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Crystal structure of type A on hives
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Abstract

Integrable modules over quantum groups have crystal bases which can be thought of as good bases
in some situations. Crystal bases have been understood through realization, such as Young tableaux
for quantum groups of type A. In this paper, we provide a realization by combinatorial objects called
hives. Specifically, we determine a crystal structure on a set of the hives for an integral weight. Also,
we consider the crystal basis of a module over a quantum group of type A that is realized by this
crystal.
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1 ARSFHECEREER
1.1 ABRY-—RCEFE

TITRY B, FRCARY) —BRICOVWTEYE L, ARORTHEPERTS. UTHEMEE Cr L, #
HREITNTH 2 2T 5.

BERBAR 2,y =2y —yz (v, y € A) TV —F [, ]: Ax A= A%k AhdrV—8cks. CLaX
JERZ FAVZER VISR L, V EORIEZEREA End(V) EZOHIETY =Bk 3. Zh% gi(n,C) % gl,
el VoORKER fix TR, V EOBEAELUITIITREIN S H 5 gl(n,C) 12 C Lo n K75
ERTH L. AFETHES ATV -8R, gl(n,C) DH 20 ) —HTH5. Ay B)—KsI(n,C) X

sl(n,C) = {X € gl(n,C) | Tr(X) = 0}

TEBREND. T Tr 0 KEAT A = (ay) WKL, Tr(4) = an + -+ an TERENB1TS)
DL —RATH3. UTFsl(n,C) ZHICsl, eEL b d2. IFFEAGE[={1,2,--- ,n—1} £ T 5.
i,j €{1,2,...,n} AL, E;; ZITHIHAMET 2. 2O %,

€ = Ei,i—&-le fi= Ei+1,i, hi = By — Ei+1,i+1 (l S I)

Esl(n,C) 2V -8Ry LTHERT 3. iz

%, ifi=j _of, ifi=
lei, 5] = Gijhis  [hisejl = —e; ifli—jl=1, [hi,fil=19f; if i —j]=1
0 ifli—j|>1 0 fli—j>1
N RTASH
sl(n,C) oV —51
-
iel

%5l(n,C) DANRUBARE IR h=diag(\;j |1 <j<n)ehtT3. &ie{l,2,....,n}ITHLT,
MG % e ) > C 2 e(h) =\ TEDD. ke IIHLT, BEIIA A, ZAr=c1+- -+ & F
5. P=@, LA ZBUITA MEF, PP = @, Loy ZXEMNTVIA MEFL IR BY =4 Mg
I, ST 2 A ME FOICEZAENEBU A b, BT A b LR ERBEERBR ad: s((n,C) —
End(sl (n,C)) % ad(x)(y) = [v,y] TERT 3. O X, sl(n,C) X ad(h) I & 2 [FIRFE G 2208 57 R %

Fo:
s0,(C) = (69 ga) Dhe (EB ga)
a€A a€A

n—1
i<j i=1 i<j
CITAL={6—¢|i<it A=A, ThHB. A=A, UA_ZIL—FREEY, ADIEEIL—kE
cl:.ﬁx fl"%&: el b:;(ﬂ‘b, Q; = €; — €41 S A %ﬁﬂ}l/— I‘ Z cl:ﬁ\

V—BROKRIGHTIZ, 2OV —RIMDAENLMEENBTHIUMBREEZ L0 ELDHB. O
IR A7 Hopf KOG Z DB, RO EIETREM TSNS, V3R g eI A L,



p([X,Y]) = p(X)p(Y)—p(Y)p(X) Ziiitz3 C-HYEGE p: g — ADH (A, p) DFT, RDEWKT universal
BbHO% g DEIBIBL VS, T4bE, LOEMFEHLESTHEEOM (B.y) L, R¥ESMNh: A— BT
HoT, v=hopZililzT DOV —ZIMHAET I L X (A p) & g DURELL VWV, (U(g),r) &2<.

A-7'h

p[/;;B

g

TR AEROT e HABGRRIC L 2R RE DD, Ficg=5l(n,C) D& =X, ZOEMKER U(sl,) 3L
ToORREDD.
e 1

U RAERTT ¢;, fi, hi (i € I) EULTOIERMBRATEHR N85GB T2, 2o %, URU®BsL,) &
[I%NCH2 5.

eifj - fjei - 5ijhi, hlhj = hjhl

2; ifi=j
hiej —ejh; = —e; ifi—j==+1
0 else
—2f; ifi=j
hifj — fihi =< f; ifi—j==l1
0 else

e?e; —2eejei +eje? =0 ifi—j=+1
eie; = eje; else

Jifi = [ili else
Ay BV =B sl (n, C) 1B 2 A, EFBEU,(s1,,) 1%, ROERTT BAREGRATERIN S
C(q) LotiarREBTH 5.
ExE 2
e, i, KFY (i e I) BRIt L, UTF2RAMBRE T2 Clg) Loz A, BEFBEU,(sl,)
EWVd.

{fffj SO+ iR =0 ifi—j= %1

KK — KK =0, KK = K7'KG =1,
KigjK; ' = ¢ Me;, KiK' =q “™f,
K, —K;!

eifi — fiei =0y ——t,
iJj 3 ij (]*(171

elej — (q+q Meieje; +ejel =0 if|i —j| =1,

fifi—a+a Vffifi+ fiff =0 ifli—jl=1,

eiej —ejei = fif; — fifi=0 ifli—j|>1
U, (sl,) ZIERATH2 DIERATH72 Hopf REBOREE R >, A HHMER ¢ - 1 25258, Usl,) &
—HT 5.



1.2 ARSFEHOERER

Uy(sly)-IERE, 7= A FERBDRZ DS, BT e, fi OTERDRFAEL R TH % & ZRROMBEEL W
5. TDYZ7ADNMEZ ¢ - 0 TRWIRS W Z T AR IEIKE WO BRZHD. AU ¢ — 0 WOk
L X NIRRT OERIRTZD, JTLOMBEFEOEHRZ K KEITTES. LV 3BIRI[7) 23BE &k, Z
TR EROMEEMIEEZ N LR e WO MEEEZ 5.
EE 3
%AB &:TJ‘L W%(ﬁfﬁﬁ‘g{% wt: B — P, ei,fi : BU{O} — BU{O}, EiyPi t B—ZuU {—OC} (’L S I) o)
FHETHLE, B Uy(sly,)fEREEIRN. beBET5.

(1) @i(b) = £i(b) + wt(b)(h:)

(2) Wt(_fl ) = Wt( ) — lffzb eB

(3) wt(eib) =wt(b) +; ife;beB

(4) Ez(fz )—51( )+17 @l(fzb):(f%(b)_l IffleB

(6) fib=b <= b=c forbbl €Bicl

(7) ¢i(b) = —c0 = fib=1e;b=0 forbeB

FEERDFAIRTERT 5. MHICERIE, MAEZRET 2 2HEHANFET L2805 2L TH 5.

EE 4
B, By % Uq(,ﬁ[n)-ftl:':I:ElEElkjﬂZ) B1 25 By ANDH T Bi— By &1Z, EACRUE B U{O} — Bs U{O} <

(1) wt(T(b)) = wi(b), 2 (U (D)) = 2:(b), 05 (T (b)) = i(b) if b € By, U(b) € By
(2) fz\:[f(b) = \I/(flb)eZ\I!( ) ( lb) If\If(b) ( b),\I’(flb) € By for b € By
(3) W(0) =0

SO v SRR Y k2. WS U B, — B, BEET B L%, By & By 13U, (sl, ) Gy LTRSS
ZL\L‘, B = B, L.

A EIX EAN RS E L THEIATWS., ARDOEEIE, FIZIE, XD Young KBIC & 55
BOHISGNTWS. neNETE. A= A1,.. ., ) N EZso) BN+ + X, =n ZHiLTEE, A\ %
n @ composition ¥ X.&X. composition A 23\ > - >\, >0 %Zli/z 3T & X, n D partition ¥ IR, n
@ partition A = (A1,..., A\) WNET 2 Young KIE T 2EZ 5. T O nfHOFEIC 1525 n £$TOHRK
ERPOACHELICONTILAFRISHEML, E2o FISEDICONTRRISHMNT 2 Lo IcHEEANLE &,
TZ2R N OFBEE L VS,

Par(n) Z n OFHI2KE T 5. A= (A, d2,...,\) €Par(n) ITRL, A= Aer+--+A\pep, T 58,
ZAUEEHY Par(n) — PT 252 3. %muméﬂA®¥%@%é%®$ézTé.:@t%%%ﬁ;
A4 b XNDAFEDREY = A4 b Uy(sl,)-INEE DA REELERIZ SStab(\) TEBEH 3 [8].



2 Hive

T 2T hive IZOWTRELHMTHHT 5. KOFELWI LIE 2] 22le K.

—HDEZXD n DIE=MABIC U 1 DIE=AEE2BEFED 7227 7% n-hive graph £\ 5. n-hive
graph @ (n + 1)(n + 2)/2 fADTHRICE L E XY > 7 L7zd D% n-hive graph D vertex representation
& LR, T O 3-hive graph @ vertex representation T 5.

ao3
VRN
ap2 a13
N /N
apgp —— @12 —— @23
SN /N /N
apo a11 a22 a33

n-hive graph (#4115 (1) DK% elementary rhombus &\ 5. ZALZ4L left-leaning, upright, right-
leaning Thombus ¥ K5,

a
VRN
a—9 b C b—a
N/ N\ NS SN S
c—d d d—¢
left-leaning upright right-leaning (1)
Lo, ~EX
b+c>a+d (2)

% rhombus inequality & J.5.
n-hive graph DFHIZEKE T XY > 7 L72d D% n-hive graph @ edge representation ¥\ 5.

Qo2 D P
O

F L ¥ %
ety
é\/’@ & 2 DH P

% elementary triangle ¥ X', a + § =7 % triangle condition &\ 5. DIV ¥ 7T, vertex
representation @ n-hive graph IZXf L,

Qij = @ij — Gij—1, Bij =@ij — i1, Yij = Qij — Gi-1,5-1 (3)



& 34UX, edge representation 23§54 %. ZD¥ F rhombus inequality &, (4) DIV ¥ 7 Ta >
v, B>6EMETHS.

(4)
n-hive graph D% elementary rhombus X UT, L;;,U;;, Rij (1 <i<j<n)ZXRDKXIITED 5.

Yij Q1,5 /jij ’Yij
Qi1 G
Yit1,j Bij—1 i Vij—1
(5)
Lij = Bij—1— Bit1,5 = Yij — Vi+1,5 (6)
Uij = aij — i1, = Bij — Bij—1, (7)
Rij = aj—1,j-1 — @i = Yij—1 — Vij- (8)

L;j, Uij, Rij & 22 left-leaning, upright, right-leaning rhombus {2 L 7z gradient & .. rhombus
inequality (X2

Li; >0, Uy >0, Ri; >0 9)

WHIGY 5.
n-hive graph @ edge labelling IZ gradient D & 4 7% 1 D457E L7z d D% n-hive graph ® gradient rep-
resentation ¥ 5. n =4 DHFEELITITRT.

Qg B1 Qy 51
Q3 /R4 52 as Ly 52
@2/Ry3 /Ray Qa2 L3\ Loy B3 (10)

N /Ris/Ras /R34 Lo\ Log\ L3a\P1
Y Y2 Y3 74 1o Y2 Y3 Ta Y1 Y2 Y3 T4

WD &

k—1 n
Tk = <Oék + Z Uik) + (ﬁk - Z Ukj) (11)

j=k+1

Hbhs. UFi>jorEU,;=0%%

Ukk = 7 — Z Ujk (12)
j=k+1
&3 5. vertex labelling @ n-hive graph D&THRDHEZBEUCHIR L 72 D% vertex labelling @ n-integer
hive graph ¥ X.X.



EE S
H A4 X n® K-hive 21X, X%&i#725 n-integer hive graph D Z ¥ %W\,

(1) FLOERDEFADIRY Y NE0THS. TibE (10) DERRTar =0 (1<k<n) k3.

(2) left-leaning, upright rhombus & rhombus inequality Zii7z3. F7/%bb (10) DXRRT U;; > 0,
Li; >0(1<k<n)Ziild.

ATl gradient representation @ upright [ZHHG L 7B D hive 2 K W2, 2B Z W
& %, hive H 3R DAL gradient (Ug)p<; CTREOT 2D TELZ I WKHERETS. Tbb a=
(a1, an), =81, Bn)y v =(71,--,7m) & L7 ZE, (10) @ upright gradient representation O
hive % 4 -OfH (o, 8,7, (Uk)k<1) & [A—H3 5.

n € N @ composition A = (A,...,\,) IRL, X Ay + - + \pep 1&, n @D composition A 5
o 4 METANDOREE R 52 5. KT ) D3 partition DIFEITIE, n D partition £ S ZEHYY = A
M& FANDOEHYNTIZ 5.

EE 6
ANePr,peP¥v3$%. EDJFIET % partition, u % composition ¥ A3,

HOO,N, 1) = {H = (0, A, 1. (Upt)wet) | Ve, L€ {1,2,...,n}(k < 1), Up >0, Ly > 0},
H(A) = [JH™ (0,2, p)

1

CEFKT D, ZITHW) D pildn @ composition 2RZE <.

EFRED, M€ PHIic L HN) 3G EDOWED A D K-hive 2(ATH 3. T % n € N D partition {ZFHH3
DY Y 35, F1<i<niL, u ZTOFEHNZ i DBET5. = (1,....pn) 2T DVT
1 b2 XX, K-hive XA T O IETHEHER L —XF—1c0ib 3 5.

e 7 ([10])
neNC$5. \%n D partition, 4 & n D composition &3 %. SStab(\, u) ZH N\, V=4 b p DFAE
HERPRDEL LT 5.

2 SStab(\, i) — H™(0,\, 1)

% T € SStab(\, u) &t L fON(T) = (0, p, (Up)et) T3, O ZE2HGHICHRSE, 22T
Uy =T D ifTHD j DfEK
ThH5.
AP = 4 R DEAEITIE, hive DESZUTD XS ICERT 5.
E& 8
ANeP,ueP¥r3%. LOAIKTA 1% composition £ I3, ZDEE,
HO(O,\, 1) = {H = (0, X, 1. (Up)wet) | Vo, 1€ {1,2,...,n}(k < 1),Up > 0},
H\) = [JH™ (0,7, 1)

“w

CEFRTSH. TITH) D pldn D composition EEZHE) <.



3 H\) Eo#ERIEE

Z 2T HN) LRI OWTIRN S, F72 H(\) 2N EEE LT D X5 BIMEHTOWTH
ZB.
&9
H = (0,11, (Up)k<t) € HA) R LT, HOD A b wt: HQ)N) — P %

Wt(H) = py€q + - + finén
TERT 5.
£ 10
H= (0,0, (Un)ra) €EHN) 2T 5. 1<s<niZHLT, ¢f: HA) = Zso ZRD LS ITEHRT 5.
@ (H) = max(p; " (H) + Us s — Usy1,i11,0)
RELQIH)=0EF%. ZOLE, ¢ HA) = Zzo BRD L SITERT 5.
pi(H) = ¢i(H).
F1<s<niLT, e H\) = Zso ZRD LD ITEFRT 5.

€§(H) = max(af_l(H) + Un-l—l—s,i-l—l - Un—s7i70)

K2

7L, QH)=02F5. ZDLE, g H(N) = Zoog ERD XD ICERT 5.

E& 11
H = 0, p, (Uk)k<) €EHA) &5 5. i€ TWIHL, fi: HA)U{0} — H\)U{0} ZXRD X S5 ITiE#HT
2. pi(H) =00t &, fi(H) =023 5. 0(H)>0DE, fi(H)= (587 Uyk) 52 :

a=0

B=A

v=prer + - (i — 1)+ (g1 + Deipr + -+ + fnén,

Ua—1 ifk=is l=i
U= Uu+1 ifk=ipl=i+1

Ui else

ZZTip=min{k € {1,2,...,n} |Vl >k, (H) > p¥(H) >0} TH 5.
FIZie TITHL, e HA)U{0} = HOA)U{0} ZXRD IS ICHERT 2. ci(H)=0DL X, ¢;(H)=0



YT, (H)>0DLE, e(H) = (a, 8,7, (Ul )ret) £F5 -

a=0

B=A

vy=prer - (i + 16 + (i1 — Deipr + -+ + finen
Un+1 ifk=n+1—i,l=i

U= Uu—1 ifk=n+1—i, l=i+1

Ui else
ZZTi. =min{k € {1,2,...,n} | VI > k,el(H) > F(H) >0} TH 3.

iRl 12
AXePY¥%. HNU{OZ fi,e(i € I) KL TALTH 5.

SERA H = (0, 1, (Uk)k<r) € HQN) & F 3. fiH € HA) U{0} Z 9. fill = (0, A1/, (Upr<t) &F
5. f[[H=0R6Hb60 f[HA0¥YT5. HN OERID, FEDE<ITHLTU], >0 ZnREiE &
V. f;H#0&D, i =min{k € {1,2,...,n} | VI > k,oL(H) > ¢¥(H) > 0} DFET 2. ZOL ZER
11 &b

U —1 ifk=ipl=1i
U= Uu+1 ifk=ipl=i+1
Ui else

BEhE (k1) # (i) B UL, > 03HSH, UL, >0%5T. i DD ED @ >0, 07 =07h5

if,

i -1
o (H) =9 + Ui i = Uipp1,im
=Ui;i —Uipt1,i+1 >0
7}735‘2})1‘[0 J:’)T Uif,i >0 %?%é L/fCZH’)T, Ui/f,i = Uif,i -1 Z 0 ﬁi}ﬁibﬁo

FREDHGAT e H € H(A) U {0} 235, 1
A DAY = 4~ DHE IS FAOHR CROMEETG 5.

iR 13

Ae Pt &35, HMNU{O}IX fi,ei(i € I) CEALTAZETH 5.
FOBHT H(N) EOSEEENEE .

EIE 14

Uq(ﬁ[n)_;ﬁ%gﬁ%t&%.

S H(\) RO wt, fi, e, g5, £ BEEI D (1) 25 (7) Tz LTWB L 2 HERTIZ L,
H = (0,)\,#, (Ukl)k<l) S H()\) £95.



(1) T, fZH =079 5. i% 11 &b Qﬁl(H) = 0, fﬁ@: (p; =0705 ZZZl(U]ﬂ _Uk+1,i+1) <0O»
EHiro., koT

Ei(H) = max(s?_i_l + UQJ.H — Ulia 0)

- Z (Un+l—k,i+l - Un—k,i)

= (Uks1,i41 — Ups)

k=1

= Uktrir1 — Y Ui
k=1 k=1

= Mi+1 — My

— () (hy).

FRDB i (H) = wt(H)(h) — e:(H) DD V0.

HA02T 3., 2Ot Zip=min{k € {1,2,...,n} |Vl > k, oL (H) > pF(H) > 0} DFET 5. if D
WOHFED p;(H) = ZZ:”(U}’“‘ ~Ug+1,+1) T2 Zf:_ll(Um‘ — Ups1,it1) < ODRDAID. Ko TERK 10
ED & (H) = Y0 (Ukiripr — Uri) IR D 35D,

L7zdoT
7 if—l
wi(H) —ei(H) = Z (Uki — Ukt1,i+1) — Z (Uk+1,i+1 — Uki)

k=i k=1

= Z Uki — Z Uk+1,i41
k=1 k=1

= Mi — Hit1

— wi(H) ()

2155,

(2) ZRT. EHEILD wt(H)=p TH5B. £EHK 11 XD,
wt(fiH) = prer 4+ (s — e + (pip1 + Deipr + - + pnen
TH5B. LihoT

wt(H) — oy

= (mer+ -+ pn€n) — (€ — €i41)

= pr€r+ -+ (i — e + (i1 + Dpipr + - + finen
= wt(f;H)

D ARVASH

(2) L FRIBRDFGRT, (3) Hbb 5.

(4) BRT. REED fH 40720, i —minfk € {1.2,....0) |V > k, ¢l (H) > oH(H) > 0} B1EE
T5. ZOLE (1) IFABRDHERT ¢ (H) = ZZ:”(UM —Uky1,i41), €i(H) = szz_ll(UkH,Hl —Uki) &
RBHIVICHEET .

10



Oi(fiH) = @0i(H) -1 %2R IREELD ¢;(H) > 0. F7= fi DERD»H Ezzif(U;;i —Ujy1i01) >0 F
7 S Ul i — Up) > 0 DIRD D, k5T

pi(fil) = Z (Uki = Ukg1,i1)
k—iy

K2

= Z (Uki — Ugr,iv1) + Uiy — 1) = Uiy 11,001
k=is+1

= > (Uki — Upgr,i1) — 1
=pi(H) -1
215%.

N
—

-
ei(fill) = Z (UIQ+1,¢+1 - Ulgz)
k=1
ip—2
= (Ukg1i01 — Uki) + (Uigizr +1) = Uy, 214
k=1
= EZ(H) +1
2155,
(4) [HEERDHGRT (5) Bbhb.
(6) Zns. f;H=H'" H' =0, p',(U)k<)) €55, ZZTEHED

A=,

ph= e+ (= De + (i + Dpien + -+ pnen,
U —1 ifhk=ipl=i

U= Uu+1 ifk=ipl=i+1
Uy else

TH5. EFRI0ED @/ = 0705 Y1 (Ui — Uprrii1) <0DRDILD. TOLE, (4) LD

if—l n—i
Ei(Hl) = Z (U$+17k,i+1 - Urlsz,i) = Z (UrlH—lfk,H—l - Uifk,i)
k=1 k}:n-‘rl—if

ARDALD. B (4) LRBOFHEMCE T Y0 Ul — UL, < OAURD D Z b

k:n+1—if n

bbb, Tikbb min{k € {1,2,...,n} | el(H) > ¥H) >0,V > k} =n+1—i; &b, £oT

11



eZHl (0 )\2 (U,?l)k<l) Zj_é }_)_

Ub+1 ifk=ipl=1

U2 =S UL —1 ifk=ipl=i+1
U}, else

(U —1)+1 iftk=ifl=1
=S Up+1)-1 ifhk=ipl=1i+1

Ut else

=Un

25, FREEIPON =\ =p b, £o7T, ¢H?=HHEDLD.

WIRED i (H) # —o00 205 (7) EHI S 70, 1
AT = 4+ OB\EITIE, HO) EESRE Y = 4 MINEEOFREAEOFEIIC o Twa. R,
H(\) O =4 bRZ MUE Hy, == (0,\,),(0,...,0)) TH 5.
W8 15

ANEXFY 24 255, Hy e HO) % Hy = (0,0 1, (Up)eet) EF 3. 2L ERDPEDD. p=\,
Uy =00t %, Hy 3RE7 4 M ADREY 24 M2 FLTHS.

T2YEHERY T2, TOiIHRHDIT R WXL, R CHZAFNILBTEE LD OAICHANNTZS D%
DFEL L, word(R;) &5 K. ZDL ET OFF word(T) % word(Ry) - - - word(R,,) TERT 5.

T 16
ANeE P35, nESREY A MIEEV(\) OMGEEEE B 2 $5. 2O RO

SEER mIfE DA = A4 MIIEE V() ORGSR B()) 1 shape A D PAEHERE (K SStab(\) & [RBYTH %
2o (Hi1.21%%, [8] BH8), H(N\) & SStab(\) SFEIEITH 5 Z ¥ ZRBIE L.

HeHW), H=(0,\p,(Un)kc) €35, @ET7TED, HIZBN Tz A b p OPEMERT X1
WIET 5. LedioT, U: H(A\) — SStab(\) Zaid 7 DEFH L T2 L &, WD Uy(sl,) DO TDH
% Z eI R0.

ERED wt(H) = wt(T) = u 72006 U(wt(H)) = wt(U(H)) DS D LD,

U(f;H) = f;U(H) %2R, #8115 XD Hy = (0,\, )\, (0,...,0) i&mei7 =4 b A DIgii7 =4 X7 b
NTHE06 H=H\,DBEEEZUZLWV. Th=U(Hy) 2 T28, TIZRN V=1 b \NDOVEERTH
3. FRZT\ D word 1 121222 .. .nrn TH 2 Z LITTERT 5. H)\ DERED 0i(H)) = Uiy — Uig1,i41 > 0,
FiZip=i%215%. XoT filH\= 0N, 1, (U} k<) €T 5L

N =)

p=Mer 4+ (= De + (i + Deggr + -+ Aes
U —1 ifk=il=i

Uy =Uu+1 ifk=dl=i+1

0 else
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DERDAD, T XD U(FiHy) =T 552, T'iZM N, v=A b p ONEERTHD, ZDiEIE
ATt oA 72 B signature Tule [8] &K D ZAUL £ TN IS T A, OB U(fiH)) =
FAU(Hy) DD 310,

AR DT V(e H) = ;U (H) D3bh 5.

I i (H) = 0 (V(H)) AT H=H\ Ot E2EZUIE. H) OEHED, k< LISHLT Uy =0
6 0i(Hy) = Uy — Uig1,it1 = i — pit1 CH 3. signature rule & D THUL ¢, (Th) & —HF 5.
[ARED i T U (e (H)) = e:(U(H)) DSbh 5. 1
ADEEY = 4 P DGETH HON) IXFABROK G 2 023, Zhk FARAS SRR Y & DB D 2 H
FhhoTWiRW,

SRR 1
NeEPLTB. ZoOrE, H\) LABLHEHEIEE SO U, (sl,)-MEHITFET 520

By x4 b AMTHL, extremal weight module V() &5 RIFET) U, (sl ,)-MIFFEAEE 5. ZAUE N DL
BEH Y = 4 PO e ZWZE, AT REY =4 ML —H5 5. ZOEKT, extremal weight module &
AT REY =4 MO I TH 5. WL D0 DPIT extremal weight module DFEFHELED H(N) &
A28 2 & 2BV Y R 7 22 K o THERR L TV 528, —fROBOZDFEIHIZIZE o TWRW.

4 HHDIC

AT, B oA P AN LTHN) LOMBEEZER L. ZOHFEE (1] IdRRL5ETDH
D, ZOWREL 2 TXENY =4 "0y 2 4 N ECRMEERIIR L. £ 20MiE Ik, X
Y =4 FOFEIE, FIESREY = 4 MO EEOEICZ > TWnd. ZDEIKT Young B
F2EHO—M b oTWV5.

ADEEY 2 4 P OEEICH(N) & AR S OMBESTFEET 20, FRTHETIUIZ DI XM
MWV HEITSEROBETH 5.
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