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RS omig;- Yo mmjrmg} Q,gj’, /M—jzo. Tﬁ% Hioe wee Q.l'cf:R AD —“m_k-

| S
y- Z;Zi soxie TM. Assuwe &y Jor O6v¢ -l howe bus coushruchd 20 Heoke
y - ”2_"'.“4?;‘ sij_ix;,eT‘iM. Stue. M= :Z_—_‘,;t, Reg+ITM, Hio ase o

- , ’ ‘&'&Ié Ao 4ol
¥ Z‘L-.-.g s'{_i-—a L — Z“L:; &{3' X, & o M.

(!0.”&0\)%mm‘. (Cke.voiitgfsﬁmmm\) Lek- (¥, m} ke o winplehe Nocthrers as Vim% ang leb

F= )lI:{, “&N‘% be o ‘%{ﬂiﬂm}{am ug. R whe EW&ZQKLZ«D.WW_ «%or uméf
i@%% 'y
e %m{cfw_ weakesd %Fdo% +hol s i»u‘;a,rc&f&.

i“"“ﬁ“’i S TR TR i(@ew Ao thak 1;%\)& wd. {ie. e w-adie —%apo

/PM_: H’OM&'&L’QE’?&.
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§3-, CanEn's STRUCTURE  TRELTREMS

(10,20) Theorew: { Hewsels lemmay ek (R, w,R) be o local vng thak- is w-adially compleke
and Lk TeRUA b o hiowic polynowial . L FewROd =g b i kO Wi g and B
are mowic. polynowiels i kUxl wibe qed (3,h) =1, Hhen Hare ave mowic polymotols

G ond H i ROcT i, F= Gl

M- Leb"—" dewobe. iMQ%u i kGl We wandk to conshuck by wduckow o | wowic
polyucwials G and Hy iw RG] a0 dhok F= G B wod mwﬁ’fx},ﬁozgjﬁoﬂ&, and
for 4v0 G, = Gy wod w!RID aud B = Hi mod wiRIK]. Noke Hhat ol G, have
e sawme &c%m_ éc%%_ Thua G = Qia%‘_wa Gy is oo well defined polyvonial iw RO .
Lhasise for =B, oty e Fo G ad 64 wx wowe wilk Geg and H=h,

i ordes Yo conshruck Gj and H, pri=0 WG, and H, be amy wonic pelyvowials it
Go=9 td Hy= k. For {50 orsume Hak Gioond Wi hove bre oudhmucied . T,
FoGaH = 2 Uy wehee ojemd aud U e ROCT wils c}c,% U —degF. Siue
qed (g, 4) =1 Hhoe ane 2, q0e RGA wndle Ui=pg+q k. M\C&l‘.%u%/ #i wodulo do
(divisiow. al%mi-l&hu\/‘; We ey absome thodk- &c%?@fg AL%& T, deg () <&c_%*{-“_~;
dc.g,%-!-&e_ﬁ,'@u and &c% qo¢deg o LB Qe RO wite T=p and Qp=q; and with
at%’a;ﬁ.; deg p, omd deg O = deg - Then U =P G ~Q: M, € wm RO Sching G;= Gy, +
2.0 Q) and Hi=H 4+ 708w kave F- QM= 2aai Ui - 6 (2 B - (Ta Q)
wod kPRI and  hewe T Gj H e wd RG] Momvu") Gi:' G_g«n wod wiRK] aud

63' is wouic Muw &t%ﬁ;m&e% ‘ii‘*&ﬁ%: éc:é Gjaa- Likewsise. ‘g"‘" %&\

(032 Foposihon: b ¢ R — S be a nomowmorplisi o g amd Bk Jel be o ideal.
Assume ek S iy };mﬁimﬁ? Cow.?icie. d ek e, a, e demenks o4 .

() These s o umique Aomowsmphisn o wngy A Rk, v, s S uidle Fle=t and
+ &y =a) dor lgisn.

() U e ndutd oy W R—% & sundchive. and Tela, —an), Ha o is sargchive



L7

Posf (@) beb Far 3 by % k3 €RExy s T Diine 4 (B =2 ¢(b

@l e Sie S i
&-adically Complele., 4(F) & o i defined demank of S and 4 i« homcmm?k{sm_ of rikgA
e "HR:‘% and f-@—(x,;}z% for— all 1&g n. Jn order— 4o prove, m«iﬁumcss hob e "f’gﬁﬁ,}
s waiqualy debeined and RDx, _ <, U is He T=

— s Rnd

[Xh_, xm\)"a_ciic; Caw.Fﬁe}iou, af_\.”ﬁtxu_.}vm}.
Stua 83 15 Cowhuwous (?(I)E-.})J 4 ekends W\(t%mj\, i &hnhawwtp%{sm Gf_ 4o Cow.Fic:l‘mM {50.5\) .
_(i,) Lel- T;’Rﬁwxl)w,xﬂi"l—:{x“ — % )T, and G@usider S an o T-module via 4. T

I-a&imjiy uplebe.; S is T-adically Mparakd | aud 1+Ts € Yrs= S/’% Yenerales S/g, owr Vi
By {ia.z‘%} leg %mm&e.s S an a.,wg:ma&uﬁa, Hak is, 4 s Surgchive. .
(o33 Tetition ek R be o ang, £2 &R Hhe %om&m%%iam O;P. h'a%.s defined @»\i e()=lg.
U weN b E@"(&):{Q} , thew. R is calfed o Yiag. of chavackushic w. Nokabhion: Char (R =u.

{io.%‘é)%: (&) A Ris dewsain | Charf&?;)ao or chav{ﬁ}: 2= whare bis bawe.

(b) bk (R, k) ke a Jocal mng. U chae(k) =0, Hen ar(R)=0. n s cam R
wntaiws o subfidd whick & isoworphic @

() ek (Rju ) be o docal ving, U chiar (kjmpo , Hoe char(®)=o o cha-(R)= p* for
sowme nzl. ‘

(d)For o local ri»\%((r(fm,k‘} Ho Afolﬁem'w% fur s cam. occur

() dar(R)= dar(k) =0 (== @< R)

(£ chariR) = char (k) =p, p prme (e /ey = R)

(il dar(R)<0 ond char (R)y=p, p poiwee . |

{iv> how (R)= P, b prwe and Kiudeo cl\mr{ia}mF. (cammot oecur L R i rduad Y

/_Pﬂq_%{: {L)“Té;e, Cow,%;os.i}tibm. ﬁ:f‘ wakuvol Mops (=Te. mﬁ-é—fﬁ?i—*

k s ;V\Qﬂ.‘.c.i%vc..‘_\i:u_%
?{&*LO‘}B ER‘W&: R*. K.? '@J%.%Mé& o a WLQ.E:: T%}J: @ "———i‘«‘T{

TTaen glE)dm ond £lE) i a wit W R
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(10.35) Delinition : A local vng (R, m, k) is calied of tqual characlenstic il char (R) = char (k)
amd ol wiequal characlerishe £ char (R) 4+ char (k).

(Io,?:&)?ammék: («) A local h'm% (ij.jk> i of f;c!ucd chavacterishc § and ouly i R Combasus
« fdd. |

b) Lk R be o ng waich. coutaius o feld ko€ R. Thow by Zow’s lewma R cockains
o moaxiwal subfiedd k, wide k, <k

§ -

(10.37) Vehiuikion . Lek (R m, k) be o local mg Wit p=char (R) 20. A cllicient nng of R
s o Au};ﬁmg ?0 ceR Ao Haake {%)wa} S a. Camli,:iej\t. Nﬂ%ﬁtﬁm gouﬁ ‘n'bt% tnd m

0=PE0
and Kofwg =k [i.e..?:’&»ﬁ-m\}.

Noker thak- a coellicient- \r%w% Yoo Aed d and ouly d"m‘(?‘\)= ci«mr(k), i rhich
@e F s clled @ celbicend fiid.

(EQ,S&}TQ&A% (&Rm): kR bk o Cewk@ local (N&:.%ﬁm} "rih‘a. Thew. K has o
. Qﬁ-%«%{c.{c.ujr" ‘rih%. 15— &W(Q\}m?“, P ?‘(\'me_ amd 1€ n too, ey R V/(Pn} Wi

(V;(FY} o COMPieﬁc. diserede. valuakiow \-'m%,.
we_ ouly ?mve. a, ):sfemal Cobg.

UU.?:‘\\)_me@re,m: Lel- (R,wn,k\) ke o COWL?M&. local (N&Mﬁm\) "riw%. ia &'\&V(k}m@
thee R hes a webliciand  fickd .

M: Sine. K owkaiung o ’%1‘::}%) L\Ia {Eﬁ-"ﬁé’) K Comtains o Waxiwel Au&;.?\'giei. L R—k
be He wakuval M we dodne that T{K)=k. Swppose. wot ond b e k-w(K).
lamel: & is transendedal over T(RY. Lk ae R will Tia)

=o . Yor %u‘} hoWlore ?a‘\\fho&u.'\aj
e KGA STEFEVRO L and “ﬁ'{?:\)(ac} n"ﬁ“{F'{a,\')}%O.hTf\m 6 is roms cndewdal over K ond for
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ol FekTal-16), Ha) is o waik i R, Thechore Kla)eR , cowtradichiog “Hiak- K i weoximal .
Care 2. ® is algdoroic over T(K). Since char (K)=0, Hhe demewd « is Seporable. over
T . Thun e s o womic polymomsial Fe KTxl ao thak WEF) i Hhe wininal poly -
nomiol of x owr TK). Nole Hhak F & imeducible. i KGO . Taws TE)= (et be i
RO e gad (x-g W) =1 By Howseds Lowwor (1030) Hare ae wonic polynoudials

GH eRxT withe F-GH and T(G>=x—o<)‘ﬂ‘(+¥>== heThen G=x—a ikl Ta) = &, i
parricudor, Ta) =0. T worphisie. 1 KO\ — R wille Yy =idye and 209)=a. fackors Hhroughe
Fo fdd KUe) whide s isoworphic. to o Aubjicld of R eak Avichy covdboius K.

(10.40) Theoreim s ((shew's Shruckwre Tﬁmm} Lk (R,M#) be. a. couplele local Nockhe niau h‘n%‘
@y chaxr (Ry= c@mr{k\;} then. RE R, <, M for rowe . oud Aowe ideal T .

() B chor (R) 4 har (k) s R Vi, — il dor somere and Aowe ideal T,
where [V, (Pn is o Cowpleke. diserde voluadion h'g,\%.

?\l}g:f_: By (10.38) theve s howmoworphism. k — R or V—R, rcst‘{ud\}) o ok -t
Ouposition- ot T R— R is durgickve . U m= (o —) o) by (10.32) Han. is w
Aungchve komwe};%'&m Rk, —, xR or Vs, —, i L — R, rapectively -

UO.‘(")?;WFQS‘{‘I‘OV\: Lek- (_'R,M,}Q be o Conblele lowal Nechunan ring b char {R}:.—.cim,\-—(k\}_
X K is \-uadar Wikl Qfm(er&J M?gk[xbwjxé]i_.

/;P-_r_t_s_uf_: b ay, oy be o H.%«Jm- &%«km, o paiammchers w@?.%y% famnﬁ o m}m)%um
s o /;w-%ic;}&ue_ %ON,OW,O!T‘!M&M ¥ kEK‘Jm,XalﬂR bt (P(X;\}r-"- o . Sivee d= ét'm&&ﬁ‘)ﬂ'—
divc %{TQU.,_,)Q]& and  Alww ki}:x“_m;xah 1S o éowcu'v.) G s é\xﬁg_‘&-{\.-t.

(048} Romarks: Asswimphous as in (0.4() e char(R) ¢ char ()= p. L p.l & w*
g ?%*VE% —, xJL iwhare (v, {?}\} 5 a ch.?wre_ discrehe. valuatiow g .
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[iﬂ.‘éz.)#ﬁ;com; Lok (ij,k) be o Cc‘m%;\cle. local NotHenas ‘du%, ﬂg; dimevsion. d . 1?—
Ci"sar{?,)=c)v\m-(k), de Hve is o Av\)o‘n'm%, S ol R sucde Yok R is o finle. S-module.
ond S kﬁ;—yh_,ygn 1%”' Power  Aancs \’ih% ‘v d varables ouwe k.

ol 4, ke o S0P oL R, Hhak is, dimR=d (hy—t)e m and We (b, )
fr sowe veN. By UO.&&> R wuwhains a Csefprciend— deld K and there is om lsoworphisue
Ak B T by (16.32) Hoe s o km@m.a\-?im‘su of oy Ry, oyl R ke
Gly) =t and ly =4 R/gaf.w,'),._.}@m;)m‘R/(«L“_,t@ is o Arkinon ring and Hos

o hiile R-vedor Apac. By (10.29)R &5 o fudde wodule owe Ry, el - By

dimension. veanows | 4> is wgorive. ond K 5 o fulle wmodide  sor He Auloting,
S = tm g = kﬁg,)m,yg}..

{o.43) Remark: Lek (R w k) be o owsldde focal Neethernom nkg of dimeusion d Wit
char (R) # chax (k)y=p>o. A 4. g 15 o Moumwo divisor of R, Hhuw B is o
wplete. DV V witk moximel ideal by ={p) 4o Hhak () R codains o Aulring.
S VEy,—ivqd and () R s o Bulle S-wodule.



AT

§4: ASCENT  AND  DESCENT

(lb.%‘f)?_m};os}ﬁou: b @ R—'S be a iﬁommor?i\.{sm o Nethreviawn n'ch,, QesS a Prime
{deal and P= ¢ (Q).—-.-:Qn'iz & S?ex,(R) . Thew
(@) M-Q € LP + dim Sq/ps,

(L) & e s %’Jcﬁ-} E.ciu.ah-% holds 1w (c:)

Pool s We weplae. R by Ry, Shy S, and ortime. Hholk 9 (R, uc) — ($,n) it o local
ﬂbmeMw?hism eﬁ’_ local  Neetherau h'w%);.

(o) e have fo dhow Hok diueS € bl R + dime Sus. Lk %, be au SoF of R and
Yo—¥seS so ok yoewmS, vy emS s ax SoP £ s Thae e are R Ee®™ 4o Yok
WewS+ TS and wfe T R . Toun wile Thgv s 7S and dimcS & ras,

(b) Lo dim Sms =5 and b =8 20 2.. . 2Q, (2ml) be o smclly decreaning chain of
prwe ideals belweew. n ond wS. Thew &;n?at{‘i@;\):w& for all 0<igs. Lo diw R =r
omd Lk m=F 2P 2 . 2% be a Mhmckly éwws;ug chaiw. of priwes o R. Sing

¢ R =S s flak, by (7175 going down holds and Hhax v a descending chaiw. o

prwe ideads Q =2Qg, =2 - 2@, e S wmbe Qo nR=F . Taus diwe S2vras

(tG.*fS) Cemﬁm%: €L oy (ij\)m-s(s,@ s #o;&,gqm\f Hox- i'\OMOMOVFL»{S\AL of. Noethernan.
wugt e dim S = diw R + dine g,

Tor e YA O G e az?_. Hais rechion. B {?) wz.}‘ be o %Gmﬁ Neckavrias_ n'm% ok i% _,\?&\)
] x — o ~ N P
S W-adic Com@c}iov... ML Bodural Wiop @ K— R is %—’ad—h—?«d%}, ok Wit W=w®.

his yldds  {sec also (10,267}

(o) lorgllary: iR = din R .

P
Comiio.r% {ia.m‘} Hrows oK e ve%dqr t,{f amd cm.ay i ® @ N%{“jw e %oai e o

#
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. \‘Vivegjl—{%pjw_, L ol ?m?eﬁ'—}% ﬁ e Socal Naetemape ‘q'u%’ﬁ pona o m%f&bm%ﬁ and

Vice Vera,.

(o) Temese: ek ¢ RS be o bomomorphis o], Neeburian vings | M o ficke
Rowodude, and N o S-wodude which is Hak owsr K

(@) L Fe Spec (R) wibhe Nen 40, o % (Assg(V/on)) = Ascg (o) = 46,
()) G Q& hss, (MaeN), Ha = QnRe A (M), I pardindar, Qe Assg () Shar
T=QnrR e & (R).

() Assg Moy = Uy, hsspimy Assg (Wen )

FoP - o) Sime B is an icgral dowain. and NeNT NS R/p is Dok over Rip | sy mon
zero demend & Rp i wgudar o NIPN. TTaw, ASSR.{N/P&;\‘}:}Q?;&‘ a4 Q&.A&SS{:WFN)

Hn Hove is o domenk yeNVen with gy ;=8 Thon amegiy) =QnR & Asse (Ven)y=)et .
(b) L Qe sy, (MegNy. Swe M iz o Buile Kewmoduke , (8)2M hon o shodkecde primory
decomposition. ()= Lyn .. abe . Ta quobicuk modudes M= M We primary , ok is,
A&sg {Mf}m iﬁ?} aug %&R(M\}m%ﬂ,_fﬁv?‘g. Moreover, Hhare is o iddetive. K- likcar o

M W@;:f ML T Mey N —*@:; HaeN o ivﬁgﬁ%m ona ﬁk&Sg(H@}RN\} <.

UL, Ass, (MeN). This inglies ok Qe Asse (Mipy N Jor some 16 iar, Sine Assg () =47,
&m& e b Q?_'Ew& is N%.Jm-— ow. M. and ‘i'%:w;, an ﬁlakms.)m%fu.@ar o Mige N

This waplies Hak QMR < F Ccsmmmih s A&&R{,Mf}-—-—ﬁ; and M, hule , M =0
Jor howe e W, Henw ?fiﬁ;@si?\f}mO and B < QnR.

(&5 4 ASSR{V\\), Fuue Hare s e imachk Aaguang. O~ e — M, Sle N s :ﬁ.ﬁak
over T | e rguena, O — Neny ~— M@y N is xack and fi‘tsasiNijq>9- Ass (M@, N)
Guverdy , b Qe:ﬁﬁssﬂ{f“’?@gw) A in prosy. e%.{ﬂ::}, - Oy=Lin. . al. ke

Sharlesl {faf{‘ma_;% é@mk@sﬁi%@% g Aok M= M/ gm-» I&de v A Showw i ﬂ’b\}j Qe

Ass, (M@ Ky for sowne tiisr end QoR = B whare ff‘tsskiﬁf‘jmi&%‘ {owsider o chadw of
Adomodwies M= Koz i, 2 “'9*%4\:,“(0} it kéffa%_,ﬁ”:%w&' Jor souu N&&SF@_QFQ} e sz? J{iﬁa}m&s

N, M8, N2 K eNz 2 M8 N =(0) K o oale o Aubmodules of. M@y N it
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@RM/KH@RN = { Y \y@,{w wa N M@mou@r‘ As«@( (M, @ N) z Um‘ A&;ﬁ;r (Nﬁw N fnd

Q&ASSSKN W N ﬁ %@r SOvag, H}gs imm imi m,u an® \__w i‘" and (e aj-‘& (N/e: N\\

(IO.L*E)/_»%’__BPBS“{’\‘OW: el (R, w, k) be o focal MNechuvian \riu% and ™M a Auike R-wodule .

Miis flab over R and ouly i Tr (kM) =0.

?'.‘L"-{L The %umaké divechow. is %vid‘ Cﬁw\ie.r\\&i'}r} Lﬁ- im‘l {k M> C, He ‘?wa-i—- Peld
Huu@)erq\f’_ M ois 0 and M s dee (see (Ls3y).

(l&,"?‘.!)ﬁ&mo‘}rk: /Pm?osii’l'om (iﬁ.‘f@) s 'gwmf:, ‘%ﬂr G Q&ﬂéﬂ’ c&a}ﬁa &E; K- Woéuf!g 4 'E»}; {q.g‘=> i}:f_
H is Hﬁw&&ﬁdi? témﬁ XKPCU—M 'ng_ M 15 {.ﬁaj«— Cipgr FR |P cwgc; m.d\f g. mf;r— (k MB G,
Tor %W 14 {R W, k\ — {5,k Y s e local Wimp%agw_ & Aol Nocthewan hu%,a and

M i L ég—nm.h‘_ S~ Maéme.} ‘&‘ma.vg, M i we a.dmgﬂs\f \:ﬁ:;m qum}‘,w_ mm leg ;%;\ai—- O

KL and sdy oL o (kM) =0, Tais sk il be wed i Hhe Tollewring

(id&“\ﬁmm&m Leb ¢ (R, %ﬂ\‘i — (S, ie‘:) ke o focal E’mmom@r@m‘am«_ &9 tocal Neetheriaie

nv.%jg} omd wy My N o «Qm&m— wap mi_ Rl Sw—mociu.!es LN i ég_\ai— over K ke
‘%ﬁ“&:}ﬁ.\nm% Condihions @ve ﬁc:gmvo.\u}

[a,j U g m&xc%w aund Nf’u(H:} 15 ;gﬂ.id-— owr K .

{E\/‘; W M@Réﬁ — N@K;‘«L IS Wu.é&_c_yrwe_,

/‘ingf_: (m}m(b\)  Siwe lor, {R’. uLM\\i O, T s Emnﬂfcjé-ivc;.
(fb\}mb(&) Lk e M with ub-:;:O Thew @ U&.{_x)—"@ amc .’K..._O e xew M. e witl show L};
ind achion. on . thok x& "M for all ve M. Assuwe Yol e M and ld-a,, o b a

mimswal fat&qm tﬂé} %se_mmﬁnm ecﬁ TR Lﬂi—n'\! Moo Ko Z:_.ri F Y Then, O=
¥

i, oy ulyy CSiee N oo fab owre B , by

-
Z__wﬂ WC=0 ﬁm«

?‘? M&MQ%K Q«Md a-.,t::i\a A g ad-

i o EAL\;,-"_}:A_.-,J SR 'YW all ©. Siwwg a,,
Aabew ol Gamernlors o w" for al

3 Qe \& G Wumvwaﬁ‘

t“}» l‘!tm o “L‘jutw\e\i i“’ms'lf }_._9 amd
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Yt‘&mM I%\P%Yl:n% ‘uﬂﬁj‘:“ x&m““M. ‘—Egns_; JSEIDG-&D "H‘IQ}r ¥ E“im’:r\‘ﬁ 'W\WM < m.“:N MWM=@ MCE
W is ingehive. Frow. He wxack peguine. O - M 2y = Ny~ 0w oblodi,

"'&0}' —rng{uk N/MU“{ \E-n—:-Q E.Sw..u_, N s R*faﬁ— S iiD.“{’c‘Z‘.\ N/ulH g Yok owr R .
i ] 5) ki /s

(lﬂ.S“i)Com“u%: el R omd S be an tw é\b_f?e) omd LM L o %’1«{1&. S—wmodule . Sei-
T Sk = Sms omd fo~ xen aek Xex+wm $. Lok %y — e e Ml o flat-Rowsdule,
and %,

SR 45 a M@Rkum.qumc.&_,%nm_— Kiy o) Y 15 Qi M“&t_ctumc.e__ and Mj(x.,—_.;yw-)”
5 ok owr R .

'Erg_n-?_: Sekb M =M MiﬂMl’l{x‘)__,K{‘;M %3,» ligr amd E“—“M;@Kk.ﬁl— ul s M M,

denste. wulbiplicahon. ioy x;,.#f)? casusuphon Uy 15 sw&.&m and Me=M ig R-Llok .
by lose) u, is i!&&ég}ﬁ\re, ond M, s K-Bok . Conbinu

(&6.5‘2>[R¢mqg—k: “The Cowverae. bg_ (i{}.gm\} 5 also %ue_,ﬁu%— \'aj \.{1 %y, Ry S TR M-—seﬁ\smm
and Mp= My, —xeyM 5 Reblar) Haw %o 70 i ok M-sequane. and M is R-flak.
(sithouk pros))

{m.sa}”ﬁmm: Lef&— G (ﬁ}m,‘ﬂ.‘:}.-—% {&mk‘) ke a /Qam.‘l i’\bﬂum@hf&% a;?; locad N&e}@mm
fnan, Mo fidle Romedude , and N o iuile S-wodule. Acswme thak N i ok v R
“Thew dopbly (Mag ) = depll M+ deplt (WK -

Proof s fek x, o em be o waximal M‘Secimm&_. and Y, — Y ERh & Woxiwmel WMN*Mc?m.nm'
Wn% x;‘:qx(n{\) for lelag ) we wank to showr Heak Xy, =y R, Yio— Y & e wexinal MegnN-
Sequance . Slwee N s R-Hab) x/, —, ¢ s aw Meg N-swiane . Se- M5=M/£ﬁ“—-mpg}ﬁ '
Tha e r{%ssﬁ(i“g} ang MQNJ”’EKSP__}\;.S}{_H®N>”’E My@r N By (151 ¢, is N-regular and
Ny= Ny s R-flak, lousider e txack Maugng . O — N Xy N~ N -0, Sing,
#i“;ﬁﬁ{:!“l‘” l\i:}——ﬂ:}, Hoe. hequasice. O~ M @, N R MgBeN— Mg, N, =0 i teack, By (16,84

N, s Mgw%dar and ;M%’:“N/{‘gn;y;wi is "ﬁ_gj@_g__) de . (owhuue. Thus Yoy mm i Y 15 G
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Meog N -Sequane aud Ng= legy,,-.qj\,m\)w is R-Liak. Mowsver; MpgN, = MeN ol gy MG
W wain o chow Hial- cgetaw\,s,(ﬁ,;@gNi\}:O‘ @7 (to,‘-ﬂ) ‘ao.s&_g {*"%@N[Q*UP&A&(HP) Ags_s (N'E/PNt\j =3
Psg (&/MNQ‘ Slate §, v s o maxinad Nun hequence.; n e fss (Nejw N{;\) ama Herefare
he A&Ss (HSQ'RN{:) CThiy tW\FiN& Hrok- \:ie?k-&,& (M‘S ®g N_;) =0y,

(la.sq')Cﬂ.ii_ig%: Lk @-{RJka>~4(S;u,k‘> be. o Jdocal hcmmmflukm e{_ focal Neelunoi ﬁu%é
and asbume ok S ks Jlok owe B Theo

(¢) dephh S = dele. R < deplts Shus |

(By Sizs CM § and oy £ K and Yus ax CH.

g () follews howc (i0,53).

GO> 13‘}' ('09%) diwmS = dw R+ Al Shus . Than i{{ K ond SwmE are M se i S, Siue
&gini&_ K< die R ond Jc?i%. Yms £ diw S/was.3 Hue. Comverte 'go“om .

Uﬂ.S’S\) Cgmﬁo.}a Lek (le) e a -Q.oca.& MNoeMan cun \f';w% oma ”/R\ R wm- adic. Loua.g:a\eﬁ{ow Thae
{) aefww(R - 39?&_ %
6) R s M oand wly £ R s oM,

Uose) Debivction: Gonsider Hee siouwgu% Conditiows (R;) ond (8) (e ie W) of. o Noekuriau fig
(R} Re s rgidar Joe all Te spm{sa> it fPel

(S,;) aewa‘RF;, mim.{,m?,{,) Yo all Fe Spec (R)).-

Condifow (R} and (S,;:} ose colled Seme. owdihous.

(l&.gﬂ\)’?\nmﬁ: {S°> uiwmé,g helds . {%f) Hough Hal alf okod ahed Prwe ideaks ol R ave
ﬁm‘ﬁimii Fiak is, K has no twbedded "Pﬁw.e_ ‘deals.

Recall Hhak o Nuchriomn vin%? (S ted uced i K has no vowro m,‘QPe}m&— Semenks, |
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(!0.58}’?3_9?05'&%0#\: R ke o Noctheriaw ?{n%. Ko veduad f awng cwd? o (&)Mé (3:} old.

Frod " Suppose. Hhod- R is veduced. Trus for ol Pe Spec(RY ikl LP=0 Hu ving. Ry, s
reduad and ©-dimensional. thenew e is o feld and (Ro) holds. Leb Pe Spec (R) e Qny
Prwe (deal. Sing B i wduud , W zevo ideal of R & Hhe ruberechion o;ri-i-h;_ mimimal
Prime idesds of R and ol priwe ideals cf_ Ass(ﬁ\) ove waniwal . Thua éeiai—?fﬁ{pé
min { 1P, t> and {8} holds.

‘="' Suppose that (Re) and (S, hold. All associoled prime ideals o R ase wainimal
ok is, Ass(R) =1, BT is dhe Ad o minimal prime. ideals of R. By (R,) K,
is o fedd Joe all 180sv Lok &:?—iﬁu-muﬁf}.m SR s o Aemifocal

Nechier av vi;n% ef, dimemsion. O, Thus SR i Adiwiae amd E}, (Liw} SRz

Re ® - *Rep_ . By (Kg) SR s veduned . ek aeR bk a¥ao for some. M. Suppose Yhal
L0, Then =0 i SR and Hve s o £ S i to =0, lay tuplies Hhak amn{ai):{?_ar
dor il 160er. On He ober UEVER annl(a) € Upga, g P=TFu... U, & cowhadichon.
(m.m)’geﬁmz A Neethev an. fng K s colled monmal i Ry is o noowal domain for ol
fPégfm;iK\), thakis, Kp s o dowain ond i i l'wk%mﬂ? dosed e ibs Feld of quokienks .

{to.aba\)?@_mq_;k; Normal v{'m%g, heed mob o be fwk%md dowasus . Tor- Jé:xam.ﬁe., L Kis a %ie.\é}j
How K=KxK 8 o hormal h'w@ buk not o dowain .

(lO.Qi>WeQW-_ e Nm%ﬁm 'riu% K s norwmal tf. ana mi?, ’nf_? A&hs%s (R.\} siad iS;}-

Mfw"; Suppese ek R s normal and ek ’?egpmﬂ‘) be o prime ideal of M%&g_ ona .
Thew. R? 8 a hormol Neethermasw local domain @%}; dimension. u@m,'—%y (’5.%5’3 ’QP is o
DVE amd (R} holds. Momvex; dft%}waﬁ?}, win. ( LEF 2\} for wii prime ideals a;?
%%}l&-&l leb- P Spec (R} be o priwe ideal of helgd-> 2. St Ry & orwal by (550}

: fq&%, prime. ideafl of Assﬁpgiﬁpfa_i?%\f\ 8 Wikial »?or al et and &LF&?P},:Z. (SQ holds .
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Cle=" We may  Ghsume, ok (Ryw) is io;a_Q. Sina. R sakisfies (Ro) amd ts;) TKois wduad
and (0)=Pin-of whie T oo dthe wintweal primes o) K. I parbiewdar, Ass(Ry=~

AP~ T ond S=R-(Pus.. .u”ﬁ,) is the A ef NZD o R Thaw Re¢ig= Wox — x K
whoe K= QOR)=k(F) Is Ho quokent held o /e e sk show Heek R ic
i‘w\rt%mﬂsf desed in SR S‘wp;;ose Heab &peSR b 0k, bel | s l‘i/ej&%mi over K .
o all Te Spec(R) withe fbPat, Rp ks & RLR aud &Ry b is K ngudar oud
by i%_) ol omocioked priwes of 1%&3 haue w&-em.mm L bR §n_nQ,, iy o
shorkest primany decowgposition. e bR itk Q Wo-prmary | Huw Al <1 for al
eigm. B J=(O)g o, Hae FoWl for sowe i or =R Sine R, is o. DVR, ¥ie ¥R,
and Fe W Thus J =R and acbR. R i tudegrally closed b SR Thus e thewpoienis
£=(0-20,0, _ ) 'R we iR aine 2f—e, =0 St l= Te. omd ge;=0 Jor {47,

RKe=Keyx —xKe, Stwe K i local, c=i, ond K & i iu,ﬁi—c,eémﬂy dosed douwiain, .

(10.62) Tucorem: Leb ¢ (R, m)—— (S0} be a local homoworphism o focal Noeturamn. nugs
and Auppose Hhak $ s flak over K. Thew for all ie N

(2) I S sokshes (RD) (or (50} repeckively) Huow R sokisfies (R (or {S0), wspeckively ).
(B} LR and all Fher nugh Sgg RiP) for TeSpeclR) Aodishy (RO} (or (80, veapeckively ) |
Hen S dokaties (RO) (o (37), veapeckively ) -

/Pr_u;{{ (o) leb"Pe Spec(R}. Sine S is Yok over K, e s a. briwe, ideal &g 4&3/\‘%% ouer P
Choote &) Miuimaﬁf Hhal- i Qe@iaccigj} wite AaR =P amd M(@Pg>m® T ia'y; {io.‘%‘@)

J AR jAR e Mmtovu} Hee indued map EPP"(RPMSQ iz «%QL_HL%JE\; ﬁai_, _Ehf {%.éi\j N S’QL
s *&?.Jar A 1a ?P_Taig imf)hezg Hhod- &%l s Aa.&—{g%‘eg {R;) Ao dees R 1@ S fsa&{sg@'u (S(_;}
W by (0.5%) depht Sp=det R, aid R aakishes (55).

() Lo QeSpe(s) wite QAnR=P. Suppose. Hhal- K and Ho fiber rugr Sw k(P
/wi—(s.%% (R - Q<0 Huw AEPLC and Ke & m%mﬁm- Moraver, L {Frps)i< v and
’io\i SIS 3%!’?3.& s w%da_r. ’z}"?l’s"f {ﬁ;ioil‘g to e Mok MD!‘?%‘HSM Yot Kpg—Sq o
Sorain ok S i vepdor T S hokafes (RJ) Suppose. nous Heak R and dhe Lhar
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Y'\'it%)) -’s@i’i&%\a {SL} %\f {H).S"&‘} &e&:m SQ-“-'“—- ée?;%L’RQ -+ C;EF%‘&,{SQJ’FSQ\}}; Mf%.{mgﬁ)*— W&iw (WPSJ'L‘>?;
in (AP Lo, ) = i (8HQ, ) by G09) . S sakishes (8). |
UO.&B) ﬁomﬁm&? leb (RIMB be o locad NecHenan. h’w% GM.C{:Q v w-adic Cam.gp'icﬁoﬁ.”ﬂum .
&y ¥ R s morwmad | K is nonual .

{b) 1{’.%:’: is 'm:lmx;\) R o edued.

Uo.b#) Remark : {a) Tn Gieral, Hhe Guvere o (19.62) i Jalse T ase ramples of local
Noctheriau. worwal viuges R hose complebion R is wok veduud . On 4o offar hasd | Hoe
Gnvere of (1042) ks dng for .Qa,%,,_ dons of. tocal Nuckluriam. Angs, o rauple iL R s
He focolization P o %‘uﬁd\f gheabed algdbros ore- o bield (or guer 2y Hhe comveny of.
(10.63) holds .

(B) So dar e euly aiscussed  praperkies of wings tohich descad— frow, Heo wmplekiou ‘o
e riag . There axe | Mowever; o properties whicde ascuk bukdo ok neussarly desid, Tor
ﬁ&i&miz,%e., LR e o fbal v tkg whide bar o camouical module , 4o &m%.mrm e,
ool CH-rings R whide, foil 4o e @ cononical wodule buk B aducks o
amomcal  iwodude . |



