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| CHARACTERISTIC CASE . .

L PREVMINARIES .

_(104) lewma: leb R be a Wug, TER an ideal , ond w: E—2 F an R-liueor map
GQL’R ~wiod wles . Suppose.: S

) B s complele it M To- adic. %pd%

€u} F ois  spareted o 4o T-adic. %F&o% R

(m} The \aduced map- of. M ansocished %@&J wodulen %r(u‘} %rx(F\e--»ur ().
s Uhém%w PR
Chew w is %\Mw

Mz ld xe B loble wix)=0. If x 40 4hew thee s an ne ™ with xeTYE. ,t
oand x¢ TE | aive E is mwﬁe‘k. _and_mposoled iw o I~a&c%§m% I
T x+TWE € T'EArwag —(0) m,d_,_,.%r.(u}{mmﬁs}zn 5 & Cowbrodiction .
Moo w s ingichive . S
ek yeF y40. Sine F is T- a&mﬂiy M?amie& Aave s aw we B oGl
“_,,A“«[&I*‘F’ T TMW Uyt TEAWE — D'Phune i &w&mé-\w_ omd
Hee is an X TE Wil U, (x¢ TWE) = y+ T™FE . Thus wlxn) = Y+ yuy it

N €TME L By o slilar argumed Hoe IS ac xey e TWE wibe
A T Yusz € IEE. T W%y = Xuet) = Y= Yusz -
- Recumivdy e conshuck & siquane Ky ETTEE a0 thak

e Xy Z—‘t—; u+»> y & T kel =

_Sime E s T’-vmi\m“7 erowﬁe.gc_ R E:.;tg_, Fuei € B, omd ,
_U.us".x‘} 7 e TwhE Jor.adl_. ke IS, Siaa m TI"F =0, wixy=y amd wis
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- (lo2) lewma: lek R be o ving, TER e ided, aud wi E—+F ax R-ficear

~map o ’R~w03des Suppose.:

A E s (.Otufﬂme_ . the T-adve %\m%

Ay F s Aeporaled i Ahe T-adic %‘:o%% I

.(tu} Fis a flab R-wmodue. - | L

) e iwduad wap W, Hre — Yar s L\Mm e
- Thee wois biggchve .

M : Consider 4he ?Gﬁomw% mmmd&v&_&oﬁm‘
%/,t@%%&(ﬁ‘} .. UL @3%%&.@&} e

() .
B — gele) =% )
w?mg_ ;?. amd } - U ‘“w.. %owaa.uwm w;a.?s. wemw_ @&-5@_ fowuueﬂg ave  4he

ha}umﬂ,wafs i Eqe B Thanet —— DE/ rnnie g

%& A:f‘: ®% I/ziw-i ety A F/pwe 7

e wasd 4o showr thak- %g—iuf) s am. tsomovP@usm Sl w, ,is,,mﬁ_wisom?%{sm,

—ho iy wl. Mowover, sinw F s R-Llak %Mww .
O e I“*‘@QF" MI‘@F{ F o T%uy ®RF: b O aumd

o exack  thewe T e F FTI"F auxd. f“/’:x:wi%g QIV:I:M @wréc.n‘: ,

ETIE ad g s e isomorphism. Tuis iwplics thak § is fegckie.
_ Sinea ,%i > /s%.gﬁnw . z?. is hé@}m& Cand  Aasme %r(uj}t&@i& Wﬁ:%ﬁ;&m B—

Ve anerhiown. ‘?&@w;, ;%}q ey,
Kecall  He ,V%%iamug» ,Fmposé%{aw J;f-rom @‘ﬂ?%a—ﬁ

,;,.;{Q‘;%ﬁ} f@_ﬁw&%{%b@w Lek (R(, g’?;:)“i;@'él be o diveck balene ;aﬁ_w?iu%&; Mw‘m&m
bl fa@m%@& Hea, %oi%@m%%mdvﬁ“ﬁ“é e



) R el eT Ry s oa foal Neehuriaw m% it waxiwal ideal Wy .
) o all (e b < &4 Hhe WDW‘W%&\S% ; "%7' Ry —» Ry i ﬂﬁm%% :%.
,,,,,,,,(tu,> Tor all el whe (g «.g‘; (mb}rf\j

 Thae  He diveet lwid R= Q““ae;z o s e /&m} Neoctheran g Wik,

Wwassusal ideal W -@wu,

-~ Mowover; the camoulcal wmaps @ R — R

_{lo. 3)'?mpos:41cu ek (R, m, k} be o local Noethewan vng and ke K a. ‘e;ejci

exkewsion . Thae Hure s o focal Meethenane ’R«ai%%m_gfw N

'?meﬁ o Me ek dead Hie cane  whese kisq&mem\d EE&;,\WO,M_M.&EWWL over K,

e K=kix).

:lﬂ X i H&sm&éﬂ&uﬁ _Ouer. k‘, pu} R = (Rtﬂ}mwgﬂ whm*i: S QL

.,:,.,.f;mhaﬁﬂ R s a ok focal Weelhenai ?—-oﬁ%ﬁam. wnHe maxiwall J&d;,
gy =R Hew R'g & s RYurr = k) =  k(x) =K.

AR %ois Oj%ghmf. over k|, fb f(t)e RTE] be Hie miniwal y-c%y nouial 0.?;
X oue,rk . leb FiRye RGE] ke o wowic ?cﬁymow wntle +i€}+h&. wiel = @f&%

Sk RI=REEY(E).

. Mammr R@g k=  Ruwt =

Camad we B! s & wmaxiwal ideal Q{’L Ry S B s in\c%miommﬂv wie
s e n%kf waximal ideal e?; R akd R s sl

W ke Bdd odension. ke K i %m%dy WM bay K ktx,jm,xﬁ,

e e sk Gustruct e flab focal Nectanaw, R- &ﬁ%h@m._ (R, wey, ke) Ao
dhaks R,@g kz Rlx) Th, i parhcdar | w=uk . Thee replawe R by Rp
ond wie e Gustuchow again W bud o flab Lol Necknos R,-algebra

R’ S G %WM\; %&h&mw%'ﬁ—moéuﬁa_ ammd %\eumgia};— o
wr'&]?/l(;:) m;{»g_gg‘§ o Ett},f(g_é&§§ ;-‘K S
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AR,y k) o Hhak Ro@g k= Ry 2 R Thoo Ro® kT R (R, k)=
Roggk = Hx‘,x;} and iméud{ww e Cam. <conshruck  a ocal Weellawar.
| ’R-dﬁgﬁbmg which. rokisfes ouditiows (o) amd (bY- —
e He goueal cone whoe ke Ko wok %‘W&&MY «;g«mn&d we Whe o

‘}»,m@&.., uduchion Wu}‘ﬁﬂ%mk%d—m\smwﬁ —ovdered sek T

_ond M of iudermediale  felds %k'zﬂ‘m wheve ke kicl for ol e
—no ok Ho followriag couditious ase rakishicd: . |
i&} There is aw i,eT ik k= ﬁz _and o, is M&mﬁ%@s@ eﬁeﬁum&- @%.I'_
ARy e ol cyeT wile {gf . koc ky. B
Qf} Tor all LeT e fidd @c%w&wu, kb_kﬂ.g s %@M&hﬂe& %sﬁ ke eﬁmm“%
5 WY e s e Hiuik wwidser, thak s, ok demend— of T withoud @
 prdecessor, e ko= Uger ke
(&,‘3 K= Uer ke
By hrashiuile induckion we wank Yo wowshuck for oll ieT o M
~ HNellariose R- ai«y%m. K bo Hhad Mo ‘?O\bwm.% conditions are wmg-d
(cs> Re, .
) Fer adl e R K a fbmﬁ M&%m /R-ajayz%m. it wasimal .M W -
W,{li-> Tor ol e jed wbc gy Hwe is a %@&%&J Alak- ?'-ai%&‘m_ Mow?%sm. e
% P Re =+ Ry Mowower, if G, e &mﬂk igye € Mo qﬁqﬁ ””’f}t_ u
Cond gb=idg.. B SR | B
B ot e T b g %.,,(w;‘.,ffz@;—.—wm{./‘ e ~M"¢d°~m @2 (vm}ﬁjt_:;m&?m.
. k@ﬁ ?m*ai el . .
o {.J}%r all fel @ K @Q =4 o/w, Zke. ‘ .
ek e T and Auppese. Jor- all 4<l R- ai%‘bam Ry /gtaw beew. construcded

e thak wudious (6)-(w) e saksfied o Gl geT willl << Tn order
Ao omstck R, we wwd  du éi&f‘l{wz&u‘&kumu@m@:

 Soae ¢ has o ?wﬁ@usgm- i-h. o N e

These ke = ky_ (x) Ao+ sowe xek and mﬁoawgwm@-—ﬁ %mm,%?_.‘ an i Hha
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(m,iz s e Wwed humiae,r B ‘ e
o Sek Rp = Liw <o Ry By (W) ¥ K sokishes canditions (g-Gv) frgeT
e }4{;&/ .

Tﬁmaﬂ?i‘%— order  to_ cbbaiw &m%p%y @“4.‘&"?1‘3 agode.. ond Ad- S"—r@m . .

gcx Re

,,,,,,._,Olw,iamﬁy ;S aokisties  comditious (o) m&(h} T ,wu&rﬁe&hmueﬂ.g olso
~Sahishes oudibons (o) and (b}

4 iO.?}&m”a\t‘g{:w,.,,AS$uWP'§'€@MW G M (m.,z;}.. ﬁ@_ kek |&MM%&. 5 e S

S -swmooll, over-®.
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~ §2: THE  STRUCTURE THEOREMS

;,V,;,./,,_V(lo.vs)%mihom, ek (R, w, k)lg, a locol Neethevion 4\{1\%” amd (,S,,M,Q>,m local

Nog\-\uenmc..?-.d%.,\,m_ S is called o (ohew R—-é%,l__@:\ﬁ Ao ‘%-al\owiu% B
__coudibous  are. M}m?:.u\ b

. 1a) S is oo complede towl. ﬁh% e
(k) S s Yok over R.

) S8, k= s =€  aud @ s wmne;omk S

LlO&)‘Rg,mm-k 2By (9.,13‘) o Cohen. R~oi%.km. S s wmS—swmooll, over R.

~(10m) Depivibion: Lt pe N be o priwe Wamber. A discrle veluohon ving.
‘.‘D,m, k\)(oﬁ&mackru&c, 0\ s called n..‘)-hlu I i.i‘_ ke wl.o,x;ma.‘ l&ml W mﬁ_"D
45 %mun.\-wl t‘f?

(lox‘)“ﬁaaomm'lgi—(ﬂ,m , k‘)iu o cm;.‘:\el-e.ﬁocol Nm&chmnn%)("l?,f'ﬁ, Q)

- P.Yiu%’ omd Cot f—2k a mrphtsuof; NJSM Neue_.iso.. i@ocni I
o .QEKOVP%\.{&»M. @ U—» R vololcde viu&w%q‘ on Yt vestdue Felds .

- MMM@P Z.—b B  exlends ‘o o Woi-‘:k\slm.g._po — R, s.{m@hr‘y,

 Haee (s o nobwol ﬁmfl Do —> P, Sie k, :-._W-;ts ;, Perém}-)ﬁi omd k.
__ave. O-swoote oue.r-ko Morover, D 4 a. Horsion.~ ?-m__"‘p, -huociulgl Mg
D s Blak over Do By (3.15) U is pD-smoote over To. Conside +ha
 conmmutobive e\s'&%ﬂwm e} \Morp\n\'sws ok vingd:

S D2 R b

A T

__.ajm_.__, R
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~ where. V omd A ove Hhe nakural maps. Seb T =@ V. Sine Dis pU -smoot_
_over Dy, T, Llls o a T ,—d?bm_,.,WQv?his%L T,:

?/m&
3

Wo‘mm.ng R

u,v,m,,Ssto.rh’ Tt Do Rz Qilhe Ao oo V- ai%gj:m. marf‘m,sm. T T*-—'Wm& dc
_thak-is, for all neN e obtan. o "D,—-d%%m.,,,;,mow\mmrcwsz%,.,mew

o whide U T, D—> Riyn-t. S R is couplebe , Huare is o Ty =algebra.
hm?iusm. $: DR whicd ﬁvg& Tyo ((‘mi weLh ipauu,—lvhmufm_?ndds

,,‘,,..W,,A(Io‘%‘) Cowo“o,ra A QOW-P‘@E-&. ?-nw% is —up do usomow?%su~— u.mquuiy Memmu\
By s mesidue @eus :

,,,’Eﬁ, u. (D,Pb k\) a.w; (v‘,pv‘ k‘) be mm‘;f@ﬁe. p-nings il kf“'-,, ,k. W
By (10.8) Have is o focal morphisne @: D —>D! sdude induces %u.. |
t,SQM%Ph;sm,,,,% k —s k/on. e residuc n?‘dis Siwee D c.ow.Pi@ie_, o

%\, U, Theareme (2.29) ¢ is Swgmi—wt. Smm%(@ is mdeﬁ.séad
oL D omd @(p) #£0, %(cp”)#()@h& @ s m@w.%w o

(0.10) Vehuchow: leb- (R,m, k) be o Complohe local Noe,&n.ﬁmx\'u%, of. wnegual
) c.ko.mkris&{ct with ‘&w—ﬁ;,—.-.?>® . A JsuLn‘n% Roe R s called oo o
- soelpiaedt ving of R iRy s o com.f\eke.,,iomlNa&%ﬁm&_nfn%, wid
moxiwol ideal pR, omd vesiduc fidd Re/pR, =k=®m.
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(0.1 Remark: U (R, m, k) is o complebe focal Nechherias. wing of
umqm,d characlermisic  aud (Ko, pKo, k} is o cne@f«am“*-ﬂn% of R

(IO,I‘Z.‘)T%«.@WM (R, m ‘k.jhe, a. mwﬁeﬁaﬁnmj ) Nm%nmunn% whe
c&nork:—.? >0, T B a&mmm%a\&' hn%,?oﬂomow, (.g)_. e
char R =0, thae Ry is o wplele discrele. valuakion. nng. .

- Pk W char R= char k=p , Hhae loy (£.17) R cowdains o celfreient field .
T He unequal charactermishe i L Dy= Zoy By ( 0.3) Hare isa.
- tocal Neckbariaw ¥iug D 20 thak- D s Hak ower Do ond o= k.
. Heuw D 45 o discrele. valwakiow. wm\% and Hwus a. p-aing. By (to, g)
o Have s e facal moe-?kusw. @ T —» R which induws o usnworfa%sw‘..w,
o on He vesidue gueus w K= uu(.q»‘) 1S G mﬂaa@&- m\% of R.

A darR=0, ¢is mggcinw and Ry = imlp) s a- discrehe.. vajna}-:cu._

— Hu% O , IS

G COMP‘eJn. )e.?u.\ar' local - m\%

"Roog; Leb (R, u'k) ke c.aouFL_\e. focal . Necthenras g bl Mo (g, xa)
’57 (8. l'f) and (1o, fz} R contaius a. e fficiend nugR,. Mowover, R, is either
e ddd or L~7 e proof of ,(,.,\03.12,‘} o hcuomnf;hc"‘tuu%e__wof_ o Cowplele
discrde valuahow ving D. kel V=R, w He ‘equal . navackenstc came or
Va1 e He iequol charackrishc cane. Gusider e Aurpechive moz?%'sm:.,,‘
Iz v, £, 1 —s R
. ,&e.%.;mé ,,Ly, iy Ha nokeral wmap from. V. owle R, and. &g(fz‘):.x,_ icr ;
el Igigm. By U Proposiboe (3.32) ¢ is swpchwe.
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,._(lﬁ-l‘i)mm,mm:;,,&-:3-,;.(R‘,_.m,f);,,ﬁhk ;. a.mmr:ieﬁc focal  Neethen am m'n%,. In e
uncquai charakkrishe cane amume 1w addihon. dhal R is o dowoin-.

CThew Have 6 o focal  Noetheriow. bu)un'u%,.,,,( S,n, L)< (R,m, k‘)w&&_ new

H,,M(a) S koo wa.F\aﬂe. «,%«Ja.r ﬁom@. *'M,m%, cmd\ f. k
k). R s %MH\, ?hmi-u} an _om  S-wmodule ..

M ,Surpase, Yok A R = _and L Y — Yn_he’ Q. Aﬂ&&\@m P S
~ parawmelers of R. T Hhe equal characlenshc. cone Mk WV demole o
Cm%mmﬂ—%dd@i_?@ud\ uw%&w@qw horochmstic, cone Db NV
ke o &&%@?‘m%& m'u%ei.? e A foMer cane Vtso_mw\ek_ R

_ discrele. vdmkmhu.% ~ Ey (10.12) , A R _is o dowain . Mawover, i
;unaﬁ,uoj,v,‘vv_ckmkﬁskc,w cona. d‘\ark-.—.—.p‘)ﬂm& We Com. choose =P

"'Bv i, "Pm?osﬂs'ou_ {.32) Ahare are anﬁ\isws ol Hu%m
e M £qual chorackrishc care:  ¢: T= VE-E,,._-{:]IM R
Je@qmw;\ by el e imwém,%, OE; A coedbiciend fadd Vo iwko R m\é
ey =y forr ol 1€ Len omd
BTV \maquﬂ cﬁh,m&ms\\c canes i1 T= VE’E‘_, —

]&M'R

%gf‘ all 241.,5&1.

By 90, Theorewe (1. 2.‘1‘) R s e Q-w»k 'T—-'iuoéd&, hwm.'ﬁ s MW
_overT. Siwe T 4 o domaln with dieT=w , cphnuégcﬁwe, S

e Jma,%& 5= lm_(gp},,ws%m _ Condibiows () and (b) of. e Yheovew .

~(1045) Remoark: The condition Hiak- R s Noelerion is web weassary

i Thcorews (2.!’13 (E\} and (10, lfﬁmm fwery mup\aik, (qum%) ~loca)

. ning Conkaivh o Coellyciend- Ting.. Tais tmplien dhe oMo wnug  theovews:
I ¥ P
A olek ,[?),mﬁ,‘;.k} be o cowplele. (quasi)~local Wig . Assume. thal-
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e maxiwal ideal woof R s g‘muy%«m@r&& v Thew R is Noetheriam.'!




