Alternative defN A maNXﬁCﬁWJ’aﬁOn A Fe Cl '] ir a Zz'fjmdecl
F-9. fre S=Clix ] -moclule X = Xo @ X) ith an odd
S=lineav wap dy - X— X uch that dse = f1x.

o A
Otx: <% O> ‘"XO@Xl_% Xo@X\\

0 BA
Tin wncluaion, Hor ouv ovia‘mak example R =

ClluVv U/( )

Vecks™ = nf(Cluni] wv) = MCH(R) = D (R)

C (?, LS) Rlw Rlw
Cl[) ° ) Rl Rfv
CocCl] (Z oo ) RlueR/v C

Theorem ( Knprrer Perioc(i"cify) For any ][6 Clixy - x Jw/ﬂl an
isolated singw!aw'/y

hwf(Cx, )= hmf(Clix,uvi], ftuv)
Exavnple hinf (Tl u,v ']) uvy = hnf(C, o) = \ICCJVZL.
Def” lUksay fE€ Clxy—2:1] has an isolated singulavity if

dime (G[/ZU/(QX”[/“_/ I f) ) < o0



Theovem Let £€ CIX 1] have an isolafed singulavity. Then with T = hmf(Cl121] #)
7

o T hon finite - dimensional Hom-spa ces

o S s ideVW/JUfewfcomp/e}e
- Tis Knull -Remak - Schwidf, 1
— evew oéjech‘:a dived sjum afinc/ewmpomb/w

—if BN = P, HJ' with /\/c‘ij all incle co mposalo/e
thew m=n and affer renumbeving Ny = M¢ for all ¢

hnf(Cllx,av 1], 2" av )

I

Example him F(C[' Y2 Q, lnHJrjl* ZL)
hmf(ClxT, x* )

I

N

MM (E8= o )

Bub R = C["']/xv’ﬂ hon dim (R) =0, so evew [ 9. R- module ™M

is MCM. @Lj he jCMVlC{OIWIGV\J'ﬂl theovem ‘For modules over a PID
we have jn mod(R)
Ba, @ Qi
M =R (RL) '@ o (Rian)
n & ac
Hence in MCM (R) = @,-:, (R/x> , S0 The Indewnmiposables
ave Rt for | <n. Obsewe that we have anexacffeqmeme over R

ntl—c . i '
X x ¢ InH c oL ¢
e R— R —

\/\/

ng/\-/'l A




: R :
Hence ah‘amg\e Q/)Cnﬂ—t — R— Q/xt' — o L] in IDL (W‘bdR)) hena

Q/lr: = R/xnrl—t ["l (N [D\osg(g>

We can now womplefe the earlier fable for £ = IH/' R = Cli~ I7/Dc“’”
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Example Let un vompule Homs inthe diffevent ca\regov}e/), S=Clixl]

X< Ir\fl~c'
SN — S— S ——> S
oot (1) I A [ e
iQ\J > ;cJ. 5 —W >
- [pecian | X g eIy fiy
JF =Y

- {%’,Ye@l"@ | f = x9=¢y 3 /ey

whew (9, 079 )~ (5, 578" ) ] theve exist 9, h€ S such that
2C(§-91) = g hx"T, PP = g3 2V A Noa
)< 0 sofhab j-¢ < ntl=¢ anc there wondifions ave equivalent fo
Y=Y =g+ hx""'J some 9, h Henado

jo"j)/é (XL"/XV)H—JI) _ (lmm(‘;)n-H—J))

HOVV[(\/L(/ YJ) = d:[l x ']/<1mff\ (¢yntl—) ) )
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Recap o Favt L

b D (moclR)
‘De‘JLVL (Budnwehlz/ Orlov) The Siﬂﬁu\avﬁy (O(\fego_vy oL R s ]D53 (R) oo /F&'L(R)

Def™ The stulble ca'reao_vﬂ £ MCM R-module MCM(RY har MM R-imodules anolojedj

Det™ The homotopy Cafeﬁov:,aﬁmaﬁix fuchonisations hmf(@ﬁl’lf) hon an OLJJ'ECB )DW‘"J (A g)
of Polynomz\ai matiws sotistyng AB = F I, BA =4I

Cfiz]
Theovem Eyanj lnypemw/ycace m‘mg R= [1 /f theve ave equiva)e)/)(es o:;g ﬁn\amgula%ed cafegovfexa

A $ b
hf(Clix ], £) —— MCM(R) —— Dy, (R)

~

( /‘\\/smcﬁu\&\ﬂj R = Q[’“/V']/u\/ ” /]VrSl‘ﬂgmlavﬂ'y R=C[l=] [yt

\/edzg = MM(R) = (D\ig (R)
C Rlw Rlw ?
Cl] R Ry

CoCll  ReR)y C J )



Theovem  For any hypersurfece ring theve ave equivalences of trangulated categovien

A $
hinf(Chx 1, £) —— MCM(R) —— Dy (R)
Def™ Uesay fECI*y 1] hay an isolated singulavify if dime (C[/ZU/(;)M[__ ) JC)) < 0.

Theoem Let £€ Cl12 1] have an isolafed Ji'nyulam'iy Then with T = hmf(C[1x1] ]4))
o T hon finite - dimensional Hom-spa ces
o S s /‘dem/wfenfwmp/e}e

- Tis Knull -Remak - Schwidf, 1«
— evew oky'ecf/‘sa dived sum 07£/ﬂc/€ wmpo_rab/cw

- iﬁ @F\:/NL = @3; HJ with /\/d/Mj' d” /V\CIQ(,OVV\PDJC{E/&

thew m=n and affer renumbevng Ny = ¢ for all ¢



ny hypersurface nng theve ave equivalevices of Priangulated cafegovien

Theovem. For a

A
hnf(Clix 1, £) —=— MCH(R) —=— Dy, (R)

Theovem ( Knpirer Pew‘oc{l"cify) For any fé Clixy - JW/’/% an isolated Si'ﬂgmfam/y
hf(CIxT, £) = hmf(Clix,uvi], f+uv)

Exaumple hwnf (€l o, 1, uv) = hmf(€,0) = Veel &
e ( @[\1ﬂ) Al )

y

Example  hm F(Clix92 1, gt et

12

MM (€O o )



Theovem  For any loypenufface nng theve ave equivalevices of Mmgulafed ccuLego nea

A
(€1, £) —=> HMOM(R) —— D, (R)

b f(Clixmz ], 2 4y 2m) = McM(CE 3o )



Theovem  For any hypenurface nng theve ave equivalevices of fm‘amgulmted (cuLego ven

A $
hinf(€lix1], £) ——— MCI(R) —5— Dy (R)

L\W\F(@[' Y2 ‘—_l/ lnH‘Fjl-{ ZL> = \V\CM(C[UL \]/lﬂ-r\ S

—



i (1T ™) = MCM(R) = Do (R)

A > ¥he R [
7(_r\-Hﬁ 0
Example Lef un vompute Foms S=Clix]f
x‘ lr\-)—l'i
Howm yumf ( 13 \/J ) = > >
¥ V
i Q\j S XJ. > 5 xﬂkkT



Eclz uivaiant motix facton's ations

* Let J be mﬁy‘angm/ﬁfec‘/ cafegovy and. G.— Aut(T) an ackon of a ﬁm}eguomp

by auto-equivalevices. Theve is aseparable monad on J-
Ao T—>T, Aal=):= @3ea g*
and we define o G-equivaviont object of J +o be an Aa-module
T4 = mod(Aa) = {(q,?} | xeob(T), 7 Aa(z) —’3‘1}
= { (5 1Y) | 7y 92— x s anin,
1. = L and Hor g, e G the diagrom
o - N }

gl/Lx
3("2k\> - /“Z

]




Eciyuivam‘amf mabix Foicton's ations
. Laffé Cli= 1] define an isolated bjpemurfaae sfmgu)aw’z'y) o= CﬂiU/f

o Let G bea ﬁ‘m%egvomp acting //'nem//y on Cllx(] by C-algebro cwtormovp hisms/s

%; Cllz)] —— Cllzi]
such that j%(ﬁ)jyfﬁ/@ﬂjG& n
Ty
o We have amac\[j'oimfpal‘raf functos Mod @iz 1] 4/;/\7 Mod Cll = 1]
503*
f(Clizl, ) = CH(R) = Dy (R)

J 9 *

*
£ 5 %



Equivavant mafix factorisations
[

¢ We have equivalences of Fiangulafed cafegones (see Balmer Separabilify and fw‘angw/afed cate”)

\qu(@[m]) ja)& o~ @(R)as /D;(R)a

e A U -equivanant mahix achusation is a makx facknsaton X = (A, /3)

ﬁgeﬂﬂev with iSOVHOnOZ’liSVJ”JJ ?j : UO;( X) > X m The )ODVVZO?LO]Dy Ca 7L€90\/L/]

for g€ G snch thot 7o = Lx and for 9, he & the diagram below commulen
* ok ﬁf(ﬁj) o
jOL\/ joj (XX ” fl'\. (><>
112 l U
X

]0* X) >
i The




— Aul(Cliz1]), 9+— ¥, S.— Clxi], R:=°/f

A G-eqwmhanfMFis (XG[/IW\JC(@[/&]]) JCJ, {73 " T;(x) i X}jeg >

Remavk Lot P:= San an S-module andd a - P— P

161 IR awl = 1 &fo(a)
fy(P)=FPe; S — Pass ‘JDJ(P) ST IRRNE
T: f,(0) -
. P , P Fql2)
Hence
£ - s 5o st Yy = st NI

£ (A) T, (BY = To(AB) = Fo(F) = £.



— Aul(Cliz1]), 9+— ¥, S.= Clxi], R-=S/5
A G-ec(wmhameFis (XGI/IWHC([[/LH]) JCJ, {”Zj -. Tj (X) i X‘}j@g)
558 8) = (A, 5,B)

jo 2T
Exa\w)lg]e jC:an) o= Z/(M\)Z - @ﬂqﬂ x —> S x s=¢e7
* e X 7(\“’[ ?Lftc‘ ?qulﬂﬂ—é
(1) = (s —s——5)=(3s —— S S )
3l =z * |/ L
e < % = ( S T% S e > S >
There are n+ | dishinck ec(uu'mw\aWF | J |<C<n
shuctures on YC‘ , 3ku€m loj \/C(J) G |S\Js\r\
Y(; (J) P= (\/L:/ (0(1/3) - ( %L\%J‘/ 3\-" >> :in Bmmneyzlzogfﬂel/\"{(ZWlP

“Defech and bulk pewtur



Theovem  For any l/)ypermrface nng R = S/JC) S =ClxT] theve ave equivalenes o:ﬁ/m\amgulmtecl CCULegOV)‘e/J

A F
hmf(Clizi], ) — MCM(R) —— /D; (R)
whore A (AB) = cokerA

Giradec mahix faictovisationss

Let A= @nz@ An with Ao =R a freld be a )[-f] ommutoive 3mded Coorensiein R—Cd@%bm
with gn isolated sinqularty, 1M =Az) and A = t11-adiccompletion.

Example A= @{K”"’M]/jc with £ homogeneous (]Jom'lo)j |2 | = 1)

D_€£ A f,g_/f]ﬂmodule M s 3F&&I€C{ maximal GOI/)WJ/MC{CC{U[Q“{ J'( Mm s TTCM over /\\ 1.
H’C/‘iz(/}j = stuble cafegmy cr;fjmded MM vodules

Theorem ( Keller —van den Berg\/\—-/u’) Let (1) denote Fre Z’jmdlkﬂg 5%/’7[4) then

MCHZ(R) [y —— MCH (A)



Craded mahix fzdovisahions

Def" A quan-homogencoun porential s> FeC Xy %] and (x(€ B> s F
. C/,m@(@[%-»/xﬂ/]ﬁj < oo
[ £ =2 inthe R -qracling
Defne Gy EZ P be < {0l [Isicn}y =7
Cannde (hr-srgloiy) = X" yz  fl=ns bi=l2(=1

(All ADE singulaifien ave Guan —howogengoud ) G /4

M / jmc/eo/mafw'x ﬁcﬁﬁmﬁon J’E a qam/*—fﬁomoyeneoom /Dofemﬁa/f (s

a I, » & ~gvaded g fee C[X]-module X and a brdegree (60 Cle]-[imear

map dy K= X sudh That d; = £ 1x



2

(An-singulanity) £, = 2"t yz [%/= ey lr1=/2(=]

Def™ A jmc/ec/ma%hxﬁcybw‘mﬁbn of a quan —homogencous poteatial f s

a ZLX@ ’ﬁmded fg 74/& C[x]-module X and o bfo/e@m ((, () @[i]»(/‘ma,
map dy - K= X suchFhat dx =1 1x

The data (;/ such a matix taconsaton /'f/)oz/fd}/pofynom/a/ maties (§= @:/HJ
(A,B) with homogeneow) enbies such thak AB =B A = £ Lo, some d..

A A A B d
@C:J 5(%) Z @I.:IS(EL’) 7 @/ASI S(OLL'} a, E[C“@
U ! Ll

X Ko

Xo s dugres

Def” e call a graded MF pure i¥ i b; € Gp €Z for (==l

Def™ W FE(CIXT, £ ) is the homotopy categows of pure graded MFs with
bidegree (0,0) maps, wioclulo homoropy.



(An-singulaity) £, = 2"7'* ya faf= ey l9]=]2[=]

Def™ A jmc/ec/mafhxﬁ%w“mﬁon ot a C/Mm/”—/%moyeneoom /Dofenﬁa/f s

a 7, xR fﬁmded f.g. Free C[X]-module X and a bfo/ec@m (1) ClE]-[ingar
map Ay = K= X suchthaf C{; =f{ Ix

EXamqﬁz f2:~£gn7 {for £ 14N (mxaM\ hmf(@ﬂ*ﬁh}ﬂ)ngvﬁL+%LJ’S-MWﬁYd:ﬂxq’lpFﬁBB

Y x*
lﬂﬂfﬂ _z

— 2c

0[1—[01 ’_—V\'H :ql~L)L7L(
20

27,5 T 4=l )

‘OLZOLL

> S(QIB@S(QL)

Q(:(Ol s — Q,—Ql%l “0\1#'
a, =l n+ |
D(?,'_OL(’ (
_ 2
a,—a —
\ = N+ k




(An-singulaity) £, = 2"7'¢ ya faf= ey l9]=]2[=]

Def™ A jmc/ec/mafhxﬁ%w“mﬁon ot a C/Mm/”—/%moyeneoom /Dofenﬁa/f s

a 7, xR fﬁmded f.g. Free C[X]-module X and a bfo/ec@m (1) ClE]-[ingar
map dy = K= X suchthaf C{; =f{ Ix

* evey M is gadalbole
We howe a commutative diagram of fw\amgmafed cafeg ones 50 to clavsify MFsof
ADE sinqulavitien i
7 . suffiun o clowd
hmfZ( €[], ) > MCH (T g gradedh MFs K

\ N

MFZ(@MH/M z

2




HDE sinqulavties cndl the McKay comeqpondlence

1" rye An (n71)
Y 4 UM’L 22 D (nz4)
Flayyz) = x 3 %gL'Jr 2= s
X+ lgg+£2 E~
i ngﬁfle Fe

Theorem  The ﬁmﬁe non~hivial St/\bﬂvowps G & SL(Z, @) are, UP%D ‘/Olﬂju\cjaﬂj) a"‘/f’lft
\otj an ADE c[ovmj/v‘caﬁm withh A (I/\7/ ) (ovespon clmg o

GED ETTTI B

and. Cg“)\/q& = Clx9,2 n/qc) ?W@cowmpono\mﬂ A DE Po&mﬁal.




V\OMJF‘/WiaL

Theorem (McKag oowmponclewe) Theve }sa\oi\jedﬂ'on between ineducilole Cx~repvmem+aﬁom;

ancl indecomposable maty x fuctonisations of s (wl/)eve c<s SL(zCT)

ancl ]C oowpowd via ADE >} nduced bg

Rep(G) > hnf P Clxv,2], §)
= T N
'//\\ McMZ(R) R CM’%]/JC
(Ss
Cl)k

where S ;@[‘4,\/—! anck R = SCQ—S) with S an a Tro\c\eot MCH /Q‘VHOCU/\,Q
EQCCU’WE[E’, & < O\i/' > jﬁ o 'f”Lj 7L2 \/ZQL (ﬂac"rc«/) ?L)

A (sec @L‘BQ =,



