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5o [c, we have /ucated rhevna and noqhtns beh'een lhen wihou! mpnh,:hmq an',1 rhaauw olhev lhan
W Jhrnr+d" ;i;;r- h)"ron mcr"an lhe fle xltbi l,h 4oor fechn,q* ,ror*o*lq fu rlnr rlenng 3fi2aw2 of a"dulvt
on q qruen stherte trl-specollg ,mponlanl i,< 1ui/-rchennl anr!'*he,<nl "huolaf whd llui fh( nlr o/ n;aulu
r,*! f.i.-n*t.tlu) olnn, o )trq'1n+h,, r"ch,oh ^r wll d?wl6P tltz b*ttc popethe't * ryati - dteennl-anl coletnl
shaotve"l Tn parhiulaq, w. w;i ,ntndutp lfu myoiant " hashnl sllqol n g(d .f futP on q Pvojecl 'rJcht/te

DE.JN|TIDN Lzt (x/ox) bz .t nnqed spaq. A sheaL.f p,a -wodulet (p, wp\ on UK -maduk) o o sheaf .F
oL ,lreltun qvlup5 on *., t"ieh lhol fo" euth opensel Os x, the qvotq 'F(ol u an O r[ul- ntdtlt4)-.
ondAreacY nt'luAton rL op"n ek v9U +t/w ft2fu(lun honowonphum F(d)-)Flu) '! amydble
ulh lht fiDddk :lyuclwrt utaltu rtnq ,onothorPhtrm Oxlv) --) AxU) /+ ns'fhlJ4.
9 --a' j o1 tneanz of ex -noc)ala I a aor/rim o.f thear@)t such |'Ital -fur.each bpen xl U e x,
+lw uap 'ro) ---> 90) 11 a mophun a{ €E/u).-mo4u/a'

fusdeiw !fu tafeqonl of 0 ̂  -rtnddel 7ry calegv,l ' '"idrlwe vo' (!+ f)u =Y" +/" und llu theaf
l),->O 6a Q" -'vns4rl, a+h Ylv pwperh" thal J'ton(n4: Q c,ntl Hom(o,7) =O 'la( dll l9 smodul+n
T. Ih,s rs q zea ob,leLl fu, r',u cakg",3, anc\lkt ztw aatyhrr't ? --:9 o tlu : O V(o) --) V la).

Ld Y,T--"--)) be anoryhun "f Qx'nodulea arcn llv hev1121 Kerh,dehnd by (e'V)trt): Knv"lu Jhu ra
0,t -mo,luh md Kerl -----s T rt ct ruoph m "l (9^-module4. ubk lhd,l 4 T r'o Ox -mol|tle and fl tt u tubtneal
ii.r fi '"t""|'on siip:) fo" *htca. rilr)s'pto) Bd e,P)'tLahnaduh /i all u--\'fheh 11 r,q t9t-module
Zna i' 

- 
>v ro o'morphun "{ On -nodrla Jl- s iol haa k <hecklhqf Ke"* ---l' rs 6 a csle gw ta\ Fevnel

1 .  be  mon e*p l rc , I ,  , [  F6a pveabso!  o l  0 t -modu lu ,  l ' r  - - '2e  amory f ium" . l  p 'o 'heavea ' !  A* - f l todu la '
"t** i ,' ' 'nLt, nn,ia"ii"n'i,iutt *or1n,- r -\ e( 1"t :!*.?.1"bi't'::33!P ," 7,'ry!i'.^*,^
of qx-modulea Lcl U< X anc) seT' lu) b qtvErl.  -rhew ah oPeo tover U= QIvt '  anct 4t-e Ftvi) ' .1 5 tvt '
iy-ai+rt+"n t 'b) lv;-  i , ,u, i  v; . 's" t"ken 1v're sxlv).  @ s) lu,  -  r lu;  ' l lv ; -  t lv;  ) ; :  ( - /1\ ' I : ) )  "

!,(, ') [", - f ,1,.(rtv; +;)

1 i',",', (i,:,',',',] : u. e, (") ) ru,
so I t a maThrn.f Ex-mq)ula

Lel'P T------'>! kamory'htm.f ga- modrtle.t, I th" pvcohea{ 4 O*-modttlet g'--+ rm'lu ̂ '*^?!f}r, 
l-V 

",- 
o -onhum-4",t)r,-'J oto,,}iiif i, nn *auta i"otyhrm a-+-'--> p ' u'herc z+ n.ltu 'heah/

^tG*ini,l'*^ n^i r -- i --.'i'p,'- f,)t'i',lhtn and,'t+.'-'-+1,i#::"::'tl:,#,,iiry frfflW":i!:;#,,Jl abehon qnupt.9,+ I $ deat ]hal I a mo'/Ph]sh, r+ t9x'noddtPA tt €l
i , ;" i ' ; ; /1i , ; ;" ;) ," ' i ,yt" ' i ib '^":k;J; i , i \wu'dz't^ 'elanthaw'th<calf lory a1'yfu) sahzt"an'
!' ----+9 *,tl be a cakqantal imale.

ht E^-/nodqla
Lt. . .e/ .h r la) t  or(o)  - /hoddj"  and O.o) l r  =/ l ! .vnl t

'14 F v o, yaheaf- * O x- vnodule.q and xel', lheu 4u obultan yup F- b"cnntu o. Qn7-,yt6/ule ltt ̂  canon@l wa! !

(d , t . I r - ) :  1u f \y ,  s l ,a1 .yn  lunv)

Ld ' t  b,+kQ -th.ahhcahon , l  F.7h*, TEaJrecr/ a{ abehan Smupt,^ncl I  
U=x t:  oye4 Tfrt) beLond'  ̂  g^(o) ' '1bdt ' t le

' r e O x f u )
t U --- '---r lAe\)h 'e'Flul

(r. ')(-) - (u, -). r(i)

11 'a lhen zle N $gl F t 9n pn -module, an() +lu (df'onkal no?httm F -----> G 's a ry6"ph ttm '[ p'wheavw o(
ga -naodalu lc'f F-)g !a nDrphith ol Ox- mod.rlez o"rt 9 -->9lt^v .anonrat ( I /In* tuvY +n"
ir-h,^{"1 &,-module v1- 9lO'/r-*") *"-."t '*n"l "l., ieave".. ' l  abelrcn 1r' 'a' tp t 1l ': ' f ," ' ,*"
9 -----+ 9/z-* -) bh"'y '"r;";;: +' , '  he theolrtta/an.Slheabv'e,,LJhe"l r q rheaf ol (9 x -module'a

il " n t , l '6i"1+ + checn lnal 9 ---z Une,f ' : atto a ooheuel h" o' -vnodatu



"'*!;',,:l;:;'i;[,tr:4#2!#";H-i;i#l\t:,T{,ItS{",1:tztt^^T,;:f ^r:t'i::P;:#k
f ti'flf:z/i:W,i::,--,:t:ny;r::7'f "w"i"?i":i;"tr"1,^':E;:,w'''kt,*'
rt ht)owsr^4 ,,t h,at.p,p24 otuir,)J{ilil#fftr:X;,,':!ffi{ fv*P lr"-f,lFftii':i,JTl,::'ltyriir::i;Ti*^:"1;'!."';?!ir"^lheacttagrumttheme on<)fF;la dyg*!"nl,y,.c,cwnen.a,-!L. d ki Lbe

\utwt,A,,^takct.g, heu"ea", u,lf:X{i,\"|,"#,fr#'i!?i1!l}'*;!:Tli,L:;::ii1,;J"j^ffii;,,r,
?;.i,';;:,!^;|11:^!!,i?'T!t!;--. Ltv) bzote!",mwdw n,,'iiffi!,:i,ir,l"#ff!i,.ii{"1t,^^^n'nolhad)o,t\r.+not t1, 't, - r- ':tt, "' t 11;1je71".L,!k,i"t'i#",,.$tifu ckdrjmth In 0f -Nod- l-\{Yi@

Lnl c be lne yotnlwve tDl!nt+ o+ lfu ha,qmn,t"-for U=L

t ') c ( \ ) ) ,=  @

. gY. . r - tY u mon, . t

a! 't $ ot o*-nadule )
tttlollowr\ wnd*..,ont

- I n (uE-gD(n ) ) t^ i  T,  t ' ) )  - )  @;^L,  p\

lhen | 6 uonory'ttclo a rubthza{".f !, "anelg fny

;'F; lo) I
/ ,' .! nen

rt,or, (,sc,,p,ehea+.1 Ox-molula anl so lht r nar{.|,< qLwn g( ua :heq{ 'f Ax-noduletand lhe
iitr"i,f-'4'-::.\ i .)* ."trnLn' ,)l On -nodulet. -,tncn r, --t e c are a. rphntl o1 thegt"z ol
arr i i [ i 'q i ; ;p 'L" t ' ' i , - - r - )h"r rpr in ' ' r 'o i0 i ' .odutnn*hrch4" 'na(bLDncont lazdtagT,n l l ' te . t1 ;s
^ i , i i " iak , ,p i t ' , " i  'gnoi*a 4  ̂ p i tun qat4f r  sc-- )1 ' t  r , - - .ec-az= T;  -+2"  V '  J+ rur iu)
a i"i-ic-ltz 6 ̂ vnorphrsm af gn-lioiLa)a. rt lrfrtuufu hout lhe compotrk c-).La--+ z ti ^
-"*,ti-A ",{'ti**" .f' Ar-*,lr1ul, eur n's F-tttv.,t iin (t) o^a tlu fact ito +, -> 7 ale mcwhu mol (9r'-tndulu '
In sunrr,ay,

16;@@@@@@@@@@@@@@@@ l aothenatec,^ qbettan

)nonPhtsnslt{}Ti""EJiT"flxl,f::A:!,'!f ,!3Wr,}''tvthzno'Phvm
-fha ahavnel "l-'*u kc ampwrk I -) c -+?c wlrce C ts fhe Trwhea{ 'l O*-m&ulu
U 7)9 t0 /tmau.

,/ r a monomorphum ,f/. f, c,Eeclw. V0€X (,ff *, rnie'hm V*)

I:,:,"ru##"#!;):*,::l::";i:':+*l,iil'o\'I;ir:oY,L2*";
I ts an ,somotl,hrtm ,l{ "(u o ltt *l*t V9g1 ('l i 'f" bi)(h'!< u")

r99 a.rubrheat # ., , , 
An j abehan al"goty u hlone:d' ro mDna +ePi = )t]

wimeqna @''yY", thei!!&.1! r lu rncluucl ruorphuh tf -----> 9.ufurc.T u -th' p'e*eal "l ox -noclulpt
ut'^'+h -3N) " g't't 'tub"d 

ui=--{^1" so'^n,. n,r)"vk\'"v";*wile *ta )i 'ubrtteof .('5 -nt,s'l 'no + +e9(v)' t
i1 +rv) tu=y ;h'"*;,;';;, ; =r,,, ̂ ^o +t,:r:-il)i1ii.' , (.^, t,un)

!t-,1 t+:t u, a,oo,orn jT.--'El Lcr l 'r;\ bcqd'aqann ol $x-rnodulez (et eu<h u tel L[v]\bz rht hfli l ol H,u ltqya:r' {"tlqJ
;'i t\ ';,-. '\:i,1, 

- (t,*il -'oaq-nl,juteD) Jnctue rednc*nat L(u)-41{t,) co ru'nl, u.t',9|tu{atl lhd Llu) tt
ji;{:i;"f.,j,'t 

';'i';'i;;;;;;;nl";ipi,.)'o ann s ,' o sisq{"f ar -n",oduta and r or lrmtt'&' ttrc'F;

?l"ii,t],1.,'ilft, lt-i;tr1 Le) )r;!b"^dvEami (jr-moctulets tureach t) tetD(a) be+hr.LaltMJ J lW ALagdl,n l+;lutjr.',r,iii,;v;;,e"'e - 
*Ky';n:"llf*y;;i\i',[J\'i:;,y;T?;!":.b!1,?,,!;2X,,;M;T:,,

-,i T; -1 , --- 1> 6rc o. Cdtmtf

a c.llechonof,,tbmor)ulu 9Q) I T(v) dehr'u a 6" -vnodu\e 9 &.
hold '

r . ' r I  Ve \ )  q 'nd  5e9 lo)  +* 'T  '  sh 'eg(V) '
"  i  r t t  Xahd t /=U;V i  a , rc \  s ,  eYFi )qn  o . , 'nokhvg [ " t " ' t i l y ,' 

me^ $t' ulvrrqd4 crvna5om*h'ow ol ftu t' n'FIo) b.lonqs h 9lo)'



4 seawnuol 0y -rno(lu]a ve*-cl ,{,1 ,,"xacl,^ @'-ng!, whr.h o ' l l  lhe 'u7'""'t u e^acl u't a)eqwt4k
. l  ' h law i (  obut ton  q@aPt . : l  \ )9  X  a  d  ' l ' t r  ' t  an  Ox 'modLt ]e ,  +hen 'L I !  I  an  Or lv -uodt^ t2
):l i ,4 a'e'r; 0r-/r 'o,.t 'uta, rhe y'whn{

v F--+ Aong^1"{+t,91") r t)

ts c' t l lpaf, whrchvve ult kr tB!! O(o^ "n! dendz by T'no"(Tfl.1',aLo an Ot-nodul2. t" u'e'\- +1k"2
. lanr ,  no lz l f iq l  1 , )  6 r loa , l t c -  pahea l  , l  "behan4nurs ,  anc la  tu i labbac la7drD. . {  F ' l  t s  I !ho@ t  \ '6
'narph'un oI g" - miaul.l l  ,hh,' '+not , l 6 sLo6 jl 'eopl 5, ut:X, H"mg,1,, ft-1",9/") bz omu . Oxlu)-nodule
'^a (.r d)rl ') - t/" l,/ ') 11 r now clpa, +h^+ A'tumo" (T,fi) 6 6, p*-1nplule.

4rwn lrc Ax-modul<t T,9, aroc,^h1o aM opart tel U'-x thL A. t0 -rnq:lqle 'FU) @o'rr) 9(u, 'Tf Vs U
lhh ]hr nap TI!) x 9(o) ------) 't (v) @o^vtg(\) / O,U L-) tl't sll" r bi/tneaa nsluung

.Fk)) @e,o glt\ -,-----; ?{vr6)0,(!)g(vj

5 €e, r--------) : l" er )-l'

N"lethat Ox s rhelf ot 0r -mqc\qle. Ne Ia! ah r9r-wodule v $ee 't' irr uowto,phrc k a dre*um:[
apv al Or Ll s lg4!4-@ ,( Xqnbt coyprcd bg opzn rch U lo, r*hrch /Flv s a +ve." @^lu-madulz
An Orwtoclule 'F 't ca\l"ed qn vuedhle theal' '[ \ .an he nueted fu olzen +h tJ hr o,htch +lo = OxlL.t .

A theq{ "{ 'Jn"ls o" X u athea.l * rn6du,ld' / -hrdt tt a r ubrheq{ "l Ox. znelhe' cwdr, Jsy e'revn "pen,"} U,
/ (e) rr cAn deg.l n Ox (o)

Let /,(x,t9*) ---J(Y,@y) fu a mo4,hrm,"l mgecl rPaQ' Ll 'F c an 0"-vndu!e l lhzn fu'F ,5 o*
f+Or.-madule. stnuw hlvnlhzrnoryhun. fe, By -----: J^g. ol 'heap o{l]ngr 6. Y lh,s qrwz l-+
a nc+u,ql t+,1rclurc o[ q 6y - module. th,s Ae*.rw 4 funr].. J" t9" - rlgd ----r O; U-!d on "t1e'c-t., a,'rd g.
a. mo'phtrrh / 7n9"1 0 ̂  -f io.lu|@ th. p'nhla,*aP 4o cleartg o mo,phttm.l O, - modafan,.Jtvn.J {Foa ,nondtvtis. W .alt l+"F tfu drrcd 'nage ot T lg l"t-o funchv"" doatl4 addrh,',. 

-

,  Erl l '1l  L,t  a .o at,polocltcal <pa@t (t a p,ahea[ o( abnltqn qvoultJ ancl R 4 p,aheaf ofnnqs J,nppor"-  
,h" ;  { " ;1h;  a nao"kn thuci t rc  o[ ' r ' -  n-naiu le ( re.  tu=x ; tv \  6anR(u)-modi l .  f i i1  aatpthor '
o^ Q Lottt/l,t^+4' w'th t1u ac]'a,6) Thert Le rt a. a F. - /rodul€.

P R I O F  t z l ' 0 9 X  a n d  t e (26)(u) r { € (gR)lv) be 7tfth Dz+re ('t. s) . g -----s u,ev 4* Lj

( a .  ' ) ( a )  - - / ( x ) . s ( x )

whau 6* beamet o, Rt-nodule 'n lht,aoonralwoS. (V,q).(Wrs): OlAw, q,l\row . 3l, lav\))-To r<,-fi)^f
1 t u  t " o ) { u ) ,  l a 4  J e u  b <  g f t n  o n d A n d  y l r t t  u ,  j e w s  j ,  ) r c ( v ) , q e  R { r r . r ) r . I  V r e  r i  , ' f " ) : ( V r )Vxew v-(:): /w;q).-Th*-VrqV0W f . i-:rt,;:-1 v,r Av, l lvaw 5Jv^w)_ih{r+ ,s doar lhqi 

'(ra!l) 
t,

ot (L?)lrt) -noAul<, ant)' lhwlhaf s6' D qnzR-module.lJ

Lol an 0-/ -wodule J be 4,nenand lef C"- be lhe pntheaf a{ abe)un qwupt A(\r: 14 vzt(t))g(v)
Le l  Ab" th ,pe tho f  . /my R(u) :  !4u-_r /4O' r (v l . ' i heh . t tv )  a  s ,7  p1u1-46de1 le  w^  (v ,a )  (w)9 \ - -
lvnw,ol"nw 9l,nrv) 7k"aA,:an <-."7ar1",' i ,rs t, W +ftt lenmo. f 

- ' f bconet p/-'Ov-nodutp. E.";w^e J
ui, )ii,',li,r"*t,i l-' r n iil *"h;;;';;i;;^ t''o r ->pi 4'trtnow "l ,'ig' "i b*, *h.tn naEa @v vk
a f-'bt -uodLtle.- IrJp dehr," f+Q h be lhe lewav ltoduct

f''9 er,'et 0x

whth b?-@me. qn Ox-nodub q dway wa wdl dat"nbe sho4lt F,,W lhou"f ne tl.nw how .fhe o*arpoytdu,t g - I''9
Aphru " hndor 0v - Mod ) f- & N.,l uJe need tht l-tt"i.1 . '

L(tYl| Le+ I I --'- i ' be a rorp^h.um .l 61-modu-la, G ahd a' +t': :tuY'aLdtry p'"<theaw ol R-madqtu
on i,whe," a,a',4 *e"{/31" 1,,' f '9, l ' '9', f ' 'Ot rctl4c+lell 'rhen

so 'lhr alrs tgnmenl be r.omet a prethtt{ "t @t - nodul.c.':, ,-+h 6e t)l ' : slv e ll't Ale clenokd llu ansocnk4
sheai bq d @etUr *ht6B a'&x-nodul<. u)e slkn tnply--nk F 83, ""' 'h Ot qnde'oJoo4

c. _-_--> ci
(v, S) r----> (v, ,fu H)

p ,
" a noqtht)m ol R-moclula 2



LEflNA
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Let C,, 6' be puheav J R-wo4uta, nh,o RB d Pt/vheaf J nh,qr' al ' t 'c->c^ $ aworyhunol
R-vnodula ihen gY. s.G --) a-c. 6 a moryhvr' o| 9R -nodu)-ea.

x* rs cleav lhal zl r at ma4thum ol- sheqvea ol /rclnn qwup, f'b' /e X wY claim Lt ! Q' ---'' c\t* )t 6-
wotph$vt1 Dl Q{ ndul" rfi'acluq. Th'\ kllou l'or*

Y. I tv^) tw,e)) -- Y' (vnw, qlvow 't luow)
= i1a yv, Yvarv (elvnw -Jlvnw ))
- -  IUnW,  oJvaw. )v , rw lg l . rnw) )
-- (v,.) . Y" (t^/,9)

Nowk rhow eY o a 11o1y'tt11n 5{ aR-nodula, le} r e (30)(v) aha 'r e (lR)(u) k lftztt 
1vte* Vxe X

( s ' t ) " ( -  ' \G l :  t ' (  ( ' ' { ' ) )
, ' t " ( ' ( " )  51d,J ] l
"'./@ 't"('(^))
-  r (4 ) .  (e \ )ud?\
-  ( " .  t a l ) " ( , 1 ) ( ^ )

aA rcquupd. n

\abJec$ \ G uff, I e Et -t1oA drhne q br alo) =
ts  o -  Q -w l6a lu t l o  r , t hen  R l v )  =  l tm  - , ^ , , . ,

a  f ' t o t  =qP-ynod ' J l e .

;nbutng'fh" fu'n Lennan, [ 4,3' arz 6"-rnp4ulo, rhn f ' 'f :J-tt'-)f-9' 6anaq/hum't J,' 'or'maclulu
1o,.ony*o$h,s, I e-gl,t 0t -modulea Jr ' ' then ecu;U <h<hed. f-' o,:14 + i ov-'@ "oo.w'ottL
addtllve +Unc'lou^.

.  - , -  _ f lod
J At - 199 --- --- t LYl - ( X, y----->Y ootknuow)' gy a 5laa{ ol any "n Y.

t \y , -e169(v) ,  n""  c-
Ot(v). l-levro f'19 : ? A's

b1""Pt,un;1 Q,tn f ,€ +g' tel 6 . ̂  ---;,", be (v,e) t-) (u, lvts)).TkatL
f ^f ,f' '9 -) t ' 'g' t de/tned b1

( t ' ' i luG)a '=  'At 'a t )

Nerl consdpr lh, . l" l lowlnq tendnoi a no'Pht|m a B--->Q'.o/thza*z^of n13: a4atPace Xs l tcen lhet '
. Ot be..oma a g-moctlh rlfu ob\tl1w wal k4 so,ttlrJ tuth O )rhnat a +ltkc'br

- @p €' ' O flod -----) O'- nod

5upltote F s a- g -ndule.'tnen T &ce' s 11," LhnlfTa.lan of lhe prahea| U r---> "F(v) @ op) Otlo) ) u.htcb tr a
 retttn-rnd.;rle fl lhe wual wau is d,ea, +hv nr-h"i{ , o i+u"tti a p,"zheo{ ol g - mucl,\Fti 5ob4 oq, e"n,lerammet+',"tuii 

u a tnnomal G '- modile rhutlut'e an F @e e : t a S aJ-''lct be at mavh!fl "t 0 wiiulza Tnen +'r lt I
S" ett T(u) @61u16't/') -) F'(u) @er,td,/t ) n a'nto;htnrl,( e/(u)-modula, *hrh paEh kgdh.er lo rnalze at
tulorph[n ol p,ahato.l O'-unodulea. SV""h{,!vg gt{u a mo?huta + @e8'---1.F'&o9' o+ A'- mdtl(r/ nQ

LEPI1A Lel C,,A'l"e tr-gror- ol €-nwlula, whete O u^ tfualf nngt, oralel l,. i---)d be a muphtm
"l g-nodule., -fhen a P aQ ---'  a Q' s a worphum "f O-modul@.

?9X te l  V .x ,  '  e (ec ,Xu) )  re  O lv )  qn t t : r ( l )  b .  g l t  -Th . /L

bd)up 'N4 - d" ( r,,X-.)) : d, lp,,) s("))
-  ( u / ) .  A Q G ) ).= (,/,v) eq)v(,)t,)
=  k .6 i l t t , ) ) k ) .  A

arnn $ 'f ----t'F' lel P,/ be lhe ltrcolleavet ot' o'-vttodulac.h,,h 'ne^{'$ h 1'nt T @eo,'F osot rez p attd
h I  e :P- - - )P lsheaf i fu .Lgrc  beee '  Teo ' ' - - - - -+ t r '@oe l  l t  t . y ' " " ' - ; "  6  6 r1 t t { tp , t  vvsvph tm " l  @-nodu lu t
^ r o t ' P " , Q  a . h r u  s i i t l a , f g , , f  , s  c l e a ,  + h a l  i f i = 1 { 6 1 , s v r z  d ' u =  Q " t D t  6 !  0 1 " /

U @" o'),6k) -- i - t<": l
' ktck mal,e I skaglrl Ji1ruo.d lt't* trha1 - @eO' s an oddhrn luncka rmu ir-f -9 n6 "tu



- 6" 9' 0-Y& '------n o'-nd 0,0t th.qvt'o ol nnqs on \
" ' .-o,-i '  , i ,  d,,nl, "o-nodule

erd
f.. r---->.r,, / oo 6', F @ee,-,---s ,F 6ee/ r 4"J,nnd bJ

(f ouo')"141'1 : f-t'as)
*h"n i, ,TfuJ @ op) o'(,/) ------) Tt[tD &ok)o'(u] p f"ot,

Nou tcl w retu,1! our mo;Thsn t."r:rlg'f:y !. ,(,!,9r) -- (Y @, BJ adJotrlnat we have a rno,.ph\m
1't8t -)Ox ol sheaw ol rtn1t '  ar 'cl  n?ncL 1'o 4d.l t f i  ' t  - lunc+oo

et- r1od -1 { 'N-\4 
-a ' ' 'Y 

s)-nod

we j2x6la lhe nmpo'ie by /+' ov-iy.d ---) o'-Id. or/e alain thal f '- l*.

Vy$A C,*, Teg-fl04, E gog' ,, Nh.,heafl'c*h'r ollfu p,-uolteaf
l; r---1 'F (u) 6ea

Otw a Moqahgtn

t-
19'-Hod :> o"-dsd

t

hrl qe dehr" a unl 'L )-- f-fr. Lnt 3 I'e ̂  O,-Mq! 1..'rt^en

( f" l-9 )Q) : (t's) ( f -' v)
, .5 :  l ' '3 o4's, 0x

ctte cle.hne 7 (=1^),4---; f*f+g b,l \v(s) -- ((vi,l a4 ,ar,* 4"L 4enJ" <anonr,cal ,morphn nv inh
iU^tilir"*^i i+ ,lr'*,ii "nu)i +,ol -L o o moryhrm ol tuu1ea ol abelran qouy 'b Rz lnq) l ln'oewta I'a<
^"rilii" ot-ri.i*,',*-^^l i-'raiira g+, "'r-S'ioi' ".J tl- o{ont vavftt'r }'Dt-so" bet't '

l*, dz ----+&tl"

I J''@.v ->oa 
- ,r,duudbg ! rn' -> o'.,

f i tu, 
*^ro,,h 

, 
7 *,)((v'+tt: +tu

I ,.' ot _-) J.-'f* (e* _> 19^

,/'u-+a ; \shz"r4
c  ' <  , 6 '

a(v):  L i4w, r(uo' tw) )  c ' ' (v l= l rv ' '  wz+tvt  o^( t ' 'w)' t
?"i*'^\: (w' t':{o))

t * v V = l ( v ) a n d n e O v ( w ) b ? q t w n ' y h e h l l r u s a m p o r l < I  I ' A y - u O x  n o r p ,  1 w , n )  e  ( l - ' O i ( v )  + "
i *  tw ,^ l  - -  (w .  f  -q  (^ ) \  

"  
, ^  U t  e , l ( r t ) 'an4)hen h  |d -1 . )  ln  r '1  Px(vJ .  Ia  pa(hcu la t  {o t

t  r" ist tOi ,  ?urhng w--Q,v-9- 'q g rvr ' r  ] r - 'o((e, ' r )  - -  tL t - l

Now u* are GaAq+o show y'hal 7.3 -> l"f*9 ts an1tphttn "f Ov -norluler. Lel reA.r(@) beqtwn and
se 9 (e) .1h"n bi deh^rf^n lhe Ot - modalp :lncfure "^ l- pa! aqte, fi-nL Oy ----, f. & x a,rd -fir con"onrcc.l
!*g1-t,todLtle slu.tclurc "n- l'9, qvsug fi'rm lte @*-uttoA\le iuJrlu,e * l'9 -- J'tg erE@^ so

.r "'tq1) - $t"l fut'l



Lzt yeV. Then

ft !a,,)b)- (tiO tapt)tul
: (l-'4, fI t't) 7r,r,,r,
: (+-'e, t{tvt) (.r-o, 1o,'; er)
-  ( t " o ,  l g@ (  ( s , ' ) a  r ) )
= (f-,@, to.,,t o 7f r-r)
- -  ( + 4 Q t  { a , t  e  i / - h ( ( o , - , ) ) )'= [:':,' :;'; ";;',i "
= (1o'" ' ' ; "111'1

_ 7" 1v. r)  {v )

4ewu- r.nab)--nefu.s) and lq ts <nouphuwo( ev@) -Nbdul@ aa vcluvtd.l I eaoily .he.lud )11e1
lov ang l'! ----: ae thql n i nafural .

a  Y  . , . : p
J  - ' -

h  |  1 , ,J J
5,q.9 _.> l"l-ar

J,f f

uJ< nov't checlz-fhaf (l+9rH,s a,.llzchon o{ Q along /*. L.et TLeo Or. -moclule (tnd f,'9-t"T( moyphtrrn ol Or -modulu. 'nti dehne ! , lrg ----) T .aa $llout finfl!, '/'"e une t1u alluitlv>n ,belwven
f. , 0ltxl '--& t,t ) ona t-, u(yl -_-- 4!01 4D paua !' , f -'9 ----. "F, a moryhrtm ol thadra o-f abelton l,ou|r
dehned b1

d(o)  = @y2ep13(v)
*: 6 __--_) t-

iu( tu , 'J \  -  /vOlu

,lv . ll''t)(t)) -----4 T(u)

3e'^r^lJti -- irt'tol1

Lel R be ltu prahea( Rlv):1-gv? ") Oe (r)) ,o lliol- j' ' l9r = 3R. lcl de?''pt)(u) "nJ
se ( f" t ) (o) L)e grnn. meL hr qej

.+yvmJYoL4  s t  =  yy (  o t v t  , f y ' } l  -  t 9 ( tw ,o1 .1v ,+ ) )= " f J ( (wnv , " t , "nn .+1 . " , , , ) l
=  (  w^v/  Ywnv (c lwnv +)wnv))

w h a v e a ( 9 ) - - ( w t a ) e R y a n d r ( v ] = N i ) e a J . t " 4 n - - ( z t q ' ) , d , ! e a v G \ a ^ d + = C r , + , ) t + t e S ( T ) . 1 h e v l

i,nu ( ol^nu . 4l*nu) = fwnu ( 12,.,) 1,^',"" . (r, t ')1".., )
' 9'"nu ( (zA't, a'l..n' .1' I2n-r)\
- '  f  2 ,s(  a ' )znr .1 '1" i . )1 ,4v
' -  

Q i ' I " n .  l " n r  I f  ' l ' n ' ' ) J  l w n v

6ut b5 dolniun l*T fuams a At - moclulz vra 7c4: py ---+ /aL1x, to ssn1rn ,n,
-  |  l | n " [o , l . n  ) . f "o ,  ( t ' | " n  ) J | -nu
= | !n,  Q' \ .n,) l tov f .or (  * ' l "nr)  lnov



Bul f ,Trv (a ' l "nr l lwnu :  [#.  (o ' ))rnu on, l  rc

i n n n  ( o l * n u  . y ^ n u )  :  y i t ' ) 1 , * - / r ( t ' ) l , n n

Henn
ge,yT'" (d.r) - (wnv, f!Lo')l,nu f rU'l l^"\

= (w, t!" k')| i l .  (v, /rft ')k)
- 1w, p!1.,) la) *r1'tt l)

B^ t  l : b ' ) l ^  =  l * / ( z ,q , l )  =  I , , " r { i )  Heu , t zw  Ou ,g  (w ,  t :@1" , )  =  (w ) : ,aa \ )  - -  l r {w , , i ) .
= \ 1efiJ 4 :  3evngJu (.a). v\ehtz

geylvl9 Yr,, td r) - 9evrn3 3"ta) SermJlto Is)
:  ga(mJ (  t " {q vL t r ) )  O=  J z v m , 1 3 , @ . Y , q )

Hcuo YLG '1 -- >" (4) vL[t), *hrch w* qtll wz bslow

l.+ P/u) - (f -'t)tu) @ p-,s,)tu) 0*to1 to. lfu pnahea( ol O' -wD.lula *l'rch,.:hnahha 4" grvz
|+9. L.+ U€X b" {:tal anl ,,onrnolev lhe maP

(f -'9)tu) u ox (o) ---------: .F(0)
(st.) r-----> 4. Y; ('t - .l '"('.,)

thr r clearlt bihnurn (+'tEyJ(o), lhun ndwtnq a,r,o,yhttm ol ofulnn q,oupr V j (f -'q(r) 6 & P) --4 F(rt)
dehwi bq -t',j ls et ) - r.!/,(s) (B;ltnw'JV 6llowt f.am (D) . rhen *" rs rcadrlvJ lsen lD be a tvlo(Fnv m
.f pr-nelavu oi p.1-vvtod a.wi"hn "l !- be lht trcluod morhm o/ Ax'nodul6 "y'f ' 'g@Ox+'F

l\e*l vn hauek show lhal ! t untqu nafung '!ht l"llowu,5 dvgnn wnn*ft

Il s eug enough 1o "hedL+ht dtc\Xt an ommuk4 1". r eQ (v)

s F-> [cv;JeD r----+ *j., (7v)') : ' {'d lr', : 6 t')

Nexltr.e chech l?rot Y r c^ntqt^!. stlppot. "r/: f rg --'+ 'F r another nltphum "f 9*'wodut<z mah,nq (zJ amnl,le.. . . i r  _  , .  . ;  t :  . "  ,

c
1",/ \ I
, / \v \ ,

) - . ' . - _ - - _ - J
P . L

' .To  show Y- ! ' i tu (Auk  shor tJha l  .k .q l l ya^ t  T1  .and,^ r tv  agne on  O-9) lv )  6  O ' t ) .

fo r  s  e  ( t ^g) ( \ t .hnd regy . ( \ i r ) le l  V=! ;V ;  be  aLbve(  dod (Nr t i )e  6 (v i )  s . l .  rJv i - (w, ; r r ]  Y t t ,e , -
^l', ( s6n)lv, = qlv; 'li ' (s'6)lv;

. |ui y' v1 ( sh,io t )
='rl,t; "l',t; ( tw'ir'io r)

(2)

(3)



N' fe r l td+  (w i / t i )€ a (v ; ) ,bu t  [ \ , \ r i , t )  e  a ( ( "W; )  o l t '  t lowover  v ; t t ' tWian4 (v 'J i , r ; )  l v i  =  (w i , r ; ) ' s "

1 u  1 : o T  ) l v r  :  r l v ;  ' t i ; (  { t w , , r ' t o r } l r ; )
-- ilv; li,vt,( 1wr,r;-16 r) |v;
= rh;  \ ' l . ,v . t  i [  ?a;  ( : ; )  )  ly ;
=  r l t  ;  ! 9 . 6 1 ;  ( . I w  i  ( s I  ) 1 , , ;
=  } v ( : 6 r ) i v ,

rs,.tG\
J

6( 'LeY^ th"rs $ amollhtm
-__-_.r @ *rx

srnolht Yi ,tvq V, "lr, (s 6'r.),-'fn lt 6n ), an relutwl.. l leuu "l --*t, to Y $ L4nrqw ond )he ptDol thrarl
It c lc{l a(jouf+ /+ r oomflele

EIIE Lel {,(x./9,<) > 1vr4v) he a notPhttm ol nngd rpa@.Theh wclaim }+Ov > Ox. Bg Jelnthnn
f*0r: l ' 'bt@1.,p, Ox,^ f *bt sth< tieqfrfualbn '[ fie,pruhpat "/ 0; -',9a7pt
p(,,) : (r-,a1) tv) ap.,s,1,1":'?,7_219 1",";i,X:'!Iii'?+#'i;::EI:',{?Y;':fftu l"Avtv)-modde slwcluno" Otlu\ tptlv' 17' '^ J r u
$omovPh)tm fAr 2Ox 4 Ox ' modutQt

N|TeE fi- 4qpy11t- 7;-t ----l.F; ,---).F;r, of Ex _modula for a rtnqedtpctu Ax s exar!
,( rl tr <xacl a,t a te./utnu of sheavet o/ aber,an gn+p Aenu ,i. v,tex t/z tzTuent { )a"hon g^up,'F;-',2 -) 7,.,---t Ti,t, / exaz+ (r-at.z) hent; .

|.| 5ct|uue <,[ Ar- vnodule.,t F;-' -) Fi ---J-F;tr <xacl
tfl.VxeX |ta lequan@ TN-- T,,,-" o,",, "j!:,:,r:tr- 

,

' NofE Lel *. (t,gx)------- ('r'a:,) b" d vrt.o,Phtt nt ol,ugedtpau.
o+ Abekdn gloupt wnpalthle wlh lhea\ moryn$m sz f bl

a , ,  (  LF\?c\  . - - -1 ,F"



NOTE Lo.olt,1 Fren Sheauu

Lol X k akl(,loqro,l sp,rz, xeY.. ancl i. 1"1 ----ay 4hz ncbaron. P',+ 1= |' l. then we halz luncha

i '  t - t  i *
;r = 5lalk.

roy t heapt al :eh, q,ou(t o, (nW. Bul sds --.5h0), & = IL(il,6t11 7 811-]-) -("otnj'g, uono,phun').
ni,' ,i,i"ii,'^ 

''rL 
ull <,rrt ,lqnt odio;Tf.. rh nt ene' 1" me , sil" t'i' 'fiicka, fr tx1 .=t-4 , 0! 6l -':0L,

Rn46/:X) _-_a Bll a,I haw /l1hi ad jhn4 h en4, l@e'!< all t lmir (ro bc GtE !Ltt,o^..t1e.h' 1116t lat 'eht9rc^Prttnll

ai,"a-"tt'1 som;fr"ch st<'lh" r ''ht-tclo't" )ha'ihhrcn" ?n )

L e l O * b t a h u t o l r n q s , T a n 0 ^ - n o d u l e ' T h e n f a r x e X t t z i a l h ' F , , b e , o n ? o A x , x - m u l t l e | / t a
naiuml wavt, an{ ll,rs dehnu a avananl addthr" luachr Qx,'114 ------+ o +t- t1stl- " wher" 'l ''F ----'Tl

'"'rtiir- 7",-7- -'-'Fl n lh.e wtal L'uay. (atllhr funelor s+^lE" D'ine

S,.l- '  Axe-Aad ----> 9*-4lL

5 1 9 , . ( r l ( o )  - { H  ' , L e v

{ o e+h./wt'e

'lhu tt a.rhea[.[ 0x-rrlodale't' who'e slz '1, lr't)(u). beomw a. & x lu) - vrcdulp vrc' O^19 ----a O,x'* 'Dv.< Ae^ltnea
Shq. orL movbhrryns h {!u \b\luJut uvuT 

' i l?a'11 t.hl. Ba.lcltfuE lo )ez SklA* "--t 5b9",&hrclov an 0z'
- riia"U f 

'w hllounl motyht tw o[ 
-O' - r'r'64atQ'

7, .F -------------+ 5v9.F

r l  zeo 7" @) :  (vt^\  e 'F,

f P'7 t 5L.9"rt I antllu, ̂?ft,'f ,?.t..!n-,-:1"6t-'.,:.,::'f 
-.o"tute I'1, then \ ' T'.'-') 11

tte$rud fu k)"t)Plu?') /adntqw motPhtt?1 ol aY|) '  t f loaute' '1

.v - i----- st y-n
'\ '/sr,e-t

Stz\J..ra

nmmulrt. l'lene Sjulh, '--- Jb% anc! to )ahn3 dolks peaenw a)L r'plrmth tt {'llows fum Exl T
ana+ lhr hnLkr ! lalh^ r adtol[1 e xacl

DEFINIT)0N An pu-yfioclqlc G u@ * 'Ls a apvoc)ucl 6;ex@s"6, n^ ndexd a (p"*;bl1

Juhdg" , rh  be luE<n.a tchaak)  An)  modu la  a \ "e t  0*hM 'anh o  ' l  x=F

Suppue fher<-atemarybumt a"' 0x-'---trF mah'nq F "and*nff;:ir?:;,T:"rlf.i"H,i1lfr"a

*'iifu n;qwthrf ;f*'#'*'#H"ffi :kii#i#",#"ri3wi*'
'j clevttenh 5o ronk6*i[  :  ravh9r*E fo'  ctt t  xe^

DEF, ! r/o/v i: f;:"1i1;$",:ffi,;;"-i',1#iiyli* -!f*##r',"!&"i F!: '
' .t fltz ranl"f Fl' 

'rct.,.''.6*'" G' - tanh6lu'1' (rl")" -- -v]'"'Flu (t

Tp X- ,f ihen O t loca)lg fu J,aF O. ffny T hon rtnL g on f e' Y'



5o,/ V r locall4 $,re, T. u q 1w" Ox,y-module -fir.l)ze\, tt)e rc,tl ,unbs*,.F* r!!-,"-1Lt f3!Z
Tp 'F ,,  lo.. .1l lq"{,<e ahcthaalhp iane^rank " 'e {o, ' ,  lol ' }  al t"tnl 7atnl,  w"ra,!T $ l 'catt l  f i -ee
a{ ranhm. Fim(') lhl lowtthal 'L X urprtqtded,T hal tht tune tqnh e'teu1u',herc '

NATE ln f  l )  rchqvc T.=(r l , t)* t '^a modvlst vG\ A\ft  =(@rh-,)".

_ e,rey
An tnva4bl. rhe.i l  's a lo,o)lq p" shea{ " l  "ah I 5a '  thtal "^ { u,n e'hble, "nd Vxe* tank6,,G' = |
hal r,  ,F, t  gx,x t 'a u{rt  .  ,naclute4.



At this point you should consult our typed notes “Locally Free Sheaves”.
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N0fE The lunch"s -  &o,9 und 'Fa e^-

Lel Axbpashea$o{ rvqr, T an ot-module. Let f '3 --+ 9) beamo"phtn o{ 9rmodqla,
P. fu) :  TIv \  aarra gt t l  inc l  l t (u) :T(o)  @o,: ( t \ I ' tu)  the p 'e.ahecret  lha lXr .w ank ? ' ,6 '  ' i ' ,  t
6', i-"i o. i"irut t'g f , - ta C" a^ l'.n c^ movphtt^ "I ?reAherueo;{ ot -w\a{.l.t@ v'!LtPt

' t- A4 be llu unqu mo'1hum o/ 0v -wtd^ula,a maktnj

@ ^ '
o  > f

Ta6;e1 ------> T u o,''
F @ l

{ r -af)" (s)11- $ '1a4\

L + $ . l e  + h a l  T @ l t :  ) 7 6 e , o n o t  , f  T , 9 ' - 9 ' t h e n  { 4 = f  f  , -  r o Y f  =  G @ + ) ( T @ f ) -
snu ( f  + l ' )^ = f  * ' ) ,  ,+ o1l"  l " t tow t t tat  Y6(d+f , )--Tef +7eft ,  s"  T@ - r  an adcl t l -e f"nck'

5;n, r ; fav lqqtwn an Ax-module 9 ^nd f  '  F  - - -+ 'Ft  u+ $ ' r - - - ->f 'b"  $v-  $"aI  Then l f r1eve s a '
mo"phtorn'"p e g ' V @o"g -----) ry'ee"S "l Ar'modalet delrud b1

( (  @ t  ) " (51 ( ' )  - -  ( "  l . ' o t '

'ths mukat - @org dt an addrhrc funclor. ore ehetlzr eatill h,"t,!. /.'r77r1rf'1.-1.1.(*^

-*ji'X;:1;,#:lt't"i\'yin!l!:'f :,1,5z$i,Te*3,0:r-'ii;!riy,t!;:!l:[J;u"ilG@)
NarE (C a*"1) \ '  :  'F lu 6 o" lu 3 lu

1 pl Q x. bea sheol "l rtngt, 9-c X open, 'F, t +^, 6t*-nodttlu lhen T a9 r llv -'hea$frahbt
ol- lhe pvwheo{ o( rtv-*,iul^ vEs i(') @artiSU), aqd ?lu6o*lu $1, s )he 5 y2a$fica}ww

o1- ffu ptz'oneol Plv. 9"lhere,s un somorpht*n ol sheava "(- abelvn grcupt on U'

7 .  + lv  @s*1u6 lu  - - - ->  ( ' t r  eo"€) l '
' lvQ\1"-) -- 1<. (;(') ) <* ' (Plv)*D f*

x./ u edo,ltl "hed'<ctlhql A tt a mophtrm of ,0x l.u.- modulet.il v alto < axltl checfud lhal.fht' 'tz ,'
i;;;;,i;:'1;;;;;oi'^t,,'v"+i t and g tl+', t-' f r -----,'s' qnia' !--'=9'*tu tottowrnl
C t6  j r a ,m t  Low IW\v<  |

(-F eo^4)1" : :==> 'FIv @6*1u'!1"
U a t ) l ,  I  I  t , ' t ,

( f ,  eor l ) lu  =-> E ' lu  &ox\ '41"

(F aer4)1" -----z '  'F lu @o"tugl"
l {(lF^P)r, 
J J r€r"fl,

( t  oo, j , )1,  :=* plu @a*11 l t l ,

t l  V:V, ae'F(v),  be36t)  lhtn 7.  dtnhhat a&u e(vloegl ' )N) ad aiob €(v@3)(v]



NOf f  (r  e.o^9),  =- T, @a,,9,

Lel 0xbeashuaf 4"ng5 73 h^r & -n",luler. Thon ArteX 9.,T, o*,rtr -lly A*,,c-vnoLula, (tny'
!,{,e cloim IF os^4). = T-, @o4*9^ a.a 6x,,'nodulea.

Ld P b lhe prvha{ o( Ox-ttado et P(v) = TQ) 6o*Lut flu) Dthne

L . 'r. x7, -> P,
t ( tu , r ) ,  (v , f ) )  -  [u f \V ,  s lonv  6  ] lunv)

t+ $ eoiltt chechecl lhol zu Ax,x-bihyur, a^d v,ft claint 5 x aci,,toll l  alensvr prxluc). Suppwe t1 uan
a h t u n q i r p a n d / , u " x 9 ' - > l - t a & r , x - b : h n e a r . t u " r e U f h t n a p - O u , T ( t t ) ^ 9 ( u ) - - - - t t 1  d e l t n a d  b y
6"(',rf= 6((u's\tO+D r 0\l v) - bilt,/teat and henu ndutm (9v, .F{| ) @o,LU) eld --. t1/ O,(serl: {kq'\,(o)t)i.
S,nu 0 wmmqla wtfh rafucfitn, ̂ " nduQ a morlohrsm of qbeltan SouPt "f' : Pz ---)"t'1 St\"h bJ

t  (u, '@b)\ -- p(t4'),  u,r))

ctealStz=f und Yuuhlqutt sa 2 r a hnsor pnd,uc[, andlhereuan tsounotphtn d^' 7a-"->, E e o4"o^
lMen bY

x 9-

'F" os",,4"

t 
tt'

t{ow, (V ao,9)^ = P,L vtc. (u)X) +---> 9G)t solherc 6 qn uonotphrn ol- abe[nn gwups

a'" . G as^4)" ----> T, eo^,,L
'Iotezfhrt tt er ronorphtm ol- O*l-nodule4 tel UsX and f (f 6q)?) Say re OtUJl,
t€ P(v) h s.l. 9fu= ! TneL tl + --  ̂ @b ̂ re h^ft

a i . (  tu ,v)  (u,q))  -_-  " ( l  ( (u , " )  tv , - r ) )
= d ' "  (  O ov,  , r . i )

(u ,  t )  6  (u/+ l r4r u dn tJonotFhrth4 o'[ Or,,.'(/l4odU\g1

ahd lei re \/ c_ U 6Bcl

rrhu u odwllq ,|r,vral,
sve (t aov4"\:3Px
It an "b bl O x,,!-tv|o4!

4 , (o)  t  6+)  - -

-- d,. ( (.r.;X*)\ rjhou\dql,oure.
= )'^l(o|) 1v, cob)\ . , i;,\;i,,,f",:I,i",
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NOTET @ o ^ 9 x = T
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At this point you should consult our typed notes “Inverse Image Preserves Tensor Products”.
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l\l)TE Erl,nam3 sovnoryhtsns fnm o ba'ots

L* /.. be qlopoloqrcal spaco" wtlh baurs l!)if ;., (r.r.a vonevnp! -t'e"*wt 5t /e69X+1; zet)i+l)1 o61uy
'F, Q be hn theav- on Y (4 rct, gmupst nn.q t o, cvu @ a-wodulett f"' nne theaf ol ,ny Ot). tuPpoft'lor qll
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- r ra" "a  f - i ,  ' " "u  no t  p" ,a |h  1eV,  +4 l ,ovn 's (n)=M/ l  $  H1 11 te  mahe 

- r1  
vkeheaf

o!- abelpr SFqPt ut4 t49 fhe obvrow tfvd'fw'e malt

?B'PotntoN s l Lel Abe c^ tn1, lel f- l be o'n B' module, ancllelrt b2lhe sbeaf o^ X= sPQcA altoLlskd
4a fl . ' lhen

to'\ f i  Dq &rnodule
[h) f'or each pex fha ialb (fr), 4 fhetheaf f, a* 7 s

abe\on gwup k f1y ( ancl ̂, an AT- mndul.\
G) ftr a b *eA, ltu fu-module fr( D(l)\ 6 )tomorphtc
(d) tr pav\cu\ar T(Y,fr)= 11 a1 on 4-modulz.

vomotphtc ac at

aa on fu - module h Yle.

?r<W tn f  L )eXbeopenaa4 le l  me l (u ) ,  ze  Ot tu )  beStwn.  Er  feX,  f IV  Beh A?-modu lewlhe
(anontLal waV) ̂ nd we d41ne

(,r . t)tr\ -- { $\. m(F\

1+ $ e^A\\! ,hetWd thal I! 'n dehninn mahot fi hkan tgx-mDdak.

thl 6,F€Xd"[n, (fi)r ----> flp \ aptnq ('t!h) L mfu).'lhsr t amovphrn "t abelru.n g.'o.u1,t'.
*hi,h ,  qn l lsmovyhum b4 +lu Livneaqumenh 'ved 'n f to.P 2' 2a\ 'Jht.r t tomo'Phttn tde:tht u +hue
19 rt.1rr- mod,ale -r+vi l-uft ;^ (f i )" w' '  l tu AV-ndulo shucluYe onnT M a wa\ ' 'DmPat tbt '  t tr tQL

ii,ll="1"- ru,r,,,-,i*"iie" iilii,,,r" oitV_107,1"., @)1,-r-ryv"" r'orionyh'*,"t 47-nsArteo

(c) D4hnet'111 -----> fr(D1)l b,4 napptnq ̂ lf ^++!u rechaft Av-)q/+". Th\i 6 cle^t\ a morphvm
ol a&lvnqavpt The P,Dof .t 

-Pmp'2. 
i '  hou ) hal , l " qtoi,si+na when w< mqlze fr[ 'D(t] l 'n.laoft

tu .-moeluile ttra A(= ptlD(tt),! c <)eqn f rqflromo,Fhitmol 41-moctutso ̂tr 
1t3.*l l l-* 

^. '"t

lc,\ .tea, ,l-- L.). n trogft@)
\!JE 0) ows lhol 'l \n nop' s,lefifu) qg'":t arfe)t lneg agta on a neghbotha"4 o1?

PRoP,J lTt}N t.2 Lel 8 be o, n1g ahd x- s1erA. kt;, le+ f : slecB ----. spe<A be nduucl &on ct r n3
moryhtsm 9'A ----) 3 J'vtzn .

(a) the map n F--> fr gt\.et an zxat+r ,f"tly {artl$"| luncbr f.an n" calgoy
"[ A-vnodula t" llu"ortgsj ol Er' niaula

tl") t+ r,ru on 6-modulu.then (n 6cN)* = F oo^ N
I r+ tn;\ E any +anitlol fl -modulu,.th"n (@;ytY = @iF ;
{d) Ay qyr5 B -modlrk N, ,are.have 4*(ft) = (ar.r)" tn her- aM tneans N

wnrd6reC, @ a^ A,mo^^le
k) 6v an! A-vno,)ule t4 vve harc fr(fr) (11 @nB)-

pRgof  T f  ^ . r ' , - - - - - ->N r  o  mo,phrm o l  A .mod, t ta , ) .  thq  3  , f r  - - '  f r  d "h ,ya  h ,4  ZuLss l ,p \=^ay( t (p ) ) , *hee-  
{ ,  f l r - r l vp  r  (anonrcq l ,  Dama, lkanEl  O^-uoaub)  ( tea , ' y  1 -1  i ' " ' l  4  -  7F  "o  " t  t s  c^ r .
^)a,|r* lunr'+o, A-tlod > 0,1'voel 5nu &x(nW "t-i1, t l t l towt rrt;+ .- s.hihlul ( h' '  '(
m.ne I '1 uqfta a r1v V V' t lten Ann6-$ o hlnpmldand'"-=") iarazlhal - 'slall '  lel^' f i----+ fi 'he
a  mowhv"m" l  0* -mDLlu ta  fadwa o t  11- - - ;  N  " t<

,\
lIF{

ll2
Fi(x) --4-> Ntx)



f each a A,s clear lhal Np' (fr)p ----+ (fr)v a q rnbryh.trm 2[ (9t' v -motlula' henu4 A7 -modula Allr u
,n llu loth'wnq dtdqnv @tnnuh, s ave poxiblvl /ha botkn lze

",\J
Jrntr- -the bo+fDm 4raq,am wnstrk "l mowhvms oI Ax 'modula ard bolh. leqr agrw ot' Tvh ( fi ----) ft? ) , il- 'Fllowt

(nun/t-- ' t,.-1,)'+hat t12 b"Hom du.ti1,ao aa-ryiu1- allo l lent /", l '<'X c.".I se (gXu) n,e have
r4',./ (s)(T) = tntt6@l\, to n = & a.n rcqit(Yd Henu r- s lull.

Toree fua l '1  rs  exac l ,  w tuaz  lhe  fa& lha t  a  rcqutnu" t  O '  -  nod,a lu  rexwl  'H  ' ' l s  e*qc lu  a  teqrLnu
of shoavw ol abelnn qv'upr, wh(h hq F*l z s ,ff +he 'equtnuz "t r lalb< aw exatt B'^t ,p 4-!a1\y ts etn
I ra.+ tt: lttLn.e "t Ai  ̂ iaup,t, fo, ia'4 p < Spe<A fl"p do , Nn Y-> Lf tt ( xccl and

e,)"r L, (Nlr 1-) (t)ts
,z ilZ lll
n * - + r _ - - " n - % -

wmnulu, o n j-> ilt t ,t exacl on tlalbs anA-lhw etq.l. lleuLr - tt qn exa"l $^nckt', and lhwt paerw.o
ltrrrh aud Lnlrmth of all f inrle clngmnL.

11111- we rho* lqal - p,*rcu,cl , 'opnclqch. LeI nodulu {r' ' t l \,nt h<qrwn, crd lef 1, ,-r; ---) @ir:i be +hQ
-p^juli f ,i" u; , gt --- @ ,fri bn +tn apwducl ttn 0r-yB',:" 6;# r tha 51rpq$'fiehon "l rtu p:afiea[
fh))- @ fr-,fu) wrt. lh6l Pr-@:(n;lyvto- lv ' ( ' ,)) ' '--;.1 s,h\.\ can abel'dn lrctrp: thercta motphtsm Y
oL Ax-no<lula unqw nahvg ne lollowtng dtagmm Lommu+" ht att z

t " ,nowthq l l i l  4  d .  uprodu. l  ̂e  lwc l  o r 'h . l  show'7 , ron  $omorp l t t rvn ,  anAh4Pnp l . \ , t  ru f r ienh  inw Yn Dan
tomotfu, t  tyn " l  ob"tLon 1*,^ry {" ,  'n ? Rulr(@\i : \?=ro= 6;nio a" i  1f f i )y= (@iA,\?  ̂6d yha
h llaw I n 4 d q 4ra w La vtlnvrut

" f=:_+

h -
Svte(  s .0 - )  t )psy lp  belongth (Orf r ) {u) ,  ldTaeYcU qnd .U; \eP(v)  be t  l  s lv  -  G; . )  ' then f lu  b" l tom
vnap' 0,s) +b t+i{f)'i an"l then upi 2 '\iu^-)/t:; qhore }.i(7): ot; Jt; Aorng awuncl lhz olher naA '
v r " ( r , , . , i =  i r ( v  C + ' ; ) -  ( v  Y v ( ( l t l ) )  a o r t  1 i ; 1  -  l , v , t i ; ) ,  r o

\1lort) : (v, f,; & ( vi" (+; ))l
-- (v, t; Gul )t ))

whrchr wnuppzcl hy lltt ltpww io
(Zif f"t+' l)( l)  -  2'r  fr"{+')(?)

--  t ;  (ur )1 ( l ; {?) )
- '  2 ;  i " t t1^ ;1 ' i7  -  t ;n t l ^ ' I / ' ;

,4e 6'Y4utred. y1"r*$t a\l7 ' YT $ ah trDmorPhtttltj ar.d henu I tt a^ rsomot?hum ontl - Pnaewttt toltwdLlt*
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ttJexl cve Jhow lhat (n Oa ttl)- - fr @ g^N . fon lhtt qn rwd jt ezhbhth a P^1r o+ $omorYhttms "

F? 6"",r  Nl  + l1v oevNY - '  @@aN)l '

'fhe tewnd rortlolryhlm )t elenerlaq, Jtren by aLon16 r--> m@n/sl t" dehwlttu ftni nap, anrrcler

L,fry * frt + r1v aa"Ny
:({u,r),tvrt) -- r(al I +(?)

'lhr u eaoilr4 <hecked 1o be Ox,y'biltneqr. tl K s an abalton qv.!up and "f ipxKry'--. Kr Ex,q-b,hnear, fhen
n lhtunual-wag u\e deltna / . f1f Aot Nt --+ K !g

((. t ,e,t0 -- "!( toat,t  t ,1\,bL+t, 1i1r11y

Tl ts clear lhaf Qt =! ona f u unryu.t., so L v a'lenso,r pwdvcl and th"n o )n tnmotphtsm ol gmurps

* N F

\

.e iv oe",, [1

Ys( to, , ' )  o (v '+\ \  :  t  @) 6+4)

N"lelhal  {o.  Teoxrc)t  Yp (  (of l  (u,re (v+))  :  -4y\ .  1: lp\a+@)) =' t ( 'p| . ' l r  ( (u,r)  @(v+\) .
f"ot l( spec+ Pl tf . fit e)c!7 iVp -----) f^1 a' Nh belfu romorphum iwl owiuded.'fnt\ \omorPhtsm
uap ttu actwtt a.l Ax,V klfuacltnn.f 4V.

Lel P belhe 11reahe4( qwnq vueh
e*qb\rhttltn on'earl,er nali. wi ae.l,n,

f iaa^f f  qa!$r yespecA, dp'P7-:  FT@ct ' ,c ip tvn uimuphtrn
rIl .  t( f)= (orvn on\ ond

1 ' fr aa'fi -----+ [M G)r N)- 
' '' /t\la\ = att nti)-4t j thew

1,,t f teo-fr)(u) -r(H SFNi(uI 
' t ' t ' \ t r)  -- * '2!r

l l1  @6, N7

?"(4tr)_ 5i.d1 (r(r))

rrsrvj clihcullk heck nL u a mor'(hrn at Or-rndulu. n' each f [ydV ?F ---) (t1 @tN)? Fan
som ovpht r m., henct n' $ fr,JQchup. tt/< clehvtllu tnvent by

7',UJ?p) :  (D(+1, fcl  " r t l  )  + u 1s 5^ r ' .r)- 1u\
+r+): _E^

'tnen 1',(t) 1 clealq nqular ond" 1u(ry1'vl+\\ = l, 'o al- 's an somovphvm "l- ga - noduba uJe claiu lhaf
ns $owtltpht]r( ' t nrri ' ,rt i l  ,n l-1 an"1 N t"l l .n-in'bcatmo"phum'"[4-wodorla Thcn t7u -f"l loLa$g 4ngtaft '
mwmulu . .\

t
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E eo,. F
_ lt ' *  I
fri er'i ' 6 A  N l "



to O9X ancl se (fi 6ts,fr)(u) and F e r.,/ tuppote s[r)- {u,rn;oi) anLt tl{tr],:-it, "ia1=n1tt*"n
rtu*'t owtnP4led

(boN);" Iu  L ' \ f t )  :  ( (@N);  (n"GJ\(a)  ' \d ' tua l
: Gl et't1r 67"r7 (s(rl\
= (( e rt), (^^n/ tu)
= 6l'a') 6 v; l Eq.

t ' , (6art) 'b)Q1 : Svav (frF {t161) ku. fr lut @Flvl1,?' lol  @ fr(o)
= ty dt {{./, R.,{,,.i8hl) = f&l
- -  4dr  (u ,  ? , t " )od)
= \ ( (v t  F"6 \ \  6  ( , t ,o ) )
'- f(-i a n;1'.u'

sinila l( Y,tV--+N' r a raottrhtJn ol A'rtt"dulzs,

fi ee' i ----1-----a (r.ro,tw)-

Ta^tt^rt -- 4.p tuht)

Jo ' " J ,." *,-
fr' ao, ff -- --=+ (n@nr.i')-

\' 

(dl the nng nnryhunL V' A--+ B and ftu ndqed l, tle.B ---) sp.n ,nduo,fuwko i .herc X:spaAand
f  :  5pec9:  |+

d,-xoa C] B"-!ed
J + " 1- l  I  u 'l _ { " '

rJ^=--{----- I*=;;-= u'an
wheys ̂- r kth,<lwn ot' ralor a4/ - 6+B $ exkntDt\ of rcafrv- we clqim bolh tquaru u, (r) annuk
(uy h ncluva) alurvaleno). F,nl15 v'z del,na an somotphtsm "l 9^-viodqlu (aN)------) &(fr) .S' on5
13- rnoddt N. FDt ̂ prtmQ (€ B rttu dehnz

ZX, b,N) . !^r - )  Nt
*1, y___> n) 961

Ths 6 a motph\m * abehan gnu\ and h' q/t e Ar,Ltft have

2t(o l t '  n / t \  :  \a1 l ' \ 'zx f /e \

D.ln" '?. (6N)---+4(&) o,t lnllows, fir VeX qn4 <e 6N)'(v) wed$ne f"' 7e g''V

"L,G)(q, \ :  z1 (  s( t - 'a) )

thts r rxq,lhv, so Iu b\ e f+ N)(\t) 't,! $ .lra q a wduPbim of qw'ap, an cl lu t"a a E a mo'tPhrm "l 0 x-nodulet
Itl I e g'xtV) bz lwn ar.d t iPPo t e't( S-'a\ : ql' e A\- \ 1 I ( v-'t) -- ^lL''rhetL

.k | .s) ( t \  :  z1(  U's) j - 'a) \  -  z1( t t r  

 

' t t - t l )
:  y1 i r r?. ' r ) )  z-a(sLt ;111 :  7*rp\1d '7"d0,1

=  ( f l ! " t  1 u ( 1 \ b )  :  1 . t  u ( n ) h )



Srnuthe g r,-ndu? slwclurw on f*1fi) ana vk f*'Ox--) l*Ov Il onlynwarntlo thow lhal
n ,, on ,rpygpr4ohr! m. Stna lhe "pen selr D(r), Fe A ave a lzattt $r sPecA, tl iuthu.c ]o rhoun +hdlt De)
'i on-'ioi,,liy'ii, 6' "tt feA. B.JA, f e A., bN)t --). Ne@ deJlnzd by */f^ t-- L/vet^ " an $omlrPht'm
"l yttpt) itn/ l!. lollowrnj C'tagmm wmnda: (1'r (t l) c , -ttu tpth@t irqPt an rto)

( e N ) - r D ( f ] l  
" t o k l  

> G  ) I D @ )
l l r ll l l

(rrv)g # Py1el

thu rcupblu llu pno{ lhal /*1111=GN)7

(e) Let l-l be ar, A-module.Wl clainltAl- f*Gl= (t1 on 3)-. Le+ Z be lht PretsheaF
Z(u) = (P -tfr )(u) 6 ( r -te\\U\ 9v P). ak thou/ecl & an earhev nok lhal then u ct^ ItombvPntsT r ol 9"'4?t

F y-,7 6 g*,1,, gr,v

(ur q tlo)
a, e(+-t F)la)
a4)-  $)(wl ) )
+ erttw\ wz f la)

F------) M,+\ @ (7tb)

Vs.tng lfu somorfhsm ol nngs Ax,v,1= flya7 w< hn frg".p,0',,p tnlo Ay-'7mohfui.1he FV^(=11!-'O
and Ar4= 8l aa A!',? -wtA\rla ( gF beana an Ag'tp-modtieura Yv. A'j- 'o---t BV, an[ O11- BF t on
rsomorphum of A'1ap-mocJ4e,i nnL4 0',1' 'p --) Oi4 -=) gj - Oar,.F =; Ar,,f----) F1 ) So'ihere rson rro
0v lwa?t

f1f ''r, &o*,y-? Ov,1 -- . ------;. tl9-,7 6 nr-,r Ey
(W, t) s 1v21,) F--- -------) {y-rf) 6l b{?)

There 6 anbfhe{ tbn)le whrch rho|,'] ' !1161 HyrVo4r-,oBF 4 (n6tB\p v'o- ql> abll e ^u'/!(')1.

5o ltna\lg lherc D qt\ tso trt>r'frlt rl df gtouP5

t p ' T

( r J r q e b )
q-e{f-'gltv)'
be 0r (o) t---)

a(u) = ( a, (t r+))
+eY\w\, +$'F\ = nlt

b(F\ - vl+

./ f.*(i\ -----------) (H atl Bl"

1 , [n t ! ) :  1 r (d r t )

( rone)1

m 6 h
J(') t

rd ouno-lttv ya
onlq l'r( rqlui,l oY'
qeisro'bl aob -]'t .
& wg enoughh etk\

Ne dehne

awen se {'(fr)(v) our f '+ )p,L ,r }" :ku }hal "Lv Is) s teqular' lsl-'feY begtwn and lef Ubean7FL'L
ntthlnthoo<) o( . ,p ancl  a,ot)  e z(o),  i  

' " '1;  
:  [o, ' iv '1 t \ ""  *"  0) " ;v-  ; ; :  i ; - ' ; i io i l i  l ;  n s"td) "a ' ' f  '

; ; ' ;#f i j " l1r ; f f i  Ml anar ' t ' f  ro, ' 'u dnd" Lw;,1; \e P(di i ,  ' i ,g i  eB 5ncu l?. .al  141..V1f\ ' ; ! "L ai lMr =(wj ' ) i )

i:hi:)#,;i,ii^h,),ili,n":,1,:;.4-"'3Tt,ni,'ii'i,i'f ,i',*=' ,2!f,")illil,""i,JiT,JTi,p
nultbn' d rnd'ut', h"m tlq oPctt neVhbokood ,l ?' t: fl; M; n Ar M"-rA; l-rz;



then hr 7e 1 *e havc
1uk )0 )  -  Tq  ( s (c ) )

-  i t ( U , c ; a b . )
-s Yl l i  6 . iz' ydfr

'fhv shout .thql "L,t ltl t rcqrtlar' 7l tr eat4 k ta 'l lt 4 tnotPhttm ol theaw of abelnn 3'otj' ro '* 'l

\ t  ̂ w o v p h t t m  o l  8  -  m o d u l u  \€+  t e f * f r i v ) ' { e & Y ( v )  b e  a J t e n )  u t r ^  7€ v  > a y

.( l:p\ : LIJ e BI

r ( f ) -  [u ,  a t6 ,b i )
4i(?\ : (ar, tv{t 'f i  ) )

i (Y-'?) = mi/t i eHr'?
b ' ( t ' l  =  c ;1 ,  u  U,

Snq ea<,h ''(a 6 4n m loqhtsm
v dehw{ b' liteav exkntton o( ,

'tl\t ?. s\ (r) : T1 [ tr. s; 1.p1 ;
:  Vp (  1v, - ) .s{ t ) )
-  f i  (  vnvr  a l , , ro t .  fq i  /une e btLoo))
-  '11 (Vn! ,  q i lvnu G) bdlnnv ' r lvau)
- t \  rni 6 d. i

9(r;) 91t
=  d l u . t  " r , ' @ . i,  - ' l . ; ; ;
: u (l) n,! u\In) : (t 't 'a li)h)

t! r oleatlhal rlv a njech',n.T" rce |hal t r sug edwe, nolatthal T{l

rd ' ( *gbJ -OG\,6,H64)  ?e F(x)  5eo; rD( ' r )
(x/ ?) e PCD(r'))
( 1 , ' q )€ ( 4 ' ' f i X X 5 ) )

awn <e (Ho,tBJ-(v) deh,e 4'e /'fi(v) by f'(A)= 'fr-t(4(f)l snoi u cleav that 1'11')= (
,l ofllrt rematns+v lhout 4'u equlor' Bal ' l a6V lel levi v a^c) ln, @b; e 14 @h B) anA r e& b"'l
s  41"v1el )  qnd 4h)  = m;  eEi  f  s  V7e u. l t ten $,  1e tJ

t , h | - . r p ' \  [  - i  @  u ; / , )

= ( o(st, !; t",+t " "-3 ) .= (v, 2; (r;?lL a +\')
xns anpleloo the pnol fhal 'L ( 4n @motfhsn 6l gt -ndttla

NATU RR L ITY 6nol[{ ore sfioo lht tonoryhtsw o( (d) and (e) ave nq!uva]. Lel f ' N---) N'. Ix o maryWn
1+g--odtl, \te"claim lw l"llov'Mg A@yran @rvtlub '

(an1* --]-- --;

f r l.t
(eru ' ) "=+

1

l + {  N l

l f . it
l. rff)

Jag Ve*2 ret t ru)- (v) ,  nef ' tV and's(f-tq\ =v1/h. ' lhen bolh wagr /rotrnd. pmdu,2 f$)/9,:-\, o, 1.qt rcA



Lel y ' t1 ----) n' be a mo,phum ll ft'modria' u'le clain lla b llounj dtagnm arnmulzt '

----:-; (H o* sJ-
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I t"u
--==-t (a, @* D)'

1

u V : r t - - - ' a i ' , ( ^ f ' f - ' 8 " + t - ' F ' b r r o n o n n a l , a n d l e l v s ' ! t r e f r f r U ) , 1 e V a h d ' , P P a t e
s (q ]=  (u ta ;ob ; \ ,  ba (q ) - c ;h i ,  q i  ( ' t ) =  (o " I \ / u ' t  L  / J , ( 11=h t ' / t "  hen

'1" (l*F)t 6Llh) - aq( (r"T),' (tl lq)\
: ' h  ( o )  t p - ' l ) ' t q ) a  b -  )
- t  . l (ni) 6 ci

tk, )1;

= 0 @B\\( "h t ' ls) \ \
=  l l j g )o" tvk \ ( t )

a nluued. 11

f(fi)
I

f-v \t.
t+fi,)

txAt"'PLeS pt >1 be ahp"lytal tpe, Uc-X, oyzn, i. r:'---'> \, )1a azcl11ae1,

, . ,  r  - - - - - - - - - - -_J  - , , - , \
5 h ( u l  ?  J h t ^ )

L - l

rrtok lha.l {", o heal F o^ y\ L'| F s +tt" the"{,1ru^iwn ol the pvetueaF p(r4 = llll.,l z t r Q) ,-tiya
t. no,luralhl sorlorphtc to r-1" v,<-t p1u1-=a y1,ti, (w)r)H siv. L{ {'l lowc +irat fll-rsivylevp}rt 4o i'-'Fvta

q, Fl",----+ L-' F
dv , F{v} --4 LrtF)(v)

4u1s)(a) - (V (Vr))

rl vun anrdev 'ntlead s rteovea o( abeltan qnupt or nnq, ^ qtuv d4 xonovphtn oL|hqe ipaw. for c. norPhtsYh
ol sheavr,t 4,r ----> Ft rl r nol hoA +o ,6erlr. +hal lriie (ol\iwng Aagram ,ommuleo.

\ - '6
i - 'F  -_=- )  f 'F ,

t 1t lr l
rlv .-------:-----+ F'lu

s " lhere $ qch),allr4 a ndwal equtu z',lerl' o( fu n tbtt i-'; ond  -lv {ot sheat'et ol rcL, StuPs ond nnXt'
'I\ s elso ecuq tv l'hec[ttrn;l i1. 's.fullg l^rlhlult F +1. cou{rf 2 ' i-'iv --+ I 6 aA $omotPW\a1

E|AIIPLE Let 0l ba a "hea{ ol unqt on a tP1aX, avtd Ie+ l)sy' be open,t.nen o,lv " a theaf J''ny ontr
/,€xl" -> 9x 3ven by'U.--. X dna f +.-e^----) ' O^1", deh,od, b!rzo\^cltqt'\ O"l!) ---af|^tvno ),
,s a. ,ttorphtrm ol rtnged tpaa. Lel -lv . g*- lS! -------> d^1"- ry!4 b, .b+ned by wlutlwn-

h.

- .,,---_----\ .
r9'1,. - flocl 

- 
Ox-l1od

_ lu

L ---'t )*

t - L ,' on addrluru lunc!1



tnte clqinlhal N,= -lv.F,rtb,let /' 'A*\ g^t" be 4tu aEjanl painev-of "r# de cloin that lttz lollp6ytny
olrogran wmwukt 

f-'0" r---+ ox r'
^ll r'

f,r .rN) i!*s g-v11v1 ----1 tp-F)(v) &ox(vr &x (v)
 .

af "T-) (v) e(."-,pi)1v1 O* l,(vl
I

z( ' r )

Ta tec fhal P $an tt*novplnJn al (9rlu-modula., Iel're@vU)belven.Jy'1sn <v{v r)= 4vp1' 4v1r'1 aa6,l

p r t  s )  - -  a 4 v \ ' t )  6 l
-- "(. ,  { , /)-  dv{t )  6 I
:  " ( u ( s )  6  d . y l / ) .  I
:  o(v{s) e 5"{a"t ' l )  - -  4.r ! r \ar -  r ' fu(s)

r
. +- t /
0xl

Lel\/91) and se 9x(v). EN de.finlwn t nlfu cotpri" f' ' Ex --f -'1, 0"1" ----t Or,lv an"l I try!&f$tutllo
chock ( rc ea,lvv nolot *hete"*'t gw fh, tounl ,ryt'iHy 1 thoi r" -o1, 

'i 
* '*al. nul 'n fi"nv1 fht ?'eaheaf

2(u) = (.f ' ' T) N) 6 r-'0,');) Otlu (v) *hih iadh.4 3* 4" T l"'.^ or' -nodttto T,-a,[u[vI b"onu
o 1ir,'gq 1r ; -a"dvh vrc. Fv. t-lexc when wtwplaa tP-'o\liv) bJ o^(v\ u€ 9el an 'somor?htrrn of abehonSroup:

Henrz f ,F|--+Z ,t an romo,phum o/'7rcnheaua ol $"lu -vh6dulQt, heneZ 's o shg"f ancl

)- _- ",_'": f , F ,, ^n uoroihu^ o/ gtl'10 - moautel. s6 finally we hauu an vomoughtnr ol Exl' -vnodulat

Y, Tlv -"-'-'-----> fNT
1u  1s1  :  1< , r ,1  o r )

Yvt r ) ( l . )  :  (V ,  o (v (s )8r )

f t , t (s l -  4 ' (s)el

6w<n a motfurm /'GtF ol ax'modqla

. l{ r  I
L

rI r nol lnd k citech that thn f"llow'ng dragam amm'lka

---]-------+ r*r
| '.E
J

-'--1-+ j-P'

Oy - Hod

^r/
\J

thal t, flw fiindtw j+ ancl -lo arc nllh"tmllq equva)enf.

loTe If dK 15 q
0{o, (Oxtv) 1,, -,-)

sheal ol rngs on
Ex\v <avtonral,

0x

X qnd Uc, V c.ttropen subs eh , gr l, € &r r O x lv -) Cqx ord
i u cle ar llrql +!tt kllowtnl +t,o .lLaqmm rnmrnqk '.

0'.1 0 v \v

0r(, -!g4
- l o

0rlv - lfsa



NOTf (sf)*  :  3*  9"  anct  J- '3- '= (e l ) - '

Lef f , X--r Y ancl g.1---+7 be @nhnww maps. t^). hq"'+ondo"t

,* a"
.--_-_-..:i

rh(x) r.\__,- sh(Y) c 
' 5h (z)

q - l
I J

z , to)-  \  w z gr1v1 6W)

whereatt !''g'' 6 u Ntn shnihrcrh^ ol

ztv) - \4 v z. +@j X-'ct$)

Q*evr U9Y ancl lAl z 1f Ul, s e6(N) ,,"e hdve (wis)e P(3-tw\ wltw P s.lhe \tetheof *h1,1''
sue'^ ihuk1,* r la,  i i r " ' i i -  l : ! - , 'or ,r  q(r) . rhe^ t i i i  e (g- 'c\)(s '1w) '-an-ct4hu4 h- l , t ,u i" l )beb^r
h Zfu\ l.rtt 'd<hn]4 u nap Q1141 -; ziir),,^,i '*r4"" wroqphum o[ o:'tr,qgt o' anlt + u\'q. JhQat o+ JrDi'tPror
yln3t. flo.'€ouu lh4p mq?s 617 ampahble *rflr lht dnntam dd,ovg itlol,hew tttdu[

f v , z'lt)) --> zlo,)

fn{wtt\  -- (5'W1 rw's11

whr.h s a notphtn J gw,ry.o, nnjr tlqppnpnqh.5t1G $u ,, ,learlr4 naluml r,t U, ftir qvv16t moryhrm
4 ='---+2. Lel xeX b. qtwn. then b3 on eathet note lhere"arc uomorph[ns ol"gtv\tpt

' ( , zL  4  es ta t  y (u / (w,4)  - -  (w ,s )
y'  2^.=-- $'d] ln"1 4 6y1"1

Y'( U, (v,"41) : 6,u\ where nt( l6p (ot(rtn)) e ? 961
1e  aK) .

h)e clairn lhat tluhlloung drg"am ammukl .
. ( .

Z'2, -----7- Zx

tl r ecor.t enoqqh k LheclL lhtl 1rk:h *. t^te qltu claim lhat f 
' '3-'= (X+J-t. Cal Cbeathbl o^ Z lhe^

hil'' i " N sheo{frrqhnn ol fu'e P,t'lheot

t  ^. ,  Q-ta\rot- \1n '  )

\ 1 1_r.-__\ 6<g{(,1

i ruu.t ' f* lvt@,s)\  -  ' t ' ( t l t  (5 ' 'wl{w;t)))  =$tt)  = Y{v,(Wrr)1.  Hr;n,  $,rs an uonophrrn ,

Bul hr o,ll x lha hllowmg dagmm tnmmulca '
f(o+r'a)" '^ >

u lf (r)
z', 9' > z.

nh"rz $, h '' (, ---> (fuf'Ji,- u llu *eafhtafun ol / nX e.p t. | fr rson romovphrrn ol 'heqv"o
("+ !eh,3w^pst " I anf).



To tet lhal lhr tonotphtrn B nqJuml h 4-,lzl f t a-'+ at ha morp.hrm ol sheaw. Tf
z:^,ztc' shea$#llk gwe Oll'\a, ttl)' 'ar rwy.ond zo,zo, sheahly hgtn f''3"a,1'tj' 'a/ wha'<

*, q -'---+ Q'
f " z|-) 7tt'

I-'1 ,. t-'O u3''o'

f$ :2 . " - - )  2a '

riemufi shw lhal lfuklloung dragram tuwu)et,
6

hl)- 'c- 4 G''g-')cr
t l\ i l^y I I f^e' 'yJ J

hil''6,' ___--a--i e^r)qtc
Bt l f , '0 . -X,1e QFI- 'c . t | )  ond zeU,, t (g  1k)  ezL E (v t  (w, t ' I . l rhen

f, U+f'Y'[a)(r\ -- '1. ( Qff'1,(c)6) \
-  4 ' F * l c ( " ' ) ) )
= q.a' (r'r7 ttn|s))
= f ' (v t  (Wr 9wfr ) ) ' l
= '  ( v ,  ( 9 ' t w 1 @ , + * ' t 4 ) \

1o-rs't),, 6,t@F) = tq, ( 6,(d1'))
= l-V, t 6" ( r.rr tw,r)\ I
= tq'(ur f 9-rw'1w";11
a 1U, (1-{W1 (r - 'Y )nr6 (v j ,  s1))
=  ( u ,  ( i - ' W /  ( w /  q w ( r l ) ) l

aarequrrcd !|e.nu f ''gne (#)'' h, sheqv€,t 4 reh, g1,ptt11 ot nngt. 'Ihe equakl4 j+l* = (g *
alro hofdr f"r shztwt.'ll r*' 3nuF 6t ttttgt. r teall la : ll

i
6ajR2LLARr 7P f .\-'f r ahonmwlotphrsm'lhen sh(a) $ $omovPhtt 1o th 11) twa?' l"'fu,ry)

pRlor  Let  j , ' l  - -+4 benvenekl  lhen (4s) ;  *  l * * lso ! *3* :1,3*& -  l 'n



NOTE {* and f'' hr a homeomovphsm f ' X---+Y

Lel /'x---+1 bt q homeomovphrsm- oihnueneq.f ---+ X Nz daim thql I

I - '= J*  sr ' ( ;  " - - - -> sh(x\

$r sheavw ef cbclon gnupt, c), ry aqqs W Lhg rhee4.,nf and lql P(01 = !4v211,',1 dN) 6e )he
yvhea[ ahrch shahrth ).7v" !'ta1 

'lheve 6 4n ttomovyhBm ol Wheqvel
"/, g*c",-----r P
t" ti = L+trtl,2\

lr 4llow:1frat 7 $ q5hea{ and *" g*[,, ---> 4-,C,. 91, ts) - tt til,i; , nrcmotlohun "f ,l*?
(,1 rh,Snvp' nny) xl u ea,t! chechei .rhqt {o. a.'m"rphu m' f , c---,+ c! +h; hllo\atn| dvfliah.anxa tot'

j*a- ------------+ f-V-
l { ,3-f I Iv't

J"d + l-c-

1sl P be a grutteq{ 7l :dr,gnuys,ttny ) "^Y-.1nen llure s an romovphrlm 4 fueavw (ol "h,
JtoaPt ot flnTt )

a . *(l*P) -------'-> !*(z?)
a, t ( ' ) ( * \  =  dy(st l ' " ) ) ) )

4i'\+ilao;a ?"
da.(N))  -  (+ ' 'N")

S" atua+ ir age amnutta *rllt theafrhrc{wn^



At this point you should consult our typed notes “Inverse and Direct Images of Sheaves”.
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NOl E J* a(,d f* ann lor^l

l"f l, X -----> f lyu a fltoryhurn ol ,,nqed Qafrlt, !sX "ptn ancl uppote V<'/ ts open wtlk'- ) ' ,* ,o,ph,rm oL 'aged rpqat mahng +hz |-llowtnt dto?lflt omrate '
+l/)e{. 1.13. u-) \/ b2 qntT 

x + uy
^ ' fr  I  l r
l) ----) v- 9

11 u eantl to .hplz lhal 9r ?1") : Gtv )fy ,n ltu cote t) . f -.:V il 't rcrcnc) dnSram *mmuhn
l ' . rp lu  u"J for  genenl  urV, i ' ' l i  f ( t )= r l  tne - la  7 iF,  -1"2J 'and het l@

(- ru) f t  =-  i * f . l
= G.i.)"
_  ( : 3 )
=  n l  , t

ZJE  r t " l

tbooooooooooooooo RoLLARl tat f , \ -----+ f be o,t ntotpkum d nnged ryaa. TherL

(i) Tf 'F s a f*e 0 7 - moclule, +hen lt'F p 1rce "f lhp sone ank

(i) Al 'F tt a locatlg lwe At'rnoclule, {"7 s foca$ fne
(;,) af T s-to,;.lty fwe <tv 'modult ol 'onl' ' we)o't,z' "' ' 'oj Nhen

i*F o lo'qll4 6t" o/ th' ran< @nl< -

I s t'1'' /+ov € 0x

yRgbF tne 7+ boa n/1"9:o1p| {s, ti) cobuo,rt. 1r') n':t.elbf f4e\/ be an oPen- 
nngi,h, nood ,in L1u 4*! nl 3' f -'v -) v be tltz t nr'lqud maf rl'e^

Gr,nb^v = J*.Flu
fo l"T rs (o.rrl\ 1"""- bJ (i). (ii i) hllrwr b5 lhtnm< ayuwen+/ 6Jh.r.  ̂'< cfioo'z V <'
l'naY Vlv o {to "{ ,anh r'- a

tn oayhculctr lhz flVeee ima92 af an tnve+bls rheqL $ Mver'h bla



'NOTF f* and f * .o* local on ltrz ba/)e {OD, ,frt..l*er,uontg)

o"-!nc f,=------> t"-Ed-h"l --: l-,t 4 1
u ) ' - -9" I r' v - UA -*-__l 0v /, - !d

N *
-""" lt u eattih.q nen thaf ' t-lv)[ : tL ?lt.;i.7J<* rtrtrz ntal $' otuJ ]yfu * iheavut

the Nowtnl" dngam avmulat ap k 1pnsf,htrr

Jh[y)

l
, h (r(l

II
J

5h(+"0* - , ; -  t l { v )

6tven a, shtal Gn'Y, telr ? rhaoJlq h qrve !''A, ft"twA! krtue fr',(Alv\ T,/tet'. 6 an rtonnrFhnm

f, . P'- + (Plp-,i,, 1 k gnen"bl ia, twtll 
''-t (at(w;Hl, qnd we (tehn2

, , gr'Gk) __---+ (t-'a) lrv
al, (s)(^) - 4, (t'))

furs rs nahval uoworlrfurm * fueaw (* r/r, gvuf! b. ryg).

u""t kI 6 beqthdo/ dv-no&lles' an| Iel

-- 1a nat, (wnw t, Uwqw' ' 'nl tu|w ')\
: ^t.(rt")).f.(rDj
-_ 1 y, p1 .l" lt))G).

y*g = 11eafi$cahn.f o(v) -- (r' 'g)(0) @ 0-,s,11,1 0,tu1

/'*(gl") -- ,he,nf4,alwn ol a'fu) - (t,"'gh)tu) @k ,o"t")(t ) (oxlr-,v\0)

-f ''et - sbeahhulnn."[ nU) = lB w 4st Or @)
4''' (N l") - sh e "hh' "lon'l r<' (Q)'- 14 v z w " t(q o y (w)

f ''3 * shea6l,,sh 4 qrl = !j!,*z xutg @)
7'\al") * shca$htnhon .l pfu): U!,vzwznqgtu)

Lst  ̂ 2. f , 'Ygtr l  > (r ' '  lc- ,v ,  Y '+, ' ' (O"1,,)  - tg- ' (6y\ l r - ,  . lae rnmouylnml: l  :0,7* 4
ab.l;n q{noq4 "na "rq, 'ropii itu 

'o{'auoe 
I'- 'Hlv) ,sc. f,- '(avlv)-vnodrrleand G'tg)l!-"v tt o'

,:,[r1i.,u'-,yr"aa.- ,',;;-.'';!:" 
'i,i 

"* -ii^L i," ,,] +ti "i"ii"o 'n"u . Let {* , 7r* ---": t2,. and'V,.. 
s:. -+ r. v"kob",*,- 

-'i 
l,-;&t"y"t, r'c- f '- '(0'lv)U I qn.I lay r(4: (or(^ri'-]), r(*l?(o.{w,tt

,*n' a,(r.t)(x) -- 6. ( 4,t. tr.: l

'an rcqwrccl. Now, lot



the novphtmr 7l'arcndaad by mo,yhrmr:ufof R',R,vtp. and sinz /*,,t1) - l ' : f,t l l  f," wel.n4
,eOv(w) 'runol hqrd lo "hech .o mmqWnl1r. r-lqata when wp m&l (Axlr_,vl(u) n.]o a" (t,-,!vlv)(o)
wodnl< vr?- Y ya lhzn,olnpore wtl (+' 'Av)lv)--j l t '- '0-/1")(tt\,+h. (f ' 'oi)(v\ - mod,.tle tlrtthvt
o ,  1O* . !7v) tu )  r  f luanonuq l  o t t l  1 ! t /< /1  \7 .Aene4" tv9 , / - ' \ /ope | the?6anBomolphum. f
0r t d -t'nodt^let

yn1 9 : f-tyv ---a g* bchtu aclionl parfuret "[' lt f '. l ' 'tO't") "-'-+ 0^lr''v '\fu a(1onl 7a'lnc
o[ J,4. Ne .laim the hlhanj dugtim wmmula

z l  ̂  - , , .
(r 'atS 1t-., -a) &x lc-,v

I
l ' ' ' ($l ' )

eI ( t1  -  ( f t - tg lv) (O @ ryr-0tk) ( r )  (Ax lg. .y \ (v)

J**ot'
( f t - ' i  l " i ( t ' )  6  4 ' '611P1 (9 ' (v)

v
(+'i\(v) @ (r-torl(,/) 6r(t) : afu)

f v . .o'(u) ------J (p(0)
m@T p---+ .1, (-) o"-

Inu F v on rcmorphvm ol labcqte n{- Sxll-'v - tse4'tleL
rrelilowrnS olognn 4 s hzavet ol- Xnup"n J -'v Jhw u-.uh

9Q' :  7 '1791"1- : j  q I
T
i
IIa'-7- .

Olr,v) =+ (zo)lyy = U*q)r,v

II
)

q

tol t-'. (alr'v)"+ Qt be canontzl.lhen flu uomorphvm d theao oL abchan gw"ps'

t , pr*(91") ---------+ (l+6)lr.,v
4uG)G)  +  2z l * ( ' ( * )>

\F se):  (Wtg;n;or;)  a, lh NeA' n;e I+ ' ' !  h)(w\,T eOrlw)
fh"n Au F)F) - (W ti 7* (,,t) 6 4i ,

rht' $ an 1ornorylnsn "l 6tb''v-noddq: s & 4.oft' ')(A -- !'h(u'") t(t)): lvlt) 5'f!(tbtt-'t" g"t'l) t ')-
Natrrr{r! J 4,* 4 .f"llows'fan nc}ua\Ig .l '(. "/tlhz Pftvtow PqTe. llena,a.'" hcrw pyoven lhaF

!,* (-t lu = et +-rv) {*



NOTE f a a^d Iu h, an romorphtsvn f 'Ar--  -+ t9'

tel l 'Ox--)at be an romaqhrym ol nnged ryaa ntfh nvene y' Or---+Ox l'^/e 6qve aldodjJeen
h|llqt 4* rs an somoryhum pY-xocl ---+ oY - Ygd utu Tlaim thot

j+ = 3* ,  py-$d - - - -+ E^ ' \4

F M 1 U t e l P ( t ) ) = I g v z  t ' ) f ( v ) , o n c l , R l v ) = ! j 4 v z r t q o v ( v ) . b e l h e p r e z h e a u w t . J a b P l n ^ i ' D u P r & h k h
,w^, l ly i i , *  t -€* i ' i t 'o"  $"  * ' ,noa, /h 

'F.  r , ,  6 tY,  f i )  =1: 'u ,anct  thqe t t  ,h l ra i luPh' tn
or g,vhefvet t aberun jooupr 

j, 1"+ __,__> ?

h ( ' \  -  ( + ( u ) , 5 )

tl-{.llow lhat f. 3',p -----s /''r, f,Gl - (4(ti,s) t an uomo4zhtrv otshnru ol obehan gwps'

Svu lhz lunckt !" 1zj 6) -) ryU) s fullX fuMfu\, ffu rcutt.-f-' j+ ----> | t an sontotqhrm Henu

ft,#ly*i':rii,':;li/;"; ;i"n::d:,;?,"W;3.iir,i*,,ftrd^",fi [r tlene the a{onr

zlD) -- ({'a-)(v) 61q-' e"1,/1 6x (,)

6 the p,vhea{ ol Or -modqk. sheai/y ng )" g,* ** "F )h", lherp r an vomovTktt m .( 1w,tpt

't< t) . h,F) tt)) ])--+ tr.,r-1, -,.......:, (+-,v) lu) @ k-,o,yt) O,(u) : z(o)
4 ' l s ) :  (  u i , s \  a  I

11 6 eurtttt ha.had lhaf 11 s an totnorlshttqa pl sheavca o[ abehon glouPr 'Je nu'r] thov lL rr awiovphrsm
ol sheav.,tol 0x-modulet.-ine she^{ g*fF btw^oz an @, - modvfe vta" 9'+, Ox -t 1a Oy Jo lel
reoxf u) and s e q+-+)(u) bn lruen. rttu ikat grlu) bebm"Aa (f ^o1)lvf-m6dvle vrc. .}u abow. Hen@

Ks(t s\ -- Gtvt, Jt (l ' ) 6o I
r  . t (v! \  :  (4tui , , )  e,  _

( f lu)1s)  a J , - ' ( 'J  t
-- ,t;,({) (rtit,,) e l

$,1 vsufAaenlk show.l(tal fr' '@ f +ti,s) - (?tu)r jtnt t1 Lcl :ceU he 3ven, and nolo rhol
i, '; t^;';;;tk ftn+*n t) yl vlt*\ -- 1u,,tv.,+*r1 -uii "ev,,,'u.1+Luz) andtie t9;\v") '" Ihal k' 'ael.J"

0=x

I n  o x r  0 l
'utJz t*,  aatqru lhal J-;(a(9) =U,,t t4+,t) ntr - '_
No, . \ \  leU,  3evnal r l t "  

-  )y9 3Q'^  ! -

fhtrv
(avu pv$ablg tuplu I t ;t"1, G(;)n)\{"J: l-, ('){') (ut ,f ' lrit ' ')\ r@am,'! a'Jun'

i,ffi:iitri1'{f' 
t I v' ' / = (u* ) (\r'(nr1u)' f*lu"na1a rJv' n,d)v"-L
(+(' i l /Jtt ,  ' ) f") :  (u, (f  (u),3ttnt ,  ))  ,n ?*

*I  s" f l ,wh:how (v, ,n+P),  ) . l tnr  o t  -  s)v .of t | \  =  L i  / t ' l , t r " l4  ' )  r^  P(U") .  Srnq ( f i | l .s \ lv , i t tu)  - -
frjtl\,n+r4 s)r'ot!t).,l slhuz 1o < how lha.l i.1y,np1"1an.t $f,ly) lu,otlul oylu* on a"n.qhb*u"A "( "w"1
iotnt "( f ( w). 5 r na $' W e f , 3 i+ - w = {fr "' (t\ r,/'yltzr lnal {i 5 e Q < t

lerrnlrs\ f' - 5[ 3e,m1t - 3e'm agl 3L?)

an rcquwd. Plenp 4,s ctn uomlvqhlm,'l 'hears ol 0x - module,o



NO-IE fn ancl f 
* $, an oyen i Yften rcn f ' 0v "----> O^

Lol | 'Or ---+ 0 x
and llz v,d,uad worphsm

be an open )mmeoton . S" therc c ayr
b' 0y ---+ A^l\/ 6 rn vomo'/PhtrYn

g ,  r g r
S 5 ' "u.- \\ ,/ t

0r  lu

o?en tL|btel  u-x , .1.  f ry)-  u

3 
, 0x tu --aOpnvrvr, {o }.

an $ombtphI m. Eegtnntng
N"le tttal {* = ivh-y. we h.rte alaadtl nolecl}ltaL L" iwt l*^ a^re lullS lathhl hey1rc :t + !y!::!:N"le tuar li = ty h,y . lttte hdrc alrE4d! hared u!, u" 1*"-'ll 2'"

on sheava ol nk, abfiak qroapt ", n nq t J Herxllfv @untt , +*Al
*,th t#, ox-) N"dt anl apilrt Mq pnvbp note!, .,.re l^'dw
on shearw iteb, ob4nr, qnup ornlqsf Hequ-lhc @utl l-'Ju9y -it9v
w.lh l+, ox--> hdt anl alilMq PnvbM note!' .,re l\o'w
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i\rI rL 
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t l
( ;hfy 0v

i l?
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l t2
h.' ( f1' 0r)1,1

l lz
i+ (fr 8r ) l.

r 1;[-'=!i 'J-

f 1 u-)1 t^\e'oe@
t^1 w'7 ! '1-

1*0 r|v ---t

I ltteaAtl,4 venhed lhal.f lu botlom.ww s 4n [bfiovPht| tvL - henL\ lo x F' J-'9"--+(s)y rfJ' ltDWs{?'ai-
+rnere u anitomrtlohDm ol shearPa o{ abeftart 4wuys lot d.nv T e & r - Epd

'z (v ) - -  l ih ) - 'T (v )  @e-Dr \  v \ \ \ t  '

h-'Oxlu ---------r

il? 1* J{ lu

T'  ( ;hJ- ' 'F ---1 z
yv  b)  -  a6  |

tnd hznu an lomovPnt !m y: ( ;h) - 'F-- - - ->.PrF. !+, ,no| ' \ ' l * 'u l lkche ' 'L l4q lYtKm+uml nf  aaal
ambtned w'lh ffu noh't"al $pt'otphttmt

J+'F)rr - w'Tlu 4 u-'i-t 'r =+ 6h)-'T + &'tr (')

hle hur\ an \JDmovyhrm K .flrFlu 
--- f'f ol thatw ol abeh,on qa4t, ndaual n F -Io s-how lh-qf

. :  f r =  Q * G ) l v . O t - t j ! !  +  o " - 4 9 r ' .  , l - o n l S . r c w t a t n s k  r i l o u ' m o t  t u  ' F ( l - ' v ) - ( f r T ) ( v l

, , ^ ; " rp ; ; , i ; i ; iU t l roJr6 / " , . r ,  r i . -7 . - r *  'u t i {  g* 'F l ,  benmu aat -nodu lev le  0y+vox ls
Frnt un ha,re k unnuellht " o'o"ft"uii '"1"i 'ti iii ti'" z--'f*T s a molPhvm 4 ot -mod'tlzi'

,+ ,"iiun lo ,hi yt"at g, rFl,t -> 2 tt a vnaryhrm "1 mo4ulett



the t tomowhtm 4 Tlu )  L- tT rqwnbr l  a" ts \ ( "1= (V,w.) )  h /  \ tsV ond'  xev th? $amvPht th
i, tinl'f --- 5-'; 'T t ducr'bed ia'hcri'" ltw v6sr.?uknl fha< )ogelltev, wt han lo' aeGlg''v),v9-l

(s *'4) tv)

I
(h- '7 l r )  (v)

u ' u  IJ
(t'-' i4 +)(u )

f lt.
(ih)-'"(v.)

t

. \h (vt/") behng5l'
(h [vr7q)  t (v)  -  ryw: .h! t  f t ) , ) (w)  .

( frtV), ar,19P1)

P  y (  n t v i r  d h t v /  t ' ' , 1  .

z l \ t \
=  ( ,h ) - '? {v )  61p.6"11y7dr (v )  0  '  (L tu"  ' (h (Y l  Lq l  J  6  l

Lel veA'rN) be gwn.'t-I t^fhw h shou' lhal n t'th)' 'T(t/)

9 " 'U)  $ - i ,  (u ' tu t ,  )nu ' ro l l  -  0u l ,n lu l ,4h1" ) (  3 f  o  " ) )  (? )

#il:X,'# E":;y:r'tr: Kf 1,7tr'Li:i,:!,;i*!!?,1.t:; ,i:'l' &,::L:]:"#f'*,:!';'!'" '* '' ̂ '
f7' tr tul, ,(1,(v) (oJ)(1) :  l i ' (v, (1t i l ,  arr"r(. ]  ))  = (v,,(h(v),q))

Srna dnqNlU)Ue)) = (htvl, (/,(v), a)). so {z) u-edra'r 1o sho,l v3 Yt'tal {tr all 1El,

t r l tr ' )(") Lv, (h(d,a)\ -  (v/th(\/r ,3t(") ")) tn 11-

ttohthal 6,xc-v, l f^,oxtx*t---; .ov,uan uomoryktm.of rtngt,* ' f  '*(,1 J-!-!Yj: ' : : , ' : : l t fe--
n jI . cs",, -, (,s"'t")rr, 4otlovvecl bg lorl.)rr,; I t91'+d.,B1aar eaulp( dt!(utrto^ o+iht @untt L w

hnow lttal fhe,e r an open netqhborhoZ,I xe 0=V and lvtl ' t)eN00l rh'tP N sh"aAh"a)u f ^o^"o

x ; -w; i i ' ; " : ; i ' i  io- t r f i ' i ,n ' l i t ,o 3- ; r" t t t ) : (o) ,* ' r l  and 3evmo,o, t : f f1ol '3"^v 'A""
h' atl "t1e o 

3etmqay\ ": st s. is 1 (4)
= ger nt41 3{ ft)

t r t  l " t lows rhol  fhe, '  r  an openrcl  wnf(v)z a "  f1o) " ' lh +)u --  3\ l r ))q B"t  Nnen

t " ^ ( ' )H  l t t t ( h {v l )4 ) )  :  ( o /  (w ,+ )  (h (v / /a ) l
=  ( 0 ,  ( w  n l ' l v )  )  | l N o h t v l  q l v l 4 h ( v )  ) ,

B,ar fhtn G) mpltw lhat (wn.f O, flwn*t) 41",nrrvt): G(u),9t tvt "l '* t'\(o)' wrnlrLlr,ry +tre pwol
llenu lherc t a nalural elwtalenu

, 9+ (-)lv ---> +*
r, J+.F]' '  7"F
Kv(d -- 4 6 | @heeA e (l' '.-)(t) a Ael'nect bY

A [ 4  -  l v l f ( v ) , q ) )  z e V



Let \= speeA be an alhne s"herne and fl on A-moolrtle Laf 9e A and ! ,pr 49'a specA
b.fhe .a^onrcal open tl|vlJ(roton- 41.Oxle1"j1 --) gsperDt \ th/e/,e 4D h, 9sf,4 a 0xlob)
4n n )fuz p au toLttt nof e sho'"ts fhal 

-

^ t
f  ?  l x  r - ) l u

NOTE 14/r,r,, = (t1 oa Ar)-

tlen@ sthe f+fr = (ptoa Ag)- ^e rcu llal 3* tilotl= (n@e+s)*= n3



Anw sheqvpA o( flte k,^ 14 q\ alfune &henu arc otl,nodels 1o" qtnr,i - toherr*..rfshaw. &quui-tthercnl sheqt
ot q schefle \ wrll bz-c,,n Ox - nod,ule u/larch u loccll lq .f +he hti fr.1"the ne*l kwtlevnnyt crnd
pwpotrh.ons, we wtl thow lhal Th* r: a lotaLpnpetly, t"ncl u,t w,tl eiabuh somefucb ^batf luni -lheftnl

car\.| wheknl )he^lu,

te t  (x ' (9x \  be  arh tme.4sheu(o l  0 r . -  modu lo) .1 -  t  quu i -  nhercn l  +  X  @nhe@'a ' rcc l
byopenathne subte t  U; :SpeaA,  s^ r la lha l  f , r r  ewh i  ke* " in  ,+ ;  - rnodu le  n ,  ,n , lL .
? lvi = Hl u)e sag thai T ,s aherenl 'l t ,thz'ra.'p eqth 1:t; &^"t bz lakzn 4n be, a lvfulg
lenevorled A; -modl,le (lhe soao4ohttm EI,'1 ---+ fr beng "l sheaw"l abehon gnuy, and o{ -
(aoclule', Lomyd'Vte *' lh O" (vJ = drp-rr (v\ /", Vs U I )

D E  R N I I O N

E{Ai1ILE J,2,L

The zev<> rmoclule o.uer (rbo) t ahprcnl.me dehuint Above reqwvalenl k cv"u4 gottl hqu',4q asqi+qblz,pen
aff'ne nerqhbothood llhu au ottk +htnkn4 6bou) co,rct, rnvolunq l/,o')). Al+houqh ure" hctoe iual dehnecllhe nolan
ol q,^Mt -'oDhevanl urncl u;heveni shntda o- tn urbtl^nl s<6eme, 'vz wrll noimall,l nof nn"er"hn r' whercn( sheavtz
"nl'us lhu t(hewe ts koe+henon lhrs s be<aue Ihe nofrnn "l tDh"wn!2 's nrof al-qll " 'ell-behavd ow La .
i"i"".n"roo schene. f,lealy,tngmodttl; tt omDwhtc )u a quali - ahetenl (<ohe,enl) nadule r Tuaz; -uhennl blntenr)

e'*hllPLE 5.2.1 on dn! s.hem? X| lh< sl,uclurc theaf Ox r 1ua,ti-ctherenl (and n facl oherenf).

cleorlg 'f lY tsan A'module, fr ,ro quani -'oohe'r.nt Spe<A -.vr,o^dule , and fi ,r roh"rerri ,,t
n r f, i tkl.L1 qeneaf<4 Lef J 4-13 beawl| motPhttn orcl f , {9v-jSx lhe aaroclqk1
uorpismuof schena) q'hare (9*: SpzcA anA"A'r = sPn B.wt"vt LDntdl nl t l a2 q left6oAule
avet he1+t E -Af ctl &1-mo&la t lo

Hene .fn&t E quo'4i-Lbhennl (ahovl 'f 9maEaB nha {.9 n"{ule).lh Po}hc{ lar,
'{ X:SpecA uLn o(7v1s sc)tome ond '/ < Y' s lhe clored subttlrene dehn4 bJ f , A'.
40d rf i Y ---->X f ?tl4 Inclwlon rnatph$m) lhen lagf tt 7UA'4i Lohevenl (1^ le'l ' Ioheftnt)

.a ^ A^-mod4le. lndeed, ' l  's comovphrc'lo (AJa1'"

E xAflPLF- s.2.\ rl 0 r an,>yen subrdttmz of ascheue X, -,flt fidD\\tn flpF j. \) ---_> X> lhet lhe jpa,f
j\ Ltgi oblarned \ zxlendtrg lu bg 0.ahrcle "{ O(€xl.t9)"ran @x'vhodule, bul#v
no+ \^ qenerul q\,vt1i-oohe@nl.

EIA|HPLE 5 2.5 Let X btanvlEal noehenatt fthene, anor ld 1( be fhe nrtshnl sheo1 wln jvoup K eltal
rr the funclwa hetd K(x) ,l X (E,cs.t).1hen tl $ the shpqfiAcalwn "l- +he ivathaa(
ui-> K lo+CJ d'htch v clealvl ctn 6x -module vp Ax (t)-,-s tt x,z - KLr.J,Henu 7t
rs an g r-nodule, vomotyhrc'oa an O r- vrtadul< lt fhc veaton wlzre s e TI(v) an maPt
' .  \ / - -?K whtcharc  loca l l y  wn: lan l ,and t '5 ) ( - ) - ' r ' s (4=  Lv , ! ) t (v \ -v le  L ld \n  tha i
Y( \s q,^o1ti 'Qherenl

Le\ zeX be grwnond zeUfX '$ alhne al:: 
let 

qhbot ho od "a'h u:> sPe<A 
'-rhe^ 5 l+hcqenencpornt) '< rn u a'ad @,'rt,c?-Yqs tu 1"1 q s po' fl" ot''o1v''" !"" y!1na) L"l

t A -----) ele) ; ' iononuq) -Tttts mdhe' Q6) t"lo"n A-nodvlz' and,^henu, :y)..tt 
"

i^i; '*n"nf SpocA -wroclule 6r eaclt 1ae spceft l l tele t an tombvPntsn ol rtngr '

Qp, K----') Ospae,To) --, Q(A) ------+ Q(Al?

f+(@y) = l " (E)  > ( s E) (ut PnP s z\

and 21( -> 6ial (fahrng <en*|n lhtkut )o ,der'hQ v *,tl spet *) bg
1 u ( ' ) @ ) :  h ( s (  )

I+ 6 262i ly gbe&zcl lhdl +h$ u dn lDfiophltm 4 sheavt " ol "behan gwqPt Atnen t e O{tt) lel
" ' <g tp , i a ( t )  &v r l pApo^ . t  +o  ' / .  r h?n {o , . 1€ 6 l h ( v \ ,  \ a '  1 ] t f \ :  i ' t 71  + ta \=  i ,F  p l p ) l ? r )
whea  i - : 4 r -11AJV  $ .anDn lLa l  No le  +hq t  f t s t \ t t t )  =  '  ( o ) t '  eAA) .  >MaA san  ' nkg rc t l
dortarn',  onA,t ts vegulqt) Ynae act c seA dhc{ op?n FeQ< V r. l .  Hg6a 1'(9)="t l '  'n 47. Bu{ V
u open, hena Lokb'/ l .  /6), 'o t-  [r ' l t  ows th r, !  V7< V " @l! :  ip(a'(p^ '4 atf [  i<n@

" t " t "  ' ) ( A  -  6 p  ( L v / r ) t t ? 1 ) :  d p N , , ) d r { r ( c } )  - - r ' o / t . " t " l r l . ' )
:  7 . r ' . . ? " k ) ) ( 7 \

so +L 6 aA tsomovp\lm Dl mudllez, anJ to '14 'c 1ua'ct - 'bherenl



5|cTf, 7r1e fultnrhan o( quwti- ahereql vnod,^lu ,.o!lrl be ,wlaled 'norc Prc.ueu ap {"llat't

DJIIN-A-![ lst ( y.1 &x.) be a schene. A sheqf ol Ar -wodul+t 'l: $ gttv' -@h"rcnf I cveal yovl xEy
haa an af$ne sf^ helqhbo,hood U s.l ( i () ->X u tfu nt lr.torott ctnd f .U -)SPecff l\e

tsDmDrghsfi, yheft-tt qn A 'mo4ulz M t,l.

l * i + T = i  u  g s p . ,  n  -  m o d u l e 4

i* , 0r -!ad --+ Ex{,-fld
fr. , &1"-8d --+ 9sletA-lP:L

Eluwalenflg, f* rlu = fr. then + r ahercnl t f {a, eath z,
.fiv1kty- 9eienfe4.

1{ f , 9* ..-..""._;61l.. 6 an uoworyh$rr d n ged rpa ancl
thechecl thcl lfu fillowng chaSran ef functov to mulea:

t

1'1 un be labenlr be

NO'IF

LF.NHA 5-3

UsX u open, V: Pt\), ltren t 's ec+ail1
( | l" , 9xk -'4 gyh s 1early $o)

o" -Epl

l - ' . ,
J

dv lv - lrd

S *-t1od
-1, It

0" lu - !9d
dlo y

LeI '{-- spet A bt an afhne rLrtette t lel l eA) D t+) e * he l/ne 6,w.tpondtl opn tet, aacl lel
F be a quorti'*herenf sheal on X-

1a) 1 5 eT(x,v) ,s a qtobal setlwn o/ F ehorc '.etlnclwn h 7OJ r o,lhen
h '  som"  , t '  |  "s  J  o .

(b) 6r.ven a te.Ann te 'F bt+)) .l 'F over lhe opeo d 01r'), lhen $r:one n>o, -
fat extends )o a3lobal rcc*nn 6{ 'tr aue'' X l laba P'c(ttc tf lplal) 'I extencls)

PR0oF rl DG) u endq /nf u ni/pofenl), bJh rw'^*.arc +v'wal sowe ma|aasutrv Dtl '){ f \narF ts- 
; '"; ' '  -;;;;:[ i ! i" i, v" i*a' 'u"1 op", ofl,n" tubteh ol the {' i 'n v:5pn.i,,1,.v,thal'Flv=F
Nor romn B-mu)ule t1. Nuw lhe open tubszh 91- (h" J",^ 0(g) $,- a bao {ot fhe kp"lugy -l X,
>o  wt  (d r1 , .a tev  V broPene l ' l - fhe fum D(q)  h t ' !ano@ 3eA.

r,t= (+\yat) 3-\' .  
3 -  t ' ' \ l l o s 1
gx  =  h+ (Pbu) )s

'5lr.c0

'i '1

7 /



'fhe mowhlm 5yer Aj -----> STecB aou /-^ tom, J , B '----+ frc 1lsai hy (:.t-) 4 wt map
T),, h'+ru A,pe -"modute {,Glv =fi rLrer, ruln,J k T^ (} l)(;)t^(+l0trl ) = fr l^andthn

appV (h- ' )y+oh^d-  (v t@aAe\ -=  (n -  ) r ( r  lon t )a ,  ( ' ' r . lo1s1)  -  j ,  fFb@) ( rze  an  e tn  l t t r .nox
nrlrltn,hr^i'*t,ol ttnu et* imig, a izz open mmetcnns ) i*;'i;'k "nl*n tn"i'ii n r luati-tohewn|
;; l,' i ';; y. can be 6ro,rcd' ry opei rcL "/ 'th"1o,m' ;ie,"j ;;,; $,;;iI';,' i uln,, = h, 4, 'un1' r/loctule
lt o\tet ltra ln3 43;. S'na K 6- 1LlcLa; -@ rnP ac[t o hmk numbor a] ]hue 6pPp relz ltt l l  do'

N 'TE L{ f  ry  ahaent  lhnnweunYl  ,s  a { - i  , -noduk  ' l1 " ten  t -1@eA j  s  a { -9  43  -n"< lu le ,  so  w+1ee
-  

; ; " (  iZ , ' i i  ^ * *a  ig  opur  r " ) ,  od)wherck 'e r tcn  t ,  "F lo1 i )  =  r i , '  l o "o  { '9  A9: -m 'du le  f l i '

lol Now ruppoJc 0'p arr4,Fr te"F(X) ^,lh slpp.1 -Q. fu, each : l '+ 5,e.r1 o'retPond k slo6,1 e +(D(z;)).
ncn  o f+ lAOtg ; l=Di rs , )ane 'Pntu+ D( l / ' )=  spx  A l .  and l luy 'a< l  lha l  s te111 =O t ' leaor  +haf  s ) / t=  O
"^ in , i " : , ' d " ) t  i , l .L tnnn '  ( t / , ) i ' t , :o  {o , :onu n" ra ' fuu l " ' l+vo l  F l ra t=N netns  fha l  l )o ( ) .  ' lD(  )

;,i;W,;!,;:I ^Ji))rihf;!j[i,?');*;*r:ffi";1"!,"1';u'',!il,''#'F"!ff"),fr''!!,"i]'1,,1='t,
t r  ' a ' '  X ,  j N . s - O

\b \  rc }  I  e  ' r (  D( t ) \  be  q tven anc l  t ' ' o+vd J  4 t  eLr .h  i  4  qe |  an  e lenen l  o l  F  (D l tg t \ \  . t "e l  1 ; . t f r ; lD( l ) \

T7!,"lijr;,,li'Y^ol;,l'J:,lIi;r'Z,,,,^frT;::!'";;lr:: ;:iiri)i::i.d{:'2'?,,,*-^o*
fiirlil,j lj'1,:l]:ir:^::i:ll;,;,r,;13[,;t;:a9,r,{,:!,i;'*''"r"ii'qe'nd 

m'dt\he'tum;'
( J'  l ) loos;t :  n; l  o Gs) rt)

s lq , l . r im +ha l  f i rany  i ,1 lnere .x rc , l s  an  nkger  n .o  w l l , .  ( f  ) r1qs ;1)^ (  - ;  lou '1 ; . ,  -  m j lo rg ,g t t \ , -D-
Bv+ +h$ laltows f'om (t) 'ancl /q), rrra Dt+)4 DG gt> @de'lo d'h D/-l ') '^ Soe,-A js, -loapplq (a), re
mval f inl t^ole hal bq lfuanmei+t n+fu hnl p amqmp\., Fl j1j,e,.1 doez o,re4tot,tt 5 fi "i gr*,jol..6, s"n"
l\4, -noclule t1 '[hi ,t c]eDencls on i av.c\ i , L,-l"w? c n +.,ie'L'"" N' > cj ta,qi enoun6 {r', '"t( i lo- tfu lotql

s"ciw,n,t 7p1r",.,)N'., "i T on o(o:) $lvtekgether fu7tvea global src*on t '"t 'F,,ittoi" atkc$a l. D ({) ts
I N'i N t, ar rc4u,r€.J 6

PRoPoJ rr 0N 5 4 :::,:rl;: ::i#'"!':,::o"J r"i;):"T, :Jtr;:rx\;: ',:,r l;{':i:,2"tr"# ^"'"'; ' ,; ' ir ' ;*;;, i ,, 
r " '*io*nt' l ' 'ncl onty'l 4nLqme 1lvte' w'rh lhe e z'Jt'a

ancltfnt' +hal H be a ftflktJ -ltnenrco l] -madurc '

Bppt lt y: f )hzn fhu u ln,,tc/- So azrutrt. X + /. Ld F be a,ua'oi - nher'en { or. X arcl lel \'/€'kbe "pen'
- 

fr r-eV fhorL lel ;'e(r€li"o" "ft*-.23n rub<el, f " {9^lo -- sP.ecB c't' y"'^!h",f -?*'Lf}'b"
i'e-;odul" t s f"Eri =fi 1'nen f @o\i) ts.anopen-neqahbi'hoad 4fb) 'n sPec\ '"4'te'
qeo t 1 I'G)eDtsl'-  + f Qh\t) i+ 3' A"tuslor'--> spef69 't 44]- 'onon'cql 6amatPturm {nen ̂ re

ilivtalreadl shown tha| 3* fflpael = (n @s Bs)--

*en l!y,67u1 1tv, an rDml(phtstn of rchena gxlr'p1q1_> specBl and" hr -- 3* (flroh)h s"

h* 'F lq- 'e1ty  -  jx  ( f  l+ ' .o ts t )+rF l r^n(g)
- -  3+ ( f * t r lo  )  lorg;



Bf i  f *a ls>f i  :ow haw q*( f* " r lo) lp / r )  = % f i1 , )h1 = ( r r ,  @B Bq ) -  l "  Ne @nclnde. lho l  +heR',i'')uii,i 
i, rhtutopotosl .+ | .i"i,t+ri'"+")rLn./hr, 1"i'i"i,a'+w *+'t1+., or r E4u rhea/ azJoaahcl

1o c^ noduie. '+" pa,hrtfa", Tlu u a quta,'-ahehnl gylv - tnoduk Ju any oy'er t/e X

1tr  g :  spaA E4l4w,  v< X.  +hea t /u  uquui -aherct t | ,ewpcaneduuhl tntue o l  X - -Jpet t  lxnq
q{hnc, ancl thawnq ihal ar',\tt qvo,/ti - 6herenl' shea{ T 0h X " 'romDt?hlc+" i 1o, tonta- A - moelqle l{
td  ,F fuqtwnan/p"+ n=f  1x, - f )  for  - f  e  AJrhnc

.t

J , fu --,-> 'F ( o(+) )
Y(lr^) - l -" .- lor+) I = tla1el

I+ tt earil\ checho,l 'fhqf thr map r uell-,lehned' ancl rs amotphrm oL,A4 -moclulet {u'a-/fi 0x(o@))'
*  s 6 1 / . 1  : [ n i i ^ l o u l = a  ' 6 b U  f l t z  L e n m q ,  + " ? y '  i > o  - f t m = o  '  h  M = ' F ( x l  H e n t e  m / ' 1 " = o
^ a+. ti .L+iot+l) aur'ii +n'trniL, h,'o-n h>o+h"n " -€'r(x) s l mlelet = ;^c len
c - ,  J(n/ f^)  , ' "  t  v  anromorVht tm.

thef tuaenon&. l \morphumol  ,x-mocl t l la  a ' f i - - - -s t r  )ehwd bJ 9?rm?d'  v  F\  = \ 'F  (  s(p) l  whe"t
nt'i")i\ - toita', i,lotoo,). n' +e A"'i, ' nof "ttt 'ftcutl k cheink'i +t'" l.i"*ng 4tiag'an ̂mmul"'t

fi(Dt

11
t1t

(o(tl] l
4rt+)

-'t'l

Hen& dDG) uqn u\fllDtPhrm s Mo.'llu D(f) fitn a baar f;r /, i hllows lhat o1 rs an ttomo44htrm
o[ modulu, aA re tlv t'PC]

No,,, tuppotelhaf Xr noelhenan, qnd'F ah enl tlV=sPecA tanopenafftp-tuhu,k':b!-(::)r'"
no, ' lhevavti . '  :+ \ /9\ 6 af lLl ope4 tu,br?l uq.l  zeV tho^ $krc ' ,  an-oPeh af+1n2 Qzspec.B,utf?t ' .€ t  f  ,n  ̂
; ; ; ; " i r i - g ) , " i 9 t . a ' - r n o a u h m " ^ B , i n o e l h e n a n , a n d r ' t @ a 1 q r q n p a k d b v m ' o t " m " a t

iX;;;;f,f,i,lij;:i'2,,i;,:::7(["7,"7,f";ff ,:.';l:::"xl::r"r*'l^Li'rl:{!"ft':Il f{*
X,iilro* "ra i T,s cuh"rc'|,' theft 6 { 9 M "rth'F = fi

Lel yt=/F6D..'\ f ip 6v1 qbot'e - Thek ule (an aw, .K by open reh Dls;\ s" lhal T] ncr-s = fi '  l" '  ^ I I
Aa :  -  wod, . t l c  M,  w.canav i t imQ n t l i t l  a  y "  *$n i<"  3 ' ,  ,3 "  r toh& Nha l  T(o(e ' l )  - )  p1 '1sp^$; \

"'i.," 1i.il, *ni|, "1 ,tr,, ,iaA., *hpo *J.,n &, + e,(iq,) "nd.fu; = otr,4. (e.h') 'ed+ h'J dP t'.n'hrD^
llu uo-omi,st"t +iugi: )ii r/1tt)7 | the qchan "l Ox l"ltu ac+r'un o{ gtPz(Ag; / dnd

h ,
/ \

Ar( eb;)) -=-) (9$a,t; (t/e(4;)

connulu, o F(Ltet)) + F;(spotltS 6ah'!o6f 41; -mor{ula T! hthwlhaf tYg; ancl 11; nw} b aomorThrc^ao-

;i::iiit;**:;r;i,.t,i;:li*ni,';n,Tlr:!iT,!l,t#,#Jr,:?"i,,"#fl'"i'r,itli"rriia soiio*ecluu/ l4"l.rtoung lgelra p.rybte,n A t nocLienan,
:d&tt "ni..'fd!..nt-,,"+\kLl_l:::T),0:,!,1f,_?"#*1^':i:i:."::lrl:::,iiil\i'&1; - nvclulu' Plenu H1'

^il*:!;"T,'#f * [l':L;'1,';^'il'l'J,",!{a;fl::#;::"^:";;:,#"ff"w;ri *.]^l i"{r:iil;>
')'ii"i'*ji"a i,1 n '""ppipnuh puo't s1

As",r thowl,d d,ue"+13 ,n lfuyno(, (s4) r"npha t'hol LIX t aL ttheut 'F a.1uon -,i 'ohennl $af
(*hev<rt sheol ) ovlol- V=x oPa)fhen 'Flv s 6- lvui '^heven! (ohettnl) sheal o"v

NOTE

aRhLLftRf t9 L2+. Abec^ttryu,r'd X-SpecA tn, l-nrli. n'.---:fr 5,nvo "!E!.,'^11f,: J *\tr:,!?
tot*ween /ae ir . t leqoa4 ,1 4-vnodula un' l  fhe 'alogoal "7 1; 'aci-conercnt Ox- vl ' tLdate)

l5,auewe,, lhe f.iclo" t t '--->-f(x'' lr A u"'noL+1tniart, +w sane 'lun 'la( otso ,g tvt:)
(tn eclrtt\ratetttt@ '",iZi *i ^fu9"y ol 4i'V\5 3enerulea A-modttla n4d the 'ateg'9 ol
'heaaf O\ - nDd\' l ta

pRoor Th< only n"^t tnh ruo.),nn here n lnal- I 'F 6 q^cl/)i - u,hercfll1he^ T = fii.) , *h"a {. ou," 4, . f!.4). A

NO|E 'k r,4tnqt(t fe (t.U) { K=lpecA and T s quw\ -ahercn\, -fhz moqhvn 4,1-.,'F, rt='F(^)t tt a^- 
rrotvto,rghum 7t X n noelhonon awJ T ahe"e , nt 19



NAE \ s"hqme, U9X, -\ ,- '  '  0r '14 + 0rl , ' l1ucl

Lel X, be a scheme, I)9\ open, | ,0tlv ---a @v ltu enonrcal rnclwon. l,rte h ave aa"h),oo'tunckr

t"
./--*---.)

Axl,,-nvd z- 0x- Nd
.c+*',- ----/

- l o

9 mu f* ---t f* ancl lrgz - )u1 -lv -a F+ . )-leh{a -lu ptu1etuo e?inDryhamt and all ahmth, 6t d vnbryhttm
4 : T - - - - + T ' " | A t - m o d U l u , * u n o l h u " i ' l " c h e c k N h a l ( t < o z v ) l v : K e r Y l t 5 9 - l v a l t o P v e t e t u e t
U'eviels. Henu -1, tt "i "i i i  +"iri ' ,  i" -t" preou.et all fuhnih '.d all plmrh, gvaenra'moaot anA epis'
Strtu l*E -1u +hc nme 64aeof /+ L)p'lo ftr io'nL 0x qull haw been any nryec1 JPaa

tt)e hnow fw& (s.4) /ttal 'lv actually Pweweo Tuati -t o lte rc41 61nd {Dllennl motlule't, wher \ v
o  r .he f l ( .

L€P\|'1A af X$ a cchenc, X- V;\; qvttj Dpca (ere, eu a 0x-module T tt fhuri - ahantl k harenl) tE.
'fi" dl i, Ttr, ,s a quo,i -aheinl (@hetd+) 9xlY; - noduk

LeYtt- lA Lel 0x be a nnzlecl qm" X: v;v; 4n6len oow" A s"1uuu o[ g^-module'

''' -----> Tit -----+S -'--t'T; tt ---) (t)

ts exacl I and ortgtl furearh i, )tu rcqura oL A,lv, -m dat '--->'F1-,1n, )!lv; --)T.1tt h;'- "
[ ?xdc].

BM ae oond,lwn $.llatlt4 ne&lsaq hshr)w su4tcrcrt,l, i rufhu.n k ansrclpr a rqwnu 4 fheh,m
Ft-)T-)'74 lu" lrnoi+ats t?qu.Lna "( 0i;modukzt t exac| :4' * ts e xa,<l q:::Crynn
4 ,heav.et ol aicel,qn qL,oupt,^Jhttu t9 e.t z , ,  , t f  ,a -,T. 

----a'Fi 6 an excr. l  !4qL'un@ of

"iti l i i i ' i*iit t;, at *t X.irpp"t" i; +r"trqanu ?'lv,"+Flt' "-t€' lv' p<xatJ'llnenfu'xeV;
wt,huW- a anmuhhrte dsJra^

,FL --___1 T- -______ 7.,^
lrr li? lr2

G\'r;\" -': (+l t'\, - "" (P" k l.

t7V olrtunphAt )to bol)om rcw $e<a+t hettu s, u thz lol rap. Srnu)he V cow' Xr 111t5 lpqtldea'l'lu raoa{ 51



NOTE Isomorphum !. X ----;'l lhen |* preoewvt quati'aherenf

Lzl l.v.--)f be art $omotfh\m ol schemet then |a " At'dp! - Et -rfo-d, aqn$o ov?h6m'
t^)e Llqi[/.^ lho+ f "].nhha quwti-d)hercnl A\ -ma.!,1b4 @ih qtta/t; -.[he?nl tX -noclulst. 7t 3.:-/->'t' ,nuew"Io 

f +hen qe - S*'t,5o,f ulhunk thow ltnt,l F i a gual,t - uohettnl gt-uad'ute.l ' fhen j* r t5
a quui - cohetent bt -module

r:6:1"?&'ri::! l:\i"':K:#;ffi:;ll! :!"';i,!"i!1,,?#,2i:;:m'wn;:h'hq' #'ere
,  r  / ^  - \ r  _  |  . _ ,  I  r p l r ) g  T l ul h J l v J J  L + + ' r J l v  -  n *  L J r v J {  t  v

= h+ .plv =- H

iVOTE

5".h.F rluali - where l. Si milcl.lLJ t 7; r ahercnl, {aT- s aheenf, to tt o t146rphs nr of rthenqj
r4enhht quui'ahevenl ctqd Lbhevett sheovu'

Ten sov Pwduclt yreterve Quani- toherenl

1st Xbeatrhgme, 'F,i quoai'aherenl. uk claim thaf Fel s.luuai-u;henn+. Lelxex be{\Y1
or) 'W rrU9\ ,  1 ,  v  + ipec A b"  on ofhue open naqhbovhood d 2 -  sg (s ' t+)  u<haf t  St rFe ' i
ahd q+q - rt hr'nme A-nql ea llt N rhon

! + ( F o 9 ) =  3 * ' r a  j + 9
=  f i e I
2 44fr

'/hr< thplta lhal Fog r qaad-toherenl. rl \ B Noelhenan, n 6 bo'h whercnl, lhen fl1N are {'9.
h.4u rort l-1eN and so 'F'gQ r ohtenL



PAoP0JlTloN 5.6 L.l'Lbe an affrr'e rchenz,.)d,
O\- fiodutur qnd attr -we fual

o _---7 ?t----) lT ->-y.tt-,2 o bz a, nxocl s zqu.p.no
'F'rt luaai-rchercnl fuen lhe teTt

a---T (x[r') ---->T lr"d --'_,T(x'7") "-o

oI

!BAgE

JVOTE

6  < x a d

We al,padq l2nvt^' lnal T p o leLl eracl hnckr (E I-a), e
utunechk. La+ se'f (r., 'Ftt) b< a qbbal rcclten "f 7".
r siuechve,lor an'1 2(( X lher? r an olpn neqhbo'hood

4 o Jacleo+6 "r'(oGl T c[a;m thal 1o' 'onte"n>o, l"s

we ha,,r onlLl k thow -Lhal the lazl 61qp
51au fhz 6ap ol s bearu,a 7 -1'P t'
D(+) "f z) tt't.h +hal , sltot lfh
l,t'k lt a 3lobal reclnn ol 7.

J',rdeed, we @n Lnver X ^,lh "r hntk nunber ol aPeh teh Dhi) 'u'h +hal $r eacb ,i, s 1p6,1 l*& k
a nelir 1e ,F(0/g,)) oh DAlfiDh,)--DGg;) we haw 'lu.o t e c'hnns +/1ie 'tr(0(fq b6fh
hl.!1n\s.Slnu *iran'ca,um" *lo1 lha| F'$q.t ' ' tbrhoqf 4.r,ttuueonr +-1t c 7'(D(19;)) 9nu
o iuJorq t ;  ; i " rcn l ,  iq  t ; .na  k r ro rnen>01 f  ' ( l - j ; )  exk t rd : ' ]oare thnnu 'e 'FTDtg ; ) )  (9 ;uq
i^ - , t  ' " "  n tu , l \  As  uuh l ,  we p , th  one ak  wvhhra l l  t ' .  Le l  ) ' ;  -1 ' l ; !  u '  ' l h .n  l ' ,  , t  a  h f+r 'q . (
ir:,':i,?,,*:,ni ;:0,3;!ii,ifu',1;,,*,0.{!""1:; ",:','2:2 ,i:;,'o:; ';:;i),ff"*3T":":;ii;*
,lyli in 

tat+s'si1,, hg (.s ta).opplalk D(e;q,\= 'spec\o- w" have /h(t ', '  t i  ) = o k' r,a'ru

M>o,wht tuwtvn6qhtze t r taa fe .dentJ i i i l  NoL * i  i / ' l ' ons  f - l1  " t  7  t1a" '  lDYvp a  ' i lDbat

stclw,r l" ol 7 "ve, l, ,*hrch hlLfu {n+"'5 ThuV@vPq flr ctatm

r {owoowr  X v r4  '  $ " ,V  numbe,  o (  op"nrck  D6; ) ,  t= t , .  . .  such  lha l  5 !e6 .1  l t t kh  a re&ht ' , . (  T
ov?. Dl[ ',) h, iath i lhtrt b4 rhz claiw, wz cc,n.hnd an in]"qr n (.nel-, -l '  i  ) and qlobat.nctaot -,
1, (7"1'/, 'F) tuth +haf ,, + q-tt lhnq '{],"5 Mo r,o ltru opentek 2(4, 1cov.' X) ta {IM tveal (+;, ' tr ')

;,Y^i!l,Ar'l + :["',ff;:;"Y:h,'(.,,",!;','l:I rt! 1:\:,:'*hi,fr;,;; il:i ; ^

-I? X s a schewe ancl Y\- l);\l at^ upen r.'*, 4 X, Nhan a 0r-natlule'F. 6 t1.\K+1i - Lahe46l
,[ a4d "ng tl 'Flr,. a or quwi - ohevtnl O r; -tnstlulz Vi Llhts tt c\lso Jwe +ot 'ohercflt n|duten )

PR0Po5tT l0 r !  5 .?  La l  X  hzqschewe, ' the  kewel ,  oohe 'ne l  anc l  iwnqQ a+ oo ' ' l  mory)h$n o+ q^a .^ i  -ahatn l
th"""a oi" ori; 

- 
1,6heunl- An,l e xlenpn ol quwti ltoneren\ "ueaiet 's Tuo't't - ahewnl tl

f o rcelltenai. flt'e t a4/1e $ lwe far @hetEnr thetavea

rl l l l l l l l l l l l l l l  >RoOF Lel X-U;\/, b"an afl lne oPen LoverDf Xt V; =sle(A; Then lo',any motphot ."y'T-,^?: "- *,ho."+hn t'.rnet,Latzelvetqr,citr:71"i:ruy,,;,i,ri[i*"iii!"yrri:i,Lf,,##;i,i;?".
ff,ttfl;:l:fr!]',[i,f;o,"^,ri -t.,, 'o"-xg4 i "*::g-,H:#,{:A;i,;!i!,,,,^"r,
akevnclt c' t d tto|t4orYht mt 0 rtv' - Ag4 = O tPe( 4i - r$! f"\4'
we c^n uedu& ro rhz.d.e ,hr;' ;"= sp",A ;;+i; Td" u"+'n 1ua)'- a"d @he rP/\+ th?ave' )

'tne catne ol qvru,t i -ahprcnf shoare.c row lallowt I 'am (s s\ ona fh,t lucl fu* - 6 aTqa) al K.
unorlh"nor), \4re to$ Lo| l5s)oa.2aSoA lothD* Itu o"e.tu!l 1.n,'hvtg lhal A snodhenan, totubmodula
ol I.a. - nodLilet arc {-q.).

Nn^l ,*rhr^ lhol c,n exhnlon a+ quani - Lohewv\l sh ealv lt4rrori - r.therenf . LeI
o --aGt-A -----t T"---s O be an exq'c1 rcqu.tntz ol glr- moduleo w,lh v)7" .1t4.'! ' ;- f iherenl 7he\
o ---n+tl.,t,-\?l t, --).7' ' t lv, -)D tt a4 Q^at+ J?ltltmr ol O'l ' t -N\oA' '\.t, )oot4tt alanwa r"eduu.-^)

!,^:y" -:h"" .x - tty,.A ." 1.fure B, Ls 6) we La/rwtlokettng t"q*?ii 
1,'::,i"#tr\";'"i :L

2aqcl ,  'o 'g o ---> t1'1 M --) t i ' t  ---a O. P bply\t^g -. ,  *!n9 no+uvdllv o
odjuncha* - ---{ I  wv havx an exattr Lbn't  mJ+ah4P dtqg ram

o-'4i'--l F --'-'-- fr' ' -: o
J J }

o- 7t-,--a + -,-'r'V"-) O

theltp o,,tlrcle a rrt)t4,t otl trDmorPhltnr' s)nu'F' and 'F't ''rc, -qqatl ' lherrnl Jrn<c dx-114
[;;:;';;'i;'\:1",^iq,nplw lt4qf i --,-r= is "ls" ai v pv1lovphitt41' ro v 4 quMi-'ahe'cn+'

In  Nhe noelhenan cwe,  (  'F  '  and T ' t  are @hercnl  lhen Mtand/1"an t  l , toMrIg anc[hno
Tuooherenl .n



lr,lOIE Shnare, ol Tdoals "l Af{,n, Scherne,.t

LeI Ab, artaq. a -. A ,ar', dual. Ihe tnclLaror- c-J A be-rw,t o mo4ohum ot Ax-vnodula. aj-+A=Ox
(X - SpuA) ,.,l i,rh ,t,11ech* !M.e u t' exa<| ft'r t)<X, w '[q;n ihal '1 vr' ts vqc\val lhen

lvwiy -  {  se &x{o)  |  s  @) eqAr VF e v}  ( ' )

One,ndutot t  ,< .c leat ,  t ra  ; - . . .1 :A 6aehnrc l  by  ̂ " !0 ,  a l ' t - lqL. ln ' fu1 l , thrsmap,sb5e,hrc n lhaAy
Oncl maha lhe loltat2tnJ clulvam @mmure rn= A ,s fnuglr

- - Fg. ----"----'---7 tt

i l l l'v Jt
4n -_- AvN,_1,

10L|  5q6x(U) bej rcen and cutrume ,s(1a) .e aAp lFeV.  OrAn" I  t / - -+Up6un7 b,J  Tt - - t  6- ' (s{ r ) )
1o thow tltqf (t) tt tne, wt neect ontY Jn^o^) t' .ts Lr1dtqv.. Le+ Fev b2^3.tle!t h"/ tse \l c U b,s e A t.J. stq Vqe\/
uu,c l  s(q)-  b / t  eAq Vg€\ / .  Lef  1tkbet . t .  TeD( €V.1hcn / - .be longraa cve, ! .pnnte , . ,  \ ! (q)  -  Vh- \ t (q)
and b bc lonqs +oeucy ?r tme In Vfa)nV srncc s(q lea.An4 lbeq Jot  rome t+ l thenQ b€l .  I f  +of loquJ
lhat *b belinqslo evavlt Pt1fl12 tofttatntnt q) qhq henca'+d ^ Itell! ! tt^cz 4 6 tsctttqt S,c+g bf = a6q., anrl puy
l= s lmen": f  41 VTeDt{)  and fu;  7eD(F)  t [7) :a72,  a Elut red '  HenQ + k rcgula! '  ahd ( t )ho{dr '

No., tel I fu a quo,ii - tohevenl shea{ ol ,deab on X. L*a.ehbelhedeal ntpPo drnq )o !h) unde'lhe
v owtov\htsrn @r(i) = A.lhenb! (s 4) lhe{ollvwni r an tomo/fhnn ol dx-moduliz'

p' d.-----. t'f 
uoq?) - {t"tthD 

rfr'qt-A? '"'"n"L

tlewL lhee tt tL wmmuwrc dvgmm

f7>> 9t"n

J ' l }
AII'r=---> tl

nhtch shour |haf 9x,? = Af deuft'n lo w,lA af;7. Hentz

( o^/Ar = o "F//r = Prf aAF 
(2)

cleaily lhe l.,lloung dvrlnw annula

A  + . t
\r,/

Il we aatocnle s1fli eveul dal e !fu lutt/1i'@hercnf theet( 4 deab Ttn( t --+ oa) l'lten we harn

LEpIl h 7heft t a bi.lecian belweeu dea|,'. *.A onl luati -oheve sheav"a &deqLot'0x, lehned b!
q F4 rn(d--4 i  )

,/' *-l o vherc f;a anBa2orA u(tder g^(x) I A

jtrl i211qla lhe luwti- ohercrl ,h"d*'olj(ll"d$ a try /* N"t"lhat 11-ox "aa /o: o'



PRoPotm0N L.+ a-eAbeandeal, ld lhe c'toctqted' 1""ti- ooheenl shuf of deab ihen

supe ox/Y^ - vb)

to+l=vb) and i.'/---+l bc llu nclwtwt. Ttten [ 0v - f'(o'/f") $e locallS nngcd
syatt (f'ot) s [omDtPhtc 1o sP.n l0-.

f lof fi lollow rmnerltalelq I'an e) +h6l UryA4r. - v(a\ ancl +14d1 (vt&r) r a lo'all'1 nngel ryaa'iiil"'i)- 
ar^,*n q r*" *,"rrii' tv,,/is sp*A, ro al;ume \ +6 L'nv1e' lhe kllovtn

chan ol t9 D>tkovqnttmt Ft ?z0-

fr' ul), + a7/ah + E*'F/fo,r 4 (0'/t), =+ ?,
fy(#*) - (ga(tr,e6, ;/, ; F^obl)))

wh.ft P(v)=lit4tl,zv lt^/r*)tw) sbuhiet']o O7. LeI l'v--atpu111^1 b"'lhz 'qwn'cdl
homeomoryhtfi,, .!";ith tnveoe 3

Lc' "'oo'*'" 
ir,!in'nt:;:,':i^; 

oY(r''ut)

1l$eo llDJez lhaf lfr(t) eOvG-'W), a*lfhu +haI .!# r a .6onDqh,rm Veue (Y,AtJ,z 54cltla '
* aiiirJ't"+ i: g{-i {*,ipl^1"-j sperA ba ttu onpotk., theh fha Ltnd?u\tng vnap "l h r
lhz u4ulpn ;. to w'e. hqve a inwmukrhrc dt4g am

SpetA
, / \

) --,i spec{A/a)

tn yathrular ; s a clve( 14161212167,- O

LEnHfr 7f weA,,r aradtnl dsd r'herc fo--?v1q1, wheve ha1 ont,t),'lccinns vonshtng xln<
e,lored nl \ IqJ Ua f 3 note' )

P-!@f fi"n tr) ure knout lhal

f i l ) ) :  I sea ,d  I  s , t  le  a .Aa t {pe01

Anol b,! clehnhon

(vi0v

l" a:fu1 = l se axlu)
- ls e &r lu)

gevrtlV s e VA-p VVe Vtal-}U]
s(y)e yA7 Vl e vra)nu I



5u ,l r clpa,lhal ln 1v1 9 2u6 (U), t,nu I pev F) )hen uAp = p+p 'io 'hor* fhe v7u2v7p tltlutton' le]
s e  h k ) l t l )  b ?  l t v e n ,  a n ( l  V e U ' i i n k " ' l  i ' o  f , o , '€A ; ' k ' V e D 6 )  - c  l )  a n d  r Q  1 V 1 I , D H )  c L \ t h  t h q l

i i i= ' ; i , rn ivqtD( t t ' r - "  78D( ' )Au ' . ' ) 'y f? :  ^ : ! : - : : .11. )e '1A' 'v1,n:umP!o1.^Aena" .ae\
r-/ q € v(q) -D(lrnvl^) *' no*" 7a 7 Ueie 'al belo,ttt4s 1o ova4 p"ine aitarntn3 ^t h'<nu ltnt ^ tr

a t l ; (a l ,  u {e  4  Then n  pavAcu lo l  Pe06)  lo te ' f1  anq

l t1)-ql t  -  af / r1 e a,A1

5nu p wan a,hl,aiJ, ute Lezlhal tefa(t|1., ao 'ttlutved- n



IgE (J 7) ,mplru lhal ^! il::" ?rydu.d,(.o' pwducl) o[,1tar; -,at1s,ay,I shearet ,s luwi - tahpr72l,
a 4 r l  X \J uo€+he/lqn rre td,wc tt  7ruc Jov. 'hercnf sh(owD.

fR0Potlf lprlv 5.8 L*f.X,->'/ be.o, noyphun ol, rhew'. -rhew

(^) zf I p a qtllti -@hercnl sheqf ol 0r -nottulet, +hen /vg o a qua'oi'ohemnl
sheql ot Ox-mdulea

G) '+ 7 $ n*lhenqn, and g c ,.ohercn!, fhe,t l*3 r oohercnl.
L.\ Atune erlhtr lhof X rt noelhenan, o( { q,a&)i -64pad and reponafed. Tl4en f

7 r o luai-coheent shpaf oL 9x-vwduiet, ltT s o ru*, -;Uorenf "hea{ o/
O'/- Modul@

P R)IF Ia) Lel 9 be,^ quotti - Loh,,ft i l  hta/ "l 0t - mor)ulyi, onA oole thal .h -*'ou, lr9 .r qqcui'aheqnl, -,
, l  sulqw lo)thow (-r'9)1" $ quani - LDhotnl on ^ LovPr a! x Lz-! 2(e i< b? TYent f.( ')eve I
on nf{tne open neryhbolhaod of l1-1 tn Y qnd reuc-f - Vanalqw neql]hi hood rt ',(:Ler. ,
n .V  4  specB ind  m.U+ speL+ be l 'owDqht tn t -  tnen r *a lv  =  11  lo r rame 5 'woc lu te
11. untder -r

5 PeLa<
o . B 1 A

{b)

tc.l

Vfln1 flIant4 eo terrc't ulk, we hauz

n*  (Nr7) lv  =  0n- ' ) *  i+ l+3
=_ (n- ' \N(++\" 3
+ (Y'.-,)"( js)"9
=  i ' n - ' ) " q f  i t 9
Z i t^- 'Y";;t-

.? (n- 's p".o ) '9 |  v
= (5 p<ca)r n*fl\v .-= i,ou,-ni*fi = rmolTt

5" f+9 tt <1uui-wlrcren), oo rcqwe{.
rf Y rs non*tenan, I 'ahe*nl, then n (q\ br {JA) fl w,lt be at-9 B-mdale.l lentL
n @B A ,t o 11. A-modutle, ouc\ lrQ rs ohevenl (noneed 1", X noelhenan).

telf : X---s' l be 4twn, 'F ^atapi-tnhercnl dx-vnodulo To show [*F lqo"D; -LohettnL
'l ruffru +o \ho wlhlf eatJl povt le'/ vta/t anopen neqhbothouQ V @'+h l+rElv 7"raoi-ahe>enl
Le lg€1 , toe  lvenr  anc t  le l  VL"  c tn  a t r tne  open ndghbothoo ' l  "+  J ,  n  '  \ /  +  sPc<H a^
lsawloypnI m.

L.t1 f ' 'V----+V be ncluu c.l f iY r rtoelhenan, sor f ' 'V, and,l | 6oua;-anpqcl, ancl
><lohle4, ro tr j ( bolh properiet arc lotol, apthoene.rtfter) Not^)

n+ ( l*€lv) _ vtt , !* FIe.,y
--  (ng)aTlp-ry



Stla Fla-,11 6 qv(^ai -whetonl, wehaw reduutj, to lhe cae ukerx '/ ' t q14ne. Uw4er etl 'he" h'4p'lhats.,
Xuquq,' i-tnmpilt./o,ue.an Lotter X wlha fin,lc nywber "t--"Pe alhne rtabqh tJi (cd'e A=P "h@l)

r,il;;;;;ir.i':!,iy:ilt.::t:i"!{tiiZ:i;),f, "i'l:;I;:nl:':Tffii'tr:*ui!*uL:;^t,f"/rfrrurt:;i2^;i!;f !i'!r!'"{iF}#*'!1"!ftiffi r;r':'rntLv rcoaat"ct ca'o u' ttQ) "'1:;;:!i":*;="'i,€l;fri"""Jt;:"i,;ih;:';;i;';;';i7:,i;;1":;;.y
lect l qu,'aAi - LomP<t, so 11'2 '41 @vvr.':rw:4 " ""':-: 'y: ' i ' ;-"T^:-" d:":::::::--- -.- !- i '-. i i i  " i '  .--:-:rT;U'Z')V!.7,,'t::l^;l:'2k:#,:;;;:!;,Y;'"!:;:f .(;1,:^x'HAf ";,!i'lzl:il;!'T:iP?!,f :#J:{;,:l:"i;4t:-,r;!^;,Y ;'"T:;:r (;1.;^x'Ha,r"fi,!i'lzt':i tf"*'ffi,i,q"iZ1,[r" ii lX'"*x+'e1"tn" 4 riv -m"dqli'J

t <  " . - Fp -'> f .F ---) $f," (G!.,,\ --,-,-+ e. J+ (.Ftu,,r..) (t)
;  t 4 , n

Srul@ Tly-ry ts lur,Lti -ooherenl, ,yp 116u7 reduuc),,to th:f!: Y:f 
'/,o q|rtn". l(er.1+ltu-

wharc
a y  ( 1 s ; ) )  5 r  :  5 i ] p . , v n v r j r .

f "  ( ( t ; ) \ ' u t t  :  s j  le  _ ,unur ,

Kv  (s ) ;  :  5  l+ , .  v  nu ;

'fhe apnJu&n p) are rhe patr'l*rsp prrr;\v'cb' wULLh ate np,oCruck tvlu lh!- ndex te* ate Jnle.
Bu abie 4 nolakon,+* rckilo lhc nducd moryhvnr U; jY and Uitl-) ' / but l aka. T+ $.t.or
l"(a ( t.z) *ot lhe I u("plv;) and f" ( G\q,L) an luui-ahercnl, ,6 rog ts t) "" a,e lhe u,Prod{.{ch.
V\enu 61 (s 7) -l+T rt qtlid4i -tonerent, aa tecliuecl. (f

C.qvTrbN 4 X qntl ' / ore noelhenan, lts 4ol +uae rn seneal +hat jn olqafupnl rkec{ rt tokrcnl (teatxss\.
- 

)'lo,.veuev, *v lwe'f I t q hnledphrn, o', o pmlechve mophrm P'za) ov luD/e gellemll!
,^ fwlz.t t io(ph\,n (E6A T,3.2.i)

DEHNtn1N Let y beq cloti &btchelrte oJ- r, xhetw X,
We t)ehne lhe rcbal theaf ul I dcnoled /t,

t, y ---+ X be the ncluzron moWhun-
keqel * the moryhtm ;#, 6^ --1 1p r.

i .y- )X "nd k.  z  - - - - :X.
u an romotphum, an6 fhe

and lel
E be 'llu

pRleot ffloN s 1 tvl X b< c^ rch.me. l:ob aaL4 .lorcd subrchette Y "( X, +he Loryvtpondnq ,4ro1 1fi241 fy r
a c, ui '. heftnf tneat ol"deqL ot {,*htchr udepmclenl ol lhe <hod* ' lwz.d t,vnneolbn
Lt X t\ noeth.enan, lv t coherynl L"l","?f l! ','.il- 1.Iy;;@nevnr 

sheqt ol deats "n zt tt
fhe tdeal eaf "{ a unqwly {e/?'mn(q ctat?ct luoJt

P(oot suPpoJe a- clorcd subrhene ir vePrwenled bq lvw ao'ed )ml'ltqlottt- torl' i,z +l u an tsorttprPksn *rlh 't1 --a."'ken ltF' 6t'-1j+az
6tioi,un9 'halmtn uanmua 

;+
19 * -) iY P'r

Oct' ,ver,telt t  let X be u trhene, y'  a q,tazi 'cthercnl '  shal J dgb
oo Y. ui Y loe lhe rupqo'l ol Ox/? tnal u,

Y  :  l r e  X  I
= {xe *.
= l x e x
-  [ x  e  X

(s,1il* +at
ox,,,/r, + o\
L  *  O* ' l' 
it ::- :,: :(:: ; i t ;' P, z::rt tr : :u \2:^ o

an/? the qunhenl "ha{.1 nry
ft<e ow Ind|/.&.d
Redua'A u.x*'e nolet," r,

\,J,:'=n,,.,.
So Keri.f = Ke, k* an,l i, i bc,lh clelerntne lhe rame rcleulLhea/ % rce lhal f,/ It quati -Loheftnlt
ni,.e +hqt i 6 qucr4t -@rvpd.f lany clu?.| lmmeann tr (€ r 3 13)) ctnd rcpanled (rce .f ia) n bq (s e)t',oi,-i4u*';-.*t'"*,'"." l^,til.l;,?,*n;f,fiQ;,tf;+i,:if,[:';git,!r,,lT,ltr!?;t';?,liil,l;,':"lffi ;;;Wf')'"2;''i:i'r*';;ia"';h';;i;;f, ;r'



tr:,ftlitr\,':P,,i'r,!1,'L/;i,')irlHL,|;Y !'"fL{:,:"!r*y;n'"',#, ilovt'1,;:If,P;lx*,^
#'#!i:,ni,,,L1ft 6,!1;l,iiJl"-ryK"n:::a'::^1:,;#.n*';'|,::,K!{;,"^

/'{ynvi) - { Tespecft | (a'wY,tu)p + oJ
-' lYesPec\ | Atw'A"PfuLF + ott

we cluim fha uowoqohufi Atple./,,T I AV denhla JL p oncl a Ay. (ltte thotecl |hr m ar ro'1fie7 nolz)'
Acn@ atpeA,?lJL? = AplaAt whch a o 4. ^ *T,'o r'(y0!ri: V(oo) r vhrch r cluel. Henulhe
{uPPo# tt clo.led

lel ,. 'Y--; X le llte rnclrcron.lh"n l-'Ph) ua thea{ of "mq on \ qnc[

;'(0rll)y= (o'/Aj = t"'t/t

rorall qef Heau (r,;-'(@x/y)) u a lanlly nng17 tpu, nu..$,c' $xv Vyel ?uf $v7''''(o*/9)'w'aoim
,i^r ' | ier i" '" ' i i "* i  t i i jLl  iex"Jn*it le+'9e\/=\ 'b"anoienahv'a'vi i f 'v '---tyccAaw
aorlAbr?hUn.

y  "  > X
' 1  f  u

I
v4tl -------i O

,' ll lI'
i ---.---+ souh_ L

.^ir6,bhwnt * spa@, t

fts alxce, let JL ' ln bt ftu qwti'ahetrri h&[ "( dult or spcA .h lu tl" = JL tw {"llownn Aqge,m
omwtlt'a'

la lly - ----> .la o,lv

1 ] i
i - --------) 9tyaA

Fwmwhrch I /Jlou's rhal l'(@'/l l") 7 0qa+/,.17 Aene

0vlvnv € 1r "- ' t9x/1,
-. "^-'n-'A'/!
= n-'(o*lYlu)

= n- '1- ' lu9^ly lv)
= (fn)-\ OtPe&/1L
= t'' ' t-tg)FA IJL

Srrwd'\spat1a = fp.thln- Slellou fhat (voV,0vlvnv) = SpetAla-, a,uluwd *nu 1v'tlt) o a rchew.



v,n dehne a .lo/ad nmeann 1'Y----+X b1 lf;'o*lu1 -----+ gu{You)

z f H -  1 o , s i n 0 )

thvdhe ff,myotlk. d"{u) ----+ 0'lu)/nq ---. 1e,1y)tv)-'b^r",,
$ qmo,phumol 4nj5 T+ tI  . tQdlln) 4 t toqhvmd+ r heL\e/, Ax ----> i+t, . t .
"trqSmm ornrndkt 1"" \e'r ' 

- 

oa,1 _L___> a",y

1a"1j)1w) ---) A1(\ nu), h<nL.-0 
ne ch&h" thql +trv {. Iloa'r n9

JI
(o"lAy
J,

roy/ll

tt  acloteq rrnmeAton)

( , )

I tulf,u" ]" nole lhq( ,+
L JJhowrnq +hqt 1 $ d ma{)h$m o[ trhemu. -b rhow lhal ;

u t,^y1*fvt ulge-l 1re' nilet n 43)

Nextue show thal !tu rleal'hert{ "f ;'v---+x r / I-+ tuf{trq,. +D thow fhql4u 'lollou'n7 Jequzn@
ol 0x -modulea $ sxacl ' .

O -------+ y -> 0* 
i 

, i+ 0y -----+ o

Ancl w on checb e*aclw, o( ]hu mlutkcton rhtlht, tt 1e/*/ lhe1 6+6' "-o (/ezEzt,)g).qnd^.1
h::' 0;,; " ;;;toior',phu m CuL z.&i neans uj dehnrhnn /, - O".'"')t rc the t<1wnu ol talbs tt ex aEt'
It y cf +hen lhe rclwnu be Lona

o -+ /t | G.x,y,- -'--'--> ( Ot), ----+ o
\ t r -\ .tt

\ ov,J
\ u L2,

,.t //t

"ha uompotle Ox,L1 -----., ("-+t9)1-1 ts',,a s fi, and{nm li v't< ltnow.llu lna,1l",n (z) wmmal.o.
Solhe rcqutvu ol t'hlhc tt ,*or+"vxe Y,-onc'heit4 f - tQt i*, u "lettt'ed

<-,^.,^t"L lhe pnol. wr neetl ]o rhowlhal 'l z---'> X $ o- .lo/ed nhrchewe w,lh tde,al thes{ l, thln ,
t;- ;776;i;11 )nd z -----> x delevmvlz+ttrawe.lD/ed /u brclryme Ne maq aa!lnr zeN ttdDreclqna
l/*;r'"irr/i,;j maP et j : z -> x t' Ite tndunon so we haw ah e xaLt r?qulnQ

o,-,--> t -----) Ox '---'-+ j+ Oz -'---> o

solhere ts an ltornoyphum o*/y!-+ j+ a- n<)wzd by l4e pteheal noyhum
rp1u1 -- 0"tv)/yJu1p _> j+ 0"_

s r flu) p+ i*u (sJ
wh,rh,s c)ealy an rtornoq)huu of shrotpl ol nngr. thoa SuppOx/y- Z and ^[ro

5 ' 1-'1+0 z- -----+ 0z
r,an.rtgrygryh$m (fhu rtne,^,henewj t lhe nrJutrcn uL a tubryaa). 5o vr havu an rsomorphsm
oI theava ol qnJ) oa z 

.- j..h . ,
j-,(alr) _____> 1-'1*te- =:t (92



M"b1 v +he mof hum (2, i''px//) "--a (><, p,,) . Nt neecl vnly thout )fu 'l"lloon3 Londtukl '

(zro-)

tX,  d")

; /  \ ;
/ \

(z,f 'La"li l) 1--

9(ul*'/ x
1 

'P-/y)(znv) -----) gzen\)\

6wn sec,*&1, i# ' ( r) :  1v, ' :  i  r ' (u))  *hrth b<anu (u) J i t ' \ )  '^  1r ' '1 i0,1(znu,)  and )he,n

ti!i)'e^'*;,t1"';',nf;Jf;;\,t;,;x:'r'! l"It*';i,A"^'x\z),#":;Y#"i!?(Jx,if,T'*,*^
; )"' ; d* ;;;; : ^j' ',,*,n'1 i1" 2'a"ea oI'cte c'ls,1

-fo t+mnanrc, le+ ̂  bQ an! J;heme '

j'Y------+ x

y"yv: supy(@xk), <_1
01 : i-'A*fy where
i .  J - .>  X  'n . luaron .

Th{^  ( ) /4v ) - - -J  (X1ox)  t
& clokd sLtbt.l4eme

./ -- Ker ( 1+ . 6n---+jr. dv )

Yl :  osJ\e
<ioled r ublchenre \

dRDLLARY s.lo -t{- y\:hwt| s onaf/tnt s"htm2, lherc r a bi pdw- lothnlssa 'tle0tls-,ot'- A and ,"::::::::--:- 
),rd,i6rrnin, '/.f X, a,rwn'by a' r---->r spec(a )*) --a Spec(F\'7n Pathc''alar
evevl .lo!2() t'abrtheme ol 6n qL{rn2rheme's qfhne'

PRooF The b,:jeclwt {otlws fun (s.1) onrl *, nok un doql .sheaw on alhne tchawt la .( 5-' 1) t lhc- 
.bt" 4' rubtrvtevn" i, sVc(A)al '-'> spzc@) u *tto'Pbd w1+" !'u Lhaaf "| "12"'lt t w'lk

lIqetft\) -- t<er( 9spx* (spztt\ -> Osp,*n( tycAla.)\

Now a'e A owwporcL Jo a,qlobalrcch.onf / f/ a*q-, so our eqy'her nolp wto"'ql<a / u'rfh al
showng l*'al lfu b,iethmJ hca +la de,arrccl$rm . g

toRoLtARl lef f, 'X >Y be( clarecl tmmcoto^ r'n tlh ootu,tale cl d<al :hpql ! Ihe cloted image
c! f lt lrc(uelq tho r vtpparl "l @t/f Tha) r'

f(x) - s'.4PP(ox/f) (= :uPP({+a^\)

NoTE fr€ 6r1eth"n above s bellsqen .\osd' sqbselkmes (,lased sub:el* ,st,h.eme :*uclwt) .an<\- 
o,. |hoauq,y' deals ! (lwc ,lored tubL'bewrst ,qn be cl'strtc I bul have 4he nmeiwage ,
lk, exqmpte s7<A--t rpetA and sr l/72 -t t7aA,4 !h: !i.1,y'!:'"9, 

''.y ":ypo !,ngg?h-rho'',i 
X ,, o *"ldr-ed t19s71p thcn 4ht on\ suneilwe Ltor?d tubtcnefi? v ---) A u x =+ /\

i,, 'ni),:k^ rhe y'acf-nal ,/+€oriv) "na't 
y"rt"/em* Vs6-v''ttten +=O (rQ ottr 53nofe'>

on nduad rcc1uvd rh4t4a)

CloJed lt lbJch 2m$ Q rrc,ri-ohe trhl sheqvsr o{ tdeok



N INTF Claed fubrchfinoa and Tdea\ Sheo'M

!RD:g!!! 1Le lg1, fur" qlgl1d tnbtchzmet Io quaoi la hercnl shga,lq qL ' e912

(Y-bX) !--+ Kev(oy ---+ r*@v)

,.'1,13*:;l1n';^*::;i,i,';!#'l;i:"ff tiod,fi ,i#?u:#";""H1-nIffi ,,
i x ",a-quaoi- co.heren| iL"i'- Ji- ii^l' ,"t/- ;i ;;;i,;;i;7- ri'rh't<' 'r^' ': "''t"o!t! ̂  ret the" 
lH[?' l;* :V : j*;*i^;fr;,,:; i,;h' : V;l !,,t" ;tri,q 6aD i - @ h e re^r' h e a're'

o an an*; romor{.htsm al yarhallg orAerd' r<$. thrs s a b'lcchon whpn h etteozrt.< " tro
CrtwtL oloted rrabrthe,l la a, Y---a>1. c ncl i,Y'---) 1 a1e hovr

;; .j tff. fj ='!'

-y!!f thi r4lhat fun ltt) a,rl our noh o^ {alonsahon -th*ugh clorec) i4lmeniont n $s. 6 .

' Nole lhal {o'r q.<. sheaw -I deat: f, ft wt hare 7< lt tJ{. f pnc@a 7t aa qtu-fo[;@a] (9x n
0r-t1"d.



NOTE Sch?n e-T:h,eorehc rwtage

?rr rrote rs qcolalpnk Ex z.tld) lee alp l.L "l eucnbud 4 Hctms fs, sasfltp/u.

?Ro PoJ t77oN Lel l ,X. ---=) Y be at mo4ohtm wlh X noeq4enan. 'fhen reve t, a.loted r*muprL
z -----+ f 6,!fi lhe ynyu\'llnctt { fudot )hn4k z -'--' 1, and / { fucbnlhnulh
any olher clote I tmmeu toit z'-----s'f lhen Z ---tf {adon lhnuSf. Z'-"'+'l alto

?RI'F Sn@ \ r noelhenan, b", (s.t\ !*0x tt a qua./)i-Lo harynl &r.-noclul<.. Lel t,b-e-!h,e,- kern lo( l# O, ----+ i*dx.'sq i:7)/ " oqJoni'*aarcnf shea{ J. 'dea/t. t)sn5 6!-,t2t L
Z ---4 -l' 'ne lhe clated tmneito'z delc,mrne'd U1 I fu..(tl)-',ne ldedl lh.eql "J -(- '!J'
,ibq oar'nofe,l ot 'Fachns alotlhtonqh cloted zmriontoni." f .ALhn uknwq fl/trouqh z- --) /
1+'z'-)1 ,s ot',+h",.ro,id'it;l)'"" 1t"wgt' ii'in 4 4''ii' ni*i 1 f "1"* 7( u ltudeal
'irif a 2"---)- i:i 6thu' lt'al 2 -----tf "faclot thniSl' z'af D

tle all tht doted ftn)eoton z ------) -/ the nhcnte - ihtae*. imqle J / , x ----+ y'. The noe+henaL ,
aos r,rmplnn,on X .u only ,ssl 1o thoo,t {* S z ts cluatti-rchercnL, n u* could altohavz { 1u*t-ompdct
ancl tuohrafql (s. c)-

P-6!!E d a,.ao' !6)t z. By delntlwn irs lht mcltzrcn oy' a cluetl r'abrel z: s"PP(orh) '*herr, / u
- 

. .. the katnel"I /4 o, --t l*&x. Stvw Z v "loed /(X)-, 1.7,s;'tPp,ote lt 1--+jlf '
^en a - !tx)- tt'fn o i ft outt )hal 11nOx1"-o> wntta'hd'n3 llv azt u mgr'n/l rna;
z-e tqyp(&'lr)- trrr (f*A ') D

LennA Lef !: L----+ 1 Ln a vno,phtm wlh I noe'lltonaL z-\'/ !h" r'heme iwnge Tte4 Z - il\\.


