
r(x) r(x) =En
ri- S

N ↑
x -> X

En+7

xx

z tub
r(x)=f(x) +t(x)(x - f(x))

zn =f(x) +t(xn)(xn-f(x))
⑰z =f(x) +t(x- f(x))
2 - f(x) =t(xn)(X- f()



4,(s,p) n =2

⑧
Claim? for a manifold M" with ns2

and a path of form some to somer,

ifg+M ad qFP, gtr ten

f is path homotopicto a path that does
notconten 9



U, open abouta

r and U is honorphic to RYC
of↑ V =M([23

f -(u)
(111] f(V)
W

f
+1

After amalgurations no subtered endant
sent toU. is q



9

I⑱
⑱

IR"(503
is path connected



Want If 4: X-Yis a hanotopy equivalese
The 41:4, (X, p) -> i, IT, 4(p) is a group 150 morphism

Spirit: Let t be a hountory inverse.

So YOU widx

**(d)
5404)(p) Fp in several,



Technical Leama:Suppose 4 and4:X-Y one homotopic

withhomotopy H, Fix paX and let hit) = HIp,t) (peX).

Then In:H,(Y,Y()) -> i, (T,4(p) satisfies

Ane 4, (4,Y(p)

4, IX,↳ ↓ En
4 i, (4,4(r))
F Y

Ixz



pf: Let f be a loop based atp,

We wish tosham 4*27]=InT).
This is equivalent to slowly

4of up 504.oh

or equinoatly

h. (4of) up (404)oh.

Conside
F(s,t) =H)f(s),t):



-]
Thathe (Hof) up (4of).b

is a consequence of

The Sauce Lanna,

I

Wi
k

hisup Koj



ThusIf 1: XRY is a homotoryequivale than

&x:4,(X,p) -> i,(i,4(p)) is a snap
Bomorphism,

pf:Itsuffices to show that Up is bijcative,

Let it be a homotopy inverse so 404-Idy.

Conside Gdx
-> +,(,0)

π,(X,p)
↓
En

St(X,4/4(p12)



Here (oY)A=404is a supisomorphism.

In particular, 4 is subjective (and his injectivel,

Mole 41:4, (Y, 4D>4,(X, 4(4(r))).
Consider

Idy i,(Y, 4(p))->
1, (Y, 4(p17

↓
Ex
- +(Y,4(4((p))))

By the same asement, (4otyis bijector
so 4A is injectives (1,4 (410)



Hace 4Ais bijective. But then, retors to

41.4 =(Idxly

Det
bisection.

D

↑
O-sime in a

Reformation retract



FEEdeforeArt equitattox


