The action of U*(jK*〇) on F  can be extended to 9 (K , K 〇 ) by letting the 

polynomial algebra •“ ， 《 》 ] operate via its canonical supplemantation〇

Henceforth all £T〇-m〇dules w ill be considered 0{ K y X，〇)-modules in  this fashion. 

Let ^ denote the natural representai/ions of K 〇  In K / K 〇 . Then there ©xisi? unique 

iiomomorphism cr： J7 ( K 〇 )--J>F of ^-algebras suoh that cr(a;) = tr(C(®)). We 

iutroduo© a twisted action, on V  by setting a?, v: ^ m + c r ^ v .  The new ^ 〇-m〇dule

■ will be called By [9> Theorem 3 .3], iihere.is a natural isomorphism of TJ(K)-
'

modules

U i K ) ® ^ ,  ^ F . s H o m ^ ,  Eo)(U (K ), V).
{
Let V be the <a3(s,+8̂ |  l < i ,  j < 2r>-module (i. e., 8p (2r)-module) with the highest 

Weight 人 sudii that the'action of .»(*") on .F .is the soalar maiitiplioation by. c. We 

denote the ^Ti^-iiiiodule F by. e) and extend the operations on F (入, e) to.' 

l»y letting K t  m t  trivially. By [8, Proposition 4 .3], thei-e is an injeotive 

homomorphism 31 Ko)(U (K ) ,  F (〇, - 2))  of ST-modules. Sinos

dimjpSt^, m )=dim f. Kii)(JJ{K), V { 〇 , - 2) ) ,  wo have

^ ) 7 (0, - 2) , .  (2 .15)

therefore, if  « + 3 ^ 0  mod(p),
K(n ,  m ) S J J ( ^ ) ® 9a ,  K〇 ) ,V ( 0, - 2).; (2 .16)

i f  « + 3= 0  inod(_p), then there is an exact s^quenoe

■； O ^ K ^  m y ^ U i K ^ e i K ,  K 〇 )V ( 〇 , (2 .17)

§ 3. The Derivation Algebras of TF(w, m)
■ "■：■ ■ -. '

Suppose, that p >〇  and W (w, iw) is simple. Put W iw) and W i1̂  ®  l^c/3* 
.... . . . . . ' ； ' . . . - . • -,. • .... .• --..

Since F *(^ i) is a nontrivial irredtioible gl(TC)-modtae with a ixighefit weigMii; by

([6, Lfemma 2.1  and Lemma 3 1̂ ,] we have

E \W ,  F 2 < ^)). r - . (B .i)
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Since the action of I on F〇(Jli) is the scalar multiplication by 1, by [1, L e m m a  

3.2, (3.2) and (3.4)], w© have

丑 FS(JW))竺丑X F i，n 〇i)) 丑 O^i/CTf：!，Fi], n o ! ) ：)

（3.2)
.，>0

where Y { is the contribution to Wi/[Wi, PTi] ooming from and Y p̂ i is

isomorphic to a direot sum of #{<7|w/>iu-}-oopies of F 〇(̂ i). Then there are

>^}-isomorphisms, denoted by for j==l, •••, n and m }> ^  wiiioh form a basis

of Horn副 (；T卜 !，F^〇i)). Hence

㊉ Horn加 7^(^1))=^^13==1, ".，.w，％ > 弘>0>.』 . （3.
卩>0

If ̂>>2, then
B.ommn)(Yt, F 〇#(^))=〇.

.Since *th© aotion of I on is the scalar multiplidation by l〇 If ̂)==2, then

Horn姘 n ( M ) )名Horn娜 (rlf F o O ^ r O g H o m咖 )（TT⑴，FoOW-i))

兰 H 〇h ^(„〉（SC[2]⑧灰卜幻， F〇 ( 九 ) •

As sZ(抑)-modul朗 we have 81^2^70(2^0 and TFc_1;̂ T 〇(入n-i). In prime 

oharaoteristio, w© know that the tensor, product ^ 23® ^ ™ «  ^aS a E00^ 

with W o  factors. These two factors ai.e the Weyl modiiles and V%x wi*£M

highest weights and 7̂t9 respeotiyely, W e  claim that

, ) — 0 ,

whex-e V is the Weyl module with highest weight Xn̂ t. Let the maximal torus T  

be the subgx*〇up o,f (?=^1/(7¾) oonsisting of diagonal matrioes, X(T) the lattice of 

all weigiLts of T  and X ( T ) + the set of dominant weights in X(T). Then any 

weight X(2〇 is of thQ form : .

/^0) =  (5^)地•••($0'

where g^(g^)^T and flu *m9yf̂ n are integers, so we oan identify fi with the vector 

弘=5 (Â u …，A〇 € Z \  By definition

@l©arly X (2T)+ is in'1— 1 oorrespondeaoe with the set of partitions with at moist 9¾

parts. Then 2X1+Ji/n_1 and Kn̂ t oan be idenisified with th© pax*titions ih ss (3, 1,1,--,

1，0) and 卩’ =(1’ 1’ …，1，0) l-espeotively. Since in Z,
....... : ',

"by [2, § 3.8, Remark 2)], w© obtain the asserted result. It implies that

F 〇( ^ i ) ) == H o m ^ n)( F ^ f = H o m ^ n) ( ) ^ 0( ^ 1 ) ) ,  F 〇(X „ „ i) )

' ( F f i t n ^ 2 f

岛 t 〇/ i f w > 2 . .

By (3.2), (3,3) and (3.4), we have

Theorem 3.1. Suppose thafp> 0  and W(n, m ) is sample, Tkm

(3.4)

m), W ( n ,m))^
. .-+.,.-

j ^ > / ^ > 0 ) ® ^ ,  and n ^ 2 f

\ •••t 9iy ms>pb>0^y otherwisê
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KemarkS.l. N o w  we* shall'determine the dex-iVation algebra 〇f .'TT(2# X) for" 

p=2. In the same way, we oan also deal 'with the other.ease, Sino© the gl(2)-modules' 

(s咖 )為 ，, 咖 a n d〈认 ，̂ > ，areiso邮 rph知 to.Fi^i) and F*:(入i)， 

resp^otiyely, we can easily see. that ■ ,:..三 . ‘

. . ； ' K ^ ) - j A ，i f a = '1+'2 —
L 0, otherwise … . , .-

is. a 1-oooyole op. W 〇9 Using the method in the proof of [7, Lemma 2.1], <p oan be.
r * •/ ■

extended to a 1-cooyole <p on W  such that

^(^(0S)I)j) ==a;(z；~e'~Sa>i);> foi- a ^ A ( n 7 m ) r/=1, 2, .

is an outer derivation of W  (2, 1) and
E \ W ( 2 ,  1), F(2, l))^<^>t ^

, . . . ；；§ 4. The Derivation Algebras of S(n9;m) 9,

,Let qhai\ F — p > 0} S=^S(nf m )  ,and ©  8.̂ - First, we shall .compute

m),.. F 〇(X„_a)), By [5, L e m m a  2.1 and Lem m a  2.2] or [8,' Gorollary 4.5, 

we have, ' ■'-

E \ 8  ,V〇(Xn̂ ) ) ^ ( 8 f S ^ r o i X ^ ^ H ^ S c V o i K - i ) ) ,  (4.1)

Using the cohomology five-term sequeaoe, we have 

y  , . , ; ' L Y s I C ⑷ ，F o C l i严 ) 4丑 切 。，F〇( U )  ’

: — 疋 游 ， ㈦ ，F o d ， ). ' (4.2)

A s .® !场o t^ .t r iv ia l ly .c m  F 〇( 、 _ f ) f

丑1(礼，F o ^ - O r ^ ^ H o m 削 〇S V [乐，扎 1，14(1!)): :•

W e  regard 8i/l81} 8 1} as an ̂ £〇]C^sl(w) )-module ai?.d investigate its weight vectors

with, the weiglit ^„_i= Let A,}(^(0,)) + [/̂ i,'/?i] Ije one of tiiem, where a-

(«!, •••, «„) m). Write I)= 1 ) ^ , and note that ,

f afi=Sfcj+8^+«i— §« — Si； mod (p), h=2, n — lt 

\ an.=8„i+Sw-+ai— 1 — Sij— Si/ mod(^?) - ■

and

(4 .3 )

(4.4)D i e  [S t, 8 , ] ,  for
. : . .  .- ••

By (4.3) and, (4.4), we oan show that
i. > :• “》 ,、 丄 ：， q . . . . . •

— X^=i)i.n(®(s<+®*Sl>), f〇i" n— lf l— l, •••, to and l<yfc<mi，

{--. HBince D itn(oĵ + ^ O  -  - c o ^ D n, i, ： n-l, and D 1}„ =

A ，n〇(s‘+p*Sn))，6=2, ...，w-1, we have ：. ； < -r , ；： ；'.：：■■； ,.

H o m sl(n) ( ^ / ^  l^o(^.^))^ <2^,„(^*^*>) 1 < ^ <

〇s；,:;.; I,；； > ；：■：,■；■;； . ■. ■_ ：' ,：• ,- ^

Suppose ^  [1^ TJieorezn.iH, 2],-we liave
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E*(sl(n)/~V〇(%n-i))^〇. ' (4.6)
Therefore, w© have

• ■ -  . .： 

L e m m a  4.1. Suppose that p>2, Tfyen

丑 m )，. ^ 0 ( ¾ ^ )  丨1 4 < 唧，— 1 , …，抑>.

Next, w.e shall compute ;jS). Since [15, Theorem 2.2] is also true for

p > 〇, we have an exact sequence

Then we have the long exact sequejioe . : .

0^m.(S, ^ n+1). (4.7)

Since H°(S, F n+1) and F n±1) = 〇, by Lem m a  4.1, we have .

Theorem 4.1. Suppose that p>2. Then

E 1^ ^ ,  m), S(n, m)) ̂ F n'i，'i-@<J)1,n{x(-ê ，Siy) w>.

R e m a r k  4. 1. In (4.7), the linear map

m { 8 ,  8)~>m(8, r 〇(K-d) i =  l, V.rTO>)；S0ndsthe

outer derivation (ad J>j)p， S(n, m) onto I>i,n((〇{H+p，ê ).

§ 5, The Derivation Algebras of 丑(炖9 .
• . - . '  ■

. .  .

Sine© S ( n 7 m) (p>2) possesses a uondegenerate associative form (of； [16, 

Ohar. 4, Theorem 6.5]), H  (n, m) (regarded as S  (w, m)-modules)By

[6, Theorem 5.1], we have.

Theorem 5.1. Suppose that p>2. Then

dinap丑1 (丑 (抑，饥），丑 (抑， .》 ®)) = |m . |+ 2.

§ 6 The Derivation Algebras of K  (^ ? m ).

Eirst, suppose that ?i+3=6 mod(jp). By (2.17), we have the long exaot sequenoe

0十 丑 1〇£：(叫 m )，瓦 (《, 祺) ）—丑 m )，f7 ( i〇® 咖，抑F (0, —2 )ff->0.

-  (6 .1)
JBy [8, Theorem.4.1], . '

丑YZ", CT(I)®0ar，ff())F(〇, 一2)a) s ^ C T 。，T (〇, 一2)), (6.2)
: . . .  ， ； ' •  • . . .  a

Using the cohomology five-term sequenoe, we have '

： 0 - > E K K m , F (〇, ^ 2 ) ) - ^ ( ¾  \

— 丑1 逆 ( [抑  r 汍 - 2 ) V  ? ' (6.3)

Sinw.<®(s”)> is anideal of 疋的，ihere 放 —thp 吵s吨 和 i-r§...sp̂ fâ l.:se<lueiioe

{i}r,s}i whose term is as^oiated F (0； -2)), tha.t is,

硒  l  今 ，进 (〈您况>,'r<o,2))=»sfc( £ W F ( ( v  ̂ ) )

for Ja— i+j. Sin〇Q S 3 (^xien)y, F (〇, ^2)) we have
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E \ K m , V  (〇, -  2) ) =  0, for ̂ >0. 

(6.3), (6.4) and direct computation, we have

(6.4)

F(0, -2))

...? j— 1, ny. (6.5)

By (6.1), (6.2) and (6.5), we have

H \ K ,  K ) ^ F ® i 〇o < ^ \ i = l r  i = l ,  - ,  n }. ( 6 . 6 )

Next, suppost that n + 3 ^ 0  mod (p). By (2 .1 6 ), (6.2) and (6 .5 ), we have 

' . JET îT，jST)兰<a3(1><e’〉|i==l，“ .，to广  1 ， j = l ，…，w>. (6 .7 )

Therefore, we have

Theorem 6. 1. Suppose that p > 2. Then
一 一 、丨. ,  …  TC>,

otherwise.

R eferences

.[ 1.] Andersen, H. H., & Jantzen, J . 0 ., Cohomology of induced representations for algebraic groups, Math. 
Ann. 269 (1984), 487—525.

[ 2 ]  Garter, R. W. & Lusztig, G.f On the modular representations of the general linear and symmetric 

groups, Math. 136 (1974), 193—242.
[ 3  ]  Jii. Oelousov, M.,■ Derivations of Lie algebras of Oartan type, Izv, Yyss. Uceba. Zaved Mathematika 

126—134. ，

C4 ]• OLiu Sen, On the restricted cohomology of the Lie algebras of the simple algebraic groups (in Chinese), 

Chin. Ann. of Math, t fiA: 3 (1985), 281—289.
[ 5  ]  Ohiu Sen, Cohomology of graded Lie algebras of Oartaa type S(nf m ), Chin. Am, of Math., 10B: 1 

(1989), 105—1 1 4 . '
£6 ]  Ghiu Sen, Central extensions and W-{Lf L#) of tlie graded Lie algebras of Oartan type, J .  Algebra (to 

appear). ■
. [ 7 ]  Ohiu, S. & Yu. Shen, Cohomology of graded Lie algebras of Oartan type of characterstio -4¾¾. 

Math. Sem. Umv. Hcmbv/rgt 57 (1987), 139—156.
. . [ 8  ]  Farnsteiner, IS., Extension functors of modular Lie algebras and Frobenius algebras (preprint).

[ 9 ]  Farnsteiner, B. & Btrade, S ., Gohomology theory of modular Lie algebras: ShapiroJs lemma and its 

(3〇nsequences (preprint).
£10] Feldvoss, J ., Homologisehs aspekte der darstellungstlieorie modularer Lie-algabren, der Uniyersitat 

Hamburg, Dissextation, 1989.
£11] Humphreys, J ” Introduction to Lie algebr as and representation theory, Springer， New York, 1972.

£12] Rotman, J. t An introduction to homological algebra, New York, Academic Press, 1979.
£18] Shen Guangyu, Graded modules of graded Lie algebras of Oartan type (I )  mixed product of modules» 

Scientia 故niGa (jSer, A ), 29:6 (1986), 570—•581.
£14] Shen Guangyu,* Graded modules of graded Lie algebras of Oartan type ( I I ) -----positive and negative

: graded n o d u l e s , ( # S > e r * -4) ^29:10 (1986) r 1009--rl〇l9.
£15] Sheu Guangyu, Graded modules of graded Lie algebras of Oartan type ( I I ) -----irreducible modules»

: •，妞:4々988),伽 一̂41?. … . .  ， ： .
£16] Btrane, E. & Farbsteiner/E^ Modular Eie algebras and their, representations, Dekker 126, New York»

_„ • • • - - . . . ： .. 
1988. ' . r

[1 7 ] Wan 0Jiexian-, Lie algebtas, Science Publishing House/Beijing/1964 (in OMtiese).
£18] Wilson, R., A structural ohaxacterization of the simple Lie algebras of generalized Oartan type over 

£elds of prime characteristic / .  >;：418*-^-465;.


