
Prep : A ring ,
R--A poly ring,

ft R nonzerodivisor
,
D -

- DRA .

Then the
map

(HI :p HD#Cfl :DHIM
given by ISI .

-I It is

an iso
,
where

D -4> DOP constructed last time
.

If : can check that t

extends to an Tso. Diya→PRIYA
by Nrj?

") for re Rf
, anger

EIGHT
.



S E (Cfl :p HD # SECR) e.FR
⇒f

-

1stCRIER
so F'sIED

.

Then TICE'SF) =TIEDa TCSHTHT
= TCF HtsHCE't
= F- Xss I-1=26)

.

so LCSIED
.

Then LCH #Rt = f-TGIF' HH
⇐ ITIS) CR) ⇐ER

,

so 2 is well-defined
.



Easyto see £3 additive .
ISet -- I Yess )FEITastes#

'

= Excel E'FaustE'

Tats
= Left a 2K)

.

So L is a homomorphism .

Then 2781 .- LCE Yess F1)
= E XII Xss IF'

= I KE'T 41481 TE) F1
= FF' 4481 FF'
= S

.

Thus
,
2.3 an isomorphism.

12



Note symmetry propertiesof differential operator rings
holds moregenerally, e.g.,
for R Lingen.graded
K-algebrathat is Gorenstein,
one heap Dree IDR,IP .

( Quinlan - Gallego) .

¥ede¥
Thectripp : Let k be
a field after -0

,
R -- KEIJI.

Then (Ky ) :a.⇐pinky ))



is left and rightNoetherian
,
and hence

,

so is DRIK. Bh

-
Eet o k be a field of
characteristic O

,

ok poly ring over K
-G-Ritegroup actinglinearlyon R with

no pseudoreflections.
Ttimwakadi: Inthis setting,
Deak is D- algebra simple .



10¥ Let JE Dra be a
nonzerotwo-sided ideal . Let
S ESTO be of minimal order

.

Then , for FERG,
[S

,
=SI- IS c- J

and has lower order
,
so must be

Zerr; thus S
-

-FEIfor
some re RG .

We showed that DRE is
a fig , right Drone-module
( using that the same was truefor grord (Deak) Egr

Ord(DRIte)(s
.

.
in:*:*. j



Write DR# = ?Ji Droit for ¥ . . .AE#e*
and it- max { ordctiBHI .

set E. ri, rest
''
it]

inductively , so , in particular,
ZEN' = O for i .

Alain : For each k and
myS C- DRE

,
there are

Ce , . . - ,Ck EE with

r-kzi-2irktc.si"Fk-I . ..tk?prfofc-aim: By induction on kutter 12=0 trivial .
Note that Frisk 'F- 2¥"!
So
,

for inductive step,



Fk-18 Fyi The airstrike .
. - +gift"

= Cri f- rikyr-kea.cn?'r--zYYrk-I . . .
= firm; cos-11 'fkt .

. .

+ cck-cp.dk?Hr-CkFCke?VcCaim
.

Using observation &Iain
,
we

have
pug, c- Dp,e.T ( left ideal)

Freak E .

Now
,
R is D- algebra simple,

i. e.
,
Desk is simple .

Thus
,
I EDRIK . FN. DRIK

twoideagm.br#o



E Dee . Fu ( Eti Drake)
E Drik .F - DRGIK

.

That is
,
I = ? Li F pi LiEDRIK

BEEDRGIK
.

If

⑦RIKK
.

Now
,
consider the

map
f : Date →DRE = Drone
given by pls k Eigg. S .

Note thatpeekI .
Further

,
this is a right Dpe#mod
homomorphism :



if SEDRIK
,

EEDRFK
,
then

fore ) .IE#agelse)
'

'

EICg.skg.es
=L

E¥§ . e

=p ( 8)
' E

. Fedie , Piette

Thus
,
I -pal C?§Izi )

= fpkirpd-FP.LA#piEDpeFDpo
C-J

.

Thus F- Drone
.



Cori IF Riki G as above,
nonzero

then
any

local cohomology
module

on RE R

faithful
. Am

ELet R=ELx3xy,yT .
Find explicit operators in
Dae that show IEDR,

F. DRE
.

I.e.
,
find £

, . . .,£, Pac - -yPt42¥
suchthat 1=344. . pi .



Goodfiltratio.DE#Let IT
, F.) be a filtered

ring , and M a left (right)
T- module

. A filtration G. on
M is agoodf.tt#onifgrCMiG.) is isafg.grCT.F.fmod .

pOp Let CT, F.) be a filtered
ring , with grct, Fd fingers .

Commutative K-algebra .

Then

M is a finger left (right) Tmod
I

M admits agood Attraction .



PRI If M has agoodf-Hirata,
this grim,GJ Fg . grit, fol -module .
Then
,
a lift ofthegenerators of

grim,G.) to M
forms a

Mt Gi-1
~, m

M EG i

generating set for M .

as a Inoue
.

④ Givens@a . . . .int gem
set

for M
, set Gi : = Ffi.mj .

This is clearly ascending , satisfies
Fa. Gb -

. afb.mj.EE Fatbug = Gath,
and YGi-M since Ema . --imagenerate.



Show that grcMiG
.) is

finitely generated over grete
.)

(exercise .
)
.

Prop's Let CT, f.) be afiltered Half
with
gr CTF

.) Fg.

commutative Kay .

Let u be a leftaright) T-nod .

Let Go be agoodAttrition
on M

,
Hoo
anyf-

Hrafn ou M.

Then Tae CN sat . Gis H#a

far all i
.

Pick

P¥ Me
.
. . -

, Mt
EM at .

MI = MI -C Ga
,-1 ,

. - -

,
MI =MttGate

generate gremial -as a

yr( T, foe) -module .



Let be
,
- ,
be sit . Mie HbTHb⇒

for each E. The assumption on
generation implies that
G- = ? E.ae. - me foreacht

.

Then
, for t >maisai } ,

At = EE
- aimi E EEL -ai

Hbi

E E Htt bi-ai s feta

for a =max Ebi -ai}
.

Dh

Prof i Let CT, F:) be adhered
K -algebra withgreed Fg.

Commute K-ay .

C



U leftaright) T.-mod with
G.
, H
.

good filtration .
Then F c sit

.

Gi- c E H isG¥far
all i

. Du

{Follows from last proposition byswitching roles &taking maximum]

Morally, allgoodf-Hatpins
are "same up

to a shift
.

"

For Fg.
modules

,getnotion
offiltration that is unique



well-defined enoughto preservecertain properties(invariants .


