Lecture 9
- rationalizable strategies -




Review

- An epistemic battle of the sexes
- Nash Equilibrium in conjecture

- Bayesian Rationality
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An epistemic battle of the sexes
- Types of players:

Violetta
- A1, Ag, A3, Ay g 0
Vi, Va, Vs, Vi Alfredo - .
o) 0.0 1,2
- State of the game, for 7,5 = 1,....4
A
Wi (ww,wm,wm,w])
Alfr_edo's type is Az Alfredo plays s;
and Violetta's type is V; and Violetta plays ¢
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Vi
Vo
Vs

Vi

* best mixed strategy response

s;(w)
51 = 0
$ =g
3= 8
51 = 0
si(w)
1 =o0
=g
3 = g
a4 =0

Alfredo

Nash in conjecture

g

O

Violetta
g 0
2,1 0,0
0,0 1,2
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Nash in conjecture

Violetta
Aq S1 = 0 o) o o
Ay | s2=g g g 2.1 0,0
Alfredo
A3 | s3—=g ¥ 0 0,0 1,2
Ay S4 = O *

Vi th =0 0
Val =g g
V3 3 =g ¥
Vi 4 =0 *

* best mixed strategy response
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Nash in conjecture

Violetta
Aq S1 = 0 o) o o
Ay | s2=g g g 2.1 0,0
Alfredo
A3 | s3—=g ¥ 0 0,0 1,2
Ay S4 = O *

Vi th =0 0
Val =g g
V3 3 =g ¥
Vi 4 =0 *

* best mixed strategy response
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Vi
Vo
Vs

Vi

Nash in conjecture

. W
si(w) & Violetta
S1 = O O g o
S =g g g 2,1 0,0
Alfredo
S3 — & * o) 0.0 1,2
S4 = 0 *
Nash in conjecture:
s; (w) e each player's conjecture is a
F o . best response to the other
player’'s conjecture
=g g
3 =g *
41 =0 *

* best mixed strategy response
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Nash in conjecture

. w
si(w) P Violetta
A1 | s1=o0 0 o o
A2 S =g g g 2,1 0,0
_____________ Alfredo
As 3 =g ¥ 0 0,0 1,2
A s=o .
Nash in conjecture:
s; (w) o each player's conjecture is a
2 . best response to the other
player’'s conjecture
V2| =g g
V| =g *
------- -1;4-" t4 =0 *

* best mixed strategy response
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Nash in conjecture

. w
si(w) P Violetta
Ai1 | s1=o0 0 o o
A | s2=g8 g g 2,1 0,0
_____________ Alfredo
As 3 =g ¥ 0 0,0 1,2
A s=o #
Nash in conjecture:
s; (w) o each player's conjecture is a
2 . best response to the other
player’'s conjecture
V2| =g g
V| t-—g * |
_____________ Common priors,
Va| hi=o ) mutual knowledge of rationality

— Nash in conjecture

* best mixed strategy response
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Bayesian Rationality

mi(si, @) = D ¢ (s—i)m(si,5-5)

S_;ES_;
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Bayesian Rationality

- If Player i pure strategy choice s; = si(w) € S; maximizes

Uy 827 Z ¢ S—jg SZ? S—i)

S_,ES_;
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Bayesian Rationality

- If Player i pure strategy choice s; = si(w) € S; maximizes
827 Z ¢ S—iq 327 S—i)
S_,ES_;

- |If for every state w €

mi(si(w), @7 ) = mi(si, @7 )

aII S; € S@‘
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Bayesian Rationality

- If Player i pure strategy choice s; = si(w) € S; maximizes
Ty S’La Z ¢ S—ji 8278—’@)
S_,ES_;
- |If for every state w €

mi(Si(w), &7 ) = mi(si, ¥F)

aII S; € S@'

A player is rational at state w if his pure strategy si(w)
is the best response to his conjecture ¢;
of the other players’ strategies
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Bayesian Rationality
- Bayesian
- uninformed players put probabilities on events
- Rationality:

« beliefs and actions consistent with each other
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Bayesian Rationality
- Bayesian
- uninformed players put probabilities on events
- Rationality:

- beliefs and actions consistent with each other

Are the player’s actions the best response,
given the player’s beliefs and the actions and
beliefs of the other players?
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How are players likely to play?

- Solution concepts
- dominated strategy
- iterated dominant strategy

- Nash Equilibrium
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How are players likely to play?

- Solution concepts
- dominated strategy
- iterated dominant strategy

- Nash Equilibrium

dominated strategy

strategy s;’ € S; is strongly strategy s;’ € S; is weakly
dominated by s; € S; if: dominated by s; € S; if:
Vo_,; € A*S_i, Vo_,; € A*S_@',

m(si,0_;) > (s, 0_;) m(si,0_;) > m(ss,0_;)
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Will rational players eliminate
weakly dominated strategies?




Eliminating weakly dominated strategies

Violetta
g 0
g 3,1 0,0
Alfredo
o) 0,0 1,3
A.0
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Eliminating weakly dominated strategies

X
(ﬁ)
00&&\0‘00093
qq‘bﬂ
o
A.a
(O
V.a S N V.a
@ SAEEEEEEEEEEEEEED (U
g o) g o
(O O O ()
3,1 0,0 0,0 1,3

Violetta
g 0
g 3,1 0,0
Alfredo
o) 0,0 1,3
A.0
(O A
QWbefOW
e
O@J/
A.b
o
V.b & 2 V.b
@ SEEAELEREEEEEEEED ()
S © g 0
(O O O (O
2,1 -1,0 -1,0 0,3
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Normal form

A.0
<ﬂ
&&\\‘Ooeﬂ >
90" 0
qq‘bﬂ
Vo)
A.a
(O
‘VT.EL S N ‘Vf.éi
@ CEELTETTEEEEE Er (U
g 0 0
(O ()
3,1 0,0 0,0 1,3
Violetta
gg  go 0Og 00
ng | 3,1 | 3,1 | 0,0 | 0,0
no | 00|00 13| 13
Alfredo
bg | 2,1 [-1,0| 2,1 |-1,0
bo |-1,0| 0,3 |-1,0 | 0,3
10
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Normal form

A.0
<ﬂ
N D e /2 “u, o,
RO Y n,
(bﬂq‘bﬂ OI]@J/
A.a A.b
(O @
o) o)
V.a 8 V a V.bh & V 1
@ CEELTETTEEEEE Er (U (mmmmmmmmmeemeee ()
(O O O () (O O O ()
3,1 0,0 0,0 1,3 2,1 -1,0 -1.0 0,3
Violetta
gg g0  0g 00
ng | 3,1 | 3,100 | 0,0
no | 00|00 13| 13
Alfredo
bg | 2,1 |-1,0| 2,1 | -1,0
bo—1=H6—16;3—"11+6+03
10
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Violetta

go

08

311

0,0

1,3

Alfredo

2.1

D
)

1
Ly

A
U

D

10

Normal form

J“OW
g,
)
Ab
O
V.b & 2 V1
© THTTE— O
O g 0
D C O
1,0 -1,0 0,3
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Normal form

Alfredo

A.0
<ﬂ
&&\\‘Ooeﬂ >
90" 0
(a)qq‘bﬂ
A.a
(O
‘VT.EL gg N ‘Vf.fl
................. ®
O g 0
O O ()
0,0 0,0 1,3
Violetta
éo og 00
311 | 0,0 | 0l0
00—13—13
-1,0 1 2,1 |-1,0
10

¢
&Wﬁyf;ow
O
ey
A.b
@
Vb 5 2 V1
© ST O
§§ @) g; O
@ O O ()
2.1 1,0 -1,0 0,3

Friday, April 29, 2011



Violetta

do og do

31 | 0/0 | 0}0

Normal form

D
D
[\
b
[\
<

Alfredo

D
~
—
D

D
>

10

¢
&Wﬁyf;ow
O
ey
A.b
@
Vb 5 2 V1
© ST O
é; @) g; O
@ O O ()
2.1 1,0 -1,0 0,3
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Normal form

A.0
O O Q %f
00)() KX\(&\O‘Q@S LVQ J/ 020 W
‘bﬂq(bﬂ OI]@J/
A.a A.b
(O @
V.a 8 2 V4 V.bh & 2 V1
@ CEELTETTEEEEE Er (U (mmmmmmmmmeemeee ()
S © g 0O S O g 0
(O O O () (O O O ()
3,1 0,0 0,0 1,3 2,1 -1,0 -1.0 0,3
Violetta
gg éo og 00
ng | 3,1 | 3{1 | 0/0 | 0}0
nmo1 0010101313
Alfredo
bgT2:1—=1;0121—=1;6
bo——=10+03—"=1:6+013
10
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Normal form

A0
ol () A
‘\OK’ KX?{E\O‘OQ\J (3 LVQ J/‘f;;O DP
(bﬂq‘bﬂ OO@J/
A.a ADb
(O @
V.a 8 2 V4 v & 2 V1
© SESSIIIRRRREE O © SIIIRERERERERRSS O
S © g 0O S O g 0
@ O O @ @ O O @
3,1 0,0 0,0 1,3 2.1 1,0 -1,0 0,3
Violetta
gg glo Og 00
ng | 3,1 | 3l1 | 0/0 | 0[0
— L Throwing away money
Alfredo ’ | lead to better outcome
bg 2 A=A 2 =10 for Alfredo?
10
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Today

« Strategy elimination in normal form games
- Rationalizable Strategies

- Best response sets
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Eliminating strongly dominated strategies

Player 1

] C T
u | 0,2 | 3,1 | 2,3

Player j m | 1,4 | 2,1 | 4,1
d | 2,1 | 44 | 3,2
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Eliminating strongly dominated strategies

Player 1
] C r
——0:2t31+123
Player j m | 14 | 2.1 | 4.1 strongly dominated by d
d | 21| 44] 32
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Eliminating strongly dominated strategies

Player 1
] C T
0,2 13,1123
Player j m | 14 | 2.1 | 4.1 strongly dominated by d
d | 2,1 | 44 | 3,2
1 C T
Player | 1.4 | 2,1 | 4,1
2,1 | 44 | 3,2
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Eliminating strongly dominated strategies

Player 1
1 C r
o102 13,1123 .
Player j m | 14 | 21 | 4.1 strongly dominated by d
d |21 44]32
| C ] _
4] 21 | 4h strongly dominated by 0.51 + 0.5C

Player 7
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Eliminating strongly dominated strategies

Player 1
] C T
w02 F 323
Player j m | 14 | 2.1 | 4.1 strongly dominated by d
d | 21]44]32
] C ]
. 221 ] 4 strongly dominated by 0.5]1 + 0.5C
2,1 | 4,4 | 3[2
] C
Plaser 14 | 2.1
d | 21|44
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Eliminating strongly dominated strategies

Player 1
] C r
o102 13,1123 .
Player j m | 14 | 21 | 4.1 strongly dominated by d
d | 21|44 ] 32
] C ] _
4] 21 | 4h strongly dominated by 0.51 + 0.5C
Player 7
2.1 | 4,4 | 3|2
1 C
m— A2 strongly dominated by d
Player 7
d | 21144
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Eliminating strongly dominated strategies

Player 1
| C r
a1 0231123
Player 7 m | 1,4 | 2, 4,1
d A | 44 | 3,
1 C T
bl . 1.4 | 2,1 | 41
ayer
Yo 2,1 | 4,4 | 3|2
| C
. 42
ayer
g a1 | a4
| C
Player 7 d | 2,1 | 44

strongly dominated by d

strongly dominated by 0.51 + 0.5C

strongly dominated by d
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Eliminating strongly dominated strategies

Player 1
1 C r
a1 02371123 .
Player j m | 14 | 21 | 4.1 strongly dominated by d
d | 21443
| C T _
4] 21 | 4h strongly dominated by 0.51 + 0.5C
Player 7
2.1 | 44 | 32
| C
m| 1A 2,1 strongly dominated by d
Player 7
d | 2144
| C
Player i d | 2/1 | 44 strongly dominated by 1
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Eliminating strongly dominated strategies

Player 1
] C T
0,2 13,1123
Player j m | 14 | 2.0 | 4.1 strongly dominated by d
d : 4.4 :
1 C ]

strongly dominated by 0.51 + 0.5C

Player 7
o a1 | aa | 3l
1 C
421 strongly dominated by d
Player j
d |21 44
| C
Player j d | 211 | 44 strongly dominated by 1

Player j d | 4,4 unique Nash
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Matching pennies

« Best response set?

1, -1

1,1

1,1

1, -1
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Matching pennies

Best response set?

Completely mixed Nash
— All strategies are rationalizable

1, -1

1,1

b -1, 1

1, -1
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Matching pennies ,
a

. ?
Best response set: o 1,-1 -1,1

» Completely mixed Nash b -1,1 1,-1

— All strategies are rationalizable

« Pure strategies s; with positive probability in a Nash
form a best response set, when the players’
conjectures the actual mixed strategy choice of the

other players
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Matching pennies ,
a

. ?
Best response set: o 1,-1 -1,1

« Completely mixed Nash b -1,1 1,-1

— All strategies are rationalizable

« Pure strategies s; with positive probability in a Nash
form a best response set, when the players’
conjectures the actual mixed strategy choice of the

other players

« Best response correspondence for both players

P(Sl — CL)
Player 1 3
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Matching pennies ,
a

. ?
Best response set: o 1,-1 -1,1

« Completely mixed Nash b -1,1 1,-1

— All strategies are rationalizable

« Pure strategies s; with positive probability in a Nash
form a best response set, when the players’
conjectures the actual mixed strategy choice of the

other players

« Best response correspondence for both players

) i o
| : I
- oy
P(s1 = a) P(s; :a)

Player 1 Player 2
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Matching pennies ,
a

a 1,-1 -1.1

« Completely mixed Nash b -1.1 1.-1
— All strategies are rationalizable

« Best response set?

« Pure strategies s; with positive probability in a Nash
form a best response set, when the players’
conjectures the actual mixed strategy choice of the

other players

« Best response correspondence for both players

5 5 5
R || T
& & &
< X o

P(s1 = a) P(sy =a) P(sy =a)

Player 1 Player 2 both players
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Next class

« Common Knowledge of rationality

- Extensive form rationalizability

- Strategy elimination in extensive form games
« Informationally richer
- Backward induction

- iterated elimination of weakly dominated
strategies

- subgame perfect Nash (refinement)
« A dynamic model of market preemption

- Subgame perfection
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