




















































































a t

L ieis W contractible

reduceto emptywalk
via spike fare moves

I
AE

532

A 2 TIC system of loops
I vertex I face
5 edgesi

W ve

z























































































O

1111 Universal core is coveringspace

IT É E pregecifence

t degrees

I is coveringspace of 2

Uni ogler I is unique simply ionnected

covering space

E.am iEIII
iff

W is a closed walk in É

Homotopy lifting theorem























































































Everynontrivial closed walk
D

y yin I has either a spike
or 2g Z nonsecutiveedges

on the boundary of a face O

H
Contractibility test
Repeat

if spike remove it
else face move thru same face

with 32g 2 can see edges in W

until stuck
If we return T else F

iterations Ole g Old

sea
mess

É
match againstOlg strings DEI time
Overall running time 0 ntggl

ftp.I fma
t

at is boundary of a disfin I























































































Combinatorial Gauss Bonnet F Exa X

K F L Ey Le KN THE
L Edges Eula
Icsid

laid
Klf 1 4.29 1 52 10

KC I g 425 1 9220 if u interior

KC 34 E if u bdry
L if v is convex qyconvex
to otherwise

EIC I 34 convex vertices

IFI G E IEEE Witt CEO 21
GOD

10 1 25 4 171101
some fare contributes 2

3,9 9
I

111 29 2 ones

of

D























































































system of quads
Q 1

Equals























































































2 G

IZ Ly x IZKIY
t

x 1 2 y 1 X1 Rt y z

O ntl time

Lazarus Rivard 12
E Whittlesey 13









































































