







































































































Lectured
Plain

2 Finish
polyhedra

2 Preview
applications

Polyhed racont

Recall Nonredundant Facets

D inequality ai e bi redundant if p

unchanged when it's removed

I i aTx b pg
equalities

Inc P atx Cb



D Is i Fx e I 9 X C b 3
real inequalities

e.gr III It 1
X 3 C O I
X E

THEN

face aTx bi for ie Ie notfayet

ATX Ebi is redundant

ineramaneed ie Ic e.g X330 3 0

neither facets nor redundant



n E dund F is facetof P

F i E I e s.t F from a Tx bi

Tai

TAKE HOME in minimal description

of P need

ein indep setof equalities If

one inequality per facet Id

Prod Weonlyprove
Suppose ai x e b i

rotredundant

show l T f I



want to show corresp face ti facet

will do this by showing

dIimE Im9

dimffbdimcpj.IT
Is I sit

but E iius
a a ze.g i 4

f
3 I

4



Let Fi be face aiTx bi

Hx EP line segment x Xo

has unique yo E TT

e.g i 4
a

at

J i Ei
Xo

any point
xep contained in

aff Fi Xo

P E aff Fi Xo dim p
c dim Fi H



dim F dim p

Recall it IL

is point x EP with ATXCbi

Xc cant be in
aft Fi II

Rectarverlex

cone polytope
NYC Theorem

t
i



Let Vo vertex of P from

valid inequality ctx em

Let E be such that m E

for all other vertices v

Then

Po x Ep Ex m E

is a polytope is bijection

Po's din r faces

p din KH faces



p's din
Kil f

containing Vo

Corollary Graph
connected

Graphof vertices edges of

polyhedron P is always connected

Inparticulay if v't Max of It over P

Vo vertex Two v path which

doesn't decrease objective
I

o



Proof of corollary

suppose
u unique

Max of E X over P

Enough to show that

f vertices V of P

3 edge to vertex
V w

Ev s

by finiteness of A vertices
V i

TEI



Let Po be polytope

from last theorem

Let x be intersection

of Po and segment

joining V o V



i

note that Ivo C EX

Ey incr aloy segment Vo4Po

b c Po polytope

Po cow vertices of Po

a vertex w with

d Vo C CTX E CTW



w C
Vo

t

w Simplebntulprinciple
X d w w E d w L

vertices
of Po

ex E dwew
weighted
average

some CT w
3 CTX

By bijection
w is intersection



By bijection
W

of edge
e with Po

I

e must be bonded

ble CT y increases

a louse but objective
bounded on P



Thus ends at

some vertex V s

I V 7 EV o II

P
C

Recall if vertex Uo givenby
EX M

then

Po x Ep Ex
m E

for small E



Assume rank A hi else noverties

Po boarded

Exer a.se fQ
unbounded polyhedron

X C Q

Then Q contains ray from x

toy 0303



Q

Suppose Po
unbounded

Let Xo E Po

Po contains ray

Xo t dy
0303

for some y



as Po E X ot et y E Ct

use ray to construct
another minimizer V

contradicting uniqueness
i

V

Byclosedness
voto y 0303

to



but Ex constantalong it g

Thebijection
faceF 3Vo ofP

E e n

F n Po

every face Fo of Po
can be written this way

for some F of Pi



Let Fo nonempty face of Po
ai X bi i e I

CT x m EFo
a e b j it I

Let
a bi it I

Fo
af E b j ITI

remove middle equality

Fo is a face by facesthem

so just need
to show

V o E Fo



Recall that ro was

only vertex v with

EV Z M E

But Ex bounded
above out

reaches max m E at

vertex V of F j thus v Vo

Dimensions

will also imply 107
want to show

dimFo dimF I



Enough to show

F E aff Fou VB

dim Fo dimF l

dimto EdimF I be Fo Enplane

Fo FF

Casey c e Ex m

Po

r

If IX E m E segment x Vo

clearly hits to thus x E

aff CFo U Vol



i

Else X is in polyhedron

F F n x 1 Ex 3M E3

F is bounded for some reason
as Po

F connex hull of its
vertices

vertices of F
are all either

a on x m E or



I
b equal to Vo

b c they are vertices V

of F satisfying E V Z m E

Vo only such vertex

f e aan v Fou VB

E a f f Fo U Vos


