QUIVER VARIETIES AND FINITE DIMENSIONAL REPRESENTATIONS
OF QUANTUM AFFINE ALGEBRAS

HE B (HTRAKU NAKAJIMA)

FHE CIIHIR GRS B L DT, ZOHETE s, DETFT7 774 VRDGEICRES Z
CICE& o TEMRIRGERT 5. HiX, UTOEMBHRHBALHEHOBHTHE ATV T LT
HN5.

1. INTRODUCTION
7 774 Lie BRgld, Kac-Moody Lie BRDHITH Y, —ffb T 7= Cartan 4751 (BIAIE Agl)
moric (%, ) ) LT AR MR TERSN D TSRS LS
i, ZOEFEEMED OVEFTH B, —H T gidARKTT Lie Bt g D)V —7 Lie B Lg 2 Hft
DERU T, SBHICRBIERAREMITIMAZED L WHERBWETH 5. bbb,
9=90®C[z,z7'|®Cca Cd
THo> T, Lie ROFEE %
[@,¢] =0,
X ®2,VY®2]=[X,Y]® 2t + T6,450(X,Y)e,
A, X®z]=rX®:
TANEZEDTHS. EEL, (X,Y)E g EDH S adjoint AERANETH 5.
DTFCI, gOERBRKRARHEFANS. 20 xE, bl 0 THEHTEDT, —7 Lie B
Lo—g®Clz, ! #ZX T+ TH 5.
0 TRWHEHZRE a IS U, Lie BROAEHFEY
Lg—g XQ:2—dX
% evaluation B4R L W\, ev, TEDT.

gDRBV % ev, xBU T LgDERBLBE =D DER vV TERDT.
Lg DA RKRTFRIHIE, RO X DICU TEBICHBEIND.

EH 1.1. (1) ap,...,a, BHERS 0 TRWERBEL, Vi, ..., V, & g DERRKRTBEHZRS &
T5. . ZDLx

* *
ev, 1®---Qev, V,

i Lg OB BRRHBIESTH 5.
(2) Lg DAEBRKEBEFEBIE LO® Y HTRTEING.

5
I ULED Bl EZEZ W SEBEER U®G) O B U,0) &, 777 AV ET B
BREMHINTWEN, GIC8Y OFLdRMNBH - =0 L RIS, Z8BY OB FEETH 5.
—2&, g D Kac-Moody Lie ZgE U TDELIRD ¢ FHEL TH Y, Drinfeld-Jimbo IC & 5 XHML
H[EE7: Kac-Moody Lie BRICXH T 2 B FBERDESFEEHE S DD THS. O —2IF, Drinfeld
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new realization L FHINTWBEDTHY, gDIV—T Lie BBDIER L U TDEIRD ‘¢ FREL T
H5.

TODEDBAFEEITH B Z LIX, Drinfeld[15]ICE o TT7F IV AINTWEMN, FEL WIFHH
I, Beck[5]IC &k o THEABNI.

Z Z T, Drinfeld new realization *FHTeEZLE L, ¥ AR TR EEET S DT,
HUDMER LU R WE TNV —T R U, (Lg) EBYFE DI Z LICT 5.

HEDEDg=sl,DLE®ERS.

U,(Lg) 2D EDICUTEHETS. Uy (Lg) &, e, fr (r €7Z), ¢*", b,y (m € Z)\ {0}) B4
BItL §5 Qq)-RETH - T, ROBFBAEHE=T DD L T 5:

(2 = ¢Pw0))* (2)2™ (w) = (¢722 — w)a™ (w)*(2),
1 w z

[t ()07 ()] = ——= {8 (Z) st (w) =6 (=) 07 (2)]
)

k. — 4 <z
(z — ¢F*w)at (2)at (w) = (¢F22 — w)z® (w)2®(2),

=EEL, IROBEEE 2 W=

(LY e Y e 0 Y g

T=—00 T=—00 T=—00

?bi(Z)déf'qiheXp( (0—q Zhimz )

m=1

e:(g (1))’f:<(1) 8)’h:((1] _1)75:5 L DAEFTTE U TENE, LgDe® 2", fQ 27,

h® 2" INENZEhe,, fr, hp ICKHIGU, h® 2° EiFIX¢gDEBICE ST T 2 LEIDTHS.

U, (Lg) DRI = 1 5 i BB 725 O, IR (K 75) EBIORER, HETH 5. %
&, —fD g il =WL T evaluation g{gﬁ)‘#ﬁ'—‘b RWZ EHHLNTBY, ZDEHICLgd
HHIGEOME (EHE 1.1) OB Z 0% £ TRARIZL AV, B2, SRS Rk & LN
LREEENAL T, BRRTREEREEAL =, FRRRN D AR AR D RERR B PRI A B
25MDT, ::"Cbig = sl DEFRICREZ LI KT, BFOBEEFTHTHZ LICLEV.
g = sl DEENIIANG T 5 TR I, Vo avy SRURDAREH & Y, BHTFHELLZD
ﬁg’i’;ﬂ’\é EINTES. fﬁﬁfif@t A, A, ﬂ%%@t%kbin%@naj; IESNTH
59, MEREEFTANLZHDEELHHTH. E?‘éﬁ\%ﬁ‘ﬁ)o?‘ 2P, g=1sl, DHEX, £
# & Y ELAFTIC Ginzburg-Vasserot[20, 56] DRERLDH Y, %%%f&b@ﬁ{f% @ﬁ}%ﬂ TEnT
W5,

2. U,(Lg) D MRIRTERE

ZOHEITE g = sl, DHFEIC U, (Lg) DAEBRRuRE & BERICHER T 5. s, DGEICHRR
TEZLRIABRHTHS.

2.1. BBRRTTREDEBK. KOFELFEHNS.
o wE Zyg
° a, bE%VC a<blRBEDICHNLUT, [a,b] = {a,a+1,...,b}
o R Q(g)[zF, ..., 2E]
: w IRDXFEE. D ANZFZTRICERT 5.
. ] = (I, 1) : 1,w] DZDDEENDHHE. $206, I, [, C[1,w] TH>T, LN, =0,
Il U ]2 = [1 ’UJ]
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e ke L D= HL V\/@Jrlj(l) B (L\{k},LU{k}) CEHETS. AR, ke LDL
%%ﬁu\/\im( )& (L U{k} L\ {k}) TEHTS.

¢ S =5 xS8, CSy: I, I DENENEEEGL U TROTND 2D S, DEDEE

o G C S, MHZHDLE, G TAERRDILDLME % R TERDY.
o [v] I, (kaﬁtfm%éné (1, w] D

([L,v],[v+1,w]) 1<v<wdD&E

[v] = ¢ (0,[1,w]) v<ODEE
([1,w],0) w<vDEE
o I,J B[, w] DDoDHEEL T B L E, MHMUERR S, RS"S7 5 RS %
&if=Y, of)
c€S;/SINS;

ICE o TEETS. ROWBERICHLU TEHURTHIMUERREEZET 5.
o = (]1’I2> = ({ila"'aiu}a{jla' --ajw—v}) & f € RS[”] ‘:iﬁb‘(

f(xl) = f(‘riw <oy Ty s Ly - '7xjw—v)
&b,
M = M(w) S @ R & BL. AEHROEE o+ (2): R - RS-0 &
-1
+ [v—1] Ty qTy —q "Iy
o= (fz S =
r=—00 te[v+1,w]
o] -1
Tp\" qTp —q Ty
kelo,w] — telo.u]\ (k) !

ICEoTREBETS. v 2HMTZLICE ST, M EOERZORERE Rird. SBMDAA-T
WBEMNS, BN RI-1ICASTWSZ LIFHHTERWAF 2y VT35,
HRRIC 27 (w): R%»-1 — RS %

© -1
- v Ty\?® q Ty — 4Ty
(o) =61, (g > () )

s=—00 u€[l,v—1]
oo -1
Tr\°® q T — Ty
= gl D (5) II o —a.
l€[1,0] s=—00 u€e[1,v]\{l}

B o+ R R £

+

_ g~z — qz, qz — ¢y

N ( H 2 — T, H 2 — x4 ) !
u€[1,0] te[v+1,w]

W&o TEDD. FEL, HBICE 2MTEEDIE, 2 =00 & 2 = 01X BT 5 Laurent B %

=ZbT. (FEBRICE, 2 = 00, 2 = 0 ClEBER= tL\/\)

FIE 2.1. EOEMEZRCEY M = M(w) BIC U, (Lg) DEHNEE 5.
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HEME T R 1E, HFEICKY RS IIBOBENASL. LOEBHEND 25(2), »*(2) &
RSv-linear T 5. HROWEEE y: RS — Q(q) WM oT Q(¢) & RS--fIEEL Rl &5
Q(g)x THEbLT. 22T

M ®pgs. Q(g)x
EEZNE, Q(q) LD U, (Lg)- ML ed. BHF vV TEBEDIC

dimg(g) R @ps. Q(q)y = (ZJ) dimg() M ®rsw Qlg)x = ) (ZJ) =
MELYIALD. BT, M @ps. Q) EHBBRRTTD U, (Lg)-MEETH 5.
IEJ:Q%@J: DU THRRIE U, (Lg)- ﬂﬂﬁf)‘%ﬁkf%f BRUERIZY 2O BT, WIEXNFZ
T

€1 =1+ o+ Ty, € =T1Ta+ 0+ Ty 1Ty, ... € = T1 Ty

DITEHERDNIE LA LW, (Z7ZU y(ew) # 0 DRHE) {iEO"C LRSI, w RTBET
DEHHENHLZLE2FEBLTHIZD. BB HEFICEAE, ¢ =1 D Lg D& XD evaluation
= (EM 1.172 TD a; DELY FDEHBHEICKINT 5. it*@fa\‘ﬂi, Drinfeld ZIEFITX R L
TWZLIIR 5.

X CLAF, M O U, (Lo) L LT OME R AL S, 4 OABRKTIEE M ©ns. Q(a),
ICDOWTOHEIX, MICDWTOHENMNSHEDZ LIRS,

9, MIIFFIRT1 € RS0 2O Z e 2FERL & O. FRlL B - ERIRIT,

7 (z)x1=0

ERBZETHB. 2, BRKRTTD g DRBEWTED L ZADEE T = 4 MR T MUK
6T BRMBED—DTH 5. MDFMFIX, Cartan TR ODEKEERY MV THBZ L, K
2N LI gD EBRYBELIEAIBTCTESZREBTELNATWSEZ L THoE. SDHE,
I DRI T BDIE, v (2) DEERT MVTHELEDZLEDN, ZHFHL MY
Vo TW5, ERE

_ -1
(2.2) *1_qu 1 xf:wH
te[1 ] tem;]

TH5. (HAMEL, RS DTETHB 2 LICEEL & .
BEFORBBRYILD. Thbb,

SRR 2.3. MIZ HEVA N EETHS. $42bb, 1 € R0 IC U, (Lg) Drukigy)RUME
HXBTTESmEHBTRY LESHATWS.

FERALE, Hall-Littlewood ZTHARDERE([40] & R&) & 2 (2) DREFHER REXT, Hall-Littlewood
ZHANNHSEHADEEZ Y Z & 2FEXTHRS.

M ®psw Q(q)y BEBOHEEFED. I2bB, 1 € ROICU,(Lg) Dok RUIEHS
TTELTEDTQ(g) LERALNTWNS.

ZD&ED%meFED U (Lg)-NiEZ -xmT T4 MAIBFLIFED. [T loop D I TH 5.

Chari-Pressley[10] IC & Y| IROEHENREINTWS.

EIE 2.4. HHAARRRTE &Y = A NI U, (L) 1&, Q(q) FREIDZTHN P(u) € Q(q)[u]
TNTARSTAXEINDG. EBE, P(u) X HRERYZ MV 1 OEEE

+ w] = glesP\ 1 /%) P(q 1/2)
M (78
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K& THEABND.

ZDEIBRZENTNI AN ST AXEINSE Z LT, Yangian(= U,(Lg) & degenerate SHE/=
:BO)) ICDWT Drinfeld IZ & T Chari-Pressley ABAIC 7 T Y AZNTWEDT, LDZITEA
(& Drinfeld ZTHX & FHIN 5.

T M @ Qlg), BTS2 IS 0N, B ma & 72 75— 8o 7 L 1A
DB, FDEEKIZR U, (Lg)-MERCX IR 35 Drinfeld ZIHAUZ, (2.2) &V

P(u)zx(H (1—%11))
te[1,w] q
THEALNS.

RIEH 2.5. M ® psu Q(q)y 2EFT7I7AVIER U,(Lg) DE BIRTERILD Grothendieck BED H
T, BiffiZe U (Lg) MO —RFEETROLEL Z, 2O ERD &,

Z DRIEICK 3 51, Lusztig DIEAERKOBE R ® VW5 Z 2IC & 5T, Kazhdan-Lusztig %
FATEDLINLZLERDNLDTHEN, RN ZDMHTEE I L THHTE R,
HELT M Qps. Qlq), DB D T0EGEGEAZZLICT 5.

2.2. integral form.

RZ = Z[qa q_l][mit’ T :Ei]
EHL. EE, SETOHFET, RORDYIC R, TR ALY S F 47K,
EHE 2.6. (1) el = er/n],!, ffn) = fr/n],! (¢-divided power), ¢** HX

o0

PE(z) = exp (— > i f)

— [m],

DB, Mz 2 @ R 24D

EDOFRTERENS U, (Lg) D Zlg, ¢ |- 558 % UZ(Lg) & BK.

(2) Mzid, 1 € RIS UZ(Lg) De&#E Y ZUEHL THRS =BT Ry LIRS TWS.

AEAHE, Hall-Littlewood ZZIHAM Z[q, ¢! ECHHSERDEEICR > TWB Z LIREEL
TIN5,

o THRERA : R3 — CICHLU, BIEFMRIC Mz ®gs. C #FZ 5 L, HRKTTO -5
B A b U (Lo)- BRSNS, ZZTeld vIC&D ¢ DITESRT, U.(Lg) ld UL(Lg) %
Zig,q 12 g c e CICK o THRIKMEL 22D TH 5.

ZDEIICERMEL THBTFIE D 1 ODXREZRDEL ZTE My ®psu C, WNEHEINS. BETE
BHBR U, (o) DRBIRT c N1 DREED L ZHL D ThVEETAE SAHENERS Z L HE]
BAINTBY, BF 777 A VBRI OVWTEEROBE 2T 22013, Bk HEZ L L
Bbhhs.

3. [H% K-##C & % CONVOLUTION ALGEBRA

3.0. IEK-BICBI5BELEX EH. X & C_LED quasi-projective scheme & U, #REREEE

GWMERALTWA LT 5. ZDLE X LD GHEHEREERED2T 7 — X)VED Grothendieck

BHE KOX)THROYT. HEK-REQV—LINS. £/, GEAEREHINY NUVROZRT

7 —N)VE D Grothendieck ## & K& (X) THROT. HEK-OAREQAV - LIPEIND. TNETN
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FAHZERIC T R0 Y —8 (K Y IERECE, BAERRF =AML TEH5HREOV—#,
WHp B Borel-Moore IRE t‘/"‘ﬁffbé) CAREOY—-BOHELITH 5.

RIS, XW—HD L E, KE(X) & RAUX)IZABEL RN, ZhE G ORBBEL W, R(G)
TERDT.

EHIBE f: X —» V IZBIERUBHE f*: Ko(Y) = KQ(X) &5[EZZ U, XBIC f A proper
ROIFMUHELUEBR f.: KO9(X) = KO(Y)NEHEIND.

KL(X)E, X7 MVROT VI NVEIC K VEBREERRFON, Lo /13, WERICRD. &
IC, FEUT X DB —BADEHRERIE, K2(X) E28IC R(G)-fRBOEEEF>Z L hb
M5, F, R NUVRLEBBOT Y VIS K Y KC(X) &, KA(X)-MBEORERRFD. U
ML, KG(X) BEFCE—BIC 3BREEES S, 2L, 7 Y VIR E TS BIFN exact
ThRWEDTHS.

F7=, IEHIRY MUE%R (FFTER) EEEL B Z LIk Y BRREE K2(X) — K9(X)
MEHFESZND. SHICX VIFRFETHNE, ZOBHIFERIC RS, ZOBEET, REOY—#
EARTEOY—FEDD Poincaré WA EEDEREITH 20, SEHITMEED G IR REEE FH
G- AR 74 FRFAT E B3 f#

0O—-F,-E, 41— —=FE—+F—=0

EROZENLDRETHS. 2L T, E1d G REREHINY MVRT, SERERRIZ G
AETHD £ REERIITHS. B =0 L ZWEEL, FISHUT (1) B, & M5 xE
5ZLTHABNS.

Y ¥ X D closed subvariety Td Y, X A nonsingular 2 & =, Kg(X;Y) & X LD G HER
IEHIRZ M IVERDEIRT, YV DN Tid exact TH B E DD T ZMABED Grothendieck #EL T 5.
FOREBKL(X) = KO9X) LEHMRICUT, B K (X;Y) 2 KOY) M550 5.

Y1, Y; C X % closed subvarieties & 5 L &, E? € Kg(X; Y1), B € Kg(X; V) I LT, =
BHEIRE @ By #8252k oT, Ko(X; V1N Y,) DIEMNEDBNS. EOEB%EEL T
K(Y1) x KE(Yy) = KE (Y, N Y))

WEHEINS. ZH % torsion product W, - % . IC k> TEDT.
£ 3.1. Yy, Y; C X % nonsingular 72 G-subvarieties T, Z® conormal bundles % Ty X,

Tp X THEOT. Vi &V, 0RXY € v nY, BIBEIETHY, TVily N T2y = TY HEY
VDUELED. EEL, |y RY ANOFIRERKT S, Z0LE E € KA(V)) = K§(V),
Ey € K&(V)) 2 K§ (V) ICX LT

E1®% By =) (-1))N'N ® Eily ® Exly € K§(Y) = K§(Y),

WRYIED. EEL N Ty Xy N Ty, X |y TH 5.

f: X — Y&, nonsingular variety X, Y DD morphism T, X’ C X, Y’ C Y I closed
subvarieties T, f‘l(Y’) C X' &2AETELTE. ZDexE, BIZRUEE [ Ke(V;Y') —
Ko(X; XN)iE, EOEBRZBUT KC(Y") - K(X') 2EL. ZhDBEIC [~ THRDT.

3.2. B K B0ORFTEERE. A 27 N—)UARBEEL §5. a € AITHL, y.: R(A) = C
B, REDIBED « TOEEZBRLZLICKYEDONEEH LTS, HEMNIRERETH
Y, ZORFEICEY Ck RA)-REBLBo=BDE C, TEDT. x.(f) 202725 f € R(A)
DD ITHEEALE T, R(A)-MFEEM 2FFftLEL D% M, TROTZLICT 5.

SCADRXIMEHALTWS LT 2. a TEESNTWSESROKTESGE X TRDT.
ZOEBICIT ADEADPFESINLDT, HE K-REAV—FE KA(X*) NBEZAOLNS. 2D
& &, Thomason[53] XK &RL =.
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EH 3.2. AEBM/: X —» X F, BiftSh=HZE K-REOY - DRDAZI % &L
e KA(X%), S K4(X),
IHIC X FIERIETHBE LTS ZneE X BIFEETH L. FAE K4(X) & K§(X),
KAX®*) = KQ(X)IC &Y,
" KA(X) = K4(X*)
NEFHEND.
e 3.3. (1) %, KA(X*) = KA(X*) i,

et rank N* o
AN ) (F)IANN
1=0
EHNTBERAREEZELW. EEL, NIE, X C X DERE KAXY) DneBo=28DTHY,
N*ZZFDBATH 5.
(2) i3 V&, AAHLAZ K 8 KA(X?), LOEARL U THAETH 5.

(1) %, deformation to normal bundle T X MX® EORY MIVRDGEIDR/ESH, S5IC
F DHEICIE Koszul complex 25 Z LIk > TRENS. (2) i, RDEDITREING. — &
r € X ERY, ZOHRTONDI7AN—N, 2 ADKRBHL LTV TEDLT. (VidzDEL
TW5 X DEFERMUNEBRWV.) X xV & X EOEERRY MU, ADER%S
AEPDEEZ, N EBL. ZOLE, ETERE NICHIHTHERRA_ N & N*ITXHUL
THERICERA AR A N OEZFIMRTHY, SHICA_ N EHHFETHEZLHhOD 5.
LENST, (2) MED.

% 3.4. EOREDOB L, (A_ N7 li*: KAX) = KAX®) ZEETHY, i. DFEE5Z 5.

3.3. MESMRMDEIZE K 8. FEHRD BREF v <vy <+ <, Sw ICHUT (—RIEE M)
TEZH%AK
F(vg, ..., v5;w0)
={0CE CFE,C---CE,CC"|E; %, C* D¥HZERT dim E; = v;}
2 5. Zhit GL,(C) DEEZ/T, GL,(C)/P &ETS. EEL, P = P(vy,...,v,;w)
i, GL,(C) DEHEET,

A A e A
0 Ay -+ Ay

Aij Li, v; X v ﬂﬁi‘ﬁu

DIEDITHIERTH 5.
&Rk 3.5. F(v,...,v,0) D GL,(C)-HE K IR THEABNS.

KO (F(vr, ..., v0;w)) 2 R(P) 2 Z[at, ... aE]TorxSamon XX Sumen

bl w

B, 212U Sy, X Syyepy X oor X Suy_p, W&, 21,0 20 DOB, WHD vy DA A, IRD
Vg — V1 ﬂ’ﬁl@]\d’m‘K, ... CEHT 5.
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DT, HBOEDn=1FEF20LEETEBZRXLZLICTS.
B AN ST 57
(36) Py F(vy,v95w) = F(vg;w); (Ey CE,CCY) = (B CCY)
Py: F(vg,v95w) — Fvg;w); (E1 C B, CCY) = (B, CCY)
N 5.
En@E351C&Y
KGL”(C)(]:(UI, vy w)) = Z[:cic, ... ,xi]s[“llns[”?],
(3.7) KGLw(C)(]:(’Ul; w)) = Z[zE, .. 2E] T,
KGL”(C)(]:(vz; w)) = Z[:vli, .. ,:z:fj]s[”ﬂ
EWOSHBENGFETS. 220, §2.1 DFeE S 2HWE.
4T 3.8. (1) PICX 58I =RL B
Py KGL’“(C)(]:(Ul;w)) — KGL”(C)(T(Ul,vQ;w))
X, (3.7) 28U CHRREGH

Zlat,. . gl = Z[at, . 2] e e
L. P IS DWT B AROERMNER YLD,
(2) P ICkBHL HIL B

Pt KU (F (o, v330)) = KOO (F (o))
i, (3.7) BEU TE

e . o | T (1_ﬂ)_1

TE€S(w1]/S1v11NSws] Et[e[viaw] |
v |v yU2

ICEL VY. RIS DOWTHHEBRC

[ > o | f 11 (1_:0_“)_1

7€ S7uy]/S[v11MSwy] u€[l,v1]
vE[v1+1,v2]

ICEL W,

Y o DEZE, §2 DMFMEAEAR 6 ICIRbRVWZ L 2EFERLTEZD.

AEFHIE, Borel-Weil HERANBHE DN, HE K #EDFFALEE 2 HWCHHTE 5 Z L 2FER
LTHBZo.
3.4. éﬁi*%- Xl; X27 XB ’E;Fﬁiﬁiﬁgﬁﬁﬁgﬁﬁkt L/, Pab - X1 X X2 X Xg — Xa X Xb %E’Tj‘%z
35, ((a,b) = (1,2),(2,3),(1,3)).

Zha (resp. Za3) & X1 x Xy (resp. Xy x X3) D closed subvariety & U , S FZDHIRE p15 : p1_21(212)ﬂ
p2_31(Z23) — Xl XX'g, ‘11 pI'OpeI"(“&é t'fﬁﬁ?é :@t%, 2120Z23 = P13 (pl_Ql(Zlg) N p2_31(Z23))
LBEL. BRI« K(Z13) X K(Zy3) = K(Zyp0 Z3) %

b b def * - * - > - - b -
K 12 * [X23 = P13« (p12]X 12 ®§1><X2><X3 p23[X23) tf—: l./ ]Xlg € K (Zl2); K 93 € K (Zgg).
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ICEk->TRETS. ZD operation ITFEFEEAET.
Xi, Xo, X ICHEGIMERIU, Z1a, Zos W G TARRIRBIE,

* ! ](G(Zlg) X ](G(Zgg> — ](G(Zlg 0 Z23)

MEHSND. 2N, R(G)HHTHS.
OIS AL TWAE G, R 7 A=)V RBEE A THERNEZZS. LOGHEED
i, o € A Mo THIERRS Xy, X3, X3, Z{,, Z3, @BATH, AHE

x: KA(Z5,) x KA(Z8) — KA(Z{y 0 75,)

MEFEIND. —H, 83210k Y, KA(ZY), etc & KA(ZY), ete i, BAHETNEREBNIC 2 5.
ZODEHEEDHEIIRTHRIEINS.

TR 3.9. ROXNIEHHTH 5.
KA(Z19)a X KA(Za3)a —— K*(Z130 Z23)a
(A M) )i <O V) )i | = | m(p, Ny
KA(Zf3)a x K4(Z83)a — K47y 0 733)a

EEU, i 3BIERUBE G KA(Zy) = KS(M; x Mj; Z;;) — KS(Mg x M%; Z%) = KA(Z¢)

) Y47 777y

THY, Nl M C M; DERTH 5.

IR THEW, EROEF IR (A_ NP 2#HTEL B 1O DT ZENRA
YRTH5.

KBEOROYVICKREOY -8 (EEL, BEODDOTRL, BMERRF A UhDESNDS
REDY—#E, WY 5 Borel- Moore REOY —FEE2 WD) H. EHWTLEHEEZAZZ
ENTE5:

H*(Zlg,(C) X H*(Zgg,(C) — H*(Zl2 0 Z?Sa(c)'

RIZMVED K-AHREOQY —FLBEOIFREOY —-EBOMICIE, Chern FHEL TN 5B
RN D 5

ch: K°(X) — H*(X,C).

X WIEBAERZARIR MICHDAEN TS & ZICIE, K-HREOY —& Borel-Moore REO Y —
DRFICAERD Chern SEENEHZINS:

K(X) = K°(M,X) 3 H*(M,M\ X,C) & H.(X,C).
(FRRIRZRMRICHTF % ) Riemann-Roch DEE & W5 & IRV T 5.
EIE 3.10. ROHNIFIFHTH 5.
K(Z19) x K(Zy3)  —— K(Ziz0 Zs3)
(1Rtdpr, ) ch x (1Rtdar, ) Chl l(mths) ch
H.(Z19,C) X Ho(Z33,C) —— H.(Z15 0 Zy3,C)
=EU, tdy, & M; D Todd EHTH 5.



4. §2 DRERRDHEZE K #HIC X SR

C DEII R(C) 1 2. '] L HETHSD. 22T g 1E O OIESTEAREDSD C DIk

TLRHTHS. AT, ¢ ZZDOERTHMFT S.

C» DHD v (kJ‘DﬁB PR DR T Grassmann SRR F(v; w) DREER T°F (v;w) BEBA K D.
F(v,w0) ND GL,,(C) DFERMN T*F(v;w) ND FERICERICHES BN 5. =2, T F(v;w) —
Florw) BT 7 A N2 L DAAS —BOMEFIC k> T C BIFHT 5. EELD L OBE
Lt e ClEk 2fETHERATSLTS. GL,(C) & C DEREHHTH Y, T*F(v;w) 11
C* x GL,(C) MMERT 5.

§3.3 T F(vy,vo;w) BEBZT=. P(v,w) & Flv—1,v;0) D Flv—1;w) x F(v;w) BICHBIT S
conormal bundle £ U & 5. 72720, F(v —1;w) x F(v;w) DREER T*F (v — 1;w) x T*F(v; w)
DY YTV IT 4 VBRI, BB OB EEBEAELDRMESD.

BIEiD AR %

o X; =T"F(v—1w), Xy =T"F(v;w), Xz =—x&K
o 713 = P(v,w), Zaz = Flv;w) (FFIZU F(v;w) & T*F(v;w) D 0-FIEre U TA-TWS)
TEAD. E: pis: iy (Z12) N pas (Z23) = X1 X X3 I proper ldBAZL ,

Z13 0 Zys = pu3 (pry (Z12) N pys (Z23)) = Flv — Lw)
Lo TWa. Ko TEHHE

(4.1) ]'GLW(C)XC*(‘B(D, w)) X KGLW(C)XC*(.T( w)) — ]’GL‘“(C)XC*(.T(U - L;w))
MEZSND.

[FARIC,
(4.2) 0 KO (OXC (@0 w)) x KO (F(y — 1;w)) » K (OXC(F(v; w))
PEHIND.

CMWNF F(v;w) ICHBHIERAL TWSZ D KGhw (C)XC*(}'(U;w)) o~ Gl (C)(f'(v;w)) ®
R(C*) &Y, A& R(C*) = Zlq,¢7"| BV 3.5 05

b ~ Sv
(4.3) KGO (F(v;w)) = R

AN AVAE ISR
% 7=, Thom [ABY KT (O (B(v, w)) & KEXLwO(F(v —1,0;w)) &, C N F(v—1,v;w0)
CEPFICERL TV 2L, BXORE 3505

(4.4) ](C*XGLw((C)(;B( w)) = RS[ 0] S[o—1]
A DA RVASH
TEIE 4.5. (4.3),(4.4) DB L, BHFE(4.1) 1T

-1
R ) ol (1 T (%) (10 2) ) e
t=v+1
THEIBNSG.
% 4.6. R 1 ARE R R0 RERIER




FEXDL, K(z) BRBBIC o TN BEARR » RP VL, §21 D 2t (2) IC—8T 5.
SEH A5 DI, 4 X, 3—RKTHEMD, fEEMEICLT
p1: T"F(v—Lw) x T"F(v;w) = T F(v — 1;w)
pa: T"F(v — Lyw) x T F(v;w) — T F(v;w)
EHWED.
i 3.1 &
o X =T"F(v—1Lw) x T*"F(v;w)
o Vi =T"F(v—1,w) x Fv;w)
o Y, =P(v,w)
THWED. 20 EME 3.1 DT, BIZLTWS. ZOLEY =V N &, Flv—1,v;w)
CHRAEITHS. (Flo—1,vw) i Flv—1Lw) x Flo;w) 28BLT X OHFICASTWS.) &5
1o, NZEHE P Flv—1,v;w) = F(v—1;w) DT F7AN=IR->TEERTP, ICFARITH 5.
LEDN ST, By € K (OXC (B(v,w)), By € K (OXC (F(v;w)) IZHL T,

Ey ®Fe ru 1) xt Fosw) P3E2 = Y (=1)'N'TP1 ® Ext|r(u-1,m) ® P;
MEC Y NLD.

AR K C (O (Fo—1,v;w)) = Ry E ST, TP & Y2, ofa, IKIDEND.
772U, i 3.1 DFEHE (WL 720121, Thom [EHY K CLw(©) (B (v, w)) & K Lu(©(F(v—
Lv;w)) Z2BL T KCXCwO(F(v—1,v;w)) DIee HU, D Koszul complex ¥ F X 5.
IC, [FZ 7 Koszul complex WABERTZHIC, C D—IRTEH ¢ 2 2TV VIVEL TH K AEN
H5. UENST, TP = q? E:sﬂ:v-u z, )z, 7B, £oT

w

S (—ANTP = ] 1 =g

i t=u+1 v

LR,
Hed, miE 3.8 LHHAROLETHRERSS. O

£ RIS L TRBRE(1.2) 1,
v -1
R R () ofl (w0 T] (1-22) (1m0 ) em
Ty Ty
u=1

TEHEZONE. R 46I1ICOVWTEEBRIC

K= Y (2) T (-2)

s§=—00 u=1

R, BHBIC & T K/(w) BN B IR o (1) Io—83 5.
INBEFLDTCRDEIICEAZZENTES.
M =], T*F(v;w) =] {(Vin) € F(v;w) x gl,,(C) | Im(r) C V,n(V) = 0}
X ={n € gl,(C)|n*=0}
7: M — X BRE
Z=Mxx M={(mi,my) € M x M | m(my) = m(m3)}
11



LB Z% M x MDEDZRMELEZZT, §34 DEREBEHTS. Z0Z = ZHBYIEDH
5, B
],@ xGLw((C)(Z) ® K ]f(C xGLw((C)(Z) - ]f(C xGLw((C)(Z)

IC& o T, KEXO(©(7)1F R(C* x GL, (C))-fREBOREEERFD. £7/=, Zor™'(0) = 7(0) T
Y, DI Y B

X ](C*XGLW((C)(Z) ®](<C*XGLw(C)(7r—1(O)) N ]{C*xGLw(C)(ﬂ'_l(O))

IC&k o T, KE*u©(7-1(0)) 1& KC > (©(2)-IfEL 72 5.
ZhL=E
. ﬁ%‘&@ﬁrjﬂ‘ﬁ UZ(Lg) — K© Gl @>( )MH Y,
o KEXCLu(©) (7 )bnﬁl’@ XGLw(©(7=1(0)) i, ZDHEFBIEBEL T UX(Lg)-MEEL 72 DM,
FNIT §2.2 THEBLL 7= UZ(Lg)-I#E My, L HEITH 5.
EOREFEIORERICIE, 5 E TOBFMT Uy(Lg) — KO OXC(Z) ®g1, -1 Q(q) A TETW
5DT, U%(Lg) A Kt C>><C*(Z) IKENTWBEZ e EF oy Z7ThiT V. Zhid §3.3 DFER
XA THS.

5. B

M= X, Z=Mxx M IEii0BY LT 5.

§2.2 DRERLICBWT, BRUEFA - Ry* — CICXL, Bt 2ZBX =2 2 BWHZS. 8
ERODBATELRERL & D HBICBWT, Ry» 1 GL,(C) x C* DREER R(GL,(C) x C*) L H—H#
SN TBL,  E5XBZ L1, GL,(C) x C DFEHRTT o = (s,6) B 5EABZ L &—Xf
—IB T 5. Thbb, ¢ IFRFUH U ZDIEED « TOEEMNGIEL5HTHS.

A% d? D Zariski BB E T 5. A, BR7 —XIUVARBEETHS. 72, AL GL,(C) x C
DEDFETH 5. GL,(C) x C* DIER % A DIEFICHIRT 5 2 £ T R(A)-#E[RZY

KCL@xC 7y 4 K4(7)
MELND.
XIE RA)DS CADHEFREIL LEZXZZLICERLT, BH 3.9 2EH T 5L, R(A)-EK
D[RR

(IR A_ N KNZ), = K42,

WEETS. EEL, i: M*x M® —» M x M IBEEEHT, Ni&, M* C M DIERTH 5.
70 ~ND ADFERNEHTH 22 LD KA(Z%) N]x(Z“)@R( ) CTH5B. ZZT

eve: K4(7%), 2 K(Z%) @ R(A), — K(Z*)® C

®FQ(flg) 2 Fox(f)/x(g) ZEXRRIETTEREHRLL LS. Zhd, FHFEICEILARE
DHEFRZITH 5.
SHICEM 3.10IC & T

(1 8 tdye) ch: K(Z%) ® C — H.(Z*,C)

ERBOUERETHS. =EL chid 7 ¢ M* x M ICHLUTEZE.
LA EDHERZI L UZ(Lg) — KO OxC(7) BT 5 Z LI & o T, RO AR

(51) UE(LQ) = Uq (Lg) ®7[q,4-1] C— H*(Z ,(C)
MEoNE. EELU Zg,q¢ | - Cld ¢ cICHODIHERRETH 5.

12



FE— D a ICDWT, Ho(Z°,C) ZFNDIFENDHZDEN ([13, BIE|BM), 22T
I ERGEE TR Z LI & D.

iR 5.2. a = (s,¢) DRDFG 2 BT LT 5.
(5.3) s DEFEN, pICHUT A/ p#* THD.
ZHOLEX*={0}Tdhd.
AL, EFEMND
X*={negl,(C)|n*=0, sns™t =e*n}

TH5. s DEFMENDEAZEME V) TEOT L, niZ VN 2 V(EENICDDT. £o TR
EMBH X0 TH5B. O

DF, EOFRBEERETS. Z° = M xxa M® THEMD, LOFHEHEICKY Z° = M* x M*
G FEMOUZOUNINTHD. ZDL=E

H.(7%,C) = H(M* x M*,C) = H,(M*,C) ® H.(M*,C)

BAPF vV TELEDIC, BHFEICK o T H.(7°,C) 2E L B o =8 DI, Poincaré Jf
H.(M®,C) = H*(M*,C) 238U T

End(H,(M*,C))

BN 5.

RS, BB Ho (20, C)-IERE, 2E—D H (M*,C)EFTHY, Zhik, Ze0o M* = M* %
BUEEBRICEBNEETH 5.

(5.1) 28U T H (M, C) 13 U.(Lg)-MEETH M, SHITHRKMNIEHTE 5.

TEIE 5.4. EDRM(5.3) DH LT, U (Lg)-HEE H.(M*,C) BT H 5.
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