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g-Schur algebra @ tilting module

BEEREERBREAEE 84 H38 (Mitsuyasu Hashimoto)

1 F

KEROFHMIZ (EF) — R ORI L | quasi-hereditary algebra & LT (¢-)Schur
algebra 122V T survey 752 & TT, 8HiD 1 MEKRE, BB VEROBAT, 20
% <13 B0 5 90 FRWHEIZ P THEEIN TV AL DT,

—fx D split L7zff#BEDFIIL (S. Donkin 12 & 5) Schur algebra DFEIH & H 5 FIK
THEUL%ZD T, DT F .7, Schur algebra #1375 & AHTELILIRDERIR DAL
& CTdh o7 tilting module AEGHEEICIERSINAZ L 2B LIIHBRE T, R L LTS
Donkin DA% HFULMIBRRS 28122 ) T L7z, BRICER S LWAREHILEITHTWS
HBArHLEL, ALABFZRFED FTVESILHBHTHIDIETE LR TTH, REFELE T
OB A Schur algebra 1.2 DWW T LD Z L DFIZH > THITNERENWTT, KFTO
FHBTHAD (¢-)Schur algebra ZEFL72ARL LTI (17 "B Y, KERORED D72 1) DOF
FEEATVD LIZELLDIE I e HEATVET,

ABONBELMET HICH 720, #kFEE BB, REE, WX, HRKERE, C. M.
Ringel D&EFAECEELRER (A HX CTHEF L, TIWXBLERLETET, 72, 2
DOFFELTERSIETCT S o BHFZRAEICEHEL 5,

o mErEfE

UTOFELIE—ROWH B ETHWELHEIFL VD, HEOLDICTRCTEES N
Kk LTH%)e 7YY - -HORT @ 3k LOT v —H @ 2ET,

IEEATHASUIBEN T 52 L, B MBEAT 2 HTH 5 2 & TR UERZAS, [HMN
B, TEERER] OL ) IEVMNT 5, BT ISH L TR AT T Ok LOBREERT,
G PCEEE (RBCFEE) (2w o725, G A% k L affine algebraic k-group (k-monoid) T
HIEREWRL, KG) CREOEFREZERT . A D k-algebra & L THT kb HARARL
Hopf algebra (bialgebria) T, G = Spec A 72, Vo THR LT L TH A, G-module & \ro
725, rational G-module % EIKT 5, Z 1T right A-comodule & {3 T, AT, G-modules
ZAEHY G-homomorphisms (2 ¥ A-comodule maps) T%HTHE% GMod XiZ Mod A T
£

—#% 12 k-coalgebra A (T LT, Mod A (& right A-comodules D&k % ¥, Mod A I
abelian T enough imjectives Tdh Y, Mod A @ injective object THH I & &, A DEFHD
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BEHERTCHAHI L LEFRAETH S,
B & C % k-coalgebras T, ¢ : B — C & coalgebra map &3 5, Mod B I3 right
B-comodules DB & LT, ModC bEkE T A, M € Mod B 12X L T,

MM e BRE4AMeC

PHEESE LT, M eModC THAH, 222w i M @ B-comodule & L TDIL4 D
FThhr, TNIZL > THF resZ : Mod B — ModC BEF 5%,
left C-comodule L & right C-comodule N IZx+ LT,

0 5 NRolL s NLELN@C®L

IZ&oT, N & L @ cotensor product N Bp L ZEERT A (£, ZOEFKIL module
DT U —ROEREDIGFIZE > TWVD)e TZIT, pyr = wn @1 — InQwy TH b,
ind3(N) :=NR¢ B &BL L, BHIHD5 L) 12ind8 1Z ModC 2*5 Mod B ~NDE5E
ERFEED b,

P H — G PBCERE OERIBI DRy, HEEEIR O O bialgebra map k[G] — k[H] 75E %
%o resk ] md:E% % FNZN res§, ind$ TF L T, restriction functor, induction functor
tﬂ}ﬁaf)‘ induction (7 Y H—HEZHVWTEEINS (EBRBEOXRHAR, Lie ROERRL
ED context TV & ZAD) induction EIXFE L DTIE RV, 7 ¥ —FE®D induction
1345524 T, restriction @ left adjoint (Frobenius @*EE@) TH E’J?T%%{%Oﬁ‘ 5&‘/{70)
induction {3/E5E4 T, restriction @ right adjoint TASTHIM R ZLRD (—KICITEZE
72\,

&T, B %% C O subcoalgebra DA% EZ B L, N € ModC 124 L T, indB(N) =
NRcBCNRC2N %BHFIL 5T, ind3(N) i N @ subspace

{n € N|wn(n) € N® B(CN®C)}
trﬁjﬁ*ﬁ.én%o

Ea 2.1 f€-> THFIC B C C D, BEfED counit (ind3 oresB)(M) - M 3R TH 5,
nizxy

Homp(M, M') = Homp((ind o resZ) (M), M') = Homg (resB (M), resE(M"))

Tdh 5, 1> 7T, Mod B & C-comodule Twy(N) CN®B &% 5 b D&EENP 5% 5 ModC
DFEHIMITE &AL I ND,

G BT, H 5% G ® k-subgroup O, higher induction R'ind$ (ind$ O right
derived functor) IZRD X HIZFEBREN B, FHHED720DIZ N 2 HFRKILD H-module ¥
5o NxGIZi& (n,g)-h:=(h'n,gh) I2& D H 2EH L, quotient E(N) := (N x G)/H
& G/H L® vector bundle T®H 5, *5$ 5 locally free sheaf % E(N) TR I,

(2.2) R'ind$(N) = H'(G/H,&(N))
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%% N IZ2WT functorial ZEIEIFET 5,

LI, [14] @ Part I #HET S\,

kA OMERIZIE, AERRIE A DFCHD» SERT 20T 5, 10T, £ (F)
AMBEOERTL o : My — My & B: My — M3 2K LT, 2O/ off (Ba) EFKE
N5, EXidH AMEE M 1233 LT, M @ socle (top), 2F ) M O K% semisimple
submodule (quotient) % soc M (top M) TET o M @ radical (M — top M O kernel) &
rad M TET ., ZDFEH 1L, coalgebra ® comodules 12 b KD ER THW 5, |

ST, SEEBRT kB EL, e#£0% SOMETET S, BLHAORTWAE LI,
S-module M 24 L T Homg(Se, M) 2 eM TH A, T eSe-modules DFEEITH 5,
5 Homg(Se,?): SMod — eSeMod % f TEKT, ZOMFIZOVT, kDL H %I LS
W2 5o

(23) S=5e®S(1 —e) BDT, Se ITHFFHT f 354,

(24) g:eSeMod — SMod % ¢g(N) = Se ®csc N TED D &, fog XEEBFIZHKRAE
B (e(Se®ese N) X N)o f 13 g DEMEEFTH S, fit> THIZ, N,N' € eSeMod
lZown T,

Homg(g(N), g(N')) = Homese(N, (f 0 g)(N")) = Hom,s.(N, N')
_(:\%60

(2.5) M PHEAME S-module & § 5, TOK f(M) =0 L f(M) 13 HHE eSe-module T
Hbo N HHH eSe-module DI, top g(N) (LHA T, f(topg(N)) =N TH5b, =
DI Db, Bl eSe-module &, Bl S-module T f THAZWIDEIX1:1 1
B LTV 54, (10, 6.2) B,

(2.6) N 2 EEEH 2 HRRAH eSe-module DI, Ends(g(N)) & End.s.(N) i3 local 72225,
g(N) SERE#. NEN 25 g(N) % g(N') %2DT, eSe WWHERKEM (HRAERHE
BRI IEE O RIBEBEDSARES) 201X S %) Th b,

P 2IEFEELTH. ICP D P D poset ideal THAHEIE, Pop<qel DE pel
PRLTHZE®RNI, P HHRDE:,

rank P :=sup{#C |C C P, C 3 &NEFEL} -1
EBC, £, pe PITHLT,
(—oo,pl:={q€ Plg<p}, [p,00):={q€ P|q>p}

& B <o rank(—oo,p|, rank[p,00) % LN ZN htp, coht p TET,



3 —MREERHAFD Schur algebra

BF,n>1 L, Vek" bF 2, r>1 ICHLT, VO =V @@V i34 k6,-module
Thb, 22,6, i r XROMNHREET, ZO/EHIE '

(v1®v2-..®vr)o':val®va2®...®var
(v1,V9,--,0, EV,0€6,) THZOND,

T3 3.1 kU Endie, VE % S(n,r) Xix S(V,r) TELT, V =k O r RD Schur
algebra &5,

Schur algébra DEESEIZE <, [10] 2 X5 & 1901 £ 1. Schur @ dissertation (254 L
TWaE)ThHbo
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% 3.2 End(V)-module % GL(V) PHERKH L MR, 212, End(V) BATHIC L

HREFRER TS,

k[End(V)] C k[GL(V)] 8%, ¥ 2.1 12X D, End(V)-module & GL(V)-module D
BB IALBEL, LOBROTEFODIRYETHLIEWGh b [FEARI] L)
SHIL, W S ARKTT GL(V)-module DI, REEEDOWERR py : GL(V) — GL(W) 2%
bNBD, A e GL(V) 275l & BB, R0 ATH & Rz pw(A) DEBIH A DFS5TD
SEATHIFLZIL L, W HFSHAKHATH LI L EHFAMBETHL L HRTR L,

&TC, E = End(V) £BL &, KEnd(V)] = SE* = @,505.E* EA—HEhb, &
Z 12 S X symmetric algebra, S, (& rth symmetric power Thro & S.E* & SE* ©
subcoalgebra TH NV, 2D &b, GL(V) DLHAKIH (2 F Y right SE*-comodule) W
X, W =@, W,, W, it S,E*-comodule &£ 3T 5 Z L5 h 5. KB W, =inddg (W)
EBIFIEREW, W, # W @ degree r component &R, ED (W IZ2WT functorial %)
BEHSRIZED, W 2FARBZLEEZ W, 2F ) S, E*-comodule ZFHN5 Z LITHHA
¥ 5o

C,=S8,.E* 3 k EBEREXRITLRZDT, Mod C, & C, @ dual algebra CF E® left modules

D7%$E C*Mod L FMETH 5 [24, Chapter 1], FEid, CF i3 Schur algebra S(V,r) &[F

HMchh, HFRAT b-RES(V,r) DRRZTXTO r IZOWTHRHNS Z &5 GL(V) O
SEARBEZRARLILEFALZDTH 5,
Schur algebra IZBT AHEHWHE E WV COPBTF L), LW L3 [10] ZHET S\,

(3.3) N >n Ok, S(N,r) DTG e (BARRIRTGIEHE) B> T, S(n,r) eS‘(N,r)e T
Hbo EbIZn>r 26iE, BF Homgy,)(S(N,r)e,?) : S(N,r) Mod — S(n,r)Mod
REETSH 5,

(3.4) k 2YEEE O UL k A p Tp>r %251, S(n,r) ZFHMTH 5o Zhid Maschke
OFEP DL kS, PEHRMICLLOTHETH S,
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(3.5) n 27 &5, Endg(ny) VO 2 k6, ThH5

(36) n>r &THEL VO IX S=S8(nr) DHAEMNETLT e THNWT Se LRXESL, Lo,
kS, & Endg(Se) X eSe Th 5,

(3.6) IZ& 1, AIEN THBRIZ—MFwmAMER B o Higman DEH [21, p.194] 12X B &, k Y
¥ op >0 OB, AREE T 23 LT, B3R T EBREHETHAHZ L L. T D pSylow B
ARPREBRTH S ERAETH S, TNENHRE S, ICBEHATZ L, r> 2 OB, k6,
BEREBRBECTIEI 2V, LA Tn>r>2p 25 S(n,r) DEREKRBTII 2V, —5,
n < 2p ORI S(n,r) WABRKRBBIC 22 L1 (BH LIV 200 BEERT I EH
T&5b, #oT,n>r O, S(n,r) WEREBHREITHAZ L L, r<2 IIFAETH 5,

F72, S(n,r) OBEMHRBFIZLTIZOABRRD X HIZ, degree r TEEEH 4 n D parti-
tion T parameterize N TW5hH, T I patition & IIFEEEEK DTG EKE TORIF
A=(AA2,...) Ti> 0 DFIIN =0 THE2DEZEKRL, min{i |\, =0} -1 220D
RS, M 2ZD degree £\ )0 A BFREIEA n O, A = (Ar,...,\,) DEHIZ(ZFh
DIRgX 0 25k 220) ARIITELZ L DD B, n > r B 51E, degree r @ partition 1
RB3®EA n Thb, o7, kS, DELHERIAIL degree r @ partition DHF DD 5 ETEE
T parameterize &5 DIFEH, TN, k 2EH p > 0 DEF, partition A = (Ag,...,A,)
(Young BJ& R7z8F, X\, 3 ¢ THOFEOME) Ti=1,2,...,r CHLT XN —Aij1 < p
(My1=0) £ BHDDERITE > TV 5 [10, p.94]o

Schur algebra 13 —#MERHEOZHARBA L AHRFEORBEOBE L 2T AHFHEL VR LT
9o

4 FE5¥FED Schur algebra

80 4£4%12 S. Donkin %% k-split L 7-féify# & 8% O parabolic subgroup £ C Schur algebra
D= BH L7z,

LUF, G i k-split L7-f##EL T 5, GPEHHETHL LI, k% F R BBRETS
K, G = k @), G |3 non-trivial % k L ORI T, 2 OME (B AR IEH TR
SEE) B —F R (G, = GL(1, k) DERER) THHI L), LHMBE P —F R, —
BARTEE, ZN O OEM L EHZOBITH B, FWEE G A k-split LTV 5 21, 20k
F—=FRA(F=FATHH L) LMIHTLEBRTHERLLD)T T, k LEEIND
DPFETHI LRV, T TREHD2®IZ parabolic subgroup 122\ Tidfithg* iz,
G €D DD Schur algebra IZRELTEELZHED S (REMWICRFELTHS), T 28T
£9 7% k EEFR S NIz Borel #5HE (BRAK 2 EAET RIS HE) BHFET ADT, ZD—D%
B LLTHEEY %,

AR THE—DEMEBITH 5 G = GL(V) = GL(n, k) DFA I, T 1ZIER 20 ATHIO
2%, B RERZTH=ATN0ehkr Lo TER b,

GORFIHTHEEERZFIEL L,
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(1) T OFEBIE 1 KEEBROEMTH S, 1 RTERHRR, T =G = GL(1, k)¢ OB,
X(T) := Hompegew (T, G) = Z°

T parameterize N5, X(T) & (REDOT ¥ —FHe Mk L T) additive group
LRz EN, EORENIINEHORETH S, X(T) D% weight EIER, X € X(T)
BT 5 1L RTEERBEE by TRT . G=GL(n, k) O, T O 1 RXTTRHI,

i

b > 10182 - e

tn

A= day. . Ae) €Z7) DBTH Y, BRIC X(T) 220 TH b,

(4.2) B @ root subgroup THEM SN EEMAEEAL U L B L, BETxU LREIND (U(k)
i3 B(k) DTMETLEKTH 5, G = GL(n, k) DHE TR, U I TEZMATTHIT, x4
Bl THAHAL)ILDDDERTH D)o Ae X(T) LT, ky i T ODIEMIZZ
DFEFT, U % trivial IT/ERERLZEICED, ky i& B-module 2% 5, B DEEK
KEOEEIL, (kA e X(T)} TH %,

(4.3) G/Bx k EHENTH D, Lo T2HTRALHIZ, M 7WERXILD B-module 7%
5, RindS(M) b ERRTLTH Y, i > dimG/B OB Rind§(M) =0 TH 5 (IO
HBRIE M PERXITTHIEL W),

(4.4) B % negative Borel 123 % &, positive root, dominant weight 2R E %, G O positive
root N&fk% Lt T, dominant weight D&% X+ THKT., ¥t b Xt b X(7)
DEPTEEGTH Do G = GL(n, k) OHFATIX, X(T) = Z0 H5HE—HDODB & T,
& =(0,0,...,0,1,0,...,0) (: HEHDAHAH 1) & B {H, ' ’

Yt ={e—¢|1<i<j<n}

THh,
X+:{A:()‘1>/\2’1)‘n)|/\12/\222/\n}

EoTWh,
(4.5) ind$(ky) #£0 <= Xe X*

G O Weyl B N(T)/T % W TEY (N(T) & T @ normalizer)o W I3HREETHKIZ
TIWZERL, #-o T X(T) KA LTS, G = GL(n, k) DR, W =6, ThoT, W
D X(T)=2Z" ~OERIE, o DEBRTH 5,

EHE 4.6 ) € Xt IZH LT, ind4(ky) % V(A) = Vg()) TEL, A IZHIE L7 induced
module ETER, G D Weyl BEORETE we TETHE, RImG/Bind%(woe)) = V(—wod)* %
AN = Ag(A) TEL, M IS L7z Weyl module LTS, 2212 () IBERBEET
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G = GL(TL, ]C) d)j:%{?x\7 A = ()\1, /\2, ey An) b:irj‘ LT, 'LUOA = ()\n, ey )\2, /\1) ’C‘%%o
R G ORIHAOH T, induced moules & Weyl modules (3 BE R E % 8727,

(4.7) (Kempf’s vanishing) A€ X* %2 5iF,i >0 122V T RindE(ky\) =0 TH 5,

(4.8) A € Xt 1T LT, s0c(V(A) = top(A(N) THoT, TNSIIHEMTH S, ZDEH
% L(A) TEY. {L(A)|X € Xt} P°HH G-modules D&, EHIZ, A\ ue Xt T
L(p) %% rad A(X) Xix V(X)/soc L(A) @ composition factor % H1E, u < X 25K
5,

(4.9) (Cline-Parshall-Scott-van der Kallen) A\, u € X* 2D\,

, k (:=0, A=p)
Extm(A(M =
xG(AM), Viw)) { 0 (otherwise)
(4.10) dimg A(X) = dimyg V(X) (X ‘Weyl’s character formula’ [14, p.250] TKE 5,

(4.11) k 2FH 0 251E, A € XTI LT, A(N) = L)) = V() ThoT, FED
G-module & L(\) DEMTH 5,

DEIZDWTIi, [14] 2E T &\,

EFE4A412 \p € X IOV T, A—p e NSt OB A > p KT, 221, N={0,1,...}
Th5b,

X 3EFR < ICXoTIEFEEESTH 5,

EE 4.13 X+ OEHES 7 45 saturated TH 5 &1, 7 25 Xt D poset ideal TH 5 Z &
rERT L 28 EBR),

X+ OFREIPTES K I LT, K #& saturated 2 X+ OBREDESIHFET 5,

EFE4147CXT £T5, MecGMod M7 iZJBT 5 LiX, M ® subquotient T simple
YD L) Nen) KRABERLZ EER NI,

LIF T 7 & Xt @ saturated subset &3 5,

M € GMod iIZx LT, M ® G-submodule T 71 IZBTAHADLDDHIE, RAKDL DI H
o INZ O(M) TEY. 0.(k[G]) 13 k[G] @ subcoalgebra TH b, Tk A(r) TH
T2 LT Bo £, 0n(M) = resy) indy) (M) TH Y, 0,(M) & (indj (M) L F—
L T) A(r)-comodule TH 5,

(4.15) = BPABRESZ 5T, dimy A(1) < 0o TH 5,

EFR 4.16 (4.15) DRWT, A(r)* & G O 7 IZBT B Schur algebra LIFVY, S(G,x) Xid
5(7(') —’C‘%%To
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RDOEHIL Schur algebra S(r) & G L DEBEE LKL TWA,

7E3E 4.17 (Donkin [7], Cline-Parshall-Scott [3]) M, N #° r IZJ8¥ % G-module ®
B AEED >0 LT,

Extls( (M, N) = Exti(M, N)
ThH5b,

E®D (417) 12X o T, 7 IZBT % G-module 25 Z &% A(r)-comodule %R~ 5
ZETHY, » PAREESDORIL, (4.15) 12X o T, A(r)-comodule ZFX5 Z & i, dual
algebra S(7) = A(r)* L£.® module ZFH~N5 Z L IZMB% 572\, ABRKIC G-module 13dH
BERE r CBLTWADT, &5 ERCHBE ¢ ORFUTABRKRTTAE Schur algebra
DERBPL LTHDOET I ENTELLITTH S,

Bl 4.18 G = GL(n,k) £ T 5. 7 =N"N X+ OB, 7 IZREAE 4 n O partition DEE
Thbo MW 1 KETHIEE, M GL(n, k) OSEREHTH S 2 LIEAMBTH B,
F72,0=(r0,0,...,0) € Z" = X(T) T, r=(—o0, N ={pe XT|pu< A} &BL, x
13 degree r TRE A n LLT D partition DEETH 5B, TOK, S(G,7) = S(n,r) TH 5,

E®D X912, Donkin D& A L7z Schur algebra (%, &r#97% Schur algebra O —#&{LIZ
LoTWwWhbDTH5b, ‘ E

5 Schur algebra & Quasi-hereditary algebra

BIET CTH#E/ L7z Donkin @ Schur algebra & (ZIZ[EEFIZ, #5712 Cline-Parshall-Scott 13,
Schur algebra S(G, ) L ARG R BRRTA R E 3 L, quasi-hereditary algebra DO
IZHE L7z Quasi-hereditary algebra D%EFIL Scott [23] DHFTIILHTEHZ b, £
D% Dlab, Ringel, Soergel 512 & » T—#amDEMA 2 S iz,

DUF, D72 Alx bk FOBRRITTAEE T 5. Amod 12X > T, k EHRKITR left
A-modules D 2 category KT o

B A ORI ARTH 5, €ORERPERIEFES 7 ICLo>T, {L(\) | € 7}
ERFOTONTVEET D, & X en 1T LT, BHINEE L(A) D projective cover %
P()) T, injective hull Z Q(A) TENENEKT. 2% h, P(A) (Q(N)) & top (socle) 7%
L(\) ThH 2 &) G5 (A ke L CTRBOT oA MiETH 5,

EFE 5.1
VO=V.)=1 N Keré(CQO)
HEX p€Hom 4 (Q(A),Q (1))
EBWT, V(A) & A It L7z induced module & FES, F7-

A(X) = As(A) = P(N)/ (Z Z )Imqﬁ)
u),P(A)

pEX p€Hom 4 (P(
EBVT, A(N) & NIt L7z Weyl module (Xid Verma module) &5,
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Weyl module A(\) DRI 2T LHo M € Amod T X € m DK, [M : L(A)] T
LX) %% M OMBFNCHN LB Z R

HE52 MecAmod & X € r IZx LT, RIZFEMHE,
1. M2A

2. topM X LN\ T,u €A %O [M: L(p)=0THb, SHIZ,topN=ZLA) TpgA
BOE[N: L(u)] =0 %73 N € Amod I3 M DHREETH 5,

3. topM 2 AN T, u £ X BHIE M : Lp)] =0 ThHb, 61T, p <X b
Exty (M, L(x)) =0 TH 5,

A O opposite algebra & A° TFE% 9, Duality functor D := Homy(?, k) {3 Amod »*5
A°mod “DEFETH 5 (D #° D O quasi-inverse)o {D(L(A)) | A € n} H% A° @ﬁr’ﬁfﬁb[]
HOEKTHEH,DL, A° ORMINEED 7 TRFEIT LN T W5, D(Pa(N), D(Qa(N) 2
FNZEM, D(L())) @ injective hull, projective cover Tdh b Z EITEET 5 &, Ago(N) =
D(V (X)), V4o (A) = D(A4(N) 255250, ZOEKT, Weyl module & 1nduced module
FAGHRASTH S, 2L D, Fl2 I XHRE 5.2 1T induced module DIFBOIT IZFEAM 2
BIENTE 5,

AEORRT, e XTIIHLT, A en C Xt L2 BEEDHMRL saturated subset
WX LT, (4.8) I2& 5 TAG(A), Ve(A) I E r IZBLTWwA, EiZ

#E 5.3 Ac(\) 2 Asien(A), Ve(A) 2 Ve (A) BEILT 5 (2 Z2I2 S(G, ) OBFEIN
FHIXERICIEFES © T parameterize SN TW AR H, I i%@ ]IEJJ?K Misb0T
H5)o

SRR A= S(G,7) &5, WEDE—ORMERT I, %$E520)30>71<1¢HE7M>
PUTEVY . Bxt BT 2 RMEEAME, (4.8) B HEEY e —H, u < A &F BEF, 2475

0 — L(p) — Va(p) = Ve(p)/L(p) — 0
» 5, 2L _
Homg(Ag(N), Va(p)/L(n)) — Extg(Ac(X), L(p)) — Extg(Ac(N), Va(w))

PESN DA, (4.8) 12L& 5T Homg(Ag(A), Va(p)/L(p)) =0 TH Y, T/ (4.9) i0k»>T
ExtL(Ag(N), V() =0 TH D25, ExtL(Ag(N), L(k)) = 0 55 X, Extl(Ag(N), L(p)) =
0 DWVZ D (FH 41T ) FTH W),

BOFHIIZ, ( ) =BT A ELREND, O

SRI-E912, BRRITAED context TD Ay(N), V4(A) IZEKRDOEKTD Weyl
module, 1nduced module @ abstraction ZDTH b, HL, 5DETAH, AR 7 12& Y biJr
DFEHEHFEL TV L2WVDT, TNT, A(N), V(A) IZEFED Weyl module, induced module ?
FOMELIF T ADIXRPREBES, 20 [ RVHE | 2L L7 DA% quasi-hereditary
D= &) DI TH b, Quasi-hereditary DEFIZES 9,
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E5E 5.4 M € Amod »F Schurian TH 5 L if, Endy M BFHEATH 5T L 29,
H%7% Schur DFEIL, HAL A INEEE Schurian TH B Z L E2FRL T 5,

W 5.5 )\ cr o LT, kI FMHES,

1 A()) i Schurian

2 [AN): L) =1

3 Me Amod, topM ZsocM X L(\) T,u €A %HIiX [M: L(p)] =0 HELL TS
LoHlE, M= L(\) TH5,

2% [V(A): L(\)] =1

3* V(X) i Schurian

T 5.6 FIE 5.5 OEBENTRTD A en THRILT L0 RIZFEMETH 5,

1 EEDO \Nper & Me Amod 12X LT, A & p DSHEBIREE, top M & L(A), socM = -
Lip) BeThE, b ver BPHEELT v>\p, [M: L) #£0 ThHb,

2 EED \pen & Mc Amod 2R LT, X & u DPHBIAREE, top M = L(A), soc M =
L) 2558, 5 ver BPHFELTr>A X v>p T, [M: L) #0T
b5 :

3 A\ pem Exth (AN, L(p) #£0 251 u> X Thhd,
4 \pe it LT, Exti(AN), V(g) =0 DIRILT %,
3% A\ pem Exti(L(p), VIN)) #0 251 >\ Th b,
ATEORE X & M € Amod 2K LT, M 4% X-filtration a’r%o&ii, M O filtration
M=MyDM D---DM, =0

PHEELT, Ki=1,...,r X LTHD X, e X PHEELTM_ /M, =X, £ bl %
W9, X-filtration Z D A-modules DERE F(X) TEKT,

T, A ={A N | A e}, Vi={VsAN)|rer} £BLs M € Amod %F F(A) (F(V))
BT A A-good (V-good) TH 5B L9,

T 5.7 HE 55 ODEERTRTDO A en IZOWTHILL, #E 5.6 OFEMEZ MR
T AR, RIZIFMETH 5,

1 Left A-module A 13 A-good T %,

2 F(A)={X € Amod | Ext}(X,V)}
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3 F(A)={X € Amod | Ext',(X,V) (Vi > 0)}

4 Ext}(A,V) =0

3* F(V)={Y € Amod | Ext}(A,Y) (Vi > 0)}

2% F(V)={Y € Amod | Ext}(A,Y)}

1* Left A-module D(A4) = Homy (A4, k) 13 A-good TH 5,

T 5.8 TH 5.7 OEN ATz IN, SHITEH 5.7 ORMELR MG A7 SNBEE, (A7)
I3 quasi-hereditary T&H 5 L\, HIZ A H% quasi-hereditary &\ 2L b dH b,

#hER 5.9 FIEIORI T, HREZ X+ @ saturated subset m {Z%F L T, Schur algebra (S(x), )
I¥ quasi-hereditary T&H 5,

SR A €1 DB, top(A(M) = L(A) T (4.8) 12X ) Homa(A(N),rad A(N)) = 0 T 5 A
5,0 # ¢ € Enda(A(N) 14 LT, &%

AMNSAN) = top A(X) = L(N)

D0 TIEZW (Bv%WnE Imp C radA(N) £7%5) POEFHTHL, LoT A(N) =
Imp+radA(X) %o T p BEHFTHY, o' € Endys(A(N)) £ 7% > T Enda(A(N)) 35}
Ko W 5.6 DS 4 L@ 5.7 D&M 413 (4.9) KUEE A1TH LK) - m

FEH 5.7 5 a5 L 912, quasi-hereditary algebra A @ A-good modules DEK F(A)
X (EREINLA) IREBEMRTFTHLETYS, $72 Ac F(A) 205, ARAERSTT
IEEE A-good TH A, 2 =3 b, F(A) I32E D kernel IZOWVWTHH L TW5,

A ¥ hereditary (2% 1) gldmA<1) &L, 7 &z A OHMIBEORBMEE T 5, L, L' en
123t LT, L @ projective cover 2*% L' @ projective cover “~ non-zero map (H4H27% %) 7%
HHRIC L <L EEHRTNE EFICL), COEFICEALTAL) XL THY, #i#E 5.6
D&M 3 VEZIHEIPOOND, FH 5.7 O &M 4 EHL2THY, (A7) 1 quasi-
hereditary Th b, GDNEF EHDNEFZ 7 IZANS &, TXTD A()) #° projective 12
20, I3 quasi-hereditary 1% %, b 94 L—#kiZ, KIBRITHS 2 LT O b EARRK
ToAEIE (BE 7% 7 DNEFA & NLT) quasi-hereditary (2725 [5]o

Quasi-hereditary algebra OF LWWHEEZHIT L 9,

M e Amod Z3F LT, Supp M :={A e |[M:L(\)]#0} £B<,

#8 5.10 (A, ) \& quasi-hereditary &3 28, RABILT 5o
1 M e Amod O, r := rank(Supp M) B < &, (rad AP 1M =0 Th 5,
2 ) €1 O, proj. dimy A(X) < coht A TH 5%,
3 A en O proj. dimy L(A) < rankw+ht A TH 5,
4 gl. dim(A) < 2rank7 TH 5%,
Quasi-hereditary algebra (BT A5 L\ 2 &1L [4] R U Z D reference  HIET S\,
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6 Tilting module

K. Akin ¢ D. A. Buchsbaum 353 [1] H T, — LB O Schur algebra S(n,r) ®
KIBRTOVAHRTH S Z L ERT EEDIT, ROFEZRL TV D,

T 6.1 n > r O, degree r @ partitions A\, p & ¢ >0 IZXF LT, A&

Extisn,n)(V(), V(i) = Extin, ) (AN), Aw)

BHEAET o T I, partition v = {y1,72,.-.) K LT, ZOEE 7 := (91,72, ---) &
Fi=#{j € Z|1.<j, A\; =i} THZ HN5 partition TH 5,

ZOFEHEIE S. Donkin 12 & » T—HEDEHEED Schur algebra 122V TIL CHLY > T
Wb HLEEOENOBETH S I LHPHLHIZE NIz, Tilting module 25T L& D
JFADICEELREEZEL Tnb, ,

M€ Amod 123 LT, M OEREMOEMEA T & MR A IO K% add(M) T
Fo BFHRAEIC X B —#L 3N tilting module DEFEZ B~<5,

T 6.2 ([19]) T € Amod 7% A O tilting module TH 5 &1, KD 3 FMHVILYT % Z
EEVIH,

P proj. dim, T < oo

G &%)
(6.3) 0 A—-Ty -1y —---—T,—0
T T, 75 add(T) CBT 2D ONH 5,

E Ext'(T,T) =0 (i > 0)

¥ 72, T %% cotilting module T& 5 &, DT = Homy(T, k) #% A° O tilting module T&H %
ZEEWVI),

Tilting module (2 DV TRAEILT B, LLT, T 13 A £ tilting module &3 5,

(6.4) Endy(T) =B £ B E, T3 A BWANHTH L. T \34 B-module & L T tilting
module TH VY, Endpg(T) X A THb, TDEKRT B & A DIIFHRIWHHITH 5,
ZDIRIE (A, 4T, B) 7F tilting triple THAEFH) T EIZL LI,

(6.5) EEDIFFEBM ¢ I LT, KE(T) % i # e 56 Exty(T,M) = 0 %53
M € Amod DEEKN LA Amod D full-subcategory, KT.(T) % 1 # ¢ % 5
Tor?(T,N)=0 &% % N € Bmod D&k 57% % Bmod ? full-subcategory &3
B, KE(T) & KT,(T) EBERMET, Exty(T,?) : KE.(T) — KT.(T) & Tor®(T,?) :
KT (T) — KE.(T) #° E\ T quasi-inverse TH 5,
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(6.6) G(A), G(B) TZ#NZH Amod, Bmod ® Grothendieck % KT Z L1ZT 5, =

D
Ext : G(A) — G(B), [X]— Y (1) [Ext’,(T, X)]
>0
&
Tor : G(B) — G(A), [¥]— Y (=1)/[Tor(T,Y)]
>0
FEEWIZHEEZRTH 5,

(6.7) T DENZIEREI 2 BB 2 ERRTFOME L, A OBMMBEO@EHE, B OHAm
HOEEITTNRIE LV,

(6.8) gl. imA < 00 <= gl. dimB < 00 Th 5

FLCIZ19 2HET SV,

T %% A O tilting module DK, F := Homyu(T,7) £ BL &, F: KEy(T) — KTo(T) &
BT, F 12X 5T add(T) & add(B) (Bmod ® projectives) 253 5 DIZHEATH 5,
35U T % cotilting A-module T & 5K, (B, DT, A) 7 tilting triple T 545, DT
& B @ left tilting cotilting module T®H 5,

F(DA) = HOHlA(T, DAA) = HOH]A(AA,DT) = DT

XY, add(D.A) (Amod @ injectives) 7% F 12 & 5 T add(DT) 12 L TwW 5B Z & IT3E
BT 5%,

3T, (A,7) &% quasi-hereditary algebra T T A% A @ tilting module TH->TdH, B =
End4(T) %% quasi-hereditary 12137 b 2 WBIAFEET 5 ([4) B8), 2D HITid gl. dim B =
4 THAH, LHL, ROFEFED Ringel I2L o TRENT,
EIE 6.9 ([22]) (A,7) i quasi-hereditary algebra &35, Z DR,
1 A O tilting cotilting module {ZFFFET 5,

2 T 2% A D tilting cotilting module TH A Z & &, add(T) = F(A)NF(V) THAHZ &I
I—ﬁ}ﬁé(@% 5 o

3 LT, T i3 A D tilting cotilting module TH b LT 5, X e OB, T ODEEREHZER
HWF T(A) T, max(Supp(T (V) = X TH 5 L% LD, RBEZRWT—EHIZHE
T 5, T & (A7) EXDATET S,

4 M e Amod 123 LT, RIFFMETH 5,

1. M € F(V) |
2. 1> 11ZxF LT Exty,(T,M) =0
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5 LLF, B := Endus(T), F := Homy(T,?) : Amod — Bmod £§ 5, A € m IZXFL T,
Lp(\) = top F(Va(\) (XHAL B IEETH Y, {Lp(\) |\ € 7} 2584 B I OFE
HONFRTH S,

6 7 OB (e L LTI« CHEFEMBICLAb D) & 7 THETE, (B,7) 13 quasi
hereditary TH-> T, A €7 =r* IIx LT, ‘

F(Va(X) = Ap(A), F(Ta(V) = Pe(}), F(Qa(N)) = Tp(})
DALY 5o

LD (B,7*) % (A7) OFBEERZEICIL LD, B2 A OATHRHERMEZ W T
—BHICRED, EOTFHED 4 L (6.5) De=0 DBFAPSLEBIZRPHEONS,

% 6.10 EHOELEBF DT T, F = Homyu(T,?) & F(V4) 25 F(Ag) ~DOREEX 525,
Quasi-inverse ¥ G = T®g? TH 5, '

&b tilting module D—fKFHHH DIFFETH 5,

% 6.11 FOEBFDOFT, M,N € F(V4) %5, §XTD ¢ >0 i3 LT, Exty (M, N) =
Exty(FM,FN) T® 5%,

BT, G WS k-split L7-fHRET A e Xt OF, BEEER 2 ARKIT G-module T, A-good
M2 V-good T support DEAILAS N TH A LI % d ONFFEEEZFRNT—ENITHFET
Ho EE N ern L AEEDHEMRL X+ @ saturated subset 7 & & o T, quasi-hereditary
algebra S(G,7) O T(\) BENEH 25 (r ITITL LBV, Lo TIDRHEE Te()) Xid
B2 T(\) TH&L, S. Donkin [8] IZfEVy, G @ highest weight A O (partial) tilting module
EIERZEIZT B,

Z ZC, induced modules 7 ¥ —fEIZET AR LT 5,

T 6.12 G % k-split LR E T 5K, ROHALT 5o
1 \pe Xt Ok, V(A)® V() € F(Ve)
2 M e Xt TG » G O Levi-subgroup D, res,(Vg(A) € F(Ve) Th b,

Z T T, Levi-subgroup DEFEIL L %\ A%, HRZHSEE GL(m) x GL(r) C GL(m +n)
XZ0BITHE, ZOEHEIES. Donkin 12L& > T k 2HEE 2 THWHAIL, G 2% E, i
Es B1® component & ¥F7272 \WHEIZR S [6], O. Mathieu [18] IZ & o THEEIIRE N,

LFEREED 112LD, V-good 2 G-module 137 Y —FETHLTWw5b, 7,

A) ® A(p) = V(=wod)” @ V(—wop)" = (V(-wed) ® V(—wop))”

I2& Y, A-good % G-modules b £727 VY —FHTH L TWw5b, L7z2> T, T(A) ® T (k)
X, G @ partial tilting modules DEFTH 5,
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7 g-Schur algebra

C O TR [11] KUK [13] ORBETE T IR L ¢-Schur algebra 12D\
TR 5, [13] Tid multi-parameter DEFH#MEFDOBIER K L T b,
- UTF, ek ZBEELTER S, n>1,V % kbasis ey,...,e, D k LD n RILA
7 MVZERET D,

T 7.1 B Fndy(VOV) % 1<4,j<n 3 LT
qe; @ e; (e < J)
Blei®e;) =4 e ®e (e=17)
(I1-¢*)ei®e;j+qe; Qe (i>7)
EEDAZELEIZLEDVERT S,

B iz AV, BoOMED Yang-Baxter operator (# 213 [15]) TH 5,

—fRIZNT PV W & o € Endi(W QW) & 1<i<r 23 LT, p; € Endy(W®)
Z e, = idyei-1y ® ¢ ® idyer-i-1) TEFT 5, Yang-Baxter operator g 122V T, R
Y b

(7.2) (Yang-Baxter equation) f,3,8;, = 826108, 7° Endi(V @V ®@ V) THILT %,

(7.3) (Iwahori’s relation) (1 — B)(1 +¢7?8) = 0 %% Endy(V®?) THRILY 5o FFI,
g2 +1-q P BDOBETTHS,

V DEIK e1,...,6, ZILOTWBDT, E = Endi(V) I3FTFIR L BRICH—HIhTw
bo E* OIFMERLREIRTT 2;; = e Qe (€],...,e8 T er,..., e, DBRXFEE) 25T FH

Ex- V@V ii&Ke,. ..,e, DEDFIZLHTF, V'V ik Ex LE—HEIN5,
¥ 72, E* ¥ coproduct, counit 23 ZFNZF

A(zj) = Za:,-k ® zkj, €(zi;) = b;; (Kronecker’s delta)
P
THE 2 6N 5 k-coalgebra TH 5B, E* D coalgebra structure 1 HRIZT >V VW TE

® bialgebra structure IZILFR I N5,
Be+ € Endy(E* ® E*) %A1

EQE 2V eVeV eVveiy e eoveV Yy oy eoveV
1®7T®1 V*®V®V*®VgE*®E*

Lo TED D, 2207 RHRRT VY NVDIEFEDANBE TH D, DB, KA
T 5,

(7.4) Yang-Baxter equation (Be*)1(BE+)2(Bee )1 = (BE*)2(BE*)1(BEr)2 ATz EN 5,
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(7.5) Bg+: E*® E* — E* @ E* I3 coalgebra map TdH 5,

Quotient bialgebra TE*/(Im(idp+gr+ — BE+)) % k[Mat,(n)] TET. ¢ =1 OF, g R
Be+ (3T Y — DR ANRR BFHTH Y, L7z2h > T k[Maty(n)] & S(E*) = k[E] =
k[Mat(n)] TH b, 0 € S, XL T, l(0) To DRI ZERT,

det, = Z (=) 2101 Tnon
oeGn

LB <, det, € k[Maty(n)] (& quantum determinant WIS, det, 1T k[Mat,(n)] @
HLMZET 5 group-like element % DT, FFTL k[GLy(n)] = k[Mat,(n)][det; "] I3 B I
bialgebra (272 %75, & HIZ antipode b5, Hopf algebra & %5, ¢ =1 DOk, det, 1347
Bl (z5;) DATHINTH Y, k[GL,(n)] 1 k[GL(n)] 27> T\ 5,

&T, TOBPED 5, ¢ =1 OF; LR, k[Maty(n)] = SE* = @,50 S, E* i graded T
HY, K r>01220T, S E* 1T SE* DABRRIC subcoalgebra TH 5,

EFE 7.7 S,E* @ dual algebra (S,E*)* & S,(n,r) TEL, ¢-Schur algebra L5,

372, 9 =1 DIC, S(n,r) = Endyes, VO EEHENZ L0, ZORBETOERD T
BETHbH, '

T 7.8 k LOEIE Hecke ] H,(r) % HETT by,..., b,y & FEARREN

bibj = b;b; (P —=s1=2)
bibi11b; = bi11b;bitq (1<:<r-2)
(1—b)(14¢2)=0 (1<i<r—1)

2R kB LTERT 5,

Hy(r) BXrl RICTHY, g =1 O kG, LRBTHL I EIIRRLTV, 72,0, 6
ZE 0, Hy(r) BV ITEDPSERT S (Hy(r) 2 (H,(r))° ZEFRX»OHERZOT, A
DHINIRE ZETR 2 V) 2 EPERRK (7.2) KT (1.3) 26005, —F, V i left
E-module % DT, right E*-comodule T Y, V& i S, E*-comodule L72%%> T S,(n,r)-
module (272 5,

B 7.9 VO X Sy(n,r) ML LTHRET, S;(n,r) 13 End, VO OER5EL Endyy, () VE"
LEAREND, EH1n>r BHIE, VO E H(r) MBEL LTHBETHY, H,(r) =
Endgq(n,,.) Ve Thb,

B IREEEE GL,(n) OZEAEH L IL, €FIT XD right k[Mat,(n)]-comodule D
ETHbB, ST, {zij|1 # 7}, {zij|1 < j} TEROLNA E* @ subspace ZFNENH E* D
coideal % DT, k[GL,(n)] DT A 77 WV (24 ]i # j) KU (2i;|¢ < ) 1 biideal TH 5,
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E[T] = k[GL,(n)]/(zi; |7 # 7) (g =& 5%\ torus DEEEBRIZR %, Lzdt> T, 20K
MThH weight DRI ¢ =1 DFELFE LU THB), k[By(n)] = k[GLy(n)]/(zi |2 < 7)
EBL, INHIIEIBAN —F A T KU Borel subgroup B DEEIEIRD g-analogue 2% -
T\W5, Parshall & Wang [20] (£ Z DRI T 4 B TR HED g-analogue 12X > T
induced module, Weyl module Z#8% L, G/B @ Serre duality D%\ %, tensor product
theorem, Weyl’s character formula DS % FEBH L 720 Kempf’s vanishing DALl D /R &
NTHY, Zhd b, Cline-Parshall-Scott-van der Kallen DEBD Y LD Z L3550,
4,5 BT LH I Xt DEEDHBIR% saturated subset 7 12xF LT ¢-Schur algebra
S(GLy(n),n) DML ST (S(GL,(n), ), 7) & quasi-hereditary 1275, BRIZEFE I N7
g-Schur algebra S,(n,r) & S(GL,(n),(—c0,(r)]) & —FH L TV %D T quasi-hereditary T
H5,
LZEMEHICEF —BRBREROZHERAKXHAZ KEIERT 5 Z LA TE 5,

EFET.10 TV = @,5,V® LB, (V,8) D symmetric algebra SV, exterior algebra AV
% SV = TV/(Im(lvgy — B)), AV = TV/(Ker(lygy — B)) Lo TENEFNERT 5,
SV, ANV O degree r ® component ZZNEN S, V, 'V TKY, /2, DV := @,5,D,V,
DoV =k, D,V := Homyy (y(kT,VE") (r > 1) £B Lo ZTUT, kT Id Hy(r) O trivial &
BRI b—1G=1,...,r—1) TE2ON5B1RTEKH) Thb, DV & (V,5) ©
divided power algebra & U%r’-lfﬂéo

TV %% k[Mat,(n)]-comodule algebra T, 8 A% comodule map Tdh b Z &h b, SV, AV
BNZEITHbB, /2, DV 3L » 4T T k[Mat,(n)]-comodule TH %, F£ix TV,
SV, DV, AV IZiX k[Mat,(n)]- equivariant graded YB bialgebra & \*9 BE 7% multilinear
structure 2A %, ZTHIZDWVWTIE [11] ZHET S,

ST, A=Ay, ) eN c‘:?'éo Z DFF,

S)\V = S,\1V® ®S,\ZV

EEHRTHo NNV, D)V bERRICERIN D, |\ =r DK, ThHiZ S,(n,r)-module T
HhHo INLDORBMORTIT k12D ¢ I L by,

& {DeN |\ =r) % I(n,r) TETZLIZT S, I(n,r) DILT dominant (§§\ 3
RCTHARBA) b 00&KIE It (n,r) TRT . I(n,r) IIEFK 4.12 DIEF TIHFELSTH
o BIL, A2 p <= A—p € Ticicnlei— i) N TH Do ZOFMIE,1=1,...,n-11
LT Tici i 2 Djipy EDTLFAMETH B0 i (—o0,(r)] ERLL X ORITES
L It(n,r) IEFEELELTHLTH D, Lo T, S, (n,r) OHEMMEEE [t(n,r) T
parameterize SN TV 5,

S\ V B D,V ORENIROBETEL 525

i 7.11 ET - BEEROSHARIA DR R
k[GLy(n)] = E*N@SE*N@ &Pp SV,

T Xel(n, r)

Sgn,m) = P DV Homy(S,(n =~ P SV

Ael(n,r) AEI(n,r)
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BT %o 512, X € I(n,r) DB, S,V (D,\V) & S,(n,r)-module & L T injective (pro-
jective) TH 5,

#8588 7.12 ([12, Theorem 1.4])) BT MWEHORI L, M IZOWTHRZFE B -
LOM=MQ®L HBHFHET %o

ZOFEIZVHW S universal R-matrix Zffio THR I N5, k[Mat,(n)] i E—#IZIZTT
BB TIE VDT, obvious &7 ¥ — D AN 2 Tld comodule map 2% > TW2RWD
THEHEE, TOREIZEY, A =(N,...,A) € I(n,r) & 0 € 6, IZXHLT, iV = 5,,V,
D\V 2 DV R ERBEY ILD0 T2 0 = (Ap=t1,..., do-1) TH Do I(n,7) DE &,
orbit 137272—2® It(n,r) DILE &AL,

(Sy(n,r), I*(n,r)) ® Weyl module 3RD & 9 ZFREHFHD,

#WE 713 A€ It(n,r) ITXF LT, FE

AN = D/ T 3 Im ¢
pelt(n,r), u>X ¢€Homg, (n ) (DpV,.DrV)

V) = AV > ) Im ¢
ﬂGI'*‘(n?T): u>A d’eHoqu(n,r)(/\“ VvAA V)

VARV (g R

EOBERS DV 2 P\ @ B,op P(1)2™ OTIHHEND I L LDHDDE, 20
RO 1 ORI T 5 —REDL2HEMIROEH THHAI NS,

8 ¢-Schur algebra @ tilting module

Z DTl ¢-Schur algebra O tilting module IZ DWW TS, ZOHONENE1F
g =1 O¥AI1TIE Donkin [8] IZ& 2 TIRENT W 5, :

& T, —f&IZ (A, ) % quasi-hereditary algebra T X % 7 DBPNTTOREZ, A(X) = LX) =
V) XT(\) THAHIEIZRRTV,

DFTidn > r &3 5, g-Schur algebra S,(n,r) DHAMNEEZ parameterize 35 I*(n,r)
DEANTT (1) = (1,1,...,1,0,...,0) IZ2WT, RPHEPD LN L,

#WE 8.1 NVEA(1) THbH,

Boffi-Varagnolo [2] i multiparameter % D& F—KMIEAED skew Schur module %*
induced module filtration ¥ Z & /R L7zo —#%XD skew module {ZB L Tid [9] KU
FORDBEXMESRLTT IV, FICRIRINT,
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IR 8.2 M,N %% V-good 7% k[Mat,(n)]-comodules 2 5iX, M @ N b %9 Th 5,

LOEEIS ) (HRRILD) A-good % FKH, tilting modules DEFITH 5 & ) ZERBD
7IAb, ENENT YH—HETHL TS, 2D L L, weight & V-2 HER»
RATREN 5,

178 8.3 A € I*(n,r) ICXF LT, S,(n,r)-modules DFE

MV =TQ) & @ T (@)%
w>A

PHET 5,

Mpelt(n,r) IWHLT, pu> )\ < p<I\PERITLIELE2EET S,

BT, A= Snr)(n>7),T =®rnyMV £BLo T & A D tilting cotilting
module T®H %, :

&T, Ve = DV 13 (7.11) I2& 2T 4A DEHMRTZDT, ¢ = 1 OB EFERKIC,
ADONMET e RAWVT, VO = Ae ERED, (7.9) 0L oT H(r) & ede TH b,
f := Hom(Ae,?) : Amod — eAemod, g := Ae®,4.? : eAemod — Amod & B <,

& BT, k-algebra map w : H,y(r) — H,(r) & w(b;) = —¢?b;' TEFHT 5 (well-defined
ThbHILDHERIE Hy(r) DEBPOBSETH D)o w? =id THH0 5, w FHCHET
H5bo w¥: Hy(r)mod — Hy(r)mod & Hy(r)e®un,? & LTERT o T TIT H,y(r), &
Ho(r) P w 2B L TERT 54 Hy(r) MBETH 5, Hy(r) D1 RTERBR * (k%) % k- T
RTZEIZT 5,

®=gow*of:Amod — Amod &£ B<, ¢=1, k=C DE:Z, & I ‘Young diagram %
Y5189 5 involutive functor’ T&H 5,

(8.4) fog=1Id % eAemod ETHIVT 5,

(8.5) go f = 1d #F add(4A) LTHIT %,

(86) t+j=r DK, M € Sy(n,i)mod & N € S,(n,j)mod 23+ L THKLFE
F(M @ N) = Hy(r) Onyiyon,y) (f(M)® f(N))

PIFET o ST, H(0) @ Hy(§) W& k £ by, by, bigy, ..., by THEBRENS
H,(r) @ subalgebra & F—HIN TV 5,

(8.7) i+j =r DF,
Ho (1) @ Hq(7) = Hy(r)=H,(r)
(x4 v
Hy(1) ® Hq(j)@i’Hq(i) ® Hy(j) = Hy(r)
E—HT 5,
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(8.8) f(N'V) =k, f(S.V)= f(D, V) =k*
(8.9) ¢ # -1 %5iL, gk ) =NV
(8.10) X € I(n,r) XX LT, (A, V) ¥ D;V Thbo fFiZ, (T) = (B NV) &
D, D))V ATHbD,
Ll E# 5, Quasi-hereditary algebra A = Sy(n,r) & n >r OF, HSEH LXK TDH S
ZEDBGhB. BIL, ROWILT 5o '
#HzE 8.11
® : Endu(T) — Ends(®(T)) = Enda(4A) 2 A
i k-algebra DA TH 5,
F 72, RASBAL L’Cwéo
#igE 8.12 HAKM:

F = Homa(T,?)2s Homa(8(T), #(7)) = Homa(4,8(?)) = &

i3 add(T) ECRETH D, b L ¢ # 1 %51F, modA LTAMTH 2,

{F(T(\)| X € IT(n,r)} 7% A ® indecomposable projective modules DFEFEORFER
ThHHIEL, F(NV)XO(AV)E DV &, (8.3) BT (7.13) K& o T, F(T(V) 2 P(A)
DN E IH(n,r) I LTHY Lo TWAB I EDFDb, '

HEOBET13 0E 201, B 1 ORI G =T 2HLTHOND Z L0
Bo WEIZXD, F(V(A)) 2 A(N) THD, #%E 6.11 5 HEHIZ Akin-Buchsbaum DEH
? g-analogue D’fFHN 5,

%88 8.13 Quasi-hereditary algebra A = Sy(n,r) (n > 1) IZ2WT, M,N e F(V) £ ¥ 5
B >0 IZDoW TR
Extl,(M,N) = Exty(FM,FN)
BHEET 5o B2, L, p € IT(n,r) IIXWFLT,
Ext}y(V(X), V(7)) 2 Exti(A(Y), Adp))
DT 5o

T, b2, HlEE ¢ =1, k = C OBED involutive functor @ & F' = Homy(7,7?)
TROGEPBENTBY, —BOBEICD F IEVWHEEFo TWA I EWgh b, HHE
RIBED ® OFORLHMONIMEE LT, 7 v —RFEWMBTHL L) ZEHFDHITH
b, COWHEE F ST 5 2 LIMEEEZ & TR ve R, RATEH SNz,
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W 814 i+j=r<n DK, MEe S,(n,i), N € S,(n,j) ICELTHEALZFE
FIM@N)=F(M)® F(N)
PHEET 5,

(11T, g=1Tr>n DHFEZFR->TVEDT, BRLTT IV,

BB, RETRNAERIZIILEALEIZ (D ¢ 123) L ohbokds, #i2w) &,
[AN) : L(p)] &k Xid ¢ IWERFLTEET 23D LTI H Vo T,

BEIFETORHT AN EL VD, REDOK & 72 55E—Lusztig program DfF [16)
NHoHIERET2RRIETHEET,
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