


Solution concept / strategies
* a formal rule for predicting how a game

be played

Rare-6 Optimally

can a game have more than one Pareto optimal → Yes

every game
must have at least one pareto optimal

43J : zero sum game &, 44-4-51 outcome ¥n§¥_ pareto optimal

Nash Equilibrium

Best Response : BRI ca - i ) :{ a :* c- A H ai ca:*
,
a;) zuicai.a-ijtaic-A.is

↳ IF,¥ -24¥ - at

Nash Equilibrium : Hi c- N : ai c- BR : Ca -i

↳ ET 'T agenetth-KTE.AE:9?-=ix-f-x-t'-gq-9beseres30nse

A game can have more than one Rs Nash 2- ~

Mixed Strategy Nash Equilibrium :

How to find :

2W wt iz Col Flay - 2W ¥ 7 , Pa play wt ¥1 - g

LW 2,1
0.0 ¥ 2 , ¥ 2W#a WL indifferent

WL 0.0 I > 2 22 to CI - 2) = 02 + t.cl
-f)

27 = 1 -p

p = 's

i. ¥24M :}, 9 CWLJ = }-
,
¥ mixed strategy nash

É¥F¥¥ tow player hit }

Theorem : Every game
with a finite number of players and actions has at least

one hash equilibrium



Expected Utility in mixed strategy

⇐ µ
Sj Ca;) ) Wicca)Uics = Iaea " Cats] uica;) = £ CTI

AEA

¥:p'¥-&iE , Kit tf, ¥-1 - T cell hit 9 , E- Teeth * Uicceil ) ,
#t.pt#-Z&

-5 's

LEI : Ballet Fight For Hagen

£ Ballet 1,2 0,0 {-3×-5×1} -151×51×0 1- 52×52×0-1
I ↳✗=-3 ✗ 2

-32 Fight 0,0 2 , ,
cell 20.0]

Maximin Strategy
The moaxmin strategy for player i is argmaxsi mins; Ui

Csi
, Si )

Maximin value : maxsi mins; U
Csi , s - i)

KEY :#¥1K . gti¥= ¥ Sixty fifth player -¥txf£E # +43 I utility ¥-24K. It'FfÉa☐-f. ¥
'

Eh¥ - T Max £58k min BARFED

Min Max Strategy
The minimax strategy for player i against player - i is argminsimaxs-iU-icsi.si)

player - i 's minimax value is mins; Maxs; U-icsi.si)

+¥a_¥&iEu . Its '¥.ÉH%jgt agent 4-1.114.is?---b-FtEltit-utktiJHh-#-iT---.--I--.=4-EHT=tei.TK?tga--FEFIy-jftEstiIGM-?TIxt-hiutility at#E-

Min Max Fi Maximin makes lots of sense in zero sum game .

Theorem : In any
finite

,
two player ,

Zero-sum game , in any Nash

equilibrium ,
each player receives a payoff that is equal to

both his maximin Vavlue and his minimax value

G called
"

value of the game
"

Dominant Strategy

For player i , let si , si
' be two strategies of player ,

,
5-i be the

set of all strategy profile for the rema inning players -

Strictly dominated : Ui Csi
,
5- is > Ui Csi '

,
S - ij It S - i

weakly dominated : Ui Csi
,
5- i ) z Ui Csi '

,
S - ij It S - i

and for at least one s- i : Ui Csi , S - i ] >
di Csi '

,
S - i)

very weakly dominated Ui Csi
,
5- i ) 7- Ui Csi '

,
S - ij It S - i

dominate any other strategiesi. Dominant strategy : a strategy that



Max Min Ui Cui , Sy
Adore On Max min

Vic? 52€52

A B

Example game : p A 2 , -2 -3.3

d-2) B 0,0 1 , -1

U
,
[ Player 2= A) = 27 to - (1-2) = 23

V1 ( Hayer 2=13 ) = -33 -1 ICI- 2) =
-42+1

4
✗

: . xfj-dayerl.4-Q.tk#-Ei.5tEFtExt-FI9FJ II. E. JKIEO
£kf¥IF¥"§-9k€

Maximin

i. EL Haye.fi#.E-i?--*-tteHIK=A--ZGit-fI4=
.

¥15.3k-t¥£¥f3¥. -8£I aa÷⇒_÷¥
.
# ☒ + u*-¥¥ .



Dominant strategy

Flink -4¥ EDIE Fath , ¥ -T strategy 5T¥ dominated ☒f. EI-FYIEE.EE# equilibrium ¥

=
. t¥Et¥£I⑦ FE dominated strategy 2¥ iHft¥4%¥¥FH 474¥ nash ~

iterated removal of dominated strategy

0,0

L C

÷U 3,3 0¥ ✗M 1,3
' ' '

D 0s 3
41 0.0

Rationaliseability
* - T player rationalizebleat if

±£Te play best response to

anotheyalayeh-t.isanother player AGRI Its AGEE II.I -1¥
LAG belief

correlated Equilibrium
§ co

' I
halt game : j LW wt

row
LW 2 , I o , O

gl UL
0,0 1 , 2

i. EU Crow ) : -3 . -5 . 2 + d- . § . p = ¥ = }-

EGG'iÉ¥ : ¥ - T correlating device
, % Fit ¥47 row 4-a column player 1%-7%14+14154

A- IT device #B-H- ¥445K : {Cub = 2 Ctu) = O - J

t
Leggatt EU crows = 1.5 ¥Et¥_É→=¥pgt£qÉE±

Correlated Equilibrium : device : CV, I , 6)

✓ : random variables
,
D is restorative domain C respect to each agent

Ti : distribution over ✓

8 : Di → Ai (¥24 i ¥e-E. 25144+14)

Equilibrium : ¥,
Tlcd) Uic 8, Cd. ] , - - . Gn Cdn ) ) 7- DIE,

Tich Uicticdi ], - - . 8in Cdn ) )

V6



Theorem : For every Hash equilibrium 8*1 there exists a corresponding correlated

equilibrium 8

* Not every correlated equilibrium is equivalent to hash e~

Combination of CE :

1.FH-4ut-KNEFL-4.sc/XEAs-i?----cEj2.-F-trTrandom variable ¥Ekf¥ - T CE

c
-

.



Normal Form Game

Formalization : CN . A.W)

N : set of Agents

A : A , , . . . .
An

,

action sets for each player

U : u , - . .
.
Uh

,

U : A → # , utility function

Agents make decision simultaneously

Example : players General - sum . Fit -9249£ F- ¥qj- F-Taff?E
A B 4-

A -1 . - I -3,0 ↳ cooperation I¥Ei'¥ -5£
player a

B o . -3 -2 ,
-2

Players zero-sum
.

player has opposed interest in

A B
anything

A -1 . I 3
,
-3

player a

B o ,
O -2 , 2



perfect Information Extensive Form Game

Formalization : G : CN . A , H ,
Z , X , P , 8. W)

* µ : set of players
* A .

. Single set of Action
* +1 : set of non terminal choice nodes

* 2- : set of terminal choice nodes

* ✗ : H → 2A action function
,
-1 non terminal node & , ¥+1k, action available

↳ 2A
,

- 'T action might be on might not be exist in a non terminal node

* P : H → N ,
the player function , which player 's turn

* 8 : H ✗ A → HUZ . successor function
,

'¥2371k ¥ -T=Hi¥& , TAKI-4=-4 Eth# If -1--4 node

* U: CU, , . . . .
Mn) profile of utility function

↳ Mi = 2- → R for each player iz

43-1 : Quite strategy :

•

"

Cross product between {all actions} available in

A/ \B each choice node
2 2

q ✗ Ch)
E/

HEH

YY o••

3,8 8.3
£ " 4¥ 43-14*2 : xfj player y :

2,10 10 chit : { A ,
B }

✗ cha ) : { G.tl}
pure strategy Equilibrium Pure strategies : { AG , AH ,

BET , BH}

to

Mixed strategy : Distribution over here strategies

solve by backward induction ; ¥i¥¥⇒ normal form

(3) 8)

A/ \B
2 3 ,
?

"

¥2 ( 2,103

744 -4¥⑧ r
C2, j

④ 8.3
"- 4¥
④ 1,0



Induced Normal Form

* group pure strategies together
* Each pair of 2s identify a terminal node

•

'
2s for d :{ A G. AH , BG .

BH }
A/ \B 2s for 2 :{ c Es CF , DE . DE }

20$
2

YID EN* • Normal form :

CE CF DE DF
3,8 8.3

"s

ACT 3,8 3.8 8,3 8- 3
2) 10

1,0

alayern AH 3.8 38 g. 3
8.3

BG 5. J 2,10 5.5 2,110

11331-1 5,5 1,0 JIJ 1,0

ISnbgame Nash Equilibria
✓

* Use the same game : pure strategy Equilibria : BH , CE

AH , CF
AG , CF

2ft BH , CE

q

,
* ¥4 Equilibria D-¥

, ¥ I get +0k¥ 24 choice node #f. I Ek H

but why ?
A/ \B ↳ player 1 threat player 2 that it will choose It

F-2 2
-

↳ Non credible
, A- 4- player I F-E.LEIF H

TID EN* •

3,8 8.3
° " 4¥ Subsume Nash Ev are 2- ~ with no non- credible

2) 10
1,0

Sub game
"
I Iti ¥2 subtree ?E - IGHT

Subgame perfect equilibrium is : ¥-4 equilibrium # ☐At -4 subgame & _t¥=
equilibrium a-f. EP 4- Sub game perfect

•

•

A/ \B Example : AG , CF

2µg
2

443 EN * 14-17 backward -4¥ ## At equilibrate?← subgame

3,8 g ,
5,5

⑧
•

perfect

2) 10
1,0



Imperfect information Extensive Form Game

Formalization : G : CN ,
A
,
H
,
Z
, X , A. 8 ,

U
. I )

* µ : set of players
* A .

. Single set of Action
* +1 : set of non terminal choice nodes

* 2- : set of terminal choice nodes

* ✗ : H → 2A action function
,
-1 non terminal node & , ¥+1k, action available

↳ 2A
,

- 'T action might be on might not be exist in a non terminal node

* P : H → N ,
the player function , which player 's turn

* 8 : H ✗ A → HUZ . successor function
,

'¥2371k ¥ - 9- =Hi¥& , TAKI-45-4 2h44 AM. -1--4 node

* U: CU, , . . . .
Mn) profile of utility function

↳ Mi = 2- → R for each player iz

* I = CI.
,
.
. . .

.
In )

↳ Ii = CIi.ir . . . . II.ki ) off agent i , teth Ii ;¥ - T AFF agent :

Hf choice node tht -T partition

( II. xfj agent : , -I_¥.BA partition E.¥ -T partition # ¥-15T - 7h
,

¥¥

h }it%¥ : A Ch) - £4 , ✗ Ch) -_ ✗ Ch
'

)
✓

EGG ZEE III he, -142 -T partition # A- f- , player III. E- tell]

☒ ¥. -41-1+-4=131*511-1--714 , Is h.li?----HayeLF4-E-Eigh-.If5z.ti-tErh.4-sh'Ek--- FAT

Information see &, I 111=1

pure strategy :

"H "

µ••
" "" ""

✗" " " >

cross { roduct for { action available } in each information

Cl > 1)
set

✗ ( I , , , I = 2. Rhat.
✗ CI , , 2) = I , t¥;y• i. Pure strategy : Ll

,
Lt .
II.Rr

[0,0 ) ( 234 ) ( 2,4 (0/0)

Mixed strategy :
distribution of pure strategy ,

¥=IÉ¥I.AZ?----.f+- mixed

strategy off KIEF, ¥2k-8=+3 -725£ . 7-HE stick

with E.T GBehavioural strategy

bi making from an agent 's information set

↳ distribution over actions in that info see

Hal :
-

f- 1.* : action : d.t

bi CI , , 2) : [
O - J : d

,
O - J : y ]



Behavioural Strategy Vs Mixed Strategy

Examine : Ms : [0.6 : Ll ,
0.4 : * l]

B :S : [ 0.6 :L ,
0-4:*] → I.

, ,

*
•

ci , y [ 0.5 : l , 0 -J : t] → I , , ,

Equivalent between Ahs and Bs%;y• Kuhn 's Theorem: Equivalent if induce same distribution over outcome

[0,0 ) (2)4) ( 2,4 C. 0,0)
Bs → Ms : ¢33S :[ 0.6 :L ,

o -47K ] → I.
, ,

[ o.si : l , 0 -J : t] → I , , ,

Important for computation { It

0.3 : Ll
,

0.3 :D
,

0.2 : Rl
,

0.2:# t

Ms → BS : ✓ 0.3 : Ll
,

0.3 :D
,

0.2 : Rl
,

0.2 :# t

Normal Form of Imperfect information ~
÷gfi¥=fE pure strategy Exit , ¥fñt&<¥¥ → Any pair of pure strategies identity a Terminal node

A
,

Blist :
Ll 0,0 2,4¥.¥*

clay Lt 2,4 0,0

→ ☒ l 1,1 lil

§•µy• * t in c. I

[0,0 ) (2)4) ( 2,4 (0/0)

Making between Games

* perfect information → Imperfect information

EA-I.EE?sftsh-HFh-.tEizfI-TA&.EGg information set#

* Any normal form game → Imperfect information

I'¥☒KÉ¥¥¥
,
7. E-%af-EKF-attt-a.si/-7&-9EY information set 'zÉHt .

Such that #Itil# Hak?q¥> EEE

KAY . i. e. 1T¥
> It:-p ¥234114 Kf=utg ,

YY
c d 2••I

C -1 , -1 -4,0
⇒ Hd Hd

D o .

-4 -3 , -3 -1 , -1 -4,0 0 . -4 -3 . -3



{esfect Recall

Never lose information
↳ Player LAKH. T.ir#z.T.iEiEHi2iEiI . tt÷¥☒H . F-¥-8 . Path ;¥ - ¥¥*- that ciI¥t¥I§£t÷¥.

I ti] E 'T h )

For any 2 h → Ch , h's in a information see

Zach to h: ho
,
ao ,

hi
,
a , - . - . hn ,

h

path to h
'
: h

'

o . a'o , h
'

, ,
a
'
, - . - .

h'm
, h

'

① him

② hi
, hi c- I

' CI.IR?=--tts9-h-haHEtgJ- information set such that ⑦E:±a¥¥☒g ,

③ Aj = as
' CES.TK?---IttAaction--aIE&BxE-%)

43ft for perfect Recall :

•
•

a

%•µ§
→
↳ this case . I , , Ega:#we

• • • •

-1 . -1 -4,0 0 ,
-4 -3 , -3

Imperfect Recall :

player don't remember

① ↳ in a sense that 3%-42=-1 F-☒ sequence Fff H E- ¥¥¥ -1T info see

g- -1

IÉ¥¥.EE/I3I-EfG9
¥¥¥

.
# the
:¥¥*

, z£*, ,
①•µ •

"

tell

Mr
"

÷÷
.
""

"¥.

d-

①

42¥ 17¥04 , Fu:-&, b- BS : I -5 :L ,
.sk] 'É¥f¥Ét Ms

-

: I"I ftp.y?sIaL,R ,
¥1s Nis :¥E dis)

i. LR =/ Bs

Kuhn Theorem : In a game of perfect recall
, interchangeable in a sense

any Ms →

← any Bs

that the outcome distributions are the same



Repeated Games

→ A game play for more than one times

I
> can be any form, mostly NF

↳ called stagegame

* Finitely Repeated Game

C D C D

Example : C -1 , -1 -4,0
⇒ c -1 , -1 -4,0

D o ,
-4 -3 , -3 D o ,

-4 -3 , -3

1. ¥-4 gamest , Hayer I.ÉÉE K- T player # player 41-14 , 1¥ :-#
- T game 4¥# 3 , # ¥ - T

game -2¥, , player E.¥2 ÉE

2 , payoff Is £¥F¥IE-f-IEKM-zayoffi.EE
might be a better representation

stationary strategy : ¥12T -4 stage game ¥4 # same strategy



Infinitely Repeated Games

→ i-z-i.EE#FEEg-

☒¥ ;¥E¥'¥¥z ,
G-KH - ¥-44k ¥2T#hit -4¥ . %¥÷¥&qx

Pay off :

Average Reward :

Given an infinite sequence of payoff ,
ri
,
ri

,
- -

-. t?

I ;=Y tic:)
Iim

K→w-k

Future Discounted reward : sum of the payoff in the immediate stage game

1- sum of futureveuards- C. discounted by a constant factor]

Given an infinite sequence of payoff ,
ri
,
ri

,
- -

-. t?

ri
'
+ Bar ,? -1 Bar? + .

.
. . = a BJH.is)£

-5-1
I> discounted factor

stop : 1- $ , intuition .
¥ 1- BK-4-GM-it.fi?a

.
Pay off 0

Intuition 1 : agent cares about current reward more than future reward

Intuition 2 : agent also cares about future reward

here strategy : a choice of an action in each staged game → A

Fun Strategy : Tit-for-tat : Coop → defect once → Coop
defect → a

Trigger = Coop →
T

if opponent defect

Nash equilibria ¥-2. zossible.FI#-tiJTi-s--f-bEjtIequibrium&FH- reach tag payoff



Folk 's Theorem

Intuition : Is -1 infinite game -4 with average reward
. ¥4T ¥ - T single game#I

v1- reach -4+1%4 pair ¥⇒tFH. -7¥ infinite game -4k¥ reach -81

✗IET pair , 'E=T r . 14K¥enforc-eabksI-feasi-betxhtgstit.tt?n..#*Ait
to

enforceable : ti¥-ÉmY÷zÉ¥¥.¥¥
.

¥¥H9. agent t ☒Et

t HE# xf i III.¥15k -44972=1
,

iK%IiGt best response

intuition '¥
.
player i. IF¥-844k, to ✓ i¥9EG. -9¥'¥ , 1¥# -3=1%2 EYE 44=1%-4 if i *_

TEGART # It ,
what's left Egpi ;¥ up to player i 3

Feasible : ¥¥i.GG?-i---TrI--TiEFHIA-9.,E.kiIx ?
I ;=F tic:)

FEEL, ,
Average award ¥-4.> 4£ EIGA :

¥;z,= →
E¥h⇐iEu

,
observe :

1 , 0 , I
,
0
,

d as sequence

: Average award -4B¥ -J¥-É¥ÉEb ofoiayotts
i. Average reward = 3lgt2taftp¥xEÉF_ 7.

:
. ¥+11 -4- + ¥-72589 , ix. %¥=¥ * FvtÉ¥¥f - T stage gametilttiafx-417

:#F- T desired r , ix.%¥ exist As
,
such that

ri = I
aeA

✗ a Uicaj

and E- A ✗ a = A

halt : staged game :

player 2 I 1- = 0 for player •

P Np ✗ coos = 1 ,
All other ✗ are A

F- -2.0 3, -2 i. Iaea ✗a = 1 and ti = I
c- Ada Uicaplayer I

1- -2s - I 0,0

7.Et y , cab be feasible and enforceable
,

them r is the pay off profile for some Nash

equilibrium of the infinitely repeated G with average rewards

{roof , I agents ¥1 play such that teh:7ÉsK¥¥Ir , 4b¥ play HI-FI, Filthy agent# -¥z%¥j4⑦



Bayesian Games

Formalization :

① Bayesian Game C N , G , P , I , £Kf¥I
,
information see-4517T¥

Game

N : agents

G : set of Games
2 : TICG ) → probability distribution among games

I : CI
, , .

. . . In ) , partitions of G-

player I
F-2 , I

F-2,2

TIni

p = 0-3 3=0-1"" ÷:÷÷÷¥i::÷÷±÷II. 2

② Bayesian Game CN , A , -0 ,
2, a)

N : Agents
A '

- CHI
, . . . ,

An ) actions pet agent

D- : (0-1 , - -
- - -0ns types pet agents

2 : D- → [0 , a ] prior over types

u : CU, , - - - - Un) .

↳ ui : A ✗ D- → R

T
-'T agent ↳9- type + action 2*1284*428 utility

1.7K¥ ,

'¥-1-8 definition 2 EPIX ① & ?⇒¥i¥-FE I¥☒M= -0

Assumtion : All possible games have the same {number of agents
strategy space for each agene

,
only differ in

their payoff



Example : ① CA, : 20% Oats : 80%
0

D- au = 50% -0 v2 : 50%

Strategy

pure strategy : Oi → Ai

¥ - T agent i sit

O-itxh.at/iI..A--fta9-.X.&--#KJEtg4-a.f
.
Pure strategy for CA :

T when CAA
, F when CAZ

F when CA , ,
F when CAL

F- when can
,
T when CAZ

T when CA , ,
T when CAL

SIDS DS , DS DS .
S SS

TF

i. ⑦ Fut induce -Tnormal form FF ¥ &H¥¥Ah-HI¥± ex- ante utility
TT

TT

Ahixed strategy : D- i → TICA :)
,

Ss Cag 10 ;)
given -0 i for agent , its probably for choosing Ai

FAI : SC Td Citi ) : 50%
,

SC F1 CA . )= 50%
→

.

'

. Condition on type of the model

Behavioural strategy : So if we can formalize Bayesian in EF :

Behavioural strategy is still

the distribution over action at each info set

⇒

t t.lt

jÉ¥÷¥, I:# hot dash line → information see



Example : ① CA, : 20% ① CAs : 80%
0

D- au = 50% -0 v2 : 50%

Excepted Utility

* Excepted utility .
2¥44. ;¥ erected , ☒AFAN'T F- 1=7%-9 probability &£f¥¥ payoff -1

Ex- ante C The agent knows nothing about anyone 's
actual type)

210 ;) Evi Csp -0 :) = ¥0210 ) -2 CTI Sica; I -0;) ) Uicqoj
Evi Cs) = I AEA JEN

Qi c- -0 i
For all 0

¥⇒¥-&iE,¥Y☒o¥_kÉ¥j¥t¥If game ,# E. A-TT gamest expected utility
For example , Let pure strategy it 1=-1

,
SDS , #g¥¥ CATH Ex- ante

i. Ex - ante = ÑOATT . UCA (CIS ) , ①⇒µ ,) 1- - - - -

l remaining game( 0.2×0 - J ✗ 5

> mixed strategy GAZE , F-☒Z£iE4É¥ 't -01^89-2robability, ¥32171T game %7EUZ7Ñ

Ex - interim C The agent knows hsiye ,

not other)

p ( O -il Oi ) -2 (¥, s;Ca; 10 ;) ) Uica ,
-0-i. Oi)

EU ; CSI Oi) =
c- oi ✗c-A

1¥#I'I¥EÉ¥¥a¥. .
' "

I-9 type

i. ¥ÉI4É Game Ask ☒FEE
.

£8 -01,2 =3 COD ✗ 310--3 7£47 (0-210-1) .t.it#AfEuFIX5--f:Pure strategy FT , 5. DS , II> CA ,

2C Ui / CA , ) • Uca . (CIS ) , O-ui.ca , ) 1- 2C Ual CA , ) . Uca , CEF,
DS ) , 0-1,2 )

2- : pcv, ) f-a 2CCA.it#EIK.I.2CVilcAiD--PCUD

i. 0.5 # 5 -1 0.5*0 = 2.5

Ex - post C The agent knows about every one 's type

A-&ÉTI-i¥¥'¥
,
EaÉ¥> EE EST# ✗G. 9- tore iZFÉ ¥9 game af expected utility EH

E- Ui Cs , 0 ) = -¥C¥n, si ca; I -0;) ) Ui ca, e)

Best Response

III ¥ ex - ante I

BRICS- i ) = argmax EU Csi
'

, S -i )
Si
'

C- Si

tÉÉ¥¥I£¥¥J : to c- Qi : BRICS- i , -0 ) = argmax EU Csi
's si 10-3

si , -0

↳ perform individual BR calculation for all types of a player



Nash for Bayesian game

Fi si c- BRICS- is

* I¥_E-I ¥ Ex - ante I hit

* %-7¥ strategy space for different remain unchanged, BR-ta.PT.

Ex- lose Equilibrium
Eui Csi'

, S - i , -0 )Yo ,
Yi Si c- atom"✗sie si

47k43g. dominant strategy , 4¥ '=É¥ agent F.F-F- care If f-Eff strategy , ⑦F- care #t¥LBG

type

Mechanism

same , old bayesian game :

Bayesian Game (N , A , 0 ,
2, a)

N : Agents
A '

- CHI
, . . . ,

An ) factions pet agent

D- : (0-1 , - -
- - -0ns types pet agents

2 : D- → [0 , a ] prior over types

u : CU, , - - - - Un) .

↳ ui : A ✗ D- → R

T
-'T agent ↳9- type + action 2ÉÉ$TkhG utility

Mechanism :

- T¥fÉ-T± Bayesian game -14ft -4¥ → CA . ^^)

A : CA . . . - - , And I'2¥_ 3¥ 'T agent 439-4517

AA : A → TICO) action → distribution of outcomes

☒ §-9T¥ , ¥→aÉNIIt Mechanism, Him national agent behave in desired may

→
Equilibrium : both player bit

d- their true value

G_¥ n T bidder
,
each

should bid their true

value

↳ EYE III. ¥1 it. bid

honestly



Revenue Equivalence

&¥t¥n - T auction ,
¥ n 'T risk - neutral agent

A- It agent Ff -f valuation that { private ,

independent
,

¥-1 draw from [ K
,
J ] }

A-414 , 4¥47 mechanism that d-
strictly increasing and atom less

i. good E. II tent'ñ¥⇒÷⇒¥±
2- bid ↳ IA that EU ;¥ 0

¥-7 K¥Ét -£48k expected revenue
.



Theorem

Kuhn Theorem : In a game of perfect recall
, any mixed strategy of a given

agent can be replaced by an equivalent behavioural strategy ,

and any behavioural strategy , can be replaced by an equivalent

mixed strategy .

Zermelo Theorem : Every finite perfect information in EF has at least one

pure strategy Nash equilibrium

Every game
with a finite number of players and actions has at least

one hash equilibrium

In any
finite

,
two player ,

Zero-sum game , in any Nash

equilibrium ,
each player receives a payoff that is equal to

both his maximin Vanlue and his minimax value

Theorem : For every Hash equilibrium 8*1 there exists a corresponding correlated

equilibrium 8

* Not every correlated equilibrium is equivalent to hash e~

Every [finite) Perfect information ÉF has a pure strategy nash equilibrium



Level K Example :

Beauty Contest Game

N : toooo player
Action : Pick a number from 0 - too

payoff : $1000 → player who pick the number closest to the average of
all numbers win

level KNash
1

1- People first noticed that anything above 50 is 1 Level 0 : bid for uniform distributed value

bad i. mean = 50
. : 1•%%°°_ 12=50 [Even if all player

I

bid for too
,
the mean is only 50)

\ level I : Think that everyone is 20

I i. bid for Jo

2 . People then realize that bid at Jo is not

optimal level 2 : Think that everyone is 21

. : 50.IE?-/z=z-JCwhen everyone 1
:
- bid for 2J

bid for

the
oiossibk take %)

/ level 3 : ~ bid for 12-5

3. Same for ✓

I
- i - i

4. Eventually , people bid for 0

1

But in reality , people, human being ,
can't infer

1that much level


