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① Whatisasinguanty ? apoint P of a curve f- (x, y) = O is non-singular
if Ff ( P ) F O

,
so that locally near B Z = { ( x, y) I fix, y) - O }

is a submanifold . Otherwise P is a singularity of 2

f- (x, y ) = y
'
- x

2 (x t t )

#i:S: in::÷
or node )

• Associated to the germ ( 2, P ) is the local coordinate ring

①"" Y 'Iffy
, y )
= Ell Y " D1 luv ) = : R ( Hartshorne Ex

.

5. 6.3 )

• Let mod CR ) denote finitely generated R -modules . We
can study the singularity ( z, P ) by understanding

mod ( R) E Db ( mod R )
T
morphisms are Ext classes

Example Mu " D
,
Mv

q.cl/uD &



• Actually the " interesting
" homological information about R -modules

is concentrated in the iafinitepwjectireresoluti

Example M = Rhum ) = Q has ( minimal ) free resolution F

l : :) to :L to :L in .
- -

→ ROZ- ROZ- ROZ- RE- R- M → O

-

F
-I 0

To check this note that futgv = O in R -
E" " "Dkuv ) implies

f-ut gv E luv ) in Qd u , v B so few) , g Ela) .

For exactness at the

other positions we need fue luv) ⇒ feta) and gut luv ) ⇒ g C- Lv ) .

• The syzygies in the infinite periodic part are Rhi a Mu . These

are maximaMaauyR-module ( MCM ) which means

depth ( M ) = dim (R ) . Recall over a Noetherian local ring ( R , tr)

depth (M ) = common length of maximal regular sequence in M

= in f-fi / Ext if Klin , M) to }

E dim ( M ) s dim ( R)
T

knell dimension of MannIn)

We can compute in ourexample ( i - e.M = Cl
,
R = All "

" D luv )

Ext
' ( Rlm

,
M ) = Hi Hompl F, M ) = Hi ( et⇒ eat. . . . )



Hence depth ( M) = O = dim (M) a dim ( R ) =L so M is not MCM .

However

Ext if Rlm , Mu ) = Hi Homr CF, Mu )

= Hit Mu (Rasa ring risk. . . . )
O O

= Hi ( een) all xD leg up02 . .
. )

= O
QIN%, -

irrelevant
i = o i = I

Hence depth ( Mn ) = I = dim ( R ) so Rlu is MCM, and similarly Rtv .

There is a general phenomenon at work here :

Lemmy If R =
Ell " " ' - - ' 'nDlf is a hypersurfacering , and N

is a f. g. R-module with free resolution

- - -→ E→ F
,→ to→ N→ O

¥
's! ¥'s! ¥ s?

then for j a dim ( R) - I
,
the module Sj is MCM .

Pref Since R is Cohen - Macaulay depth ( R) = dim ( R) so

Ex th dim IN ( Rl in ,
R ) = O .



The depths of the Sj increase , since for it Is dim ( R)

Ext
i
CRI in , Sj ) → Eat

it '
( Rlm , Sj ti )→ Ext

it ' ( Rlm , E -ti )

is exact
,
so depth ( Sj ) = the dim ( R) ⇒ Ext

' k
( Rlm

, Sj ) - O

⇒ Ext
' k ( Rlm

, Sj ti ) = O
⇒ depth ( Sjti ) > K

Hence as long as depth ( Sj - i ) a dim IR )

depth ( N ) a depth (so ) < depth (si ) e - -
- c depth (Sj )

70 71 72 >jtl

and so dearly Sj is MCM for j > dim ( R ) - I . D

Remarks This means that we have an exact sequence of complexes (j > dim CRI
- t )

O→ Fejt ,→ F→ Fxj→ O

P l l
quasi -isomorphic quasi - iso bounded cpx
to Sj Cj ] to N of free modules

hence a triangle Sj Cj ] → N→ Fg . t→ in Dbl mod R )
and hence with PerfCR) = { bd . cpxs of f. g. pwj . R -modules }

|N=Sj[j]inD4mo/PerHR)
→



Example 12=6114 " Blum,

① = s , [D= RHD a- Rh, LD in
④ (mod

perfCR)

But we can do better, observe that

B- I =L: :) E- to :) a

- .
. - R

Z
- ROZ- ROZ→ - - -

is an infinite acyclic ( zero cohomology ) complex , with all syzygies Rtu a- RIV .

Hence by the same argument as above ( Rtu A- Rhi ) [D= Rtu ① RIV in

the Verdier quotient, hence

① = Rfra Rh, in
Db (modR) / perf( R)

Note these R -modules are not isomorphic in mod (R) !

Exercise R/u= Huh] in Db (mudR ) / Peter) .

DEI ( BuchWeitz, Orlov ) the singularly category of R is Dbsg (R ) -

- =

Dblmod
puffRl .

DEI the stabecategoyofMCMR-modu# MCI (R ) has MCM R-modules

as objects and morphisms denoted

Homer ( M , N ) = Homie (M,NY( Y factoring as M→ P→ N

with P projective
}



theorem ( BuchWeitz
,
Orlov ) Every object of Dbsg ( R ), for a hypersurface

singularity R = QAIDA ,
is isomorphic to an MCM module

and the canonical functor

MCM ( R )- modCR)- Db (modR) -x Dbsg ( R)

factors via an equivalence of triangulated categories

MCM_ ( R) Dsg ( R)
.

Io

Example 12=194 " Dkuv) we have computed Io
- ' (E) = Rtu a- Rly .

-

Actually we have an equivalence

Vect?E = MIMIR ) = Dbsg ( R)
e Mu Mu f 'The.FI;mindingQLD RH Rh, between um not

① ① QLD Rha Rhi E a problem ?

theorem ( Eisen bud ) Over a hypersurface ring R - E "
' Dlf the minimal

free resolution of every f. g. R -module N is e¥ly periodic ,
that is

, of the form

A B-

- . . Rod- Rod- R
d
→ . . - → N→ O

¥7
where A. BE Matched ) are polynomial matrices satisfying
AB - f. Id

,
BA -f - Id

.

We call IA ,B) amatchmaker off .



Example f=uv ( i ) A = (u) , B =L ") (callthis X )

Cii ) A- = (x )
,
A = (u ) (call this Y )

Ciii ) A- = ( 89 )
,
B = ( Y ou) (call this 2)

DEI the homo-topycategoyofmatrixfacton.su/ions-hmfCCfID, f ) has

• objects are Mfs (A , B ) ( square matrices ofthe same size )

( 94)
• morphisms (A , B)→ (A '

,
B
' ) are commutative diagrams

(writing S = EKED , all maps S - linear )

A B
sad- sad- so d

' 1 It Is
"

x x

sad- god- god
A
' B '

modulo the homotopy relation (94) - (dip ) if there exist g, h

such that A 'g thB = X-P, B
' h t gA = Y- X

.

• triangulated structure with shift ( A , B) ED : = (-B
,

-A )
,
so

= Id
.

and IA , B) ① (H B ' ) = ( AAA ', BAB
')

.

Example In hmf( Edu, xD , uv ) , Y = XLD and 2
= Xo X LD

.



theorem For any hypersurface ring there are equivalences of triangulated categories
A- Io

hmffell xD
,
f) → MIM (R)→ Dbs

,
CR)

where A- ( A , B) = cokerA .

(
shift here is

"take syzygy
"

Pwofstzeeh Observe that A :S
①d
→ Sod has cokernel N

,
and given x EN

with x =D , ye sod

-
-

f-x = f y = A- By = 0

Hence N is an R =
E "⇒If -module . To see N is MCM we

prove that the infinite complex

-
- -
Es Rod R Rad - -

is acyclic, with syzygy N . Suppose Atx = 0, and x= 5 .

Then

AJ = 0 that is, Ay = (ai f, . .
-

, an f)
T
some ai E S .

But then

writing a = (ay . . -, an )
(A is injective, as

A-y = fa ⇒ Ay = ABa f : sad→ sod is

⇒ y = Ba
and f- = BA)

⇒ x = BE
.

By the earlier depth arguments we may conclude N is MCM
. Fully - faithfulness

requires a bit more
"Ext work "

. D



Alternative Amatrixfactorisationoffe ID is a Iz - graded
f. g. free 5=6111 B

-module X=XoQ Xl with an odd

S- linear map dx :X→ X such that 47 = f - Ix
.

d×= ( OB Ao ) : Xoax ,
→ Xoax , .

i. DE = ( A} La )
In conclusion

,
for our original example R=

"
'
" 'Yum )

vecthf-hmflcdumD.nu ) = MIMIR ) ⇐ Dbsg ( R)
① ( 9,8 ) Rtu Rtu

QLD ( ou
"

o ) RH Rhi

GOND

f! ! ! ! ) Huan a

theorem ( knower periodicity ) For any f- E Eddy . -
- pen Built an

isolated singularity

hmfflCHIB.ft-hmflcke.u.tl]
,
ftuv )

Example hmf( all u,vB , ux ) -=hmf(E , o) - Veatch .

Deff We say f- EEG 's -
- -RnB has an isolated singularity if

dime ( E " " '4c2×,f
,
. . . ,2×nf ) ) < D '



theorem Let feed ID have an isolated singularity .

Then with J- hmfCEHID.tt
,

• T has finite - dimensional Hom -spaces
• Tis idempotentcomplete
• Tis Krull - Remak -Schmidt

,
I - e .

-

every object is a directsum of indewmposables
- if ① it , Ni = ⑦Fa Mj with No,Mj all indecomposable
then m=n and after renumbering Ni = Mi for all i .

Example him f- ( Ella, y, Z D , ant 't y 't E) = hmf ( Ella, um D
,
xhtttuy )

-

J knower
An surface singularity = hmf ( Q fl xD ,

sent ' )
BuchWeitz- Orlov

= MCM_ ( Ell " Dbent ' )

But R = Ed 't 'llanti has dim (R) = O, so every f. g . R -module M
is MCM

. By the fundamental theorem for modules over a PID,
we have in mod ( R )

M = ROA ① ( Rbc)
'

a . - - ① (Ryan)
①an

Hence in MCI (R) , M = ⑦ it , ( Rbc #
ai

,
so the indecomposable

are Rbci for Isis n .

Observe that we have an exact sequence over R

x.
htt - i

ai anti - i sci
- -

-→ R - R- R→ -
- -

↳ I ↳
Rbc!Rlxntl - i



Hence a triangle Rlxnti - i → R→ Rlxi→ Manti - i [ I] in Db (mod R)
, hence

Rba ⇐ R/×nH - i [ it in Dsg ( R)

we can now complete the earlier table for f- = sent! 12=49
" 'lfxnti

hmf 't xD
,
sent ' ) = MIMIR ) = Dbsg ( R)

Yi := (gm .?io ) Rbi Rbi Kien

Example Let us compute Homs in the different categories , 5=191×17

sci anti - i

s→ s→ s
Homnmf ( Yi, Yj ) = { µ , ft f

,

i s s s
'll ""

= ( Y, Yeah xD I sent '
- if = anti - j y } (hlpy

xjy = xiy

= { 4,4 C- Ella B / Y = sci - iy } / htpy

where ( Y, sci
- iy ) - ( Y

'

,
sci - i Y ' ) iff . there exist 9, hes such that

sci - if y - y ') = xig thx htt
- i

,
Y- y ' = gait anti-in .

Now

je n so thatj - i anti - i and these conditions are equivalent to

y - y ' = zig t hxntt -j some g, h .

Hence to

f - y
'
E (xi

,
anti -j ) = ( gem in ( i, htt

-j ) )

-

'

- Hom ( Yi , Yj ) =
" "Kamin Li, htt -j ) )
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- Mechanics of this talk-

• Please mule your microphone
& hold space bar

to speak\ . eeeiaeeio annotate the screen

dummy;!:c!!:!!!!!!:!!!!!",• I will write on partially complete slides
but complete notes are available on my webpage, I recommend having them

open in another window -

• Zoom talks Ct span ( blackboard talk, slide talk ) . Help ! €



①

• what is a singularity ?

• Maximal Cohen - Macaulay modules & MCI (R)

• singularity category Dbsg (R) - Dblmodk)/pefCR)
⑦ was

i::÷:::::÷:÷i:÷i:÷::
• Knower periodicity

• Classification of matrix factor'sations of An singularities

• Graded and equivariant matrix futon'satoms
④ { . McKay correspondence ( classification for ADE singularities)



②

Whatisasinguanty ? apoint P of a curve f- (x, y) = O is non-singular
if Ff ( P ) F O

,
so that locally near B Z = { ( x, y) I fix, y) = O }

is a submanifold . Otherwise P is a singularity of Z

six. . . . .
.
. ... .. . , 1¥ or node )

• Associated to the germ ( 2, P ) is the local coordinate ring ( Hartshorne Ex
.

5. 6.3 )

Ell MY Bff (× , y) = Ed Y '' D/ ( my
= Ell " '

" "
Kuznia)

e-
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"
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• Associated to the germ ( 2, P ) is the local coordinate ring R= Edu ,
" Dfw)
-

• Let mod CR ) denote finitely generated R -modules . We can
study the singularity via

mod CR ) E lDb( mod R )
&

morphisms are Ext &
Rlu=QHvD ,

Mv E UD g.



• Associated to the germ ( 2, P ) is the local coordinate ring R
= Edu , " D luv)\ Example Mu ' " D

,
"" -M £ pb(modR )

• Actually the " interesting
" homological information about R -modules is concentrated in the

infinitepewjectireresolutions

Example M = Rhum ) = Q has ( minimal ) free resolution F

Yoon ) to :) lion) and
-
-
-

→ 1202-3 1202-7120-2-7 R→ M→ O

¥. t.si ↳f
'

HuaHu Rina Rh,

Note The syzygies in this resolution are Rh, ① Rlu .



• Associated to the germ ( 2, P ) is the local coordinate ring R
= Edu , " D / luv)

Example Mu = Ell " D , Rh, = Ell u D

+ a Q\ . .

- ra.i¥% µ
. .

.-
E!
"""⇒

IT

Recalls If ( R , 172 ) is a Noetherian local ring , M f- g . R - module

depth ( M) = common length of maximal regular leg .
in M

= inf { i t Ext 't ( Rlm ,
M ) to}

e dim ( M ) E dim ( R)
^

Kuk dim - of RIAnn (M)



R = Edu , " D / ( avg , M = Rhum, = Cl Mu = all xD
,
Rh, = Ell u D

| . .

.. .
.. in. '

r
.. tr. . I

. .
! £
#

• A f. g .

R -module M is MCM if depth ( M) = dim CR)

depth (M ) = in f-fi / Ext if Klin , M) to }

Ext
'
'

( Rlm , M ) = Hi Homr ( FM ) = Hi ( e Is a eat .

. .)
:
. depth ( M ) = O = dim (M ) a dim ( R ) = 1 .

Deff Afg .

R -module ismaximally (MCM) if depth ( M ) =D im CR) .

-

'

. M is not MCM . But Ha
,
Mv are MCM .



I • A f. g. R
-module M is MCM if depth ( M) - dim ( R) depth (M ) = inHi / Ext if Klin , M) to }

Lemmy If R =
Ell " " ' - - ' 'nDlf is a hypersurfacering , and N is a f. g. R-module with free resolution

- - -→ E→ F
,→ to→ N→ O

¥
's! ¥'s! ¥'s?

then for ja dim ( R) - I
,
the module Sj is MCM .

Proof since R is Cohen -Macaulay ring depth (R) = dim CR) Ext
' dim (R) ( Rlm

,
R ) = O .

Claim The depths of the Sj increase , since it Is dim ( R ) we have
an exact sequence ( from O → Sjti → Fjti → Sj → O )

•

=

Ext
'
( Rlm

, Sj )→ Eat
it ' ( Rlm , Sjti )→ Ext

it ' ( R En )

so depth ( Sj ) - ka dim CR) ⇒ Ext
'KIRI in

, Sj ) = O
⇒ Ext ' k ( Rlm , Sj ti ) = O depth (f) = dim ( R )
⇒ depth ( Sj ti ) > k s

.
for pro : - Sj is MCM . D



• A f. g .

R -module M is MCM if depth ( M) - dim ( R) depth (M ) = inHi / Ext if Klin , M) to }

Lemmy If R =
Ell " " ' - - ' "nDlf is a hypersurfacering , and N is a f. g. R-module with free resolution\ . . *→

then for ja dim ( R) - l
,
the module Sj is MCM .

Renard Tor j 3 dim ( R ) - l we have an exact sequence of complexes

0→ Fsjt ,→ F→ Fzj → 0
Muted truncation)

^

projective res . of Sj
(
quasi - iso to N
\

bounded

complex of free modules
quasi - isomorphic to Sj Ej ]

⇒ is a triangle Sj Cj ]→ N→ Fog . Is in IDB ( mod R)

⇒ in DK modR)/ peyer) we have N E Sj Cj ]



12=0444 D/(my Mu = vid
,
Rh, ⇐ Ellul]

1.* . "iii.iii.iii. it¥'s
,

→ ¥
,

→ M -so

112

txample R=EkYxD/µ× ,
R/uAR/v

① = s ,
= RHD a- 1%43 I Rly ① RH .

in
"Mm""'Ypefcr)

But we can do better, observe that
mod EDb( mud R)

B- A- =L:L ) B - to :) # E±R/a=R/vfD
. .
→ ROZ- ROZ- ROZ- - -

in Dblmodkypeefcpg .

is an infinite acyclic complex , with syzygies 1440544 . Hence by the same
argument ( Hua Hu )ED=RluQR/x in DblmodR)/pefCR)



DEI ( BuchWeitz, Orlov ) the singularly category of R is Dfg (R ) -

- =

Dblmod
puffRl .

Perf l R) = { bounded cpxs of f - g. projective R-modules }
Db (mod R ) > Db ( mod R) / peg cry sends Pef ( R) to zero ( universally )

Eng " E "

X Y

DEI the slab-lecategeeyof-MCMR-modules-MCMCRlha.tl CM R-modules

as objects and morphisms denoted

Homer ( M, N ) = Home ( M , N )|{ y .
. M→ N which factor
as M→ p→ N where

P is projective }



theorem ( BuchWeitz , Orlov ) Every object of Dbsg ( R), for a hypersurface

singularity R= Dlf is isomorphic to an MCM module and

and the canonical functor below factors via an equivalence

MCM ( R )- mod ( R)- Dblmodk)→D4modR)/pey( R)
linemant

Example 13=0119 "Mav ) Io
- ' ( Q ) ⇐ Rtu A- RH ( Ai -sing )

Veche MCIIIR) Dbsg ( R)
Cl Rtu Rtu -

ICED RH Mv
Cloak] Rtu a- Rhi Q



DEI ( BuchWeitz, Orlov ) the singularly category of R is Dbsg (R ) -

- =

DblmodRY PeoffRl .

| DEI the slabk-categoeyof-MCMR-module.MILR ) has MCM R-modules as objects

then ( BuchWeitz
,
Orlov ) MCI ( R) E- Dsg ( R)

Exampled R =
E " " " Dkuv) we have computed Io

- ' (E) = Rtu a- Rhi .



DEI ( BuchWeitz, Orlov ) the singularly category of R is Dbsg (R ) -

- =

Dblmod RYPEOHRI
.

| DEI theslabecategoeyoftklurmodules MCI (R ) has MCM R-modules as objects

then ( BuchWeitz
,
Orlov ) MCM_ ( R) II Bsg ( R)

theorem ( Eisen bud ) Over a hypersurface ring R - E "
' Dlf the minimal free resolution of every

f. g. R -module N is e#ly2-periodic , that is, of the form
A B-

- . . Rod- Rod- R
d
→ . - - → N→ O

¥7
series

where A. BE Md ( ICED ) are power - matrices satisfying AB - f. Id , BA -f - Id

we call IA ,B) amatchmaker off .

Example f=uv Ci ) A = ( u ) , B - ( v) ( call this X ) µ
EX A- Y

Cii ) A- = ( v )
,
B = ( u ) ( call this Y ) X EYED

Ciii ) A- = for g ) , B -- fo ou ) ( call this 2)



A
,
BE Md ( ICHI B ) are polynomial matrices satisfying AB = f. Id , BA -f - Id\ Itcall CA ,B) amahixaconahri off.

Deth the homo-topycategoyofmahixfacton.su/ions-hmfCCfeD, f) has

• objects are Mfs (A , B ) ( square matrices ofthe same size )

( 4,4 )
• morphisms CA ,

B )- ( A ', B
' ) are commutative diagrams

( S = Ell ID )
A B

s
d
- sad→ god

n

.

.

-

'

et
. ← t.tk t.es 's

"

- - - → Sae - Sae- Sak - - →
B ' A ' B ' A '

modulo the homotopy relation ( 9,4 ) - (dip ) if there exist g , h
such that A'g th B

= Y -B, B
'

htg A =P- d .

• triangulated category with shift ( A , B) (D= C- B, -A) ⇐ ( B, A) (2) = Id .

(A , B) a- (Al , B ' ) = ( AAA ', BAB
')



Example f=uv ( i ) A - Lu) , 13=6) (callthis X )

Cii ) A- (x ), A- =lu ) (call this Y )
Ciii ) A - (891,13=462) (call this 2)\
( again , " ) 'Example In hmf



DEI ( BuchWeitz, Orlov ) the singularly category of R is Dbsg (R ) -

- =

Db (mod
PeoffRl .

| DEI the slab-kcategoeyof-MCMR-module.MILR ) has MCM R-modules as objects

them ( BuchWeitz
,
Orlov ) MCI ( R) IF Dbsg ( R)

theorem For any hypersurface ring there are equivalences of triangulated categories R =
⇐Mlf

A E S = Elle B
HMH xD

,
f) ⇒ MIMIR )⇒ Dbs

,
CR)

where ACA , B) = cokerA .

Proof observe that A : Std→ S
d
has co kernel N , given KEN , sayx=yyC- Sad

f-x = ty = ABT = O

-

'

- N is an R-module .



theorem For any hypersurface ring there are equivalences of triangulatedcategories Taheioegmhentafngexmifyep
hmff xD

,
f) MIMIR ) ¥7 D:(R) scheme which is regular

where ACA , B) = cokerA .

# then Dbsg (X)=O .

zero if Ris regular local ring . by ABS .

Pwofwnt To see N = coker CA) is MCM

ad I B- I
- - -→ R- Rod- Rod→

↳
µ
T A :s0d→ sod

is acyclic with syzygy N - Suppose ATC = O , x=J .

Then

AJ =O that is Ay = far for a C- Sad
f : god→ Sad

Ay = fa ⇒ Ay = ABA is injective
By the earlier depth I f- = BA
arguments wemay# ⇒

×= BE
y - Ba since A- is injectiveconclude N is MCM .

D .

⇒



Alternative Amatrixfactorisation off E Ell ID is a Iz - graded
f. g. free S = Ell I D

-module X = Xo A XI with an odd

S- linear map dx :X→ X such that d} = f - Ix
.

d×= ( OB Ao ) : Xo ax,
→ Xo a- Xi

.

:
- di = ( AaB Boa )

In conclusion
,
for our original example R =

E" " " "hav ) Mu

-
" it
,
Rhi

=.
D §

Vect?E = hmf ( Edu ,xD
,
uv ) = MIMIR ) = Dbsg ( R)



theorem For any hypersurface ring there are equivalences of triangulated categories\ himfilled
,
f) MCI (R ) ¥7 Dbs

,
CR)

DEI We say feed" t -
- -an D has an isolated singularity if dime ( E " " "/( 2x , f, . . . ,2×nf ) ) < • .

theorem Let fE Ell ID have an isolated singularity .

Then with J- hmHEH'D
,
t )
,

• T has finite - dimensional Hom -spaces

• T is idempotentcomplete

• T is Krull - Remak -Schmidt
,
I - e .

-

every object is a directsum of indewmposables
- if ① it , Ni = ⑦F- i Mj with No,Mj all indecomposable
then m = n and after renumbering Ni e Mi for all i .



theorem For any hypersurface ring there are equivalences of triangulated categories\ hmff xD
,
f) MIMIR ) D:(R)

theorem ( knower periodicity ) For any f-Elcllxy . -
- Ian Dukhan isolated singularity

hmfflCHIB.ft-hmflcke.u.tl]
,
ftuv )

Example hmf( all u,vB,ux ) Ehmke , o) - Veatch .

txampe hmf( Ella,y,zD ,
ant 't y 't E) = hmf( Qflxif

,
anti )

T
An surface singularity = Mµ( ICHI D)anti ) R

"

hmfl unit ,uv ) hmffefxiy.tl ,x2ty2tz2)=MCM( Eh' 'The)
112

Vector R/,R



• 12=191×4 ' -
'Mutha

,
. .

.,f. )
( fi
,

.
- sfc ) regular

MILK)=DbsglR)
X

• ( X , W ) , relative singularity category

z=zcw ) EX :µDbsgk) MFCX,w )
(

Positselshi - Efimox .

• hmf( Ella.si , y
"
-xn ) yn - xn -_ II. ( y -32's ) 3=5" '

-

In

A - tidy -six ) B=¥sly-3
" ) permutationSH " ' - "

n }
ps ( s- s- s ) detect



theorem For any hypersurface ring there are equivalences of triangulated categories
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Example Let us compute Homs in the different categories , 5=191×17

sci anti - i
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Conclusion

DEI ( Buchweitz, Orlov ) the singularly category of R is Dbsg (R ) -

- =DblmodRYpe.HR/.DeITheslab-lecategeeyofMCMR-modules-MCI (R ) has MCM R-modules as objects

DEI thehomotopycategoyofmahixfactorisationshmff ' D. f) has as objects pairs ( A ,
B )

of polynomial matrices satisfying AB - f. Id , BA -f - Id
.

theorem For any hypersurface ring there are equivalences of triangulated categories
A Io

hmff xD
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f) ⇒ MIMIR ) D:(R)

- Ai - singularity 12=6114417 luv f- An
- singularity 12=611×7 bent '

I
Vect?E = MIMIR ) = Dbsg ( R) hmf 't all

,
sent ' ) = MIMIR ) ⇐ Dbsg ( R)

Q Mu Mu Yi := ( 0am. o )
Rbi Rbi
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