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Linear function f x CTX Io Ci Xi
Examples f x X c e
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Haltspace XERO aTx b

her Atki

R a Xi taek b



Polytope intersection of haltspaces

Hfffffff.LIfY1fq

LP Optimize linear function over polytope

AME A

akid aix bi for all ie n



Much more powerful Max CTX
AX b

Min CTX OK
Max CTX gives same answer

atx b Ok

add constrant TX b

atx b OK
add two constraints TX b

a'x b

min CT X OK if CE R

z Y
add constants Yi Xi pie

Y Xi

new objective Max cty

Intuition okto mn A notok



LPapplicationsfpartVI.secton4LI
Every LP has an equivalent did
Asymmetric form

Max CTX Min bty
YEREO

AYEb AY C

primal oval

Symmetric form

Max CTX Min bty
YEREO

A
50 AYE

primal oval

Exercise rewrite symmetric as asymmetric

check dual is consistent



Example Resource allocation d products

Max c'x
A 150 n materials

b materials avalable
recipe

C market priceper product unit for product

amountofeach product

Ax E A X b IPrimald

Min by DoIf
YEREO

AYE
offered price per materialwit

Aty EaAig Yi 2C
don't sellunless
bests market price



Interpretation of duality packing covering p

Max C X Min bty
YEREO

A 150 AYE

Competitor Can't beat the market if we do our best

Example Zero sum games

Payoff matrix

0 1 1

A 1 0 1 Aliceaction

4 1 0

THE
H actions ii Ecn x O Alicewins Ais

Bob wins Ai



What if random strategies

Version 0 independent

Alicepicks Y E R O In Yi
Bob picks Rozo Ego X's I

Expected Σ Ai X Yi Y Ax
score AY

Ax Ecosaists

Version 1 Bob favored can pick after y

Score Max min

YER jeco ATy
EY 1

The
lowest storingmove



Version 2 Alice favored can pickafter x

Score min max Ax
XERI IECn
EY I

LP duality Version score Version 2 score

basicversion of Nash equilibrium

Example maxflow mincut

AERV edge e ab column

1 1 1 1 0 0 0 0

2 81
0 1 1 0 0 2

1 00886 1 t 1.4s 00 1 100 1
112 1113 lis 215 312 1314 3,5

incidence matrix



Observation

Ax Exams E
2X v netflow v

Hence maxflow LP is

max Ax where U V 1st
XERO
E

CADE0

Dual LP is Interpretation

Z indicates whether
min
YEREZERV

TY vertices belong to mincut

Ye I if crosses cut
751 27 0

Ye ZuZu te lunet 0 else
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Weak duality easier Let

XE REO Ax b primal feasible

Y e REO Aty C dual feasible

Ax b EY AN Eilibi
TAX by

Aty C To AT Eps
YAX CTX

Here we have max Ex min bty
A 80 A4 10



For strong duality asymmetric form easier

let be optimal for max Ex
Axb

Claim Σ Yidi YE 20

Farkal lemma IEI

where I een Ax bi

Thins

ft

c

Aaron



If we believe Farkas lemma

let c Ea Yai where Yi

at bi for it I tight

Then by bit

E Ax 4

E CAx 4

A
t a


