/44.’6/56 ﬂlﬁj&gm/cwfﬁarjy lgcwf M
1) Saa’je{ ///)/ﬂoa/ujf.?.
2) fam/o{emwﬂ.

10) Recop: e consicer Hhe. catesory, O for Y= W w. hel,, fro orbit
Inside, we consider e cq;b‘cjar} 0 {/)ny' of /f‘o/'eall/i/a abjects [m}
a@'foz‘ am?ue(ﬁ a/eCom/oase; 2 B of (ndecomposable /}’g’w‘t‘ﬁ/e; Plw-)),
weW. For example, PON)=4()), Flw-2) - ?;,,AA(’PF [Z()rf)@df—p)),x
Sec 11 of Lec 74
For =1, 01 we Aoue endofunctor @ 0“;0*'3)‘ —>0J—;ﬂry. for w=(5,.5,),
R reducd expression of weW st &), =@‘-€... @, . Then (Sec 1.3 of LecZ4)
we have @, A(k) = Plu2)® B Pla))®
- W e Brufet ordler
In Section 2 of Lec 29 we introduced A @ij/gm
f[)m@”: - @’[j*]/dj*] by, he=(Fe CLEY| f66) 03, We have Hhen
considored  He Soersel Funcior |/
V= Homg (T 80, ): 0 — €L59""me
Were steted tht I is fully faithfid on Opry ol our tast is %
0/656/7'/6 e imege of W This is how ¢ Sez‘/fd /{Z)moa/u/ej feve Hyst
Af/oamo/. Since Hen {/y became & ucicd tool m He jeameﬁ/c/ cateso-
Vieal /—?VCSM{RXIXM z%eorél —and also wefl Sfor thot {/eoxy_

: Mo the /wa Saithtitness of 'V % show Gt Pe ﬁ”—fore/' /s

indcomposehle < (P)e CLEI"mod is (hrt: being indhcomposabte i
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aboit mﬂ/mayéi’sms).

E)(am/u/e: n=2_X=0. Tlen e a'mécom/oosufé //g}zcz‘ci/e.r [see c/:_xw/o&
in Sec 1.5 in Lec 23) are 4(0)=Plo) § C'OSF1) = L(-2), includes into SES
02800~ CBA0) »al) —0; W-S,A F=C b 13
= CLEI“Y = Ch/(e) = [Puf 44 in HW3]= bnd ,(Co4t)
V(p(-2)) = /’ejw[ar ELx/le) ~moduh,
|/(Plo)) = '%”70" [P(ﬂld(o)) = [vector et of dm = ikt of L(2)-0(7) inde)]
’f; Yot Jas Lhe u/?l'?u,{, Clx1/(xY -moduls struture.
: ece IV is /w% Seithfil on aaarg' (hint: Sec 1.5 iy Aﬂc]f)

14) I 1% £Va»y, c'na&com/oa.ra//& /al’(o/kuf/ve Ln Qxacwm &5 a diret
Summand ¢ @A(ﬂ 5@ féx ‘o erouse 1, we ned £o co;7om.‘a ﬂ/@ﬂd(}\))
anf Ll aéco;u/cl;e & ity Maéconyomj les,
We start 9 Co;hfaz‘mj, V/él())) Nite (L’[j"] “is a tocd ﬁ'é%m, so it
has He cmgue. 1- dwensionad moded., € e doncted gf C.

/%/josiz‘/m We have Wfall) = C.

ﬁ’po/ We Laim f/«f ‘L([e 74/1401(0/’5 e T [5ec 1.2 of Lec 23)
are Bindljaint: _Z;w&eo( 575 be He am?ou_ a/mmmf A/ajé‘é in WK -A)

So #J/ jj_,l /Z/ )® ) Notree 2ot S Ze lowest ijhf of

Zﬁ) /aﬂm ‘o -L% dued ity /95<s h/ajéfr 4 Yy - 1 S # zVV? n

e o/\%/é/ufla/) o/ 2,9, VA ZJ/‘() and So __’2 /[/4) ®- ) 1% ﬁ’o/oh

in Sec 17 of Lec 25; 7; any j;\z_,}’ are Iflaogomi‘

—E ) Z



Wow W(8000) = Homyy (T, a1Cp), AN = Homy,, Catp) f];_,_(, 404)
=/z) of Pfs;a 77 in Sec 127 of Lec 25]3 /%mo,(, [A(p)) A(—P)) =C g

Now we noed 4o unolerstond Ay interaction bedtween WV and @

fNote Yt a d:[j*]M—VMo/u& is Yo same 'f/w} 25 a CL5M-
modidy, , whwe P, acts éyﬂ. fov =9 n-) we wte (C[}*]S"ﬂw A,
Subedsbre of Si-invariant elements. I /oan‘m/ar, f, < CLPTT

o Lot /466[!*]*}4700(. I/ﬁfo/q:{b}, 'L‘/Jw %WJ*JQCQ"’QSI‘ /‘/)—‘0.

So C[Jf xj®a— s ° can be I//eh/eo/ as an e/m/o—yfmyﬁr o/ C[Jf *]mf'/moa{

Aha/ 46’8’5 {[Ljfé)ro/ 'LZAeorem o/ Soe/j(/(

n{omm : M: 404/4: 2 7{07(2,(0)/ Zsoma//'a/zm ﬂ/ a@ ~ f/} e Ly s (V4

Fomare: Fov (=1 n-1, define Yo elemntar Bott - Samelson fg -
X X } X
6/1’}100{0/&. 856 a5 @g J@Cgkp_‘_fg ] Sa fl} J®C[5“]S’ /{:5-5: ®Cg"JM

12) Craded (6i) modides,
LA P e o commutatie O —n{jm’m f/ay/aeo/ with 2 Z, - Mf{m

j”‘m/’”}: ¥ = ,;QEI A bes)e exm/pﬂ, £ = I[j’“]/ whore £. 70 fs ool (
and for even (, f i #, Space ot /o/my eneous /P’?ﬂﬂﬂﬁﬂ//s of /e’; 4.
gj a jmoéo/ ,?’ﬂma/wlc We mean au E’MOM M Zzajyf/cr w.
al/e&‘foi Space ﬂécom/wyz't‘mn M 3@ /‘6 . st fl /VJ c /b/‘fj + 5;/: A



Aomomo}/'a/ﬁm 0/ jl’aa/eo/ @ Mo dleles /L// /1/ (S an /Q 'Z/’Maw /%?o
?:/‘4 — N w 7[/'4;)C/% ¥ fzmi/u§ we can Tale abot
jmo(co/ E-6modiles and Hoir n’mamy/z;m;.

g\/m/oé 55: s Ajmo/eo/ bmodudl for - (E[f*] waé; 266 = c'U'—/
Sor ace £, 56,6- (b shift is & converient conventio).

Lonstructons: -,[7/ 153,6)3 e j/aaéo{ /{z')/ﬂoMg Hon zf OK, fas a neturdl
(jy“”/'"é'

* Tensor /ﬁw&w‘f of Ewo jmo/ea( ﬁmoMs/ B Sy 5,//5 2 jma/ao/ A
w6, [)(@clj)él: = KIX®J5Z £ a/eoi [ 94 44’5 5+aé; 14 5/»1/@5, v jS’aaéa/
KMoM /'4, E@EM s jrao(co( f—/mM: 5[)(@/*1% bxeonm. Ej- %,E:[[jﬂ
e Aawa e f/tz/co/ modily 5: = 5/85(= Béa'e ﬁfef acts via £54%)

. Kr‘w/mdt Shitt. for a jﬂw/ﬂo/ £ -/ﬁ)/ﬂoﬁ/u/g; M angl Je Z we can
0/87(10‘}7& ‘L%_jmo/ca/ /o/z')/noM Mf/? h/ﬂzﬂ/ Sewme ,@— /o/ﬂlmM stwcture
54{'5 S//‘/{Co/ (7}’20//'1}: ij?t- = MGJ.. /q)r exwu/ﬁ) E_Sl-=f®55;ﬁ<7>,

w. (fs detautt jnw/m;.
ZD'L‘ ,@“JV//()/MO&/ 0/01072‘& '54 C’fojw’? ﬂ/ﬁﬂl-{fé jﬁ/tt/ﬂf&a\/ 3)%0/60(
K- (6i) modudes,

: //}SAQW ‘da)f Jé" Ke/?y)’g)}woo/] we Aawe 04»1 63.<°0 ﬁ’t
() Hom's in P —jy/é')llloa( we finite dimensional (over )

i) @e@w ‘qujé 6!/6? otjfa’f N g - jV//c')/f/OA/ aéca@mﬂ.res ints He
41



dvect sum of inole compo sabtes and any “wo aécom/aomfzm; hove

{/e Same Summcwa/s /470 2 /Jomaﬁy/zm) - 60/70@/5 Zo P/Z 05700 J!;am
Sec 77 of Lectwe 2
ﬁv) I/J o Be B—jr/&')ﬂ//o/ we %Me g 1/5 (J)/ 'L[Zw/-:a

1.3) Soe;(fjaf () modules : a/&ﬁm'f/on.
Set fsfg*_] /% 2 Sozrj&f bimodidy, we Mean 4 Jmo/co/ E-Limodutl
obbuined Hom He gS;; [[:{,_./%—/)é w/;g Ze MM;} a/emllz'on_s:

: z[am;;aa] &

: fa/cm} &p

] &Pﬂg"”} jma/moq 5//‘/1,[5 U’? {/'6 Z)

‘ fatm; Jirect Summands in A, Ce/ffjordvz o jftzaéq/ E Eimpotides,

Note that ary Soesgel bimodule. is B of inaéco@omf& Soergel

bimodules in a zmi7ue m;,, see 4 previaus Exerise.

The c’zz?fv:gjafa_ of Soe/j&( Gmodlles s denoted éy SBim.

g; 2 gfﬁ&f /Moﬂ/uﬁ we Mean 2 Mreﬂ‘ S'ummam/ h _/f /‘ 5/5)/ )/éy
Be SBim Their cal‘ejgr /s O/Cﬂa’éEo/ ,9 SHod,

Femares ’/) In 75%‘/ ore soesnt peeo Lo incbucke divect summends
in e oeAinition of SMod : B<SBim is /ha/ccom/aoja,{é < Be SModd s,
& s Vw] basic [ ) , =65’ tesubt of \Sa’/je/ /%/’eal/e/, _15 =~ _52

= B~B,. Well discuss Hese inthe (0/1;0/0%5@2‘ Secton,
5]



2) For a word _4/:(54 s Siy) Nt /Iec’e.s_smé /ga{{cz/ ~ dedine fn/L Bott-
Semetson fimodle  BS,: =BS, @, BS; &,.8, 8BS, Tl every BeSBim
s D of Zﬂoécom/pasdfc direckt  summands of B3, w jrqa/mé’, Shts.

3) [t BeSBim. W claim 2t /6 EW; o GH action of /on
B coincides mith its /{/ﬂf action z%, 2) one needs % thecr this on
és,. Thee one reduces o He indiidiad S, s, where i holils &e
/6 ,QMCE.Si Ay F- bimodi /S Al same fémdi as ay L8P -modiky
and He ROF-action on B foritors ’t.%roaj/

ReL/(fo1-10f|fek¥) = £8,,F

: //serw: 14«;5 E @E“/ E (5 7 %h/’z/cg jmyufeo/ /’/j/‘f /g'/ha/wé.
and decduce Yot evtry BESBim is & ;‘zﬂ’mi‘eg je/wmf,c’o/ //jh‘ E-modiy,
4140/ Se &I/el’; Me SMok s %’m’z‘d 04&/)5/'0/711/{ .

14) (onnection 4 ﬂ{f}’f/:

ﬂt /aﬂoh/mo{ clhim (s /m)’% basic and mtl e Géecteo/ in e
complenent  Section.

Lact: LA M be a finite dmasionad jﬁeoéa/ Co-modids. T# its
indecomposable 25 a jmoéo/ module. | Hen i#s indecomposaltl a5 oy
ordin Y moduke (He 30/051'{& (}14/5‘(4:#/0;1 15 manifest)

é’/f S/Voo(w” /Ma’fe ‘/4 myfe (1) 4 7h//(%¢ 'L[A a{VfS are SDW&(
J J°F J J
%Ms andl /m}/’M}ISMS e 2l f - 5)76&/ ﬂ/omama;'m//m; /mz[ //'6(6550/26
Z]



X .
jl’ao/eo{ ). 5oerjd s Heorems mean Gt V- 0—/»'?/ > S/%a/”,g,
Eomare: Che can 74}%% vecover Homs i f/{/o/q,g, Hom Lhose. in
Moo and e j/aa/mj Shitt fonctor as follows. Lt HNe 16(“7}’/%00/
Tlew He vector sprct /%”’B M) jﬂzo/eo/ (25 2 vector space):

Hom,, (M) = [306//0»73//%/‘/)/ Q[M;)< /VL,:/} = //‘szmw///i @
So //Ome //’;/V)f J@ l%Mf—eroa( //V, W{/?)

778 [/{;L‘(:jo;) Szgzm ﬂ,/So /4)‘ R )’?/c:w'/aﬁflo»; {/f’ofoﬂlla ghff//’orfzzte}f/on
(here we need 4o wse cortain “Heush Uhandva bpmodites” nsteadd of
o;f/'eafs in 0 X). 771’5 /mc? be f)yyfm'ne/ h A Komu éa‘m’e. }l/éa/f Is
/m/gorfawn‘ or us s Zhit  SBim s z% Wecte C@fgjo/y” it
”cdfjon’/)fs * o Hecke Mj\o/éra A /_5:, ). This (a5 wetl as @mm/né;
of lhaéwm/w;dﬁs in SBim) with be expleined i e nxt locture

2) ﬂm/afemenfs
21) Boof of P/Wo-ﬂ)f‘—’?:}_,l A(—FZ We ase Fact 3 metoneo in
Sec 1.9 of Lee 73: j;_ﬂ, (Ll )= Z(-‘p) f Wew, and 260, ebse.
Se ’%'”g L+ f/;_, 1 4Cp), YASN) =[aa§'andfiod = //ommﬂ (4(p), j;_) - L))
:[W”J 0%-801‘ m O 4("‘0)6',9 Aol 1 i Hw3] = (I:egw’.w" An isom'm
Plw,2)= T, 5 40p) follows

,ZZ) Ihoé’com osehitity for omoled anod am/iﬂa/ Maﬁ/u/%&
= P d 7 ¢



Led M be 2 fnite dmonsioned jneoé«/ E-modids. Assume i 15 indecom-
poseble as a j/aaéo/ module. W chuim it is zha/cco»/mom/& a5 au
am/z'/m/} E-module.

Nite Yot Em(e (M) 5 2 jmo[co/ L- Aédm W, jmoénj orboduced
i Sec 19 W clain Hhat mo 5;9'/6 (M) is a n/om?jeneau; (deal
bor Hhis we use th /OZZowmar, tlassicad constiction. quve jraa/mj,
9 a 7{;‘14:'15& dimeasiond & ~vetor S/mzca 5 Z is the some t‘n/maf as
fywig V w'th e rationel Caction (on He jmo/co/ COII}UOW‘LZ A
zéZLjroa/o C* acts {; £ t>77) 7;j/Vc an _li_/!_g-‘fx_{v_a_j}’eo/lig on @
Finite dmensional Aée/(r& (Suh as éZ»é, /M)) is o que 4 vationhel
ropresentation of C” 09 Lsehr acomaphins ( ). And, o& (G
oleinition, He yadicel is steBb qnder any au’famo;m//}m_ In /Wz‘/m/%
s CB{SZ%{& y Amce jma/toz

ﬁct/nj a 0//reaf Summend i M amounts 4o ieeins vz [2/%7/0—
bent in Loy (1)) 12 Endy(M) (Gt con be Yhon Cifed o
Eho{e ). /))ct/n} 2 j/ao/eo/ dvedt  summand /’ffz{/'res p aéjra J
/'ﬂém/ooiw‘f. So our cboim  Becomes 4l /»%u/m] :

(%) —Cnf/ﬂofa At 2 J'e/m}/»%ﬁ C -&6://5/’& A jos ay 4,{7%/2.
jma/m} st /Josz. Tl A=C.

Hees e mst elom em‘éw% /w/ﬁa/ of G): reall 4ot the
Bace /m’rm;, ﬁgqy) ——)f/}; &J) 5 /70/7-040126/76/21‘6_ Mm/v ‘///J /A’./'///é&)
Ay andl A ave duck 4o €ach other Lt 2aed;, bed; e st
tried) 0 Sine 40: C1, we must have Gat ab 15 a nonsere

mwfz/aﬁ of 1 Bit 2y eleneat of A i#g i ntptent

E



(46 A s finte ﬁéWSI'M&[). So #e 014/? /015/0//‘5'?, v Ay=0 for
(0, and hena A=A =1

2. 3) ﬂ/fcompasw//es n SEim vs Maé(o»;ﬂom///es o Mo,
Theorem 1 ( Sae}jf/ ) B 8 0/‘”4///76_!' a {7'{%‘50}7 between zm{:{o/’yo-
sabte Soerj.% bimo dutes (ap %o is0) an zifo/eco/”/om/ b Sowgel
modules,

To /Urove s f/forem we need o Comma and anothe Heovem.

Lﬁ//lma: 147 Be SEim is a 76’44 /271-5 E-moditl.

Foof:  Dbserve £ is a free 10 2 L= modute For any S=5;. I¢
/o%ws ZZM KSE (s a .76'4 rx Zk /’7/{ g’/ﬂoﬂ/% [A/Awe K )
ZLe ﬁ/ﬁ{/ 0/ ﬂ/). ,41107 z'naécw}wm/é aﬁ'e&f m SEw ir & dwect

Stemmand in Some gfﬂ So (s & gra deo/ /ro/'e Hive (hence free)
E - MOM.

Theorem 1: o KB, Ll P-modils //mf-&mo( /@/@_) (Lrom He
//{j'hé E- actoon on 52) 5 Free and

//0”7:6-{/”1!/ /5;/% )@E d; —"%A/[)Me’”ma/ /'g,/é).

Sttt of /roo/ of Tom 1 mod  Thm :
Thx 4" by (B)8 C =iy (B) we can CFf
a Apmojeﬂews z/w/yafmf o &/K—m L B) % 40%/:{7%?0«;

9]



(b/gm/oazz&:zz 7 510//@ Hnod (). S, /'/) K s (_M/ecoln/oordé) z/@

So s _g :

/4/0)’00/ 0/ _5, 25 =>5iﬁ£ is Smilor < we can GFE R
Joma geneous Lsom opim  (n bomg,, o (B, 8,) 4 a Aa/m;wm«;
ZSDMOI?OA/‘J}'VI 2 /%”’/e- od (£ 8)

We dont Prove Theavem 7. On /Vap/ /{7&01/6 a/q/orm atoons of
V ad OF s exp/za'mo( ( "y ferd-wyitten nite v He O- sem-

ner (See ref Ay Lec 18) Ot 24 nectny. A hosely relited
vesult s 30679&5 Hom %/mf/a) See [EMTWJ} Section 5.5.



