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◮ Can a player change the outcome of a game with third-party
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◮ Prevent entry with a financial contract?

◮ Commit to a target inflation rate or budget deficit?

◮ We analyze this question in dynamic games with asymmetric
information

◮ Contracts can be

Non-renegotiable Renegotiable
Observable Known ?

Unobservable Known ?
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F A F A

◮ z − w > x− y > 0

◮ Unique PBE: 2 plays AA
and 1 enters

◮ Can 2 deter entry?

◮ Can it be supported with
non-renegotiable contracts?

◮ How about renegotiable
contracts?
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◮ Schelling (1960)

◮ Vickers (1985), Fershtman and Judd (1987), Sklivas (1987)
◮ managerial compensation contracts on product market

competition

◮ Brander and Lewis (1986)
◮ debt contracts on product market competition

◮ Bolton and Scharfstein (1990), Snyder (1996)
◮ financial contracts under threat of predation

◮ Spencer and Brander (1983), Brander and Spencer (1985),
Eaton and Grossman (1986)

◮ trade and industrial policies in international markets

◮ Walsh (1995)
◮ Optimal contracts for central bankers
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◮ Two possible forms
1. Delegation games: Agent plays

◮ Fershtman and Judd (1987)

2. Games with side contracts: Original player plays
◮ Brander and Lewis (1986)
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◮ Folk theorems

◮ Fershtman, Judd, and Kalai (1991), Polo and Tedeschi
(2000), Katz (2006)
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◮ FF deters entry

◮ A contract that supports FF :

f(F ) = δ, f(A) = δ + (z − w)
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◮ (O,FF ) is a (Bayesian) Nash equilibrium

◮ It can be supported with unobservable contracts

◮ Can use the same contract

f(F ) = δ, f(A) = δ + (z − w)
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◮ Can we support FF with renegotiable contracts?

◮ Not if renegotiation is frictionless
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◮ Some form of friction in renegotiation process is necessary

◮ Previous literature
◮ Asymmetric information

◮ Dewatripont (1988): Entry game
◮ Caillaud, Jullien, and Picard (1995)
◮ Gerratana and Koçkesen (2012)

◮ Non-transferable utility
◮ Bensaid and Gary-Bobo (1993)

◮ This paper
◮ Exogenous asymmetric information between player 2 and

third-party
◮ Similar to Dewatripont (1988) but arbitrary games

◮ Also we look at unobservable contracts and let informed
player initiate renegotiation
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◮ Original game G = (A1, A2,Θ, p, u1, u2)
◮ Nature chooses θ ∈ Θ according to p
◮ Player 1 chooses an action a1 ∈ A1 (without observing θ)
◮ Player 2 observes (θ, a1) and chooses a2 ∈ A2

◮ Game with Third-Party Contracts Γ(G)
◮ Contracts f : A1 ×A2 → R

◮ Payoff functions

v1 (f, a1, a2, θ) = u1 (a1, a2, θ)

v2 (f, a1, a2, θ) = u2 (a1, a2, θ)− f (a1, a2)

v3 (f, a1, a2, θ) = f (a1, a2)

◮ Note:
◮ Third-party can only observe (a1, a2) (not θ)
◮ Only player 2 can write contracts
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Stage I. Player 2 offers a contract f : A1 ×A2 → R

Stage II. Third party accepts or rejects f

Stage III. Nature chooses θ

Stage IV. Player 1 chooses a1 (without observing θ)

Stage V. Player 2 observes (θ, a1)

Stage VI. Player 2 chooses a2 or a new contract g

◮ a2 → game ends
◮ g →

Stage VII(i). Third party (without observing θ)
accepts or rejects g

Stage VII(ii). Player 2 chooses a2

◮ If player 1 observes f before choosing a1 → Observable
contracts
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◮ Arbitrary extensive form games with incomplete information

◮ Interested Third-Party

◮ Strong renegotiation-proofness
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Strictly Increasing Differences

u2 has strictly increasing differences in (%θ,%2):
θ ≻θ θ

′, a2 ≻2 a
′

2 ⇒

u2(a1, a2, θ)− u2(a1, a2, θ
′) > u2(a1, a

′

2, θ)− u2(a1, a
′

2, θ
′)
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b2 : A1 ×Θ → A2 is increasing in (%θ,%2) if for all a1

θ %θ θ
′
⇒ b2(a1, θ) %2 b2(a1, θ

′)

B+
2 : Set of all increasing b2.

Incentive Compatibility

u2 has strictly increasing differences ⇒

incentive compability ⇔ b2 increasing
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Entry Game: IC Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ ch ≻ cl and A ≻ F

◮ Increasing differences: z − w > x− y

◮ Incentive compatible strategies:
FF,FA,AA
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Definition (Renegotiation-Proof Equilibria)

A PBE of ΓR(G) is renegotiation-proof if the equilibrium contract
is not renegotiated after any a1 and θ.

Definition (Renegotiation-Proofness)

We say that (f, b∗2) is renegotiation-proof if for all a1 and θ for
which there exists an incentive compatible (g, b2) such that

u2(a1, b2(a1, θ), θ)− g(a1, b2(a1, θ)) > u2(a1, b
∗

2(a1, θ), θ)− f(b∗2(a1, θ))

there exists a θ′ such that

f(a1, b
∗

2(a1, θ
′)) ≥ g(a1, b2(a1, θ

′))



Renegotiation-Proofness

Renegotiation-Proof Strategies

A strategy b2 is renegotiation-proof if there exists a contract f
such that (f, b2) is IC and RP

BR
2 : Set of all RP strategies



Renegotiation-Proof Contracts

Theorem 1
(f, b∗2) is RP iff for any a1, i, and b2 ∈ B(a1, i, b

∗

2) there exists k:

u2(a1, b2(a1, θ
i), θi)− u2(a1, b

∗

2(a1, θ
i), θi)

+
i−1
∑

j=k

~U2(a1, b2)2j−1 ≤ fk − fi

or there exists l:

u2(a1, b2(a1, θ
i), θi)− u2(a1, b

∗

2(a1, θ
i), θi)

+
l

∑

j=i+1

~U2(a1, b2)2(j−1) ≤ fl − fi

Proof
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◮ Necessary and sufficient conditions for renegotiation-proof
strategies
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Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?



Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?

◮ ch must play A



Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?

◮ ch must play A

◮ RP strategies: FA,AA Why is FA RP?



Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?

◮ ch must play A

◮ RP strategies: FA,AA Why is FA RP?

◮ RP strategy: Allow best response for the type who benefits
most



Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?

◮ ch must play A

◮ RP strategies: FA,AA Why is FA RP?

◮ RP strategy: Allow best response for the type who benefits
most

◮ High cost benefits most from accommodating



Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?

◮ ch must play A

◮ RP strategies: FA,AA Why is FA RP?

◮ RP strategy: Allow best response for the type who benefits
most

◮ High cost benefits most from accommodating
◮ High unemployment benefits most from higher inflation or

higher budget deficits



Entry Game: RP Strategies

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ FF is not RP Why is FF not RP?

◮ ch must play A

◮ RP strategies: FA,AA Why is FA RP?

◮ RP strategy: Allow best response for the type who benefits
most

◮ High cost benefits most from accommodating
◮ High unemployment benefits most from higher inflation or

higher budget deficits

◮ Credibility requires tolerance for the worst case scenarios
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Observable and Non-renegotiable Contracts

Stackelberg Payoffs

ŪB
2 = max

b2∈B
+

2

max
b1∈BR1(b2)

U2(b1, b2)

ŪW
2 = max

b2∈B
+

2

min
b1∈BR1(b2)

U2(b1, b2)

Proposition 1

ŪB
2 − δ can be supported with non-renegotiable contracts.

Proposition 2

ŪW
2 − δ is the smallest payoff that can be supported with

non-renegotiable contracts.



Entry Game: Observable Non-renegotiable Contracts

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ Unique outcome that can be supported is no-entry



Entry Game: Observable Non-renegotiable Contracts

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ Unique outcome that can be supported is no-entry
◮ Supported with strategy FF



Entry Game: Observable Non-renegotiable Contracts

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ Unique outcome that can be supported is no-entry
◮ Supported with strategy FF
◮ A contract that supports FF

f(F ) = δ, f(A) = δ + (z − w)
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Stackelberg Payoffs

ŪBR
2 = max
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R
2

max
b1∈BR1(b2)

U2(b1, b2)

ŪWR
2 = max

b2∈B
R
2

min
b1∈BR1(b2)

U2(b1, b2)

Proposition 3

ŪBR
2 − δ can be supported with renegotiation-proof contracts.

Proposition 4

ŪWR
2 − δ is the smallest payoff that can be supported with

renegotiation-proof contracts.
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Entry Game: Observable and RP Contracts

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ RP strategies: FA,AA
◮ RP contract that supports FA:

f(F ) = δ, f(A) = δ + (x− y)

◮ Pl. 1’s best response

br1(AA) = E

br1(FA) =

{

O, p(cl) > 2/3

E, p(cl) < 2/3

◮ If p(cl) > 2/3 unique outcome that can be supported is
no-entry

◮ Using strategy FA

◮ If p(cl) < 2/3 unique outcome that can be supported is entry
and accommodate



Unobservable and Non-renegotiable Contracts

Proposition 5

(b∗1, b
∗

2) can be supported iff

1. (b∗1, b
∗

2) is a Bayesian Nash equilibrium of G

2. b∗2 is increasing
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Unobservable and Non-renegotiable Contracts

Individually rational payoff of player 1:

U+
1 = max

a1
min
b2∈B

+

2

U1(a1, b2)

Corollary 1

Outcome (a∗1, a
∗

2) can be supported iff

1. a∗2(θ) ∈ BR2(a
∗

1, θ) for all θ and

2. U1(a
∗

1, a
∗

2) ≥ U+
1



Unobservable and Renegotiation-Proof Contracts

Proposition 6

(b∗1, b
∗

2) can be supported iff

1. (b∗1, b
∗

2) is a Bayesian Nash equilibrium of G

2. b∗2 is increasing and renegotiation-proof



Unobservable and Renegotiation-Proof Contracts

Individually rational payoff of player 1:

UR
1 = max

a1∈A1

min
b2∈B

R
2

U1(a1, b2)



Unobservable and Renegotiation-Proof Contracts

Individually rational payoff of player 1:

UR
1 = max

a1∈A1

min
b2∈B

R
2

U1(a1, b2)

Corollary 2

Outcome (a∗1, a
∗

2) can be supported iff

1. a∗2(θ) ∈ BR2(a
∗

1, θ) for all θ and

2. U1(a
∗

1, a
∗

2) ≥ UR
1
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Entry Game: Unobservable Contracts

1

0,m

N

2 2

−1, y 2, x −1, w 2, z

O E

cl ch

F A F A

◮ In addition to no-entry, entry and accommodate also
supported

◮ Unobservable contracts expand the set of equilibrium
outcomes
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Conclusions

◮ Observable contracts as commitment devices
◮ non-renegotiable → Stackelberg payoff
◮ renegotiation-proofness weakens their power but does not

erase it

◮ Unobservable contracts expand the set of equilibrium
outcomes

◮ Credibility requires tolerance for some scenarios
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Entry Game

◮ Why is FF not RP?

◮ Consider

g(F ) = g(A) = f(F ) +
x− y

2

◮ Under g optimal strategy is AA

◮ Type cl is better off

x− g(A) > y − f(F )

◮ Third-party is better off too

g(A) > f(F )

Back
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◮ Incentive compatibility

x− y ≤ f(A)− f(F ) ≤ z − w (1)

◮ Only cl is not best responding. Can he renegotiate to AA?

◮ Need a g that gives incentives to play AA and

x− g(A) > y − f(F ) (2)

g(A) > f(F ) (3)

g(A) > f(A) (4)

◮ (2) and (4) imply

f(A) < g(A) < f(F ) + (x− y)

contradicting (1)
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Proof of Theorem 1

◮ θn % · · · % θ1

◮ f ∈ R
n, fj = f(a1, b2(a1, θ

j))

◮ Increasing differences ⇒ IC equivalent to

fj − fj+1 ≤ u2(a1, b2(a1, θ
j), θj)− u2(a1, b2(a1, θ

j+1), θj)

−fj−1 + fj ≤ u2(a1, b2(a1, θ
j), θj)− u2(a1, b2(a1, θ

j−1), θj)

◮ Can write these as Df ≤ ~U2(b2)
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