
Convex Polygon
C E 1122 is convex if t x y c C segment xyEC

F
C is polygon if connected

boundary is finite of line segments

to
Covet Polygon Convex and polygon

X Xk are corner of a strictly convex

polygon if
segments i Xiu Cxc Xel enclose a

convex polygon
and all angles 1800

equiv for every edge fi xiu and

L the line through xiard Xiu

all others on one side of l l IIFIHIT ty
Xs



f Vie is planar if F Z V 1122

Sit line segments zCayzT b ee do not intersect

G is k connected if f Cu s is connected

for all 151 Lk

If consider IR z z Cable E

obtain regions called Faces borderedby edges

and vertices

3 con planar Faces are determined

are polygons

and are simple cycles in G

every edge on two faces

Henceforth G 3 con Planar



Edge contractions if b on edge

replace a b with valet ab

and edges Cabs c for all Cah EE and Cbcc EE

Planar planar after contract

Minar contract and remove edges

G planar iff Ks cud k 3,3 Are not minors

Tate let B be vertices or a face

let z mop B to corner of a comet polyson

every vertex not in B is average of

neighbor
This embedding is planar If drow edges

as straight lines every face is a strictly
convex polygon

Need to rule out zcakzag later



Claim it a f B lie strictly
Eliminate all vertices not in Bula

Now find 2Ca is an average of
2 b for b C B
3 connected a has 3 neighbors in B

so strictly covet strictly inside

If L is a line through 2Ca

Ard 3 b a set 2 b on one side of l

then is Cna set 2Cc is on other side

Oa
I e

lent let It be a halfspace all points or a line

and one side of it let S a Hal C HI

Then C s is connected

proof Let H 2 n Ez z µ and let

a arguanax ttt Cal



H

f
f

a

For any b C S can find path to a that stays

in S In fact tTzCc nor decreasing or

path
If c has neighbor increasy E go to that

otherwise consider any path to a

It must have a fist verlet with a neighbor

not on line and by Cain 2 a nbr above it

6 2 No vertex is collhear with all its neighbors

pint let l go through a let St and S

be above and below L

Assume Duroc a II odors of a on line

Let A reachable from 9 with all abrs in l
at A



Let W abrs of A or l but not in A

3 connected ul 23

ST
D

W wz A 63
s

contracting St s A gives a K3,3 minor

em 3

Let b be a edge or faces with
valet sets f t F

Let St c Ft Saeb and s E F Saeb

and let P be a path from St to s

that does not contain a ar b

Then every path from a lot is Caib

or intersects P

proof in a planar drowns

it
a

s
Separates a from b



then let b be any non boundary edge

let l be a line thresh 2Cal ad 2Cbl

aid let Ft and F be fhe faces with i b

The all vertices of Ft and F lie on

opposite sides of l and none lie are

at
t

4
S

proot Assume Duroc is a valet STEF

aid S C F both or or below

As halfspace below line is connected is

a path P from st to 5 strictly below line

By daim 2 a aid to have neighbors at

ard bt above the line

So is a path above the line from
a 1 to 1st

So a at Pt Ist b connects a t b

is not Laib act does not cutesect P

Contradicts Lem 3



All faces are strictly convex polygons


