Joooogoboooogot

oo oo

20120 110 30

gobobooooboooobooooooobooboooooooobooooooobooooooobooooooobooboOoo
0000000000000 0000000000000DO0D0DO00O00O0000 KQI2Joooooo
oobooooooobobooooooboboooooooboboobbooobooooOoOooDbboOooOoOooDbboOooon
gobboooooobobodooooooboboooooobboooooooboooooooboOoooooobooOooaon
0000000 (0D0)0000O000000000O0000O00DO0ODO0000ODO0OO0OOOOOOOOO
ooooooooooobo0ooboooobooooooooooDoog

0

osrooboooooooo0oOooooooOoOooooOoOoOoboOoOoOoooOoboboOoOoOoooOoOoOoOoOoooonn
ooooocooooono

1 DOOooood
1.1 00DO0o0ooooog?

000000000 0Fomin O Zelevinsky [FZ02) 000000 OODO0OO0O000O0OO0OO0OOOOODOOO
(cluster) 00 000000000000 DO0OD0O0ODOODOOOOOOOO (cluster mutation) 000000
0000000000000 00000D0O000000DO0O0DO00O00D00D0O0 (DOobODoOoD)O
gooobooobooooobooobboobboobbooobooobboobboobboobbbOoo
00000 O Berenstein-Zelevinsky[BZ05] 0000000000000 (0D0D0)000000O00OOOODO
000({@0)0000000000000000O00000000000DO000D0D0OO000oOoOoOn
0 0 Fomin O Zelevinsky[FZ02) 000D 000000000000 GO base affine space G/NODOOOO
“0O000D00DO0OO0”0000C0C00OC0COC0O0OC0O0OOOUOOUOUOOOOOOog

“We conjecture that the above examples can be extensively generalized: for any simply-connected
connected semisimple group G, the coordinate rings C[G] and C[G/N], as well as coordinate rings
of many other interesting varieties related to G, have a natural structure of a cluster algebra. This
structure should serve as an algebraic framework for the study of dual canonical bases in these
coordinate rings and their g-deformations. In particular, we conjecture that all monomials in the

variables of any given cluster (the cluster monomials) belong to this dual canonical basis.”

*00 : 000000 DO0O0O0O0 (Osaka City University Advanced Mathematical Insitute), E-mail: ykimura@sci.
osaka-cu.ac.jp
20120 80 200 OOOOOOOOO



0000000000 (dual canonical bases) 000 LusztigD 000000000000 O0OOOOOOOCOO
00000000000 00000 (canonical basis) D00 D00 OO0 (global basis) 00D DOO0DOOOODO
O000O0O000000000000000000000O000D00O0D0OBerenstein-Zelevinsky 000000
00000000000 stringbasis0O000 G=SL, (2<n<4)000000000 [BZ93]0O0OO0DO
O000000Ostring basis0O00000O000000O000000000O00O0O0O0DOOOOOOOO
ooooo

12 0O00OO0ODOO0ODOOOOODOODbOOO

0000000000000 00000000000D0DD00O0DO0D (00)0D0DDODDODODODDODDO0O0O0OO
0<r<ni00000O0OOO0ODOOGr(r,n)0nOO0O0ODOOOODVOD-000000000000
00000o00o00oo0ooo0oo0oo00Gr(n,n)O00r(n—r)000000D0O0ODOODOOOOOOO
O0O0Gr(r,n) 00 Plicker UD0DD0O0O0D0O0ODO0OD rOrxnO0 2 00000#I=r000000
Ic{l,---,n}000000000 oy =detX;(Plicker 00 0000000000000 OOOODOOO
ooo Gr(r,V) - P(A"V)00000D00MO00000O00O0O0O0DO0O0O00O00OOO0DO0ODOOOOD
oobooooooooobooobooooooboOooboOoobooOoooon

0 1.1. Gr(2,n+3)
n+300000000VO200000000000000000000000 Gr(2,n+3)000
0*'00 »+300 POODOOODOOO0O0O0O0O0O0D00000000000000000PO000O
1<a<n+3000000000000000001<a<b<n+3000000000000 2,400
0000000000000[;,i+1](1<i<n+2)000 [1,n+3]00000000000000000
0000000 n+300 PO0O0OD1<a<b<c<d<n+30000000000000000

T(a,d Tb,d] = Ta,b]L[c,d] T Lla,d)T[b,c]

00000*0000 [a,b)0 [¢,d 00000000POO0OOOOODDODODODOOOODOOOOOOOO
oobooobooobooooobooobooooboooooooboooo0ooDoOooobDOoOooobOOooDbboOooo
ooooo0O0O0O000000000OPOOO0OOOO0TOOOOOOOOOOOOOOODODOODDODOOO
ooooooooooododonOO0OO0OO0O0OO0O n+30000000000000000000O00O0O00O
0000Gr(2,n+3)00000000A,00000000000000000O0 [FZ03a, Section 12.1,
12200 0000000D0000DOOO00OO0DOO0ODOO0ODOOO0DODOOOODOO0OODOOOD
goboooooobbodoboooobbooboooobboobooooobooooooobooooOooobooOooaon
0000000000000 D0000DO [Schog]DODOOOODODOOOOO

000 ADODDOOODOOODODOODOOO Scott[Sco06) 00D 0DDODODODDODODODOODOODOODO
00000000000000000(—-2)(n—r—2)<30000000 Gr(r,n)0000000000
0b0obO0o0o0oO0ooooOobOobO0booo0ooooOooOobOOoDOobOUb0r=200000000O0D0D0O
00000000000 Gre(3,6)0Gr(3,70Gr(3,8) 000000000 DOODODOODOOODOOODOOOO
D,00FE00Es 0000000000000 0DD00DDO000DDOO00DD0O0O0Gr(2,n+3)000
00 Grabowski[Grall]Od Gr(3,6)0 Gr(3,7)0 Gr(3,8) 00 00O Grabowski-Launois|GL11] 000000
goboobbooboobboobd

1000000000 “00”0000000000000000000000
20 p+300000000000000000000000000000000000000000O0OCOOOO0 T[q,p) OO
gooOoboooooooooo



simply-laced (D 00000 GOOODOO0OO0O0O0OO0O0O G/PO0O0O OO OGeiss-Leclerc-Schroer[ GLSO8]
gobooooboobuooboboobooboobbooboobbooboobboon

00000000000 Gr(3,n) 000000000000 DOOD0ODOOODOOOUODOOOOODOOO
00000000 [FP12)0

13 0O00O0O0OO0ODbOoOOOoDOoboooboo

0000000000000 0D000D00D000OD0D00DO0ODO0DO0ODO0OD0ODOOOFomin(-
Zelevinsky)[FZ03b, Fom10] O (Geiss-)Lecerc(-Schréer) 0 0 0 00O OO [Lecl0, GLS12) 0D O OO
00005 00000000000000000000 [Nakl0]OOODOOOODODODODODOODODOOODOO
0000000000000 0000000000O0DO0D0O000O0DOO[FZ02, FZ03a, BFZ05, FZ07] O
gogooooo

0=(00,0,)000000QO00D000Q, 0000000 Dout,in: @3 »QUIOD0DOODOO
0000000000000 000Bg O QyUUODOOODODODOODODDODOOODODOOO

(Bo)ij = #{h € Q1 | out(h) = i,in(h) = j} — #{h € Q1 [ out(h) = j,in(h) = j}

B 00000 QUODOD0O0O0O0O0OOO0OO0O QUO0OO0DO0OO0DOO0O0O 20000000000000
0000000000000 000000000000DO0O0O00000Q, DO UOUDOO (principal
part)Qb 00000000 (frozen part)QF 000D 000000000000 QY0D0DDDODOOO QY
0 QOOO0D0 (principal part) 0000QO000 (ice quiver) D000k e O 000000D0ODOO0O
(matrix mutation) 000000000000 (quiver mutation) B’ = u;B (resp.Q' = p,Q) 00O

googogo
r_ _Bij le:kOl"]:k
E Bij + %(szIBk]‘ + |Bik|Bkj) otherwise

00 % =Q(u;|i€Q)D000.£000000000 @ ={z;}ico, 00000z, €£00000000

! H Tin(h) T H Tout(h)

TR neq heQ:
out(h)=k in(h)=k

8
S
I
|

0(Q,7)0000 QU QUON0D000N0D0N00D 00000000000 uk(Q,7)0
(1e(Q), @\ {1} U {1 })

000000000000000000 000000000000 (cluster variable) 000 O{u;}ieqs
00000 (frozen variable) 000000000000 00000 Zuw,; |i€ @5]000 (coefficient) O
oooQ

00 1.2. 00000000DO0O000ODD 2(Q L0000 Z2(QLO00000O00000O0O0O0O0DO
0 /(Q)D0000DO0 (cluster algebra) 0D OO

gooooobooboboobooboooboboobooboboobuoobbooboobboobo

00 1.3. (1) 00000000000000000000 I(Q)000000 (exchange graph) 0000
(2) 0000000000000 0D0O00D00OD00O00DO0D0D0UOD0OOD0OODO0DOO (cluste
complex) 0000



gooboooobobooboboobobooobooobObOooobooboDbooobbooobobooobobo
000 [?, Theorem 4.6, Theorem 4.8]0
goboboobooboobobuooboooo

00 1.4 (000000 [FZ02)). 00000000

2(Q) cd(Q = () Zlu|ie Qg |ie Qfl.
tel(Q)

0000000000000 oUUoUDOoOoDOoOoDODODOODODOODCOCODOCOODOOOOO
0 O Berenstein-Zelevinsky[BZ05] D0 000 000000000000 OOOOO ODODOOOOODOOOO
0000000000000 00000000000 [BZ05, Theorem 6.1] 000000000000 0O0DO
ooooooooooo

00 1.5 (000000). #2(Q)<o0c0000000QP O Dynkin quiver 0000000000 0O0DO
oooooo

goboooooooooooobodooboooooooooooooooooobooooooooon

00 1.6. QUODOOOT(Q)ODOODODODOOOODO

%(Q): U H Z‘ZQEW(Q) aiEZZO
(Qe,ZNET(Q)o | i€(Q1)o
0000000000000 000000DO000O0DO0O0L00ODOU0D0OOU0Z(Q)ODODOODODOOOO
000000000 [CIKLFP12, Conjecture 2.4]0

00 {z,y} Cc £(QU000000000Oz,yO00O0DODODOODOODODOODOODUOODOOOOO
rxy € #(Q)0000000000D0O0O0DOO0DOOODOODOOODOOODOOOD [FP12, Conjecture
95000000000 folklore000000DOOUODOOOOODOD

00 1.7 (“0000000”000). #(Q 00000 £Q 0000000000000000000
0oo

(1)000000000000 {z,y}C 2(Q)00000{z,y} 0000000000 aye £(Q)000
00000000

(2)0000000 (00 ):00be #(Q)D0000z2be A(Q)DOOOODN

(3) {bih<ice C A(Q)DDODD0D0DOD0O000DO00 bb; 0 Q) OD0ODDO00D000000
[lic;<,b; 0 2(Q)000000

00 1.8. 0070 00«(Q) 00000 £(Q) 000000000 .#(Q) 0000

Proof. x 00 000000000000 {z,2} 0000000 2% € £(Q)000000{z,x,--,z} 0
(3y000000000z" € 4Q)000000{z, - ,2}0000000000000000000
M.z 0 %(Q)000000000000 q.e.d

0000#(Q)0000000000000000000D000OODOOO£Fomin-Zelevinsky[FZ07,
Conjecture 72| 000 00000M 0000000 MO Cerulli-Keller-Labardini-Plamondon[CIKLFP12,
Corollary 53] 00 0000000000000 DODOOO0DOOOO0DOOOD L(QUOODODODDODOODOO
gooobogo



14 DODODOO
000000000 OO0Lavrent 000O0OD0OOCO0ODOOCOODOOOODOOOOO

00 1.9 (Lauwrent 00000). OOODOODOODO

2(Q)C [ Zsolwi |iec Qi |ie Qf).
tel'(Q)

goboooooooooboooooo

00 1.10 (000000). #(Q) 000 4(Q)0000000000000000000D000
(1) #(Q) c #(Q)
(2) #(Q)000000000000000

Laurent 00000000000 OO0O0OCO Lavreent 00O 0D0OOCO0OOOCOOOOOOODOOOODODOO
000000 Hernandez-Leclerc[HL10) 0 0 0000000000000 000O0O0O0OOOOOOOOOODO
oboboboooooooboobobobo

00 1.11. 000000000000000000DOO0Y 00000000 (Q)DODOO0OOODOOODO
ooboooooooooboooooooo

(1)000D0ooo
O: (Q) ~ Ko(%)

00000,0000Ky(%)00000000
(2) #(¢)0 ¢ 00000000 Ko(¥)000000000000®#(Q))cZ(¥)00o0ooon

gobooobooooooooocooooooooooOoooboooooOooobooOoobOooooooboobooon
0000000000000 0000000O0O000000DO0O00000 (2)000D000O0D0O0O0O0OO0OD
02000000000 S(x)0000 0000 SE®"0000000000000000000000

gbobooooooobod
ST o) = @ St
i€Qo i€Qo

0000000000000 (D00O0000)0000DO00O00O0O00DO0O0O0D0DDOO0OOOOOoOOoOO
0000S®?200000000000000000 (real simple) 10 0000000000000000
000000 S~ S5 ®S 00000000000 (prime simple) 0000000000000 0O0O0ODO
000000 (real prime) 0000000000000 DODOOODOO [HL10, Definition 21] 0000000
000000000“0000000”000 (4)000000Hernandez[Herl0]OODOODODODOOOOODO
0000000000000 00000000D00U0O0DADEUOO HeckeOUOOOOOOOOOOOOODOO
000000000000000 Hernandez-Leclerc HL11] OO ODOOODOOODO0OO0OO0OO0OOO Hecke OO DO
0000000000000 000D000000000Kang-00-KimKKK120O00O0ODODOO00OO0OOO

0000000000000 000O0000D (2)000000DO00D0D0D0D0ODOD0O0DODOOODOOOD
oono

o A,,D, 0 [HL10], D, O [HL12|
e 00O (bipartite) O [Nakl11]
e 00O (acyclic) O [KQ12]



[Nakll] OO [KQl2]0OOOOOOOOOOOOOOOOUOOODOODOOOOOUOOODOOOODODOOO
ooboooooooooooooooobooooooboooooboobOooboobDOoobooboooobooon
00000[KQI2] 000000000000 000000 0000000000000 oooooo

2 000O0oOooDooooooog
21 DO0OD0OODOODOO

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000 Calder-Chapoton 100000000000
000000000QUONDONONDNONONDNO0NDNN0NONDN0NONDN0N0DNO000NN0N0NDN0N0DN0ONNNonno
0000000000000000000000 1:100000000000000000000000 QO
0000000000000000000000000000000000 Exty(M,M)=0000000
00000D00zyw 000000000000000000 @ = (w)icg, 010000000 CCuW]ODO
oooon

00 2.1 (Caldero-Chapoton 0O O [CC04, CKO08, CK06]).

1 in ~—Vin out
CCW] = == > X(GrEM[W]) ] wii) ™ g
Hz‘er Ui V<w heQa

000000000000 0000D [Qnloj0OO0O0ODOOO

22 J000O0DOODOOO0ODODOOODOO

0000 (acyclic quiver) 10 0000000000000000000000000000000000
00000 bipartite partition 00 00 0000000000000000000000000 [Qinl2]0
(I,E)DDODODO(I,Q) 00000, (,Q) 0000000001 =1x32I=1x(+2),, =1xZ
D000W =@ .ep Wila) 0 Io-graded 000000,V =@, cp Vi(a) O Ii-graded 000000
0o0oooo00dmW <oo,dmV <coOO0OO0O0O

EQ(V, V)[O] = @ Homk(%ut(h)(a)7‘/in(h)(a))v

heQ
(out(h),a)el

EqVV)T = @@ Homi(Vour(ny (@), Vinny (@ — 1)),
heQ
(out(h),a)€l;
LW, V)EV2 = @5 Homy(Wi(a), Vi(a — 1/2)),
(4, a)EIO
LV, W)= 5 Homy(Vi(a), Wia — 1/2)).
(z,a)EIl
o000
M(V, W) := Eq(V, V)V @ Eq(V, V)" @ L(w, v)=V2 o L(v, W)= 1/2]
00000000 (Bu(a), Bi(a), a;i(a),Bi(a)) 0000 u: M(V,W) — L(V, V)71 O

(B, o, B) ZBhB — BrBj, + ap
heQ



goobdpdboboOobOobon
G(V) = H(i,a)eﬂ GL(Vi(a)) O M(V,W) 0000 (gi(a)) - (Bu(a), By(a),a;i(a),Bi(a)) 00OOODODO
oooa

(Gin(h) (@) B (@) Gout(r) (@) ™", Gin(ny (@ — 1) B(a) gous(ny (@) ™', gi(a — 1/2)ai(a), Bi(a)gi(a) )

00 2.2. (1)(B,a,8) 000 (stable) 000000 B-invariant 00 V! € Ker8 00 Ij-graded 0000
ScvioS=000000000

(2) (B,o, 3) 0000 (costable) 0 0000 0B-invariant 00 V/ D Ima 00 L-graded0000 T CV
OT7T=voooooood

p~1(0 0000 p=00000 (B, ) 0000000k Y0)*0 G(V)DDDDODOOOO0OOOO
000000. Y0)*** 000000000 ¢p=00000 (B,e,f) 00000000000 (0)* 0
p~L(0)** 0 (000D0000)0000000

00 2.3. 00000 p~4(0)*/Gy 0 M (V,W)DDOOOO0000000000000 (smooth graded
quiver variety) 0000000000 p~'(0)/Gy O My(V,W)0O0000O000000000000O
(affine graded quiver variety) 00O O MYV, W)ee 0 G(V)-00O0O free0 00000 (0DODODOODO
0000 )principal stratum 0000

M (V,W) = M$V,W)DO (0000000000)0000000000000

00 2.4. [Nakll,4.1]000o0dd cycle 00000 (I,F) 000D DO bipartite partition I = IoU; 000
00&:1—-{0,1}000010 :={(i,a) eI xZ|a+&/2€i+2Z}, I:={(i,a) e[ xZ|a+&/2 €L}
0000M(V,W) =Eq(V,V)FV2A @ Eg(V, V)"V @ Lo(W, V) FV2 o Lo(v, W)Y oooooooo
00000000000000000000000000G,,000000000000000000000
00000000000000000000000OG,, 00000000000000000000000
00 (/,Q)0000000000000000000000000000000 [Qinl2]0

V<V'00000 (i,a) €, 0000, dimVi(a) > dimV/ () 0000000000M(V,W)0000
000 (0)OoooOooooooooo

00000000 0000000000V <V 00000 closed embedding MV, W) € MV, W)
000000V OO0O000000000000 wniond MS(W)DOOOOMW)ODOODOODOO0ODO0OOO
0 O O Lelclerc-Plamondon[LP12) 0 O O Schertotzke-Keller[KS12] 0 0000000000000 DODOODO
ggno

(Cyv)i(a) :==vi(a+1/2) + vi(a —1/2) — Z Vin(ny(a +1/2) — Z Vout(n) (@ — 1/2)
heQ;out(h)=i heQ;in(h)=t

gpoooo
00 2.5. (V,W)DO f-dominant 000000w—-Cpo<0000000000

00 2.6. 00 My 0000,0000000000.

(1) MJ®(V,W)£00000000M*(V,W)#£000 (V,W)O ¢-dominant

(2) DO MIS(V,W) ¢ M (V/,W)D0o0o, V' <vVoooo,000 (b6 € L, 0000,
dimV/(a) > dimV;(a) DOODODO.



23 0001000

oooo,wo,]xI00000000o0. 0o0o (,QU0o0000000o0ooooooooo.
QU0D000000000D000000000000000000000000

_[wae

) Ws(1)

Va(1/2)
T

Wa(1)

\J

_wam]

) Wi(1)

oooDoOo0ooooooDoo00O0, 000000000, 000000, 0000000, DoODo0oOo Voo
O I x {1/2}-graded vector space 000. D00a = (o)ie;y 000000000000 DODOOOOODOO
W(l)=0(ie)0000000000000000000 vector bundle

p: M*(V,W) = M*(V(1/2), W(0))

gobodooooooboo

231 W(1)=0000
M*(V(1/2),W(0)) 000000 Reineke[Rei08] 000 0000000000000000
oooMe(V,W)DoOooooooooooao,

dim M®(V, W) = > wi(0)vi(1/2) + D voue(n)(1/2)vin(n)(1/2) = > vi(1/2)v5(1/2)

i€l heQ iel

00000.(1,Q)00000,8,VO I-graded00000000000,Gr(S,V) = [];c; Gr(dim S;, dim V)
0VOdimSO000 I-graded 00 000000000000000000000000 (00)000.

Gr(1,0)(8,V) :={(B, ") € Ea(V,V) x Gr(S,V) | BuShy(n) C Stany for "h € Q}

0000000000000 D0O0OD0D0ODO Be Eg(V,V)OODOOUOODODOUDODODODODODOOD
Gr(LQ)(S,(B,V))DDDDDDDDDDDDDDD(DDDDDDDDD)DDDDDDDDDDDDD
0O (B,V)OUOLDUOOUDOOUDOODOOD (=0000)0000DODO0ODO0ODOOOODODO. S;06i€el
000000000000 A, 000000V, 000000000A;(¢ie)00000D0O0OOODOODOOO
00000V, (fe)D0O0O0O0DDOODOODOODOOOOO

00 2.7 (V,W)oooo, Grgo(V,VVO)ooooo vVVO =@, , V;@W;(0) 0000000 VO

ooooooooooobo.oooo,obooooon.

iel

M®(V(1/2),W(0)) = Grr0)(V(1/2), VW ©)



2.3.2

pathr D000 2z = BineBraow) 00000, 2= (2,) 00000 2: AV®D - vWO ppoo. o
000 pathr 00000, 2 := Binr)Qout(ry 00O 0. 000, I x [0,1]-graded vector space W OO OO,
Ey := Homg(AW W, VW) ooo. 00, Ge(V(1/2), VYO 0D DO0000 Gry oV, W) O

Grira)(V, W) := {(X,2) € Gr(1.0)(V, VY @) x Eyy | Im(2) € X}

DDDD,W:E}VI“(LQ)(V,W) — Eyp 00D000O0OQ0OO0O0OOO0OD. #0000000. OODOO, [Nakll,
Proposition 4.6) 0 0000000000O0OO.

00 2.8. (1)00 MY(W)ZEw O
(B, a, B)] = (ﬂin(r)Braout(r))

gooooo.
(2) 00 M*(V,W) = Cr.0)(V,W) O, ([B,a,8]) = (Im®(B, B), (Bu(r) Bratouy)) 000000, O
o, M*(V,iW)OOoOo.OOooOOoooooooooo.

o~

M (V, W) Grr.a)(V, W)
™ T
MV, W) Ew

Il

233 0O0OOOO

Eyw 00D000D0000. 00000 MOOOO 000000 Homg(A;, M) 2= Me; = DHomg(M, V)
000000000, Ejy 2 Home(VV©@,vVM)ooooo00000. Grygy(V, W) O annihilator O
0000,00000000,000000000000

—~ 1
Gr.o)(V.W) 2 {(z*,X) € Homg(VW (@, VW) x Gr(;0)(V, VV(O) | X € Ker(z")}

~ 1
00000000 7t: Grq)(V, W) = Homo(VV©,YW@) 0000000, Ker(z*) 0000000
ooooooooo.

24 DODODO

00000000 Mg(W)ODOODOOOO Py 0 00000000, 00000 (quantum
Grothendieck ming) 000D O .

COD0O0000 XO0000, 2%X)00000000000000,j€Z0000,000000
[j]: 2°(X) - 2X(X)000. 00000000 Y Cc X0000, 1y := Cy[dimY] 00, Y O regular
part Y™ 00 (finitary) 000 £0000000000000000 IC(Y,£)000. IC(Y,Cyree) OO0
0,IC(Y)DO0O. 000, IC(Y,L)|yws = LldimY™] 00000000.7: M*(V,W) = M§(V,W) O
000, M*(V,W)00000 lyewvw) 0000000 ap(W) :=m(lpevw)) 0000, 00000
OM*(V,W)00OODOOOO0OO0OO000,000000,7w(V)OD0OO0O0O0000,DJ Verdier 000
o000, D(rw (V) =mw(V)ODOODO. Pyw O, My(V,W)0O0O (V,W)oOOoO mw(V)DO (000D




000)0000000000000000000000000, 2y 0, 2y 000 2°(My(W))0000
00 shift 0000000000, (split) Grothendieck 0 Ko(2y) 00, 000000 ¢t00000, Z[tH]-
00000000, 2w 0 Ko(2w)0 ZF]-0000000. 0000000000000%, 00000
0o0oo

00 29. 0000000
Pw = {IC(MJ8(V,W)) | (V,W) is £-dominant}
0000, (-dominantD (V,W)0 000, IC(M*8(V,W)) 0 ICy(V)0ODOOOOOO.

[Nak11, 3.5] 0 [VV03,4 0000, “00000000"T,(WL3Ww?)0oooo,00
MEW) x MEW) «— T8 (W W?) —— M§(W)

oobooooooon

},{\e/swl)wa =k Qw — Dy X Dyye
0 (00000D0000)0000, K= @y Ko(2w)D ZtF]000000. 000000, 00
{ICw(V)} 000000000 000000. 00000 {Lw(V)}000. 0000,0000 K*0O
ZtF 000000000, 0000000000000 ICw (V) = ICy,. (V) 0000, Res(D cocycle
tWist)DDDDDDDDD,DDDDDDDDDDDDD. 00000000 0quantum Grothendieck
ring0 0000

<fwi ACy 1 (Vl)>
for any W

Ri = {(fw)w € HHOHIZ[ti](Ko(Qw),Z[tiD
w

(fw ICw (V)= }

000 ¢-dominant 00 (V,W) O (0,C*(V,W))000000000R, 0 {Ly(0)} 0000000000
0000000 R, 00000000000

2.5 Fourier-Deligne-Sato 0 O

[Nak1l] 0OOOOO0OO000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000
000000%: DY(Ew) ~ D2(E},) O Fourier-Deligne-Sato 0 0 0000

Zw = {ICw (V) | codimsupp .Z# (ICw (V)) = 0}

D0000D0000ICK(0) €. %y 000000 D0D000.%y ={ICw(0)} 000000000000
000000ICw(V)e L 0DDOOO0Z(IACw(V)) O generic rank O ry (V) OO O

Ly =Y (=) MV Wy (VICK (V)

O0000OLy O0O0O000O0OO0 upper unitriangular matrix 00 0000000000000 Aw =
Awt(VV)D E}, 000000000000 00 presentation O rigid 000 00 000 minimal injective
resolution 0 0O O O Okernel O rigid 000000 presentation 0 rigid 000000000000 OOOO
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