Origins
esday, N

Wha—¥ i< Cm*@@on"ﬁ' cation ?

Tnfovmal \/

Def A cate 0)0Y‘\'€I‘CA’{T"0Y\ O‘€ Qa Vl-—(ot"" olo‘)'-ec'f
C 5 a W\~cat object T s+ T an froceo{wz’,
colled  de ca“’cqo“"gic“'ﬁu"\ theet vecovers —the

cignay ovect C.

Why? /5/5 Move Hhucture
T G peaing abest (Ve BT
av\N 0
eS ee vekove

OFgnS . T (rang | Frenlee) 114 |

T T WO
AD-TQETL Miwvociants oX n=manifolks

2D TQET —3 Frok olg
20 e modular & cat

s
(WRT) 4/2[[@)/ o r~00+o€un'7>/

4\) TOFT <> Cof (Lz)
LoD Cd_(,(pq,.perkﬂ-g ij)

£id bla,o—éol/j
Exti L ,\,;q{_‘o\ F us. S
! (VW PVL)Z W)
J\\w\\/ — \/ \ ( 7/_“:(%)

Ave) < SO

recovevs ag ring [

o K, (FAF vis) = 7
Bl 7~ ChEY
ﬂ@\w\\f\ (_’L V& M(V.'e}/,,'\ = .-

(‘;)e,r(< ncg&/‘\'}’CS Cor 'Erf,g\’ X(M@\A:) — -




vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Rem: HIO) 35 ‘\Soi’rov»ge\r iyt hon T (L)
can dAetect unlenot L\AY"\]

M@Y\d\\ele Groups

Dek Let C be an adk v e Cat. Then (SP\’\’) Gk,

Gl = 23095 em,

e i
(=t ta))

Dﬁf Let A beoan abelan cot. Then
k(A= Z3TrY
Im) =Cm)+m,))
Ex: C=p-pmod , B £ alg
6= (€D = :(;_5\ ZZR*T";{?&C;
BV A~ B —mgd

LBk (M= &
R

kemi 74 855 = J<D@( )=l (B)

E_x_effa netuval bilinear Lornn

¢ KA RK Y — 7
LT0), 1) )=dimblon, (P m)

0= M~ ML?%‘) 9
SES

—

Z ZL’/L/J-\ l‘}’f‘ r‘cp o€ 8



Wednesday, November 18, 2020 4:58 PM

Del’ P”FW\U\’O‘{' \:’, C(QCZ/ is a\led al)\d‘\“’\'fvc

— E(MEM) =F(mO8 Frh)

Ot A funclor Bt h—he s alled exact
Ve Q(%&Ncs < E4 .

E andee o T8 8 D Ko )

F et =) TFD kK (A) 2 Kol

A\l ian C‘ﬂ\‘}

1 /ll,\ro ul)\;\b u/(' Can f‘cwla,ce obelian ~—=) a‘)‘émc
Co ~= IC,

~lek B < lealy with gen Abis st
\0',\3;) :7 C;f')C b C«':)IQ(CZZ 9,
~ LeX W e a

(3 —mo

€

Def A lueak) abo CTEN o€ (8345 MY

Congists o€ an abeVian cat /MT) (50 “C‘:lfo(%h'\

ond  exact enofunctos [:‘ 1’1/;/ _\)’M s+

€1 The ’@o\\O\AﬂV‘_‘j Aing CAm commutes
k(W) 15 6 (a)

\Qj/ L \[/ €t (gen)
Y4\ )M

\[JZ» Theve OYE isororphwswiAS
RF; = @RS (rel)

Kﬁ’i’ Notice bagis s ixed

KCM) \N&mff Cuﬂ'e(j'o(\'%yl'hj m VlO_i— gl]

Ex; B=H, hedee 0‘)9;'{\”‘(5 —’—“w% L bas's

’MT:dr‘cg refd of l’\). =S Bim ) = K,,b@@—

(8u 1S A @mle)\ Lree le€+ E“V\aa&\

S8 w) CO\'('(qof‘{l"CS (H;)Lw%)"‘?\(cj%(/(




Relation to Khovanov Homology
Nednesda: mber

AL \ CS(K\’j =F \,\./-: %h §; - r ,+_( ‘)
“Ree\\ B has ansther basis %X’W%«W o 4 N (HEEER

‘ -xm‘lév “J — !
Con W ategqoctéy w57 PR ") F e ekl 8w
— Reca\\ \"’S"” TV R T Y Lz 3 |
~Tnskead wse (P(SEI) _ For eadn Crossvme, assedate £ or G
— 1 iRk 5t - Tace G 0F thexe ompexes, gef
be —) |08 = KV ’ Oj 2 SEAL S D

De CA“’CI)DW«C\'@( Ca ‘l’eojor?’e\'@\

Tew) Why e “\"\4 XL bagis (- --—>) Yep ‘ﬁ\eoxx/

Standard  BAsTS (=== Lnlc hopyley L |
S WA s B e ] 7/ B ¢ [tede alg ) K (SBam)
e Lo \ fipn i HH
Jo ’O ean\ l H
How 0 et Hom ELT homolo 9 L ::(swecn N

Yy gvaded Hor FLT

(5rven Al L, Write Has %’ 08 Lvaso Z&i‘,zi'] HomFLY V.S homd oy

.._V;o\y
—a=\
'—%(’ % ’y’L
(5 [qct\ J/ D! ()\W‘o\\l,g)valf ChoNang\V
s 7/ VLS Inomd s



Symm etric Funct|ons 1

6»{ W/\Hrlc vac*hows

“C SYm= 7L, ]Sm = L. “"730 hNO

alcm S\IM ls O\‘\_(Q’o'(: HMML"'Y)(, 'Pun_&*hms [lq 0 M’\hy VAY|AL)¢5
Bo\ ses ’Fo\r‘ S\/y/)

). r’\o»/\ovv\\d\\ TN \J\\)J\z,f“)
Ex; m_ = X-%@_ﬂ%%:
)'/\)\ =i — YD) e
o0 A ﬂ‘vwf’
?(nv-h(\' TN
)\ € \C V\C'\’U\'\{ ' )‘: {j\‘/)‘l) e >

by = i iy Vi

il<,..(ir~ /

6}\3 = eJ\\e)z\\ )

g ‘comr\ﬁc SjMM&“l’f‘\L

hn= Z’“A) b=

Al=N

L\\/\ \L/\L i

L\’\ power Suw
P :2— ?<‘m /
I; S chur Lunctions N [=W

p=

J

(’3\\ 0?\2, v

X,,,W\)’Z X ("Xa)\ B

it TessYT (D) 4)\(“‘1“1/)‘3) \&QZ%)
(K"N‘S)""X (\(,-l——)(

0‘\'('6 £ O'G ,_(, l'\(t\cszg )

Var: 0«”(5 14 @l\'\—f—ﬂ\




Symmetric Functions 2

?(’)% v$ ot o ?"‘96-5\3 PO\/" 57’/'/\/‘

<Ym @Z& :QZ()\ )\02,) \‘\j

1 “
C“\'cw 06/6,,\, or—,ctf.) (_7’), q;7 Ol(@')":q('ﬁ&f--

Goisny = Pa, Fag v

E\/ 5-112)3)(3) ~74l8)

o3
qu s PlP‘ «)
AW - SRBSEY (< Yu 0\72 +o
K/‘ (301(9\ Pq(t\cf ‘7 67; {i’\)gi
Remt B =R Y

A(9RY (60 1(0)
O On YOS B oL € S

Hall Twnepr Product on 57’1/2/\

<$)\]S/\/\§: 5}\4/& <';> )PA/‘7:5}M
<M)\,\V\D: S]\\/\, <Pn,fm7:5;\MY\

~>> <) 7 is non—deg

Thva | (—’«o\omms} Lo+ N-h o &Sy

60 < ) Lrw)>

\'\/Ae/@ fX)\ = chovacte ot
D — Specb"{' modulg = i e af gy)

=2



fCo\-Ve”)oV‘ Bention ok \%L/I\J
& h"—;\\&ZQO , B “:@C
~Ga ¥ S L—7 Svurm@ LB@ €5) €S
LM-, Cluin 15 4 pro)  E5n Blim Mol
P fwen <, 05wk f¢,M
fom () ) /) Bow L) =ty L ’M)
Let k= (Smn, and 09U N9 SEG of Sosimod
kemel of Qm&%‘ L, )= Ho,; mﬁ K/Q wl\ be
'(fj\cer ( 90/2“([4, M)/ L}Ms\w( [c,l\)\ - Hl)/?“ ( )gLM By [&L})
L) ¥ 4521 all nod pr o P
=) T¢C \Jomcw[k,v\\/\ (,}Ww( K,Nb o HOHS/:ME tﬂ/‘)

Eci‘ /}4{" &4\\ @6@(\ a i “‘965"0\ b, D K 5 m|9
FEIRNE 5) Lok of  Rep Theory  notes
‘\AA(AS‘Q\J/ \,LNM/\‘ BY% <+ /36’9 \ﬁ-a)\(rs)

::7 EFanen
Hom (kW) € [

(®

D_e(o L@% 5@4/) be Cac/‘e(jor'/
g% :@ Cﬁlgm’]’h/m(*

nend
— 1% an ﬂlog[n',\n [q7L
— i< a (symme‘lfri() MMOMMI Cfd' und er
Cinduchion produ T .Gver Ve Sarmod
M Sm fmoA ] NMoM & Sntm "/"’00&
/\/o [/V\ Z—‘:V\(fg:::m/\/%m

' 6% isemc%/ @l@;mgm (s exqot LY lens

=) ~07 a‘c:mdg a e Ko(g%“’"/)




Ctg f atio fSym2

) = @) = @ K (Surah)

ne N

- Eack <o (év\/l/“'o)J has l"”‘g‘5 L%/VL\"V\
~ {'LS'J\’)% ‘]Sd\ 190L5§S (:o{‘ [<o (W)

’\\/\v‘\n; lheve 16 an "So""‘)"l")”.sm ofF (HOP%) 011595
W\some*\’f\/)
C\l\'\ KOKS‘MB _——;7 gym
'Lg)j SN

\ch Rle basiy 19 set o basis 7CL\ \a»Jf(;ﬁdm
/’\:\)“(S ch 3% ‘C\Vlﬂ ]/\OW\DM\)\/P],\

S 6,16 P

h', 6€5n

[S=== "

T

/

S

ralized Frobe!
G AlfG

: '(,.(_4) x Ca(A) — A 1

(f.9)6 = ‘(—‘ > fa)gla)
zeG

)
(Indf (v),

Now given ¢ € we have that

Vg = (¥,
=0ifad H.

'11(A) and x € Cg(A
xlm)G
whe

e Indy

\H\ Z

A S, 68048 = ey €, (Sym)
=) ch (W = <%v{‘/}(@'§7

- - -

‘7 ch (Yo )Y = cb\ [mk%ﬁm%j)
F Tl N M qam>

<(\(JI\/ ‘X’M (\{‘(SNCQMV
o, Ve “FyD ( fo ) 7("")/:7)10

— X

N;,\{‘SD <X’"‘)'\Lgmj — CHM)GWW)



K

_:@%7
s g = €
7 Xnt) = chINch(mY



HetSaV\\oﬂf (e A Expl: ““H‘f the ackon of ey 1
A 19
.\t L\/ by, N W,

De€ rlo\W\@ « Liealg wloen ez | o bpend 29

b))

E\On) M—’) — V\SV\,’W\ \Jo-hce € we let+ Yo, % @g\/m lo\/ leE mof
)V\ N U ( {Pg i (S acKon of bl O AT
& \l/\(}\\ &') Cav\ we 0)50 Mimy QU"‘DVL o’€ (l\,,é- 7
Def (Gode sw@ Lt Fe Chg besbaly | “hem) (7 o Sym is nun—deq ps
gen iy Abn i E R SR R et R AL i
J((\\’\h\ ’(C\() @ ’\K& ii = <¥*[0~) ))v’ <0\)‘€[)0’>> AVL@ZbCfSYW)

o= Dde & =), + NESIORGONY &7 Px

n—" C e ...
aiiss fent ,2_({’,,\) f‘€\7P}0<F P

i




Heisenberg 2

ccccccccccccccccccccccccccc

W, 0 6 cts b \5? oV S\/W\é\‘ @(ﬂ)-.-jr’m':)
and s oS an actipn  of T\@ o S\/m ~ T
Qovlen: Tor purposes of w—\’) wat o worle W/
Sym | Veed irfeyru)  Version of h&\l

T T, (s a Bibhtul rep of ﬁ@

’\/-54;@2 G \::MJ\@E i EnA& S\}M&
Theu " Repae Symg Wl Syn < Tey, 65 7) =4 Oh, ,-\j

ond ‘nm/@ b\ac(» Ura mu’—FL>/

2y ond F,,,)

Lebibnte
,m)\7 S)‘)’V\

gen b~ Mw"l“lof £ S ond
N e opertovs X

K{m tZ has 9en <€m%h7\){Ah§
vvl relations

- }\¥€ ehl\:_ +fhv[ m——\
T %fngen@m
Xk

"Su.l: a/g O'F



Categor|f|catlon of Fock Space

CH o@ Vo(_c Spacl i
—\Want  wealc ab cq% cat of ('(7| f"‘ A\t % g\] V’Q

_Qearky Gi= Sum= @ewnoa 2= ch

nel \
— Need 4o defme Kunctors - [_n) F}\n
Nef: Snppose [ €S @ Snmed, M Sumed
\( S a g, S =mod uiy Se —5,85 ,ctC.
Ten Gewd shencture on Hom, (1K) s
(5% ) = 5= £(n)

C\C 1S eacls M@SM«MoJ NeSy IMOA
Tk = S"‘“ - MeN ¢ mm—od

Resm Y= \JYOM%( W\,\Zeggﬂ':\,(% (1)) & Shaihiod

f\/fﬂ’e We defwne (etsm(l\/)..-O W n-mc<c O

Tndn (MY = Mo V
Al Qo+)\ fgu\n.(;{’ofg‘ Are @XﬂC“jSo(ye'{'

induced raps TZndp) s ol Si)— o)

]
Lemmn; Tndpy \— Resm
Lemma 4.6 (Slightly Different Tensor-Hom). Let L be a S—module, M be a R—module and N be a
S ®c R module. Then N will be a S and R module via the algebra homomorphisms S — S ®¢ R and
f a S—module by post-acting, i.e. (s- f)(m)=s- f(m).

R — S ®c R. Give Hompg(M, N) the structure o

Then we have a natural isomorphism

Homggpr(L ®c M, N) = Homg (L, Homg(M, N))

PEi Lot Mesemad, M Spomod, LE Spmried)
Hon, (3 (ON) = o T (L&M), )
*fob > Hon. LB, \Qeg“\ (V)

lem ]_\ngw( HOW\ W\ fes (]\)\\>

/‘




ategorif f F ck Spac

¥ rop: Le b,z e o v ?egsn \\m\ \C1D 39 sefséie

ON
L Ggr) A [ () Kol 3gm) 222 Kalbym)
ch i P ﬂ \))cl,\

b
Sym = D 9y™M Sy Sym

P81 e oflobn J(N) = ch (T (M) = cl«uva)
w WM WN = C\Am(cum\ (#)

(Al ch (! ?egm(l\))\7 st Res,,,\(l\/3> o

St (L By, () 2 dim Bonn, (TaiL),) =
i ¢ Tl ) =Ml 1\/7-— Ll ch VD

B Lonmch Ly ch N

= (ch, ch AN

—ch is ise, ¢,

V\bv\*-)cﬂ —;7

O [ﬁcsw\(l\/3>
u(/)/\V\AéC(‘/I'\C[\/\)

T Gan l@—('C weale C°\'+
need -('o chede \fd(ﬁ&}

— Here €5 very impybut
‘N"Lﬂ’f an) FZ,'\K" nve.




Categorification of Fock Space 3
202

‘?P/OQ_(\I\/M\( (H 04’ Foc\c_ gfo‘.(,e\ \Ne, \w\vf (:U\\owivw) fSDW\va,OH’gms Og G’\V\cj'bfs
THHHT . E oo fc ~ L
. F@mo FC\,\ = Y€.v\ (ﬁfv\ (L\}f ¢ hX Fg/ Y ;;—
' E{“O%v\ s F@,\ 0 \Twﬁ ® ?ehf K:Wf-\

Lemma 4.7. Let H C G be a subgroup of G and let N be a H—module and let M be an R module.

—
\ 00 \S ,‘:0(‘ QI/ \‘ ) Then we have a natural isomorphism of R @ G—modules

M ®c Indf(N) = Ind32% (M ® N)

4 )
Proposition 7

Let (W, p) be a representation of H C G. For s € K \ G/H let H = sHs™! N K a subgroup of K.

/2_,\ ‘V\OL(, lc’ e >/ Let (p®, W) be the representation of Hy given by p*(z) = p(s™'zs) for = € H,. We will then have
Resf; (Indfy () = €D T, W,
‘ ? ° s€K\G/H

as s ranges over a set of representatives for the double coset K\ G/H.
- J

@aSQ [A,SC' [Vl =N\ — ] /—7 l/\ —«@ GP‘ 3‘ g( _-(4—1\/1:.( reye a'F @Z;];: S
=i (N)C \’}UW\ (*r\d] ﬁ(§§ 5, CN)\ lZe% I\/> F UV) II\AY ‘(erQQ N) TA ( \




Ouer  relation loe comes )
ERREEERRNARRSRS X
Sn S PP - = \
s ) ¢ )
\26 SZH\ Iv\.ﬂ\sw\ ( t\)\ SEEE=! /V\(Agn — K( Ssﬂ,\ (N} @ 1A ({\/3 ( | |
" h
~ o ton WE Mackay Tso 4o show s
— O WwSe  ovmpdhvny  rules Lor wrredvoleles

¥ 3n\8"*1/5m 0"1\{ /\ms Z double CoSe'Fg



