/R%omsenfﬁf/om a/ 54 n m,ﬁ(:jongs/ /wz‘ A
0) _ZZZZ}'MLVL‘ 1on.
1) (a affﬁorlcs £ 76/1%‘0#5_

0) Mich of //u‘u/eg, Modern (Last S0 gears o7 10) representation Z‘/t’o?
deels wit) lma/erjz‘aaaétg cmfejar/es of @areswfd/om, And < jmwj
/meml(jm to understond all binds of afco‘f} (2ud 74/%/»? 2 found.-
fon of /g?/escm‘d/on f/co;} , /Oa/‘//w//&r) is B tnderstand Hheor
ijmoz‘g In B context of ﬂzuo/jm(}, /f}a/eswz‘mf/m of 5 mz'sm;aﬁ
Lie a,gjaém;, Hhis idea mrs Vay essenz‘/% useo é _foezy&f v
e Vs, more onthis lder in the cless. Abss cn ‘6'/5 s € was
envisioned é« ZLoor Fremel ot a cdfforzox/ f/wwu&li'} Yot is a couwrter.
/Da/f of /e/a’escnz‘m,‘/ons of J&ﬂ/}‘/n}o{ Lie %dm; (of whid Cs”{ (s
7 simptest example) Aol Pégf an impotent oo (in pes Licder, for
J'zzw‘/ym} Cnvatents o/ fhofs X Cnks - Hot 4zs bean yealized Stnce f/m
~ aud of Zmenibolds ~Thet hesnt) A b /u,‘a// it wes a/l'scaym/,
£y. ég, ﬂmw;, andl /@a7w'ar et Hhis ‘L%ZDVJ, Shoud b useol
For /g?))/eSCMZ‘Mf/M {Aew?, , chémé? o duor /gyeren‘éaﬁons of
(thf/h etnc //ou/ys_ Wbl discuss Some f/;njs whoit The C@‘ffjowcd
L@{— _(Sjﬂwtﬁlz/} n t/n//': note and 54{‘16?54@11‘6 ones.

Fom: This is not a serious remase. In /é/gjeffs //15)590;”/1 bhevers e
potion of & “Liad*: Yhesis — entithesis —’5(7;11‘455(5, In owr sitaation

f/ﬂSe Cowfo/ be as /o«%WS-'
7]



Thesis: we weat to wnclerstand convete /;J/eSa;Z‘az%m (of pops,
&,{7{/15/@.5 etc.)

Artithesis: conwete realizatoons ave no (Mportant e stutare
of a C”’Lif"? (3.

%Mﬁesis: we'l] cnderstond cotegores ? ﬂ‘uad/gch} Heir concrete
S(ymmdries_

Leterences: Kleshihens booe & %umj, faayqi-@; * Devived e/puiz/dmce:
Aor (S/ummof}’m j’)’aq/o: and <S°Z;- caiff;’jor/ﬂ'cd/on ’

1) (z a:ffjor/cs £ Fenctors.
We a Jouns, o cx/&'y, Y most besic sedyp. Let [ le o frelo

Led C fe a coffjo/?} e/au/)/zlem‘ % a  drect sum of cateqones o/
75}7(1‘9_ dimensionat /y/esenfd/m; of Sonite dimensionad 2ssociafive
djdms A jooa/ (and  reloveat) exempte s € = @FS ~mod. 6/&?,
aﬁed{,‘ i a formed fwte divect sun of /?}’eScnﬁUé/oﬂS of differeat
S, s The Space of Mogp//m; from @/’/ to @/V( N e [FS, -mod')
/s i@/é/OM ,[ M, ;)

few: More generally, we noed € 2o 6o an [F-Cntar 2flelion Ca;ffjm;,,,
WAe/e, 91/07, ﬂﬁ{ﬂé 445 ;gh/'lz& K ”jt[/ /.L. dﬁéa{‘fx a / h/‘/c jﬁ/
/ @Llra/’f/on

1.1) K, Fow a categor, C we con form 2 Hee abilicn o 1t
7] S JP



Otendieck grop, dendted é Kce) /chmbﬁ, £ mares Sense o Speak
ot IHpty. Objects in €, Yhose wh proper ;u{oé(/'wfs_ for exempte.,
n ”é—) FS,mod, the simple objects ave exaaf? e (wveoluci bt
/70}’6.@«{&760/13 of 2l SJmmeht Froups

E} /w"mn‘lon, fo (€) is f,é Hreo albelion _proup w. Bz 5is [Z]/
where . puns over He set of Zjo/ho/f//w classes 0/ 5/@5 ﬂj’eo’f‘:
in €. ﬁrkm u{/fyeyi ajhdf, Me (€) we defime (MIE F,(€)
as [M]= MM T whoe Lo3=M M5 G/ b a TH fbtredon.
s wellidetved b He TH Hheorem

Now sugpose thet C KD ave two caz‘ejar/cs of He 7':7/’"' We
consides Su/;/)ase F & —D is an exact fontdor Then we have
« grop pomomophism  [FJ: K (€) — K, (D), [M] = [ Hm)], dedaits

ot on

42) [d&gomd cg[- action e Arst ﬂ/{ftm/pf.

/Vaw z%w‘ we. can  Cconvert az;tfcjor/cs é/ );mwzz K/m/) 7 abelion
§7oups (pnd  Sence {1 C &, b 60/1704)( vecHor fnam). We can also
Comevt exact Aumtors to Unear Méps, Se /oe//%v, we conly/ z‘;}
“o /é/jne an acton of LS’{ o C a5 a (1 of exact Fantors
Z::/%F-' e —-C st Y s}aﬂvfoa [EZ [//Z [E] an K(€) Se/‘fl.f//'n;,
He o/fz[/)l/ﬂj relations o/ & 4 . //au/e:/a»; 1[//; is Mot w/m!'f Aserved

in exm/nﬁ,s — whits He gowofm et db come fom Fentors, 4
aécm'f, Bt if we Consinler "h/ey/f /tfoMesf ’54« we dont need 4 as

an a/e/a/for.

‘



Definition: A h/ajé ¢ /7/efwz‘a7ban oA cé’g /s & vector ypace V {7(/{/&-
W a O(ZVCQ‘L[ Sum aéchWoIll‘/oﬂ V = l_i@Z VL da/ Znwo gﬂtfﬁr 905/42‘0#:
ef st

(1) elfclf V<l 6 H#c

Z

(c2) (e/—/e)/,/‘_ = é-ia{,i Y.
77% of course, we can odedne J as EBKM/V‘

On e tovel of sz/ffjones we want o oéca/;?me E mnts e

dret sum of juo’cvftgjorze; ,@fk As m He fxw/aﬁ of -
,@[FSA -mool Hhe géwm/w)’/'//m & 2@ E, means hot ery

aéeyf M m & ﬂle(om/oo}e; as k@/% A 0/1/? ﬁmf&? Hany,
1or7E ey Suiﬂ/tﬂwo/s); Wheve M, is an a:f/}eaf of fk and

//DMC (M N) = ie /Z/amfl< /Vk,/%)

73) Main f,mmp/e,
We st &= DFS, -md. Fix an elomet ac Z71cF (50 # i
R residue  mod P ':;720 c/a/F:/)/or o /m.‘?er i chaw IF=0) )@CQ,ZZ/
Sections £.3 £4, [F 7_7_7, thet we con consider 2 /am'r of dojbmz‘
Funors /_Zw/,,:-)ai F\S;_,-/mo/ < FS-mod: (535: '/')& (Yhe 15t Functor
/s ﬂc l’gﬁ' aag%nz‘ of e /@w/a/w)_ We st _
£ @ () € == £ é;_:h?/fesf_l Ja

13 //) 14/&(’;[1‘ aécom/aasﬁz/oh of = @[-S, -moo(
A



Nite Hot Ho .?Jm;wé}'/c /ménamm/s iy the nys //u;v/}
elements 74111 we antrld in FS,. ,Ewéf:o(l if cher F=q his
/s /a/fem 9 in HW /) {uzz ‘f/e af/j:ameq‘/ works 74/ wy F. 7
We can /0/05" our  asual gam for MeFS, -mod we cen cémmpo;e
M into 4 Jefzeml{aea/ eigenspaces wrt. Yo centrad elomerits.
Tn more /Vfaif g c/oosc ay lmor/ereo/ /7«'577& 07[ f//mﬂz‘)‘ o/
E o('—‘[d,,..,,q,). LA /(’/0( be z[/é Sué.}mica a/ M Com'uf//;,
0/ M m ZZ/R/'LZ e jWﬂ/&'ﬁeﬁ/ ﬁ(leVayforj e /D/Z/,Z) W,
eigenvetue PG, 0,) , VPt )5 Then M=EPM]
Whwe He summation is over all gnordeed #- ﬁ;o{g; of elements
o F 4%‘4%/ M JoT antiss 4£E7Z/ i Lhs s because
# trgenvelues of J,.,J ae in Z1<lF (Secton 69 in [PT7])

Let S, -mod ™ be He Sl Ju/cw‘ejo} of 5 -moo Cons/stm,
of el M st M=M* Ty FS -mod- ?[F_g,,ﬁnoo/f‘ and So

at =”@ FS,-mod %

For 4 52067/7 Adefme 7,(L) to b He mumber of entres of « ecpurd o
4. Thw detme wzi[x)::%a—,Z/g{[o()+/74_,(o4)+nm[oz), /[/;k/%) et

(_ak= @ F_S;—moo(;{ so Lhat we inoeed] have [’k@i

74 [ b=k

: Show Hat L6, FCc G, He

73.2) ﬂecmn} SL- relottion
Now e nym’n 6./% [ é; ] ’ [ /;:] detine o h/ﬂﬁoéf K?o)’c:cn‘fa:ﬁbh
p/,s’{ in 'ke[f) /or /Z(S Com/aéa(f/}(,n.f/on)i wWe &éect [CZ) 76/0114 _gec /,Z

5]



o hece Hhis i/ Ao F=0é i’ecaﬂm[ fld [EQ] sey s
[K] %o [Z{] i//] 15 0btainedd From A 57 Kemouny @ box 0f contert
2 aots O n .Sua//-{ ex)sts, wht. [é:] Semdls [%] ‘o [T i
3 5 oftained from [ 5\{ 40/‘/’”} & box of contert R, wnd 0 if ho
sucd A eqsts ((r S5 in [ET1] for [£]) G 620 in [€T7] for LE D)
We note thit /@‘1) wbove dare wngus if ﬂ? exist

o /szeeo/ % chavactersstic p e need some portation
maf/VR/‘fea/é ‘L[/c/am/ouj exercese. Lt F (e hoce space 7) de
He Fee abelion group with basis Labelleo/ é‘ /«yé/f/oﬂs tof a bl
7). We write [D> 75»’ e Basis yeltor /p/bﬁea/ /wwz‘zz‘mh
A Fy Ze Z , we defice ﬂ/ﬁe/te/'forj eg,/; on SZJ

; s obbain Coom | N> b4 Femoving & box of coptent 73
& 1h>= {!gz/fi Such Y ::iff " 4 d

7?0//77 /5 o/—M///leﬂ/ 5/%/&/? bt we a/o/ z%g /ox /hjlzt_’ao/ 07/
/?,Wowig it Whadt Yo exevase aBove 5@(75 is Yt F we /p/enz‘//
K(@ LS wmo/) with ?é‘ Sma/mj_ [V 4 [)7, Hep e gomz
+or [@Zes”’[) J s ey, wht [@Inf/ (el s £

Now we /roceeo/ to the case of char [F=p>0. Pk zel, whieh
gves e Aimctrs £ F Wetl wlete E(€)LET and [F] F
E%,WP ez, and Z o 7/ A -feaém;az we ase gorhy %

use /s He a/e e/;e/uf/on /M /( fleo?_ -[/«;f inll allon us To

__lloaSs ﬁom ,k /7 Mar 0 4o /-/ /n %an(afe//stz/c_/n
6



Led s e,?v{ajn 4(7.%‘31/«[ Se/ﬁ% Led F be o .(DVK, K= Frac ()
Lk b Yo tesidue Pedd Lt £ef b e perametes o Yt K=
/6[1.‘"]/ k,f/ﬁ‘) Ffor exmp&) For </0r/mc powe & farve P:= 7[(/9),
Yo localization at e maximal idead [P)' e ,K=Q/ Es[fo', Z=p

Let Ao be an assoiiative @-m%&éra Yat s a %fgg Fte
Vanme B -modite. Then we can form A= K&y Ay, Aei-£ 8, Ap.
[hen one fas 4o Aéjmafaif/on Mep K, (A-mod) K (Ay-mod )
o/e’/mea/ a5 follows.  Taxe Méxlk-m/. We can choose an /79-
batbie, ME —tn Ap-submodils w. KGN =M ihte M
/s ot wngue, [;@@R/VRJ is well -demed, ﬂ@em/s onty o (45T
aho( [/Vk] —'7’[K®RMRJ am;ue? fX‘fem(.t L/o 4(7%/ AOMGMOV/ﬂ//fM/
He ﬂ/ejene/d)on mep I K /4{/1100/) — )(0[/4,6-/%00().

T mip T mey Soil Lo b supetive bt o Ap-RL, where
(s a fmite 5704, it is: Theorem 33, Section 76.7 in Sewers

/Z/Mer /y}’awfd/wf 0/ /?)7/1% jfouff,/)

ke (’5,, F =7[§D). Nite tht all iyreducitte /—?/ej‘enlla;f/oﬂ:
of CS, ave dotmed ovr () (Sectron 67 of [PT7]). So Z(/c;,
awe SOU  Lobellod é‘ e }24«;? ééli.j}’ams_ Tt 2llos 4 [ﬂ/&ﬂz/ﬁ
E(D KS, -mod) w. F~ /l/cjo'f 7 F — K(C) (whoe we first
get to K (DrS -mod) and Hlen apply [F®e. The base change
Fe,- quves a @td‘im fedwern e ineducifles of £S, K-S, s is
éy e Wedderfurn theorem : o fnite stew-feld is 2 feld (details of
Zhis reduction are bt a5 an ).

Lons)der 244 gaafmfor 6Ap= ~Z e ; on ?J We cloim thet
_—¥—[ asQ Iuao[ P



(el [3>)=[E T (1)) (1)
Lot n b e mumber of boxes m ). (onsilee e KS, _-submodiky
Vli B z@mf es(V\)g <V
as well as Yo sum of He /wu’n»} €5en3paces, V;\/fn. Hence
we hove He direct sum decomposibon Vs V' ® Uy, of £S5
modiles. TS KE is an ES, ~-letbice in KK, Zon
Uoie 5 NUE ey S Y
we ES, -ldbties in [ & VS, The GH fund side of (1) i
[[F@R l/,i 3 e claim Yt He rhs. of (1) is adso [ZF@‘,2 ’{\,i ],
7o prove His doim we note tht 1 @ ,, ney il
% be an LS -submodid, so cemnt b asedd o olerfme Hhe dlese-
nevation of [V)K]_ However %5 pletime [54_737’[[@/6]) we don
neeo] an gg~{ef‘f/’caj i sutlices o have a Lattie 75// He
Ja/%{/é'm, of S, jmmufco/ é KS;,/X T (because for MEES-modl,
E,M s recovees Hom e actions of fj;_/ & C],.) Andd
V;:@ th (s Such o tattie. Then we just note thet
A;(F%[V%f@ inza»:ifg,)e {/),I:
and  conclude Yt /7) polils
One also fas o AL w;do; of 1) A gaefqzlar_r f [he
.sz‘an‘m} fo/nf Lewe /s Lhet, for //Ké/CS”-;/mo{ an f_S;j
bt McM" gues nse ot BS,-tittice Ddy, M* e
_7340/,}’: ME and e latbice 15 stabl ande He peretor \7”* Lom

Sev’f/oh 635 in [PT1] Details ave bt as an
El



Louation (1) and it Mﬁ/og A 5 feduce e lainm
Yot [5;1/ [ 6\3 _S'é?f/ﬁ{} “Le Cs”/[ ~veletion ie.

([EI1LET-L£IET) 17t g

Q7

is as follows: [N> is a h/&j/f vector o A/ayét‘
b =N, (A + 7, (A)+7,,,(R),
Lf/[m;, /;r p/eﬁ';, N, (D) s o mumber of boxes in A Hhat have
content 6 mod P
< 1) Uhece e rededion (c2) From Sec 17 for fqu;{,’o
.2) Séow ’fln/f k;[(_ak )=f/7’§fm[/)>/h/zé(/\)=k)
3) Deduce Yo relation £or [£ ] LE T

% ﬂ( vaors € / 7{ g an 3) / A//(bfﬂ ‘5& h/ej/f aécmyom%n

7.4) Eemw’/c and conctu sion

1) First of all, nite that we hove gperaitos [£,1 [F 1
on L(€) (aad €l AP on F) for cach ae Zp 7. Topethor
7,4;7 j/va Vi /?f/’tsmfaﬂfmﬂ g/ -//Q /&cv/t/oacéf a/jy{;@ LS?/[D —-L(o
/ﬂ /ﬂmll/mea/ n /60 /¥

2) WA}ZL f[c /ﬁ/m!wfe e)yfw}vca/ z'n f//: pote s, /o/ow/%, /é;cindmj,
on s own, it is g /owz‘z'c«(awgl usetol ~we fowent /Mé’, estald-
Csheo assy tools 4 ;{”'ﬁ He  Fenitors £, k. This is remedred
ﬁ flmwzg in some Functor /11970//:)»; ~% be 6»70/624'}4@/ in He

,@D/ /gg/z‘ o/ 1,%'; /70751:, %o 4pear after e dreak.
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