A{ Fﬁm?c C«VJLS

We ﬁ‘r;-é ﬁx Somne notution. k s a -ﬁe/ol (’PoSSl'L/y uet aé da:ea(), Mol Smpmd',‘ o(euo‘/E.S 7¢< (_'a.‘{edvcvy
of  sweotl, PNJec‘é'Ve varleties over k. A variely leve is fiken t e a SePa.m.{eol reduced  sclewa
o‘f -ﬁu;e +yPe Ta ?«rﬁ'cu/ar we do )w'f Qassuie irmc[uu'é[g.

So vow /c'f X Ag " S'mPro\"k, 72:( ﬁl’ou_f o-ﬁ Cycé_s z (X) s 7%( 76“&: Qéeﬁw aw«f Jehun‘l:o[ Ly
ievedueille  subuarieties o X. Au a/;c/m'u'c Cyc/c is e o formal sww a-f sueh irreducible suémrk[{es,
aud ig eack Suuma«-l has  The  samee aomems:‘o-vt' ¢, we Say He Cycle has  codinension ¢ T
swLame o-ﬁ a” Su.cL Cyclcs s deuo‘!u:l Z‘(X), c,.car[ y  we have :

Z(xX) = @ Z2°(X).

Ex:

1) Zl(x) s e roup o divisers  Div (X)

2) Zdimx(X) are f.-u:ﬁ -forwai Suwms a-?' Poiw'(‘x. We Con assigu  a ree 'fa oL ‘Paiu'(’ PGX
by [k(p):kl=degp), whick gives o Z-lwar  fuschon  Z™¥00 — Z by
ZonaPu 7 Towadeq(pd. IE kek, fhn  deg(pd:l (See Pop. £:21 i 3264 « All That).

3) If YeX is  a subschome, we can  defuc an  offetive cyele in ZO). Deuste by ¥, .., %
Tte irvecucible compowcés of Y, aud ;= leu%‘(’lﬂ- Oy, y; . Then YD =T, Vi is  whed we wauf

Sowa. 'Hniua; you  Cam Ao:

* Producks 2 2O x 2(Y) — 2 (XxY) by (VW) = VxW. T do ot ik Hhis is iujeckive or

swr‘du-kve. alwost  ever.

‘ P"-SL 'rwwanl: I-{ -F= X=>Y s « Prope t«or}:l:‘su\ °'£ k- vari i€s, a»wl Zc X 15 an )rrcaluc«"/e
sbuariety, set  deg (Z/4(ED t e [k(D): @] i dmZ e d D aud O oMurwise.
TL—‘M #'l- w;akwua‘l’ ‘&(Z) = Je (2/-?(%\\ ‘P(Z) <X4'-«a!s [-'uur[y "Lo -3 Zwt«omorplv'ﬂ« ‘fy: ZOO"‘Z(Y)
(wLicL is Jean.t 2ero w.r.'f. 'M( emi»‘a\

* I‘{tfiéc‘f"wl: I'f foe SuLva.rie‘ﬁes V aud W x 'm-krsu'l ‘ILmsuerSa.l[Y a/o”j Z) Hen we  Caum euS;a“ 'me
an ')u{u‘sechm mwl{ipliai-/y:

X o
) = 2 O e (Tor, ™2 (042, G,

TL.M 'ﬂu in'écrsecfiau Pmcluc{ is V-W = % L(V-W}'Z_ob Z“ ) wLLhL 2,( amne 'ﬂ« SeLLvaric’['ies w.akin:] “P
Vf\\A) /Uo‘l’c 't‘L, L?Lu' T’T“S are Zero n 'ﬂw. CoLu.‘— Macaa.[ay casz, So ‘ﬁ<¢, d?%o,f‘ ‘éms

are  "correctipn terms".

. Pwu bu.cL L& f x-.° y Le a un.or):liscu h SMPIDJ © au.J [g‘{' ZC Y L¢ oL Su-Lvuric‘\ty. TA:. qrup‘ /} o-ﬁ
7£ is a S‘uévuric“{y of XxY. T H4 Me‘é‘ XxZ 'lLVMMal[}’, we  set £* Z = Pua ( F,,e e (Xx Z)\ . ﬁ
‘JE is -ﬂ[a+l 7%...,1 f‘/Z) = 78"['2), MJ 7%;.\‘ Jeﬁm fenr Clom  le exéwlea’ /mmr/y 'I% cyc/.,-s.

’ Cof"f-spmtlcuca: A wrNSpmeea P X b Y is a aele i XY, Givew o comspmalwce A, i+ oack
on cyole,s W X viat ] 1

A = R (A-(Tx)) e 25 (),
whore  Te2'00, Ae ZE(xxN), dedimX. Mk t-d is caled fhe degree  oF A



/Uo‘[' ae// af Hese are always Je—ﬂw}, e_sFecia//y £ te cycles rz-.Presux( siwéular varietes.  The dea s

Hew to  coarsen  Z(X) by  some eguvalence  relafion, o Hud by c&mshg representiting fhe above are
always  defived o eguivaleuce  classes.

Deb: Au cpuivalence relebion ~ on ZOO is  called odepuate i b reshickd b SuPrj, it sedshs
1 Coan.'k“e with ‘Hw. ?moliué awd aJelf‘f{m,

D) ik ZNO X, Hun ZXY O in Z(XxY) fr ol Y,

) if 2,70 awd Z0Z, s defued, Tun  Zir2, ~O,

Q) f 20 on XY, Hun P () %0 on X

5) givm Z,W., ...JWSG Z(\Q, theve is Z,~Z SML ‘f‘lwc[‘ Z/-Wi s Je-?\'w.t! -fcrf‘ eucL L.

l"(mliug s‘u_cL an e.zuiua/wce relefion N, we Se:(' CN (X‘) = Z(Xs/‘z'v(x\ ) wLu-L Z.\,bd cousists
o-g C}’Cles CZuivmlu:" ’{'3 ero. ﬂl_sg are a-f Course clusw So +La:[' 'hL_ -ﬁ:[[owﬁq Ieuu«.a, Lguﬂ-‘

lemma: For ~ aan aJeguafe cﬁufua_[eute relbofion , Xe S'MPNU' e

1) C.) s a n‘.a wder iwtersection

2) fo-r amy 1 X~ Y SMPNJ“' , The maps f* a -»P,, induce Aomomr,:[i.rm.s 'f,: CU(X) — CMG’),
sl ‘JP*: Ca(N— C. D, He  loatler a mof‘PL:'s;M of mJa’ rieyg,

3) a corrt.sPemlmcf. o-le olearce. r ivduces Ay Ci, (N — CL:_:, W, awal cgu?vq,lm'\('
correspondences indece  The  Same Ay,

We will wow  diseuss  various }mPer—l'm-l abujvu[wce relotioes.

Ro:gawaj E%uivulg&_

TLES is o 3wm.kza:[’fov\ o£ ‘H«. cln.ssicq,( ,iw.a.l‘ egu&vw\mc@ o—g divisors, Le‘[’ ch be awm
irreducible 5mbmr'\e'{',\/ of  codimeusion (-l. For o Fuuetion 196 K (Y)X, Herun div (-ﬁ) s &
of codimeusion ¢ s owd  we Say by defiuition Zim{f (XY g WM by such cycles.
Explieitly, o codimension ( cycle 2 oy O M Here s o fiuide  colleckion of pairs  (Yu,£)
such et Z =2 div (‘K’g)

cyele

Av\ e(buiva,lu«:l’ but ?erhps wore %cwm:‘fric defiuition s as Lollows.  Twe cycles Vo auwd Vi are
gid 4t ke rudiowally e guivalewt % e 18 o cyde W oow P'XX,  wot comtuined in ouny
Dloar §ExX, such  tet WA (16IxX) - WA(HEIEX) = A, - A, Peforally:

@ f/ ;v. We  Hew  defive ‘l’L.. Clow growps  as C,H': (X) = —&i(x)/z:‘d o),
:m% o, | CHOO= @) (= CaG). While ove o defive s
7 4 !

v -gw* oy Varlc‘{‘y N 'I'P' we  resh ic:& + Sw:Pm"d ©
'\‘k loe comes am a.:l.etbuu. e ezbutivm\ euce relotion.

o ©

t Tlheorem :
Noke ' Wy le wake sewse iw D I Xe gv\'Pro'Jk, _‘—L&k\- C H(X\ is o Commuctechive %«uleal rivé
S"“(Pﬂdu,l. wnder iwtersection ":maucf,

2) -l-‘)' -Y—X—=V is o wuaf‘PLisw\ w SMPN'AK, Hoan TF* 18 a

%nulei r%wa leowomorplitin ,  oued —E* a 8m)al group Lowo worp Lisw o deauc dimY - dim X |

3) 1—?— X,Ye gw\'Pm;‘k_J ‘l‘LM Z€Cor1‘em;§ (X,*/) 'wwlu(gs o 3mu1; anowar?l.‘.sm o-? J:avcg e,

) ig‘ Y —>X s a cloScal_ emLanug and  § X-VU X, o we  have  an
CHY (N — et 45 cHi) — 0.

5) Tle ?Njeckm Pu: XXxA" = X induces  au  Isomorplism P;"-’CH‘.(X) LC'.l-li()(»‘l\k)

QXALL‘{ Seﬁu.zu&



Fulton aw[m[/y proves ﬂis withouct Pro,ur%y 5 (T quess ke  doesut ik its r?;H?), His coustruckion
o-? 'H.L iwtersechion Pm&uqt is anc{wz[[y s[iaL{‘/ befen.

AL%!.L:MIc E%uivq.\awcz_

Suupfos‘m% ek X s swootfl, ‘PN&&C“[M, we cam ftylu: TPl by any Sluoo‘fL irre.Ju.r.«'L{e curve. C
i tHe gecond  defivition o—£ ratiouel ezuiv«lwce. ’Do'tua S0, we  arrive oct o.ly.lmxic, esu?va[e,u.(e

As o e_xamP{; o£ l,,ow ‘H,ds 1S Coorser, no‘(‘e any m{l‘um\ly EJBuqulw'{' cyclg/s e
J?Lmiaﬂy e}bu}vale,vc[’ \oy "lcan.w-é C=P‘. ]-o-r _HAL Cowvense '\g- E is cun eﬂirtl'c'c, curve
MOL Q,lo ore d,lsjc'u«d' Fo‘wcks) “,'LMA Z fcb-lo Oé‘m-\; (@) as %(E\: i Howcvtr, 't'u,/uua C‘E
amd W=Ac EXE,| e see Hetd Z ango

SM&SL Nz]po‘(m‘{ Equ(ua’wc't

éaa'm Xe gw\’Pfodu. UFo—r ~ Var:’e-fy X oud a Cyc/e Z on X, we set X" = X x-x X M‘[
"= Z_X‘-‘x Z.

DL-IZ" Z~g0 'n-? aml owly 3-‘?' Z“’Vm-(vo om X“ -ﬁw* Sowe ?osi'ﬁ'm .'u".lea,u‘ n.

,PNP: gm'a-/\/-"po‘\[w‘{ e uiuq,leu,c_g is  om aalezux{g euiwcleuce, f‘c[a:{ian. Iu\ «Pur'[fcu,[af

Z@f()ﬂ = §2eZDV| 2~p0% s a SuJoéwa ot Z00.,

qu, f’m°:'? o—ﬁ 'fLLS -,fouc,ws —)Prvvvu ‘HA.L —Fa.c:{ 'h{c.u?l ro.-tl[nua,/ eﬁui v;lm is aolez.m:!e,
An .lI/wPo'r‘&wv\?" cow»?eu*'movx result s ‘[‘LL -?ollowiuaf

|TLM (Voigiu - Voevedsly): ZLAL} ()OO. C -Z,LQ ()0&,

We. wx'ua\& Prove 'Hn‘ls locl‘a‘ 7

chw log\ui F%uivvjem

/—/erf..) /c+ F b a ﬂ'e[a’ o-)e Clamc'léri.ﬂlfc, -Zt/‘o, a,w[ Gr‘ Vec‘llF be 7“( Ca:{eaa-ry o-£
ara_o,;wt 1Pol V{c_‘\ldf‘ SF«C&S sver F

M’_: A Weil COLOW(oay ‘Haory is o -{-’mc(’a-f‘ H3 SM’PNS;? — Gr\’u:l'p wL:cL Qu.‘l':s-eic,s'.
1) Tlere is  « arwleal s’ufor%ommwéc Twe cup Pfceluf(' e H(’Q"H()‘)—* H(XS;
Zj poiu.cunf Awuli‘{’_y (“’mce g0t (r: sz (X\):“*F) ond. ?or-fu:(' ?edriv-g Hlx Hu\-‘ - l-lul 5 F),
3) Kot frmesd Llds: HOOBHN) B2 YUxxy) s n geeded  icomorplise,
) Cyc(v. weps C{x CHY () — HZC(X\ which  satisPy:
c Yo, = bt s Fyolli = o fy Ffor EXDY ik SuPu
. dx(uﬂ = O(x(ot\ ) cfx(‘ﬂ) wlare 4 is iu&rsaiim. ?rozludj(. .
* Tro dP = S fo'-'A:(fs P As  wobdion, wrte A‘ (X) = 1“("&) = Htla (X\
’ \A)ecxlc Le—?—gc z- '.1 Hd”)( is a Swoo‘fL Lv?u‘?[mq_ Stc'hsv\, 'bL« H(‘()Q'AH'(H)
15 om  isomorphisn i i <dl oud injectie if izd-l, wd _ '
! l‘%(wol Leg—sbLa:Lz: L(oﬂ = XV C—ex(H\) ]wolucc.s isouor\:Lisw.s L'M'- H&-L(X) — Ho\“(x\)
or 04itd.



Sowe examP\es are o—?— course *
1) T clar@@ =0  keq:
¢ Be:&i CoLcmoloay'- H.BC)Q = H.Siua )
* de Rhawn Hig(Xau; €) .
© agpbraic de Rhaw:  Hig () = H" (X, Qg )
2) E 7Lwl¢ ao[\om/on, Recall :
He (X, Zy) = ‘ll_w H et (X;, z/lkz)
HulXz, Q) = Hylx, 2) & Oy
3) Crys‘{:muiuc coLow\oay (t.@ ke s perfec{\,

tDe#: ]:,‘x o \A)eil doL.om(as\/ -ﬂuwy w’u‘HA cycle wap c{x_ TL:.M o cycle. (33
‘Aomloz‘\u(uy ecbuivmlm+ + ZzeAfo, Z ’VI.MO \X—Q C6((?J =0.

No"?, Het a ?riori, “i\xis dz'wwls ow ‘HN, Weil w(aowoloay ‘l»'Lwry

N Wmeri caJ Eq\vuivu.leue,

Def: Let Xeé SuProj,, for ZeZ'OO  we say 2 YO i e cvery We Z"'"(x) such
'H.«A Z\A) s d&w\, o\eé(%'wx=o.

We have 'Hu. —eouowi us re lu'l’fws

Lewmme ® : !
D 25,00 € 2l
Z\ ZL® (X) C ZLM‘M (X\)
'b) ZLkom (X) < Ziuu-wn (x)

P:‘,_,,&:
W TE Vo-Vi =y (We (85 TE)XX) |, Hew

Ly (Vo- V) = Px* (o?m (W) v (Cf{u‘ (axX) - JX,‘C U‘”‘XXB

@ Nebe i 2" Vet O, o dn (Z) = 4, (D @@ £ (D) e K™ (X", Swce W eydle
waps  were  defied o Clow groups, Ly (?) =0.

G I¥ (D=0, tua o(f_a (W)= T (edy(zw)) = Tr(c (Dol (WN=0. @

’ CU"\“KCLLVL (CﬂW!CC{'uFL 'D(X% : I:' k= Z, 'Hu.«\ Z ‘lmwl (X3 = Z:Luuua (K\

/(uowu 4 be frue 7Par divisors (i< ) in  all  characteric €S, in charactristic Zero  its  also  hwowu
n CoJimmeou Z, QMJ is ‘fr‘uL "ﬁf ﬂr‘ﬁ/ﬁm Varie'f/'es. We odso  kuow:

Theorew - I k:Z, ‘Hu.u /Vm‘.(X)@= cui.,.w()O@zﬁ is a fd  veder Space with  diwcension
2 b, 00 = diw o, HC (X).

Auo'er iMPor‘['m‘l’ c«wﬁec‘h& st



Canéer:‘:\wc. (\foe.vw\s‘tﬂi I-ﬁ IL=Z, 'H«ua. Z; (X} < Z»Lv.u OO.

Na'[’e. while Cou;}ecl'm D would  make lmowo{oaiwl €zu.ivu.[auce iu&peu)uq(' c‘?’ Wil co',wwo(oay -H,ury, "ft..‘s
conjecture 1 already  iudependent  amd iwmplies caudec(’ave O Sor all Wl CoLemloay tHeories.

IK cmlu.sim "i«.«ﬁ
Z a0 ¢ Zhy ) € 2l € T € 2000

over Q° i i .
Z:lab‘\)h < Z°® (X}Q_ < -Ztl,u,m (.X) Y < ‘zcvw»wx (X) O

— N
er?cc‘f«l eﬁuAL‘{'y in [L:'Z
Ou ‘H«.. o'Hagr LauA J i‘(‘(s aﬂbam&\y Pfovm)olt ‘fta'l’ ra:{:::—mj e,”uivdwce is ﬂ/. -ﬁ:‘ues-! Y‘t,[a._‘;l’o'w.
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