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1 Introduction

Most business partnerships experience some form of disagreement among its partners

at one stage or another. Such disagreements may lead to deadlock, prompting partners

to seek the services of a third party. However, this does not necessarily mean that the

disagreement is irreconcilable: partnership disputes are often resolved without resorting

to dissolution. Binding arbitration of disputes among partners is one of the most promi-

nent forms of Alternative Dispute Resolution (ADR) – a variety of dispute resolution

services providing an alternative to traditional litigation.1

Over the past few decades, ADR has become an integral part of the legal system in

many countries, and providing ADR services is a large industry (see, e.g., Balzer and

Schneider, 2021). U.S. federal district courts began developing ADR procedures as early

as the 1970s, but the popularity of ADR took off in response to the Civil Justice Reform

Act of 1990. More than a third of the district courts authorize multiple forms of ADR

(see Stienstra, 2011). According to 28 U.S.C 651: “Each United States district court

shall devise and implement its own alternative dispute resolution program, by local rule

adopted under section 2071(a), to encourage and promote the use of alternative dispute

resolution in its district”.2

A key feature contributing to the success that ADR—and arbitration of partnership

disputes in particular—has experienced is that, due to its less adversarial nature, it is

perceived as having an advantage over litigation in preserving the relationship between

disputing partners.3 For example, the American Arbitration Association’s website as-

sures disputing parties that its services“enhance the likelihood of continuing the business

relationship”.4 Indeed deadlock situations between partners are often resolved using the

services of a third party without resorting to the partnership’s dissolution. The efficient

resolution of such deadlocks involves not only determining who should be awarded the

partnership in case of dissolution, but also whether it is in the interest of efficiency to

dissolve the partnership in the first place, or not.

The design of arbitration for partnership disputes therefore faces many of the key

features inherent in classic partnership dissolution models —joint ownership, private in-

formation and a reluctance to share it, and the need to incentivize participation—but

1Binding arbitration is one of the most popular forms. Other common procedures include non-
binding mediation, early neutral evaluation, and judicial settlement conferences.

2See https://www.govinfo.gov/app/details/USCODE-2011-title28/
3See, e.g., Allison (1990), Lipsky and Seeber (1998), and Shontz, Kipperman, and Soma (2011).
4See https://www.adr.org/Mediation.
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given its softer nature, introduces the possibility of maintaining the partnership as a

feasible, and potentially efficient, outcome. Beginning with the seminal contribution of

Cramton, Gibbons, and Klemperer (1987), a large literature on partnership dissolution

has studied the (im)possibility of efficient dissolution of a partnership; that is, the ex-

istence of an individually rational mechanism implementing the efficient allocation of a

jointly owned asset, without running a deficit. In studying this question, however, the

literature has typically focused on disputes in which efficiency entails the allocation of

full ownership to one of the parties. That is, dissolution is implicitly taken as given.

Motivated by the increasing role of ADR in settling partnership disputes—often

without resorting to dissolution—this paper studies efficient resolution of partnership

disputes where, departing from the previous literature, dissolution need not be efficient.

The potential inefficiency of dissolution introduces new tradeoffs, with implications for

the design of arbitration. Our goal is to first identify which disputes can be resolved

efficiently, and in particular to uncover certain features of partnership disputes that stand

in the way of efficient resolution. Next, we take a normative approach to the design of

arbitration and show how efficient resolution can be carried out using simple procedures

that provide parties with appropriate incentives to participate and reveal their private

information.

We consider a partnership between two agents who jointly own an indivisible asset.

Each of the agents has private information representing their value from sole ownership

of the asset. The value of the partnership (i.e., joint ownership of the asset) is a func-

tion of both parties’ private information.5 Therefore, whether or not it is desirable to

dissolve the partnership, from the perspective of each party or social welfare, depends

on the realization of each of the agents’ private information. In particular, dissolving

the partnership and awarding the asset to one of the agents is efficient if that agent’s

value for the asset exceeds both the other’s and the value of the asset under joint own-

ership. However, if the value of joint ownership exceeds both agents’ values, dissolution

is inefficient. Beyond the case of two-sided private information in which both partners

are privately informed, we also study the case of one-sided private information in which

only one of the partners is privately informed (see, e.g., Jehiel and Pauzner, 2006).

For concreteness, it is convenient to view the dispute between the partners as arising

due to an unforeseen event which gives rise to (or enhances) the uncertainty the agents

5Our use of an interdependent values setting builds on Fieseler, Kittsteiner, and Moldovanu (2003).
As discussed below, however, our frameworks departs from previous literature in allowing for the pos-
sibility that dissolution is not efficient (and is therefore not taken as given).
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face about the desirability of continuing the partnership. Such an event may take the

form of a falling out between the partners, changes in the circumstances in which the

partnership operates (e.g., the arrival of a competitor), or death of one of the part-

ners, triggering their potential replacement. We abstract from the nature of the event

leading to the dispute, and take as a starting point the resulting uncertainty about the

partnership’s desirability.

For example, the asset may correspond to a jointly owned business, to which both

partners contribute their expertise.6 Each partner may be in charge of different parts

of the business, and hence the value of the partnership as a whole is a function of both

partners’ information. We imagine here partnerships which involve joint control over

an indivisible asset which is not easily replaceable, rather than a mere profit-sharing

arrangement. A restaurant may enjoy a favorable reputation established over many

years, a retail company may benefit from a recognizable brand, a tech company may

have rights to a technology which may not be replicated (e.g., for legal reasons), and a

service provider may enjoy exclusivity in a certain area. In such partnerships, the parties

cannot decide to simply break-up their partnership and operate independently. In case

of dissolution, only the party awarded the asset benefits from it, and the other must be

compensated.

We characterize which disputes can be resolved efficiently. That is, we characterize

the existence of an individually rational mechanism that implements the ex-post effi-

cient allocation—which in our setting includes also the decision whether to dissolve the

partnership or not—without running a deficit. We say that a partnership’s disagreement

level (i.e., the devaluation resulting from the dispute) is lower if the value of joint own-

ership is greater for any realization of the agents’ values. Whether or not a dispute can

be resolved efficiently crucially depends on this disagreement level. If the disagreement

level is not sufficiently large, the dispute cannot be resolved efficiently. To understand

this result, recall that in order to make the efficient decision, the arbitrator must in-

centivize the partners to reveal their private information, and hence provide them with

information rents. The latter must not exceed the gain in surplus resulting from the ef-

6Consider the following example from Harvard Business Review (Thurston, 1986): “Two partners
owned a company that assembled and marketed an electronic product. One managed the design,
marketing, and sales activities. The other handled the procurement, assembly, and finances. At first
they disagreed about their customers’ needs and their product’s features. ‘You have overdesigned the
product! We can’t compete in that market!’ one said. ‘The market demands an upgraded product!
The trouble lies with your failure to assemble to specs!’ the other replied... The partners’ pressure on
each other mounted when the company began to lose money. Antagonism and mutual recrimination
sapped energy that might have helped to resolve their market-position and quality concerns.”
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ficient decision. We show that, when the disagreement level is small, the gain in surplus

is so small that it is exceeded by the information rents, rendering efficient resolution

infeasible. When the disagreement level is large, by contrast, the gain is so substantial

that it outweighs the information rents. Beyond the disagreement level, we also charac-

terize how the ownership structure affects the partners’ information rents, and thereby

the feasibility of efficient resolution.

An additional contribution of the paper is in proposing – for both partnerships with

one- and two-sided private information – simple new arbitration mechanisms that imple-

ment the efficient outcome. In the case of two-sided private information, an arbitrator

could run the following resolution auction. The arbitrator specifies a resolution value

and then each partner submits a bid. If both bids are equal to or above the resolu-

tion value, the partnership is maintained and no payments are made. Otherwise, the

partnership is dissolved in the following way: the higher bidder obtains the asset and

pays to the other partner the difference between his and the other partner’s bid. For

ex ante symmetric bidders, the resolution auction implements the efficient decision, and

it is individually rational for partners to participate in the auction whenever efficient

resolution is feasible (through any mechanism).7

When private information is one-sided, there are two distinct cases. On the one

hand, if the known value of sole ownership for the uninformed partner is high, the ef-

ficient decision is either to maintain the partnership or to dissolve and assign the asset

to the uninformed partner. This decision can be brought about (while guaranteeing vol-

untary participation) by letting the informed partner choose between selling his shares

at a per-unit price equal to the other partner’s value of sole ownership or maintain-

ing the partnership without payment. On the other hand, if the known value of sole

ownership for the uninformed partner is low, the efficient decision is to always dissolve

the partnership and assign the asset to the partner with the higher value. In this case,

efficient resolution is not necessarily feasible. However, whenever it is feasible, it can be

implemented with the following procedure: the informed partner pays a constant fee to

the uninformed partner and, in addition, chooses between selling his shares or buying

the other partner’s shares at a per-unit price equal to the other partner’s value of sole

ownership.

As discussed above, efficient resolution may be infeasible. For the case of one-sided

private information, we fully characterize the second-best mechanisms that maximize

7By specifying partner-specific resolution values, the result extends to the case of asymmetric own-
ership.
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surplus when the first-best is infeasible. In the procedure just described, the informed

partner is given the choice between selling or buying at a price that induces him to make

the efficient decision, thereby leaving him a rent at the expense of the uniformed partner.

The infeasibility of the first-best obtains when this rent is larger than can compensated

for by a fixed fee that ensures the voluntary participation of both sides.

The second best can then be implemented using the following procedure, in which

the informed partner makes two decisions. First, he chooses between maintaining the

partnership (without any payments) and initiating dissolution by paying a pre-specified

fee. Next, in case the informed partner opts for dissolution, he has the choice between

three options: (i) buying the uninformed partner’s shares at a price above that partner’s

value of sole ownership, (ii) selling his shares at a price below the uninformed partner’s

value, and (iii) allocating the asset randomly to one of the two partners, with probabilities

corresponding to each of the partners’ shares (and without any payments). This will have

the effect that for sufficiently high or low values of the informed partner, he will choose

to buy or sell, respectively, implementing the efficient decision at a lower information

rent. For intermediate values, the informed partner no longer earns any rent: he either

chooses to maintain the partnership or opts for the random allocation, in which case the

fee exactly recovers his gain. As we show, this turns out to be the least costly way of

introducing inefficiencies to ensure participation by both sides.

Outline. The paper is organized as follows. The remainder of this section discusses

the most pertinent literature. Section 2 introduces the model and preliminary results

useful for the analysis that follows. Section 3 characterizes which disputes can be re-

solved efficiently, and studies the role of the disagreement level and ownership structure.

Section 4 describes how disputes can be resolved efficiently using simple intuitive arbi-

tration procedures. Section 5 contains an analysis of second-best mechanisms for the

case of one-sided private information, whereas Section 6 considers extensions generaliz-

ing the analysis to a setting with more than two partners and strengthening the notion of

incentive compatibility. Section 7 concludes. The Appendix contains all proofs omitted

from the main text.

1.1 Related literature

In their seminal paper, Cramton, Gibbons, and Klemperer (1987) establish that when

ownership is sufficiently symmetric, ex-post efficient dissolution of a partnership (i.e.,

allocating an asset to the agent with the highest valuation) is possible, but sufficiently
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asymmetric ownership precludes the possibility of efficient dissolution.8 In particular,

this result contrasts with the impossibility result in Myerson and Satterthwaite (1983),

and shows that, with private values, asymmetric ownership rather than asymmetric

information is the key factor hindering efficiency.9

Fieseler, Kittsteiner, and Moldovanu (2003) study an environment with interdepen-

dent values, and show that if the interdependence is positive and sufficiently strong,

ex-post efficient dissolution may be impossible given any initial ownership structure.

Subsequent work studying partnership dissolution with interdependent values includes

Kittsteiner (2003), Jehiel and Pauzner (2006), Ornelas and Turner (2007), Segal and

Whinston (2011), Turner (2013) and Loertscher and Wasser (2019). Loertscher and

Wasser (2019) provide a comprehensive study of partnership dissolution with interde-

pendent values. Allowing for general type distributions, they derive optimal dissolution

mechanisms that maximize convex combinations of revenue and social surplus.

Jehiel and Pauzner (2006) study partnership dissolution in an environment with

two partners, interdependent values, and one-sided information (only one party has

information regarding the valuations). They show how efficient ex-post outcomes are

affected by the initial ownership structure, and find that in cases where the first-best is

unattainable, absent external subsidies, total welfare is maximized under a second-best

mechanism when one of the partners is initially the sole owner. The key departure from

the literature in the present paper is that efficiency need not imply dissolution of the

partnership.

Beyond the application of arbitration to the resolution of partnership disputes that

may result in dissolution, Balzer and Schneider (2021) use a mechanism-design approach

to study various ADR methods in general. They identify the methods that yield the

highest early settlement rates between a plaintiff and a defendant.

A related strand of literature has studied specific, widely used mechanisms for part-

nership dissolution in different environments. McAfee (1992) compares several simple

mechanisms for dissolving equal-share partnerships in an independent private values en-

vironment. De Frutos and Kittsteiner (2008), Brooks, Landeo, and Spier (2010) and

Landeo and Spier (2013) study versions of the popular Texas Shootout mechanism.

Consistent with the motivation for the current paper, Brooks, Landeo, and Spier (2010)

note that “certain deadlock situations might be resolved without an actual dissolution of

8In the context of a public-goods problem with private values, Neeman (1999) shows that efficiency
can be obtained only for intermediate property-rights allocations.

9Schweizer (2006) shows that even if agents’ types are not identically distributed, there always exists
an initial distribution of shares that permits ex-post efficient dissolution of the partnership.
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the partnership”. Versions of the (k + 1)-auctions in Cramton, Gibbons, and Klemperer

(1987) are studied in de Frutos (2000), Kittsteiner (2003), Wasser (2013), and Ensthaler,

Giebe, and Li (2014) in various settings. In recent work, Van Essen and Wooders (2016)

study a dynamic auction for efficiently dissolving a partnership.10

2 Model and preliminaries

There is a partnership that consists of two risk neutral agents i = 1, 2 who jointly own an

asset. Agent i owns share ri ∈ (0, 1) of the asset, with r1 + r2 = 1. Each agent i privately
knows his type θi, which is drawn independently from a commonly known, continuous

distribution function Fi on [θi, θi] with positive density fi, where 0 ≤ θi ≤ θi ≤ 1. A type

profile is denoted by θ = (θ1, θ2). Agent i’s payoff from continuing with the partnership

is equal to riV(θ), where V(θ) ∈ R depends on each agent’s private information and

represents the value of the asset when it is jointly owned by the partners. Because of a

dispute among the partners, it is unclear whether the partnership should be maintained.

In case of dissolution, agent i’s value for sole ownership of the asset is θi, whereas not

owning the asset at all has value zero.

Whether it is desirable to dissolve the partnership, from the perspective of each

party or from the perspective of welfare maximization, depends on the realization of the

agents’ types θ. In particular, dissolving the partnership and awarding the asset to agent

1 is efficient if θ1 > max{θ2, V(θ)} (and analogously for agent 2), but it is efficient to

keep the partnership intact if V(θ) > max{θ1, θ2}. We view the dispute between the

partners as arising due to an unforeseen event (e.g., a falling out between the partners,

an exogenous change in the circumstances in which the partnership operates, or death

of one of the partners, triggering the deceased partner’s potential replacement by a legal

heir) that creates uncertainty about the desirability of continuing the partnership.11 We

take as given this resulting uncertainty, rather than explicitly modeling the event leading

to it.

For concreteness, suppose the asset corresponds to a jointly owned business. Each

partner is responsible for different parts of the business, and hence the value of the part-

nership as a whole is a function of both partners’ information. The business may enjoy a

10Kittsteiner, Ockenfels, and Trhal (2012) and Brown and Velez (2016) experimentally compare dif-
ferent partnership dissolution mechanisms under incomplete and complete information, respectively.

11We assume partners cannot simply infer the other’s type through observed profits. Indeed we are
concerned with circumstances in which arbitration is necessary in order to resolve such uncertainty. For
example, profits may be noisy, or may be revealed only at a future date.
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favorable reputation established over many years, an invaluable location, a recognizable

brand, exclusive rights to a technology, or exclusive rights to operate in a certain area.

Thus, in case of dissolution, only the party awarded the asset benefits from it, and the

other must be compensated (in particular, the parties cannot simply decide to end the

relationship and operate independently).12

To illustrate the tradeoffs that arise from the potential inefficiency of dissolution in

the simplest way possible, we specialize the value of joint ownership of the asset to

V(θ) = θ1 + θ2 − k,

with k ≥ 0 capturing the disagreement level between the partners.13 An advantage of

this formulation is that a single parameter captures the devaluation of the partnership

caused by the dispute, including both the extreme case k = 0 where dissolution is never

efficient and the extreme case k ≥ max{θ1, θ2} where dissolution is always efficient.

A partnership dispute can thus be summarized by (r1, F1, F2, k). To resolve the dis-

pute, it must be decided whether joint ownership of the asset is retained or the part-

nership is dissolved and the asset allocated to one agent. Moreover, monetary transfers

between the partners may be stipulated. Let D = {0, 1, 2} denote the set of possible

decisions, where d = 0 denotes the decision to maintain the partnership and d = i
denotes the decision to dissolve the partnership and allocate the asset to agent i. If the
decision is d ∈ D and agent i receives a transfer of ti ∈ R, i’s ex post net utility is

ui(θ, d) + ti − ri(θ1 + θ2 − k), where

ui(θ, d) =


θi if d = i,

0 if d = −i,

ri(θ1 + θ2 − k) if d = 0.

We study the design of mechanisms with the goal of efficient resolution of disputes—

that is, implementing the efficient decision, which may or may not involve dissolution—

under voluntary participation and without the use of external subsidy.

12In contrast, in some profit-sharing arrangement such as that of two physicians sharing a practice,
the parties may decide to part ways and open independent practices.

13See the working paper version Fershtman and Szabadi (2020) for an analysis of general value
functions V that are increasing, concave, and satisfy an appropriate single-crossing property.
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2.1 Mechanisms

By the revelation principle, it is without loss of generality to restrict attention to truthful

direct mechanisms.14 We therefore consider direct mechanisms (q, t) that are charac-

terized by three decision functions qd : [θ1, θ1]× [θ2, θ2] → [0, 1] for each d ∈ D, such

that ∑d∈D qd(θ) = 1, and two transfer functions ti : [θ1, θ1] × [θ2, θ2] → R for each

i ∈ {1, 2}. Based on the types θ reported by the agents, decision d is implemented with

probability qd(θ) and a monetary transfer of ti(θ) is paid to agent i.
Denote by Qd

i (θi) = Eθ−i [q
d(θi, θ−i)] the interim probability of decision d from the

perspective of agent i. If agent −i reports truthfully, the interim expected net payoff of

agent i with type θi and report θ′i is

Ui(θi, θ′i) = Eθ−i

[
∑d∈D qd(θ′i , θ−i)ui(θi, θ−i, d)− ri(θi + θ−i − k) + ti(θ

′
i , θ−i)

]
= [r−iQi

i(θ
′
i)− riQ−i

i (θ′i)](θi − θ′i) + Ui(θ
′
i), (1)

where Ui(θi) = Ui(θi, θi) denotes i’s interim expected payoff from truthful reporting.

A mechanism is Bayesian incentive compatible (BIC) if Ui(θi) ≥ Ui(θi, θ′i) for all

θi, θ′i ∈ [θi, θi] and i ∈ {1, 2}. For each partner i ∈ {1, 2}, define the interim allocation

Xi(θi) = r−iQi
i(θi)− riQ−i

i (θi).

Using standard arguments (see, e.g., Myerson, 1981), we obtain the following character-

ization of BIC.

Lemma 1 A mechanism (q, t) is BIC if and only if for each i ∈ {1, 2}, θi ∈ [θi, θi],

Xi(θi) is nondecreasing in θi, (2)

Ui(θi) = Ui(θi) +
∫ θi

θi

Xi(z)dz. (3)

As Lemma 1 reveals, the decision rule q of every BIC mechanism is such that the

interim allocations X1,X2 are nondecreasing, and by (3) the interim allocations, in turn,

pin down the interim expected payoffs (and thereby also transfers) up to a constant.

The interim allocation Xi(θ
′
i) corresponds to the change in shares agent i expects when

reporting type θ′i : with probability Qi
i(θ

′
i) the partnership is dissolved and i obtains the

14Implicit in our specification is the assumption that transfers are made before the agents observe
their final payoffs (see, e.g., Mezzetti, 2004).
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other partner’s share r−i and with probability Q−i
i (θ′i) the partnership is dissolved and i

renders his share ri to the other partner. The interim allocation is essential for incentives

because, as seen in (1), different true types θi of agent i value the change in shares Xi(θ
′
i)

upon a given report θ′i differently.

From (3), we have U′
i (θi) = Xi(θi), and Ui is convex as Xi is nondecreasing. Hence,

the expected payoff Ui is minimized at any type θ∗i such that Xi(z) ≤ 0 for all z < θ∗i
and Xi(z) ≥ 0 for all z > θ∗i . Any such type is referred to as a worst-off type. Condition

(3) implies that we can write an agent’s interim payoff as

Ui(θi) = Ui(θ
∗
i ) +

∫ θi

θ∗i

Xi(z)dz,

where the term
∫ θi

θ∗i
Xi(z)dz is the information rent that type θi obtains. If Xi(θi) < 0,

agent i on average expects to sell his share and must be prevented from overstating his

type. If Xi(θi) > 0 agent i expects to buy out his partner and transfers have to be

designed to counter his incentive to understate his type. As Xi(θ
∗
i ) = 0, the worst-off

types neither have an incentive to overstate or understate their type: they do not get

any information rent, which is why they are worst off.15

The ex ante expected payoff of any agent i can be written as

E[Ui(θi)] = Ui(θ
∗
i )−

∫ θ∗i

θi

∫ θ∗i

θi

Xi(z)dzdFi(θi) +
∫ θi

θ∗i

∫ θi

θ∗i

Xi(z)dzdFi(θi)

= Ui(θ
∗
i )−

∫ θ∗i

θi

Fi(θi)Xi(θi)dθi +
∫ θi

θ∗i

[1 − Fi(θi)]Xi(θi)dθi

= Ui(θ
∗
i ) +

∫ θi

θi

max{−Xi(θi)Fi(θi), Xi(θi)[1 − Fi(θi)]}dθi.

Accordingly, we denote the ex ante expected information rent of both agents by

I(q) = ∑
i∈{1,2}

∫ θi

θi

max{−Xi(θi)Fi(θi), Xi(θi)[1 − Fi(θi)]}dθi.

A mechanism is individually rational (IR) if for each type of each agent the interim

expected payoff from participation in the mechanism is greater than under the status

15For any decision rule such that Xi(θi) < 0 < Xi(θi), agent i’s worst-off types are interior, as
is common in the literature on partnership dissolution following Cramton, Gibbons, and Klemperer
(1987). Agents have countervailing incentives (Lewis and Sappington, 1989), resulting in upward and
downward incentive constraints binding for low types and high types, respectively.
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status quo, that is, when maintaining the partnership for sure. Thus a BIC mechanism

is IR if Ui(θ
∗
i ) ≥ 0 for any worst-off type θ∗i of each agent i ∈ {1, 2}. Moreover, a

mechanism (q, t) is ex post budget balanced (BB) if t1(θ) + t2(θ) = 0 for all θ, and it is

ex ante budget balanced if E[t1(θ) + t2(θ)] = 0.
Let the surplus generated under decision rule q be denoted by

S(q) = E
[

∑d∈D qd(θ)[u1(θ, d) + u2(θ, d)]− (θ1 + θ2 − k)
]

= E[q1(θ)(k − θ2) + q2(θ)(k − θ1)].

As the sum of the agents payoffs must equal surplus plus transfers, we have

E[U1(θ1) + U2(θ2)] = U1(θ
∗
1) + U2(θ

∗
2) + I(q) = S(q) + E[t1(θ) + t2(θ)]. (4)

Accordingly, if a mechanism is BIC, IR, and BB, then I(q) ≤ S(q). Conversely, if the

decision rule q is such that each Xi is nondecreasing and I(q) ≤ S(q), then there is a

transfer rule t such that (q, t) is BIC, IR, and ex ante budget balanced. By Börgers and

Norman (2009, Corollary 1), for every mechanism (q, t) that is BIC, IR, and ex ante

budget balanced, there is a mechanism (q, t̃) that is BIC, IR and BB. Hence, we obtain

the following result.

Lemma 2 Consider a decision rule q such that for each i, Xi(θi) is nondecreasing. There

exists a transfer rule t such that the mechanism (q, t) is BIC, IR and BB if and only if

S(q) ≥ I(q).

Put differently, given any decision rule q such that interim allocations are monotone,

I(q)− S(q) is the smallest subsidy from outside that makes it possible to satisfy BIC

and IR. Accordingly, no subsidy is required if I(q)− S(q) ≤ 0, which means the budget

can be kept in balance. Moreover, we can interpret S(q) − I(q) also as the maximal

revenue that could be extracted from the agents under decision q, BIC, and IR.

3 (Im)possibility of efficient dispute resolution

We are now ready to study efficient dispute resolution. Let q̂ denote the ex post efficient

decision rule. The ex post efficient decision is to maintain the partnership if θ1 + θ2 − k ≥
max{θ1, θ2} and to dissolve the partnership by allocating the asset to the agent with the

higher type otherwise. That is, q̂0(θ) = 1 if k ≤ min{θ1, θ2} and q̂0(θ) = 0 otherwise,
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q̂1(θ) = 1

q̂2(θ) = 1
q̂0(θ) = 1

θ1

θ2

0 k 1

1

k

Figure 1: The efficient decision rule q̂, illustrated for θ1 = θ2 = 0 < k < 1 = θ1 = θ2.
In the shaded region, it is efficient to maintain the partnership.

whereas for each i ∈ {1, 2}, q̂i(θ) = 1 if θ−i < min{k, θi} and q̂i(θ) = 0 otherwise. See

Figure 1 for an illustration.

Definition 1 A partnership dispute (r1, F1, F2, k) can be resolved efficiently if there exists

a mechanism (q̂, t) that is BIC, IR and BB.

By dissolving the partnership and allocating the asset to the partner with the higher

value θi, the disagreement cost k is avoided but also the additional benefit from joint

ownership consisting of the value contributed by the other partner is lost. The efficient

decision does so whenever it is profitable, and thus it generates surplus

S(q̂) = E[max{0, k − min{θ1, θ2}}].

Moreover, the interim expected decisions from the perspective of agent i are

Q̂i
i(θi) =

F−i(θi) if θi < k,

F−i(k) if θi > k
and Q̂−i

i (θi) =

1 − F−i(θi) if θi < k,

0 if θi > k.
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The implied interim allocation is

Xi(θi) =

F−i(θi)− ri if θi < k,

r−iF−i(k) if θi > k,
(5)

which is nondecreasing as is necessary for BIC. In turn, (5) determines the information

rent I(q̂) under the efficient decision. By Lemma 2, efficient resolution is possible if and

only if S(q̂) ≥ I(q̂), which yields the following result.

Proposition 1 A partnership dispute can be resolved efficiently if and only if

E[max{0, k − min{θ1, θ2}}] ≥ ∑
i∈{1,2}

∫ θi

θi

max{−Xi(θi)Fi(θi), Xi(θi)[1 − Fi(θi)]}dθi

where Xi(θi) = F−i(θi)− ri if θi < k and Xi(θi) = r−iF−i(k) if θi > k.

To shed more light on which disputes can be resolved efficiently, we focus on the

following two classes of informational environments.

Definition 2 (Two-sided and one-sided private information)

1. A partnership dispute has two-sided private information if F1 and F2 have common

support [θ1, θ1] = [θ2, θ2] = [0, 1].

2. A partnership dispute has one-sided private information if agent 2’s type is known,

that is, θ2 = θ2 = θ2, and θ1 < θ2 < θ1.

In many real-world partnership environments, some partners may have more informa-

tion than others. For example, managing partners generally are better informed about

the value of the company (see Brooks, Landeo, and Spier, 2010). The case of two-sided

private information allows for asymmetry between the agents. The extreme form of

such asymmetry is captured by the case of one-sided information. As discussed in Je-

hiel and Pauzner (2006), one-sided private information is an appropriate assumption for

partnerships such as those between a start-up company jointly owned by an inventor

and a venture-capital fund. Having developed the project, the inventor is likely to be

much better informed about its value at future stages.16 For such environments, the

16The importance of asymmetric information in partnerships with interdependent valuations is also
acknowledged by de Frutos and Kittsteiner (2008). Similarly, Landeo and Spier (2013) study partner-
ship dissolution with buy-sell clauses using a common-values settings that allows for one-sided private
information.
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question is whether and how the informed party can be incentivized to fully reveal their

information (under voluntary participation of both parties).

3.1 Two-sided private information

Beginning with the case of two-sided private information, we first show that disputes

cannot be resolved efficiently unless they render the partnership sufficiently ineffective,

that is, unless k is sufficiently large.

Proposition 2 Under two-sided private information, there exist 0 < k′ ≤ k′′ < 1 +∣∣E[θ1]− E[θ2]
∣∣ such that any dispute with k ∈ (0, k′) cannot be resolved efficiently and

any dispute with k ≥ k′′ can be resolved efficiently.

Suppose there is no disagreement (k = 0). Then it is always efficient to maintain the

partnership, resulting in surplus S(q̂) = 0, and the information rent is I(q̂) = 0 as no

information needs to be elicited. Now, consider a small increase in k. This results only in

a very small increase in surplus as the efficient decision only changes to dissolution with

the small probability that min{θ1, θ2} < k and only yields a small gain in that case: for

small k, the marginal increase in S(q̂) in response to a marginal increase in k vanishes.

The marginal increase in I(q̂), however, does not vanish: as soon as k > 0, the efficient

decision depends on the agents’ information, and almost all types of each agent earn an

information rent. That is why for small k, S(q̂) < I(q̂), so that the dispute cannot be

resolved efficiently.

By contrast, for any k ≥ 1 it is always efficient to dissolve the partnership and allocate

the asset to the partner with the higher type. As the efficient decision no longer changes

in response to a increase in k, the information rent I(q̂) is the same for all k ≥ 1. The

surplus S(q̂), however, increases one-for-one with k. Hence, for any k sufficiently large,

S(q̂) ≥ I(q̂) and the dispute can be resolved efficiently. Proposition 2 also provides an

upper bound on how large k needs to be, which equals 1 in case F1 and F2 have the same

mean.

Example 1 Suppose types are uniformly distributed, that is, F1(x) = F2(x) = x for

x ∈ [0, 1]. Let k ∈ [0, 1]. Then surplus and information rent can be shown to equal

S(q̂) = k2 − 1
3

k3,

I(q̂) = −1
2

k +
1
2

k2 − 1
6

k3 + ∑
i∈{1,2}

min{ri, k}
(

ri −
1
2

min{ri, k}
)

.
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k

0

0.2

0.4

0.6 S(q̂)

I(q̂), r1 = 1/2

I(q̂), r1 = 0

Figure 2: Surplus (dashed line) and information rent (solid lines) as a function of k under
the efficient decision if F1 and F2 are uniform. The information rent is depicted in black
for r1 = 1/2 and in gray for r1 ∈ {0, 1}.

The two functions are plotted in Figure 2, where the information rent is depicted once

for r1 = 1/2 and once for r1 = 0. In both cases, S and I intersect at exactly one k > 0.
In the case of equal ownership shares (r1 = 1/2), the statement in Proposition 2 is true

for k′ = k′′ = (9 −
√

69)/2 ≈ 0.347. If ownership is extremely asymmetric such that

r1 = 0 (or r1 = 1), we can set k′ = k′′ = 3 −
√

6 ≈ 0.551. Consequently, the dispute

can be resolved efficiently if and only if k is above a certain threshold, and this threshold

is lower for equal ownership.

Apart from the disagreement level k, also the ownership structure of the partnership

affects the possibility of efficient resolution. The surplus generated through efficient res-

olution is independent of the agents’ shares. But as agent i’s utility from maintaining the

partnership depends on his share, so do his incentives and his information rent. Disputes

are thus easier to resolve under a certain ownership structure if this ownership structure

leads to a lower information rent I(q̂). The following proposition characterizes how the

ownership structure, summarized by the share r1 of agent 1, affects the information rent.

Proposition 3 Consider two-sided private information. The information rent I(q̂) is a

convex function of r1 with the following properties:

(i) If F1 = F2 = F, I(q̂) is decreasing for r1 < min{F(k), 1/2}, increasing for

r1 > max{1/2, 1 − F(k)}, and constant otherwise.
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(ii) If F1(x) > F2(x) for all x ∈ (0, 1), there exists r̃1 ∈ [0, 1/2) such that I(q̂) is

decreasing for r1 < r̃1 and increasing for r1 > r̃1. If k ≥ 1, r̃1 > 0, whereas if

k ∈ (0, 1), there exist both F1, F2 such that r̃1 > 0 and F1, F2 such that r̃1 = 0.

Part (i) of Proposition 3 is concerned with symmetric environments where the type

of both agents is drawn from the same distribution. In this case the information rent

is minimized at symmetric ownership and maximized at extreme ownership with either

r1 = 0 or r1 = 1. The two curves in Figure 2 thus correspond to the lowest and highest

possible information rent in Example 1. Resonating a common finding in the literature

initiated by Cramton, Gibbons, and Klemperer (1987), the more equal the ownership

structure is, the easier disputes can be resolved efficiently. If the disagreement level

is sufficiently low (F(k) < 1/2), there is a convex set of shares that all minimize the

information rent, whereas r1 = 1/2 is the unique minimizer otherwise.

Next, suppose agent 2 is stronger than agent 1 in the sense that F2 first-order stochas-

tically dominates F1. According to Part (ii) of Proposition 3, the information rent is then

uniquely minimized at r̃1 < 1/2, that is, at an ownership structure where agent 1’s share

is smaller than agent 2’s. It is even possible that the extreme ownership structure where

agent 1’s share is zero minimizes the information rent, which requires that k < 1 and

that agent 2 is much stronger than agent 1. Overall, disputes where the stronger agent

is also the majority owner are thus easier to resolve efficiently.

3.2 One-sided private information

Let us turn to case of one-sided private information, where agent 2’s type θ2 is commonly

known. Even though only agent 1’s information has to be elicited, there are still disputes

that cannot be resolved efficiently. The situations that prevent efficient resolution are

characterized by a simple condition that clarifies the effect of both the disagreement

level k and the ownership structure.

Proposition 4 Under one-sided private information, the dispute cannot be resolved effi-

ciently if and only if

θ2 < k < r1θ2 + r2E[θ1]. (6)

Suppose θ2 ≥ k. Then the efficient decision never involves awarding the asset to

agent 1: agent 2 is awarded the asset if θ1 < k and the partnership is maintained if θ1 ≥ k.
As a result, only agent 1’s types θ1 < k, which trigger dissolution, obtain an information

rent (as X1(θ1) = 0 for θ1 ≥ k). This leads to a moderate expected information rent
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I(q̂) that, as we show, is always lower than surplus S(q̂) = E[max{0, k − θ1}], rendering
efficient resolution possible. That is why disputes cannot be resolved efficiently only if

θ2 < k, as reflected in condition (6).

If θ2 < k, then it is clear that maintaining the partnership is not efficient. Yet θ1

has to be elicited from agent 1 to decide who should be awarded the asset: agent 2

if θ1 < θ2 and agent 1 otherwise. Accordingly, almost all types of agent 1 obtain an

information rent (as X1(θ1) ̸= 0 for all θ1), which can cause the expected information

rent I(q̂) to be greater than the generated surplus and thus prevent efficient resolution.

Condition (6) shows when this is the case. To understand the condition, consider the

decision rule q̃ that dissolves the partnership by randomly assigning the asset such that

q̃1(θ) = r1 and q̃2(θ) = r2 for all θ. This decision can be implemented without ceding

any information rent to agent 1, and it results in surplus S(q̃) = k − r1θ2 − r2E[θ1].

Now, when moving from q̃ to the efficient decision q̂, the entire additional surplus has to
be granted to agent 1 as his information rent. Thus, if S(q̃) < 0, that is, if decision q̃ is

not already an improvement over maintaining the partnership, then the dispute cannot

be resolved efficiently, which is equivalent to the second inequality in (6).

Proposition 4 shows that if E[θ1] ≤ θ2, every dispute can be resolved efficiently.

If E[θ1] > θ2, however, there is a range of disagreement levels k that prevent efficient

resolution. This range becomes smaller when increasing r1. Having a higher expected

value, agent 1 can be interpreted as the stronger partner, so that the effect of the

ownership structure is in line with our finding for two-sided private information: disputes

where the stronger agent owns a larger share are easier to resolve efficiently. Moreover,

whereas efficient resolution is always possible if k ≤ θ2, conditional on k > θ2 the role

of k is reminiscent of Proposition 2: disputes cannot be resolved efficiently unless they

render the partnership sufficiently ineffective.

4 Arbitration design: simple procedures

For concreteness, and in order to develop more intuition for the results above, we now

describe how disputes can be efficiently resolved using simple intuitive procedures—both

when private information is two-sided and when it is one-sided.
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4.1 Two-sided private information: a resolution auction

Suppose there is two-sided private information and both agents’ types are drawn from

the same distribution F = F1 = F2. We first focus on the case of symmetric shares, that

is, r1 = r2 = 1/2. Consider the following bidding procedure, which we refer to as a

resolution auction. Define the resolution value of the auction as

B =
∫ k

0
z f (z)dz +

1
2

∫ 1

k
z f (z)dz.

Each agent i is asked to submit a bid bi ≥ 0. If b1 ≥ B and b2 ≥ B, the partnership is

maintained. Otherwise, the partnership is dissolved and the object is allocated to the

higher bidder. In any case, agent i pays his bid bi to the other agent. Put differently,

net payments are zero if the partnership is maintained whereas the winning bidder pays

the difference in bids to the losing bidder otherwise.

As we will show below (as part of Proposition 5), it is a Bayesian Nash equilibrium

that each bidder i with type θi bids

β(θi) =


∫ θi

0 z f (z)dz if θi < k,

B if θi ≥ k.

Hence, the partnership is maintained if the type of both agents is above k and, since

β is strictly increasing for lower types, the object is assigned to the bidder with the

higher type otherwise. The resolution auction thus implements the efficient decision rule

q̂, and it satisfies ex post budget balance by design. By the revelation principle, the

resolution auction is equivalent to a mechanism (q̂, t) that is BIC and BB. As agents

are ex ante symmetric, equation (4) implies that the utility of each bidder’s worst-off

type is Ui(θ
∗
i ) = [S(q̂)− I(q̂)]/2. Consequently, the resolution auction is individually

rational and succeeds in resolving the dispute efficiently if and only if S(q̂) ≥ I(q̂), that
is, whenever efficient resolution is possible.

It is instructive to take a closer look at why bidders may refuse to participate. As

we know from Proposition 2, this can happen if k is small. So suppose F(k) ≤ 1/2.
Then bidder i’s unique worst-off type is θ∗i = k since Xi(θi) = F(θi)− 1/2 < 0 if θi < k
whereas Xi(θi) = F(k)/2 > 0 if θi > k. From the perspective of bidder i with type

θ∗i = k, the partnership is maintained if θ−i ≥ k, which yields a net payoff of zero,

whereas bidder i obtains the object and pays B − β(θ−i) if θ−i < k. The interim net
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payoff of agent i’s worst-off type is thus

Ui(k) = F(k)
(
k − (k + E[θ−i|θ−i < k]− k)/2 − B + E[β(θ−i)|θ−i < k]

)
.

Note that for small k, all terms other than B become small, whereas B ≥ E[θi]/2 for

all k. Hence for small k > 0, i’s worst-off type expects a negative payoff, which means

the resolution auction violates individual rationality. Intuitively, if the partnership is

relatively effective (i.e., k is small), the gains from dissolution for the agent who obtains

the object with type k are relatively small. But at the same time this agent has to make

a substantial payment of almost B to his partner, rendering participation undesirable.

While lowering B may restore participation, this would induce some types below k to

bid B, resulting in the partnership being maintained more often than is efficient.

Now, suppose r1 and r2 potentially differ. We can adapt the resolution auction to

asymmetric ownership structures as follows. Instead of B, define for each agent i, the
individual resolution value

Bi =
∫ k

0
z f (z)dz + ri

∫ 1

k
z f (z)dz.

The partnership is maintained if b1 ≥ B1 and b2 ≥ B2. Otherwise, the partnership is

dissolved and the object is assigned to the higher bidder. In any case, bidder i pays bi to

the other bidder. As before, this means there is a positive net payment from the winner

to the loser in case of dissolution. But also when there the partnership is maintained

there is a payment since Bi > B−i if ri > 1/2. In addition, the resolution auction may

also specify a lump sum payment L ∈ R from agent 1 to agent 2. This payment is fixed

at the outset (independent of the bids).

Proposition 5 Under two-sided private information with F1 = F2 = F, it is a Bayesian

Nash equilibrium of the resolution auction that each bidder i with type θi bids

βi(θi) =


∫ θi

0 z f (z)dz if θi < k,

Bi if θi ≥ k.

There is a lump sum payment L such that the resolution auction is individually rational

if and only if the partnership dispute can be resolved efficiently.

Clearly, the agents bidding according to β1 and β2 results in the efficient decision

being implement, and the budget is balanced by design. Consequently, whenever a
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dispute with two-sided private information, F1 = F2, and arbitrary ownership structure

can be resolved efficiently, the resolution auction can be used to do so, provided the

lump sum payment L is appropriately chosen to ensure both partners’ participation.

4.2 One-sided private information: fixed price and fee

Under one-sided private information, agent 2’s commonly known type determines which

two out of the three options in D remain candidates for the efficient decision. If θ2 ≥ k,
it is clear that the asset is not awarded to agent 1, whereas if θ2 < k the partnership

is definitely not maintained. We consider each case in turn and show that efficient

resolution can be achieved by letting agent 1 decide about trading shares at a per-unit

price equal to θ2, possibly augmented with a constant fee to be paid to agent 2.

First, let θ2 ≥ k. Suppose the per-unit-price p = θ2 is fixed and agent 1 is given the

choice between selling his share to agent 2 at price r1p or not doing so, in which case

the partnership is maintained. Agent 1’s net utility amounts to

r1p − r1(θ1 + θ2 − k) = r1(k − θ1)

if he sells and to zero otherwise. Thus agent 1 sells if and only if θ1 < k, which corre-

sponds to the efficient decision and ensures agent 1 a nonnegative net utility. Moreover,

also agent 2 is willing to participate as his net utility amounts to

θ2 − r1p − r2(θ1 + θ2 − k) = r2(k − θ1) > 0

if θ1 < k (i.e., agent 1 sells) and to zero otherwise.

Now, let θ2 < k. Suppose the lump-sum fee L = r1(k − θ2) and the per-unit-price

p = θ2 are fixed. Agent 1 is asked to pay the fee L to agent 2. Moreover, he is given

the choice between selling his share at price r1p and buying agent 2’s share at price r2p.
Agent 1’s net utility amounts to−L + r1p − r1(θ1 + θ2 − k) = r1(θ2 − θ1) if he sells,

−L + θ1 − r2p − r1(θ1 + θ2 − k) = r2(θ1 − θ2) if he buys.

Thus agent 1 sells if θ1 < θ2 and buys if θ1 ≥ θ2. Again, this implements the efficient
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decision and ensures agent 1’s participation. Agent 2’s expected net utility is

L + F1(θ2)(θ2 − r1p) + [1 − F1(θ2)]r2p − r2(E[θ1] + θ2 − k) = k − r1θ2 − r2E[θ1],

that is, he is willing to participate if and only if k ≥ r1θ2 + r2E[θ1]. Hence, by Propo-

sition 4 the procedure fails to resolve the partnership dispute efficiently only when it is

impossible to do so. We summarize our findings as follows.

Proposition 6 Letting agent 1 sell or not at per-unit price p = θ2 if θ2 ≥ k and letting

agent 1 sell or buy at per-unit price p = θ2 while paying fee L = r1(k − θ2) to agent 2

if θ2 < k efficiently resolves the dispute whenever efficient resolution is possible.

5 Second-best analysis

As we have seen above, efficient resolution is not always possible. In this section, focusing

on the case of one-sided private information, we identify the second-best mechanisms that

maximize the expected surplus when efficient resolution cannot be achieved.

We assume θ2 < k < r1θ2 + r2E[θ1], which is precisely the condition under which

efficient resolution is impossible (see Proposition 4). Moreover, we impose the following

standard regularity assumptions on the type distribution F1:

θ1 +
F1(θ1)

f1(θ1)
is strictly increasing in θ1,

1 − F1(θ1)

f1(θ1)
is strictly decreasing in θ1.

(7)

We determine the mechanism (q, t) that maximizes surplus S(q) under the constraints
BIC, IR, and BB. We call this the second-best mechanism. By Lemma 2, the decision

rule of the second-best mechanism solves the problem

max
q

S(q) s.t. X1 is nondecreasing and S(q) ≥ I(q).

As the efficient decision rule is not feasible, the constraint S(q) ≥ I(q) must be binding.

The second-best decision rule thus maximizes the Lagrangian S(q) + λ[S(q)− I(q)] for
some λ > 0. Letting α = λ/(1 + λ), we focus on the equivalent problem

max
q

S(q)− αI(q) s.t. X1 is nondecreasing,
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where α ∈ (0, 1) is chosen such that the optimal q yields S(q) = I(q). That is, the

information rent is included in the objective with a negative weight to ensure that it does

not outweigh surplus. Alternatively, we can also interpret the problem as maximizing

a weighted sum of surplus S and revenue S − I, where the weight on revenue is just

sufficiently high to prevent a budget deficit.

As agent 2 has no private information, we have qd(θ) = Qd
1(θ1) for each d ∈ D and

I(q) =
∫ θ1

θ1

max{−X1(θ1)F1(θ1), X1(θ1)[1 − F1(θ1)]}dθ1,

that is, only agent 1 obtains an information rent. Surplus can be written as

S(q) = Eθ1

[
Q1

1(θ1)(k − θ2) + Q2
1(θ1)(k − θ1)

]
= Eθ1

[
(Q1

1(θ1) + Q2
1(θ1))(k − r2θ1 − r1θ2) + X1(θ1)(θ1 − θ2)

]
.

The second line decomposes surplus into two parts: The first part corresponds to the

surplus generated by dissolving the partnership with probability Q1
1(θ1) + Q2

1(θ1) and

then assigning the object with probability r1 and r2 to agent 1 and 2, respectively. This

random allocation reflects the initial ownership structure and does not cause any informa-

tion rent. The second part corresponds to the surplus generated by transferring expected

ownership share X1 from agent 2 to agent 1 upon dissolution, which affects agent 1’s

incentives and causes an information rent. Taken together, the objective S(q)− αI(q)
becomes

E

[
(Q1

1(θ1) + Q2
1(θ1))(k − r2θ1 − r1θ2)

+ min
{

X1(θ1)

(
θ1 + α

F1(θ1)

f1(θ1)
− θ2

)
, X1(θ1)

(
θ1 − α

1 − F1(θ1)

f1(θ1)
− θ2

)} ]
.

(8)

The first line again corresponds to the surplus from dissolving without changing—in

expectation—the ownership structure. The second line accounts for both surplus and

information rent when transferring ownership: the difference between agent 2’s valuation

and an α-weighted virtual cost or virtual valuation, respectively, reflects the benefit of

letting agent 1 on average sell his share (X1 < 0) or buy out agent 2 (X1 > 0).
The following proposition provides a full characterization of the second-best mecha-

nism. It is obtained by maximizing (8) subject to X1 being nondecreasing, choosing α
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such that S(q) = I(q), and recovering the corresponding transfers using (3).17

Proposition 7 Consider one-sided private information with θ2 < k < r1θ2 + r2E[θ1] and

assume (7). The second-best mechanism (q, t) is given by

q1(θ) = 0, q2(θ) = 1, t1(θ) = −r1(k − θ2) + r1ω if θ1 < ω,

q1(θ) = r1, q2(θ) = r2, t1(θ) = −r1(k − θ2) if θ1 ∈ [ω, min{ω̂, ω}],
q1(θ) = 0, q2(θ) = 0, t1(θ) = 0 if θ1 ∈ (min{ω̂, ω}, ω],

q1(θ) = 1, q2(θ) = 0, t1(θ) = −r1(k − θ2)− r2ω if θ1 > ω,

where ω̂ = (k − r1θ2)/r2 and where ω, ω, α is the unique solution to

θ2 = ω + α
F1(ω)

f1(ω)
, (9)

θ2 = min{ω, ω̂} − α
1 − F1(ω)

f1(ω)
, (10)

0 =
∫ ω

θ1

(
k − θ1 − r1

F1(θ1)

f1(θ1)

)
dF1(θ1) +

∫ min{ω,ω̂}

ω
(k − r1θ2 − r2θ1)dF1(θ1)

+
∫ θ1

ω

(
k − θ2 − r2

1 − F1(θ1)

f1(θ1)

)
dF1(θ1).

(11)

The second-best decision rule q identified in Proposition 7 coincides with the efficient

decision rule q̂ for all θ1 /∈ [ω, ω]: it dissolves the partnership and assigns the object

to the partner with the higher type. For θ1 ∈ [ω, ω], however, the second-best decision

rule deviates from efficiency and implements interim allocation X1(θ1) = 0 in order to

reduce agent 1’s information rent. Interim allocation X1(θ1) = 0 is implemented in

the least costly way in terms of surplus, giving rise two possible kinds of inefficiency:

On the one hand, if θ1 ∈ [ω, min{ω̂, ω}], the partnership is dissolved but instead of

assigning the object to the higher type, it is given with probability r1 to agent 1 and with

probability r2 to agent 2. On the other hand, if θ1 ∈ (min{ω̂, ω}, ω], the partnership is

maintained. As the following example demonstrates, there are both environments where

ω̂ < ω, so that the second-best mechanism sometimes maintains the partnership, and

environments where ω̂ > ω, so that the partnership is always dissolved.

17The key difference compared to the second-best analysis in Jehiel and Pauzner (2006) is that our
objective (8) not only depends on X1 but also on the underlying Q1

1, Q2
1, as the possibility of maintaining

the partnership allows for Q1
1 + Q2

1 < 1. More broadly, our problem can be interpreted as an optimal
contracting problem that may involve exclusion in the sense of Jullien (2000).
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Example 2 Let θ1 = 0, θ1 = 1, F1(θ1) = θ1, r1 = r2 = 1/2, θ2 = 1/4, k ∈ (1/4, 3/8).
Then ω̂ = 2k − 1/4. Combining (9) and (10) yields ω as a decreasing function

ω : [θ2, 1] → [0, θ2] of ω, where ω(ω) = θ2(1− ω)/(1− ω +min{ω, ω̂} − θ2). Hence,

equation (11) is equivalent to 0 = R(ω), where the function R is defined as

R(ω) =
∫ ω(ω)

0
(k − 3θ1/2)dθ1 +

∫ min{ω,ω̂}

ω(ω)
(k − 1/8 − θ1/2)dθ1

+
∫ θ1

ω
(k − 3/4 + θ1/2)dθ1.

One can show that R′(ω) > 0 for all ω ≤ ω̂, and for ω = ω̂, one finds

R(ω̂) = −20
9

k2 +
53
18

k − 13
18

> 0 if k < 13/40,

< 0 if k > 13/40.

Thus, the second-best mechanism has ω < ω̂ if k < 13/40 and ω > ω̂ if k > 13/40.

In Subsection 4.2, we considered the simple efficient procedure where agent 1 pays

fee L = r1(k − θ2) to agent 2 and decides whether to sell his share or buy agent 2’s

share at per-unit price p = θ2. As we had seen, agent 2 refuses to participate in this

procedure if θ2 < k < r1θ2 + r2E[θ1]. Given our characterization of the second best, we

can now modify the procedure so that it maximizes the expected surplus while ensuring

participation of both agents. The modification involves adding the option of maintaining

the partnership and replacing price p = θ2 by an ask price above θ2 and a bid price below

θ2. We describe it in the next proposition, which immediately follows from Proposition 7.

Proposition 8 The following procedure implements the second-best mechanism of Propo-

sition 7: Agent 1 first decides whether the partnership is maintained or dissolved. In the

latter case, agent 1 has to pay the fee L = r1(k − θ2) to agent 2 and decides in which

way the dissolution proceeds: either the asset is randomly allocated with probability ri to

agent i = 1, 2 or agent 1 sells his share at per-unit price ω or agent 1 buys agent 2’s

share at per-unit price ω.

6 Extensions

In the following, we provide two extensions to our analysis of efficient dispute resolu-

tion. First, we consider partnerships with more than two partners. Second, we consider
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mechanisms that satisfy a stronger notion of incentive compatibility.

6.1 More than two partners

We now extend our model of partnership disputes to allow for more than two partners.

Suppose there are n ≥ 2 agents. Each agent i ∈ N = {1, . . . , n} owns share ri ∈ (0, 1)
(∑i∈N ri = 1) in the asset and independently draws their type θi from the same continu-

ous distribution F on [0, 1] with density f . We consider the most natural generalization

of the partnership function, assuming V(θ) = ∑i∈N θi − k. The set of possible decisions
is D = {0, 1, . . . , n}, where, as before, d = i means the asset goes to agent i and d = 0
means the partnership is maintained. Agent i’s ex post net utility from decision d and

transfer ti is ui(θ, d) + ti − ri(∑i∈N θi − k), where

ui(θ, d) =


θi if d = i,

0 if d /∈ {i, 0},

ri(∑i∈N θi − k) if d = 0.

A mechanism (q, t) consists of n + 1 decision functions qd : [0, 1]n → [0, 1] such that

∑d∈D qd(θ) = 1 and n payment functions ti : [0, 1]n → R.

Let Qd
i (θi) = Eθ−i [q

d(θi, θ−i)] where θ−i = (θ1, . . . , θi−1, θi+1, . . . , θn) now collects

the types of all partners other than i. If all partners j ̸= i report truthfully, the interim

expected net payoff of partner i with type θi and report θ′i is

Ui(θi, θ′i) = Eθ−i [∑d∈D qd(θ′i , θ−i)ui(θ, d)− ri(∑i θi − k) + ti(θ
′
i , θ−i)]

= Xi(θ
′
i)(θi − θ′i) + Ui(θ

′
i),

where the general version of the interim allocation is

Xi(θi) = (1 − ri)Qi
i(θi)− ri ∑

d/∈{i,0}
Qd

i (θi).

Given this, Lemma 1 and the definition of worst-off types continue to hold.
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Information rent and surplus are

I(q) = ∑
i∈N

∫ 1

0
max{−Xi(θi)F(θi), Xi(θi)[1 − F(θi)]}dθi,

S(q) = ∑
i∈N

Eθ[qi(θ)(k − ∑j ̸=iθj)].

Using these expressions, Lemma 2 extends to the case of n agents.

The efficient decision rule satisfies for each i ∈ N

q̂i(θ) =

1 if θi > maxj ̸=i θj and ∑j ̸=i θj < k,

0 if θi < maxj ̸=i θj or ∑j ̸=i θj > k or both.

Let θl:n denote lth highest order statistic, that is, the lth highest type out of n draws

from distribution F. The distribution of θl:n is denoted by Gl:n. The surplus generated

under the efficient decision is S(q̂) = E[max{0, k − ∑n
l=2θl:n}].

Given a ∈ [0, 1], let F̃a denote the distribution F truncated above at a, that is,

F̃a(θ̃i) =
F(min{θ̃i, a})

F(a)
,

and let Ha
n denote the distribution of the sum of n independent draws from F̃a, that is,

Ha
n(x) = P[∑n

j=1θ̃j ≤ x] with θ̃j ∼ F̃a for each j.

Now, the joint distribution of θ2:n, . . . , θn:n conditional on θ1:n = a is equivalent to

the joint distribution of the order statistics θ̃1:n−1, . . . , θ̃n−1:n−1 of n − 1 draws from F̃a

(see, e.g., David and Nagaraja, 2003, Theorem 2.5). And since the sum of all order

statistics is just the sum of all draws, we have P[∑n
l=2 θl:n ≤ x | θ1:n = a] = Ha

n−1(x).
Using G1:n and Ha

n we obtain concise expressions for interim allocations and surplus.

For Xi, we use

Q̂i
i(θi) = P[θ1:n−1 < θi and θl:n−1 + ∑n−1

l=2 θl:n−1 < k] =
∫ θi

0
Hy

n−2(k − y)dG1:n−1(y),

∑
j ̸=i

Q̂j
i(θi) = P[θ1:n−1 > θi and θi + ∑n−1

l=2 θl:n−1 < k] =
∫ 1

θi

Hy
n−2(k − θi)dG1:n−1(y).

The distribution of ∑n
l=2θl:n is G̃(x) =

∫ 1
0 Hy

n−1(x)dG1:n(y), so that surplus can be
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Figure 3: S(q̂)− I(q̂) as a function of k for uniform F, n ∈ {2, 3, 5}, and ri = 1/n for
each i. The dispute can be resolved efficiently if and only if S(q̂)− I(q̂) ≥ 0.

written as S(q̂) =
∫ k

0 (k − x)dG̃(x) =
∫ k

0 G̃(x)dx.
We thus obtain the following counterpart to Proposition 1, characterizing when effi-

cient dispute resolution is possible using the condition S(q̂) ≥ I(q̂) from Lemma 2.

Proposition 9 A dispute among n partners can be resolved efficiently if and only if

∫ k

0

∫ 1

0
Hy

n−1(x)dG1:n(y)dx ≥ ∑
i∈N

∫ 1

0
max{−Xi(θi)F(θi), Xi(θi)[1 − F(θi)]}dθi

where Xi(θi) = (1 − ri)
∫ θi

0 Hy
n−2(k − y)dG1:n−1(y)− ri

∫ 1
θi

Hy
n−2(k − θi)dG1:n−1(y).

Further analysis of the condition for (im)possibility of efficient resolution is in general

less tractable than in the two-agent case because it involves Ha
n, which is the n-fold

convolution of F̃a. For our next result, we therefore assume that agents’ types are drawn

from the uniform distribution. In this case, closed-form expressions are available for Ha
n,

allowing us to obtain the following n-partners version of Proposition 2.

Proposition 10 Consider a dispute among n partners with uniform F. There exist 0 <

k′ ≤ k′′ < n − 1 such that any dispute with k ∈ (0, k′) cannot be resolved efficiently and

any dispute with k ≥ k′′ can be resolved efficiently.

See Figure 3 for an illustration of how S(q̂)− I(q̂) as a function of k changes with

the number of agents, assuming all agents have an equal share in the partnership.
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6.2 Ex post incentive compatibility

Let us return to our model of bilateral partnership disputes as defined in Section 2.

Instead of allowing for all mechanisms that are BIC, we now impose the stronger notion

of ex post incentive compatibility. A mechanism (q, t) is ex post incentive compatible

(EPIC) if reporting truthfully is an ex post equilibrium, that is, for each agent i

∑
d∈D

qd(θi, θ−i)ui(θi, θ−i, d) + ti(θi, θ−i) ≥ ∑
d∈D

qd(θ′i , θ−i)ui(θi, θ−i, d) + ti(θ
′
i , θ−i)

for all θi, θ′i ∈ [θi, θi]. We adapt our definition of efficient resolution as follows.

Definition 3 A partnership dispute (r1, F1, F2, k) can be EPIC-resolved efficiently if there

exists a mechanism (q̂, t) that is EPIC, IR and ex ante budget balanced.

Compared with Definition 1, Definition 3 strengthens BIC to EPIC and at the same

time weakens BB (i.e., ex post budget balance) to ex ante budget balance. Recall from

Section 2.1 that any decision rule q that can be implemented under BIC, IR, and ex

ante budget balance can also be implemented under BIC, IR, and BB. Thus weakening

BB alone leaves the set of disputes that can be efficiently resolved unchanged. Yet

under EPIC, this equivalence between BB and ex ante budget balance does not hold.

As we demonstrate next, ex ante budget balance permits implementation of the efficient

decision rule q̂ under EPIC.

Consider the family of mechanisms (q̂, tc1,c2), consisting of the efficient decision rule

q̂ and a transfer rule tc1,c2 for some c1, c2 ∈ R, where for each agent i

tc1,c2
i (θ) = −r−iθ−iq̂i(θ) + riθ−iq̂−i(θ)− ci.

Note that with an appropriate choice of c1, c2 the mechanism (q̂, tc1,c2) is ex ante budget

balanced. Most importantly, every mechanism (q̂, tc1,c2) is EPIC: Given θ−i ≥ k, the
partnership is maintained if agent i reports θ′i ≥ k and agent −i obtains the asset

otherwise. With transfer tc1,c2
i agent i prefers maintaining the partnership if and only

if ri(θi + θ−i − k) ≥ riθ−i, that is, θi ≥ k, so that reporting θ′i = θi is optimal. Given

θ−i < k, agent i obtains the asset if he reports θ′i > θ−i and agent −i obtains the asset

if θ′i < θ−i. Agent i prefers to obtain the asset if and only if θi − r−iθ−i ≥ riθ−i, that is,

θi ≥ θ−i, so that reporting θ′i = θi is again optimal.
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Since EPIC implies BIC, every EPIC mechanism (q̂, t) satisfies (4), that is,

U1(θ
∗
1) + U2(θ

∗
2) + I(q̂) = S(q̂) + E[t1(θ) + t2(θ)].

Hence, if a mechanism (q̂, t) is EPIC, IR (i.e., U1(θ
∗
1) ≥ 0 and U2(θ

∗
2) ≥ 0), and

ex ante budget balanced (i.e., E[t1(θ) + t2(θ)] = 0), then S(q̂) ≥ I(q̂). Conversely, if

S(q̂) ≥ I(q̂), there exist c1, c2 such that the mechanism (q̂, tc1,c2) is EPIC, IR, and ex ante

budget balanced. Consequently, a partnership dispute can be EPIC-resolved efficiently

if and only if S(q̂) ≥ I(q̂). As the same condition, of course, also characterizes the

disputes that can be resolved efficiently, we obtain the following equivalence result.

Proposition 11 A partnership dispute can be EPIC-resolved efficiently if and only if it

can be resolved efficiently.

7 Concluding remarks

The literature on partnership dissolution has accumulated a rich set of results on the

possibility of efficient dissolution of a partnership, and mechanisms that can be used for

such dissolution. This literature, however, implicitly takes as given the inefficiency of

sustaining the partnership. Motivated by the increasing role of ADR in settling partner-

ship disputes—often without resorting to dissolution—this paper adds to such problems

the possibility that, for some realizations of the underlying uncertainty, dissolving the

partnership may be inefficient. Given this possibility, we have studied under what con-

ditions a partnership dispute can be resolved efficiently, what types of dispute-resolution

procedures can be used to do so, and what form do second-best mechanisms take when

efficient resolution is impossible and private information is one-sided.

As a first step in studying the implications of the potential inefficiency of dissolu-

tion, we have focused—in line with much of the partnership dissolution literature—on

environments in which the value of a partnership is not a function of the ownership struc-

ture. Relaxing this assumption would open the door to different interesting questions.

For instance, how might the partners be incentivized to trade shares of an asset with the

goal of reaching an optimal ownership structure, given their different valuations for the

asset? Furthermore, a related literature pioneered by Grossman and Hart (1986) and

Hart and Moore (1990) studies how the allocation of property rights shapes incentives to

invest in an asset’s improvement. Studying such incentives in the current context seems

a particularly interesting direction for future research.
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A Omitted Proofs

Proof of Lemma 1. Using (1), a mechanism (q, t) is BIC if and only if

Ui(θi) ≥ Xi(θ
′
i)(θi − θ′i) + Ui(θ

′
i) for all θi, θ′i ∈ [θi, θi]. (12)

We will show that (2) and (3) if and only if (12). First, note that (2) and (3) imply

Ui(θi) = Ui(θ
′
i) +

∫ θi

θ′i

Xi(z)dz ≥ Ui(θ
′
i) +

∫ θi

θ′i

Xi(θ
′
i)dz = Ui(θ

′
i) + (θi − θ′i)Xi(θ

′
i),

which is indeed (12). Now, suppose (12) holds. Let θi > θ′i and use (12) twice (once

with θ and θ′ interchanged) to obtain

Xi(θi) ≥
Ui(θi)− Ui(θ

′
i)

θi − θ′i
≥ Xi(θ

′
i). (13)

Hence, (2) holds. Note that the right-hand side of (12) is an affine function of θi. By

(12), Ui(θi) is thus the maximum of a family of affine functions, which implies Ui is a

convex function. Hence, Ui is almost everywhere differentiable, by (13) the derivative is

U′
i (θi) = Xi(θi), and integrating yields (3). ■

Proof of Proposition 2. First, suppose k < 1. Note that the information rent under
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the efficient decision satisfies

I(q̂) ≥ ∑
i∈{1,2}

∫ 1

k
max{−Xi(θi)Fi(θi), Xi(θi)[1 − Fi(θi)]}dθi

= ∑
i∈{1,2}

∫ 1

k
r−iF−i(k)[1 − Fi(θi)]dθi.

Let G(x) = 1 − [1 − F1(x)][1 − F2(x)] be the distribution of min{θ1, θ2}. Then surplus

under the efficient decision is S(q̂) =
∫ k

0 (k − x)dG(x), which we can rewrite as

S(q̂) =
∫ k

0
G(x)dx

=
∫ k

0
(r1F1(x)[1/r1 − F2(x)] + r2F2(x)[1/r2 − F1(x)])dx

≤ ∑
i∈{1,2}

∫ k

0
r−iF−i(k)[1/r−i − Fi(x)]dx.

Combining the two inequalities yields

S(q̂)− I(q̂) ≤ ∑
i∈{1,2}

r−iF−i(k)
(∫ k

0
[1/r−i − Fi(x)]dx −

∫ 1

k
[1 − Fi(θi)]dθi

)
.

Clearly, the right-hand side is negative if k is sufficiently small. Hence, there is k′ > 0
such that for all k ≤ k′, S(q̂) < I(q̂) and efficient resolution is impossible.

Now, suppose k ≥ 1. Then the efficient decision is to always dissolve the partnership,

resulting in surplus S(q̂) = k − E[min{θ1, θ2}]. The information rent is

I(q̂) = ∑
i∈{1,2}

∫ F−1
−i (ri)

0
[ri − F−i(θi)]Fi(θi)dθi +

∫ 1

F−1
−i (ri)

[F−i(θi)− ri][1 − Fi(θi)]dθi.

Taking the derivative with respect to r1 = 1 − r2 yields

∂I(q̂)
∂r1

=
∫ 1

0
F1(θ1)dθ1 + F−1

2 (r1)−
∫ 1

0
F2(θ2)dθ2 − F−1

1 (1 − r1).

As the right-hand side is increasing in r1, the information rent is convex in r1, and it

is maximized at r1 = 0 or r1 = 1. As r1 ∈ (0, 1) by assumption, choosing the higher

of the two values that obtain for r1 = 0 and r1 = 1 yields a strict upper bound on the
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information rent, that is,

I(q̂) < max
i∈{1,2}

(∫ 1

0
[1 − F−i(θi)]Fi(θi)dθi +

∫ 1

0
Fi(θ−i)[1 − F−i(θ−i)]dθ−i

)
= max

i∈{1,2}
2
∫ 1

0
[Fi(x)− F−i(x)Fi(x)]dx

= 2E[max{θ1, θ2}]− 2 min
i∈{1,2}

E[θi].

Consequently,

S(q̂)− I(q̂) > k − E[min{θ1, θ2}]− 2E[max{θ1, θ2}] + 2 min
i∈{1,2}

E[θi]

= k + min
i∈{1,2}

E[θi]− max
i∈{1,2}

E[θi]− E[max{θ1, θ2}].

Now, if k ≥ 1 + |E[θ1]− E[θ2]|, then S(q̂)− I(q̂) > 1 − E[max{θ1, θ2}] > 0. Since S
and I are continuous in k, there exists k′′ < 1 + |E[θ1]− E[θ2]| such that for all k ≥ k′′,
S(q̂) ≥ I(q̂) and efficient resolution is possible. ■

Proof of Proposition 3. Recall that under q̂, the interim allocation is Xi(θi) = F−i(θi)−
ri if θi < k and Xi(θi) = (1 − ri)F−i(k)− ri if θi < k. Let θ∗i (ri) = min{k, F−1

−i (ri)}
denote the unique worst-off type and Ii(ri) the information rent of agent i with share ri

under the efficient decision q̂. We have

Ii(ri) =
∫ 1

0
max{−Xi(θi)Fi(θi), Xi(θi)[1 − Fi(θi)]}dθi

=
∫ θ∗i (ri)

0
[ri − F−i(θi)]Fi(θi)dθi +

∫ min{k,1}

θ∗i (ri)
[F−i(θi)− ri][1 − Fi(θi)]dθi

+
∫ 1

min{k,1}
(1 − ri)F−i(k)[1 − Fi(θi)]dθi

=
∫ min{k,1}

0
[ri − F−i(θi)]Fi(θi)dθi +

∫ 1

min{k,1}
(1 − ri)F−i(k)[1 − Fi(θi)]dθi

+
∫ min{k,1}

θ∗i (ri)
[F−i(θi)− ri]dθi.
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The derivative of the information rent I(q̂) = I1(r1) + I2(1 − r1) with respect to r1 is

∂I(q̂)
∂r1

=I′1(r1)− I′2(1 − r1)

=θ∗1(r1)− θ∗2(1 − r1) +
∫ min{k,1}

0
[F1(x)− F2(x)]dx

+
∫ 1

min{k,1}
(F1(k)[1 − F2(x)]− F2(k)[1 − F1(x)])dx.

(14)

As θ∗1(r1)− θ∗2(1 − r1) is nondecreasing in r1, I(q̂) is a convex function of r1.

Let r0 be defined by F−1
2 (r0) = F−1

1 (1 − r0). It is straightforward to verify that

θ∗1(r1) − θ∗2(1 − r1) is negative and decreasing for r1 < min{F2(k), r0}, equal to zero

for r1 ∈ [min{F2(k), r0}, max{r0, 1 − F1(k)}], and positive and increasing for r1 >

max{r0, 1 − F1(k)}.
First, suppose F1 = F2 = F. Then the two integrals in (14) are zero, and r0 = 1/2.

Hence, ∂I(q̂)/∂r1 = 0 for r1 ∈ [min{F(k), 1/2}, max{1/2, 1 − F(k)}], whereas I is

decreasing before and increase after that interval.

Now, suppose F1(x) > F2(x) for all x ∈ (0, 1). Then the two integrals in (14) are

positive. Hence, there exists r̃1 ∈ [0, min{F2(k), r0}) such that I is decreasing for r1 < r̃1

and increasing for r1 > r̃1. Note that r0 < 1/2, and thus r̃1 ∈ [0, 1/2).
In addition, suppose k ≥ 1. Then (14) yields

∂I(q̂)
∂r1

∣∣∣∣
r1=0

= −1 + E[θ2]− E[θ1] < 1,

which implies r̃1 > 0. Now, instead, suppose k ∈ (0, 1) and let Fi(x) = xzi for i ∈ {1, 2}
and 0 < z1 < z2. Then (14) yields

∂I(q̂)
∂r1

∣∣∣∣
r1=0

= −k − z1

z1 + 1

(
kz1+1 + kz2 − kz1+z2+1

)
+

z2

z2 + 1

(
kz2+1 + kz1 − kz1+z2+1

)
.

Clearly, the right-hand side is continuous in z1, z2 and negative for z1 = z2. Thus there

are z1 < z2 such that I is decreasing at r1 = 0 and therefore r̃1 > 0. Moreover,

lim
z1→0
z2→∞

∂I(q̂)
∂r1

∣∣∣∣
r1=0

= −k + lim
z2→∞

z2

z2 + 1
= −k + 1 > 0.

Hence, there exist z1 > 0 sufficiently small and z2 sufficiently large such that I is
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increasing at r1 = 0 and therefore r̃1 = 0. ■

Proof of Proposition 4. With agent 2’s type θ2 = θ2 = θ2 commonly known under

one-sided private information, the efficient decision yields surplus

S(q̂) =

E[max{0, k − θ1}] if k ≤ θ2,

k − E[min{θ1, θ2}] if k > θ2.

First, suppose k ≤ θ2. Then agent 2 obtains the object and X1(θ1) = −r1 if θ1 < k,
whereas the partnership is maintained and X1(θ1) = 0 otherwise. Accordingly, the

information rent (going to agent 1) is

I(q̂) =
∫ max{k,θ1}

θ1

r1F1(θ1)dθ1 = r1E[max{0, k − θ1}] ≤ S(q̂),

that is, efficient resolution is possible. Now, suppose k > θ2. Then the partnership is

never maintained, so that X1(θ1) = −r1 if θ1 < θ2 and X1(θ1) = r2 if θ1 > θ2. The

information rent becomes

I(q̂) =
∫ θ2

θ1

r1F1(θ1)dθ1 +
∫ θ1

θ2

r2[1 − F1(θ1)]dθ1

= r1θ2F1(θ2)− r1

∫ θ2

θ1

θ1dF1(θ1)− r2θ2[1 − F1(θ2)] + r2

∫ θ1

θ2

θ1dF(θ1)

= r1θ2 + r2E[θ1]− E[min{θ1, θ2}].

Hence, S(q̂) ≥ I(q̂) if and only if k ≥ r1θ2 + r2E[θ1]. It follows that, overall, the dispute

cannot be resolved efficiently if and only if θ2 < k < r1θ2 + r2E[θ1]. ■

Proof of Proposition 5. Consider bidder i with type θi and suppose the other bidder bids

according to the equilibrium strategy β−i. We will show that bidding βi(θi) maximizes

bidder i’s expected payoff for all θi, which implies that β1, β2 form a Bayesian Nash

equilibrium. First, note that for bidder i any bid b ∈ (
∫ k

0 z f (z)dz, Bi) is dominated by

the bid
∫ k

0 z f (z)dz as this results in the same decision and a lower payment. Similarly,

any bid b > Bi is dominated by Bi.

If i bids b = βi(θ̃i) for some θ̃i ∈ [0, k), the partnership is dissolved and i obtains the
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object with probability P[βi(θ̃i) ≤ β−i(θ−i)] = F(θ̃i), resulting in expected payoff

F(θ̃i)θi − ri(θi + E[θ−i]− k)− βi(θ̃i) + E[β−i(θ−i)]

=
∫ θ̃i

0
(θi − z) f (z)dz − ri(θi + E[θ−i]− k) + E[β−i(θ−i)]. (15)

Hence, within this range of bids, βi(θi) (i.e., θ̃i = θi) is optimal for all types θi ∈ [0, k),
whereas types θi ∈ [k, 1] prefer to bid

∫ k
0 z f (z)dz, resulting in payoff (15) for θ̃i = k.

If i bids Bi, he obtains the object with probability F(k) and the partnership is main-

tained otherwise, resulting in expected payoff

F(k)[θi − ri(θi + E[θ−i|θ−i < k]− k)]− Bi + E[β−i(θ−i)]

=
∫ k

0
(θi − z) f (z)dz − ri(θi + E[θ−i]− k) + E[β−i(θ−i)] + [1 − F(k)]ri(θi − k).

This payoff is greater than or equal to (15) for θ̃i = k if and only if θi ≥ k. Consequently,
bidding βi(θi) is optimal for all θi ∈ [0, 1].

As β1, β2 form a Bayesian Nash equilibrium, by the revelation principle the bidding

procedure is equivalent to a mechanism (q̂, t) that is BIC and BB. Equation (4) implies

U1(θ
∗
1) + U2(θ

∗
2) = S(q̂)− I(q̂). Hence, there is a payment L between the agents such

that both U1(θ
∗
1) ≥ 0 and U2(θ

∗
2) ≥ 0 if and only if S(q̂) ≥ I(q̂). That is, individual

rationality can be ensured using L if and only if efficient resolution is possible. ■

Proof of Proposition 7. Fix α ∈ (0, 1) and suppose Q1
1, Q2

1 maximize (8) subject to X1

being nondecreasing. As X1 is nondecreasing, there exist ω, ω such that X1(θ1) < 0 if

θ1 < ω, X1(θ1) = 0 if θ1 ∈ [ω, ω], and X1(θ1) > 0 if θ1 > ω. Then (8) becomes

∫ ω

θ1

[
(Q1

1(θ1) + Q2
1(θ1))(k − r1θ2 − r2θ1) + X1(θ1)

(
θ1 + α

F1(θ1)

f1(θ1)
− θ2

)]
dF1(θ1)

+
∫ ω

ω
(Q1

1(θ1) + Q2
1(θ1))(k − r1θ2 − r2θ1)dF1(θ1)

+
∫ θ1

ω

[
(Q1

1(θ1) + Q2
1(θ1))(k − r1θ2 − r2θ1) + X1(θ1)

(
θ1 − α

1 − F1(θ1)

f1(θ1)
− θ2

)]
dF1(θ1).

Consider the first line, where X1(θ1) = r2Q1
1(θ1) − r1Q2

1(θ1) < 0. For θ1 sufficiently

small, Q2
1(θ1) = 1 clearly maximizes the integrand. In fact, Q2

1(θ1) = 1 must be optimal

for all θ1 < ω because otherwise the objective could be improved by decreasing ω. By

a similar argument, we must have Q1
1(θ1) = 1 for all θ1 > ω in the third line, where
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X1(θ1) > 0. In the second line, we have X1(θ1) = 0. Now, depending on the sign of

k − r1θ2 − r2θ1 either Q1
1(θ1) = Q2

1(θ1) = 0 or Q1
1(θ1) = r1 and Q2

1(θ1) = r2 is optimal.

Consequently, (8) simplifies to

∫ ω

θ1

(
k − θ1 − r1α

F1(θ1)

f1(θ1)

)
dF1(θ1) +

∫ ω

ω
max{k − r1θ2 − r2θ1, 0}dF1(θ1)

+
∫ θ1

ω

(
k − θ2 − r2α

1 − F1(θ1)

f1(θ1)

)
dF1(θ1).

(16)

As Q1
1, Q2

1 are optimal, the corresponding ω, ω maximize (16). Taking the derivative

of (16) with respect to ω gives

min
{

r1θ2 − r1ω − r1α
F1(ω)

f1(ω)
, k − ω − r1α

F1(ω)

f1(ω)

}
f1(ω).

By the regularity assumption, this derivative is decreasing in ω. Moreover, at ω = θ1

it is positive and at ω = θ2 it is negative. Hence, there is a unique ω ∈ (θ1, θ2) where

the derivative is zero. As ω < θ2 < k implies r1θ2 − r1ω < k − ω, ω solves

θ2 − ω − α
F1(ω)

f1(ω)
= 0. (17)

Similarly, taking the derivative of (16) with respect to ω gives

max
{

r2θ2 − r2ω + r2α
1 − F1(ω)

f1(ω)
,−k + θ2 + r2α

1 − F1(ω)

f1(ω)

}
f1(ω)

Again, by the regularity assumption this derivative is decreasing in ω, it is positive for

ω = θ2, and it is negative for ω = θ1. Thus there is a unique ω ∈ (θ2, θ1) where the

derivative is zero. That is, ω solves

θ2 − min {ω, (k − r1θ2)/r2}+ α
1 − F1(ω)

f1(ω)
= 0. (18)

Let ω̂ = (k− r1θ2)/r2. Note that given α and with ω, ω satisfying (17) and (18), the

optimal Q1
1, Q2

1 correspond to the decision rule q given in the proposition and ω, ω satisfy

(9) and (10). Moreover, for the second-best decision rule, α is such that S(q) = I(q) for
the optimal q. This is equivalent to considering (16) with α = 1 and requiring that this

expression equals zero, which gives condition (11) in the proposition.

Finally, the transfers are pinned down by incentive compatibility and the binding
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individual rationality constraint. The interim expected net payoff of agent 1 equals

U1(θ1) = X1(θ1)θ1 + [Q1
1(θ1) + Q2

1(θ1)]r1(k − θ2) + t1(θ).

Using (3) and U1(θ
∗
1) = 0 for θ∗1 ∈ [ω, ω] (as IR binds), the transfers thus satisfy

t1(θ) =
∫ θ1

θ∗1

X1(z)dz − X1(θ1)θ1 − [Q1
1(θ1) + Q2

1(θ1)]r1(k − θ2)

=



∫ ω

θ1

r1dz + r1θ1 − r1(k − θ2) if θ1 < ω,

−r1(k − θ2) if θ1 ∈ [ω, min{ω̂, ω}],

0 if θ1 ∈ (min{ω̂, ω}, ω],∫ θ1

ω
r2dz − r2θ1 − r1(k − θ2) if θ1 > ω,

which corresponds to the transfers given in the proposition. ■

Proof of Proposition 10. Suppose F is uniform. Then F̃a is the uniform distribution

on [0, a], and the distribution of the sum of n independent draws from F̃a is given by

Ha
n(x) =

1
ann!

n

∑
v=0

(−1)v
(

n
v

)
(max{x − va, 0})n

(see, e.g., Feller, 1971, Section I.9). Moreover, G1:n(y) = yn.

First, suppose k < 1. Then the surplus is (using k < 1 for the 4th equality)

S(q̂) =
∫ k

0

∫ 1

0
Hy

n−1(x)dG1:n(y)dx

=
∫ k

0

∫ 1

0

n
(n − 1)!

n−1

∑
v=0

(−1)v
(

n − 1
v

)
(max{x − vy, 0})n−1dydx

=
∫ k

0

n
(n − 1)!

[
xn−1y −

n−1

∑
v=1

(−1)v
(

n − 1
v

)
(max{x − vy, 0})n 1

vn

]1

0

dx

=
∫ k

0

1
(n − 1)!

(
nxn−1 + xn

n−1

∑
v=1

(−1)v
(

n − 1
v

)
1
v

)
dx

=
kn

(n − 1)!

(
1 − k

n + 1
Hn−1

)
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where Hn−1 = −∑n−1
v=1(−1)v(n−1

v ) 1
v = ∑n−1

v=1
1
v is the (n − 1)th harmonic number. For

θi ≥ k, we have

Xi(θi) = (1 − ri)
∫ k

0
Hy

n−2(k − y)dG1:n−1(y)

= (1 − ri)
∫ k

0

n − 1
(n − 2)!

n−2

∑
v=0

(−1)v
(

n − 2
v

)
(max{k − (v + 1)y, 0})n−2dy

= (1 − ri)

[
1

(n − 1)!

n−2

∑
v=0

(−1)v+1
(

n − 2
v

)
n − 1
v + 1

(max{k − (v + 1)y, 0})n−1

]k

0

= −(1 − ri)
1

(n − 1)!

n−2

∑
v=0

(−1)v+1
(

n − 1
v + 1

)
kn−1

= − 1 − ri

(n − 1)!
kn−1

(
n−1

∑
v=0

(−1)v
(

n − 1
v

)
− (−1)0

(
n − 1

0

))

=
1 − ri

(n − 1)!
kn−1.

As Xi(θi) > 0 for θi ≥ k, the information rent is bounded below by

I(q̂) ≥ ∑
i∈N

∫ 1

k
Xi(θi)[1 − F(θi)]dθi

= ∑
i∈N

1 − ri

(n − 1)!
kn−1

∫ 1

k
[1 − θi]dθi

=
(1 − k)2

2(n − 2)!
kn−1.

Finally, the difference between surplus and information rent satisfies

S(q̂)− I(q̂) ≤ kn−1

(n − 2)!

(
k

n − 1
− k2

n2 − 1
Hn−1 −

(1 − k)2

2

)
.

Clearly, the quadratic function of k in the parentheses on the right-hand side is negative

for k sufficiently close to zero. Hence, there exists k′ > 0 such that for all k ∈ (0, k′],
S(q̂)− I(q̂) < 0 and the dispute cannot be resolved efficiently.

Now, suppose k ≥ n − 1. Then, as P[∑n
l=2 θl:n < n − 1] = 1, the efficient decision q̂

never maintains the partnership, resulting in surplus

S(q̂) = k − E[∑n
l=2θl:n] = k − n(n − 1)

2(n + 1)
.
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The information rent is independent of k. Specifically, Xi(θi) = G1:n−1(θi)− ri, so that

I(q̂) = ∑
i∈N

∫ 1

0
max{(ri − θn−1

i )θi, (θn−1
i − ri)(1 − θi)}dθi

=
1

n + 1
− 1

2
+

n − 1
n ∑

i∈N
r

n
n−1
i .

Hence, for any k ≥ n − 1,

S(q̂)− I(q̂) ≥ n − 1 − n(n − 1)
2(n + 1)

− 1
n + 1

+
1
2
− n − 1

n ∑
i∈N

r
n

n−1
i >

(n2 − 3)n + 2
2(n + 1)n

> 0

where the second inequality uses ∑i∈N rn/(n−1)
i < 1 as ri ∈ (0, 1) for each i. As surplus

and information rent are continuous in k, there thus exists k′′ < n − 1 such that the

dispute can be resolved efficiently for all k ≥ k′′. ■
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