
 

21811
Before two player games mixed Nash

Next couple weeks other kinds of game
other kinds of equilibria

start by zooming in some game where pure Nash

always exist can he found by natural algorithm

Also very natural games

Atomic Routing Lames

Directed graph G V E

edge cost function cel IN IR for each eet

K players

each player it le has source sink pair si th e UV

Player i has strategy set fi Sisti paths in G

g S let x Sk

Let f Pi Pa Pa es be a strategy profile flow

Let Fe I ieck eep flow thrash e

C f E cette cast to player i
eef



Ex

2 Strategies

t

I hop path
2 hop path

Everyone uses 1 hop path

c it

13 1

pure Nash

Everyone uses 2 hop path

If deviate
a 3 a 3
a 3 a 3

a L a L
Cy 2 Cy 2



Thy Every atomic rating game has a pure Nash equilibria

PI Define a potential function I STIR

Let f hi Pa Pk

Icf
e É Celi

Note Not É lilt É pileffel Eetececte

Suppose player i deviates to Pi

f Pun Pin fi Pity Pa

Change to player i's cast

4 f in Ep ed É cette

ftp.tecfetlltfnnpfelfellfefinpilteltefeip

zfpnktn E.nl

Change to potential



ICI Ict E É cel 1 É Cecil

Éiceli Ficci

tefpin.tkethfpipitet
change in potential

change in cat to player who deviates

Let fear Io f flow with smallest potential

Sps player i deviates to f to get f

ilf Ci f ICF Ict 20

T
t has min potential

pure Nash



Potentiating
Consider arbitrary one shot simultaneous more game

K players k

Strategies I for it Ck 5 1 thx x Sk

Costs Ci silk for each itch

this is a potential game if I I AIR at

Ils i s Ics C si si City

for all ieCk les si Es

atomic rating games are potential game

The Every potential game has a pure Nash equilibria

PI Already did it

Let s Yg Ici

S Nash

Natural Algorithm Best response dynamics

while s not a Pne

pick arbitrary player i and arbitrary beneficial
deviations

let s s i s



If BRD halts at a Pnf But might not halt even

if A PNE

Thin In a potential game BRI always halts lat a Pne

E
Every iteration deviation beneficial to deviate

deviate's cast decreases

potential decreases

eve t ally halts since S finite

Hierachyuf.tt
Our world as of now

always exist might he had
to find

might not exist
sometimes can find



Q Are there equilibria that always exist and

can be found efficiently

Q what if we only allow simple natural

algorithms

Yes

Correlatedequilitifialuats exist can he counted

with somewhat simple algorithms

CorseCarrelatedEgilitrifi always exist quite simple alg ith

Important these definitions of equilibria predate
algorithmic questions



EI Street intersection game

mIiit

go

Nash 1,41 his

Seems unfair

Would like Ya z probabilities of stopgo

for each player

Not a Nash Prlgo go I

Really want Pitstop go freya stop z

Add stoplight

If we've told to stop know other player told to go

don't want to deviate

If we're told to go know other player
told to stop

don't want to deviate



Cost minimization game

K players k

Strategy set Si for each player it Ck

S S xkx x Sk

cast f acting c Salk for each ieck

write def of Nash again but slightly differently

Def Let O be a distribution over S tieck

Let o o tout xox be the product distribution

over S induced by players distributing

Then o is a nixed Nash equilibrium if

E c s E f Ce S i s Wieck ties
gro s o

Def Let o be a distribution over S fix x.mx Sic

Then o is a correlated equilibrium if

stole s si E E Le s i s si
s o

tieck A sissies



One classical interpretation change how game is played

Trusted third party U o public

U samples s o keeps it secret

U privately tells s to player i

Each player i decides whether to play s or to

deviate to some other strategy

E c s si E E c s i s si

In
what i gets in expectationwhat i gets in expectation

by deviating to s
by playing si that it

was told by U

Note Every Nash is a correlated equilibrium if o

product distribution conditioning changes nothing



Coarselorrelatedfqilibrifi

Def Let o be a distribution over S Exkx x Sk

Then o is a coarse correlated equilibrium if

ECC s E E c s i s Dieck Ksies
s o s o

Interpretation have to decide whether to deviate

before being told s

Exercise at home If o a CE then o a Ccf

Intuition if an incentive to deviate no matter what

you're told to do then no incentive to deviate

even if not told what to do

There can be Cf's that are not Cf


