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Unique Nash payoff

¢ © ¢ ¢ ¢

Coincides with the proposal of the proportional rule
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Nash Equilibrium

°
°
o Finite Horizon
o
o Complete Information
°

Perfect Monitoring (Observable mixed actions)
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o Existence of strictly rational Nash payoffs
For each player i there is a Nash Equilibrium a' of G such that
Wi(ai) > v;

o Every payoff in F' can be approximated in equilibrium
For each uw € F and each € > 0, there are Ty and &g such that for each
T > Ty and each § € [do, 1], there is a Nash Equilibrium o of G(4,T)
satisfying that |77 (o) — ul| < ¢
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t and Krishna, 1987)

o Existence of strictly rational Nash payoffs
For each player i there is a Nash Equilibrium a' of G such that
Wi(ai) > v;

o Every payoff in F' can be approximated in equilibrium
For each u € F' and each € > 0, there are Ty and do such that for each
T > Tp and each § € [do, 1], there is a Nash Equilibrium o of G(,T)
satisfying that ||7f (¢) — ul| < &
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ontribution
Bettering Ladders

T
M
B

0,03 ]0-10]0,-1,0 03-1 |0
-1,0010,-1,0] 0,-1,0 -1,0,-1 | -1,-1,-
-1,0010,-1,0| 0,-1,0 -1,0-1 | -1

"
—_
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m r

T1]003](0-10]0-10 0,3-1 | 0,-1,-1 | 1,-1,-1
M]-100]0,-101]0-1,0 -10-1-1-1-1|0,-1-1
B|-100]0,-10] 0,-1,0 -1,0-1 | -1,-1-1 | 0,-1,-1

@ Minmax Payoff (0,0,0)
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T]003]0,-10]{0,-1,0 03-1|0-1-1{1-1-1
M |-1001]0-10]0,-1,0 -1,0-11]-1,-1-1] 0,-1,-1
B|-1001]0-10]0,-1,0 -1,0-11]-1,-1-1] 0,-1,-1

L R

@ Minmax Payoff (0,0,0)

@ Nash Equilibrium (T,I,L), Payoff (0,0,3)
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T]003]0,-10]{0,-1,0 03-1|0-1-1{1-1-1
M |-1001]0-10]0,-1,0 -1,0-11]-1,-1-1] 0,-1,-1
B|-1001]0-10]0,-1,0 -1,0-11]-1,-1-1] 0,-1,-1

@ Minmax Payoff (0,0,0)

o Nash Equilibrium (T,I,L), Payoff (0,0,3) (B-K not met)
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Bettering Ladders

I m r | m r
T]003]0,-10]{0,-1,0 03-1|0-1-1{1-1-1
M |-1001]0-10]0,-1,0 -1,0-11]-1,-1-1] 0,-1,-1
B|-1001]0-10]0,-1,0 -1,0-11]-1,-1-1] 0,-1,-1

L R

@ Minmax Payoff (0,0,0)

o Nash Equilibrium (T,I,L), Payoff (0,0,3) (B-K not met)

@ Player 3 can be threatened
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m r

T 03-11]0-1-1|1-1-1

M -1,0-1 | -1,-1-1 | 0,-1,-1

B -10-1]-1-1-1|0,-1-1
R
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m r

T 03-11]0-1-1|1-1-1

M -1,0-1 | -1,-1-1 | 0,-1,-1

B -10-1]-1-1-1|0,-1-1
R

o Player 3 is forced to play R
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M -1,0-1(-1,-1-1(0,-1-1
B -1,0-1(-1-1-1(0-1-1
R

o Player 3 is forced to play R

o The profile o =(T,1*) is a Nash Equilibrium of the reduced
game with Payoff (0,3 1)
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ontribution
Bettering Ladders

| m r
T 03-1110-1-11|1-1-1
M -1,0-1(-1,-1-1(0,-1-1
B -1,0-1(-1-1-1(0-1-1
R

o Player 3 is forced to play R

o The profile o =(T,1*) is a Nash Equilibrium of the reduced
game with Payoff (0,3 1)

@ Now player 2 can be threatened
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r
T 1,-1-1
M 0,-1-1
B 0,-1-1
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ontribution
Bettering Ladders

r
T 1-1-1
M 0,-1,-1
B 0,-1,-1

o Player 3 is forced to play R and player 2 to play r
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Bettering Ladders

w <

o Player 3 is forced to play R and player 2 to play r

o The profile a3 =(T r 1) is a Nash Equilibrium of the reduced
game with Payoff (1 )
U
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Bettering Ladders

o< A
S B
I—‘_ll—‘l—i-‘
Y [ B

o Player 3 is forced to play R and player 2 to play r

o The profile a3 =(T r 1) is a Nash Equilibrium of the reduced

game with Payoff (1 )
U

o Now player 1 can be threatened
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game
“Nash equilibrium”
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Definition

reliable players 0 M Np—1 Np,
game G G(aNl) G(aNh,—l) —
“Nash equilibrium” | o! o2 o —

o N:={0 =Ny Ny C---C Np} subsets of N

o A= {(LNl S AN17 <y ANy = AN”'*l}
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Definition

reliable players 0 Ny .. Ni,_1 Nj,
game G |Glany) | --- | Glan, ;) | ———
“Nash equilibrium” | o o’ . ol - — =

o N:={0 =Ny Ny C---C Np} subsets of N
°o A= {aNl € AN17"‘70’N}L71 € AN}L—l}
o ¥ :={ot...,0cM
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Definition

reliable players 0 Ny Ni_1 Nj,
game G | G(an,) G(an,_,) —
“Nash equilibrium” | o! o2 o —

o N:={0 =Ny Ny C---C Np} subsets of N

o A= {aNl S Ava"‘7aNh71 € ANh*l}
oY = {Ul,...,ah}

Ny, is the top rung of the ladder
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ax Bettering Ladders

Definition

reliable players 0 Ny Ni_1 Nj,
game G | G(an,) G(an,_,) —
“Nash equilibrium” | o! o2 o —

o N:={0 =Ny Ny C---C Np} subsets of N

o A= {aNl S Ava"‘7aNh71 € ANh*l}
oY = {Ul,...,ah}

Ny, is the top rung of the ladder

Np = N — complete minimax-bettering ladder

Competition and Cooperation in Game Theoretical Models




Repeated Games

New Folk Theorem
lez-Diaz, 2003)

Competition and Cooperation in Game Theoretical Models



Repeated Games

ew Folk Theorem
ez-Diaz, 2003)

o Existence of a complete minmax bettering ladder

Competition and Cooperation in Game Theoretical Models



Repeated Games

ew Folk Theorem
ez-Diaz, 2003)

o Existence of a complete minmax bettering ladder

o Every payoff in F' can be approximated in equilibrium

Competition and Cooperation in Game Theoretical Models



Repeated Games

ew Folk Theorem
ez-Diaz, 2003)

o Existence of a complete minmax bettering ladder

o Every payoff in F' can be approximated in equilibrium

Remark
Unlike Benoit and Krishna's result, this theorem provides a
necessary and sufficient condition
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ew Folk Theorem
ez-Diaz, 2003)

o Existence of a complete minmax bettering ladder

o Every payoff in F' can be approximated in equilibrium

Remark
Unlike Benoit and Krishna's result, this theorem provides a
necessary and sufficient condition

Why the word generalized?
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o Commitment
o Repeated games

o Unilateral commitments in repeated games
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Commitment
Repeated games

Unilateral commitments in repeated games

¢ © ¢ ¢

Delegation games
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teral Commitments

N:={1,...,n}
o The stage game: G := (N, A, m) ¢ A:=[[cn A
I— (7T1,...,7Tn)

N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S : [Lien Si

(S; .= AH)
i
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teral Commitments

N = {1,...,n}
o The stage game: G := (N, A, 7)< A:= HZGN
= 71'1,...
= {1 - n}
o The repeated game: GI := (N, S, 7}) ’j}}f Si
vy

o The UC-extension: U(G) := (N, AY
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N:={1,...,n}
o The stage game: G := (N, A, m) ¢ A:=[[cn A
= (71,...,7n)
N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S(S:Pfg)sz
S

o The UC-extension: U(G) := (N, AV 7V)

AV :=TT,cn AV, where AY is the set of all couples (A¢, o)
such that
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o The stage game: G := (N, A, m) ¢ A:=[[cn A

= (71,...,7n)
N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S(S:Pfg)‘g‘
A

o The UC-extension: U(G) := (N, AV 7V)

AV :=TT,cn AV, where AY is the set of all couples (A¢, o)
such that
Q0 AFC A,
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teral Commitments

o The stage game: G := (N, A, m) ¢ A:=[[cn A

= (71,...,7n)
N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S(S:Pfg)sz
S

o The UC-extension: U(G) := (N, AV 7V)

AV :=TT,cn AV, where AY is the set of all couples (A¢, o)
such that

Q0 A C A,

Q i [lien 24 — A,
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teral Commitments

N:={1,...,n}
o The stage game: G := (N, A, m) ¢ A:=[[cn A
= (71,...,7n)
N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S(S:Pfg)sz
S

o The UC-extension: U(G) := (N, AV 7V)

AV :=TT,cn AV, where AY is the set of all couples (A¢, o)
such that
Q 0 C A5 C A,
Q o, : HJEN 24i — A; and, for each A° € ]
a;(A°) € AS

A.
jen 27,
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N:={1,...,n}
o The stage game: G := (N, A, m) ¢ A:=[[cn A
= (71,...,7n)
N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S(S:Pfg)sz
S

o The UC-extension: U(G) := (N, AY, =Y)
AV :=TT,cn AV, where AY is the set of all couples (A¢, o)
such that

Q0 A C A,
Q o, : HJEN 24i — A; and, for each A° € ]
ai(AC) € Af

A.
jen 277,
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eral Commitments

N:={1,...,n}
o The stage game: G := (N, A, m) ¢ A:=[[cn A
= (71,...,7n)
N:={1,...,n}
o The repeated game: GI := (N, S, 7}) S(S:Pfg)sz
S

o The UC-extension: U(G) := (N, AY, =Y)
AV :=TT,cn AV, where AY is the set of all couples (A¢, o)
such that

Q0 A C A,
Q o, : HJEN 24i — A; and, for each A° € ]
ai(AC) € Af

A.
jen 277,

Competition and Cooperation in Game Theoretical Models



Repeated Games

ally Subgame Perfect Equilibrium

on

Competition and Cooperation in Game Theoretical Models



Repeated Games

ally Subgame Perfect Equilibrium

on

Competition and Cooperation in Game Theoretical Models



Repeated Games

ally Subgame Perfect Equilibrium

on

o Eliminates Nash equilibria based on incredible threats

Competition and Cooperation in Game Theoretical Models



Repeated Games

ally Subgame Perfect Equilibrium

on

o Eliminates Nash equilibria based on incredible threats

o A strategy o is a SPE if it prescribes a Nash equilibrium for
each subgame

Competition and Cooperation in Game Theoretical Models



Repeated Games

lly Subgame Perfect Equilibrium

o Eliminates Nash equilibria based on incredible threats

o A strategy o is a SPE if it prescribes a Nash equilibrium for
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lly Subgame Perfect Equilibrium

o Eliminates Nash equilibria based on incredible threats

o A strategy o is a SPE if it prescribes a Nash equilibrium for
each subgame

Let o be a strategy profile. A subgame is o-relevant if it can be
reached by a sequence of unilateral deviations of the players

o Eliminates Nash equilibria based on incredible threats

o A strategy o is a VSPE if it prescribes a Nash equilibrium for U@
each o-relevant subgame
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@ In our model, we face very large trees
@ There can be subgames with no Nash Equilibrium

o Hence,
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G must have a pair of Nash equilibra in which some player gets
different payoffs
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The counterpart of Theorem 1 for VSPE does not hold

Let @ € A be a Nash equilibrium of G. Then, the game U(G) has
a VSPE with payoff 7(a)
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No assumption is needed for the Nash folk theorem with UC

The counterpart of Theorem 1 for VSPE does not hold

Let @ € A be a Nash equilibrium of G. Then, the game U(G) has
a VSPE with payoff 7(a)

No assumption is needed for the VSPE folk theorem when we have
two stages of commitments U
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No assumption is needed for the Nash folk theorem with UC

The counterpart of Theorem 1 for VSPE does not hold

Let @ € A be a Nash equilibrium of G. Then, the game U(G) has
a VSPE with payoff 7(a)

No assumption is needed for the VSPE folk theorem when we have
two stages of commitments U
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Finite Horizon Nash payoffs (Smith, 1995)
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@ We have presented a noncooperative approach to bankruptcy
problems

o We have extended the result in Benoit and Krishna (1987)
@ We have generalized the result in Benoit and Krishna (1987)
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o We have studied a special family of timing games, extending
the results in Hamers (1993)

@ We have presented a noncooperative approach to bankruptcy
problems

We have extended the result in Benoit and Krishna (1987)
We have generalized the result in Benoit and Krishna (1987)

©

©
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Our main result establishes a necessary and sufficient
condition for the finite horizon Nash folk theorem
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o We have studied a special family of timing games, extending
the results in Hamers (1993)

@ We have presented a noncooperative approach to bankruptcy
problems

We have extended the result in Benoit and Krishna (1987)
We have generalized the result in Benoit and Krishna (1987)

©

©

©

Our main result establishes a necessary and sufficient
condition for the finite horizon Nash folk theorem

(]

UC lead to weaker assumptions for the folk theorems
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doperative Game Theory

o We have studied a special family of timing games, extending
the results in Hamers (1993)

@ We have presented a noncooperative approach to bankruptcy
problems

o We have extended the result in Benoit and Krishna (1987)
o We have generalized the result in Benoit and Krishna (1987)
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Repeated Games

doperative Game Theory

o Study the extent up to which our results for timing games can
be extended

o Study whether the games in our family are natural for
different bankruptcy rules

o Try to find decentralized results (where the regulator needs
not to have complete information)

o Study whether the general folk theorems like our's can be
obtained in other families of repeated games (infinite horizon,
subgame perfection, incomplete information)

o Study Unilateral Commitments in models with incomplete
information
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ooperative Game Theory

[*)
“A Silent Battle over a Cake,” Tech. rep., CentER discussion paper series
o
“A Noncooperative Approach to Bankruptcy Problems,” Preprint
o
“Finitely Repeated Games: A Generalized Nash Folk Theorem,” To
appear in Games and Economic Behavior
%]

“Unilateral Commitments in Repeated Games”, Preprint
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Cooperative game (with transferable utility)

A cooperative TU game is a pair (N, v) where:
o N ={1,...,n} is the set of players

@ v is the characteristic function,

Allocation rule

An allocation rule on a domain € is a function ¢ such that

Y Q — R™
(N,v) — @(N,v)

An allocation z € R" is efficient if > " ; x; = v(N)
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A Geometric Characterization of the 7-value Brief Overview

The 7-value

Previous concepts
o Utopia vector, M(v) € R™
foreachi € N, M;(v) :=v(N) —v(N\{:})
@ Minimum right vector, m(v) € R™:

foreachi € N, m;(v) := scha)z'(eS{U(S) - Z M;(v)}

@ Core cover:

CC(v) ={xeR": le =ou(N), m(v) <z < M(v)}
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The 7-value

The 7-value or compromise-value (Tijs, 1981):

7(v) := “point on the line segment between m(v) and M (v) that
is efficient”,

7(v) = Am(v) + (1 — A)M(v), X€[0,1] is such that Z 7 = v(N)
i€EN
@ By definition, CC(v) is a convex polytope
The 7*-value, Gonzalez-Diaz et al. (2003):

7%(v) := "center of gravity of the edges of the core-cover”
(multiplicities for the edges have to be taken into account)

@ By definition, 7(v) € CC(v) and 7*(v) € CC(v)
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Some More Background

Fix a game v and an allocation z € R"
o z is efficient if > | x; = v(N)
o z is individually rational if for each i € N, x; > v(i)
@ x is stable if for each S C N, > . gz > v(S)
The Core (Gillies, 1953):
The core of v is the set of all efficient and stable allocations
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The Core-Center: Definition

o Let U(A) be the uniform distribution defined over A
o Let E(PP) be the expectation of P
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