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It : T-a

seat = { (s, the 5511%14=71't) ) .
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modules over R = SGT
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ToriMMM) -- o = Tori, (MN) izs

then pdnlm ) 's 1 on pdn (NH 't .
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Let R be a local ring . Assume
there exists a minimal Cohen

presentation pi E PII satisfying
a.) some minimal free resolution of

^R over P has a structure of a 06 Algebra;

b.) other conditions.

If M and µ are finite R - modules

and Torn(M
, n) is bounded,

then Mor

N has finite projective dimension
.

-

A- REED ZI
,
B = KEY-B 2J

,
C-kfexiif

¥xaF -c-(I, It- , J)



First : I -- 0=-5
,

Next xgqfy.pehftit.TL
(Etf)

Relates to edge ideal of K
m
, n

I = Xi , . . . Mm

y- = Y , g - ri

,
Tn

Visscher '06 gives an explicit minimal
resolution NCI,-4. ]

¥GHI.
A
,
D
,

C local rings

I e-A ideal

F E O ideal

flat ring
homomorphisms A → C ← p

Take min res't X of ALI
,

Y of %
Construct a resolution X*Y of z¥
Tx :-. X④aC resolve YI



I :=Y×qC resolve CIF

*%:{⇐⇒
*Hi

,

is ,

Xo④cYo i:O

of
'

. {
oi÷*i; izz

dixqd? i=1

Thin) : suppose Toro? (¥ , E) IO c' 21
,

then X*Y resolves C-
IF

over C .

Moreover

if X, Y are minimal
,
then 21*4 is minimal .

-

Cor C- )

Tet
!

X be the Koszal complex on E

over REED
,
let Y be kosznl on F-

NG't-71
.

Then 21*9 minimally resolves
NEED xa HEAD .
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What's?
An R - complex X equipped with

a binary operation Xxx → X such

that if is

a unital
• graded commutative : ab =L- D

"""

ba

a? O if lal is odd

• associative
• satisfies the Leibniz rule

Qatada, lb) .

Examples :

7) TX= the ""D
(x . ,xz) koszul Complex

Ep ,e, , ez , 92 basis elements

Col is the identity

e, @z= - Eze, I e, z



2.) YI Ka " """

(y. , ya,yz) Koszul
r
,
re 91,433

frfr = {
sign him four nnr=¢

o unto.

3.) X*Y the 06 structure is elusive

(e, * f.) (e# fz) -- e?* y,fz - x. e.* ffz

= - Xie, * fr

(e, * f.) (e,*fz)=ef*y.fr - x. e. * f. f.a
= O

leaf
, )(ez*fz)= eiezxyfz - Xze, * f, Az

=y , e,z*fz
-

Xz e , *fiz



Thirsty : suppose X is any OG Attig: it
and Y a koszul complex over B

.

Then

21*7 is a OG algebra over C with

products defined by the following

Cen't fallen * fr) --Hwa , cqswaiy.it
""- """t- "

ementp.ffsdfnitlwa.tk?HGenkIfemO4en)*fnfntHf4cwa
, spiffy 't

'- '"entenenxfepdts)
-Hoo

,
Iwa,)1EenHItD"'"'em

-"

oxygen* feta
.
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cont ) :

IfX is Kostal on Is T on 4-
,

then X*Y is a minimal, 06 algebra
resolution of AGEDxakEt-D over KEEN

.



What if I # 0 ?
Take a ye

solution af k¥7
If ⇐5

NEED
I →

a ⇐HEI
LI )

r p
resolved by S

X

Lift to a chain map

to :S→ x

o→I9÷Ihf÷; → h⇐→ o

LI, It-7

Note "
I .aI¥I ⇐ I ⇐⇒ 4¥77



I -- S Eat? 9 9
resolved by£21 If

Io :S
- 'Chinon)- x*T

Ek@D= {
"
"" '"
0k¥ lmao

didG)*p 191--0,14=2

O IBKO HI >1

Kropf ) : Io is a chain map

thmt) : cone (Io) is a resolution

of A CHA-D

¥⇒=hIIIxakE⇒ .



Tim ) : cone (E) is a 06 21*7-module

under the action :

(eI*fr)K④fr)= -Hae, t.IM
" -"Hel

Ikeda④frfr
+HE.ir?GPe.olkHtefn

.


