lekue 6 deived Row-ovpe omd VWikual Carbier divisors.

§4. A QUK veniom o Qi Bow ups  \m O%Qlo\rait. %f_ouﬂxca
fs waxm-up, necall m—?ﬁom@% proftier o Bew ops:
SeHtwd: X Qolly Nooklemow sdawe .
LT quai -wamt deof of \deoly.
7 % - BQ’V(_I)(X) —> X Blow op 0§ X wih @de m V(L.
Them:

@ 7 s ‘o> T wvakiole Muod om X
(D 7 an proper
(%)

= 2
Z;Tclx’ ZQomQBaNeel'h. Z BQ’V(ISE) ) —» X

=> §= :;('x.yxz (%W\Q:.\é Lmder bare dt.nu.aq_)
‘T imdnes au Vsonuanplisu 77 (X AV(I)) = X \W(T).

¢ X s imtegral | them X is 'tmfc%\u.Q oud 7w w bivakionel (I?é‘b).
UM’.UU«MQ- bvotﬁnka:

P;’_PP: f. W > ¥ monrbxsm betweam QOmQQa NeeXkenan Sderues .
L quai-colent sheof of deals W X, 8=(G"2)9y < Oy .
LQ,JC T X= BR’V(I)CX) —» X .
9;\><L= BQICS)QW)—»W. @LSZ
= 31 $: W =X aacde thak L e omwd,
. -\ WHX %‘ d
| Co———-"QQ'Q“"Q: g (5 )9 =T s imvakibe. ¥ W2 X

L] Q (¥
= W=W by (1) dowe , angd s0 3! %:W“)X”'M J;\s)l;—
Geowdnic nefmasing: 2= V(T)ew x . %
F: W — X, /I?AMK}’ §7(E) v (sdune M“M“‘%QG)
an eedue Cakien divisorin W, them ' 31 W— X over X,
monpuew +  aud pilove O nfaom%@t Vi vaxal W&a,-)
82. Quau Araosth  \Mameuioms .

We. bQ&‘W\ with the oyl defiuflom: of oorse the def make rcuse ewn for f=0
::h__fle: A mauustakiue ’ULMé} fe A Q.(uom zew)d?ﬂ.;uuﬂ.

4 0

Nde:  HolK($) = A 5 HaCKI®) = Anng (8) = ken(A DAY H;(KH(‘H%:?}”
Twe Runeank + o re%u\cur. (mA) = Kﬂ({’.) ~ A/.{: Lol <= H'.,(K'q'(-f-]):o

1% 0.
Quem Qunuds $4, % €A, waite KPR 5 ) Sor the temsor brodud :



P
Expalatdy : K? (S, %) $ne A-nucdels,iso to A (A®PY)
Pf__QP'- 3%, for 0L &, acisr, £ s mk o 200 divieor \m A/ ‘
p’_’ C'?'i-; -)g':..-'t) g
them, HP(K (4“__,-?,)) =0 o p>o
(& KPE, —f > Afy g 001),
R ( Serve, Lol Algora o Bedhelot tn S64 6) The wmiee to fu obae
stofement Lolds ¢ A is Noctheviost oud the §.'s b&)m% to the acdial of &
FOQ@;O(D'\M% DA 6, we sy Llet de rQuene ia m.qum. & KF}@?.,-—, ) b amdic
i positive dnﬁms.
We alio meed 1o neca®® h%mu%
Peop ( Sewne, Qocal QQﬂqbrq,) IV.2). Suppose Buak A is Neexh., thok the £i ove
WM the acdil of A oud Yok e siquema (£, —50) s ngolar.
Then KO8, —, &) V6 @ free oolafion & A, 6,), ond tews, A A-Hodule
M (mor meenaiily Q@’czﬂﬁ %mmg.&ed) we fawe -
Torl” (Ads, —60y M) = Hi ( KA(s,—, SO®M).
gm OM U)OVd'C"'J KH('QIJ"';'Q\’)®RH = % MQ}/_z'cY‘@ALLM-

Jon %QMMDQ-; (ousidar mow o Aquamce $s, —, 8 1A Cude aue Va%uQm.).
This  datevumer o msodhagm  ZCTo,—, Ted - A, Tie>SL.

The Koszdd omplex \AAC%,_,%) s them q.150 B

L (A ok

A@ Z[Tu—-—,—fv ]/(.T i ) T, — 0y »

. ZET)-—-—-;Tf] “ ! g * (¥ WP,% M&\,md_
e(QO‘de, UQU‘LOM o Z (_.L_._.\; X (Qp&d ‘\MWWOM 02 &MW% ) " ZE-{, —, T —1)

DR L megelor 9 ks deol ) deRiition T € Oy b (Zuisk )-Rowly
%f.mcamied Bé oL n%um LOULLUCL .

Comsoqum\«m: ’3/,39_ (—_—_—:Nz/x ) @)@Q@S Lo o€ vamk = m(:-. Cod.irmXLZ))
We, py Bek D &% % i om Rective Carkien Sivisor & 1 b a Wi%tﬂwb
Imovmeion 42 mch  tuak {SD/{J?I—) 7 Qomﬂ.?.d L of r0ukK =4,

Rk for o mguor \mumerian 2> X, we fase Lz/x = Ng, [

e comn nebrundke the doove dinuassion m the Prawemok of  derived &ﬂ%mc
%Qonuﬂ)% ay Lllows:

iOP: WE e X 4a m%uf?.oaz. M oeuLom L ZaniskKi Qamﬂg om X

‘L r \LF i homotohy. reion wm DS . 5
{0} — ¥ Oncol (§1,= %) Spec®) DA
Tl  Lii0 i - A -3 NP2 RN _Z, f“é.,ﬂ,n {\



Rl“_K an VG%HQQ% Iommmeioms oud.  ow Ups:

X .roo@-d No&huiom%sgw&, 2y X ugulor \mmewion. (can veplace. QanQg

~ & ol - Noekls. b

K= BQ’Z (X). Them X Wiam sokisfion: quucs & L

Ly Z'.= Fi xxz, Them Z'g (P(Ng/x) s Quady q-szp., providea

Cim podiolor, & Nz fee of vauk d, Z'= (Pz ). s‘cno"%evﬁo;hgﬁ
aglasidy (SR b))

We oxe mow necdy to extend the motion of neguloityto tue dtived seHiua.
A e SCumg . Lk $4,..,8  be chwads of A (ie. £ aw pouds 92—)
e oMLy sk ).
We <ok e e "
J Alisy = A,égz[ﬂ ZU(1), o SCRung
. Y T ;
Ao umanljog A -wodute, we Rove  Ap = Gt (A T5A)
(= homstopy oo im Mody )|

AN A ﬁl)/—\ -—>A//C¢_) L
: \ Squuce (Sable cak )
o spawy..- ). &P
Move dmually , deime te SCRL A/ ba A i Z({7 —Te]
Ulg N% ‘/(‘Ci, == ~¢( ) 3 (@ZETV _— "[',r] _C*E;T'i})

(where e tuop Z4T, e W) Qe bé T sy ),
R/ Eamplen: 4) We Loue ol A4 =, 5e)) 2 molRY/4,, —, 40).
2) We foue bmdarlying  onodurle - A//(%_,;r)"é @/41)®:(%2) ®i-®LL(A//£,)
3) Soppose £=0. Them /'Vw)= Cnf-'(_;ic OA) » AGAM)
0

A disoete
§) Soprose A disude. Tuem Ay v KA _ 1,
(%4, —. %) eA =) & J:
00 nuodule

B =7 T (A8 -, 8) = Ho CKP (6 ) = A/le — ).
\he wanuu. (gi.-—;{rﬁ‘ﬁ rﬂ%UbeV = A/({:”__),Q,) 'S Oloeke , qm iso
B Ale 5 10k,
Dl g Z e ¥ Boed imoukom of deuved schames. (veall: we Love  Seau
ia Sdue L Kok Z % wotplism of deived  schenuss s o Uostd
embiddiony (=Y Z, o o sed anbedding 0% Rassicll sdaus )

We ray thak L in quaik — sweoctk ' 3, Zausk Qoally om X o mwab
$: %X —=>A" w Dsdu

aud o sguae Zz ey wlida (s ,Q(M'(o]) (afesiam
\L LI; m DS, .
{03 Bt Ak

E%mﬂm%a, Locally em X | Z is o 4o R At _ 80y -
Koy emank: 10 ot ¥ aud 2 ax Canal, them 122 <> X s g swedtl

et ikl an rameDaw Osasleaddlaa  im o dacsicoll =enze.



Ore an proe 4o Soloting proosition :
bt g 223 ek Tsitiay J doived Sleing. Thu 4 Ts oued sk,
& L F1 (Shisted congaak omlex) ir o Loally free Oz -moduls of
fante ramk.
$ehch: i@ L Z > X e quan sk, b Lz 2 T Lpwn (Zaiski -Qoally)
( sha He rquai s @desan) => ok ak Lpv/eg FA =Ny e = Y2
is (Looy)free of tawk = .
G:mue;tzfoied, soppse L 7/ Ve fee of vauk . ~> amome K= Spec(A), 2=Spec(B)
Laig™s B Lok ot mo(A) —m®).
FieGFo(A =)y o map B@UFL L Lgp ( Tam 7LA4 Lovie WA, )
%W" . R"DU?@;F) = T(lgp), iso o 7, (B) muoduly.

g C Pop. 25264 SAG).

Q% $4,—, 00 €A &~ ok, —, aly Quaradors (4vee bé ssowstion )
=7 Coum LooK ak A/(C. ol (—-g%- R, ‘lud.udu.g S0 ou 7Tq.
Bg HA. Cor 7434, Wwougu o show L Z0. v fvee of vauk=w

Thieg Selluggs, Segtne A, e ® 8 —lgy — Lg =+
g ._,_\\'_’__ A

?v;_éf vaulk = W o L‘PEO'

C-A-NQ-M 'HUL \)m‘\ous PMWS‘\*LDN, Wwe wout MD-KC —H'_Q _%ugm'u% diginl’(wm .

D__%Q: We d.Q;Qiﬁ'\Q )\]z/*:= ‘CZ/% ["l] "%.?’( Q..‘.(-lé C‘MS;‘SWLL Q.\ulotdd.;—l-\-%t 2 L'D”x
B s ey fee of fuute vaumk =W = vinrwal wdimwrsion of 2 \w X,
Nzjy s defiued o be He onovud® sweed of 2 m ¥.

Rc_v_v\.:K-. (1) I Rosswol OQ%L\::YQ:&.C. gmrud'\ré, Hee 4t o oxawple o vealaz cau)aedd.i:.g
it qeollowm%:
B X Y ouongliswe of fldte Ty of raular sdrewes. y Zisk
Them £ W o bul wmpleie ‘\m’(w«.ckiom, "o. ¥ au be fadoved , Qﬂxaﬂ.\é, om X
(Qm XC—L—"’Z_S’")YrM Lis a regdar \nnmennomowﬁ%ls Sauodtly.
>

Andeed + Loy § ou be fadured an X iy i Ao Ly Gty
Bota X, /Ah'y v 'wg)o\o.v by amomplion => Lse He ?o((ou‘u.;g Rasic Comm.cﬂgebn.
lemma: (A o) ugolar Sl riags Nedlerion.
T CA ‘deal. uppose A/p & regdav. Taem T e geuuaied by

v Ruuads of o Gl systewm of pamawdon for A, whaw 2= o\inuAA
—di .
Comseguiemce - amy Posed \manatiom betaeem ru%u\o.k schenues o,

Ad e Rar \ommeanom .
() Bok o DSw. Soppose X, Z o swootle over somwe base S.
C vecalls A B SCRwmgy, B A-cﬂ%e‘ava. of Llute prowduiom. We sayy
Veat B s swcdle cva A & Lpjy o Swvedy an ¥ PVQ'\‘?-C&%)-



So, ¥ Lowd 2 ane oot ovr sowme S, KooK ak
" g
F e
= Z <9 KX quos swaotly.
(3) Towpskamt rewak: Ha vukual odiwension s stalde Ymder Qﬂdﬁml.g poll ks
(His fdlows from the sty of Lz vmda pollbacks ). Note tuak
twis is NoT twe e ot ual motom o odimensiom.

MLy —>Lge —>dzy

cDSdo. We wall DD X o Vidoal Cakier divisor (eHeckiv)

% p v a quast swootle meedcifwa o vukuol wdlmensiom = A

P wodimm.uie(Z, 1) 7 wodim (22 1L) (G0 % Locally Nocthaiom )

Ex . Qmé Hedive. Ckix divisov s o Ze vidwal Cadien divicor.

2 2. Blow ops revioited .

We beaim £ronu %a_mm::kim of ke duvicor Uimg owr @ quos swuodic Cl.ﬂazdd‘.;g
Zoes X o A vidual (okiat didsor D om S e (Z,%) s

q- oot . D5 commutakive  dicgain
£:5 =X oy Q= 9l K
X s
sodwe tuak: L

) DesS v Vea? Cakier divisor om S
) The uwm%‘w% SGUASE Q¥ s Cariesiam
) The amamiad® wap %*/NZ/% —>Np/e s sorjediie om o,
28 X,2,8 o ool oud @ £7(2) b o Carti divisor D ow S
Y thamn D <58 W a%o o Vuduol Cotkier divisor Q‘B"‘“a ool (Z,%) ‘m Y obove sase
2) & Qs CGadesiam, them g'Ng/p 2 Npjg by msuudrion). This foues
the viduel wdimr. 0% Zm ¥ 4o be Ma =4 (2 o Catioe divisor im L),
E-QU“-\QQ“-‘-{T (iD_quﬁJJc‘mn ek E)Z:r_ S Xi Z . W
Them Deaes%S s qu\-QQﬂMW-a the dafonn of amap D >S5Sz sodw
twkt De— Sz 2O  exilbpits D o Yan ik aek Cottien davisor ou S
stk DY 2 Sci_' om0\ 5ij593‘\»% L\*}\]S&/S _“>'ND/S outo (ou 7o )|
& Lpysy s t-omedd  (T(Lp,)ae tsa),

We mow defwe a Maw 0% Caxkiwr diuisors Qﬂi"% o (Z,%), fondonal W O
6“'-\3"0‘6- st (omsteoctom:
Du/  =o0-Gk of Dicears W —>Sz
F-

3



dnside Dsd,jg/sz , wmSidar  sulospace S‘D& Sz | Gub( kW NSZ/S-—)ND/S )i

\ _ D%, Sgl S A - (ommeded
& lk's wok om offe dwoder X =SpecCR) S = 5pec (R),

Z= Spec(B)

Vlarkg (RY = Sobealegpry of (Modg/(m 8y (R®B stmas R-woduts)
U tuak :

Hovpm.ws W VG 8 (R) equluaﬁmm

Ojeds - wmaps b L R®A B sode Mk

W) 7mell) = (R B)

i) L-CL/R)Y'EI‘QV& of rauk =4

Noke thak 0@ couditions axe Sdde omder baxe 2

= Do o % sobsheol o Dsdu/g . Gl sodo 3"5 E@z/ e w
duuved  stack. *
Blom: Dodv/y —r S, (5—»{)%'@22/ (5-9%],

The S- folmts are preasdy Vikiwal Gonkier divisors %51"5 o (2,%).

Thm (3 Blz/y 15 sdeekic Cie. is o carived scuowe )

(4) BQZ/% —> X & sthlde vmdu deawwed base daupe  (cfe widi ou.w
(it) Thox s a omomal  dosed \manerurom P (N

2/%) dassicol sause )

5 R
(Re Bow vps oloud g oy tmmmm&) Z/%tme
The  cheme 'PZ(-Ni/%’.) e the  Lavevel Codwu. davisor Qﬂwﬂ o, (Z,%).

(Eu) T BQ‘Z/% —3 X T8 prvaper aug, ?)Q - [P (MZ/%) 2 XK -2,

Q. z 57 egolor dosed \wmamrension of Cassical scuaen
¥ O =X dassical | the  seks Hom (9, EQ,‘* ) ~ey § Wikl Gk
oSV AT lmje.c;hnm Sclu/ dunisors C‘d‘“"ﬂ over (2 ?\ﬂ

‘Onvend  propaty fo e dossied bw o

m

X=3px(A) dassical (NoeXhaiom ) sdeme . "
Z - %pQC. LA/I. ), . (‘c], — "'r ) Adeall . S A/(-g“_-,ﬁy ‘) = A® ZLT‘_;&T\«)

Z[1)
A/ 0 00 )) 7 Spi(A) quest suookl oy awy L.

~ LN
BQ(AM‘.—.Q)/(A) % SpeclA) x (%{0}//&\.)

/A“" This s te fﬂh!:.\'lufh.m



The  bio & e existence o¥ B@Z/x qges oy Jouning Cocl dumks.

Gl W W

Alime dhok: 4<wswn , Ag= ZLTls sy T/t 0 T
> Dt WA ) e s o= Spec(A, )

! !

{0} =Spe( 201~ Ty 1)) s A"
Dk 5 o vt Cavbiox divisor Quivg ovar (A" {0}).
By Owv. pjally of = BQ'(OB/%\“’ , Douap Y Y ©wvesfouding to Dy
D Ye = dawed sobstack of Y e by “tle Uuage o Y
Move predisdy, womsida 4o  sdoslual of VY,

gve by
3 I 1.9 bobﬁlaﬂ.ng %‘\u},u_(a.é "
J, vL MeoAple Swms fackaring *b.u.&b., "bpe.c(AK\-—?/A,
Dy - SPU‘(A%/TV_) — Opee(Ag) such thet @) i homa’topa Cavtesaw .
L
{0y — A"

Rok: 9 = Spe(RY, §: S — A% < (&, -,%) e 4R
S — Shx(Ar) - S (27T, —, Tw)

('E'\;-—-,‘q'w ) > ZET“ ity Th..] —%ZET[/TK.' — TK] -5 RJ
Thow  D=shec(Rye ). Ta e

CQE‘_"—‘—.E: YK = SPGC(_ng

L@-’“:”l’“&: The Yoy (Y, ¢ 5Y), defiues o Zakek: otlar Son the denveh
stack 7 Cia. Yy =Y s on diective e\ of sheaver € spacm).



