Lechure ¥ 17 - Movem\ae- lld: 920273

M van V\O-Mpon %orem
—

Thm' stc X=UvV w/
© 'u,\/ = o pevt “"oaMA—conr\
® x.el NV
@ U.a\/ = ‘oa.'HA‘CoWVLee‘l'eJ

We have maps

("™

T (UAV, x.) > 7, (U, %)

() l

7T, (\/, %o )

"F\'DM M‘Lc iwo‘.u.sfms iu" ‘UJ\\/—*M, A l/(ﬂV ">V.
/,hevl TC!(XJX:;X = Ti, (.u.! X°) ¥'n;‘('url\j.‘ x‘,) TG, (.\/, Xow

Cor m(S”) =0 fe nm 2.

Proo)c: Le{’ qu = OPem n&'tjl\laoeroJ$ e'p ﬂofJ‘L.em/Suu%eﬂl- Luewu'&,ol\.eres,
Se UMV = Sn_‘ .
By von R.o.wpe,n, (s)y= O sy O =0 O

Lewma. - SPSC 3 % € XJ Yoe'\( st 3 ofeM.S U‘>Xol \/3>/° st

Xo is a deh retract of U amd ye 5 a deh retract of V.
Twen TC.(X"Y) = TCI(X) *nn(Y)



PfooF :

@ XV\/ < XVY is Iﬂ,orwo"'bf))/ e#u,«'u *‘—b X
UvY < - .

o let He 'V —V be e  debo redract ondo

Yo
‘Deﬁiwe, Ht X V—’X \/ ):n/
,f
Xuv J——Etx u'Vv —a> XvV
%] (>
X~V He

No-l-e, Ht = e¢bs  since gfoi:\-c = 9(-(1 U Ht) = cts
Bo=d, H= cohac o X, fule= 4
=> XYV debo retracts owl-o X,

Sim. u Y
@ UvV ¢ XvY s contdeactible .
& let He:'V

—>V/ Ge: U= be dhe dele redmets
Defive Fe: UV — UVU by

uuv 2oy R uev

u_v V Fe
AS allﬁueJ -Ft = C'Es

= _‘ﬁ_ , Fl = redract onto XoJ 'Ft’x, = jj.
=> UWvV debo retracts onh %o

® Vaum V\oumpw\) TE.(X\'\(> = 7T, (U.v\() *zr,(uvv) E‘(X"V\
= 70, () *o m (X)
= g0, (X ) m (Y}

Cor: TC!(VJ. S() =




Defu‘ A jra‘)k is oo |-dm L Cw °(°X w/ fnite # of vertices and eAjeS.

18 r'zjm_qu ) \/(T‘\ = H ver'kce,s/o—ce,us
E(M) = - e,cho,S/ | —cells

/Jlme Eu-l@f" C,\A-at‘a.c:lﬂ'i.f'l‘l'o o)( r\‘ S X(f") = V([") - E(.rd)

Defn: A S‘]oa.mwi:_j Jeee for T‘=Jm‘>h iS a su\ocom‘o[ex Heat s c,onv»c.c{-e&)

c,ovt'J'a.ivLS eoery veréexj aaml Is e —]v-ee,,

Lewmmao. Every c,ownec,"'eA jra[)\q a.ch-i"'S o .S‘)a,vw\-\"’lj '|~Pe,e,.

'Proo{"‘ Twdeet - Spre eery Jro,]oln w/ n e{jes admits o sloa,um'«:j Joee.

Let 1% have nel ecljes awd let e 0 be an e&ge,.
O fve = commected

=> Spamuning kee dor T-¢ is a spanmiag dree doc I
® T-e =100 w T= spauning teee for T

= TUT, Ve = spuming Hree o T o
Lemma " = comnected jr‘a.qu , KDY e 1w/ e,_?wa,{f'l'y sof (= 4ree.
Peoof Let T~ spauning ree of

V) - e(®) = VOOV -E(T) - E(M~T) = (- E(rT) 2 | g
Peop * (= comected grafh , @ (F) = Fu | where n= 1-Z(M
Peoof T = spawnmg dcee = E:_.ﬂ ‘

Soe °% (/T = V., S
> (N =F, w w=E(f-T)= - %) O



Lemma i H=6, 6= (SIRY  Gxwo = CSIRVAK

£ - - a
X * > > >
VL, S i
'---~} :// ! l’l---~1/,'
u= ‘°/¢ a___,';l‘-k, \/= ‘o/~|:////; Jbb) u,{\\/ = ‘o/»,";;.--gmb
Y/ N Z Y
(a- r

7T, (‘T") = TG (U') *W‘(unv) TG, (V) = {a“'.v\°> *7‘!.‘, (w (\\/) 0= <Q, b l a.\oa."!:-‘>

Tdea: [-cells give jeue,ro.-lnr-s . 2-cells give relations.
Thm 4 °  Let Y = space obtained fom X by atHachug 2-cells:
X= Space | Pu: 9D — X, Y= XUaDi/~
Let Yu: T > X st Yld=x, Yal)= Pulo),
Leb M= cbgeonp of (X, %) gowerabed L, | Yer P YT
= (X)) = 7 () s surj w/ Rec = W(H)
Se m(Y,x) = X, &), 0 = 75 (X %) /N(H)
Rem : © Tm L implies ot F KSIRT s o peseddation of T(X), deew
(S\ VR ERL I D presentation of = (Y).
©oTE X=X, X L n aidield clo-epx Heen o (X
a free Joup ol some # of 8wem-(-or%,T‘ﬂ-e 2 - cells give
relotions and defermine dhe presentotion for 71, (X°)
Ex' >
K = Klein botle = &Y T

K'= Ooe =5 7, (k) = <o, b
= 7z (R)= (o.J\,laLLa."L>



Ex: - .
X X = epx obtained from a‘l"]‘a.clm:j a 3\'/:7[& 2-cell do a circle = o ‘37 ¢ = ™
7, (X) = Calanh = zZ/n

Coc: For every 8f‘ou]° Cf) Iere s a 2- din'L C’,L;J—c.{x X
‘l,d/ 7T, (.X\ = C’--

Proo'F‘ Wele G = <S‘| R>‘

Seﬁ X': \/s-es S; M(J fa,t‘a.me,‘l'cri 28, S(S LV As.
-F°r ea—cl" r= Sf' S:‘ € K, a‘H‘ac,Iq a 2-:.6“ L)/ QP(‘ = o<.gs". R
2, e 4, m(X)<= (SIR> a



