Math W 7F|¢ 5/0\[00‘0 T

4y
‘ JJ
I

| ‘
\/FF/ZOIR Cowr% Overviem

Chg 1 ¢ Frdamentel gvoup — \/fAm Kompen's K%ean@m (overiny S (laces,
i g v 7
| (/hp X Howa(o\?\/ — \OJ/I(J 2 xuck %Me.n&@§ ceﬂm lar %Mo OQV

ot
Hﬂé ’FNWJ V\@woo;m" \/nwo\w\/ with Coeé@(,«%{’s,

[/\/10 3 [L\o\mo[og\/-’ C.(/\o ﬁm(ﬂML’{{ poMmm aex/m){hc

‘ C\/\\l() O? Cell Cewllﬂlgxés
| Dp'{‘ A i | = C,DM‘O‘&Y >< is ln‘/“’Hf )oj

(\\’SJZ‘V‘,A‘M‘% willa oA d;’((?&l@ Set >(O

e 0
( 7). 1w LQV\(/H\/@(;) ﬁmmm& Yo v-skeleton X Aem X" Ey
QHZNIAMC‘ Oyl Vl"CP/HS ?;l Vi (‘DO\’: SVI—I — >(VH._.

v

A/ ! e
/N 7
®

A

/A
o AN

That 33, XW: [(x" | Do, )//oc’vw,, for ooeDDo()

| /f%‘p eada O:, o flo&&l 'Loxk-

(3) Set X =0, X" X s given e [Mpak  opology 2

V) J./
AeX s ofer A AnX" g ofe Y,

,Af rvmseaonéﬂce T4 @lmw«e’#ﬂﬁﬂ'éwﬁf %6 C[o((/\re of Cuch

coll andesedts enly bwidelr vmanu  ofbher  cells.
J i i

[ By 0.3 ’/\W/ s phece s szl) _M@_CMJ,MQ}@K stuchwe with a

| L Oreplli o™ putl oo wouiples . yesaml] g oXtzched
| ‘ n-\ o v
VT S great 38 BN

o N

G e



Ao aldernale. (ol shudore i bun O=cells

{/WO i’c&”Si hoo 7'06”§/ ros tweo V)-c@”S.

5° s S?

avC/—\C/_\
ST W Ml ==

y<j‘\4\’$ Q\‘Owg one Ao dofone Sm U.nS"

Lwhith  Yens ook Ao be  sabah

le.,

0"\

Yael  alia i N C L 2
Ex OM _IP:PM ré\f:\ V\ﬂqesni/lﬂt’:o\;;h &Y _in fRnH{
| (R \18Y) /(undy for O1eR) = S"/(ur-v)
RP=¢%  RP'=e%e' sz‘e ua‘vp
o /) Vi
¢ ORpe 2 R
1% 7@”0\4/5 b, dactisg Yot ﬂaph L)h? U (l/\/
Shucture /eove‘ vuvnve it one  (-cell

/M/zms

; “L .
e v Cecln D¢ Len

;E_Xoa

(\EREP AM Chnis 'pe;kﬁsn dx{q)
[ mma\@x DCehve 1 —space

diP"‘ '22\ UM(&{ hm Havou @ormn\n d:m\g |
*(GZ””‘VOﬂ/ (v~ Ay For O#x\ccﬁ

= SZV\H/(VN)\\/ Lo A\ 1)

Cf - Zﬂs: @\//S‘ =9 //mda ot \&%%MQM

/SZ

SSM P

S!S
Hogr iy

Lo ion S*




J n
g'/ﬂ@_ QOV\ ’)4— /(\/ '\)\\/ fox AV éDDZW—SM" ﬂwL -\ n—l
M CP" i obkeed Ao CP" Vo aMuding  a  cell pZn
| J I
| bj duckon e obtain oo O/ Stndhire
fovezvej\/“uve/zn fo  LP7,
| (\ ICREF f=m (hris flelecson /;,"(45'5‘2

Deonf of . Clam
Qi = | )‘:n
| Siv\-i\ J)i'\
& 7‘7——9 ReC ~)
vV
LAV

. Eac\n Veder  Tn ng“H i .mwwl@mL vinder N ~AV with H
',1]’0 O \error /w ’\l-wlz)cd: Reg" <&
Cwith last rmfiw.}a real  and sa- neaoﬁm\/ﬁq wand W €1,
’-"%m vesdatt Foom a Ak O Lownded. loq
Y ¢ phere S il g/w, o)l |u= \%
' Wen /W,e/ last coovdmple. s %&ro/ w~e  have the

v o

i W/gm_/,\nnm‘b) desdiLicalons /\//\\/ '@f \/ E Szw’( ( £ (D?VH)




Ummg -5

A L@_@Q_{g,g;/, o ﬂCZﬂmvi/)aL VAL0S ,,"X”’yl. te

‘Swl/g M/\m+ ) AQCOLﬂM I/V\/A‘ﬂ ? Y"I.""’\/

| a.1\Vvén bu F(%, {/) ’gg(’){) 19 CQY"”‘MMI?V‘[SI

J\/\/e Jwr;Jr{; $o = &

i

\\_// \%/2 ]

?QL Tor A£>(/ P —Q(_gflermagwf.hm‘ 5 q
\/}@yb;g«l-ow‘()lj/\ 4% : KX = X Suedn  Uapt |
Lo = 4 « \:irlx)/ £.(x) = A oy 4%!4: /Y/A ML
X » X
ot XA //‘T\A
—©—0) <Gy,
Fx | Given CX=Y Mee waumoy, Cylindes M e

EL{, d‘u oreuk C./}/,u'.é/

OCD WY V) [ t)ns0a) bue meX)

B rmar N\

e ~—

S Lol

, )
4
e DR .- n;

Cor i

X=§' Y- D'z Zzem nznéﬂ

Mg detoomalon relats opro Y by slidwg

e Yo,

6{,4[( nm/\l» (f)d 4/) ml%:ja e Sé’manQ* fﬂ/Z*l QM,JC

ko @(%) 2 Y



\5%\‘

/\qu 0 q'ﬂqu >( (,'v‘-“-.’,!i.' ,y Al )f\,ﬁmovrl\ﬂﬂﬁ é;% wvn Z@QJJ:

éX’—"Y) £ g $: MY and ai Y= X

L Sudda Aot a5 = 1>\/ P S O _/l‘\/ .

Fuck

1 —_—

[wo spuces X and Y ore |nsarotopy
Lgnivalen + '\,-%C 3 /e PN % Cs/)—;%mnnj

R e TR AR e

Lk 50X Y bo a bomolopy cguunlence.
ek Z= Mg,

\/\/f/ /Awa?s jq//un& H/vov/' /Vl—{» O(ﬂ:\cefyw&%/@ﬂ hﬁM&ﬁ

Ondp 7/;

One Coan ASe Yle —é/r(/ Yot & i O W&*@p}/

4 e%uf\/m(@né& Jo also  Show Mg dotsemelion

N,M/'H Bnto XKZQ%/ ‘X.

W 5 -

| 71, Annnlug XeXx§0y




/i

ek |
~oduy ous Soa\_ L Yo wmve

v ()= L

\

/\\’\Wj l’}ﬁ : : :
T bhink kg ihonest" Lo gt pmembon Covering  Spacts

=

Whiem domj AN

A

DC’/L L[Qq' 5@ A’ Covecia Space. of o Space X 1S__a S’/)a,cﬁ X

J
Jfoae%.ar' \Alz'n’\ A Wﬁ{) l()’ y’7>( C\u/ln ‘{/L'ét‘}'

TR

& Uee exils an oflen  Corer {uﬁ,% of X suiy that.

s

for ecdn o _{)“(Mg) s o disomb unian o open

Seke  n ’>\(; cech of which 36 \/‘«A,ﬂ}/}{a( Iaj 7,

=

\]/\SVV\&OWM‘HLI(/A,IM onte Mg,(. ,

7 o
?’R—‘>5‘ 8w&n bj’ p(é):(m&Zvﬂclwlmb) L5

a. [@\/Z{Mj 5{7@@?/ FoY S g‘ ,

PR

R Cﬁ (W)

)

A

S' ul@un |

1
|
|

[

(s

\["" >’\</ Sucd Nk }0?:‘(

De)— Lgsgo) LA W of o vv{u.'nv ;(r: \/-"‘5( iS_a map
&



Henry Adams
   


|+

DYO\'O \30 /\/(@MOJNWM ]H\w« OVM@/‘[L{) g\v@n a

%@,x—»x Ve L\mm}opj 41, Y——PX
£,8 Y = X |'»§——H\na §n {ﬁz\% exists o um,amp,

A}/10vvmq[00u L. Y—”X o S’n ook )—rL)"S ‘g,l' .
Ex [X=9""K=B_ Yofol < a gmmk

Coveriviy (I/)ﬂoé/

&wv/( o Wmo

) ~
R X
5 )
S5 =
: Le
R T S s
£
Ex ;st\'l Y:fR \/:I —
’ ity
- =
| L C:f%

9«9 Sﬁef)@h Nole uﬂ.aw_Lkh_@gék_w ap@_s{,h_ud__
bj Mﬁ& Inwaewnsmkmm VMO@/‘L’I /o)_ Tr ’bﬂrmﬁ out

:\J\Ov( 7V ‘{)\C{p ‘}’Dap/n.@r H/\ESP locel ]\“C‘fz

/*lm ‘ukes o nmug 4o ’{316\/9 % HM/L@W},




e L7 _ e, wap $:7-> TT%,(S‘/ (La)  vie_ 0 Hrwn:)i where

i (A)v, (s) = ((05 n M/ smians )’ S AN l'Sow:a-r;Ohf(M.
|
|

Note 0ont T 2R vig (3.(s)=ns

S o \if+  of CJ.Q‘I"? 5(

v,

1

O /smce Olfx)/n ;Wn),
. ! /

Lr S guy

(Q\

N’)—\& I(w) i Pdv{a’

B
()/A’n/\\q YR/A‘MO 1"{') n__

{§M(/ »§ = Whn bu 5\. ‘MW l/»twak’ﬂq)

UJ/'

E i o hwopmerphzm el TuiR2R he the Humsldim

Tulnl=x+wm,
A 7/

Smce W -(’MGJ’,4> o pen o B fom O 4o e

| we  have —E(erm) = [:f) (\/’\\}/w\ ’ (TM ’Vn,),@
| = [ Wyn ® Wn]
= };(W\) ¢ E(m) >

‘{ 15 swiedhve  lek $T-95' he any looy bosed oul» (1,0)

C m\rine:) ,\,

@7 Prop 130 (with Y= fo?) thee &5 a, lifk 5 —931

Wi —Q(O) 0. N@(O‘)(Mf/'m :§b(\FV\ ﬂpef Some HEZ/ ?(V/Vy

ﬁl( /(‘)7 S—Z

L

. So LA

) . \\ //"l

3 i Méﬂdﬂf& sv\ﬁ)oge .é(m)=-§(v\) el b ’;—’ Wy s
+

Dop 130 (with Y=T) s Vifts o a  omoigay

SO
& ¢

of nuH/K Sﬁr-FMj m‘f‘ D P)u Um;duﬂ/néss n lﬂnp

As

Dm(mrmln ab.w o= oud £, = Wn . Hence

W\ ;C\) 3[& -n  She :i % howelopy  of YMWS.




VAV

e i

C\}? on IZ \/Am KAMM'S /”"é”"""”?

=g

TNJ oduits  of 6 MM?S

HPJ— GA, bp O collectoon @AC 5,/\01/{9{.

'f/\\lgnn AMM *D(ch Copsssts—oF all

i | rlodll fjll Vl/nf{l (4 a, aq P’ ay!.‘ l/\/‘/]pmf a; 6 6 ’
| A i )
| (wdumi__m&m o, FE Kyl pagk— Qi Ldém VL/ .
E /ﬂ’\& ) vOV\D /)(701/4-}»:9\/1 Is MA X I:Qaf)ncrl;an
! U 7 \) ]‘ - /
/a\ .- V77%2) )(}/\ ta inm) = ﬁ., s~ le’l‘_. (/\w
"/ J J 14 t

\/
’14) l ow//f )/)u m;l.ur/ MA .

6“Z<0\5 o'—’i

Iy} ﬁ)n * 6 -2 W e MAV&

* ([~
(o b %a’h( b)( b et bl ale ) =abs" e,
Mo (cea)' = gt hoc™ .

AN

| S — The %Im/\j werd

6i= %Z”<0\15‘2:\> é7s<b]}22=

iﬂa,ﬂ,g.,,h of b, %6y  ore

A, ab, aba, abab, 4.y

b, bﬁ, bﬁ\b’, bmru.
j?‘” b_/\yw& out  thut

SRS N ——

636,27 > %0 2{ab, g | a®| a() /M*B

‘(\T,Q <=l,6v~5'—

7 -

i

Rk

9 Mo "mdnile dihe dowl Lo/m')y‘o ;
QY\NMM *NGH IS ac(nL:mL}VP, ’l’kl//q wark=

Vet 2 %&wﬂ% Fb’ﬂ(,&{&lr-ml&-~—1%€»—.ﬁﬂﬁm:‘&.dlﬂ" in  the
miﬁg v ot 3"”9@‘ -
ZoaHw ¢ /n, '3/4
EZ; \ 4

6, = Gixbreer6, . O, ———;——e% G

[V



;m/\ﬂ quen {M}\/és H/)H' kwo «@aj omu@udfs are not

Lisomerphic bo\ nbvf\,wj Dot U‘em sheliomizations

e not ﬁamomh; Loy

Eﬁ 7 ¥ 7 x 7 % Jx 7 Svice.
(D Z) ST FT2= 0b(77).
L /\‘]ﬂ& Vo \‘(Cnmgg4n /\L\&W
2 e
P A s
T R Y-
. e =7
A A, | \ ‘ f" / X
by V/ JZ
N B¢ (Xe
V TH’E\
Y, (4,) ——wm)m (4) e— 7, (AJ
lhw ).7,1 ,_sfecial Cose oF bapo sefs Sunnmp X s e wnion

L of (ath - connecled open sets A ond A, eoch
irom{mmng the boseﬂow 4&.,. pnd. Aok, i
‘Og\/ﬂn —conn eclel

Thew & TY(AH’TL(A)——'%W‘(X) 15 surjechve,

wWith  ¥ernel

/\/ Hoe mml__s&‘bgtg@_ggﬁm—
\O\A [AH p\&mﬁm“‘l (‘)—lL Hn& ’&rm

Wé’\’(A ’\/4"7 ) and 50

fﬁv )aemAQ\//\/,




How

;L AN Joec "’L\gs werk n OAL mdmr&?
o () =<La, b >Z PxTxZ
| .".\\’;LAJQ <OL,L \O'§
| WY (h) 2 Y
%, (Ao A 4y win Lall)= by ta (b)=b,
Note (1, (A,) 1, (4) /N
L = (a b., ln c§ //\/
| = (a Bl b,, ' Lz (w) Lu(%‘b) for wew,(a‘n/}g}
| = (g4 by )9 T N B 2
| = (g \g;,_bl C o, = o,
; = < Q/ ):,/ ,:>
= w (x).

ConYerelaxed: Som¢
w120 special (ege of wedge. sums i

J Xo{ 15 QL collection  of "n@hn-[-@ﬂ Q\/\/ kaé
am& \/o( Xxx 9 'H\L:Y \AIPL(MG/ G\Am/ %ern

| J
_&' ¥ T, (Xo() —'-9 /)T' (\/« 'S an TSeywef%O/?me-
Ex | X, =

e X?.“i@ e
Xy= 7/

150 v 56 w3t

| , h(w(,m)z v, (X )% T, 0G) x 1, ()
h = Z ¥ (\Z XZ) X (%}vml @M)
S/ (2~2).

X

Kmk %r‘ NiCe. GQuces, Yo ‘A/\V‘M‘ yrovg dakes Ale KO\'()YO(L/V('

n of ODYA&Q C,{)awq o Wl«i:—_ﬂlé .gﬁzpi._.

/4?/,
=

XW’—_—__;\'/XXW Gy — *e(éos




;\/Zé/l% /\\/\VVI 2.0 /vm \QWWS) T} )( 14 M\z (aniov1 04‘ ﬁmﬂvpovm/riﬂo
| 0‘0% dt A‘,,/‘ ﬁﬁl(/(/l /fm-l’MM)/lJa e’r\L l’)ﬁga{)mv)f" %‘1/ Al Banle

Vb nhe 15 poth —comnected  Hhon 3Ry T (A2 (x) s sugechve.
i

Defued by Concoleasting lsoﬂf
,[.qﬁ 0 a/ﬂIQI-LfﬂYI P/Ao(n AZ:'.’ I\'A»{,; AA-Y iS ﬂﬁ% ”Lmnémﬁéf

Mo Ketvel of % 15 Mo ogmel §ukg_ﬁﬂp_z\_/_3&n&m4ﬁl %u
| gl

a“ gle,,mﬂ,rrk ( ba,,r[w tor w & 7, (Anr”A

—
\

b./n
A
land S0 1 (X) = (Ad///\/é

Ex|

G
i | S S &%}#Jf”/

—

/ o%"; . e i
5 NUPMRPRRE, | |
\\Or/ ,Ar\/ k\;\

'ﬁ,(X)g(\ /ermquz/:f”),//\/
Z (Cahyxbr ) x by A7) /1
= (a,h;,b,,/ byt iy
<0\ib\ AT R AR

Kwk /I/W pr,mm g;,z\ﬂ ;én‘, ’, 4£_~_§ML_A%(_A¢,_A:¥_.LS__4&}’______

2 \04\44’\ /'LMM,({J ‘ : A AN

"(()(JNZ*Z el i w e
o (A)em, () s )/ e -

‘«(

e A e K

=il

N s Avial (becomse each Aynh, o conboclible),



Vioo L

A ’@(,:L&a_i&r\d?ﬂ of 7};’6 T\V; (X O&o D L 1 ?mo@l/c#

Z@J: K,IC\‘] tEe Z—Q\‘] \4/;“‘1 (oj\(/L\ r_C _I 2 ﬂv; (’A'g!, ’vﬂ/) ’4‘(\ Saml o(l__

(-

‘6‘ 19 SV\r P;#’WJ Sic e each ) ‘( ‘lfm A &me

h—l = 4

”' ”h_l [?‘ﬁ'%z'?ﬂ [2hs- 3]+ Lguahi ]
al
<fm WA
AL

—_——
Ao | Ag

Fw\mﬁ §= e he with \m/hl)eAJ +or Some. X

PO\(&S n tle (ﬁw\f.maf,f'ﬂlés O 1

Eoh teT 5 o small open 'Mlqvé.l

A
4!

matpel  Tto  Same Ao avnn)u
v } A o

>
{I iy K >< . /@m\na//h\/gg 4<> %14-* oL ,,{4\,\11-& Cover,

U

O/W%\na Q \AJEH/\' W (Q ) & AM N A'fy o w,]rﬂ ovt

e mn—-mmwm%g P el e




s

T‘IZ‘S clear /\/ < ber (1&) Stnce

K ('\M‘g/w) tgo((w)") = }(L%‘@/W)) . E (Z,’@o({u\)_‘

= \y(f%(ud))' .\(\(l.,n,q(v)))

J S 7 (20 gite o 77

= denily [Sice. oo L
7 oA

T’% Yemams o Show 1’2—%( )C/\/ N 'g“l#

IENEEST N ENES .. Tef]

/ ‘t’\,«o W?&—\ﬁm_’&b‘wﬁ, winder E)

'Hn/m ene  cown '_ Qm_g,l /éﬁvm Mﬂ f)/ﬁ/,w 19._4

A NON) )’j?.\) E
‘ J )

W™
Ound Y‘@&M(,Ma /
‘ y ¥

—vJ

e

(\,A;,,.,‘”/»LQ 78S )bu‘vm A% TV(A,./7 ﬁ{"\?’(ADJ
" oy \fg'@-@ﬂq&nj n /\v/)

u
" |

(4

Let w:m-ax )ae o hondlop, fann Sir-5i o Seee ks,

(Bo\ an\nmf(f\né,« OF TXT We. (Cun S‘AL.VLV/KL_&];EQ_M_@%_‘

%vv\o\\ WI\\AweS Coucla Wzm \mage SN L ,)4*9\{’-

A"\' ewl,, \M‘Q% /Zqﬁmﬁ hdesgecton nﬂﬁ Qauowﬂg) (lmogp A

Q/AM(\ ’}’0 KXo\ Aﬁy"An A’Y /V\SM? Mﬂ!_{z‘dﬁf‘ﬁ)_’_‘

OWM Ne ved ’(%x(’i"&ﬂ?&r‘-l\% f@m Ve blue one )aw r&amﬂma

Hﬂ& \O\V\@ \00‘0(, [\%) A"u A’:- A\g‘ \v\(~\€m1 s lu\na hY Ac_'

i o >3
and. )ﬂrea (L&r A l'\meo{)m A 059 %e, ! A—< SQuoyle

o/ Conkinve bl we Olotin (5,74 ] Foo [53:+- LA0] )?7
VO\PP‘yMﬁ relakens  in N,



Haeacer)
/

\/Zq/‘g g@o\’\ov\ ) Z Aﬂﬂ’l Ca-{»{\‘M( [oﬂ \on <awmam<
o Cell Camalm(ps

?Le,k >( \")& 00\n CDI/M@/:LC«Q M& ‘\Lvrw\y ]/JVI ﬂ] 1\/1&1
2=cells €~ an X along aH/aéL,‘mﬁ W pS
{ - , ' '
[00\’ ' S —— X, ‘FD( Xy éX/ pad  Lor  ead, o
Z\/ A \\f)ml/(a z)(ﬁ/ n >( Aﬁw‘ 2 ‘}‘0 aA. bﬁ%f&i}’?'l’

Lot Y,
| AN X €
\Mw)
/\/\& V\Srmm Smbﬁ,«ma /\/ ot f’()(%a) 3&4&44—61

by

-

He \cosie| b 2 ()= Y,

L loops Yo lpy Yo ies

/\M, Mg XC/*V sndices a anm ﬂ"()()—‘)ﬂ") (y)
Mx)//\/_

with Kernpel /\/ o Yhug Y)
) Addaching Y\'w“s xfof n>2  dpes er wllbo

Yol (5 “\w
, - /\ XeYeZ

Viop 1,26

o

N
Lok A= Z=Ux fuad whih defsoualtton rebacts to X

Lot B=Z2 = ik IS conbuckble,
Nol!, A”"b — \/o( S‘

ly v Kagpeas do Mo [W YA B of Z 4o gok
w2 ¥ () /< Lpg L) L m T \m(m\
(»() /<LA,B (o) o g er‘ \A/‘Pu)> S nce Y5~
( 1, (AnB) 8 5 v, (\A’)

/\Tﬁ\ \\()///\/ SMee
\,nas Wmmag, /\/ 2

\

v (V)2 (2




().

/\l\ﬂ, Some  Lonéhucion \/\/ng/ 6)(6%74* Viow Wik

A( @ \/ gy\ \ Diufvl\nj
(5( witl n-cel a,M/l Loy v1>2.3

= f” (ﬂ /<uuB w) o we T /3rnr7D§ S Le E ¥
=, ()() Swnee T“’(/‘\’f\'j) 6 Hiviale
Cor 129 ?W Q1204 [ vivg G thore 35 o 'rlfm@ng;’ﬁnm’ CW
(o wplex d\,(@ with ()(f) ~ &,
_Pi :A'mux QYOM‘O G has a \F)M,;yfzim#% = <O\D(/Y‘rz>
<'\nm /AVIJUJ %mw; G55 a [()\A()'\"\’/n‘[' of '@u 200 T:\

Smﬁ C—%G So Oy Con ke Ao afxs +o

{\0@ Yo Q&an o F/ ond  tre  vg's o he /

\JCL& 90 MWQ of M Xernel of I,

/

(‘oﬂﬁ«lﬂﬂfi/ XF -Qw \/,./ S\ \nu 0\"‘\%« M/‘ c/”(

; pa
TQG VAV/S \MM( QOOU-—C\%_@_MMQ_%

IV

Lo ) a"<1>

=
ff ' _ /

— 3

\ n doees
~/ ot -

O

| J e &,

Ay® VWUE' n “\/‘\""‘(5:




EAVM connedded closed surtmce s }/\Dmpﬂ‘”"wl""‘«

h) A C;{)’/mr(’/ A f/)V\Iné(;-L/Q_ Slalnn of o ‘]’N 7[gﬁ l

or a4 ggﬂnw,(/gé? Sum ot e ﬂz(?z‘:j for k7)

T * T [MS _(ommw,ldl v ”’\"Evlr_’(/'s>

=2 = o> = (o T =)

Ex

K lom ot e RPT & TEQZ

Fuck |77 ¢ RO = ( Klom hote |42 RP? ’VTRP% RP? + RPp°
Comlluny M\ aed Mo Slowny oucugagh
/

None of Hoe Sucfuces  in the  alove cuccilo e ron

JCLpapo,,M At nomeomenphic o cacl, co-f/bm//, SMce

. {jl/] o —Iﬁmw/la mntal ? mu\/7§ %mv& Vion- ((Dmslf'ﬁ)oi/
abelinv zekions,




\/’51/\@

Seckian 132 ([ nvi’/ﬂ'@ §‘omes

Dot (0 SH) | A Covecn Space  of 4 space X S o spuce & douetle,
== ——“—%ﬂv — [ I J
With o nep Q) X =X Suth J/Lr,rj—
. Yrere €X,1'(+S gon (')%)Qfﬂ Cover gl/‘o/zj o+ >( Surlbn %ﬁ“’
|

-\
449( 2o 0(/ Q(Mo{) [/ O(ZSUMMJ» A o o\]n&y,
P

SO n - X, eocd ot whith 1% \,mo‘ﬂ,nuv( \oj
h M@rm&rﬂhiml ly  puto Vta(

Main

v 4 :
@m(l.'ﬁg) Lek X be ?m%»gvmnﬂﬁ{"df., /0(4/(;7 Pa%'cannecl&fl

fwwf @,mi\n(a((j Snmln(.j Connéy «L@rﬂ
Men Yetre. 5 4

/Le.. Tarce Baaapigbn b).
et o

DijCution pthween Ae et of

A g

ba@gom#—?ﬂgmmﬁ 1omarphifnn clusses ot v&a%%mnémféﬂ

/n\/a}(hnm Sfnlls Oi[g rf';)—’a [Y’)Gg) and- ’H,-é A
= | | I S A S T

Suogovoc oF . (X, %) oliameld  bu  assaciatvag
(— L S 7 7

(nva(j}?g Lf}@&g [ }Z, %M ) ﬁn :[Lﬁ( Sgb%niv_\fz Pg (ﬁi[, ( 2 gea" H ®

trivied frovg {e4,

%

CoO—1it

6Z o W1

NS
22572 1 5




Ex =Sy
v; '*'i%*_ Univereel (pras
\ ﬁ £ 4"\ &F&__M?:muld) «\—ﬁn\/mf %nﬁm;ﬂ\ ‘/{62}
L i —
RVARET T /S
AL N A /] Y
; % %;Q Sy &y (o) laby
| P A0y pr )1
‘* S N Ny e
VRN i
/N AN\ a ‘ Vs P / 1
O\&’/“\z}\"} \n\é ‘Lak >Pb &f{ww (\@;)oz, ba‘):)_,> <a’z,bz,ab> <0\7),53;.ab,)7a>'"
\\.// / TN \ /
N Y 4 S 7
j N /S N\ /
i o /L N/
j;kﬁ\ La by
| N/ \ /
,gemli.%r

130 (R@‘”O‘(@ﬂn é{mm (&)\9{2&1("1) Gien  a Covér/vi? 90&0@
0 Y‘é\)( 7 l/ﬁvwvloﬂm ‘gy ya)(/ /mﬁ( %8 VI/W\O
Z Y"’X \Hw —fq 3/ l/\m}ﬂ% Lo Y—-»‘,g(v oF
] S P o h oﬁ
?A

/

2 X
|
A
X

) 5




rpyog Hllﬁ K ( )’9()(760 s a CWQ;% pacé

{L‘@Y\ /T / v)'—Q/n/;(Yl’ﬂn/) V9 ’VHP/—LW \ }’H/\
lma\a]g mncr(%w of al  based loogs X whe

baged Aot do X ave loops.
VS L An clomepd of leor(pu) 13 ré/ﬁré@nl&ﬁ by 4
1@«7‘9 /F,\. 1 > Wil - g L?@wm(o T—>>( Yo Ale
brvaJoop £, %7 Qm'o .30 / with, Y= J.)
we geb o lcHal Gowsopy Sy sy b L and
e lw, b Mot (aov aC. ™M X,
Hpmm )fr,.’l 15 Ale daﬂLAﬂ I ﬁ‘” (X #5) wnd P15 neckie

o —— e g

/\-\o cl&é(rloﬁ 'wm(()u) vote. lom{S \Aﬁ_!—qu o 199{)5

!

I (73 ’wﬁ@&‘__ﬁmw‘ a foop 3@\, X

\

v\o,r")req.n-WM an leppnt OF  im

g lnm &l X) ekag to o loop G (i X) el
\/\M(L ﬁo(—@ ‘FH 40 A !(‘70’{) %{‘m ’\;(j lOm
Qm\UQ l\?ﬁ (uf% y: _L) @

T
)
Q

2/2/\3
Pmp \%2— q/\é, V\u\vml'wr of Gbeﬁ—"‘é ofF a4 (‘n\/@rwﬁ Tﬂéw’é/

(X)) (Kme)  with Xl X ﬂmﬂv*canm@rlpjﬁ
{eml(, He ndesx  of lol,/r‘ (X,45)) X (X )0

& == LY v N Ab
= )
O'\T)’)Oo

1\%2 hos ndey 1 M 2 <\0k'l, ¥ / W( il x
2 1 <6{,j. b,>4




‘ e I IS 0%(0(»(%\\ /#049"%‘3
Detve '5 éfmdz o H M T, ()(4@)2) — P"(/x,)
by HLalt > X f )
J J V) 7
‘ \/\A/ao? A5 QA LSO}O N Y bqu—él.é) at oo #
locd G5 k| sh/%vjm w2,
¥ o well-defvel snee  elepents n H - |ifd do loope o />ZL/

e

k3

5 swiedine s X 1 Qa%fcawneoﬁeoo

{ (Mﬁ_ SV (A/VM 0//1(&1 bgﬁ/ve:e/v; /)6,) M-me A iﬂﬂ\m[" h \ﬂ‘//%o).)

\ projedts +o a |sop n X y
2T Miedae cmce
@(Hm\ #(Hig)) > g{ ;; 5 alwp o X sl at %
EL A et
= HT37= Hlp].
L )
{ PW?LH} Lot ok (\X 0{)"9 [7( ’)@) be. a mlﬁa_ﬁ_____’@ L, anl
Fv " : ,?:’ (Y/ tb//lv)”'6 (X ’)6.9) \1%4 y “r)m'ﬂr«(annz//&ﬁ 0(/14,@
ﬁLmiﬂ&%&l@mﬂﬁ &; — (27 pOM /\L&n
A a1 Tl {f ) ewss & 5 (auf?g)f.p*mﬁzl)‘-.
| gexiﬂsé;) {5\(,[ ) &3
E {A\i Uil e WQW;)}?‘ ( )%/ L S B
.//i AL piig %\ A
Y / J Y Al
(Y,cj?) ha— C)(,'x@) an o @ )

1 gwwr twice waum,,Og’ p )él:gx;ﬁ;

Nok 6o F £ WS Dnce  ppaard a,




(=) Cear swe Sy = p. %,

&) Defwe Sy oK by F(y)- Sy (V)

\Y

wlnwsuxisamj Qeth \,/ Froma Yo Lo Y-
(:_ﬂm's wlies  an pre}o 30, {le hsvwoh(/‘u \Hﬁaﬂ Oroﬂer)’m)

/Ew See. < 15 W@“’M\néj. nole Mot i ?f/ IS

onotler Qo  fo9m (j)n +o }/A ten

- - >

[5y)e (55)] € Sula (Vy) € pp(w (X)),

S (%b"/"\ o) btz G loop i Xy Pep L3I,
£y - l%( () = /L\U;CO /\:?Aj})e

~s

?OY \/\)\/uj L i COnbnwows,  Saz. Hm‘z);ef.

61\/@/, O Coveprn ?0/&5& 0' X“‘>X ﬂ\m,@ e n/ha.rﬂ
5 }/»—>>(/ Ig{v«o IFH 4 —? Yo X of £

Aqyee ot one ODM"’ ﬁf' >/ ng[ >/ S (’M&i&é_
%@v’\ g = _;'L‘

PD“/“\L sek ’k)(X) y)\/\ Fﬁm S how He S-Q/F‘

O‘)£ )\ “ HDYH S V\A’\Lf& \ - :\?I?J /’ ond mv(§o

/

whee § + S0 are o, open,




2/5/13

T’:OW 0(“ of ([/1§§ ‘}'ODQAM }44" Y 1’}& \‘Omﬂa'cmwe/ékog

]or/H,, 00\% »r‘)\/mer,l&Q 01/:0( S lokca)( =

I@ac\n fyeX heg

(W) — g

A V\ﬂxh‘nh&(‘lﬂeﬁ\f LA‘_ Swol ‘ﬂv,.r;)‘— \
()(46) Vil “l’Y‘lV\a':

HO\/\) /Qo e A\nl A (ovCpiny §I06u/ ﬂ (X/Xn -9/)(’)56

'bhﬂn'&) Grmay) < T\’ (X 7@)) 7

N

7

R@ra“ 04( % ln\(’ran/'P Ca X wac—l' L)Z SW)M-(mnp/—le.
U Y 7 '

ﬁnﬂn-mwj,e,l o\MoL beivial 1,

N

)/]l\p V\v\:\m,@{,l (el X ot >( is J/E;AM&X EJM

X = {l_x’IJ

VL L — U 1

/7

A L uﬂa% m X SWH@ af ;!éq%'

CMW Closs np_g;irhs s Ao ho,m#ama £ox ()J(() sU(C)
The ﬁmmn 0t X—> X s lm@wi by, olzs)l=s (1),
; . Jp T e
| “L 4 S ‘f;,‘—ﬁb \ _},_—[“b ‘°~ N
1+ T
\e T
NN il
(@K g
A (@@
| W
avloiav_

Kk

Kmk

Srective syace >( 1§ .’(]/\ ‘Hﬂ' Cony 60-1—6,( -

19
- J
/{(\K/ b A W"}' Wa

eX s Ne hw}eﬁ\/ cless

of ’h«é C erctpn + v%’\’h’ oo = E’xﬂ

Rk

Hﬁ-"u‘n&f ('M—(w\n 24

7% r}ouﬂa)o\zj\,/ A X ol S how S

Aok ORI A

A=

ovecvy  Snce  pap, Hi
J I ¥



J\eﬁbﬁ{}hfm off QA baﬁ( '(&r X Hlieg n

-

of~ X,

local putn *<anne.4mhj 2nd Sewiloce)  Simple=copneckivity

'y

Yo _see Yt necessthy of X hewy  Seamilocal

~

A
' Bt

~ vy
———ngm,h///l&Q S A (NOSe. '07 )\(-—)Y 1% o

Shmpl
} / VET ~

j .
Co 2y 5V0./4/.€ with X sw/j —conpeite) o

W

= /’l’ looy M a4 local covering  set M
= ' o/
|; £+ o a ,m‘a M W , which

(—:&“ 19 m(fham,#egiz, " S(// and _hence

Oeoreds o hmﬁlnm,&c«ia looy Xe
[N I '

NS e - .
X\“s Oedins conneted  For | wle X et 53‘2 >X  wvia
ol ) = 9~ [ Ozs£kt |
ST 5 s o
2 >~ [(B) tzsel ,
o U \ 7 /\/
Nole 4+ r—> LWV(JC) ¥ a rﬁﬁﬂ\ %) >( stz -ty
ot J/Le, }Oéx‘(’/ 204 ;)Z') = r%o oo PMLMM ot J/\/’] PY
g i Y CSo

2348

% Sl

- conne e d Qnmg }O# 5 _wiedve i suFlices

#

v - .

/\\L\p elenents <D'F %(m) e !G’Oin,( A X ‘\L\LWV

N\l‘Y‘/
o {eo\‘ng M X,

A%




/Vli)v‘é/ O\AﬂmM”Vl
J 77

L(Prm‘? 136 || X ‘Mﬂwcmnal&l/ }ocdfj, #HA—C@nMgL&// ol ie/mi/oml(:/n

SWl?—cawn//(J—&l, /n/\A/\ for MM,.)A SL/\[aﬁxﬂM‘O
H ¢ 1, (5(,’260) tle o K en coverma flﬁhc(,

K, Fo) = [Xog) such Mk o (1 (X &) = H.

\C ~ 7

1

< aadhr

v

| i+

ay J
| I X,

, ; A

X y X & b

- (oD

X

= ‘</;.1,, ]Jl,&lb> .é (ﬁi b>

|
L)
)

n
RN
e

/{'Le/ wni\/m_@cﬂ{‘

y'7é>N<, let Zgﬁl"’ry'—( mean ~ (=" (1)
o2 7 ) 0= 4] 7 (@)

G\md T’YOQJ('-]é Hn

/\]’\KS G an e‘{;wvlti@ﬂfﬁ relaton Smee H 5 O CM}?ﬁ’W{A{);
— yoflesre swmee LA €H

— Symmedric  smee H contam¢ naes

(Cyezlen = Tx-§l=Ty-5]" eH)

— bansibive swce H 1o closed  umdar v [ p |7 o

—

[Cozlel [uleslet = Tyewn]-Tos 7] e H )
e 7 =0 —0 0 o= 0—= 7

x

]ei» Xy be Yo cbw)%\afr" Spmaé

Y= X fo,

4
I

L4




Afgo\m Bne.  con  Clede Q! Xy — X wdmgek L?Jv;

Ez{] i )\((\) 19 7N (ovw)njx Spact.

\r\/o, hhvg p,(/Tr’ (XH %'Q,>=H SD/IL& i /%\0 ¥

I X bty do & gath X ondwy o [¥]

Wwith Tﬂ > ’70 = )’-X] eH,
\__/V\_/

Yoo Hatg 15 a

lop M Xn
, Z/@/st’
Moy, (128) Lok X be gulle- conneded, \scally palh-ommeded
{ sl Q,,n,(m(\hj g/wljfc.mneék&. /1'1@;1 ee &
i b?}@y‘*ﬁv\
i {bhased 16%@%_@1&7 [ )
e s T =
} (K ) = () ¥
| [ X)) = = %0*(11"()’_(”’%))
: Lost time we dowe‘i Surfeddy 4 fnis e Wall/cﬂoﬁnzﬁag&%'g&@.
D__&_ﬁ A bagel |5%ggﬁ£«<w ryF Covecing s luces
J.
[T 05(R, )2 (X 0) ik 0 (5o 5)-2 (X, )
/’\:lé,:k/z ,_\.5 o hmwp/mmh/&m 4’“( ) 5 (/\'/%)
WN;‘/?I Such — Mack jlolé 0,

Lk

/“4(4 \\m{)lgéS P.ﬁ": 111 o




9
2R

PP
AN g!/AL 73
Ao

2

Non= Ex i[%‘s 'Oo‘)sﬂn(z for >? 2l X J,ro_ be

Yt ot @merf)lq'{ :

(J@U’ C’@U Ko
| No Commqu\q/

Vit of Myss Treacen. ,{-\,.35,2)

lg e ngr’ﬁlnm

jb 15 sucedne bq lost Hive

A/ <‘ 7 X'L (%u I H«mm rhlémem l 7)3) g
STEA e 7
/4/ m \LQL 7.\ \ 'F'\' g X — X‘) \/\Il% 91 59 = ‘0‘




| 3/y 7%, Sowllicly 2 gives o |t
: - g . gy ,
| R I CHRED M. with  p.a =9,
m% et g-Ha X e ot
| X3 —X
1' =
i,
}\ TO Sﬁa@/ Qg = /”_‘__\7 V]')—Le/ 0.&4= DL‘?:O,
» J N7 "J | (I
?sffl'i:gf A1)
R
><\' _—L_g )(
Vo s S¢ =1 e (5a= 0.6=04.
NEEAY AW J ) v
X
Ay =ty "
V4 2 .J/P‘L

H@f\c@ = S'), ard £ S an (Sm«ml@%rgm!

/ﬂ)’\(ﬁ 1S D\A(A\g(j.ovg J;o Q\ay }?yeoﬁ '!gﬁs‘ SPMU/C,( %&4‘\

k\'\f lombs  exih m a4 (ak;.on/a{ Yen ’\/l/t7 Vad
 wigee W fo (50 merphism, /



Covecn

mﬁg,&,d’ Luamples  of

" bmed s

E —rF

l

Lhee —> 1okl spece

A0}

\Ol\% (Q@o&

7

)

TN\

| —— | -——a{<>%
\‘ s A
(‘)M.{ Molv 2
J
v \!
Y .
——" I
N — a\ S\
V=<3 (-]
JYM}\ Klem bem
| N\
D Y
. T
-—&:n 7N Fn’xn&rﬁﬂ GI)IArLI m «Qbﬂ(s anrt //QK(J{/(’C’
et v — Lt
" ’ =
’ ==

VS(




Ex

HO{V{' g} }7,}’)‘4-{@4)

St 55

)
W

QZ

6’\,\!@{\ 4 fmtr_\g‘mﬂ(_é;ﬂ&L&c&fz_@ﬁg
Q%LM——W&—Q*L—MWS

— 1, () 2w, [E) ——91%.(@,) — Wy [F) = e

Ex

— fv/s‘\ — 1, (5) = 2 () *’/v/

SN SH ‘5 SH m

Z (g




D&k JCYﬂmgw(o./mm#Qrs ad 0 2010 achong

2 /a/108

P@ﬁ e QM@ML 6[)( of Cav&nha Space
| O X=X sre e /H\wa) of Ymea.r'\,())ﬂlfm( X = vd
i | [‘@L‘mﬂ \rms,cnomh\ B ;
| :Fl PRRENE —
l =
O e
G & 7 G(Z)E Zhy /
H=4e3 novmmal H=3Z n%
. A N\
e N orma) / /%i(\ \
oo \
L b Not
M S n'a?"ma\
GLA) & ol G(%) = {el
M= 5ey norwal | \\H:(m ok nortnal” pd  N(H)<=H
M S &
S 7Y,/ Y,
L \ \ Y
L D o %@
6(X)€ %ha ICAERZY) | __gstey
ey .b‘ab> notmal VS ooy ommel Mo <5 b b Py ot vorma)
o NEHI=
D_O_{'_ A’ mv\armﬁ CnAL/ YH >(—->)( 5 V\m\wml '\,L Lor Cogln /}&e)(

2und 32 &’/CX YUee 15 o ok hungtormatiog

Lk

’b&kw} &7 do  x!l
fi ‘ \
/\/,"N‘th\l C@\'/O,(M/jl Slﬂawr e x'h L,u/j* R Q\\/} VVlVV‘/{'Y‘\//) \ o




L, Voo 139 || Los \‘0"(?, o%)—-) (Xf%) be o \{)ﬂl'n\vcmnn({vLE/,Q Covering

5()&(0& aﬁ__*La_FaM\ "CDV\MF;-(&Q/ \0(1” ﬁmf/L.-rmnle*&F

A= ﬁ

(m) §</ s wneewmel & H 15 vscwal w ﬂ“,(){,%)-

an 6[)() \r(,)(,/,m)//H £ Q/ 1S Vierwmal

e 5

(w& Were, aenenlly  G(EK) = /\/(H\,/H},,
0 J LT 4 ﬁ 7 7

; S)ace X l/"’ H’ s (11\'[5( )
u R vt sy < )
g poradliagn of P G Ve e

larjaed’ va})@mu? H cree wilh HAK,

| Runk ?@f He unvewal Comc we.  heve G(S\(/)—:‘—/TV,(XL

0L Sprh 2 [sfa] 25 e g

(X?%

A dode Netornabion £ e GIT)  eacits

& (L (gv{\?'%): s (ﬂ’b?,,”l%/))
=3

\ 7T o7 R

for il ]mp X T )( ]DF-H\Aj ""’ 7. ﬁaﬂaVVl
¥ o X fromm B do B, we e
e (0 (X&) = 151" 9y lo (2] Ty]

‘l . ST R R 77 L,OJ ] \ SRR A 7 4 f |

Vo clooce i drme for all ' € 0" (w5)  givmy (o),




%\fg we.  Shocled iy @ cortring Space. X and
@m%aaﬂ A @mw\v G ()’Z) M»MJA en__thet Spac s
\/\/l’lﬂ‘(" A w{, ms !’6//(/1 g’(f&)/“” With 17 3 149:1{/7 (-’)
Cuimvzj. éen &L Cr/)&/,ﬂ \,/ 1S >/ ten o Cm/e,nvv? 910016/ 2
Ex Wl G~ Y an YVEMy 15 Hee
————y v ( . >
— { - @Q/M/\S —il Jorus
C=2fkg SN
‘: /1 /\ ‘\L\
322 Ex 22 For X o fwile CW covplox andt =/ Horhrt spae’ or
G| | S . o | gquakeat Space
V" X727 CoVﬁnV\Tﬂ Yrace, < LY "y ol ael
bt (%)= 1) where J i Ve ed
= ¥ sh .
i G =2 Yy = N;
2.2 | 3 i over
§- 2 Ex2 Mg il v&y‘\n\j Spac of My, VS Mee Gomus=5 ’h)n/é
<\&..9 6=V\Um-\)+) oy Some N g
/C‘x) on Hatderpg 22—
’D@‘F 6W\AO 6 ads sn  Space >/ Ovo0eel, /'1'< /ﬂn—‘\\/M ou((
e ) I -‘F‘L‘F“"T /
1«@ VDA ey 3’ ¥ n{}m\ MQ&’IAL’%A"O’Q ue Ul Sucla
ek o (Wna, (W) = g,.=q, (Ma, g, € )
Y/ \/\8 A T A R 7T /
Vﬁg LYo IT£ G VY s U[hoxvﬁéfl7 A[i/_sn-h‘nwwﬁ with \/
\{)am*cmn&i/l A d locally, v()znﬂq— (ﬁnm,M/ {len
‘, | /0\) 'y — Y/G <P(<ﬁ= 63) 19 QA Yli']‘ﬂ/hm( Lover/hj C‘ﬂ_ﬂce_
(b) with (; as 45 WALW_
(Allownd _wikh G V(Y/(g\ /0 (20, ()

Rl

(t) hllows  space

(o = Yronpof dok Sruadecmelipns = [
1\

T /
()

V@V 154 (,b) SiNce H\ecovonygg spae is wormal.



Z/2/7 2 SZ VAN/S KLP/ Gm—Hy)Meai or

CEx 143 ’
~
| £y
% e
| =%
i |
éy\ \//é = S:L/(ﬂ;/z-z,?&/ IRPZ
(\n) Sous ek 2/]/_/’Z 1S Ale %frevm of a‘é//k b%m[ermahw
Ne 7 4 E’ :
() Says Z/Zl = Ay, [R?q /nb/fr;{glﬂ = 1 ([P_@L)
7 7 7 C S 5 W 2 I
]
e
Qvﬂk py@fvth\ma mkm'v& Jﬂouq u\_/l:o,«\ ’a\ TS waolm&ﬂ
p s o 7 ] t
bz N22 avve Yfzgg = 1 (ROY) For n22,
, 7, T Gk
| Rmk =1 2/727_ = i\”.(r@p‘)/nv{ﬁ.(y)\) = Z/2,77
| == / NN Bl ARk 7
| : /A 2.7




B Wil 6 Ay VR i oenled lves
A\ \ N N A
R anl S =
1At Aopttag s

G=<a,blabak’y  ab=bd

CXW/E A 0 baaslaion 4o copbt
ba'jmp vebleckion g
7///0 is Yle Poms \{/é is A Klem hoble

/ﬂl\&”‘g I SJAL’M/'O)_A/) H < 6 \«\If’W/) ngxz
v 2 |
610,”12/\(7/11&[ bj a, b Sucls H/\/M'(—

\//H 15 torus,

Yf—a \///H —HX/é

Apovs Klem hotdle




‘ 7/ VU
loF & 3mm‘0 . TForm 4 a4 ,m’aln With  erdex

Caq‘m Qm:ﬂhs Let 6:<%o(lf'p,> )74 a F)Nsp,n«fm%jﬁn

Set 6 Gund oun edap ra. | Vaéé \fo(g
v =JTJJT J /
G = <a. Ly
J— AN ~F
\ B
‘ 1
\ % S T +-41
RE SN
=

\/J—E& oF \ _4

i
J W /
S b
7 4
ENTER VIR
~y
L4
NTERVEE
.
7

€
)]
N\
S
PN
|
\\/

Rk G acks pa ibs

{i}

Coy ley gmpk

T broduckion  to mw@%ﬂﬂfw

O

Twe  difHersqt —ﬁm\fe ) «qus.nc ol _Hee  Same

‘!

6\@\4? \/10:\/\& YMasy = (gMeLg‘r C&\u YA 30!‘()1'15

— /
(\-AI‘A/L\ ) §L\‘&(-(4§’r ,{91,.4/1« meleie )

M(,LgL S‘/)gu,g X’\,‘/ Al Qa8 =~ $9medlic ‘rF } gt X——?Y

,6»—
Gund con s ants \_</ C Such ok

\
e fl\,( (\f)&;’x') —( £ fL\/ (Ir(od)' 4(0&')) £ l/ 5A)\,</x’,x')+[ | \ylx;g/éx
<,a]b> Sangf <0\’, ]_n, a,\"—? Ineve aoumg_;mw,(-_rﬁ (mﬂ@. 60«(1115

f\ll 2ond YA Al &bmp;; ~ ({OVh E’J'rjc




FY /Q\o, 4‘\,\/0 lfjﬂ,ov\/ mm}ﬂhﬁ ol /{)vm(r - (4omedric’

V)
H\&j look Yo sane  afler "2oommy  out,

\ i 7

S /\

7

A
SN N—
/N

]L ﬂ“ i‘v”lO‘f/lm(«eﬂ and 5\—’%3":

f/zlo

R

VA AV
/&7%.

P ———

Noe ac s Condzinefa Ylese  hno S'M}JL//{,

5»{4«% MelnS il Neve NS for all Hree ﬁo&fs./

L /rr‘”ls ol O"H"M a 5
[i. “The. %vrnl;(boln, i(]lomﬂ and Nice ij.un-\—T@n’)LS there o

(ionbeble  sucloces  of  opmes a2 2 )
< 7 ¥ V4

I

i g
/vavf' evéry Ordvg 15 l‘mp&(‘m lic.
J J v J

Y
W

/Fﬂl/\// relatse  adel ot l,rb\nn//\?mn

/n\% < 3\ 4 -—-;?gm 1 rg/ y rk> 19 l’?\j't},(_'flgf)l/’L \A}()hn ‘2[&2&&}22!['% j—

a5 =00 uhee Cadh pelekion (s Seledt) Vw\i{e{m{j
| -
X ymnfom  bem ol weds  of  lenshh 2w 9%, i o

I J7




Wen o Amde

‘/ﬂr\& wad J@m]aj&m asks

g IT.€ thee
/ 4 !

Aﬁmg@hm {6:,/ /§w|

)
LA Ml{jﬁﬂ % fl:“v decide 4+ 7 wisy M
i %MAO 5 X ghﬁ#ﬂé}q A

IA ?}ﬂ/\_n//ﬂ.\ no * ’m\'% o@yx?lﬂ/@n LS \AV@(.@C?G(Q_AL

Ao ooy h%;wm\,& grovgs, flo,e % o |wear

£ 4(3%:%144 t» /Hr\a tv,‘/m)ﬁ '@mlp/e/m J




@]/m,io%er 2 Ho mo?aﬁg_

Secbim, 2.\ Simplicidl

and <m\m,m1aw

Havm)va\/

A . Cm/m'n[/ VZS

ey .

We. have.

WAC lgion §

gwl,cm} comploxes € N~ complexes € CW (owple xeg
/nfl& «ﬁn“nwnnj ot /\’(ovmfﬂve%

bt

not sfvmlicml

cwlzws‘

Torus Klem bhle RP
o——7 i “—yv
W 177 A U7 5 /u

\Y b v

“hego

me oné

O W(ﬂx ENreg /)/SD’I{/"jcej

ord 'l'wo Z'SWQ/MQ

EDITt \sz ml,fw, WS {:vw) O"b\)“’\{]l\éésa

Bq okt _in o Swliciel  complex ep  Smplex 5

\LQM—L Lred ]ou. ) 5

veices,

!AV\?UM/LL
U _J

A sMglinul conplex for g4 Yo

A’ Sm}a(;aa‘ c]ﬂmlﬂl@X 141' JRPZ

needs gk lesk 7 verkices,

needs ok lewt 6 vediees
‘ R
| 2 edgpgr |4 ‘('WM@)ES. ) e(ﬂjplsl IO2 %Wkwg]:g{
?WL : AR
o
)

2 s

4%(//

|
2
17

Y

2 |

@m rrmhmgl» £ Lavv\ﬂ\fy

\/V\&z,aé/(s

]/) VAVZ4 ’KAEWM

(Vm\n /Q%Dﬁ\()

cellg,
7 Loy )
—>— —J %



ASM{@

Ex 2% on faye 122 ot Muliber  Shows Lhe

S5¢4 ol km 5 Centgic.  Gin bdlg/; sign O+ o A“ Cmm‘ﬂ/é’k

S o plicial  comples,
Aaide | 205 Shows eveny C/_conplex is LWMJW
56{.)mva(@ﬂ4' to &l €ﬂm‘n]7ua( vaplex.

“The g}(iv_ﬂLmj pasps et s,»m,n//d' Loy swl;bral

[ﬁmplﬁyeéi I oyl /gfvl,'f]\‘;u,.j—f:,l o _/\_—rm,,’g(fyég/

and M,-é, 264 — )

/ﬂ/\‘\s Wi £25 Si\mn\/'u'ﬂ ]/l‘ﬂmn/ajf\/ /—é« SM/’ﬂ‘/LM,

A—(m«)LZxés) s Ex n\mv) /m/a ‘n&ma/‘?jly

[159\» Cw zwexés).

i

. li
N-$ F/&){ Wi ﬂ OYM veHres
O =sapleye L Swpgley Zfsm'ak k 5 -5 M/Zx

W ]
An n=saple AL ivan g

v
o e Bl
Vo Vo v, Ve sl Vo 7 :
V)

/O\Y\ =A"-2A" ¢ Hiy Ho\'a&q s;v»(/’fex )

TZQE A N-complex struchare  om Jfﬂpa/og}ml S Pace X is
a__ colleclion o pepg (—’/\V"'—?\X sw‘nll/l‘m‘—
s (Y;“]Z\" 1$ ‘leo#;va and thew MA@,&( o +Htren X
d ‘QP -Ln'aﬁ St /\ X to g Hace &uvec Some
6‘354 — X . wheye A cA” s Ofaaer»pmsa(m\ﬂj.
| AcX 4o open — 6;;'(4) IS open AN Ve,




|

R A

a a o~
Ex Il The dunce gt fi’k A S a4 A"COW{OU{.
D o~

= ——
Ex «.//\ “

[> &
= l
/iﬁ 5 not s [-conplex s Mo yeshucled
7& )

{uce moos  Goo  pob w&ufpvxggew,wj,

Exl a/MNa
1

—_— [ A
/ . 19 o A’Cv\m‘(;(-e)(o

Aj'\dl@ e dunce Cap T3 Condrnckible (va‘vé‘ atoded  a

&ﬂbw‘\/ml&n‘/—

disk Y a  cxde via 4 Wip )/!Om-&-o\'mj

v 4 WA G) wmp_rp\«j. orgund Oflz’:é,\

\ :
1{-—‘4,. ngJr (',b“a{?4.h'ﬂ /\vm free —ar \

H N VI AY) r,

L

N

Zee ~ | -

n

Hﬁg,,, XXT_ 15 (pua{)g'gb'/, (\’ﬂ/\(s 15 trwe for fle dume cm'z)

g\/\{"ﬂﬂqv{ély %e&mah‘j ‘3"\‘}&}‘"’&‘ \m(ZI.&S :“;\&“. |

po\n_{,qof (anlec MWA&AQL__LJM B-menifold s

homeow‘ﬂhic B t‘r\& tv\ra& seh&yg&, CO P@((: 3,,5[0 mmgdﬁw

\/\)VW\"S kmowm O\EOM‘ ?’@Fwnﬁmf CDﬂ\ér‘{’Vvhd 5

. E@{)imﬂ_j;__bﬁ_lé__(iat&;.

® V@r&\m&;‘_‘( (?woac oé ‘h—b P@&\go\_ré w&e(&w; S'Aowg zmvﬁ._y_)‘{

- !
15 e Ao ‘S -0l i

{ -

e X o bg of NL;‘rrw:Lj \/\I@O\ Amed;mm s i(: is

ve‘o\aceoQ laj R~

LN




5%0]/@&\ Hoyna! aa\/

Yof15

Lok X he & A meﬂpy (w@no \a}e,v;e,ml Han a S’nmgliéiel CQVNFIQ&)

Lok Am(X) s ot N-clhans ﬂnp Free ﬂl/kg}f//.q

orovg Wit besis e n-swmglices of X

J \
/\V\' (X\]:‘ gjv\ NS o ? ﬁ&’/&n—ﬁ(; Ny & 27-/ ’AW\'A@L//) W\An/w /npa(éir_;wig NN 22y g.

Haldier

| veserves  Co(x) Aor the sMau e p=cham .
} Rk [ ol eadh au*A">X is orienteds
b
Ex 2.3 | X = b "r'b—t““‘f’ Dalx)=2
a ;4/ a A (x)=2°
L
e Az l{)():"v Zz
v b v X

Lek the  oundung homomerghise, Dt [y [3) =44 (X

he defmed bu on (m,) = 7:\:,; [—I)L T ‘)va e e

/ oid e,xl&.«obn& JJn//AnI ) L enve—pivk

HQNL Voyese, Ve GLC M verbites of He f SM(;}y

NG
v.ﬁé——‘ Z—;;t ‘/0</ T :;\ V2
> Vy Vo v !
l . Vi
Ex 23 Do\\/)= @, (W =b-c+a = axh-c

D;(a): v-v =) o (L)=a-c+b = a «b-c
\% (b\ Ch):V'V;O
{ 2, [ )= v-v=0




;E

M%@Mi&ﬂ [X)‘?An-—l ()() \S Z2érp \74’1‘

HPMLL We. aerF A (lgn (ﬁwr/)fﬂv

o A 2 &(Y)LAM-;/X)—‘) —AN0B A 020

‘ g Yown Am%" Iy ‘_me I
[ NM 5¢Dﬂ+; =0 = I\m Onny & \(er 9\;\

Honco  wie  con  defne e 0% swglial howeloss aiowp
A4 L - T ; JT‘V——F

as. H: (X): Kejf‘ 9\1\ // -:‘Em (Dy\‘ﬂ 2

A T a7 M

i A

SN YT WS YN

~
<~~~ )
Wl ems N7 AL

TWO N-cydes  vepgntng the same  elepept ot

(7() Ard. hwn)o&om( o

P 2 ) \ E
* s AR y

Kﬁ(‘(r)g [’MS Yasic, V. and T2 =0 = H; (X)-L—Y 7

&

Kﬂ/r (a( \Aos f{msfg ga,fg,(zm ey ga, Ly/. a%-ci

T Dzl ]nas_r,s G4 = =) H?(}()g(_/zze

e

Kor Do hes bags  U-L  sud T\M'D-L) hes besis O
= M ()=2, N

N Gk ()= plar sy arb- =0

*\»{i (pn(i Uﬂiy \‘fc' Clb-—"po




b

| DY [ X-RO® My

| 7

&Ziij(&

| L

o 5 o

‘J 03 D2

Al —2 N 50— A () =2 A, () =22
| i 8 v 0

rﬂ W\ > b~ ot ¢ O —— W=V Viy—30

- W
oo s W =V 4= 0

| r——a-b+(

KM DO Wes  Yoasis (g\/;wlg N g\/ w'\/z\ a,.m’l
1m 2, hes Vg wev =9 HA(X)

Kp,( ) has basis gafb,c% oy %Afbu/ ré

Ton Dz Vias esrs Soashar, acbacd v Saba, 2D
A . / / - n
HP/HLL H, (X) = 27 27 (\‘0‘4‘345)4‘ (a=b+c)

Kee D, =O =) Hﬁ‘(x)——’;O,

/Aa( it Z/ZZ_\_S:@MLD___Z fqp-ﬁfnc/&n"?, we)& 6?%
22 () =D, (L) gmd hemee

HE(K5 %ha)= Zha  W0G%4a)z Zhe WL %2)2 %

A"V\ {uarnﬁwx ~feor /QPJMC'VML Hx (X Zﬂ; ) ’(\'\%M Hs ()(';Z)
VS a\vw,n\'\ [M/)”b\vm 7»4 b (l&i ot He

Upjecsal LL ot AMAMMM_L&Q)




A@,

\

Q’\V\(A(/\&/A\f‘ HOM:) ba\/

7 il Loy

¢ - "
A Stagalat A=sDugllx 0 SQGL Xt T ynpo I A2 X
A

e
e - ()() \nﬂ o omwen of n-clismg

( (Y = z—\f\/\li\’ Sumg Z V\,./Q_;/ ’ G AV"%X} V\A/C/72

As hefoce, Dyt Calx) -ac,,;,% (x) via_ Dale)= im»«\r S TR
D
.»./_?van (\ ) (X MCV\((X)
/AVQ betlore rf)sz)5 weam’mj we havre o chon Lﬁw{oiﬂx,
/\'L\P \/\% VM L\Ov«n,)\oq\,/ a.xo ] = P)
¢ 0 T A
r:;nL.m ponndarits
Rk ||A f}\}gn(rﬂlll/\m"%gﬁ of _swmyuloc l@wo,ng\/ s ALar
fm(X) olieq  heas oan \/\J/I{anh,a'& “i_/,)p\qu/ VP . L
ok S 00ha - clene. At Ha(X) i ffm;l{ﬁ? aeneeled
hows h w
for X 4 Fule (W cm'nléx (thﬁ% %’2.0*
vak A {‘,,l./g_n%(q/{ o ,m\?m‘or Jnorvang joa)/ S Yoot

%owpmw'okﬂw» \nvoriang g (S C‘{M‘,

Yo X a ._/_\__'(‘;ﬁ\mldvlg(‘/ He ( XJ = W, (X),

(T LZ})

SM\G}M\//\\/‘ \/\Ma)omJy Lo be mgﬂn(’e& as A Sﬂecia\ (nSe.

O'?L cmlf}hamf l,/\wm)oﬁ}/‘ Lor e o arki*mm Sz?oﬂee

lob He 51 gulpr e le S e He A cmolﬁx with

oVle \Mwo)w T A 45@0 {for cuda qwmlw n-simpler i s X,

Dl 5 Y - e S >() 1S % Ac:aw\rﬂ(()x Wit

Ciiy / O V\V’\(()\/wmb)(e # OIL

U Y\~9Mpl(‘ceS Yo )




Rk

Ho X) 55 dofined mlym:raﬂj] ond Abis i Abe Nr:ZJML“ agfeuch,

(5eomelris V‘@M—Lﬁf{)nﬂ-"m—h‘aﬂ( work  hest Afor Nne 3.

/Ar\n - Cvx Je Z= e }@f Dn Lo )()P (A))"/'{?L&VI

= = i g (T, w/% § _'_*-i ond e V\CA’ A((-Lw/%.

AT s%u i) s

e S 2]

oOf ) 5 - EE—'H\()()
(S i

K‘L = qu‘S
5 o

9;/17‘:0 Wnéons . Con b\/\:’lcﬁ A _/'\'(M/l)r K?—

b /mfbf«{'fzﬁ)m) Chovsma  concelng  pavs  of (n-\)  fuces
J J 7 / V) i -

Lo Ja\wa fogefley,

?a(ir

?ﬁ{ \[\:Ol\lz on V}fthio(X/ Z_ _(wn b@ Ml@(phﬂw as o

14() brone g ecienkd nwehifold Ko pade X,

K 1 ,
N \ :[ / - {

A

X =L &

Wis Yraeks down® Tor n23 )(3, may vwl; be  on

ﬂfm,nlé/Q = mwm(afz,t ”/L\ovq(ﬂ K::, b merv ) 7

©

/,,M \ Ke con e wmeM;&W po“mLs

P’w W W T (n)-skelefon

[9ickace QMLMMM_&MMEM
Ly 5




T X 4 ﬂ()@MaFT HQ(X)§7 o] HM(Y):‘O toe > O

/ﬂ'\ére/ 19 o s/\m;%w Sng'MT y\—swpifx Gwn V‘m

T

/AZ G ® X

Note B((ﬂ)s i:_,\ (’\) Vp—y = ;O n olf

1”4

(I

\T;\ A eyen

— () G0 -2 G(x) Z= () 2> Cl) = O

N bl Sh N N
ya A Z Z Z

Hone Mel)z RrP9/ 0.2, 20 evept 46r H,(0)2 7,

Reduced homoplosy g«\(X)

TL DR M) 2 00007 Ha(0xRalx) fr nzl,

We et gﬂ()o he. Ao hom&ogy 9rovp. of the

L]
ﬁu\(ﬁm&n—l&ﬂ claum rewﬂ‘ey

e ) 2% (ﬁ() S () = F 25 O

whee  £(Z, V\L(Tz) =

NO)D& \/\n (%) = Ke(a‘,%ﬁm D gﬁm(%> £V Z\

Nole ¢ o, ’Q So gJX) 15 well-defoed,

?WWMIMM wduces

pl;J;) Supjediv hmﬂghzsm Ho@()——> with  Xee

@nng X)‘v )@Z



i\ ll hadh
A v

Howological
C\/‘Ml\n VV\O\\O( CA.Q(Q lﬂmv*ﬂﬂi@& / qs ”-’ )3) [A\\)ggc;) \l/

Vot y. S Corplex 15 o se%wc@aﬁ \nm.mor}nl]rsmg ot

Oboo\tan G yes0s
RGN T R Dn+

; 2 :
"‘70\.4{ ? (o, ___n__;[%’! —
Sv\o(/t ’H/"-E Dp‘a,n-gg =7 3VLL/).'

Vefl 1A chum W is g, collefion  of hmﬁhﬁ,mc

S-T\,A‘ -‘Cv} 2 Lia S 5\ nxk" D g\n ’§\4/J Bm \7Lm P

g ¢ « C\n-h _% (/l/\ _2"19 Cln-'l ¥

\\Ls;n-u i,“g'“ s L ’GV"'i

2’ [ 2 .
“‘")(/n-H%C/mzo'ﬂ)C/m—;"_?

"

3

A _Chwin_ynep nduces homoweryWsm: lpotween tie

%ow:oloq \/ aYvam of- 1le (l/mm n@mﬂ/@xes.
S ( \(m Dmﬁ S Ker Db smee

>

i J

9«17— O > (D;)'S:_WE:gW'\DW%:D;

l

/g\n (j;m Dnﬂ) C Tun D/[\-H qwce.

\\ r)m-h ) 5\/\ Cb)— 'g\/\ /9?\—“ ) D\/\—H /S:WH'! C»l

So /%n (JA"'>(M \m/ﬂuf/S

}(P/“Dz\/j:w\gm-u g K-Qf D /_LWID

/rn()n‘n I | 14 [Ini I.ﬂ T:\Unnlnh 31
\} 1OPFogy—WV

4@

% X"y O Covbnuovs Vg g of m.am nduces gg—,‘ﬁh()()—?(.q(\/) \VLV\

doLined by Su(Tim, 6\ ZL\/L £, /M@‘A“—PX).

5 ¢

=
Note 5605 sine $4dw=$8(Z; bl . 7 il 205 = D



Hence we 3&{7 wdacgd W4 Su b Ha(x) — HalY)  Wn.
TS yob hwd 4o chedk howology 5 Biripdovrs

X Y-522 o W) Zon) 2o E X=X~ R— )
3 M I (19x= L)

Topology 4
| %DPF

)v\/o e W\M§ /Cmr, . [h “"QCM aAré

HOV‘W'&’(’T A aléu)m

OW\M L\Wf'vv/o l(’ m/@& Lxist %MMWSMS

: Dn Cv, e (n-n Such {ﬁxm“’

Blnﬂ Pm“f“ pn—-\ (Dw = dn --,Ch \_74\/] @

J
Oyt
aé‘_—PCm+l'—l—;[m Qn'! /- &
Sual [ B % lm Pt g
nla“"’(/nﬂ:ﬁ"—’)[ *"’_"_';(’ "';ag__e

"n I'n

[ Lo l’\‘bm?—lopfo pmegs taduce e  Stme L\Qﬁgmﬂpb&m

on howolog \// .

Te 2¢¥cDy  dhew

9\/\(2’)’;\4 {?'> = B'n-n ‘om(%) + rp./;—fl Dm(k)

- D‘/\-H {)v\(?j) +~ O
é IVVI Blvr\'j P

Hpmbé, \Q/m(?/) il £, (2/) V‘@ﬂ}"@% Lhe Sam €.

e,aO\AfVu(@nc.e/ Mass  of kzrD' /‘Pm 9,,._” g

HO\MO ,oﬁa.\ d&ﬁbﬂ*?

A/k/mm ed. Y@

A\

ot Clasn foupS  Gre N pmodte | rakﬁyyi’,,

Vinla ﬂtW‘VJI ij)v\ Coon Cﬁg 143{\/11) }QJ,F \// ‘%@D&i\//r &ava) n&m 4/

|\OMeae ncde|_caltyories  paclude %,r/o)ogrca/ spaces,

@leohc}a\ 5@4/5, duad S,I)ec,hr‘a.




omokﬂu J/\m/mmwtcﬂ, of S'M&M 4y H%ﬂgg_r

TL b AL 43 s X =Y aF spaces  ore ]noma}oma,
‘K]A/),.A ‘uf\&v) \n/puLﬂv m\é/ Samé. J’\amomnmhmm

/9,;(—’—‘3.’( Hm(Y)—QHm(\/).

Corv“amj_.n 1£ $X5Y s a L\W-‘Gﬂu ety VA‘Z/IL& M
/QL’ Ho (x) = Hu (\/) IS 0\“\/\ x§DWQ~beL.,(w A
P£ e X Lgﬁ /
O\g':ﬂ.xﬁ Qy‘gx:j)l”
J J T V4
Lo —’-—"‘/ﬂ_\/f—') Sy Qyz/ﬂ\xv{\ﬂ.
J ’ J ER4
Ve oF Lo Well Gud a__chem ‘\owdﬂﬁj P Cm(X) = (e (X)

with BP‘\'QP = 3%-_" 4—;:_




’_ovmm(of:/ ,)qm///\[iwmﬂ, O’)L §T)n§u4[ar HMLQ&H\L

Ve 210 11T Lo pALOS {.32)(—9/ of _spaces pxre )/mwkyia,

{{L\&A 'H/‘&;L induce HN, Seamé. l"amgma.rvnl‘ukm

Sae =g+ Ha ) = Ha (),

Corv\\w\g_.ﬂ £ 55X s a l/\wicyy %ugm[&qm’, Heen
44{’ Hn (\Y) — H-n (Y) ) o HOWW‘)’OL{(\M \7LW

DLl XY

T 4
4% = j]_y =) ’ga( Uy = T\M{\,/) °

V& of 210/ Escontial sk ¢ dvide.  A'xT wh (wl)«mﬁrwg

el W W, ez

/ Al wo _L[‘Ilg_ W'

- p2il

b 2
Vo K — ) Vv, Vo 2\ v,

AV\ X gflz} = Z\lg’ 8 oo \/Y)j

AV\ xé\l} = ZW{};.M;\/‘}{I]

Weve flﬂ/ﬁw\pm@& AMx T nde X el A\T%{W@M"

(/VH’D 'SM{))\'CZS MO aus \/\_/\i \/\)V\/]

il

/ ”

)

7 =

7
Noswwoe Moot Wlao Ww7
7 L& A Lk vy -

'

;o

—
L\/Ojloa \/'\,,Wl',aquWm\)
7 7 '7 <7 7) =

v’

—

\ ' |



| ok FYXT,HY e, o Limdﬁﬁoy with F('; o):{—

an/L T;[' )’jl,
Gwem A Stspuler qﬁmnfe)( g A »9)( note

Folexd)i AT —2 XoxT = Y

VA ) Y

| W /
| — A |
; i 55 B (?E/

Velong Hne Q0isw _n0egpters 0 Cal)—= (oe ( /) by

Rla) = Sl Eeloxd) I v e oo ioig o

LAV A ) U7 v"} vyt

\[\/ﬁ‘u show jC)/uS O\\VM A (ln(,\,w l'wwnakﬂw /XM/Q

MQM(I g*’ﬂay H )’9\4“ (\)/) b(j prﬁ) 2,'2

QO m(

A’ clagn L\M%O{M Saticli 28

‘)vu—l Pa + VA—L BX: O\-H: 4:&::— 1€, DP ':3*::{3;—?3

hg boeHom  Sides

—’Cm‘(x—acm(x ——>(m (X)=...

2 Joe B 0¢) i
\ T

Wl A ( )——)me—ﬁ PMVIEMS | WLy

vm i




e calenlple :
20() = 2 ger COF P Foloxd) | D, By iy i)
+Eéz£ [-\)W*WHPO\G%@\,[@, SLVARY R s idin ]
I A
| YWe Lecme with L=5_ Cauce)
Cﬁviﬁw [ Vo, .., \'/I‘—l\(.’,\,. Wi s pe s wm] \ﬂrSvL Sum  y=L

N-swmplices

(
t

}‘ AVZ eva, Vl—l ol W ¢ 02 0 W.A7 S&Lﬂ\ﬁﬁ Sunm ‘\:L—'l
N/ T =~ V4 VA

QX(MP +or

F [(@(ﬂ}ra Wl = °0 = Qe («\rvo)

7 7(_vo,vva/ﬂv L4 \j J A \
aund
,]:o[Q"X/}DIZJGI.“/ \v/,\_/m//\.',."} :“g‘o(r = ’—‘cjrﬁf (bn{:‘mm/

The derws wmn ”L—’F'\“ ore P)(///HM —PQ(Q—) swce

Volo)= P (Ziio [ \D«- My

O /o ﬁ

i e I b il
A\

W

= j.v <3 (-'\) (- \)3 Pv( rxj,)![\;,,,.ﬁ.rv,lu;,/

e 00 Ny
7 ¥

\
v 7

\_\1 J
™

+ T (A F( D) oy B om v,

=

'& ~
\.._/




2/26/1% EXM(‘\' SPUNINLLS Cu\(ﬁ R XL S{on

Wt D "
DP} A’ fb\:ﬁm fﬁm‘ﬁle)( P “»AA-H_; A’m—a_*"/!'yl—l cé o

15 ot & Koy Dp= Twn Dper  Ya,

\ VV)}< IE e Hn:O V«/\

; go )/\OW’)I/)LI/ meansucts J/\ow 4%}" A Ol/téu\’} Cm,ﬂ/e)(

1S 1@97\« b e xuct,
5( (L) O—=A5Y 15 exack €2 Kero( =0
(1) ASB20 o exak & Tmor=8

() lO=> A 550 50D 1o osadk & « s au iSomorphism,
(WO A5 B2 —D 15 gpt

Cra“?& o Shert  oxedk  cesueme  pr gE%)
@ e, 4SS < \e/—Lve B 1S (\Aflé(:(—f\/‘é/ ouad KOJ/ID _Dmo(-

T this cuce C,NB/lca@ B/-Dwf &/ A

(X A) IS a

guua fu.u 5

|
M 203 ek X e o spue and A be a mmﬂ@\/
| closed Subspace Aot 35 o doForpgdron ! /%\

reladE o same V\&MM{)W[’[%’)/Q ™ Y ) {%/\3

/\‘o &s&&?ﬁ A i_g}g %mgﬁ: %%ﬂ (L’ES)
e

“ ] — ' s dutient space
SH(4) — I, (y) == Hﬂ(x}»r)ﬁ

S B () 2T, (0 W (44)2
R

.T.

f"v v
SH, (4) = f(x) =1, (x4) —— O

wlhigres. Vil sXow )(l«e alqswm me f X=X s e guokient,




Wik

17\4@/ doc kehind a:ﬂ'n(x//f)—»ﬁw(ﬂ() s At

Zym\ eleyment %égm,(x/k) can Mﬁ&p&s&#—e«ﬂ

AVESRY 4

R - G (X)) sl Der S5 tycle. A whee

'}Aamolog\// i3l AL A | A L—éo(]:: dx € H, [A)-

S X=0F Wl M ‘
as) ) o (30
/A N =W,
oxeC,(X), Qe Ho(A) e (G(X), du e, (4)
Camna@ U1y ﬂn(s”‘)zz ol ga(sv‘)fO £ L#FN.
¥S B cage n=0: =90 e
Im&unf»j\/& 5"69" Aﬂmm& Frue 'r/é-r Sn"-
AN )
0 @
gt o Loy Ny

g

G P (o) s Hal) S

%«1 (ul) we l/mmg an 'xfgvum’ohkm T}:f,L(Sf\)*TfﬂH;—\(SM) \V[L

g, ~ ~ A
aud_ hence 'HV\,(SWV):—” HM(SH)QZ and H‘l(s")g Hea (5“-‘)=[’) 1@( N,




Rk 1 The (Jné)o—x[ b D 2% 55 o long & Mfackzat 5%9{\;.

J
® Fe-r A’CX well rpplw velote.  hopo /oq¥ wg Ho X A} ,
o ACX (Mbtiv/um (ha /b{srmahm_ME_fqu&t%\ weg' |

Qroce  there's g\ LE

S U, () —— W () —— U, (XA) >

—
Y

b0 v

i ¢ Tor (XA)A aooA il e he (proo Z.ZZ)
Wo (X 4) = Hh(x/m ., |

2/18/\@ E&\&v\*}v’(/ Hmma!ﬂ\(};\f/ émmj
leb AeX he Sfacss o /%u \ansmm Shevcture. /daa'ws % A)
Wl o Semelimes ao —Q\ Jfl\pr

| Lot (o (K A= ColX) /S Cu(A).

| Ex T 3A  ael (X))  pec(n) e l(x).
| X | '\ B=0 mn_ C.(X4).
| p Q(-{—'@:'o( ™ Cl()(,A),

| Nn&—& 03 Ca (Y)—” (m—\ ()() takec C (A to Cn 1(/%
- ond_ So W vaduces D CM( X, A) — Ca ( ></9
| cmm/mm ) /fw,,m),
\We 4 _a Cham Cmnol{x (2*=0)

— Cone (XA =25 (o (X ) =2 (X A) = .
D@# /Lwé mlmLM \na«moqv a/m/o Hm/%/H 5 the  w-Ih ]AMMJ/
of  the  above rw.m complex.




M /\%39 19 ”LIDV‘V‘A'I{;7/ @ﬁ- )( W):me[a A’N
/B
- Y. \
\
~
[o]el, (X 4) O(J LaJeb,(4)  Jo]=0 e H(XA)

F\P/nem'{? oﬁ' Ha ()( dre mﬂresénlébQ )va

@
V\Olm»’-ﬁ\/{/‘ /u(/\f_j____ﬂ_bfaé X e ()() widh ’BO(CCW'l/14>.
o A velve codde o s tevd s Ha(X,A) 1 FE ok
Yoo g‘gﬁ@&_@ﬂd@%" X = D@—*«X for  Some
be CorX) aud yel, (m -
/\\’\/ON/IM Tor AeX Ay ORI o foces e hove o | ES
‘(/\/ovmmleg_r) -
| - Ho4) —— Hﬂ(x) _"“——>Hm (x.A)
S~ S e M
2 M () — 4 ) — M (0 4),
_— e —
| - ' — Ho(x4) = O
1 ?’g‘ /]/\6/ A\ﬂ%ﬂtm Al

O — Cn(k)’—-—*ém X)— (a4 Q(A)——?O

0), N 2) N o)

O [ C\A’\(A) “‘—_)Cnai(\X)/—,CV\«\(K;A’)*/;O

1 v \

S alled a shed oxad Seqvence. of huwn conglexes sine

eodn column 7 A (/,L\m‘m C()Wl‘ﬂlﬁk Mé fnce Coaclh yow 15 Cxact,




/n’\é/ﬂ@r;(' pavw  +follows 1&‘07\4 a.. MMore 397\&.4,.} Jd/eopmf

O‘—"’A«x“—(’-ﬁ@n"*’&—ﬁ"O
D | 2 | 2, vf

e ==y 5

O—= Aot > (8> 0 o D-oASB (=0
DL ) 9 ) |

D “"94\/\’7"1"’ @m~1“é’>a4—1“'7’0

e, any Ql'\erf{' O drch Saé{)ixa—nrﬁ, ,,044 cnam rﬁm,ﬂfe)(eSa

Nhen v gﬁ)’ e él(owmj; LES o~ hamlo/uy 6‘”"’?5:

A

o . 5
: -

= U (4) 5 W,(B) 355 Ha(c) —2

- -

O W)= Uy (B) B He () 2

—

N

?_5_:_ Ly ol jg, A wal\fMMﬁ swve @ L amrQ

\3 Ape dnam Wm\a(-

D&@mqu 2+ Ha C(/) —> Ho (A)  takes work ]

g@? Ckffx%ymm mbav@/ wihee. DEC:?)? [ﬁj 2

20 =0 swe L@a)= Ddia= 29b =0  and 1 1S \njechive.,

ABO ’a"\’\v\[(>——’)\‘/\m4(i/4> 15 W@H’M}’d uLlﬁ 7)"0

— U dowe of b b)=y(b!)= bobe Koy =Tl D bb's an) frach,

= e dwie of ¢ Say c'elCpy with ®3(b)=,",
Then (D ¢+2¢;‘=L+2J;lo'= Ce3ob’ =) (b+2b'),

7

Note — allo<2b)= b +3%' = 2 b,



= xadness £ lows bj cineckmﬁ?
—_IV"] ‘Lg —C/ K@T \}"2 P ’rY\a(’/ §MLL \}l;‘:o % :)J(Lk = O

'Bﬂﬁ} b is a cyu'g/ he.nc,ﬂv Db -‘—'O:

I m e € Ker 2. \uben &e&m;nm, we.  have

, J,\MD K@rw Hepe L,\(?:O shce Li"alcz:‘b*’lgz:’!abj,:Q

() Kee o & Toaty
(ﬁ) ley 2 & T RV,
) N, € Tp 2
(\\/om Areossigned fo chede (l)—(é,) on HM/;L) O

Otasv\‘,& / ih“"&V(OY‘

N

NS ¥
(Exclsrw\ /\L&w/m/) T ESA X wih &é‘whﬁrj thea

o tnclesion ()(' 7//4'2) C——-P(X,/?) wnduces

'ggaymwvnh,‘(m}

Hn, (X"z/ A’Z) —=> Hw(\)(/(/) o, |

L
Equicaleatly foe ABEX ik [ (z_z/ A/

IH%AUm-\’% the. wnclesronm /E Anfs )C’P/X/’() {'

|
/
]

%Jmu,q ﬁmariglr\(éms H., (\%,;4" )""H ()(/H ‘\74/7,

ke N NS R

V(s lockton ¢ @ =X-Z. \

| AVEANN
So X -ikB=cl 2. | \\N / \N\l

go clE<Swnk A = X;’"mf\A VMJI'E,.//

%:X\%

Yor Ue Qm@ weo _peed Mo IoﬂowMg vmacfnmp,nj,




Lok Ca(A+h) be

S«Aim/m“é? ot C, (X) Cans‘fjrmé

| o

SN0 suchh  Abet em,(n T A—}X

Chaing

mﬁrMQ

L\m Wnsge  coytzongf)

o€ Co(44B)
a ¢ Co CA+@)

Yrog 220 (Special case) Let A,%é— X with X=mk fuvnt B,
Then Ale  melesion s (O, (A*B) — (, C)()
o 19 o f(/m\m )\%\n o,l.aﬂu @ﬁ\(/t, Va /»&oéé,
/ 3 )D Co(X)=C,, (A)c@) wﬂx 1)0 nam L\a«n&emz. + /}//vﬁ\
K\ Owd—= M f%;s Case.t 0k ﬁLCth«o) -
: b J T
|G Co(x) Con(X) =2 Culx) —2= ()
= N s
3 / Lﬁ“ ox)
C/vw (X) """) Cn(X) ""—'—“—’ CV\—-\(X)
Not=stondocd potadson e
\ va +Dn~l a 1&\(})" LR
Hene v indwes omorphis ms = H,(x) V. :
@’m}? e @yoo@ s Y pages Halcher,
o Nﬂ-\f/ LQ l/hms%: Nénl\f}* clhaing X Dde speller
Q‘e,c& W eifhey A— S @”
1 Dn 15 comshuded via  shualked (ILO{)/:%’HWS of ;
| b%cenlmo cubdivision  SA(AM) Le!
7 ) Prism 3s divided o
‘ . COp}és of AH-H
L N Aln I /‘lC»(X)“



Ve Fl Tm 220 (Escigion %&w}_

L L& X‘;‘m«\fﬁ vt R, B} ’Proua 2,2] W hm/(;
Ll (A = (a (X)) gud 0t (lx) =0, (4+8B)

\,JJ:\/LJ 2L = ﬁ Vallll & IR HA'{X (ED-P DB /ﬂ - (/Q-
J =GR (71105

LV\ L’(/

Al W olopee Tbe hons o A b chame m A uqmwj'

k Coeii) [ (1) Call/onls) —— (o (/O lh)
/ / V4 \Y /

OM(MV\ hbmojﬂﬂb ’P T

| @ﬂbm?m@qc&w L! - - .

} Colbd ool —— (b Lo B, . (2)

3 T T |

amerphism 90 ' ! 5)1} 5N

(M‘(K}//[h‘(\([\:n@) ____9___4 C(B/)/ﬂ (A"B) ’2—'_) [m—l(B){/CV\—'( (A)

ellL 15 skl an sdmerghism o )’IWDIW]/\/ atder
modda ok l’]u A

- /57!(,& J\‘m sl i/mvf the  Same  Chan ]/W?)mlmj D/. \\
L mod Qo8 o ut™ lnj /4- //

e

ol e g Col®) [CalhoBl = Co(hiB) [CalA) qnduced

?h.s is true R
L{j bu |nc‘u9*@w 1S on sz’n?m of— al/.am /M)PX&S

RM(L lﬂoﬂw 4\(»0%\%(' \a)mv\un( e 1[;\@ u// lonjls

the Smawloc  |n- thcec B hab pt fvm(’AYLPxQ A,
! N shadocd
Hewce we gt (B deh) = [l eh A o (XA
‘ —

Cham homotopy



3/5/\g

Let ASX be an_ocbibovy gar ot spaces,

i

|OV\ /L//“Zg n {i(n& ”ﬂo l/\mmnbzg* /nm@rﬂ,m e %Or()\fﬂlﬁ

M@r@ (s A Lf i

oo = W (A) = H, (x) — H (X 4) — ..

\/\/0 s ” Aow \{hrow /n’)m i ’7) l/Jl’\lC(/L Sayg {/LMJ'

i
fr<3~r (7( /H A aoooQ \/)m% (A-ncafioﬂormm of

Some. mmqhbarlom? W X) Wl Al s g S

e s H,,{/H-———»H /x)/—?H LA g S

;F@f (X/H a aoo& paiy, the &LMD’H@W}L pap

I (X, 4) -—a/x/ﬂr ,4/4) Wduces _ {Somor phisw s

4;( N (XA)MH (></ﬂr Mlares T X~

]P)f V be o V\,@@Mﬂorkmﬂ Hnet  dgLormod—n \mg%d%

ento A". \1\/@/ (’\ﬁV\‘é | s Nl

R e
M —= s H () e E— H(*AV'A)/ Sy, |
5 Y X2 XUA
L G 3 | 2 =g !
o (8, 408) —=—> Ha AL Ha (/A Afh, V- )
® | Tve rightmast hogizantal s oare = )m CXCSiN .
o | The \f@Wﬂmos«f’ Yerticl MAD 1S = mnw Iy 1S G
| | \’\DméOmoroL]\S\m o Ale oﬁwn(w o A /m)/kw. Jo %mia_e_n!» )
o 1t }‘Iolaus‘u& thik Ao |oFhuoch \\nomzewb‘! mAg Qe =
since N[ deformebting  vetzds 4y A
?/A'ﬁodrammg ng isesodle: IBS BE o ‘H‘hplé" ' \
coe—> (VA — W (X A) — Ho(XV) e /.
]

Hence Mo leffwost vedicnl mep 15 2 bﬁ (,OW\vv\wﬁmJAvNy of The Lliaﬂmm,



[0

Ex L2 Ha (A 2pF) = U (ph SN ) = U (f) £/ 7 n=ke

O o ’ﬂ/'! p/w/'fe,

/D’\@/ PJIUML'I\/M[M]M/ gé Sim‘z}lg’hl T@nﬂ/ <Mf_(41M Z'JOMD/QVQ/V

‘T\’\g ?1\1'9, L@mmL CMGIM Le 1@“3«41\/17 tommuig dive Al’ﬁgmm

A Q%lelm.n 6,«9«4(5 aund  eXack rows

A«—-——ﬂé ——3—96———1»9 —a

U —

Al L ‘D:B] 3 “C’ ’bDf 2 E/

P T
ﬂ X @ gf_ nwe_mm‘( Jd/‘@n S0 1Y Y
1777 Lot 7 6]
' i
VS el Shaw Dn‘a\a}mm
= . . \
( 2) B5 swjeckive and G njeckive. = 3 suriechive C)/\adnﬁ

(ol s myechive. amd ot sucyeckive = 3 injective

1

[
Fon (\Of); Mr/'é[i (el t féf ViA /[,(mgfm:m cbmcv\/jx P
\p'\/cl-gc)= bla‘-k'ycﬂa'{‘-gkc: k-84 =0 = C(-z(c=\'\, b Afor §w_b’§.gl,

B sugedve = b =ph for some |eB,

/
Note (ctib) =wraxib=wrei'pbh= xvr+Vbl = ¢ ,
0 7 U o< 9] J ! U ~

So X 15 sweierkive,




A—t—B —C 2—op _2,¢
T - A
1 I ‘| O

For (b), let ce(C with )lf(c)ﬁ a,
«
Consheuck o €A Vid ”diaﬁ”mm gbagmm\,
lB(irx—lo) = r@La-ﬁb = ot - fbb = L’al—ﬁk =
= u-b=0 s [ injective,
/H/h,.; Lg‘ﬁb Bl So C=;\)b=\‘)La = (0 S \‘)L:O.
So ¥ 19 Uﬂ(}&d’ﬂ/e. M
¥19)q
T 297 e homomerphisinns H“(% A) = U, (X.8)  fom
Sﬂmo]u:ml ),nawolaav sv:jmlw anala#f_mce,_imacghmg__‘
| J/
\v/n lA/)neAq (\)(, ) is = cmvwlp,y ()m;f..
]Zvvrk Vakwy A= 0 givels Hm (‘X) = U, /X)
S J 1 J 7
(Rmk \m(;l" as H ( ,4) we s fi?-éh{il WS Mg ’hﬂé/ CLYAIVI
! Lin
fmz(_)j,g,\y [m[)()/[m(A cvmilorl, HE [>(/4 s
M,ﬁngﬂ MSMj{ ﬂn& rbmm fem‘g]/y A, ()( /A /A
Pg‘ We Lirsk  Jo Ahe  cage when, X 15 finlle ~dimeng;gval

A=cf. Lok X* be e  h-skelelon of X,

XZ

e & &

G\

\\




\/\/P/ l’mvg, o Compvdzting A’(aﬁfam with  exuck  yons

o (X5 XE1) —— WI(™) — Wil — Wi (xEx*) —— Mo ()

)

| 1 |
) ") d! g ?

N

Ha (2% X*) —— Ha () —H, [x*) — H2 [ ) — WU, [x*)

ke Yhacj AS5ume \@‘5’ ape ismsf,ﬂln;yn( ‘I'”j' 0 d ustion

ok,

Noke W2 (x5 x®) = A, (k)= [z &= te) )

% @) nFk
?Of‘ Swaular  howolosy/. el /Ex 723) et
J YiE
H‘.". (\Ah, DAh) = g] n=hk (%&Mld }Jj Ak'AALL)
Z D ntlke

The or E’L\LR(AL‘ Ah)———? (Xh Xh’) W[&Fm//ﬂ

%u UA@ a‘Hz«L\m kwm?g of }Z—Sﬁm'o!gcef ,’%%wcﬂ( a

L\oyvm ovmrﬁlmfm

/m/,o\ hén(ﬁ, Oun \<ﬁmrnLL<m on Hm -
Honce Mo (X" XM) 2 ) 7B F o)
} @) nt

G A o(jg\ o nl¢o T'§S«n9rp)nr5vh§.

Qw Vhe TEve | emps we 3@# ok X S om

xsamef Ofmﬂm.




| o e Cose. Whea X 15 inbimide  dimensional requireS wmoce work,

| * Now assome A= Q We.  have

é — HA () — Hi (X)) — HA(xA) — Ho, (A) — Mo () —
— o () ——Ha(X) —— K, (X A) —— U (A — U, (X —

| Agglgm'zjic_ﬁm_@nam agav Linishes fle ]mao[f of T 2,27 0O

3/2\/\8’
Sedson 11 (@QOH«kﬁvz( gnd__ Applications
(Dpam,b
\2& /\ﬂp, ?& ot o jm_an —f 5 ""Sh /m 2’) S rlfl«pe
r m‘-‘/@jmr A s+ ,g,, Ha / ) H 8(5 ) 15 of  Abe
{ Y 7.
focm Sx (o) = do, This inleger s doncled dey(5)

Eell $:g g RN, don () =2
- ) s
7

ﬂ\mk ?8( Wiere (]lrwtwéj see oup Math 570 _ypoles om D/H/)?,
x|l $16'55 ~des(§)=3 Bx §15°257 i deg(5)=3
Lok F o e e : S e

u\ e 7 kT v ® g \“——"—)—7\8

Ny dontily on endl \‘L e /“f”“7 on esh

y
£9-m \Alollﬂﬂ (mmn‘
\7Z d4e—5 ( IS; aégo—gwm—-




(a) n?pi/iﬁ =1 cmee Ly =4. do,AE1
N / 7 N <7

(e (=0 % £ % pob cuppdoe (TN dey (=0
: i (U

D Pk d S(5).

Wl
\

ST E S8 el 5 5"

A’VDIM 'Hv; -\‘o gt Tk
J [

) ] 5, O — 57

S Sq =00 svce  Soe  Fudert ﬂ,\,m,y.k HW(SW—{%Q:O,

Cc) 1 »(—zgl, Her dﬂﬂ-ﬁ—‘%@jj S/ S =Y s a

/\!L\ﬁ G a ﬁ:i' Crat - ﬂmb{"@ﬂ(&n-\'-ﬁ (/m“ﬁ/j)A 5 ZS’)-’
(&) /jﬂé ('96{) = Aﬂﬁ £ dog g Smee /766:):( = —g( 9y
> J N4 ) J ) < 7

A/é a Cconlelihtncd. rQﬂ/A—p:ifL I—ﬁ ‘Q 1S o l\ﬁhmo}'ﬁﬂu
0 7 J 1/

e —=5] = I&le,_/ﬂ:4?
J

Puwivul
0]

dos £ =-1 £ £ % o yeledion ot S
J
QYL“'\/\.V‘& n="21 n=2 /\

. |
C/) F7x
=

|2

LA
O~

(9

N
The antigodel vep - 4: 8" >9" debove lﬁ"‘j X r—-x

r v
l’\Ag p(lﬁ PEe dee (’_@ = ('\) o swce = S A A=Y

7

J / -
f]IL N+l W—He/,\q\mg (mr —143( eacla cooﬁﬁmmle Axi§ iy ]KM‘).




Lo LA\

gv\g)\{m%f 6" 55" W Ue mowm‘} Yt for  Some uéS
g’“((ﬁ):gX\j.“/X\m% s fwite,  Choxe iiciom# V}a/o%Lon’asozﬂs

Ui2%:  oud \/aj with Slh) eV Vi,

ISZI(CyA p— > ()

%or\ m“ L we I/m\/@

Ha (s, U= %) . 2 KoV, Vo)

_;lnj exusten/ ! L \Oﬂ exUsion ;s ol oulk
H.n (\qu; Sn—’%;) Hn(gw —w\ v
7 7 77
\ Tg by LES of pair Since
= by 165 o g N H, (7] ea— T (3 Sy =¥

Hé’m(,p, a QM( fhame;m_ﬁmmp_‘th'o_Z‘_—__—

/\\Ae '\‘n() \/wo 4 IAAuHﬂnlzm-Len bfj' oA ml?jm/ WL\((L\

W &pﬂﬁm& )ro bg KL@ {o.cg\, Jﬂmﬂzz o —? at  w:

7 —7

O m He

TE 5w ¢ Ut lj\@meommkmmj Ento \// then
dea ac\%b: + 4 ‘



\

&@Q (g'> foan M((O h@__dﬁ;ﬁn/ng ’@‘f /quj {
monfolds o

J
L MION _ ohwoey closed  oricateble

Hf\_@/ Sapae.  dimension.
PWO 2.%5 /ﬂpj SL = d\pj ’gj/ hore  SE QM{-’) §n+(
1S /mnﬂ/ 7t4<'(7ﬂ/mﬂon Dwﬁ ’lVl\a l/l/)ﬂ‘r{) —?: S"__) S’”.




2h13/18

Collular

L\OYWO \/

Recall

<%'m|;l ;,; g@mleexfg__,._ﬁ_mﬂexea* CW_ (omplexes

A—(ng}( bt ot @ Slw‘mlnml (::rw'/')(f,y¢ / /r 0

az:li :y /‘a' —

b

\/\](’ WO g m/,ﬂu rl@ﬁm&ﬁ_.g,mplmg\ \ammala\%g e A—cgmp[&xgs

) | 01?5,2{\!‘2(,1 A (X‘) Hm (., /) @Y‘ >( o A"LD\'*\F[&)( s

4\
xt mnhuﬁl s’m ulap

USW\)A zﬂpjweg/ wa‘J( Now M’\m, cellular LQM%MMM

0 2

rea\ayr cvgnlay
celn\ay ey

{)gm'()!Q/ drop fo A MM@MJDM




?W Xﬁ_ CW Ca\m(ﬂék’ C@H i lﬂmvm!ojf)/ |§ féfﬁmeﬂ s

(X Ker &/ das) o ;

})Q\@ \f\owmloqv ol a - clici fmm,ﬂ/es/

Z (¥ n-cdls) ~
ol

- HM‘!(XM; YV\) ﬂ H, {\_){_”/ Xn

el )5 e 50

T-
n-skejeyew of X

(Som%‘m@; walled "how.olow Sq)ua-rel “)

Lonilon of rin avﬁ/mf A \/@(‘[\‘Lir@‘{'mn

We gdq(h a d

e:
‘HMA’ AJ-‘ OQVI 0. —

n
%O\szﬁam ’F:Bﬁ/nm’a -POP Co On n=cel >(/ We. lfla\/@

fi ( ) 5_0. /‘k,\/n o n— , \/\/L\ﬂxﬁ dc’/‘[\fj 1S

V

| Coughl,” peaking) bl munbee o Limeg _Abe
W=}

5

'aHmIMy W) Aoc Ly wm)( dipind 2

(Wlonﬂ v’)MCLQ&‘l&)‘ Uq/ rlﬂaw rnL {fLe, /V\AD
N n-\

- N
Sy ——> X e

Waching ig oF- ) ab.fokank g ltafsyj

/A=l
: "‘&{! o« 170\7517

Ex X = . /N MRS = gi@ \%Sk wtaihed,
= S e —— My Arovenf
0)‘ S SA v Ga- ’gﬁwi—jwlg
OQ .
C/\/lam Conflex =7 O 25 7 257 ——7 ")O
: 3-cal 2-cellg 1-cells D-cells
Tr——3a Ok b ) N =

HE(X)= K”‘l"fm&\ =

H™ (X) = \@”Q/r = sy

He () = W;/cw/g e




Ex

2-cells 1 1-cells 1 0 -l T
O Cowplex ‘—>O“——“>7’—1—>72"";"Z——‘90
v T—0 ap——— 0 Vi—>0
b b—>0
\0 UA/, GP/H Mr o, M/I///,vv\ ’f%fﬂlm l/\/)/lpjpé,

Ny

v

(ERY QHW{LQJZ }snj Obn ‘\nl a,/m( So

5{@{=]~,:O g rx\-rb:-"}:O.

[ ; |
M) = ®d, =7 | Sr=oT
H{C‘N(X) = K@.’d /’waf = l iﬁn | > S;

Z°
H&(X) = ‘/‘"fdl/ﬁ ds & 7

R SN i a\_/

T

X = &j/ \b' X’Mﬁ e ‘}’Dfuf of genys a

e Wi AN

=

2-cells

1-cells 0-cell

- 79 = 7 250

Coin_toages = () ——> T —2

6(\}-——’“90 Vi——>0

B e 2 PN — |

ﬁg \"_“—)’0
\o ;—————-)O

/‘; % (’\/) D V\n.lp dl [f)-’—’ 7v2\' /X’\:‘g\;’ a; —t‘ .v:; AThV bl‘:

wWhere fi"\"‘/):/ = | ‘\. =0 = O(T\n'

for __all L.

vU

Home WOUX)EZ7 WD 77

HX)= 7




?5{ >( Q C\/\/ (ﬂwll)’(/)(/ C&“m(w l’lm;wln&l\// 1S deLone)

45 M ’/‘MJ’Q(A\/ O‘P 2o YA //l/n\/\ Comyp Lﬁ,\\/ ng (X)5 ) I;M d L+
J/ / O
D B H x’\ l} H m
\ Ln:-/’ H 4’\nj alar n\nm oloj}/ '
3 o
e SO Wi DO ol ) Bl () o)
‘ SH ;
\)HH/ 'ZC*' el v '})4\L gw:a/
HV\-{—; WH) HVH (X”—’)

o

S . O : \‘Hn—l(xn)

v

Here da'= 30420 35 the  cellulap hovsdusy roop .

=/n'!g diagona| lines are  Ahe LES for Al pars

(XM xm) k(X" X)) ek

—

lo Sce Wrs o chan Cawpl{.x,, not-e

A.ﬂ ./,Q\!\.'H = Bt Ju_n Ja= = ()
AT BN,
’Lo giieg. Yhix T —\1/\/9 adja s

W an  exac Sequaonce.

Tor X o QW complex, H'(x) = M, (X),

Nofe o (X) = H, (x"“) Hm(x",)/»(p,m, = W x”)/n Dt

o T D : 0
"“l cels aat e A7 soworphisim
donth attecr Hn ,\4,\.;0;:& € Xuckpess
\/\/6‘“ NOw sln’o \\) w Oél/lrﬂ S _an tgﬁ?nf)f‘ﬁl’nsw
Vit o (X" /:cm% L = Kerda/ HEW(X)
) 3L / J/Mﬂn



jl(ﬁ{,é{@ Siheg \'),\ 19 ?h\‘)er}i'lrg fl“' tvma'g,{ Tm9n+/

—ﬁ:)\ms{lﬁ['\l'éo-”}/l \r’/naf\"o Im (;}n F)n-—h) = j:m DQM-{-I

7

ng H“AT(XW/) '!Somnﬂ‘(]hi((.um onte  Im m" )(Pw Dm = }\/Pr K/Q\n

A

Since Jm_\ m\e—d—

OJ

_%Vh edidle. C(,HOIOI[CQ«Hbm

Hn[X):() :‘—?” X 15 a C\W/ (DWWL%( Wwidh e

n-c el Q'm whith cace  H,( >< X”") ZH; n-clf) ‘O)

()

/I/{oné ﬂ@"m”‘j/ w X las l{ ’Cpf(c %em
H, [)() ]5'61@[1%@&0 by, ot wmost €|6M&n‘/‘fp

(i)
Py 4

— o
Jf Y 16 o\ (“A/ CML&A‘/ //Vv'\q/,, 1D {?(/n/o :97£

'H/é CPHVQ )%} O\J;ar/Al al?ﬂ,n@hfr’en?/ KLYPM

(X)= 7 (# n -cels) for  all _p.
/\,\rm s becunse. gl cellula, bmm/m} oIS Ay,
Ot Lo his __cage,

Ex

~ (EEJ (]:P“ has o (M) shuchupe  with one

cell _of  cach oye,  diponsion 2V £74 ., Hp,nrg

) Z o 2207 Y arn 2n
o (€0) = 1D ofequse.

s NG

Ex

£ [ S5 has o CW/ Shuchge  of

one O/ce\(/. )D/vo Y\'CPHQ/ one ZMvceU_ N
Memee for pn>l we  lowe &@5)
(7 1=0 o 2
Hi(She§n) & 67 1o
{O ofheqnise.



!EX 2.37’ /\1’\& I/mnnf,mfhbffl SU\fﬂm‘e /Va of démung g )/l//\(‘ a
| — v
[L C\/‘/ 94{1/\0&»—(.« wWi¥l,  one 0 CP” jl A —cellc
| (Amd one. 7’62“ mz’/—('z,‘vf,. eﬂﬂ )’Q,j 'ﬂmg, »\/ard ajai duz
0!
fa,
L 2
| %K i
g TN
| Aa o~
U =
7 -cells 2—cells /) 4 —cells n D.—cp)lt n
[/L\MM-(/M‘I)( —’7"0*—’"‘92 7ﬂ'——“—7/7 0
! 4, \————D V230
s
We | = 4L oo + 27 .
Ho {/Vg)f Kam@j/l:wa?f = /7
H, (/V,, = Yerd, /*Dm,f =770 % cvee .
K@f&; lnes lms;s gas 6{9{ or éa a 615_\141"*..."’455

[
:

Hi(N,j)—: mdﬁ/ﬁﬁwd—g:O Ssvce l(apd?_f‘—‘:(?.




;3/ Zf% g2 |Ewer danca lopishic

[ =
DP‘F Yo >( o Lwile v/ /Muﬁlé)(/ M/ Et/\’&f CL'Nﬂv['fxfIS‘L/c

%O() 15 %(X): 2 (»l)v’ Cn, wherce Cp s

Ue # of p-cells mn X,
E/?i / \ | Ex /“\\\
Pl =012 sl |-7-942-7
~ S
SZ w\’w ol O'cd\/ St with fwo O/oe/l/;/
EV1e2 ) —cp H {ﬂ/\/o i’C{/“S/ bf/o 7’;6[‘/}(
Ex | (51)= 4 + (1)
i One Ene
D-cell N-cell
E_X % [/Vlu) = 1 - 251 =+ :L = 7 - Z?
foSz A gz\feu /_Lz_gﬂj 702‘5H ﬂlmw Euley CJan;Jenf'H/
J v, // 1 malz(e,,w 0{- CWwW Shuchive,

Ve ZH0 2 (X) = Ty ()" yank W ()Y it ey oy Wt

Qm K e yualk of L Fonile ~‘j ﬁﬂmpw4ﬂ abelian j/mhlf/) (s
the number of 7 swwmsnds  when  fle
0\ Hwp i expresa] o5 o direck  Sum  of Ccfdio 40405 «

' Fx Pamk (Z/ZW @(741)2 Z5777 & ,157 =5,

Ak [T 00— 4 =06, c— .. _

sm+em+a%mw(%ﬂpfggﬁwmanwmq
Arovgs, Yhan o B = ypale A o e C

Swce

C——swﬁ“%/m&*/mo( with jeckive
— yvak ([ fvmk%-—rmkA




V¢ o

Thw 2,44

//«Haplnm Sieo)

)J,P f?’—P(h (’ le.—| QQM szz_—; _7)C 41’7)0

\/)P Mj f(/l/\n (SYV\‘()L?/)( of LM\-L@L//I \?@nw

@é@ wm mm\/ﬂo

| ot ?‘mg \(é,( A /CM(/LK)

'(2)44 = _,(/hfl d\,\*‘/ (L)OM&(WS)

L %h/BJL'I ( MOW«’)(O&I\//)

\A/& Wave QFQ S

O“"‘"’gm C——"""?Cn s Bn—é "—_ﬁD

/ZA,A/Q

A —

D—*@V,C—GZ,}——-%Hn———-?(Z

H&nz_e, yonk G.q:mmk a4+ r@\,,,k (20—

and_ yan K %ln, = YUk %Vl + ;fm,/;k Hm

fmmujlm\’\‘aﬂ [Val ﬂ\& Céuéfha%)m S ]VZS

S

(oployy Skep) Ler Co=Ha(X" x"™)x ZH¥ ™) = 7,

%(X) 2\4[’ Cpn = jy) (’\)n\mnk C.'m = 5,,4 (’On yank Ha

= 5'_'\/3 (’\)H WW"\ \/\w (Y)’___




/Vla%e/w~\/\61l-oﬁs Sequence.
v Y

ILM) gl X be o 'che gnd AReX sull, Mt

>(’< M‘l'(A) 4 \\M"(@) /n’léh 39 o gomj Extuct

Ha (An%} '—ﬂHn(A)@Hm(@) — Hu(X) —~
S | S

o Mot (A0B) =3 W (4) @ Hua(B) = Hoet (1) ™

0
e

> Ho (4nB) — Ho(4) OH(8) — Ha(x) —O

- /ow alsa with o msiead o Ho)
Ex ZUG ~opios (=52
) A=Dp® AcpxS
B=p*
0O ®)
o T
Hv (A”‘B) = HLV()@HQ/(E) s=pe HZ (SZ) N 15 &
Vi, &'ﬂm 2,05 3
5 Ky (4n8) —H (a) 0 M, (3) | sy i
bW ) i Tnjechive and
Z B 2 Q sur)ecHve.,

So H (AB)2H ()27 mohes W (52)2 2,

dl

Mw‘(' (j&m, =
D e e e S /l‘o gek et

Hu/lA an-')xL (\/I/\[)lle§ ‘H (S /) Zg



e C/EMVI&«EM% \/lbmemnﬂrohm’h SHA(X)% Ha- (zArf’B)

Con e  ymade éxlp)rc;'h —e

iHee, 4+ M

Lek Telehn(X), whew 2 6o oo n X (5’2:0),

I+ foms ot v Con wyile ?”xfm Loy %

a__ Chayw m A ond a olnm m 2

Cs

Nole D2 =0 = ’am) = dx=-dy.

<

We.  lnave Bzl = o] = T2 e¢Hu, (An m-

Al //////\ 7GR

T {:. 4, % bg;—-*? 62 (A“B)

75 (\\LJ \\\_\\y \ACC (3)

Me. Klen bote K 16 Me  wvpren of feo

Ex 24P

Mslins lopmds gl 4}0394'#2( aiﬁwj. the
boundary  ciplle,

A - A >No—\

— (A=)
—

Nolce, An ”wrmf twie" povnd Ale (el
circle e«ﬁ A (ar of @/7




/Vlat’:pm‘Vie/Mii 3';\@5 X LEC)

,,O

He (AoMe(8) — Mo (K) s

7L 'ff.ﬂl %-
Co W, (AB) —25 (e U.(g) Lo, («)
A R o)
— 40
S Ho (A”%)

e Y\Péxmh\ng 5ign in 1— (Z, JZ_) will__be.
@)(‘O{A\:V\Z& Jﬁ—j—ezf‘

D wjedkve =5 =0 (e Tmd=KaF=0) = H,(K]=0

Y

~basis §(,41),0,0)%

W (A) B H (B) Z oz’
W) E T Yo B = 292 9y 07,
A T A
\\Aﬂqc T 2RPLY |




Yer/ig

VeriLiglion Yok we. Wgve o Magee-\liodons LES

Woe have a SES of  cham C&Vniﬂié’y{s

L L L

> Co(AnB) —F— Co()@(a(8) ——(u(ptB) —> O

J l )

= CVl—l (A”B) /% CA—\(A’)(QC:H (E) ""’_Lﬂ——; Ch-l (,4 ﬁg) 2 O

J J J

Here Lp[%): (/)0,/%) aund (%M) — /)0+L4

Hore Co(A4B) % Ale swmn ol C, (><) Covsickiay of all
Sums _of  chans _in /Ar g,.mlk Cnmpng B 19,

Dy dof” g 5 sujeclve,

Ao (o njeckive,

\ya)(oc:\}//\ocffx,):/)é"z:O so Kov y € Tum fp,

/H% ,LmL( < Kep y SWee. u}f%w)'r) =) %f*fuz
= L ond o are chows i hnp <%'—ncfmf/+02ﬂ

= (g4 = (-2 = =p ().

e weNp _vecidled oxpetvesc

/D’N% §E§ of CfAr,m (Wléxz(é: nov/ 5{{1/(% 9. L}:S

‘ ot howolouy  Grwingg Lo o ™
‘ : J7 ] v /
| o U (An )-—~—9H,\( ) Ha(B) Vs AM%

i il

3 Y ' o+ slodacd

9 & 0 n oo




Qﬂ[b” Ae-m QY’B\O o (qM,C,lA( (‘g%) %m‘l‘ Sivice.

Xemb () vnk(B), He mhcw Ca(A+B) /—m,,/y)

1S A (J/mh \/l‘)m.)n‘o{)u Qa«uvﬁ/eﬂm & D’I(,[,Mc:\:!j/

Hm (A“(’Q) HM/X) \VZV\

Not— sle

“Thie gives e L ES | A ke
s U, (4oB) —— Ko (H@Ha(B) —Ha(X) >
;s # _/
i

—

e oo




Hom:;\ojqu with  coetlicieats
Yo fur, v e been dong hamalogy with T oolficients:

H., (X\-——H /X 773 This m\./{ bLe ao,na@l;;gﬂ £o

A

)/\D\A n’ﬁﬁ}/ H [)(} ()\) \A/{*f/% é C Mwh M/L‘Iérf/

& % any  alelia, Yroug,

¥

Collslir homoloyy of  the Klem  bote K it

6‘2 onik G 2,/27 b a}"ﬂv
bt T o
- N |
2-celis A-cells O-cells
Oy 7 i pE sy T

O othequise
o= Yu
2-c)l¢ . A —cells . D—cells
O— Z/z———f——>(7/7) ——— % —— O
T +2a, f?i '-——"—"“7"———_?8 e,

(07 ofteruse

Note He (K5 2/22) = H: (korws s Z/22)



J—-m Smaml&tr ]Aowmloq\/ \/\”’Hﬂ f/D&FfoLfﬂn')% ‘[/ CL!AM Ayoud s

1/ 4/1g

ColX) = Ca(X,2) £ 75t wmnct) (o ntliat ey
Cy\ (X 6\ = (‘C* é”‘?w\w i swpl\ces) i i

- ﬁCn(x G\H Cn—l(x (9) Lo Cnl(x é) -3 .

/ﬂﬂé bOV\/l%AYV) mnm%r Lot mle D ‘C_,,(X}é)-%(/m,-,(/\/;é/)

Yl mang \/\w/L/manl

o Zang 6*\ =5 0,20, uith D(E=Z-;O('DJ(\7,![vn,,-.,@,.,./vnj

ex@e'o% With - N, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>