
wenofi 6me l" ]uo pnpevhu al sthpnol, ot mlher o( Marph$nr beh,ueo n rhemta, &lat.h Loff?rloncl +o
wcll-kttown onpzrhu'ol- o".hnaw knoloqti l  rpqet s.para+ednat ! 'ote4pDndstt t l le Hand or( axion for
a lupoloqrral spad. Pnpp'a1q% uraiponls f frn "rr11 t'lola4 ol Ptopetncotj namelq tfu pv2tap i4taqe tf o- t+m7acl
scl 

' r  
LoJmpaiL l lowevet t tu wud .tehnhont are nol t  uh'fable ! n qtqebnk qebln?+9 ,.v.ccavte lv , ,Zanshi +6 pdsgl

ts nevpv Hc^rtdDvq t andlhe unde{qtqg +rPalaj@ lrPA@ at a sctrtevne'doet r1* a..unt( lq tzrte(,r ql. l , tr  fvpPemu 
-

\^ , .<lpaA ,*,,"t1 inc "tehnftLonr-L,, l i t .h f t l fcr l  l l te +andDnal behavtaur " l  +he r. lat?,hrrE lr ' ,r ! l"  tno ,"HoY 
,tt:l;iy:;;I:^ni":li;',113';;i,frt'#ifx,,2if-ry'fx;,:9:';sT1;'"2)',w,'Z;ih)r-*-r,

I.n lhu rechttn uc cu ldelrte sepaaled and pngr morphtnt. t^Je wtll qtw cnlrna fir a norphtm k be
se Tamled o. ptopr Lang wluqliont n|r.Then a'z uril shaw xhaf Taje-cl-ve rpae aLfr ang rheme tt p,o74

DEF|II!1ON Lal f : X ->Y b-e a rnaryfutm ol rhenu--fhe &sqonal mophsm 6 14rc u^lue ynot/phrm
,A,r ̂ --+ x trX whole L mlot t+l./o^ wrlh both p,oi-e chont ^,e,t X:vX -) X ': lhe rdenh.l.1.
Lup sau lhal fhe onotphtrm I it 47tfu7'f the- ita"qonql moihiin | . 's,^ ')ored :fluuloo."
tr' lhql (ue te also saq X 's sePgq@Louq f A schierne X s'teporafea i tl tt tefaatedover
SpocZ. (Nole $e d*ln,l"ott 't tvfi1772n6211 othe cholgn pull[ach)

PRoPot mlN 4.1 fF !, K-4f lt a ! ffiory)h[m of athnz nhtnU, Slata | ': reTamte d.
?R9DF Lel rt= sye<ftardl=sfcB .rnd let !.8----A b" +hL tn,JuaA uno,yhtsn of tnat tha d@qonq\

noryhurn 51",A --- 5yc(A 6eA\ "o,r"z1ondt k ,+e"&--A, aab,,,hvh-r, s",i echnh Npae
b5 Fx 2.lg sl?(A ----) Spec/ft@BA\ 's 4 alDicd tmvneoba, qtrclwreci-q

hR\LLARV 42 An atb,lag nDtph$.m J:x--)y L rclctmled )[ an.lonly ]+hc ilflale ol'ltru <haqotal noryfum
t  a  L lDr (d  tubQl  o l  \ vy  X

PR}IF Nale lho r;onkl.'on r nrltperlenl of ilrc cfionn prtllbark . )nt tmplta\'on ts ob\toul,:u r,r,"e ovrly haw 4o-  
Pr4 t€ iha l  l l  A (x )  Dqd iod tuhrc ) , lhen  t ' x - - -ex"vX t t  a  . lo rec l  r4 th .  to to l t  .&q  a+tev  vwrc t , rm hwe
* "hetw lhol- rs.i--. i t" l" ' '  ) 'noieonorfnun ancl'tual Jl ' te f l 'atqhu m ol .Jheau"'4 @'"".^.-.L"Or
s 'uiechw.lel t, x^vX *-i ' ,* i i ; i ; l ;; l l i ,+un s'n" Pt/ '- 'dx, rl $llons )mnedrateY +hql A
;'; l ;; ' ; ;;;; l*htt m.onlo ti i i  s'n" r>{xJ 'r. lored, )o rhow ox*'x- Lu0v \ sulec+w. (.+hd u'

l,,""tii"tirri*\''l t"++", l" thor,',kil 1y' on Pe X rhL,'e u an .open .nz.tlhbo'hoad 6P1 eva' X aix
' ,1  dn- l *  l "  - )  (Ar . ( ' x ) !v  '5  lo<^ l ty  su le ( f^ t  t )4e  4  nok  tn  )? 'h 'n  t )

Le l  P(x  bc  A 'ssa  y {  g  be  an  open a lhne ne tqhbo,hor , , l  o l  P  whrch ts  rmo l lenough so tha t . { ( l )  ' '
con la t r t (d  rn  o i ,  opn i  o4h*  rubre l 'V  4  i . i r y ' lnn  oyo ,  ub t (hQme 1 , - tv  n  p ! ' v "o t  v ' " tX t  kse lher
a ' fh  l l ru  nduud karyh , rms n lo  U,  r  apu ba th  d  0 - )Vo- )V - rhc .+  $ ,

P;'$ Y;'r) - u x"u

Smct l lvam bolh at f tn t , lh ts  means +hql  Pf 'U o Pi rU. tq lo a( l ,ae NohJhqf  ̂ . (P)epxr ,U 44^-
" ' , r i " r l :  A r tenu ' rhen r .a i  rnc luu<l ' ; ,h ; , , : ;  a  U.- -? uxvu f l  r ryo!  r \ r l4rcut  +D c l teck
''n^lV" 

i: i i," htt lfu thugonal, whrch s -t clodd 'nnmeo'on b, ( Ia +). Bdl A'o : {9u., r.r -) L\k gu "
' i7"  

'n*  nd"  t * 'x l i " "v  - - - ;  (A+ d*) lux ' r r . ,  nnplehng fht  Pnot  O

NOIE A mou1oh,:m l, X -+J 6 ̂  m4nomotphun "l "h,mot '(' l

Y : > - A
i l  \ '
*_"  , i

t

,> u oullboth . so ,l I r -0n,, )ht clwqt nal L s )ht rcleri,b ant) n t o rePamled rtt parhcular (nv e'e^
o, ,ioterl tnine'otin $ elara+ed,,tQ ,t omo"phtm 't rcp'am)eQ,6n<1 [ u ewilq ciecfud frual ,I X ---; Y
64pjnkrland 2'=) X.,"l aZ oo'uo^rrphttns, bolx 7,1-] 4,-1'l ^nd X-+'l-tzare rcPavaled



ltl f
(Uo'4. ht t',\ -
krcl- thal

NOTE Sepaaleclness )s Lacal

Lcl ArX. )> xx,,.X ae lfu dqtnal, avd, ook lhal A-'(+P,l-'V: {-'\lta.ncl'tfui nclued map
f - ' \ l  - 1  ( f p ' \ ' ' v  s  a c * u a l l y  H v d t a g o n a t  / ' ' v - - - + - F - ' v x ' f  - ' v  - ( l p , ) ' ' v  6 . . f  -  ' \ /  - )  v .

J"  wc have "  pul lback

j- ' \ /  ' --2---) t- ' \ /  x-. t- 'V
l lt lJ r

X - )  Xx i /  X

5vczbg usumphnn L,,radared tf ltm.otoft and pullbachs fleaevft clpls) twmutonsl,f l"{lovrr thal-
f-'V---+ V 6 tepor",r€4.

in a ttmtlat van, ( f 'X --: Y
)olloung dngta,n'

v t'", ony Ee,' ge /. '*nsde, lhe

K ..-...->Y be a teparale cl morphurn "f tchrwu, \/ 9f open and .f -'V ----s Y ]he
l^)..lai(A )fiof f ''V----) V r rcparafecl. 0sn9 t1zu wual prc:1erhltl d pLillbochr (cnd

p,''+-'(vl -- p,-'f -'(v) ) ltu olrl!14, tquqrc n-llu hllou'rng dQBv.Itn tt a yullbatk

d'l ' ' \- --),^,u
I  " : ' * - l  I
i l t l] ]  l lI  i .  o "  ,
I  a  \ +
i-u /--------------- ' v

': :epamkzl, so D O ---) X -----)

U - ) Xt f-'vf ti'r1t;'u '-------n It \ \ r  ld;u- xix ----_ 
il t l

v ,------4 \ - --"-) v

tnduaQ
't!r4
..

Suu D(u) 9 p;'UnP;'U a^qal 0 -) P;'u fi P;'l). n"tesw, $'(pi't)FP;' -- l) s" thu rc aT.atlbach'
;;';*,t;ti"Lb:i ,iotll''i*riiilt q<' cloted 'mme^Ionr uhd L,--4 fi'un7,-'v = v>ttJ t <a'oiU clazdtc<l
+n b; thp d@qonol, l'.folloan lhaf u-) Y t rcpanled.



NOTE Local Schewt.s (ea\ I ,2.4)

4local:'chepre 6 dn aff1nz. fthewz Y':Sl<c4 *here A r a locqlfln7 Tutlherena
slelso\ potl a€Y oqd l"r all bex wahawae 1b]:

rl -'l rtqschene an"1 ,1ef 4uz lotal rhene sPec(Av,s) 6 called llw tocal scheme d ! a+J. 'tf v4sPe.B
v an openalhne neghbithoodot,l tn Y, lhptr' lhw $ dn tDmptFhlrh Ov,y = 89 ,,t'hrch gvarueh, t'1evB-)FS,

:"f,:#:\":ifr:i:;'E "i":,;^Wff#,';fl,il,,Yd:,ii#1tr,ii|,"tr';Y::"?"r"\r:irt
'.oio^oi|uil*i '  

s pec ol *h rng cPi I- ) BF t d mona olschzottz)

6'--------> B

0v,9

DE?IN].IION

7+ \rt z sf<cB' s onolh* opnn "thne anlaunq l then tuun u 4n orynqf(lrc ul? W e.vAvt, to '^"c tval t
rutrncl)o lw tan wherc. Y=; \tifne rno,phtlm u.1v'nd,ust B'---> B ,nahuy' fh.t /olloutuS &agtan oinndz

ulharc o[- rcun B ---4Ey/! )t E ---J 6J Z ot,y LowrJ utng ]h" hlloanl oonn'ilaho'e dngnn

x
, / \

\ J ' - \

1 n
slecz' <-- ' l 'c9

\ . /
5p<(t9:a )

ttktuthol spe((Or,i--11 rrnale1endenl"lilL"lhwrcl'a''"'/t'W"l*i{altlumax'tuql"l Ot'l

PFoPoJ lnoN Sr+ \ Ln a rcheme, qe'/, ([,9 . SpectOv,r) 1Y.4tloutzal. then f yy"o a homeowoqthsm
w,l'h lhe subtpau ol 

"f 
nntshng ol all gettenra nr d 1 l '  = *'+t' '  g ei"l- ) fat euQY zes\@""i)

Tr'0v'lr,) ---4(6it), $ dn ttom0vPhrm

E!g9! Lcl J e V = sP.B bean open offlna nzghborhnd ,

'Ihp-oIaim s pqtilg veniecl .Ar 5p<.Bp ----s Jpec B uhoh g tet a hoileornatphllm "nlo tfu nh vaot
I t l f e t l the l enenta+lnnt at 9 

'1" 
f on p*'ttety |hl1enensakans "l q' u \/' p llu 'laim L tmnednk

1ie tennd ctaim fultowt'la,n tfu catt' (|VJ tpec\P-)sPc'Et onl'nhttto't" *t 1'o* o livvlTvtulnhw

dnqnm fu 7e1t 
oeq==-- ga7' 7ap
.tJ, i,
91 =--> (Bp) qrp

1 l
s nte lft.a rnddle v'w s qn uombtph,rr, # ;'*.)tt"



NDTE lJ r be lfu matind deal ol 8v1 v"hvhv mappeclh yef by f ' qec(gv"1) ---+ Y t-dc
- iloi n )A, hllor'un9 chairaw Lommdn

'[^
n - - )9':/,\

.v
0v/J ln

il1
(0r,g )r"
llr

0rJ

@mmula, tken lfu noryfuu: on'llu rryhl .a'e 'nk.nstc lo 0/,1 th" "la'n ol rcmorphtns lurng nre L
ln u qt 

'l"tbws 
y e-) I s n (|fu lDll|wtng 'Jtqgtam Lontnqle4 )

o l t k . -

, ]J
u)ry \-=-

(87\7es *

.|'

)3

pBP

th

)tl./l

I'
) s,j

I'
) -! l r

Ih
J

;vuirJ

9"d

l,
( Evl

I'
0s,

l
0 c

(.0v,c)'t+

r+ g(locus f*wlht fq*thal Btr-=+g,!,r \V-zs 9a41 9t,1 ,hal '|fu hnql '"myo"!' t )6r,r'

I lqot^) attune Y'sann)eqml :cheme w,!h genrnr 1o'nL I, qrldlel xtX be any potnl I S pec (Ox ,t\,.---> X
ranonrs,l. Le! m bc fht iqxi"nd d<ql ol dx,. 'the,. f ha ) - t( qnd ! MU / r a iomaonotPhlt/h w ih l'|e
qovteuft+qns oL z ,"^e a\o hQve f(o) - s '

f, , Syec(Or',,,) ---- -> X
{ (rtr) -- '

f  b )  : 7 '

Srnu- $1,r o an tnleg,al dormrc sfe.(Or/) ts aboon nlejnllrhzme, afid wr hse 4 t/ommulwlwt d14J6trl

(er^)" <:6]i" ,-
1
J.

16;;'" <--_

4 " ^
A\,# o>,s -) &il. + (o",")"

0*T
TI

ox,r

, v I
,'" \

,/' A
gx,t <: (gr,,c)n (-

snellu bolhm nw r llu denHg, ,f hlloat thal

)t ne q t'1ot\\61 $<lntor o+ a rlowlarn n rt quohenf Seld.
a ywhenl heldtf9ryi) to tsFt, + d;; - 9(o j.\.

Nofe !.et NV.d,t.h.rtteqnd xe X. l, t9e.(0R,',) ----+ X.-  0' tx) ---) o\, :  6i7 ( s,*o" ,) .

uhltno- {. i qn t,ouoryhtn, oad 0yr3 ts
6 th< .qnoft cctl toyrlo1ylltn ol, 1"^h< nl- ' f ietds

Dn X\ofol 1ssfi665 1y6 rtjtolthe eapeded map



NeIE frtcrq!,rnnoNlHrouau LocL Scuertes

Lel l,x'- ]f tr9 4 nqthun cl :chena, u'th X -'$6R locql anc! 5e1 ter 6 dendzlhe rcl "(
x rh (n to 'h 'onso l  ! "  

6 ,= [zev)  Je [ " j -J

' ,i)e.[qintlhqt f ltxl4 i+ha lhen tt atnlw futknnfuin h-f*]wuglc 57ec toug ) ->7

;ot y= SpetA be an a(/tw opcn naqhhovhoul "f q. Situ open reh ate closecl urder gencnrafqrn, Qa-Y
fo| p"SpzcA .ota?Drtd h J,, ,,- '= [Zt qs-.p]: f i  A ---+ A7 ond, sl..(@t'!)= sPaAT --a tFIA canq(1nqt,"& 

,An ,c'a,^@ $ shoprng thit '6 / =spc 6-,i iy4.' i , Vta Pnrne' avld,"' '  x --- '+ t '  t +(xies,cLl'1e Fl then

{ 'f!.hn 4htltzl, )hn6,qh Spetfr. ------> spe c A.

L-Ll ! A ---'+ R "lelar,ru,n / Then f( x) € 1l I F?l ncantlr*tt ,t s*F ttten )A) ,s q unl, tnd ,ol"heryya
gAeln hr wne ,na,tinnl mt w'thqdrc'(thg !-'ale P.+le & {herc Ea ^nquz 47 ---s e maRn9 w 4anow t
A@qafl @wr^lP I

At 5PcA <--tPet [7'' \ /

,peLF

X + Y
r l

q atl9.tv)

A --------------



N0TE 5rrcr, L)snTPtv AND flo\Putsns ar Locnt Rruas

Itf X h o, J(heme, 7c-'2(teX u,fh r- a spec,cil 'solwn ol r, r"e lr'J' Srnu openxlsae <lwed
uqc\e, qeneu nh.,rrri', ahq ;Psn le t edan'ng ft allo attlam r r,, r'+hev tt a 'llotlohttr'n al (n9!

9x,rto -----) Ax'"'
(v)t\ t-1 tt)f\

of, t ',1'ril,"tA'u o ,loiatn and' ,ro,t, Lna$1tond 1o prmu v",a, wtl'L V' '-7" i qn! E-x,x- ----s Atptt
,Dtft)t,Dnas to tfu 61n6n,r^1 .o, An"- hn,, *h'rch i, n'1ech,ve. t"- p"kriti i ' i f " thi g"non, vL'nl.'.1 X
.U 'tr .o ylequal 'then lhtr molphrsn u qlbchg ; 121 Q = specA !:,ir.1ty'p*^nEU-"kota fr i."Ox,x- ----s A',tt,

(n"ua

*";t;,;; i nt unont& l.,nc'p A;.= e'.,;*I;',n " ',j"r+'r" a,, P;*':!!;,!-t?(xY'a\?hfrTi#:i:tr.fra#';\*"#rff s,:;f:iw";t:''i'f ffiiriitxt'

t:,1

PRDPDJ,TtoT\J Lel X be.^JcWme and 1,11 c X . 'fho Spa(g xt') '-----a. X {acfoo lhrecrgh
fpz<(Ox,el --r X ,t ori,"ty '1 ) ' s 'a 7lneh'd1on '! I t '" 1 e 14- l, ,an't 

'n lht!
tae lh< uvttqu fut+ontrlan 4J (6*,") -i spec6O''v\ ts the 't ioryhum d r'hema
rc,,vponcl,nj 1" +he movPh&l y' rny dcfrnod 'a (t J above'

ry96r' Bak worphtsms a,r monomo'phtm5, to \n Ievnr 4 nhobjecb n lhe , a11""1 *L * are "'laiml"l

spe. { Ol") a s yet (9y5) '9. ,c ,*> j

6n(^ eAAVt nd.,t vnhnowlhal Sptc(Oyt) -+ X u c4 hofleefuotphntm a',1 tp..(exv) u,thlhe
tyv.'piv d oll qenen'alww '/ g, :" 'L t i", Ce*y) < tf .(0&r\ "l iatlu a a> q. Lanvaoz\! 'J T *?J

{!t,;':x,r,:**":';;:;J",:"! '{"J{:::i:^'',1x,"i:k1,r,,i';;y:;;i\x* ff';!^;.?"frLt
ne.d orlq thow +hol lhe h rpqj diagam'immulu,

t pc (A t  F )

,r".1 \,
sie<( t9 x,,11

Lal ViSoecB beanq ol l tp open neqhhothloc) "!  '7 /*hnh v, lh'n{or< a rer?hbu h"d J z d'watt\ ' ' fhe

+uo ,-orphu-t ---!> x an'rhen lh1 rcmpotlei rn thl htt0wt'13 dtqg@ml

-----J x

/

Spec(Axr't\ --=4

sp""r i "
spcc (Oxr5) --:) s,ertql) ,--)

Ne ̂ eeclro tho@ +hc^I @,@ arnmute, "hen By-91 r afst"-als bntt 7<7\1 aatunrh"n) 1ul
14u u fitaghl$rw ard. ;1

Jnlhe utte ol qn ,nteqtal sclteme h,!h jenehc 1>onl j anc! rynl'enl fietd K: Ox't +h4n evqry Potnl tt ^

"p"',itiol,i a J,,oJ6, xe x, sri,Io^,,i ------- i ona !pi< --t X iL n)o a nmmulalire doT'om

3pecK -----i X
\ . /
spe( @,(,.



Lal {,\.----s/ bo a moryhun of :chonu' 1( q 'iel"l .,nd l= S pzcK, ?:'*.A naxinal Aeal "f (\

ee-i t"+ A X ---) X*rX ln.lnp dtaqDnal Then a mo'phttflL q \) -----) x xiY-lac+oa thaughTne
l-ii"i- 't 1ra "^V 't g(4 €a(x\i oni ft' {o'$*a+on " uwqur'

t\'u ------ ----)
\ o,,.

, / ,-  x*"x I

-  
, -

s.|ppte g(O el!6|X), sa! Sk):F: 6G) 'fi1eh w"havu nn1*no7hvw

, '^- \
O t,, 

'--!!-----+ 
I x*' x, s lct

<--.--------,,,
L *

B. dehnlwn L< ?,ta = Lt l1)x - | (^hcl oll lh.rct moryhrnr are local Thol 't, tf 'm, - mlrd Lel -
7 . "6 ) . ) , " , t , i ^ . t hen  x , , ( t ) . 1^ \ ' t ' ' ' ( . ' z ) \  -  a -q -oe ' r r \ r ' .  ' o  Y ' i t u \ - l " , z l q \  e  TneG, )
i l  

-  " 'g ,  
I ' d r * * ,s t r>  - - - )  9u , r  v  d ' to . toca l '  >a  K.vg t  -_ ' f t l x&)  AeA@ i t f i t x - -J t f ' t x , . f l l ' l l onr

S"^ nt"i"^r-' "'n t7" 7'"u'o- |,oq" *"! -H - P'X; W"1'! = 71 
"anl wn\ lk ytttoacPl w ret

lhq! .  q: A-m, ot ElutKd Jru naqhlJm |h It  cleqlr$ uhlqu4'

X

J'
Y

'J
x

?RDOF

NOTE Frelclr orrd Clond tubschewa.

Lrluor"p^l. Ex.2.\. (spezk$r-'+7 bang tPekt!)---' svecaus'-"-) 'tJ;|:"rfirf'll,;3fJ,&r^g,

LEflfIA Lei Y beq scheme ancJ 4ey -tl KE a helcl oncl Uo s,cct( lhen an"1 morphtm
l't) ----+1 f<ha untquitl lhnryf, 'Speck(!).---) Y, estumtng th|,1-:5.

Lot SpecK ---+Y Ix qrrcn.(he lmage of lhu moryhtn x .l!ie lll' rc lhen B ar untqwt lslJnsahsn
o{ lpacK-)Y thwli(qt, spccOtj-)7 fhQ vtng vno'Phtrm Ot3 ---) K nuar nom Rernet ang)
ro 'w qei ht9) --, K fthnl,n" a @mmumfiR dtqgftm

SyccK.4

\ \  /
\ sPccOYg-

s,tn@ 0't! -1 h$) r dn cPimoryhtru, lyecklf) ---a t/e. @rt $ e rno"omurPhum, m lhe ]achrtsalbn
v unlgU4. t1



LElll'lA lhe pn ducl ol /un nonenyfi t.hemet overa feld rr noteng'!.

?R1DF Sag X'l nonenyly anc[wehare a putlbad<
4

P ------aX
t )f t  IJ +
f --------t JPack

fc l  U- .Xr  V=' l  benonemV\ q l f ine subref  sat j  O=tPtA,  v 'srFcB.Thu f ' 'vh g ' t t )  E
Jpec ( A apB) t r d nllrlth show / @zB*o.8ul Frafud,@ hB at fte dnd -6t - P'aeulct
opnclucb, * thrs r lrural. I

. ?Ko?anoN Lef !, X---+'t bea clored tmmepro,t ooth ,utY belonqnq h rhi imaqe d / Suppote
q: t1ecK -----;.y ', i-o4onum afih K a S/tdarl X ti"f: l'rhci 3 {a'l"t <ttnr1ut
ahniuqtl L

ly

4ll 'lhra nuam an lhnlar pallhadzt f-ton earher nolu u't know f]y(ql \ *-+:l ' w.hrch.rs.d
tritbhn sinu 4 k tnlechvet q;dqefT).5obq fhe prcvon Lemma P4/.tsu1 Pullbacha
gn\J,iivne .lot"d)mmitorcns, 1u F- -----s tPecK ti a dwed tmm.evron ' slnu P+4 wj fiitr\/Jt'now
rz sporrlu - J/e<9 to'P--sfpeei<'l in uonoryhrsm Hene lpett( --'---tf fucbs +hnu7h f Q

?fr9f t)^tqrcnar u clar EIno a cloJed tnmcbtun.lt a J'hoqomoqh&m. Tothowext entot fathr I unquzly
lhia1tll-t Spetkt1).-a\. 6rm lhe yullbachs Xj: fP"rkliv|) tr't X ond F= SpecK*pB1Y1'

?
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I
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N<rlwtwrrl dv,uLtslla,tatlotwt *kr:,:Sl:y:.t:,),yl;,k:tgn"'r)H,!,#,:::lff,A",i,Ji:r:",f kt,'";;i;il'i ;;;rd iir )nlo," ̂ ny 'uai:!1ii." llyf ,:"o' ttkE a cutrc lih't.:t::!'fi ry::! --:.';{;;;;;;";-i i ;,+ir" 
ioq of "lyns }hr tt +hqr I C tt a cun/a / anc! P a pontol. c, then ltvan ang

- , ' ^ "u1 , *  " t . -p  h+n K, , { thou ld  oT lmt  u l  ,no t l  ane ex lsn l tan  4x '  a  movPhum o l  4 l l  o l  a  tnk  l -  (<exo,mnle 6bow Another waol of tagtn1 'rnlt $ +nur 4 L r a curya / ana I 'a Potn' o,. r, ,-nen 1tw.: : ' :, -
;;; i i t;; i  i- f- t"i <, ' l  thoulti oilm'l ul 'notl ane exlsnlton lx' a movqhum "l "l l  "f . ,;?k X (<f ( t '( 'F1
;;;:; ; titr*l thal a pa1ectu,rc vctne\ ha't 1tur pnpe'!

7h wache, lht mqqh rclea hc,.t 1o b,e n o,l,hecJ tue q,tezTon r lo.'al, x we mPlaq +he t um \ h !o'ql.' ng qI,

a wlnl , *hrch ,s o ,l"rttreJn uak'aLau /M1 -/hen rt n1L oir s< hema na,1 b" Tule 9( w'al? h'e rllti/1t 4.ltlL'i,"',"'*Y
in{l neturt""! aucrelel valuaion nnis tndlty) w2 make fhe cv'lenEn '.p't 61ne -ste' fh? i/Yatz r'kente v ol d'

\ ' \owk l tn

I?\EDRE\4 4.3 ltlaluafw (tlenon ol Jera,alednut) Lol I y ,y b< a no'phttm of r,fuprvez, and *u,.tne
)henI X ,s noelhznan 'lhen I B 'e Pqvaled '{ <tnrl or'\ lhe \tll aL"' t9 anch}' a holds
t  a ru  ua lva+w^ ( t r r tqR w lhqqDhenFf ie ld  l (  12)  f  =Sp+cR1 L l  - '  tPec l< .and le+  .
,, ,, - i. f vc fhe mti,phrttn )duad by lhe .luclwto^ R -)K ..QLNA ̂ \t ' ttotPn ttn\ or T to Y'r
ani lrurn a mo,phtrm ,l I) 1" x ahrh fioha d 4mT 'fizntrc dtaqram

v - -  - j  x

i L , / \ ,L  . - - '  I
r =---+ 'l

+her< t alr nosl one mat/ph(m 'l- T h X nql"tn(l -fha whole rhagram 6o 17'6ula7'n2
(NotEr Jadc rcsull r lrue 4 ure )ohe Kang $elc1- a4 11'- 19 a "aluahon flf l |.+ K )

Na wll r 'peal ht'n l<mman..

LEHftA 4.tr Lel R bc a yaluqkon tryol f rcld K. tol r= lpecR ancl U =sfe<K 1oltne ono"Ph'tm

ao1.ve  umotPhrm ' t  r '+o  X '  p7 ;vq ipa tk  9" ' . ' n9  fu*  nnh t ' x '  tn ) ( 'w t fh  x '  asPz lahn lan
o l  r t  (1 .a , r  t t ,  a -e1x ' \ -  ta  E ,  ?  t :1 )  a^A,aA t i c tw;bn  o i  l ' e ld t  hh ' )  - ;  K '  tq th  +hq l  R

"lo'n,tro,lu+l'eto,tt\1v;';; i ;;" 'on iv ruh'heme z = 1' '!-al X L' '+h fi (tclvqa'!Pduac' \ lwdurc

?R99f V sc.ronz Pornl schewt wrfh sh,ttclup 'heaf K. roqv<-a loal h"momorphtsn Qyz,--.t< u l lte
5dr'ne a.t qMnq cttna ryo4ah4m k(z l -)<,rc h,"1rtl pa,J t obvatorz.l, l4speclr'un 4 R LDn
4r.e pomh 4!1n,.)aad.(, - 1o), -t\ th1- -- sfcR. Tt I.J =) X 's a motlhrsw, lr l z" = 4b,), ,
.a t - + (+\ 7r4sn tI u clea" lhol >G e Ixi'.' Lcl Z ; Ial-. th eft + O. " Itu nctu@d ,Ed^u(l. tchame rru'rcflrt'Y
on 2. .(hen ttn". 2 ,, ,,"Ydurib;"- 2' ' ,, "l,ntlqnl', i t ie'" 7z t\ 'w'l i  ynenc porol r ' 1hun 92,x, r a Seld-o* t 'n r i ion  

,n1ech^ .  ,norph ,s  i  0 r , ^  -3  d2 , , ,  - :61x ,1  s ' iu  Tu  reduud a  d  f  (T )c -z  +hew

$ at  ̂ ngue ft1o,lthtth 'T -4 z kck iq-! (E/ t.t l) i latt q rr '"ar locol nng motphttms (9'r:r" ----> t9 r' 1"
c.t4d (9261-j6r.r, whrqt4 1,1 In+D the {olloWrhg Lot't ' tttu-1afirc dtagvam

(d )n

I
Iu111

R

J
(9 z,*

II
O2,",

 Z
hk, )

+ O1,;- Z

J
--,--- -+ O 14' 1

5o r.^re ham o,.rr n,lwron ol rtet.l: k(x|-) K. N"k ttr^t . Er"l}-: :,': !In';:ro/',:Z':ff|;;"{ 
tgt

i;;;]"!.|'i !a:+ ii:;::'l'i:nli':;.T,;,''?!Lr7)7:'' )'i'i'':\::''Nit'iuir'i" 'i 1j@')'s K' i i i ",ii, a t,, o *i,, u " r,, i::::: t;' ;,filM; ̂!:,' T of r ?*" ;:;," k?, ff"X* 0 ", *
ox, r '  -1  o  z ,z ,  and T-  ? - , t
lo a. tcol wbvtng .t t< dom'naLd bJ R " NDTE N rcr pnol ouerleaf .



rcnrt 4 Le+ Q12a locotl nng, f -- sp<cK'ro Iw cA wo{Phtrm 6on r h A tchtw X rteclurvalnlk
- i,irq'/Povl zoex and-a'l*al movphum'(pt,," -""'-> R

seer tet a holPht'm /'t' i"l,'#",';:,*:t ;\ k',r:lglj':!,1* :::,':nffi!fl'r","
7:H,n:'Lt;"til',h14i'"rtttnnhtnect,n c,--)!e^;"1:;:;:;;"#;;'"f{ii-ii'"ui'"o't"'
n,ola, I la&r* rrvlqwl.l'lhrnugh tpe( fox,d") --+ X :

r  > X
\ l:f'"* 

\ /
sPe( ( ox,t.)

f-v'tm whrch ,l lollows lhol at s local. so a.osocokd 4o I r k'., 't) Cvtn toeX ond q' 042'-JR local,
tel I be tlu nmponk j lyzc< and Spec(s ;pc) ---+ X Thete a,e rl,ulualll nvene sr4c2 +ht abo"t
fuchnsahnn u untqw. a4d stne d. r txal !fuf ndutrd loy bu,.() tral: m +o i" D

r)ena f movphvw outop li tpeclru, o{ - locql nng ogtce aa /unclans and harc 1ft2 rwle t"fl K:f,Yg' 
'lhe4 are wuql

tennA Lel R be 4local domarn, 'T=spe.R. tel k=m tx ltw mwnal dal "1 R qncl S=to) k Senm<- po,n). tf t,q r -----> I ar2 4* moryhumk a thav/te Xt ancl I !(+-)= 1U"i and f,1 ndue'rhe 
kame n,ni motphtvn Qa'r1---1 6r,+' +hen | --3 ancl i(*')--9b)

?RuDt aEft aw qtnonKal nutphlnr (9x,r. --i Ov,/t, and 6o1, --t 9r,1,, *tlh the lailer tn!thr'i
(x | : +{h), zD = //h)) , hkng "rh 1a11v14ffiw draclm m:

1,"*T-
0',r, J- 

0r,,cr

Lel q,Ox,r. ----> Rarapond k T-> Spclgnr"1. t1p gzl a antquklvn <!og'an ('oe"he' noL)

rtt Nul- n.a;mvm dtg\

3 k
Ot, r. <-.--&rz"
l tt l

O1\ 3---_ $x,x'
9+,

Sutu fh --gJ, * /'lhot lhqt i1 - Jt" and hene f ,-1 Q kt Trcvtout lctma. p

rt }1l"lR Lat \, be a Jchome, cto, zt I yot nh "l 7 alh x. o ryecnhnAan "J z, .1hen lheve rs a valuqhnw'i,nq 
e o,a a noq)h\!ml'-f'---->/ f'nm r:1pec7 )" X' wVrcU vt'a.s 'rttz szqs qa ponl 1' ol

Ki z r and lht ,lotecl P"rnf J" h ct" '

Lal 2"14\- bo 4he ndued nduu<) ,cherre iwclurc' Brl ftt) Z r on t n@ra)lcheme, .ro
Oz,* salouldoman. Lel Spec(92,*)---sZ be canoudl sitr.,@ Iu inll:o.1,:n^'- ' -,Y'u^
i lyercI ol qenensalans. ol ' t-, iher" tt^.p,tmeY ol Oztt" mqpltht' iott lteo/Af'p-tu)

tov K btl lv uu,hnnl lre "l Lzt" and B a qlaftpnln( "1' Kdornrnalnq 04a S" tlpv2 ti  ̂ f l tofuish
3.d,*"----Tl:,il' Jli;:T';r;;-"''o =n, nilki'rn'i' ^speti 's7etA) sre'(ozr'')
) 

" 
ilrA *,tt" +W anontLal maP ,sfi, 1o,',"") ---: 2-> X Ttu*'o +fu '|u'rel notFnum n

?RWr



PRDOF

LEHilA4.5 Lel t,X-)'l be atqr o,' i-uampacl .n1o40hum ol tche,met (ta ett.2)..Thulhz tbnt
- 

I i*i"r 
'i 

,, "lornd 'i' ,Li "^g 'L 'l r :aabte l^ndet r p4c n!$ah'o^ ( Ex 3 tle)

0ne rnplttolun r obvtao, ,o 'an ortl,t l  haw lt f iow lhal t l I(x) ,, :+abl" ande' +tcwltlahpn' lhen
rr rs .roiecr. Lsl z ' f (^)- ,nu { {ack,r .tha,gh * 'id!:l.yi! :,!!i'2"'oi;:2" -1,,,"io.*ii".i,[|a.tJz-:ii.\:."sr"'ii|]'")i*;;irtunctuttd,reluud rhwethzicturconz'q44^.
wx p wved m our nok) on ̂ au"d *aiirt trii i lot )hsl '( UgxrsopPn and.alfiw,.ihen 2nu,6ofhue
.2, 'ieiir"'n + x--- ) iiii;-**pacl, ',a4 f ''U =f.-'(znct) Lpl \*1 -;\ be,,5,'iieii,*ii"+-,;Z');;;i;t--,nipacL'rna J-'t)=J:-t(znu) Le+ {*'1 -1 { be
G^nonkat - +hen +ht un.te,!!ng' M orph$n ,o{ rp1y :^P_d:r!ly; tl" .!:, :7 -I^}"7.'1fl"ii;:;:ii,;7{,;t'i#:i*k'rt,i:ri:;'ilini#!:*i "i^ii'v-'k1,7*",fl"'i",,tlr*
,n 2,r. ,nte.in *ilw k fnu ca,t, u/herc y')f a'e'bo'h rcduad, and y= x):

Ld ge'/ be a ponf. ytt.,1trh aolu +tn! tr e f(:) , ::lLe! .\ l bo qn open alltne r' eghbo'rhutcl ".1Le) uef bea potnf w' wrh tl> thoeu'l ltol lef(x) lel .\ l  bo qrt DPeL qfhre fletghbo(h@rt 6.t J.
melvye,iz t-'v'1.Iu,il'nyP:(.+;,:::,t"'t:'[:::*:h,iy"v,iri!3,'\?tr:rffi:iitr';:k;;\ 4"'i :, ;, ; " !" r11 t:i ? ::f .V: ;' !, ; : 1 4 :, : ": :,! f, ;;,' k #n#i ! # l:'h:,';;;,' :i' "ti,, ft n w x,,', a ! y+ l. : : : fr ' :'.1 . f ',1,, s yyt .?: ! : :,!,WL'l;i":)'tr":i:K );itiilLi: t-i ' )i7i*i" 'i,r :,:i:o ::(:: 'l*l:'itk:,?,' ;=i''A;*;*X+1r**,f o:l,rrlilrfi,'il^l:i:ir-,:;it,';t,t;h't';ai. unhan ye f tx.,1-, y'o7 7k",""u111-

'f
-T

I
X --------------i Y

1 1
l t

Xi =-) );
t7  n7

s7.(k -- --+ SIILB

ihe vvq wloehtm g Jag ,o,roayo,1atn, Jo x; ----; Y; u ,njechrc, sna *, --t yi 6 ^ domna^f
mowhin "l 'rcd,uud af{rn rthenU (Er;t talu.lunh e*.'z.ts) ihePotn+qe'/t Dfwpon..D h) a ,
o,iv'e deal 'p!B.Lel K'=a be u mtntnal PrflQ tdPctl "{ B L':nlattod tn Vi a"dle+q e.' l ;,LonnD Povto
iV,5ntuy"sprrraltrulo4 hna ftx\ 6.lDted und? lp?ctaltalron, to LDlr'PlQk fltQ ptoat) )rt {rQ'tu
*Lw ,hat h ' -  t - ' r  5, ,  i -n p, 'me 1+ A.

5o r,vr han rt cluarJ +o !fu hllou"nqqlqbm poblent. J B--)A 6an nr 1er' ltr" mo'ptnua' of ucdwd Yr19r,
A'1 B 6 rf1nryt6l crnd c,.e w'sn ld /t id 79ft pvtwe w'ln f - '  Y -- 14 t ')Attcle( F aA a B'vnD'^ut<
a^.l la.alltte o ?' ,

a  - a

J " " , a r rso';:,!"f n''
Stna lotaluah.pn rr exa<|, lht'bolkn nn ts rllecluvet anl By'ha onlg yrmc, whrch,vnwl bt O slno
lorqlrrcrtr,on Prete'M ,lvaIl(olt. HenU gy' tt"o l,ei, atld fl 6 BP' o nbr'24,t 'o(n3 Lel cld be qng putme
oL f ta  Br i . lnen  7J  0Be, - -1o1 ya t  q 'be  th t  f f iuenQ i f f ' Lg(  " l  7 ,1  under  A  - )  6  6  BT '  ' ' h "n

,t- ' l '  -- T'gf'0 d = 7', whtch amplele't Ihe pml 2

f1aaF Df mEDREf l 4.3 hr4 JuDtzlJe lhql f ,s tepamM, ancl suppote Qrpn ad4qqm an abw nhere
6;;", 'e +^"'t""w\rnt uln" i --u l makrn3]hz whul" ') 'qqim dnmuf"hft

u--_-_--+ X

I- 0 )

-)v

Thea weobtatn a aoryha,m, ht: .T--+ \:*v X tf +, r 'tfu, clatwn' lornl "f 
-r) ilv h.cl +ho'l hi=h'i

thal w qel 4 @fifiA+"-ttuY cll\qrsrn



,i)F^
Xxv

XT

X

t,
"'I

#: iAlL;,tiT o;":!iJ,!r,h'!f u; |.?!il} ,?"|In!t't:W 4'!^,:':"!'";f,1,?'6'
nligXt:mm"Ift]|;ii,ffi1,i\"d 

lrhr pa' t 'ba nt't need X noerhcnq{" oML\a"t'ftq,,ry) R

h^\lenely, W qt sultpote 4u ancltlu n ol' lhp tha,em ,t:ahrfied TPrhaw lhaf ,{.tt tefarakd, J ''.tull'cr"nl
ron 1s z) h thow it ot'L.xl B a .lopd subre] ,1 4,'X 5na wt ht4ue atuned X ,s'non|fienqn (hsnp tf,(<\

ii:,":iy:*Am"; i;;l u:r tf;';;!;ti:f,rni,r;,i,;i]^Ytri'p!,"L?*:1ffi'fitr:l';'*:'!. ,
i"!ll!::*t!":"Y'ft 'e\;il:iyin"r5'';:!^^{ii::r:;;#;,#.i;;i"rr:'i:1-ff ;'!"!"x"'
ti---+i ,ononn ol, E r---> |t hJe hauY a dtatmm

- 4 u - " - .
\  l - lx.-l-/- 

|
x -_,_____) /

I

-.tn o,tr nola on /atd r and daqonal: wc thowcl lfr* t) --+ T ---s X'v X ----) X s uqll4Jrnzd (r.e. doetn'l
ioirn ^tllcV, pvpieft.on gou"unz ) tn[p lt e L(x) 8y fhe wt'drhpn, lht *an 6p,p-l15rr,l 1--'-> L,mwt,be ,
fht tdme, ̂ n,l ' f!t"enh,i r---> a-v\ -ft16lots kaigtt L, thounS lhal tocA(x)/ whl(h @nPtelq nt f mI 

O

@R0LLARy q.6 A'tutmlhal all sohenu are noefl 'ren arc n lhe hllowng slqleusnD,

Fl OPer anel tlotecl t/'lmentont crre, JePavated
tu\ A amoLtrrh\rc al t |@ tepataT?a no'phtms r teparalet{

iJ"t"i".i"a notphtmt at cbtccl un.Ller htur exlenr t0^'iit l[V: i-- i *a | ",i,--]^'.,',If f#f f: iW :T ?!';! "g'"::'
a tc a,ne tcheme S,lhen +he Ptodv
tt alto seYa'atecl

(e\ xt / ,x--) ' /  ^nd ,,y->Z arzlu.o morphunt, aud ' l  , 'p E ftpqmfe4 th'h I
6 tePdnred

(4 A norp6,r^ !, X'--'-+y r rcparaktl tt and ontrl l f tan be oovwte) b1openl1bry!'v; 
suchlttai j"N) --"-+\/i B !"Panfed l"/each i' 6ncl( |txytded ond Vef

oleh +tan f -'V -> \/ tt r'Pavated'

PRooF la) Anopnrhntonw ua monomorpht!th oj t .hene4 hen@b! (+ 3) Aea"Y x pa'afed s' ' 'ni lu
a .lo!a! tmmenon r a vno omovPhun' hentt reparafe( (N<e<l /anavtr koemottanl
lieathaalll4 pwwd +hu eavl'ct 6'ihouf qn'l ooeftknan coJuvnDhatTr)

Nole a,, v,torphtsm S -'--+v T o,lwayr nparaled



(b\ 1tnrrclev fhe fu llowtry dngram '

x

J,
.l,--) z

5< paalednu o( 1 neans lh=f h', ahd lhen tpa,alcclntr o/ | ,taw h= h/. (Neecl \ nuelhenan\

{J

'r

g Eart' ' l l ,X-"'a1 | t epataY'cl ' t '--s1 bu'w chav'ge

(A) kvtstder ttu'/ollowry dngam aa6lata q l/hs 7at/back \x'

t )  +  xYrx/  )x /

<t-\ ' . /  t

i l ,  j  " ^  x '  ' r cc t laenae r  v ' - " tY 'sqpara \ed

Y/ . (V'k nee| X*s Xr hozlltevtqt' - don'l na nee4
x, *' )e \'")

Y  ) 5

&\ EaAy. N|"r,QeA 
'* aoefnenan)

(c) t-zl lhrrnanhrl, {<X"p.n qncltrldms vtoelhenan Tnen {1" = v-)x-1'/.s re7,aral4';,!;'t#'),:tr^tr'H;i"fTr(i21',W#'i)'^:l;'"ix,T"r'#:i,il,1J,iiei,hu^'*"
ranci[wn'- pe 8'a eavhetna4e) 

,t <_p-,v <_L)

, J  l \ lt  J  \ \ r' / < - u  \ i

Nou tt41tporc lherc u an oTkn uer
w*h a rimmulafuw dngmm

y=g, \ / ;  t .1 .  X l r^n, '4 ' 'V,  - - - ) \ l ;  s  repaEtEa Vl .  s |<t t

U  ) X
r lI  l rT . ,-T -,--- .-) Y

)

NDtr/ ev(ut ron4al i lTi,r a qenpnrqh,on ol t(h), wh*e k 's lhe doca pornl, s" Ih<'e u,some Vr' ' ' '+hj(r) 9V;
t)st"rq Wi lart thaY vi -ir, f-'V';i ad ttonomDvPhtrrrlt trlr gol a tDmn4qtafive al^gtam

. p-'V, rNJaed X (oetllaylqfl {a"

v -"'t" llx +\'- re^*tvo!-'
\  , , t l? |l , 4 t  I '
l , / --r" ' . - . .1

- /-"'--:-l

fi:;l!'6'^a'-kd)b"th{oia"+h'"ryhf-'v;'--x'anathzfud-'lhar/''y'-----ovrrcpaaled''"*7ld"t



zrFrNrfl0N A,nro,phtsm.I_L-'/ u pt>per t[.1s,epa*"d, i2l;'5*{i,tr!":'!64ji:"i:::n,i:'^::y :! : fr,ur,yt.5 +4,, t #?: :,i'i" ;: I J:ii ffi ::i;i# i ri;",, " r
vnarphum t {-frt'U*;O l2y bcate e\k t0^ E "

Patl'bddl) tho'v;' I on'1 p'tllbackol f 's clorecl

t^AnPLe 4 6 1 i*t\:"'l:! t/"ii: A,;ix#5!:1, !:,h*r"';nr:;i i;"?,;:I;;::!::j:"iiin,!,!*",,
hAohuU*u nrt> sion * ---- la.nP t/ltorfhtJm XxpX j) X v sPec(P.tzl &h k 8l)-JJtdbfl)
^irh r "tu nne i Jpec ( ht?'ri) ---->. s*' lnt{\ L cl Y pf'l - -) .tzt'r,tl then (o'','r* k oti clarcct )
l ' ' (a-qt4-b) -- (c- o\ to l tv pwiectwn al lhe hyTe' lr la xc1- ) t  lhc u '^tt t  tvttvluD ttu af lgtn)
ah th  6  t l o l  c l o tpd  (4  x tV  an< t  , t - t ep lhc^  7u  46 r  P 'oP t  J

li',,r^1"-'-"^
tlaxivral tdrqlt (x-ay-v)

Pnne rdecrlr (x - o)
frl l  alhev prma

F-;;ua
r- -) v.1q1imol vlea\ (rt - a)
r--) Haximat ldeal (7- q )
)-- ) ?(tflle \.laal O

S,nu I V 15pa1la1'r,yl) u n"] \ancl nol matimol, tl t (tl ' l) '{or an n,edua'hlo 'nonrc PDltlna'fln
t .g*n i i "  Y ' 'F-o" !  (x-  c \  h '  some c e h,  c ' tod ' {  .x  -  (  e  T Jhen,  i lL \  -  :  - : - ,s" i  lQ
futmt4 .nn+atnt^q (2,{- r) qr" nappeCr h lhe *hole qe<fo^m f l \ tnw' (a) t tnQ {Pc(r2l^J t)

tvveclurible vtur ie! uhnol be clotid

Df Loutt! Il 6 clear lhal *hal u mulnq fl +hr?ta ple s h( panl al '"/"rh7 on lfu hyve,bola
fl1u st^ggettt. rhat l'he p1echrc, .lt,n< u.i>uld b< p'oper'.tvet h.'I. fqc+' ow witl rce laki (4 q)lhaL
uny Pw)e(htu {^nefJ avct afiel4 u PmP?r

t\\tr:t l  at t,eatl\4 chqLucl lhctl I t x "- '1 's pmperro 44 z->^-)'t '  j" ')v 4 z {'" '  '  omuf,' ' ' 'w -)
-  Fn!  mo"pht tm o\r1 of  at  tn+" ( to ' )  s  I 'FPQ(
ll-lEoREfi 4 1 (Uolualn cntenon oJ ln pemu:) L el | ' 4 -'l loe a. flotnhtn "l ht& hpe' -'th X

noelhenan ft," | ,i;;*:; :i' ;,rt-",iv 'l 1".' 7"g Yit^i:#' "'3 R and {"i "vcty r/,d/Phu 'n

ol u h X and -rk t 
i 4--'n9 a nnnu)a*rddragnm

U  ) X

|  , / '  i f
L  , t  Y ,
T  ) 1

I whq )hp nofu+ba ol k 7)\ 19n* "*ult a unqua noryhttn r --> \ ,nak'noi the u'hole draq"am
,,onnh,ulalne. tttote fha tarna ftsal, r luzr[ wt iet K be a $.1d, Rsl< auql d+oi' 'n9d K).

PR00F 6rl asumu lhal I B?nDe( -fhen orl Ad,niwa | 6,apavuld,n fh. unlq$nl|t ollhe morphtsm- 
7--x ^ll hllow {.tm' (u t) t oni we kno* I e;uh .d )hs extrlent. ' 4'e tan! tdtt rh( ba'e
.nf"nsion -'r ----s 7, ^ra lef'>.i - X"l. we 'Je+ a nal 9-; Xr fi'amflre 3tu"en vnaps

U ----) X snd U ---9 T

0 --- ------> X.-r +
.  - - / - " , \
2 /  i  I- t

-f --'-- -----

x
l
J
'l

LI !, e Xr be)fu iw,{^ae d +ht Lrnrou! pDrnl h "l U L.+ z: I?'J' l lten Z ts a"lored, rmdudble
i,l;*f .+ xr -l,ri,iql. lru,nAnla:trcduad sehene tlt 'x Juh, r"'lhal u --1x't +ol+oa untqwl\
ii l,.l i"i ' .n" ,W| i ,i^"ti on z >i, -inu I t y,oyet., I t iatuepcttl! cloted, s" llu mo"phtk_
r X: ------, -T mwl b< ctwed , :- .J '(Z) ts a tlor"d rubtef of -T Bvtt 1' (9') : +.t :" tn ta<t + lz ): t'plenu lh,v.e n a po,rf i. 6z .,,tth t'li"): j" ton:de, *ur"l,Z"r{=Y,\;',:1sn[^,'(rt 

exq.t .{", tlwtda'G) where @t,+-) 02tt, t' tie'tn? rn<r- Ar')
i,n,z g',lt ---) Oo)' tt e fi tJDmorpn$m



8,il --

5ffq O rJo -----') 0 z,i" s local, 6217" a'aps *o a locolrubr'ng 'l K tlo.tno{trry I( Srntr. R. rs< rnalualwn'rng'
ba (a,L'.lA\ R rs rnaxinql v,'1. dJmvatwn, s",Q17,-'t-g!7- v an uomolvfi:m ' Laf d\ OerTo-)O""+'
b! i"',rutrr. A ptlytnl an ea rcr lemna(e obiat"

a -+ sp"c((9ztr) -----s z -------) x r
+ . . . - . .  h .  1  f
\  - - ' - "  o  . . . - - - . - .  t  - . .  t

the loral vTler'ahtm ol T----t z o"T, nwl4lrnklhe aborc d.,agam, he'tt rtMl benveoeh O7[ -'--a Qxr,e,
"'--z @2,t, T| hllows th al U --->'r--> z - l-a z Lonti 'evtn1

91-t : R

l iI IJ J
Oqi' - g

0 ,>

1J
9zrJ,

I
I
J

(9v 1!t
JIZ
K

or, '-, <.- Dx,t

i \  , 4  1\  /  = l
0t,\, <-----<84r, ===- 0r,1, .- (97th

ty'e ,nfhal-kehrc maf,s r--)^l and 'r--a X -if qqyee on h)l\ ancl ha're.lhz favnc loLc-l,morphrth "" +h* ,, ,
imqatu(l ' , huedrcequctl, uy' 'tr.h c,onpkle't )hefinl -pa,l"/ lhe pmo{ (Whtw n6' u'ed A ^oQrnenono(+ ot l lnre
llpc1 *n nued | rcnru|eA antl untwvallg clond )

Gnvenelvt , suppote lhe o,>ndthnx ol lhe 41"pn1n hodt. To au J tt pmPe t urQ onlg haw lo shot' * r
"n!.tt all i  2lotd, tnu i r ul hnk lVpe by hypJheat, ancl ttu rcpaltahd hg 14 z). so kl 1t---ay be.an!,
wo"ythtrvi (< hoore \ v k gel | .clot.a) ancl l<l .! '  : x'-----1 Yt 122 '|fu wo phvm .oblgMeCt h^m + b! b@e
a\+e$pn Le+ Zbe a doted tubr+ { *', dnd qvE tI lhe rcduud l^duQd vrMctuft.

P h ) = w
jr F--) n

z _________> X --) X
tl J '

1) _=) t

Wnneclhthowkql f 'e)  r  c lo tec l  tn lYt .  srna{  r ,o l  hnrk lupe,  sots l tanc l  n  s lhe wtnc*rn o- l  f  t - toZ'3;!,(l"i[,i*ii:','i#2'i:,ir;;iTi,"':;:';1,:2i,fi:W';:L:":x:W::ii;ifr'
A')"1t,:1--;;* U 'nctuts/, tpl,dia,) 4u"turc ' thi,. o'.J,ten'or7h'vn' h'(!'\ = 8a,'i\ and k'(zl = gzt^^^a^
lomnqwwe dsqmn:
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(9o.," --) R -oh,nq 4e obo,n drqqan,;m,li,ul" ?ul i=-+i&",| ' j( in, O+.,"n.do rl lov?h'< L)he 1'oh"nf
i"Ait- <,.t4zve s n 
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-'t- __-------------_

I t no{.drflrcntf J" c,fuc? ily undcttyrng nuy ol ryaoa anmal", ord rl lhen, t6fhvE 4n rhdv't fhr rqqqte
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oa,e1 7 (@a,,!-to),an,,ta,tt'fr:'i1y:r:#ii";!;nik:'19,f)":;"i9"3\T,::Ie#'il,^
:,",ff\iff^3,#;fr kq;::;''t"lhevt'u .qkoryh'si.T-)X ,mahvQ ttu cttaqam oommvte''vu

X:Itd;iffi !27'EiA::'{;;iii':k;#n1:rv;!'Y*,:1:,:ry!'fi
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CoR0L[ARY l{.9 lnfh.hllowuol :lateneoh, w" /.r'he all t,hew"t 1o !'ze ooelltenan '

(a) ff cforcd i'/v1r'e6to^ \'' Pro?or
(b\ A atnpa,].on o[ pnpe r mo4thumt v pnper
(<\ ?wyr moryhnvw arc thble uuder hazeex[en "1
(d) 4f, X-) Y qnd {'.X'----)y'arc pwber mouhmr ol thener ovcra,ba:e

soherue 5, hen lhe prcrlu<t uo'yhun j 4' , * ,' x'-""t f x'/'. Lra I p ftolser
G) Z| f .X-"tf and,7.1-'t7 <e *u.o wrryhttut, ,.1 X.l t pwpeg cand tl

J ,s te 7oa)ecl, lnei { rt 7mPt't'
(f) r{ f 'X----)Y tt pvDpe. atcl \19'/ D.{]r theft f ' \ l  ----)Y s pwper' IF.' l

qA Ve @!.ftc| bg open tubtaE V' t ' tch tl ial f- 'v;-: V tt Pal' l  loteaa'h i '
then f s ptoYnr.

'M !",liii!"1*"Yrl:t ;;\':::!!;"!':;l't:!:l;i :;:irn2r;,a*:,":"1!6?{!;ffY'"' "
(6) lP /. x--1\, 3' ' l  

-)L pwper ancl { ' v noelheqan r 3"f 's l 'r,?e'
G) LDntdet o' p"t'llbaclz 

x'--J---s r'

I 1^ --l--. "

tl I s pwperllrten by tE2( 3.8) I t ' .1..h1'!.'-tyfe yd'l,unvevall1 .lor"4 E,rrr"rtrnn.
Povr clecf x'r ,o"fhinan, I t rc|o"ated at 6nu' rlno net't4 PhPer

f'x ---, v ""4 t" x'"-'-aY'
ffat <|r'y o\nt@ ol lhe
prrllbadg!

6) Lonrdev llu hlh un9 J'tagmm, o'tsanp x*s x'F no.lhenan,
?opet rAo.tphtt tltt "+,arlene4 ove(s,X'.,X,_ 
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I  \* '  I  \ , '
i - \ i  \\ );>=-Y'' \ l  \ trl \/

) __-) s

Pvoclrrc! o/ rno?hrmr d k nk by *" ol4n,k fup"{en 3 .t") t. uE t tmPl! apgly the theoten

Le\ L+ l.x-----l1 ,',n,1 q.l---Z ^t< qven, qttlt q"{ pox, cand g rcpoal.l, l le cntuwe X c noelhenan.
1q2n { r quatti - ,ar parl and henlu \ .e- 3Jt1 9 6 .1$nklypq'. fih' {.r.teVoml<d hY (q b) s"
Jt< need, ai lg rhow extl lena 'n' l l r 'p u alfqlwe znknon, Jru<n a @vnlrnA+?jlY1<t\( ' !r  t '1

t) __________+ x

I  . "  l rJ , '  +
T --- --+ Y
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t t

'he  
S" l  p*p . lkgq t  T- - - l  N  and J  to?o,a \ "dL ,hu ,  \  -  1 ' -  I , - - -z f  .

tx) zal f f ----+'/ hp pronerand \/!^l upon !tne LEn(1 "l Jnh 1y71 and hern3seyavaled : ,bcql
"n +fut bat- (Mrumtrg X no"lhenao ) J htlovts thal f ' 'V'---V ' i o( hn'l< \ye-anclrnpamkd
(heah'r'rg on app"p,iok .|cqram rhoo,,'ftaf 1-'f l  --- '- 'r V rr prop"v bg lhr Th corrrn'



Now tvwale ,f X ---t f r a morphrn' \ nae)henan ancl lherc ry an oPep coL'er Iu,\ "+ y rurh lhal
l- V; -- V,: r pnper .{o, all t Th?n r.tt lu f int, lenut ' 'n, ' l .repa'l led'lett aE la@ll f ' t " xpamlod harPhum
"1 fiakfupe Apflllty ttte arlumeul ol (4 'J ) ^4 tee 'n(tt t E 

f Pfel tJ



f lpr x,A elxwhele Svaded vtn3 = 1'v" g,aded and g,oded module = z luaAed. 
See our 6 vadecl

R$qs qn+ Modqlal "no-tqJ

':X^1,Yktfr l,:!,::*["::;^;i"{'ff!'J\WW*"!'x^:;;t?t*!l='f; ,#;!;:',"
i,'triiin7p';'i:4 +nal ,r ne Ni,*t m-- Z^.rh^ 'n M thei vne z u"e N

LErlYl| A t,.tbmoclult N9H s a qmded submodule ,( and o"l3 ,f ,l 's ynentd at' an t'module by
a te+ Dlt hovloqenoa cleqefltt ol l '1

l_899f Tl N9f1 u .yacle d, * 's opnetz,l<d by all rk homo.qnnan eleue4k. fo, 'th z ,,onueve, lef !m!;6-t h
6 E, ol hoft\og"enc,uD elenehls oI Y ,!,tt 71 -- Ll;'!) I4l h e tr b< Srven' t"J (t;::#rr+fi""

h = s l m t t ' " "  + r n m |

Thert$r de Z

n n  -  $ , n ' ) t  + . . .  +  ( 5 , n " ) a
-  S r A - A , ,  f l r  | " "  +  s L  d - c l . i 1 l ^  '  w i e l 1 4 ;

Henu n 4 'e Nt  an rzqnred.  f l

lorE zf N=t.luagmd,.d sabmoeltrie, r4/N bzoomua grac\e) s - no,lule, F/r'l\a - fa+N)oeHa'l

I et lltN b gmded S'moclulo:., t1@t N thev'Jento,l pwdr,tc!. at :how ltnl t-l o' N beona o g-ln/
S - noclqle wlh i.rrti, iri

(ne,r, . l )-  :  l l ,n; on; I  dgwr; +dq. ' ; :n V;l  tr)  h,diTs{o!

Frnlansder H)N a,l qtottpJ. Le+ B be *V rubgnup "1. lh"'J*t abelwn Snug A on tlu rel fl xN antrshnj
o+ u relu+wnt

Q Qc+zt,s) - Gry\ - U.t,v)
( , " ,  r ! ' )  -  ( " ' y )  -  ( " r Y ' )

@  ( z . s ' g )  -  ( t r t  9 )

jhen B=P+L whcrc P.s thcrubqtoup lp ealecl h,J llu oelalan', A, f allrn 'ela'h.o.'r ,n @ a5 d.'ln'lon
f1 g z ifi : rt/ 7 5nathc lento( P-,u.luc{ P tet.rr'F/J .lrec+ tumt ^E haw

l '1 az N = 01.z @"nrn=1 1"1- %N.

wharc a sep^entl (^-,.,, o n^,",s)-,",2 u ,rtappe\kllu Hm ol-all Nluanln"t- an oll4v sa,'/g'
fl @ z N u tlnt dtrecltum olflu f-tlow'ry ubgaups .

( r l  o z  N ) ,  - -  
{  Z ;  n i  e n t  \ a 1 m ;  t & 3 n r  : 1 }  @ )

rfure tt a canont6! moryhtm al.gwupt t"tezrt 
j-'> ra'6tsj") usoqal<d"h ,olf - 

A/a,+v'
kei nel.4 'ahtrl. $ L+P/P - ++u i'aAiwtp "l M ezN ynemkQ h,1 elemctls 4 fh'lotm t toi-)'"*t!
call )4rs ubqwup ?'. tentdetnq r1"eiN at a 7rarl'd V- p6c\tl2 (Z'-Z'27'=o n> O ) ."'+h

$ v a c l r n g P l , r ( i ) , e r u a q r a d e c l t i b m o d , n l r , s v a & u l e n e n l e c l b J h o n o r e \ o w e t e r n e ' i s :
)t.t @ ! - x e s-J : (t i";\ (taca) o (Z1li\

- (2;xi@ Etsa) (Zi!:)
-  E r a , i (  7 ; ' < a @ v J  -  r ;  e  s J  g J  )

t*he'q each of (hue unna ndt ,r hono4enotn, r[ .ltJrc-Q t+d+i- u'th ]!w nolalm o( (z\r.a 's.ep',anA
(^-4';, i j" - "16lo"rV)-l , ' ' iaNk,i ' ihit ie,N-- 6^1'a,".r]^4llo,.*s' ' fuom)*ulotY
ttlal A @z N ) P/ = IY @s N a alelon gmaps t q!\\ng N\2 q\ 'bnrnt 3rao{hg'



At this point you should consult our typed notes “The Proj Construction”.

Originally this note was titled “Notes on Proj”, but it was combined with “Projective Space
over a Scheme” and together they are now named “The Proj Construction”. In our written notes
there may be references to these notes separately.
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0v" v,erl ohieclLf t b dehn" p,i,lechvv. ,/t4utphuy r and k tkow thaL ang pn1""1t*-.ovphtw tt pnpet. Racall
lhal,n Jeclor,Z uu< defiued pmprh'e n'ryau IPk o', '  any v\l l H+> ba PmJlllxr "tr") At wehow
'y,al thowr', ,{- A--aB u a morPhum ol rngJ lhen f; = fi k3r",s Jpe,B. ln+ rnahvqlu n4hrlo*lnJ
lehnthon kr 6nl schene Y.

DEI=INlTroN lf Y voaq:cherne, w d"/tnn patiechte n-sitctu ov," Y, clenole4 fPi hbe lP\ xsp",z /.
fhal s., 17\ s lhe pnduc| ol J""n4 fi , hane onlq ,lel<nuned uP lo <anonrtctl trcvno;htu.
st/t@ Fmte(+w spaL4 ot/et a(n1 sa+tfr.o cZ = lP> * Jpaqfl Lve ho\E tP?oz,e = FE+r

anq n\-A. A wtorphsm /, X"----+ v ol tchema B pejerl lc i ' l  +a.+on lft6 aloted 'nmooton
1 17 !-2 l?\1 Iu" rcae n> I. fo l lowed bq lhc p^\;cton rPi ---? Y thtt.rt .rad<pendett o4
rh< <ht>ru ol , inen" h"it l P\y, n lhe rcntt lhat"r Ji pc*" l i twtln "ne p^Jec&o' v'a a "lorecl
tnflteqto^ ahen l fqthn fiwugh alt "l lhem btl a Llarccl vnrn(nibo

fr no,phrm 6 qq^vi- projechry ,l- * lackn tnk qn op(n rnmeoton ,j x, --) x' hltau.ed h!cL
p'Djr.hw moryhxa t X/-) Y

exAf lPLE t+.8 t  Let  A t rear tnq.  te+ S be cn qtaded r tnq t t ih  J"zA at ,vMJr&h(hv f in l " lq  qene'a led
aa an A-o\eb',t+ b3 s, 'rhen-+he ('aluaf maP P-lt ;1 il"ll tr ot Pwiecht/e n:t4n:ft'

iu,;l;,'i:y',:f;;i"'o"f"ii,iiffi!,tr T,y,\'::'W^';'i:?:,"i1;;;,';f,i,2uo,
+hqL iu. h llawlnl Ablram Lo4'nutea ' -

.o F7 ,.-.-
?nj s /--------> spe,A

svu onqlobql ftclLDns ̂ e A be<hthu "F t-)^/t e T(''fia) (.,"L q r-+ a/reT(1";1s).Ue
uotpn's#' Pni s ----+ t?! deatg deohfiez )hae eALt Pt'oJ 5 ----a rfecA u TwJechve

lot anq tLheme l, IP) ----+ v la>/t) 6 p'oyehw. A pwjec4w< pzetplr't. s quoai- pry'echue.
Ps sl,toun hq lhe prevrcM e\.\vr,plt l72 -) Joe(A ,t p-@iechwlot n>, l,6n'4nnq '1-1l 'Jao.
.^lot" o pl^1arirc morphttm oq erfhe, end w,rh an '5ornorpfirsm, q".,r qel a pr,.1Jcl'ui fi1arPh'tn -lh1
sutte chne dl ycu,-W."w"phbnt t 'btPhDm< P---+f ( qlr; X-)l) in alw<y gnlechnt '

/x ATtPLE

ffffffffffffffff f-rEoREM 4 .9 th" matph1u ff\ -> 4acZ t< PwPor fn' n'>/ 0

?RopF Lel X-tr| Then * r 6ye4/ by fhe oyen affrne :ubt$ ',! i : D+kr) C=;s ^

s  pecV

spec Z[x",.  'x"f  6y

S"hshow tfL --:z u"6n,1"" / t
"l +q?4

fnrk"/ tulfia,o h thow 21t ,...,r.]6,1 v a {.g. V-a Ijebm. But tn o'tr
cnltz-'"i**" 'nu,"a i'no.r,,z1il ,r:1,:,t;Zi"_) ,,i:1,.y )-"g"a'."J,'i. n2-',1y1!!^k4n"
5 mu S pzcZ tt noelnenan.tl htlou| hon r.'. sti t tnJ 

'nt 
'i ioh nnron, tJ ^'< o n rn iyotrhon h 'a.

( \.t\ wftahnq the prot'{ "[ (rt ( 3).1ne prcol s by nclwho-r, o" n .

t^lh6 ca,te lhe t anontLal moryhqn fZ -) V ,s lw"v\ly 1wpev, |In@ + B (m tromotehtrm

S,appore lhal IFT-'-) 5P.v r PmPer and 'lhal wa 4rc X*rn a volualwn nng R anA a'
commukhrzdoqmm

v _ | r z
l \t l
I . l ,
R ) SpeLZ.

It1--; o:l
n;.1)

( l



tel 7, be lhe imaqe n IFZ d y'he ttntle Ponl ol U ftt o<; <vt kl l,/; : D'(tt) Svopore lhal $r
sine i 3,4v,.-4r"n u o ,tord ,nrvteini F2-'------ p) wihimagc tP; -V' , and lty aot mplan \' tt
tA ,,tA.r 'ttfraqe o{ 'lht clond t rvmttoDn. tD b, aur eath tt 'toloo a^ \' FaLlotlrdhan fnpL\gh ( lb!?Ct Jvn ewtbns

v ----+ ll2 fucka ,nywl,j llltougL IP!;'.-) 1f) Snu,Q orumphon +hr mat4hlrh'ts pwV'; tnere tt auntqw
'lnovpht rn T-----a IPZ' nc,Lzrng ffu ouhtde o{-'tht htt,ktn9 d'otlmn Lom'Yut

,)-#rt;"l//t t
(5n@ tPs-V s)ermnql,,.'e (an avotd t0meLomm ehech) Lal -f ----+ lPf, lx fhe onpo,tk r ---+ fPi'---'+ F)
t!, x rtnt jhal U ->T-)e') - T----4lpi 70 th\w ^ktguznutl tupltote t, t )- > F2 ts dn,rhcr morph(m-.oirii 

ll" rt oo^w omm,.tle fitn In"Z e i' so aqatn l ficlor uniquol'1 YhougA lPf;, tne R 6 a ftduqd nnl
u t n/,,tn nuzia, ol r-----+ tPi' and llu fuctlhal ni*'---: Ff tt a mbnonorPhllm) vva onctude+hot -f----1fffr

ts uniqw, ro tf2 ------.). Jle.Z t faP.r

ttle art lel| wlh fhe cate vhere J e fllo v;. Tv.each " fhert u qn ttomotphrm

Dr [ r ; )  =  sWZ[,O.^.xr7el  = Spe,Z[?, , .  ,? .1

(7try., -..,z"ht'l denolng 2[g.,...,y..1 w,ln nehbek).1)aoter ]hu roTuoph,ta x.t/x; rs Aenhfied w1llt,!he

t::i;;"li;;?it;i"":rl'n;",'z* !,!:t"i,r;,1:r:ny";.,??,,,'n"il:[i;r,!";:1J:-
iih,y 

',., 
ft'";, i; ';',;2 ; ;;);' ; oo-';kT';i ;' i,1< rc thece aft a;tt ionzew qnd

1.--> Sp,cZ

1--- '

Lel 1: K -,) A behe va/ualan on K dele,mned bq' u valualwn rnq K. Lel o1 : U(f,'o) lo' i= o)" ,n sft(L
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B,ttr. loted tmmeqron, i* ,*rro tolhe ruull Ultowr fvon (h.8')b dnd +h, hl(own, d,ottoty.n

LIRaLLAT Tf '/ u anoelhenan tLwt'z, I?i -zY pwjechm n-spau onn, ^, tore nzzl, l4e^ tF] --a Y
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L|R|LLA Ry A quui- pniecho^c vtlor4h[n of noelhnan schemu u of hnle ]ye ancl :eparaled.
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At this point you should consult our typed notes “The Proj Construction”. Look for the Sec-
tion “Projective space over a Scheme”.

This was originally a separate note, which was combined with “Notes on Proj” and together
they are now named “The Proj Construction”. In our written notes there may be references to
these notes separately.
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NOTE?vojeclvl l  rs Local

LEHflA IS l. / '-)J o a ynle clwe moryhtsn ol- rhena 4'4n b t J-'\/-)\/ 1"' ovy '1en ve I

Pip! suppte -i, X--> P) tnz,; r a clotecl tm'rot)ton ' { X-+ f\r:-:-y: I ihen e'tev1 4at'
tnltla6llowtng cltagntn nnmula, ancl all luare {at<"t qe oqllhckt'

x /  t ' - - i * - . t
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NOTTLocctltn.rrlton ovll Chanqe "[- Rrngs (Elfro, t s)

lol ArB be vngs Y . A----+ B a morphtsm ol- ttn1r, 59 A and Tt B nulhpl.nahn rctq :ut.h thal
y(s).T th.n,.nie gel a mo,phrm y'ls-'6---r ]'rg "f .n3s maknS lhe {ollounS anmuk '

I
tl --) l>

I I t'(/)- Y@/tP)
t l+ J

S' A --------. r-\ts
JT
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ol s-,A-vnudqlu qalunl rn lY'

l '  s- '(am) ---+ (r- 'M)fy,J

/(^/,) : ^/tt4

at T-YG) )hen f ts an rpmo,Phrcm. T] N rs ano,.Iwn B-wrlule lhen avnpottnq )rhe m"vphsw"
s''( trrosN)rcr) -----'> (r-'. (n ea N) )5i.1 jul c)ehwdwli T-'f rltsN)---' T-'i@ra''t 'tN u"e

1el o, movphtrm 4 s'A't'Y1d'tq)

s- ' (  (HoaN)6*: )  - - - -+ (  r - 'x  s ' - re  r - 'N )  p '1
v4 evL/s t--> tl s "/flr)

Mul lu l  L  b< ar , ,  A-module,  awl  krn lhz +entor  pwducl  L@fr  B,whvhsaB-moclu le.  tNe cratn
{herc r an somotphtsm ol r-19-mlddleo naiuml'rn 1-,

- r ,  ( s - ' L )  6  s - , f t  T - 1 8  - - - - + ' r ' ' ( L o n B )

'  
w dehru.  ' l (< / ,  o  b/+)-  < ib/ t t , ly ,  rn l tuaual  wat l  s ta. \ ry  * ' r l '  s ' ' .Lxr- 'E - - - -1- ' (LeB)

' fhete t t  c^(anonrcal  uonorphrrm o. l  ab l tan qr ,4f t  f  - t (L@aB) =+ ( tV"S1AeT- 'B )  L6A (BbBr- 'B)
4 LOni-tB.J. l lnetl  bq h eb/t F--a nA b/..  (Have r ' 'B $ an e -nbd6le \t^ fr---)g --a r- ' l t )  one.heLUt
,hdl Lyr-'B---1 k-'t)er,p1-t82 G,b/ir-) leb/* v r,wll- deined ohd ft-llnear' lung a- rno4ahurn
ol otbe\vvt lvottlct

r ,  . .  1- ' (L@*B) - - - -+ (s- tL)  8141- 'b
"t'( "*b/r\ : y, a,bl5

sth&.T clealq nveozto r), r,s an rnmorphttm ol r-'B -md;uleo. N<furalr! t L u ewik4 crlr"ehe|-
we ewnd, lltt veiuV eltewherc nllu ccnc"f ptm2 localraf.w'- (fIu pool herc t moft eleganf, b*4htJaaer
gvro'f s aln odctcalwnal )



At this point you should consult our typed notes “Varieties as Schemes”.
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@ nd, lel l. X-)) bea clotec| tmmewon) l)'"{ qr' a[+neopen rabRJ u)" claim f -'U r an^
;{+;; *ir'iratti "i x 'xf l:'u o enfiy lhr tt- lnun| and .'n any 'y)e -f 

','u --- ! -4 specA
s a rlor"ol tmmeuon. Hentz f -tV l Sp+lAlal to( torlte tdeal qJ 'J E' t tt

Now supporc J, X ---r J ;i rcgarafed, Ul tl r X oyen al{lnu ru}ueh, antl 5 afftne.

xx., X -jl-----r X

l-.--)s
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fie lerr]&yhat A-,( p;'u n pjrU): Vn'Y we tezthql VA\,J,s q+Fne.

@ y;,Y: :tr,r:! *!, t ;'#;:i; " ̂,:i,'!," i:li #!,,1:",6X2'' ;:wfr"w nli#kr D on' t'' orr! r
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q l  IJ I

7 __---t s
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be +he inph miwhttvn.lhen qTr = + and X a noeffitnan' r" bY (tl tb) l-tufhua ! ' rhow ,
that fl i pr"p"". t <t< rhow,lhql Tf tt ^clo/'d tt't4??'?ton 6om 6' eolhor a6re'on the 1t'aP4
w*lenow lhbYe fi a PdllQa'k

Iy '-)7

a t  I  1 o
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@ ';t,h!;,::'*llri'h,",\,o,,,o,*n "..*;':,Ydi.{2r;;';,';!tor 1ii',fr:,i'If"ifrf'or,[; -u,"
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spi* -+ s1*h-

(r)

rta,ph$mt Sp.cR -L-+ X,,rer6 biiecfion wth 7an (xra) anst.shnq ol ayonl r.eX anda-bcal
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