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Abstract

We study optimal asset ownership in collaborations that require sharing private
knowledge. Knowledge sharing facilitates production but creates a risk of expropriation.
Optimal disclosure balances these forces by restricting information flows to parties with
the incentive and ability to expropriate. Asset ownership shapes these flows through two
channels: it confers control over production (determining who must receive information)
and control over expropriation (determining who has the means to misuse the
information). Ownership can protect the owner’s knowledge — making the owner more
willing to disclose — while discouraging others from disclosing their knowledge to an
owner who can expropriate it. We apply the theory to explain the role of third-party
intermediaries that facilitate knowledge sharing among competitors, and to determine
when a vertically integrated firm must spin off a subsidiary to encourage knowledge
sharing from rivals, versus when internal “Chinese Walls” suffice.
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1 Introduction

How do firm boundaries shape the transfer and use of knowledge? Recent empirical work
in organizational economics documents a regularity: when one firm buys another, acquired
firms often come to resemble their acquirers along a range of organizational and operational
dimensions (Atalay, Hortaçsu, and Syverson, 2014; Braguinsky et al., 2015; Eliason et al.,
2020; Demirer and Karaduman, 2025). These findings are typically interpreted as evidence that
integration facilitates the transfer of knowledge or other intangible inputs.

One view, going back to Arrow (1975), is that it is less costly to communicate knowledge
within firms than across firm boundaries. As an explanation, however, this view shifts the
question rather than answering it, leaving unexplained the mechanism through which
integration reduces these communication costs.1 Instead of taking communication costs as
primitive, we focus on incentives to share knowledge. We assume that knowledge can be freely
shared regardless of firm boundaries, but that its subsequent use is difficult to control once it
is revealed (Arrow, 1962). In particular, sharing knowledge with another party can enable
non-contractible follow-on use that benefits the recipient at the expense of the original
knowledge holder. We refer to this follow-on use as knowledge expropriation. The core
question we study is how firm boundaries shape incentives to share knowledge and, in turn,
determine its use in production.

We argue that firm boundaries matter in two related but distinct ways. To see both in a
stark setting, consider the following stylized example. There are two master chefs. Each has a
secret recipe for a component of a dish. If both recipes are used together, they can produce a
breakthrough dish. Recipes can be disclosed freely, but disclosure creates a risk of expropriation:
once one chef learns the other’s recipe, the recipient can use it outside the collaboration, for
example, to launch a competing dish. Following the property-rights tradition (Grossman and
Hart, 1986; Hart and Moore, 1990; Hart, 1995), we model a firm boundary choice as allocating
ownership — and hence control — over a key productive asset. In this example, suppose the
asset is proprietary equipment required to produce the dish.

First, ownership may confer control over production. Suppose the dish must be produced
by a single chef who owns and operates the equipment. Both chefs can expropriate each other’s
knowledge, but the owner can deploy their own recipe directly without disclosing it. The dish
nevertheless requires both component recipes, so the operating chef must learn the other chef’s
recipe. Anticipating expropriation risk, the non-owner may be unwilling to fully disclose the

1See also Grossman and Hart (1986): “Arrow (1975) has analyzed the benefits of vertical integration based on
the assumption that without integration, it is more costly for one firm to communicate information to another
than with integration. The incentives of people to lie may change if their incentive structure changes, but Arrow
does not explain how integration changes the set of feasible incentive structures.” (p. 695)
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secret. Swapping ownership changes which chef can act on their knowledge without disclosure
and which chef must reveal information and thereby become exposed to expropriation.

Second, ownership may confer control over expropriation. In contrast to the previous
scenario, suppose production requires mutual disclosure: both chefs must know both recipes to
succeed. Crucially, however, assume that expropriation requires the proprietary equipment. In
this case, the owner is willing to disclose their recipe, as the non-owner cannot commercialize
the knowledge without the asset. The non-owner, by contrast, remains unwilling to fully
disclose their secret, as the owner possesses the means to expropriate it. Swapping ownership
therefore determines which party can safely disclose their knowledge.

This example illustrates how ownership shapes knowledge use by allocating protection
against expropriation. This protection takes two forms. First, ownership can confer control
over production: the owner’s knowledge is protected because it can be applied directly without
being disclosed. Second, ownership can confer control over expropriation: the owner’s
knowledge is protected because the non-owner lacks the means to misuse it. These two forms
of protection have distinct implications for interpreting empirical patterns. When an acquired
firm begins to resemble its acquirer, this pattern is conventionally interpreted as evidence of
knowledge transfer. However, it may instead reflect knowledge application: the acquirer gains
control over key decisions and applies its knowledge directly, without necessarily revealing it
to the acquired firm.

This example is stylized in one important respect. In practice, ownership decisions are
often shaped not only by bilateral incentives but by broader industry configurations. For
instance, competing firms often share knowledge indirectly through common partners such as
manufacturing suppliers (Küpper et al., 2020). Similarly, General Motors argued that its
spin-off of Delphi Automotive was intended to encourage other automakers to work with
Delphi — competitors that had previously been reluctant to share sensitive knowledge with a
supplier owned by a rival.2 At the same time, firms sometimes claim that internal
informational “Chinese Walls” between a parent and a subsidiary can achieve the same goal
by assuring competitors that their knowledge will not reach the parent (Martin and Mickle,
2017; Gawer and Cusumano, 2002; Steinhilber, 2008).

We now turn to a model that lets us study these issues in a unified way. In our model, there
are multiple parties who collaborate on projects that require actions to be tailored to underlying
information. Actions are complementary in the O-ring sense (Kremer, 1993): a project succeeds
only if all required actions are chosen correctly. Sharing information improves cooperation, but

2See CNN Money (1999): “Delphi... said the spinoff will allow the company to pursue supply contracts with
other automakers, which previously were reluctant to use Delphi because it was a unit of GM”. Bradsher (1998)
notes that rivals avoided Delphi “for fear that it would share parts designs and other competitive information
with G.M.”
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it creates an incentive problem because disclosed information can be misused through non-
contractible expropriation actions. Parties can contract over transfers, asset ownership, and an
information-sharing protocol that governs what each party learns prior to choosing actions. We
focus on the case in which expropriation is sufficiently costly that optimal contracts deter it.

For a fixed ownership structure, the problem reduces to designing the information structure.
Following Bergemann and Morris (2019), we represent this choice as a distribution over private
action recommendations. These recommendations must satisfy an obedience constraint: upon
receiving a recommendation, each party must find it optimal to follow it given the information
the recommendation conveys. In our setting, obedience requires both choosing the recommended
productive action and refraining from expropriation.

A convenient way to summarize each party’s no-expropriation constraint is through their
safety threshold. Consider any party that (i) must be informed for the project to succeed
and (ii) is capable of expropriation. For such a party, the no-expropriation constraint places
an upper bound on the precision of the signal it can receive. We define the safety threshold
as the maximum signal precision that can be disclosed while ensuring the party refrains from
expropriation. This threshold is higher when expropriation is privately less attractive and lower
when it is more attractive.

Our first main result is that, for any fixed ownership structure, the optimal information
structure takes a nested form. Rank the required parties by their safety thresholds. The
optimal contract coordinates recommendations so that whenever a party with a lower threshold
receives the correct recommendation, all parties with higher thresholds also receive the correct
recommendation. Nesting is efficient because actions are complementary: accuracy for a high-
threshold party is wasted in states where a low-threshold party makes a mistake. The optimal
contract therefore concentrates accuracy in the same states. As a result, project success is
constrained by its information bottleneck: the required party with the lowest safety threshold.

We use this characterization to explain the role of ownership. Ownership operates through
two channels: (i) it determines who must be informed (by allocating control over productive
actions), and (ii) it determines who can expropriate (by allocating the asset required for misuse).
Shifting ownership alters the set of parties who are both required for success and capable of
expropriation, thereby changing the identity of the bottleneck. Specifically, ownership can relax
the bottleneck constraint in two ways: by disarming a low-threshold party (removing their
ability to expropriate) or by reorganizing production (removing the need to inform them). Our
second main result characterizes the optimal ownership structure by how it maximizes the safety
threshold of the induced information bottleneck.

We apply this characterization to several prominent industry configurations discussed
above. First, we show how common suppliers and other third parties can serve as knowledge
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hubs. When direct sharing among competitors would make a low-threshold rival the
bottleneck, it is efficient to route information through a supplier that is safer to inform.
Second, we rationalize vertical spin-offs as a way to encourage rivals to share knowledge.
When an upstream unit is owned by a downstream competitor, outside customers may
withhold valuable information for fear it will reach the parent (as illustrated by GM’s spin-off
of Delphi). Separation shifts the bottleneck to a party with weaker incentives to expropriate,
unlocking cooperation. Third, we characterize when internal Chinese Walls can substitute for
organizational separation. We find that informational firewalls are feasible only when the
rival-facing project can be implemented without requiring the parent’s operational
involvement — and thus exposure to the rival’s information — in a way that recreates the
bottleneck. This provides a sharp sense in which Chinese Walls can be credible for some
technologies but not others.

We conclude with three extensions that clarify our theory. The first two extensions discuss
the key frictions preventing the first-best outcome. One friction is the non-contractibility of
expropriation actions: we show that if parties could sign a binding no-expropriation agreement
before disclosing knowledge, they could achieve the first-best regardless of ownership. By
contrast, contracting over productive actions or the division of collaborative profits does not
resolve the underlying incentive problem. The non-contractibility of knowledge expropriation
is what makes ownership matter. We view it as a fundamental property of knowledge: once
disclosed, it cannot be unlearned, and it is generally difficult to verify how it is used outside
the collaboration.

The second friction is the inseparability of control rights associated with asset ownership. In
our baseline model, ownership bundles multiple decision rights, creating unavoidable trade-offs:
reallocating ownership can change which party becomes the bottleneck, but it typically cannot
remove bottlenecks altogether. We show that unbundling control rights across multiple assets
can achieve the first best through two distinct channels. First, when all key productive actions
are alienable, unbundling productive control allows assigning each decision to the party with
the relevant information, eliminating the need for disclosure. Second, when expropriation is
asset-dependent, unbundling expropriation control allows assigning the means of expropriation
to the potential victim, neutralizing the threat. We view inseparability of control rights as a
fundamental limitation of integration as a mechanism for achieving the efficient use of knowledge:
ownership reallocations typically transfer a coarse bundle of rights, rather than the targeted
control needed to sustain efficient knowledge sharing.

In our third extension, we discuss the role of expropriation costs. In the baseline model,
expropriation is sufficiently costly that optimal contracts deter it. When expropriation is costly
but not prohibitive, it can be optimal to tolerate some expropriation in order to disclose more
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information and increase the probability of successful cooperation.

Literature. We build on the incomplete-contracts approach to firm boundaries in which
ownership is modeled as residual control rights (Grossman and Hart, 1986; Hart and Moore,
1990; Hart, 1995). In contrast to the classic property-rights models, inefficiencies are ex post
and arise from ex post non-contractible actions (Hart and Holmstrom, 2010; Legros and
Newman, 2013). Control over these actions matters in our model because it constrains who
needs to know what and who is willing to share their knowledge with whom.

Within the firm-boundaries literature, our paper is closest methodologically to work that
studies boundary choices through a mechanism-design approach (Matouschek, 2004; Baliga and
Sjöström, 2018). Whereas these papers emphasize how ownership affects information rents
when ex post actions are contractible, we study optimal ownership when ex post actions are
non-contractible. The central issue is therefore about obedience rather than truth-telling. To
characterize the optimal information-sharing and ownership arrangement in this environment,
we use modern information-design tools (Rayo and Segal, 2010; Kamenica and Gentzkow, 2011;
Bergemann and Morris, 2019; Mathevet, Perego, and Taneva, 2020).

We also connect to the literature on communication and delegation in organizations
(Dessein, 2002; Alonso, Dessein, and Matouschek, 2008; Rantakari, 2008), which studies how
the allocation of control shapes communication. Because ours is a paper on firm boundaries
rather than internal organization, we emphasize two features of the environment that
delegation models typically abstract from: parties have access to rich contracting instruments
(i.e., they can contract jointly on decision rights, information-sharing protocols, and transfers),
and ownership allocates a bundle of control rights.

Finally, our paper relates to the literature on selling information when knowledge is partially
excludable. A central theme in this work is how an informed seller can extract value from
knowledge despite appropriation hazards through, for example, leveraging competition and
credible threats of wider disclosure (Anton and Yao, 1994, 2002), or through gradual revelation
that relaxes enforcement or informational constraints (Hörner and Skrzypacz, 2016; Garicano
and Rayo, 2017; Fudenberg and Rayo, 2019). In our model, when ownership gives control over
expropriation actions, it allows one party to share knowledge without fear of expropriation.

2 Model

There are n parties, i P N “ t1, . . . , nu, who collaborate on a collection of projects. Each
project succeeds only if a set of required actions are correctly tailored to private information
held by the parties. Sharing information improves cooperation but creates a risk: parties may
use what they learn to expropriate others’ knowledge for their private benefit.

5



Information. The state is θ “ pθ1, . . . , θnq, where θi P t´1, 1u is privately observed by party i.
The components of θ are independent, and each realization is equally likely, ppθq “

`1
2

˘n.

Actions and Asset Ownership. Each party i P N chooses a vector of non-contractible
actions. We distinguish actions along two dimensions: piq whether they are cooperative or
expropriation actions and piiq whether they are alienable or inalienable. Cooperative actions
are potentially productive. When correctly matched to the relevant component of the state,
they contribute to project success. Expropriation actions are privately beneficial but socially
destructive. If correctly matched to others’ information, they generate a private gain for the
acting party and impose a cost on others. Alienable actions require access to a productive asset.
Inalienable actions reflect parties’ specific human capital and thus do not require access to a
productive asset.

There is a single productive asset owned by party g P N . We model control over alienable
actions in the following way. Each party i P N selects a plan for alienable cooperative actions,
denoted xij P t´1, 1u for all j P N , and for alienable expropriation actions, denoted zij P

t´1, 0, 1u for all j ‰ i. While every party specifies a plan, only the choices of the asset owner g
are payoff-relevant.

Each party i P N also chooses inalienable cooperation actions, denoted by x̄ij P t´1, 1u for
all j P N , and inalienable expropriation actions, denoted by z̄ij P t´1, 0, 1u for j ‰ i.

For each party i P N , let ai “

´

pxijqjPN , px̄ijqjPN , pzijqj‰i , pz̄ijqj‰i

¯

denote party i’s action
plan. We denote by Ai the set of possible action plans by party i and write A “

ś

iPN Ai and
a “ paiqiPN P A. Equivalently, we may write a “ px, x̄, z, z̄q.

Some parties can expropriate only if they own the asset, while others can expropriate even
if they do not. Let E Ď N denote the set of parties whose expropriation opportunities are tied
to the asset. We define party i’s effective expropriation action against party j as ζij. For those
parties who can intrinsically expropriate, i R E , ζij “ z̄ij. For those parties in i P E , ζij “ zij for
the asset owner (g “ i) and ζij “ 0 for all others (g ‰ i).

Projects. Production is organized into a set of projects K. Each project k P K has value
Vk ą 0 if successfully implemented and value 0 otherwise. Project success requires that a set of
cooperative actions be correctly matched to the relevant components of the state.

Formally, each project k has two sets of requirements. First, Rk Ď N is the set of alienable
requirements: for each j P Rk, the asset owner g must set xgj “ θj. Second, R̄k Ď N ˆ N is
the set of inalienable requirements: for each pi, jq P R̄k, party i must choose x̄ij “ θj. Given
asset owner g, define the project-success indicator wk P t0, 1u by

wk px, x̄; g, θq “

˜

ź

jPRk

1 txgj “ θju

¸

¨

˝

ź

pi,jqPR̄k

1 tx̄ij “ θju

˛

‚.
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Project k succeeds if and only if all of its alienable and inalienable requirements are met.

Payoffs. Party i’s payoffs are quasilinear and consist of three components:

ui pa, t; g, θq “ uci px, x̄; g, θq ` uei pz, z̄; g, θq ` ti,

where uci is the cooperative payoff from project success, uei is the expropriation payoff, and ti

is a monetary transfer. Transfers are budget balanced, so
ř

iPN ti “ 0. We next describe the
cooperative and expropriation payoff terms.

The cooperative payoff depends only on which projects succeed. We assume party i receives
an exogenous share αik ě 0 of project k’s value, with

ř

iPN αik “ 1. Its cooperative payoff is

uci px, x̄; g, θq “
ÿ

kPK
αikVkwk px, x̄; g, θq .

Thus, cooperative payoffs depend on actions only through project success and do not depend
directly on asset ownership beyond its effect on which actions are payoff-relevant.

Expropriation payoffs depend on the effective expropriation actions ζij. If party i attempts
to expropriate party j’s knowledge, and the attempt is successful (i.e., ζij “ θj), then party
i obtains a private benefit bij ą 0, while party j incurs a loss λij ą 0. If the attempt is
unsuccessful (i.e., ζij “ ´θj), party i incurs a cost cij ą 0. If ζij “ 0, both parties receive 0.
Party i’s expropriation payoff is therefore

uei pz, z̄; g, θq “
ÿ

j‰i

rbij1 tζij “ θju ´ cij1 tζij “ ´θjus ´
ÿ

j‰i

λji1 tζji “ θiu .

We define total surplus as TS pa; g, θq “
ř

iPN ui pa, t; g, θq. Because transfers are budget-
balanced, they do not directly enter this expression.

We impose the following two assumptions on expropriation payoff:

Assumption 1. Let Vtotal “
ř

kPK Vk be the total potential value of all projects. For each party
i P N , piq λij ´ bij ą Vtotal and piiq bij ă cij.

The first part ensures any successful expropriation destroys more total surplus than can be
generated by all projects. The second part ensures expropriation is risky and thus attractive
only when a party has sufficiently precise information about the target’s state.

Solution Concept. Consider an omniscient mediator who decides how information is disclosed
to parties. Specifically, before the state θ P Θ is realized, the mediator commits to a decision
rule

σp¨ | θq P ∆pAq for each θ P Θ,
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which maps each realized state θ into a distribution over action profiles a “ paiqiPN . The
mediator observes θ, draws an action profile a according to σ p¨ | θq, and privately recommends
the component ai to each party i.

Recommendations are not enforceable. Instead, a decision rule must be designed so that
parties optimally choose to follow their recommendations given their information. Accordingly,
we restrict attention to obedient decision rules, under which no party wishes to deviate from the
recommended action after observing its private recommendation and private state. We denote
the set of obedient recommendation rules by Σ. Formally, σ P Σ if

ÿ

θ´iPΘ´i

ÿ

a´iPA´i

ppθ´i|θiqσpai, a´i | θi, θ´iq

”

ui
`

pai, a´iq, g; θi, θ´i

˘

´ ui
`

pa1
i, a´iq, g; θi, θ´i

˘

ı

ě 0

(2.1)

This formulation follows the information-design-in-games approach of Bergemann and Morris
(2019). An obedient decision rule σ induces a joint distribution over states and actions, ψpa, θq “

ppθqσpa | θq. This decision rule is Bayes-plausible,
ř

a ψpθ, aq “ ppθq, and obedience corresponds
to the requirement that the induced distribution constitutes a Bayes correlated equilibrium, as
captured by (2.1).

We study optimal decision rules that maximize total surplus subject to obedience. Let

TSpgq ” max
σPΣ

E rTSpa, g; θqs , (2.2)

where the expectation is taken with respect to the distribution ψpa, θq “ ppθqσpa | θq. Optimal
asset ownership is g˚ that solves maxgPN TSpgq.

Discussion of Modeling Assumptions. The model relies on several assumptions that we
relax and discuss in the extensions and appendix.

First, our solution concept assumes an omniscient mediator who observes the full state
and issues private action recommendations that parties have incentives to follow (obedience).
We justify this formulation as a reduced form of a general contracting game. Suppose parties
can contract over (i) (possibly random) asset ownership, (ii) monetary transfers, and (iii) the
behavior of a neutral mediator. A contract is a coordination mechanism in the sense of Myerson
(1982, 1983): parties send messages with the mediator, the mediator enforces the contractible
components (ownership and transfers), sends recommendations, and parties then choose non-
contractible actions. A feasible mechanism must satisfy several incentive constraints. In addition
to obedience described above, it must satisfy truth-telling (parties report their states truthfully),
rule out profitable double deviations that combine misreporting with disobedience, and satisfy
participation constraints ensuring that each party prefers acceptance to the disagreement payoff.
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In Appendix A.1, we show that the solution to the full mechanism-design problem coincides with
the solution concept defined in (2.2). Viewed this way, the omniscient mediator formulation
provides a convenient characterization of the outcomes induced under optimal mechanisms.

Second, we assume that parties receive exogenous shares of project values, tαikui,k.
Section 5.1 allows these shares (and cooperative actions) to be contractible and shows that
doing so does not increase the maximum attainable surplus.

Third, the baseline model assumes a single productive asset that bundles control over all
alienable actions. Section 5.2 allows for multiple assets and for cooperative and expropriation
control rights to be allocated separately. This extension clarifies which results are driven by
bundling control in a single asset and which reflect more general properties of information
sharing under expropriation risk.

Finally, we assume that successful expropriation destroys total surplus. Assumption 1 implies
that expropriation is never optimal and therefore does not occur on the equilibrium path, even
though the threat of expropriation shapes information sharing and ownership. This assumption
is stronger than necessary for our main results; Appendix A.2 derives a weaker condition in the
proof of Proposition 1. Section 5.3 also discusses the case in which expropriation is costly but
not prohibitively costly, 0 ă λij ´ bij ă Vtotal.

3 Analysis

The fundamental constraint on total surplus is the threat of expropriation. Party i can profitably
attempt to expropriate party j’s knowledge only if it has both the means to do so (i.e., access
to an effective expropriation action) and sufficiently precise information. As we show below,
it is optimal to ensure that no party simultaneously has the means and sufficiently precise
information to expropriate. We refer to this requirement as the disarmament principle.

The disarmament principle can be achieved either by limiting information disclosure or by
reallocating asset ownership. In Section 3.1, we derive the optimal obedient decision rule for a
fixed ownership structure and show that information disclosed to parties capable of
expropriation must be capped. In Section 3.2, we analyze optimal ownership and show how it
shapes both which parties must be informed for project success and which parties possess
asset-dependent means of expropriation. Thus, a party can be disarmed either by removing it
from the production process or by denying it access to the means of expropriation.
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3.1 Optimal Information Disclosure

Fix an owner g P N and an obedient decision rule σp¨ | θq P ∆pAq. After observing private state
θi and recommendation ai, party i forms posterior beliefs about others’ states. For j ‰ i, let

τijpθi, aiq ” Pψ
`

θj “ 1 | θi, ai
˘

,

where the posterior is defined under the joint distribution ψpθ, aq “ ppθqσpa|θq. When the
dependence on pθi, aiq is clear from context, we write τij for τijpθi, aiq.

If party i can engage in expropriation, it will choose ζij “ 1 if τijbij ´ p1 ´ τijqcij ą 0 and
ζij “ ´1 if p1 ´ τijqbij ´ τijcij ą 0. Combining these inequalities, expropriation occurs if and
only if the belief is sufficiently precise:

maxtτij, 1 ´ τiju ą τ ‹
ij ”

cij
bij ` cij

ą
1
2 ,

where we assume that in the case of indifference, parties do not expropriate.
Before stating the general results on the structure of the optimal decision rule, it is useful

to build intuition with two examples.

Example 1: Optimal Decision Rule For One Party. Suppose there are two parties,
N “ t1, 2u, and one project, K “ t1u. The project does not require an asset, R1 “ H, but
requires party 1 to match the state of party 2 via its inalienable action, R̄1 “ tp1, 2qu. That
is, the project succeeds if and only if x̄12 “ θ2. Parties do not require the asset to engage in
expropriation, E “ H. In this example, the asset ownership is irrelevant. Suppose both parties
receive half of the project’s value, α11 “ α12 “ 1{2.

The optimal decision rule can be found using the techniques from Kamenica and Gentzkow
(2011). Specifically, denote by τ the posterior belief of party 1 that θ2 “ 1 after receiving
the recommendation from the mediator. Figure 1 illustrates the expected total surplus as a
function τ . It is optimal for party 1 to select x̄12 “ 1 if τ ą 1{2 and x̄12 “ ´1 if τ ă 1{2. If
party 1’s information about θ2 is sufficiently precise, it also optimally engages in expropriation.
Specifically, If τ ą τ ‹

12, party 1 selects ζ12 “ z̄12 “ 1, and τ ă τ ‹
12, party 1 selects ζ12 “ z̄12 “ ´1.

Under expropriation, the total expected surplus is negative. Thus, the optimal decision rule
is to randomize between posteriors τ ‹

12 and 1 ´ τ ‹
12. It can be constructed as follows. Suppose

there is a random variable ξ „ U r0, 1s independent of θ. The recommendations to party 1 are

x12 “ x̄12 “

$

&

%

θ2 if ξ ď τ ‹
12

´θ2 if ξ ą τ ‹
12

and z12 “ z̄12 “ 0
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Total Surplus

τ11
2

τ ‹
12 ¨ V1

1
2V1

V1 ` b12 ´ λ12

1 ´ τ ‹
12 τ ‹

12

expropriation
thresholds

Figure 1: Total Surplus As a Function of Beliefs (Example 1)

This figure illustrates the relationship between total expected surplus and party 1’s belief that θ2 “ 1 for
Example 1.

Example 2: Nested Decision Rule For Multiple Parties. Suppose there are three parties,
N “ t1, 2, 3u, and two projects, K “ t1, 2u. Neither project has alienable requirements, so
R1 “ R2 “ H. Project 1 requires two inalienable actions from parties 1 and 2 to match the
state of party 3, so R̄1 “ tp1, 3q, p2, 3qu. Project 2 requires only an inalienable action from
party 2 to match the state of party 3, so R̄2 “ tp2, 3qu. All parties possess inalienable means of
expropriation (E “ H), so asset ownership plays no role in this example.

Suppose expropriation parameters are b12 “ 2, c13 “ 3, b23 “ 1, and c23 “ 9. Then

τ ‹
13 “

3
2 ` 3 “ 0.6 and τ ‹

23 “
9

1 ` 9 “ 0.9.

To deter expropriation, party i’s recommendation for the action x̄i3 must be such that its
posterior belief τi3 about θ3 lies in the safety region r1 ´ τ ‹

i3, τ
‹
i3s. Following Example 1, a natural

obedient rule is to recommend the correct match to party i with probability τ ‹
i3 and the incorrect

match with probability 1´τ ‹
i3. However, with two parties required for Project 1, the key question

is whether these recommendations should be generated independently.
If parties 1 and 2 receive independent recommendations satisfying their respective safety

thresholds, then Project 1 succeeds with probability τ ‹
13 ¨ τ ‹

23, while Project 2 succeeds with
probability τ ‹

23. Hence the expected total surplus is

V1 ¨ τ ‹
13 ¨ τ ‹

23 ` V2 ¨ τ ‹
23 “ V1 ¨ 0.48 ` V2 ¨ 0.9

The mediator can do strictly better by positively correlating recommendations. Intuitively,
party 1 is the bottleneck in Project 1, so whenever party 1 is recommended the correct action,
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0 10.6 0.9

Both Correct
x̄13 “ θ3, x̄23 “ θ3

Only 2 Correct
x̄13 “ ´θ3, x̄23 “ θ3

Both
Incorrect

Project 1 Success

Project 2 Success

Figure 2: Nested Decision Rule For Example 3

The figure illustrates the realization of recommendations based on the random variable ξ „ U r0, 1s. Party 1
receives the correct recommendation only when ξ ď 0.6. Party 2 receives the correct recommendation when
ξ ď 0.9. This decision rule ensures that Party 2 is always informed whenever Party 1 is informed.

party 2 should also be recommended the correct action.
Let ξ „ U r0, 1s be a common randomization device. Consider the nested rule in which, for

each i P t1, 2u, the mediator recommends x̄i3 “ θ3 if ξ ď τ ‹
i3 and x̄i3 “ ´θ3 otherwise. This

rule is illustrated in Figure 2. Under it, Project 1 succeeds with probability min tτ ‹
13, τ

‹
23u “ τ ‹

13,
while Project 2 succeeds with probability τ ‹

23. Thus, expected total surplus is

V1 ¨ min tτ ‹
13, τ

‹
23u ` V2 ¨ τ ‹

23 “ V1 ¨ 0.6 ` V2 ¨ 0.9,

which strictly exceeds the independent benchmark. Proposition 1 below shows that such nested
decision rules — implemented via a common randomization device — are optimal more generally.

General Results. Fix an owner g P N . Let Armpgq denote the set of “armed” parties, that is
parties, who can engage in expropriation under owner g P N :

Armpgq “ ti P N : i “ g or i R Eu .

This set includes the owner and all parties with inalienable means for expropriation (i R E).
Disarmed parties can be fully informed about others because they cannot expropriate. For

armed parties, by contrast, information must be capped at the expropriation threshold. Let
τ safe
ij pgq denote the maximum precision of party i’s belief about θj that is consistent with no

expropriation:

τ safe
ij pgq “

$

&

%

τ ‹
ij “

cij

bij`cij
if i P Armpgq

1 if i R Armpgq
.

For convenience, we set τ safe
ii pgq ” 1 for all i P N and g P N .

For project k, it is useful to represent the production requirements as matching tasks of the
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form “party i must match party j’s state.” Let

Qkpgq ” tpg, jq : j P Rku Y R̄k Ď N ˆ N

denote the set of such tasks that must be performed for project k to succeed under ownership g.
In Examples 1 and 2, these sets are Qkpgq “ tp1, 2qu and Qkpgq “ tp1, 3q, p2, 3qu, respectively.
Since these examples feature only inalienable requirements (i.e., Rk “ H), the set of matching
tasks is independent of the asset owner.

The next proposition establishes that for each project k P K the maximum attainable
expected surplus is determined by the bottleneck task: the lowest safety threshold τ safe

ij pgq

among tasks in pi, jq P Qkpgq.

Proposition 1. Fix an asset owner g. The maximum attainable expected total surplus is

TSpgq “
ÿ

kPK
Vk ¨

ˆ

min
pi,jqPQkpgq

τ safe
ij pgq

˙

. (3.1)

Moreover, there exists an optimal obedient decision rule with a nested structure: whenever
a party with a lower safety threshold receives accurate recommendations, all parties with higher
safety thresholds receive accurate recommendations as well. The mediator draws a single
common random variable ξ „ U r0, 1s and, conditional on pθ, ξq, privately recommends:

(i) No expropriation: each party i is recommended to choose zij “ z̄ij “ 0 for all j ‰ i.

(ii) Cooperation: party i is recommended the correct match (xij “ x̄ij “ θj) if and only if
ξ ď τ safe

ij pgq, and is recommended the opposite match otherwise (xij “ x̄ij “ ´θj).

Proof. See Section A.2 in the appendix.

The intuition behind Proposition 1 is as follows. The mediator prefers to avoid expropriation
because it destroys total surplus. To do so, information must be partially withheld from armed
parties — those who have the means to expropriate. While withholding information reduces the
probability of successful cooperation, it is necessary to prevent expropriation. Consequently,
the planner discloses information to each party i about state θj only up to its safety threshold
τ safe
ij pgq.

Since cooperative actions are complementary, the probability of successful cooperation in a
project is bounded the bottleneck task: the party-target pair with the lowest safety threshold,
captured by the term minpi,jqPQkpgq τ

safe
ij pgq. The nested decision rule described in the proposition

achieves this bound by correlating agents’ information through a common randomization device.
This decision rule creates a strict hierarchy of information: if a less trustworthy agent is correctly
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informed about a particular state, then all more trustworthy agents are necessarily informed
about this state as well.

3.2 Optimal Asset Ownership

Proposition 1 characterizes the maximum total surplus as a function of ownership structure
g P N . Optimal asset ownership solves the following problem

g˚
P arg max

gPN
TSpgq “ arg max

gPN

#

ÿ

kPK
Vk ¨

ˆ

min
pi,jqPQkpgq

τ safe
ij pgq

˙

+

.

Ownership plays two roles in shaping total surplus. First, control over production operates
through the task set Qkpgq by determining who selects alienable cooperative actions. Second,
control over expropriation operates through the safety thresholds τ safe

ij pgq by determining who
has the means to expropriate. We build intuition for these roles using two examples.

Example 3: Ownership as Control Over Production. Suppose there are two parties,
N “ t1, 2u, and a single project, K “ t1u. The project requires the asset owner to match the
states of both parties to succeed, so R1 “ t1, 2u. No inalienable actions are required (R̄1 “ H),
and all parties possess the inalienable means to expropriate (E “ H).

Given an owner g P t1, 2u, the project succeeds if and only if xg1 “ θ1 and xg2 “ θ2. The
owner can always match its own state, xgg “ θg, without disclosing it. By contrast, the non-
owner’s state must be disclosed to the owner for the project to succeed. Since the owner is armed,
the information disclosed about the non-owner’s state must be capped to deter expropriation.

Formally, ownership affects the set of matching tasks, Q1pgq “ tpg, 1q, pg, 2qu. Because
expropriation is inalienable (E “ H), ownership does not affect safety thresholds: τ safe

ij pgq “

τ ‹
ij “

cij

bij`cij
. Hence the asset should be owned by the party with the weaker temptation to

expropriate (equivalently, the higher safety threshold):

g˚
P arg max

gPN

␣

τ ‹
gj ¨ V1

(

ô g˚
P arg min

gPN

"

bgj
cgj

*

, (3.2)

where j ‰ g.

Example 4: Ownership as Control Over Expropriation. Suppose again there are two
parties, N “ t1, 2u, and a single project, K “ t1u. The project requires the asset owner to
match the states of both parties (R1 “ t1, 2u). Unlike the previous case, cooperation now
requires complementary inalienable actions: each party must use their human capital to match
the other party’s state (R̄1 “ tp1, 2q, p2, 1qu). Furthermore, we assume that both parties require
the asset to engage in expropriation (E “ t1, 2u).
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There are two key differences from Example 3. First, cooperation now requires inalienable
actions by both parties, and ownership does not affect matching tasks, Q1pgq “ tp1, 2q, p2, 1qu

for all g P N . Second, expropriation is alienable and controlled by the owner: the non-owner is
disarmed and has no effective expropriation action. Therefore, ownership affects safety
thresholds, τ safe

ij pgq “ τ ‹
ij if i “ g and τ safe

ij pgq “ 1 if i ‰ g.
As in the previous example, the optimal asset owner is the party with the lowest temptation

to expropriate (see (3.2)). The logic, however, differs across the two settings. In Example 1,
ownership determines who participates in production. In Example 4, ownership determines who
lacks the means to expropriate.

Additional Results. We characterize the optimal ownership structure for several special cases.
Define the set of active participants in project k P K under ownership g P N as

Pkpgq “
␣

i P N : Dj ‰ i such that pi, jq P Qkpgq
(

That is, Pkpgq consists of parties who must match the state of some other party for project
k to succeed. Furthermore, for all results below we assume that each party i has symmetric
preferences regarding expropriating other parties’ knowledge:

τ ‹
ij ” τ ‹

i for all j ‰ i and τ safe
i pgq ” τ safe

ij pgq (3.3)

Under this assumption, the formula for the maximum expected surplus under ownership g P N
simplifies to

TSpgq “
ÿ

kPK
Vk ¨ min

iPPkpgq
τ safe
i pgq

Ownership and Temptation to Expropriate. First, we generalize the insight from
Examples 3 and 4 regarding the relationship between ownership and the temptation to
expropriate. Suppose that all active non-owners are disarmed. Formally, assume that for every
ownership assignment g P N and project k P K, any active participant other than the owner
belongs to the set of agents with alienable expropriation opportunities, E :

Pkpgqztgu Ď E for all g P N , k P K. (3.4)

Under this assumption, any project in which the owner is not an active participant can be
implemented with certainty: all of its active participants are disarmed and can safely be fully
informed. The only projects that are “throttled” by an information cap are those in which the
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owner must act. Thus, the maximum attainable surplus simplifies to

TSpgq “ τ ‹
g

ÿ

kPK
Vk1 tg P Pkpgqu `

ÿ

kPK
Vk1 tg R Pkpgqu “ Vtotal ´ p1 ´ τ ‹

g qTg, (3.5)

where Tg ”
ř

kPK
Vk1 tg P Pkpgqu denotes the total value of projects in which owner g is an active

participant.

Corollary 1 (Ownership and Temptation to Expropriate.). Suppose parties have symmetric
preferences across targets (condition (3.3)). Suppose also that any asset owner g is an active
participant in all projects (g P Pkpgq for all k P K) and is the only participant who is armed
(condition (3.4)). Then, the optimal asset owner is the party with the lowest temptation to
expropriate (i.e., the highest safety threshold): g˚ P arg maxg τ ‹

g .

Proof. Condition (3.4) implies that the maximum attainable surplus under ownership g is given
by (3.5). Since the owner is an active participant in all projects, the value of projects involving
the owner equals the total value (Tg “ Vtotal). Consequently, the total surplus simplifies to
TSpgq “ τ ‹

gVtotal. Maximizing this expression with respect to g yields the result.

Ownership and Involvement in Projects. Next, we show that the optimal ownership
depends on the parties’ involvement in projects. Intuitively, if the owner is the only armed
participant, ownership should not be assigned to a party whose human capital is required in
many high-value projects. Making such a highly involved party the owner would “arm” it,
necessitating restricted information flows across all those projects.

Corollary 2 (Ownership and Involvement in Projects.). Suppose all parties have the same
temptation to expropriate (τ ‹

ij “ τ ‹ for all i and j ‰ i). Suppose further that for every ownership
assignment g P N and every project k P K, every non-owner who is an active participant is
disarmed (condition (3.4)). Then, the optimal asset owner is the party that is least involved in
valuable projects (i.e., the party active in projects with the lowest total value, g˚ P arg ming Tg).

Proof. Condition (3.4) implies that the total attainable surplus under ownership g can be written
as (3.5). Since τ ‹

i “ τ ‹, the optimal owner is g˚ P arg maxg tVtotal ´ p1 ´ τ ‹qTgu, which is
equivalent to g˚ P arg ming Tg.

To see the intuition for Corollary 2 in a minimal setting, consider the following example.

Example 5: Ownership and Involvement in Projects. Suppose there are two parties,
N “ t1, 2u, and both require the asset to engage in expropriation, E “ t1, 2u. There are
two projects. Project 1 requires alienable actions by the owner, R1 “ t1, 2u and R̄1 “ H.
Project 2 does not require the asset, R2 “ H, but requires party 1’s inalienable action to match
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party 2’s state, R̄2 “ tp1, 2qu. Suppose both parties have the same temptation for expropriation,
τ ‹

1 “ τ ‹
2 “ τ ‹.

Because E “ t1, 2u, any non-owner is disarmed and has no effective expropriation action.
Thus, under any ownership assignment g P N , the only armed party is the owner itself.

For Project 1, the only active participant is the asset owner, P1pgq “ tgu. For Project 2,
the only active participant is party 1 regardless of ownership, P2p1q “ P2p2q “ t1u. Thus, if
party 1 owns the asset, it is active in both projects: T1 “ V1 ` V2. If party 2 owns the asset, it
is active only in the first project: T2 “ V1.

Ownership determines who is armed and, consequently, whose information must be
restricted. If party 1 owns the asset, its information about θ2 must be capped in every project
where it is active. Since it is active in both, both projects suffer:

TSpg “ 1q “ V1 ` V2
loomoon

Vtotal

´p1 ´ τ ‹
q pV1 ` V2q
loooomoooon

T1

“ τ ‹
pV1 ` V2q.

In contrast, if party 2 owns the asset, it is active only in Project 1. Thus, its information
about θ1 must be capped. However, party 1 can be fully informed about θ2, as it is not armed.

TSpg “ 2q “ V1 ` V2
loomoon

Vtotal

´p1 ´ τ ‹
q V1
loomoon

T2

“ τ ‹V1 ` V2.

Allocating ownership to party 2 (the least involved party) yields a strictly higher surplus.
This arrangement concentrates the “inefficiency of ownership” on the low-involvement party,
preventing the high-involvement party (party 1) from the temptation to expropriate.

Ownership and Inalienable Expropriation. Asset ownership shapes knowledge sharing
through two channels: it determines the set of active participants Pkpgq (production control)
and the safety thresholds τ safe

i pgq (expropriation control). In the next corollary, we isolate the
second channel by assuming ownership does not affect the set of participants. We focus solely
on ownership as a tool for reallocating the means of expropriation.

In this setting, it is optimal to allocate the asset to a party that possesses inalienable means
of expropriation (i.e., a party that can expropriate regardless of ownership). Since this party
is dangerous irrespective of whether they own the asset, giving them the asset does not create
a new expropriation risk. Conversely, giving the asset to a party with alienable expropriation
motives would turn a previously safe party into a dangerous one.

Corollary 3 (Ownership and Inalienable Expropriation). Suppose parties have symmetric
preferences across targets (condition (3.3)). Suppose that for all projects ownership does not
affect the set of active participants (Pkpgq “ Pk for all g P N and all k P K). Then, it is
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weakly optimal to assign asset to a party with inalienable means for expropriation, if the one
exists. That is, if N zE ‰ H, then for any g P E and h P N zE, TSphq ě TSpgq.

Proof. Fix g P E and h P N zE . By definition of safety thresholds,

τ safe
i pgq “

$

’

’

’

&

’

’

’

%

τ ‹
g if i “ g,

1 if i P Eztgu,

τ ‹
i if i R E ,

τ safe
i phq “

$

&

%

1 if i P E ,

τ ‹
i if i R E .

Thus, τ safe
i phq ě τ safe

i pgq. Condition Pkpgq “ Pkphq implies TSphq ě TSpgq.

Bottleneck irrelevance of ownership. Finally, we show that if a single inalienable
participant is required for every project and is the most tempted among all potentially armed
parties, then reallocating ownership cannot relax the binding information constraint.

Corollary 4 (Bottleneck irrelevance of ownership). Suppose parties have symmetric
preferences across targets (condition (3.3)). Suppose there exists party i with inalienable
means for expropriation that is active in all projects (i R E, i P Pkpgq for all k P K and all
g P N ). Suppose that this party has the highest temptation to expropriate (τ ‹

i ď τ ‹
ℓ for all

ℓ P N ). Then, the total surplus is constant regardless of asset ownership: TSpgq “ τ ‹
i Vtotal.

Proof. Because party i has inalienable means of expropriation (i R E), its safety threshold is
independent of ownership: τ safe

i pgq “ τ ‹
i for any owner g. Since i has the highest temptation to

expropriate (τ ‹
i ď τ ‹

ℓ for all ℓ P N ) and is active in all projects (i P Pkpgq for all k P K and all
g P N ), the success probability fo every project is minjPPkpgq τ

safe
j pgq “ τ ‹

i .

4 Applications

Our framework highlights that asset ownership may protect knowledge through either control
over production or control over expropriation. For example, Apple chose to design the iPad
chip in-house rather than partner with Intel because it “just didn’t want to teach them
everything, which they could go and sell to our competitors” (Steve Jobs, quoted in Isaacson,
2011, p. 493). Here, ownership served to control production and limit knowledge disclosure.
In contrast, Apple’s ownership choices in its China operations are better interpreted as control
over expropriation. Specifically, Apple actively shared knowledge with its Chinese suppliers.
Although it did not own most production facilities, it owned key production machines, which
limited suppliers’ ability to expropriate Apple’s know-how (McGee, 2025).
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We also show ownership has costs: non-owners may not be willing to fully disclose their
information to the owner. For example, China’s quid pro quo policy requires multinationals to
form joint ventures with local partners to access the Chinese market. This structure gives the
local partner control over some manufacturing decisions, forcing the multinational to disclose
production-relevant information. One implication of this policy is that it may discourage
automakers from bringing their most advanced technology to China due to concerns about
expropriation (Bai et al., 2025).

In this section, we illustrate how our results translate into predictions about optimal
ownership and information sharing in several industry environments. In all applications, there
are two downstream parties, 1 and 2, who possess payoff-relevant information and compete in
the sense that they are tempted to expropriate each other’s knowledge. A third upstream
party, 3, can collaborate with them and is comparatively less tempted to engage in
expropriation.

Formally, suppose that parties’ expropriation incentives are symmetric across targets and
let τ ‹

1 ” τ ‹
12, τ ‹

2 ” τ ‹
21, τ ‹

3 ” τ ‹
31 “ τ ‹

32 denote their safety thresholds. Party 3 is less tempted to
engage in expropriation if

τ ‹
3 ą maxtτ ‹

1 , τ
‹
2 u (4.1)

Section 4.1 shows how the upstream party can act as a knowledge hub. Two competing
downstream parties can benefit from pooling knowledge, but they are too tempted to expropriate
each other’s secrets. A third party that contributes neither private information nor human
capital may nonetheless optimally hold the asset solely because it can safely aggregate the rivals’
information. We use this case to rationalize knowledge sharing through third-party suppliers
and solution providers, as commonly observed in the auto industry (Küpper et al., 2020).

Section 4.2 studies a setting in which downstream firms do not need to share knowledge
with each other, but each project requires an inalienable input from the upstream party. We
show why firms are reluctant to share information with a competitor-owned subsidiary, and
why a vertically integrated firm may optimally spin off its supplier to unlock value from
collaboration with rivals. This logic helps explain the vertical spin-off of Delphi from General
Motors and provides a rationale for separating Intel’s foundry business from its chip-design
operations (Fitch, 2025).

Section 4.3 modifies the spin-off setting so that one downstream firm’s project does not
require the asset owner’s active participation. In that case, vertical integration with an
informational Chinese Wall becomes feasible and optimal: the subsidiary can learn a rival’s
secrets without those secrets reaching the parent. Comparing this case to Section 4.2 yields a
simple technological condition distinguishing when Chinese Walls are feasible from when they
are impossible, requiring a spin-off to maximize surplus.
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4.1 Knowledge Hubs

Consider an extension of Example 1 involving three parties, N “ t1, 2, 3u, and a single project,
K “ t1u. The project requires the asset owner to match the states of parties 1 and 2 to succeed,
so R1 “ t1, 2u. No inalienable actions are required, R̄1 “ H, and all parties possess the
inalienable means to expropriate, so E “ H.

In this environment, only the owner’s alienable cooperative actions are payoff-relevant. The
planner can therefore keep the two non-owners uninformed, eliminating their expropriation
incentives. The remaining constraint is the owner’s own temptation: to implement the project,
the owner must hold enough information about θ1 and θ2 to match them, but not so much
as to trigger expropriation. Proposition 1 then implies that the implementable total surplus
under owner g is proportional to τ ‹

g , and the optimal owner is the least tempted party: g˚ P

arg maxgPN τ ‹
g , so that g˚ “ 3 under (4.1).

The distinctive feature of this example is that the optimal owner (party 3) contributes neither
private information nor inalienable inputs to production: θ3 is payoff-irrelevant and R̄1 “ H.
Party 3 is valuable solely because it has a weaker temptation to expropriate. In this sense, it
functions as a knowledge hub, enabling greater information pooling among competing firms.

4.2 Optimal Spin-offs

Suppose there are three parties, N “ t1, 2, 3u, and two projects, K “ t1, 2u. We interpret
parties 1 and 2 as downstream competitors and party 3 as a common upstream supplier. Project
k P t1, 2u requires two inputs: an alienable decision by the asset owner and an inalienable input
by the supplier. Formally, R1 “ t1u, R̄1 “ tp3, 1qu, and R2 “ t2u, R̄2 “ tp3, 2qu. Thus, for
project k, the asset owner must match the downstream party k’s state, and the supplier must
match the same state using its specific human capital.

Expropriation incentives differ by party. The supplier requires the asset to expropriate
(alienable expropriation), while the downstream firms can expropriate using inalienable means:
E “ t3u and N zE “ t1, 2u.

We map ownership to organizational form. If a downstream party i P t1, 2u owns the asset,
then the supplier is a subsidiary (vertical integration). If the supplier owns the asset (g “ 3), it
is an independent upstream firm.

Given an asset owner g P t1, 2, 3u, the cooperative surplus is

V1 ¨ 1 txg1 “ θ1u ¨ 1 tx̄31 “ θ1u ` V2 ¨ 1 txg2 “ θ2u ¨ 1 tx̄32 “ θ2u

Because expropriation destroys surplus, the optimal information policy avoids expropriation
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V2{V10 ρ‹ 1 1{ρ‹

Vertical Integration
by Incumbent

g “ 1

Independent Supplier
Spin-off
g “ 3

Vertical Integration
by Outsider

g “ 2

Figure 3: Optimal Organizational Form

The optimal owner varies with the relative market size V2{V1. For this figure, we assume that ρ‹ ă 1.

and trades it off against the probability of successful cooperation. The key difference across
ownership structures is who must learn a rival’s information. If party 1 owns the asset, then
project 1 can be implemented with certainty: party 1 knows θ1 and the supplier is disarmed
(so θ1 can be safely disclosed to party 3 to satisfy x̄31 “ θ1). Project 2 is different. To make
the payoff-relevant alienable decision for project 2, the owner must respond to θ2. Since party 1
is armed and has incentives to expropriate party 2’s knowledge, information about θ2 must be
capped at party 1’s safety threshold τ ‹

1 .
The same logic applies symmetrically if party 2 owns the asset. If instead the supplier

owns the asset, then the supplier is armed and must receive (capped) information about both
downstream parties’ states, so both projects succeed with probability τ ‹

3 .
Consequently, the maximal attainable surplus under each ownership assignment is

TSpg “ 1q “ V1 ` τ ‹
1V2,

TSpg “ 2q “ τ ‹
2V1 ` V2,

TSpg “ 3q “ τ ‹
3 pV1 ` V2q,

To sharpen the comparative statics, suppose the downstream parties are symmetric in
temptation, so τ ‹

1 “ τ ‹
2 ” τ ‹

D. Recall that the supplier is more trustworthy than a direct
competitor, τ ‹

3 ą τ ‹
D. Define the threshold

ρ‹
”

1 ´ τ ‹
3

τ ‹
3 ´ τ ‹

D

.

and assume that ρ‹ ă 1. Then vertical integration by the incumbent (g “ 1) is optimal
when the outside market is not too large, V2{V1 ă ρ‹. When the outside market is very large,
V2{V1 ą 1{ρ‹, vertical integration by the outsider (g “ 2) is optimal. Finally, when the outside
market is of intermediate size, V2{V1 P rρ‹, 1{ρ‹s, the independent supplier (a spin-off, g “ 3) is
optimal.3

3If ρ‹ ą 1, the the optimal ownership is g˚ “ 1 if V2{V1 ď 1, g˚ “ 2 if 1 ă V2{V1 ă ρ‹, and g˚ “ 3 if
V2{V1 ě ρ‹.
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Figure 3 summarizes the resulting pattern. When the outside market is small, it is optimal
for the incumbent to integrate the supplier, because doing so disarms the supplier and lets the
incumbent’s own project succeed with certainty. As the outside market grows, the opportunity
cost of throttling the outsider’s project becomes large. At that point, shifting ownership to the
(more trustworthy) supplier relaxes the binding information constraint and makes both projects
feasible at the higher probability τ ‹

3 . Finally, when the outside market is very large, the logic
flips and vertical integration by the outsider becomes optimal.

4.3 Chinese Walls Within Organizations

We now modify the setting of Section 4.2 in one important way. Project 1 remains unchanged,
but Project 2 no longer requires an alienable action by the asset owner. Formally, R1 “ t1u,
R̄1 “ tp3, 1qu, and R2 “ H, R̄2 “ tp3, 2qu. Project 2 now requires only the supplier’s inalienable
input; the owner does not need to match θ2.

This change alters the feasible information flows. If party 1 owns the asset (g “ 1), the
supplier is disarmed (because E “ t3u and 3 ‰ g). The supplier can therefore be fully informed
about both θ1 and θ2 and can supply inalienable inputs for both projects. Crucially, because
the owner is not an active participant in project 2 (the project has no alienable requirements),
party 1 does not need to learn θ2. The organization can therefore sustain a perfect informational
partition: the subsidiary (party 3) learns the rival’s information to serve it, while the parent
(party 1) remains ignorant, eliminating the expropriation risk.

The resulting attainable surplus levels are

TSpg “ 1q “ V1 ` V2,

TSpg “ 2q “ τ ‹
2V1 ` V2,

TSpg “ 3q “ τ ‹
3 pV1 ` V2q.

Thus, when g “ 1, the first-best outcome is achieved.
Comparing this case to Section 4.2 clarifies when Chinese Walls are credible. They are

technologically impossible when the owner must be an active participant in the rival’s project
(because then the owner must be informed about the rival’s state). They become credible
precisely when the owner can remain operationally passive in the rival’s project, so the rival’s
information can be routed to a disarmed subsidiary without reaching the armed parent.

We note that establishing the theoretical possibility of a Chinese Wall is distinct from the
question of how to build it. Questions regarding the specific internal governance mechanisms
and incentive systems required to enforce separation between a parent and its subsidiary lie
beyond the scope of this framework and represent an exciting avenue for future research.

22



5 Extensions

This section discusses two extensions of the baseline model. Section 5.1 discusses two
conditions under which the first best can be achieved regardless of asset ownership: (i)
separability of information, so that information relevant for cooperation can be shared without
revealing information useful for expropriation, and (ii) contractibility of expropriation actions.
Section 5.2 introduces separation of control rights across multiple assets. Section 5.3 considers
the case in which expropriation costs are small enough that tolerating some expropriation can
be optimal in order to disclose more information.

5.1 Contracts vs. Ownership

In this subsection, we discuss conditions under which parties can contractually achieve the first
best regardless of asset ownership.

Informational Separability. Our baseline assumption is that the same private information
that is needed for productive cooperation is also useful for expropriation. In that case, disclosing
information to enable cooperation can simultaneously create incentives to expropriate, so the
mediator must ration information to armed parties, and the attainable surplus may fall below
the maximum possible surplus Vtotal.

By contrast, if cooperation-relevant and expropriation-relevant information are separable,
then the mediator can reveal the information needed for cooperation while keeping beliefs about
expropriation targets diffuse, so that no one has an incentive to expropriate. In that case, the
first best can be achieved regardless of asset ownership.

Contractible Actions. If some actions are contractible, then whenever the mediator
recommends those actions they are enforced, which relaxes the obedience constraints. Thus,
contractibility weakly increases the maximum attainable total surplus.

If expropriation actions pz, z̄q are contractible, then before an information is revealed the
parties can directly commit to zij “ z̄ij “ 0 and eliminate the destructive margin. The mediator
can then disclose whatever information is needed for cooperation and implement the first best
under any ownership structure. In contrast, if only cooperative actions px, x̄q or cooperative
payoffs (shares αik) are contractible while expropriation remains non-contractible, then the
fundamental obstacle is unchanged: armed parties may still have incentives to deviate toward
expropriation after learning too much. As a result, the maximal attainable surplus remains
governed by the same obedience-based bound as in the baseline problem (i.e., it cannot exceed
maxg TSpgq). The details are provided in Appendix A.4.
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5.2 Multiple Assets and Separation of Control Rights

In the baseline model, a single asset bundles multiple alienable decision rights. This bundling
generates the central trade-off: ownership protects the owner’s knowledge but leaves others
exposed to expropriation, discouraging disclosure. This subsection extends the model to m ě 1
assets and allows cooperative and expropriation control rights to be unbundled.

Assets. Let M “ t1, . . . ,mu be the set of assets. Two assignment functions determine which
asset governs which alienable decision:

ϕc : N Ñ M, ϕe : N Ñ M.

Here ϕcpjq is the asset whose owner controls the alienable cooperative action targeting state θj,
while ϕepjq is the asset whose owner controls the alienable expropriation action targeting θj (for
asset-dependent expropriators). The baseline model corresponds to m “ 1 and ϕc “ ϕe ” 1. In
general, control over production decisions is bundled when ϕcpiq “ ϕcpjq for i ‰ j; control over
production and expropriation is bundled when ϕcpjq “ ϕepjq.

An ownership profile is g “ pgiqiPM P N M. For each target j, define the induced owners

gcpjq ” gϕcpjq, gepjq ” gϕepjq.

Production. Project k succeeds if and only if the relevant alienable and inalienable matching
requirements are satisfied:

xgcpjq j “ θj @j P Rk, x̄ℓj “ θj @pℓ, jq P R̄k.

The set of matching tasks for project k under ownership profile g is

Qkpgq ” tpgcpjq, jq : j P Rku Y R̄k. (5.1)

Expropriation. A party i can expropriate target j ‰ i either via inalienable means (i R E) or
via an asset if i P E and i “ gepjq. Thus the set of parties who are armed against target j is

Armjpgq ” ti P N : i “ gepjq or i R Eu .
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Define the target-specific safety threshold (and set τ safe
ii pgq ” 1)

τ safe
ij pgq ”

$

’

&

’

%

τ ‹
ij “

cij
bij ` cij

if i P Armjpgq and i ‰ j,

1 otherwise.
(5.2)

Total Surplus. Under the same parameter restrictions as in Proposition 1 (Assumption 1),
the characterization of the maximum attainable total surplus carries over:

TSpgq “
ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
τ safe
ij pgq,

where Qkpgq and τ safe
ij pgq are defined in (5.1) and (5.2), respectively.

Since the baseline model corresponds to m “ 1 and ϕc “ ϕe ” 1, allowing separable control
rights weakly increases maximum attainable total surplus. The following proposition shows how
unbundling control rights across assets can achieve the first best.

Proposition 2 (First best under separable control rights). The first best Vtotal is achievable in
each of the following cases.

(i) All cooperative requirements are alienable (R̄k “ H for all k), and distinct targets are
controlled by distinct cooperative assets (ϕc is injective).

(ii) All expropriation is asset-dependent (E “ N ), distinct targets are governed by distinct
expropriation assets (ϕe is injective).

Proof. (i) Because ϕc is injective, we can choose an ownership profile g such that gϕcpjq “ j for all
j P N , i.e. gcpjq “ j for all j. Since R̄k “ H, each project has task set Qkpgq “ tpj, jq : j P Rku,
which is trivial because party j observes θj. Hence minpi,jqPQkpgq τ

safe
ij pgq “ 1 for every k and

therefore TSpgq “
ř

k Vk “ Vtotal.
(ii) Because ϕe is injective, choose g such that gϕepjq “ j for all j, i.e. gepjq “ j. Fix any i ‰ j.

Since E “ N , party i has no inalienable expropriation; and because gepjq “ j ‰ i, party i also
does not control the expropriation asset for target j. Hence i R Armjpgq and τ safe

ij pgq “ 1 for all
i ‰ j. It follows that for every project k, minpi,jqPQkpgq τ

safe
ij pgq “ 1, so again TSpgq “ Vtotal.

The intuition behind Proposition 2 is as follows. When cooperation requires only alienable
actions and ownership can be arranged so that each action that depends on party i’s
information is controlled by party i, then no private information needs to be disclosed. Parties
can therefore avoid expropriation because they can remain silent while still implementing the
required cooperative decisions. This case extends the mechanism in Example 3 of Section 3.2
(ownership as control over production).
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When expropriation requires access to assets and ownership can be arranged so that each
party controls the asset needed to expropriate its own information, then parties can block
all expropriation attempts. In that case, the first best is achievable because the means of
expropriation are held by the potential victim rather than the potential expropriator. This case
extends the mechanism in Example 4 of Section 3.2 (ownership as control over expropriation).

5.3 Marginal Value of Information Under Expropriation

In the baseline model, we assume that expropriation destroys total surplus, λij´bij ą Vtotal. This
assumption ensures that the mediator always prefers to deter expropriation. In this subsection,
we discuss the omniscient mediator’s problem under the weaker assumption that expropriation
is costly but not necessarily prohibitively costly, λij ´ bij ą 0. Under this weaker condition,
it may be optimal to allow expropriation with positive probability for some parties. We give
intuition here; Appendix A.5 provides details.

In Appendix A.5, we show that the maximum attainable total surplus under owner g P N
has the following bound

TSpgq ď max
1
2 ďqijď1

#

ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
qij

looooooooooomooooooooooon

Cooperation Benefits

´
ÿ

iPArmpgq

ÿ

j‰i

pλij ´ bijq max
!

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

)

looooooooooooooooooooooooomooooooooooooooooooooooooon

Expropriation Costs

+

. (5.3)

The variable qij is the precision of the information disclosed to party i about party j’s state.
In the baseline model, expropriation costs are sufficiently high (λij ´ bij ą Vtotal) that the
solution involves no expropriation: qij “ τ ‹

ij for armed parties (i P Armpgq) and qij “ 1 for
disarmed parties. The assumption λij ´ bij ą Vtotal is stronger that necessary to ensure that
no-expropriation is optimal, and the proof of Proposition 1 derives a weaker bound.

When expropriation costs are small enough, the choice of information precisions qij is
governed by a marginal benefit–marginal cost comparison. Increasing qij is valuable only for
projects in which task pi, jq is a bottleneck; in those projects, the marginal benefit equals the
sum of project values for which pi, jq is currently the bottleneck. If i is disarmed, providing
information to i is costless. If i is armed, the marginal cost of increasing qij is zero up to the
safety threshold τ ‹

ij and becomes positive for qij ą τ ‹
ij, reflecting the increasing probability of

expropriation. Figure 4 illustrates this marginal benefit–marginal cost logic for information
provision to party i about state j.
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qij

Marginal Value

1
2

τ‹
ij 1

V1 ` V2

V2

MBij

MCij “
λij´bij

1´τ‹
ij

Figure 4: Marginal Value of Information

6 Conclusion

TBD.
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A Appendix

A.1 Implementation Through a Mediated Contract

Recall that each party i P N “ t1, . . . , nu privately observes a binary state θi P Θi ” t´1, 1u.
Let Θ ”

ś

iPN Θi and assume the common prior is independent and uniform:

ppθq “
ź

iPN
pipθiq, pipθiq “ 1

2 .

For each party i, the set of feasible action plans is Ai ” t´1, 1u
2n

ˆ t´1, 0, 1u
2pn´1q. A

non-contractible action plan ai P Ai can be written as

ai “

´

pxijqjPN , px̄ijqjPN , pzijqj‰i, pz̄ijqj‰i

¯

,

and we write A ”
ś

iPN Ai and a “ paiqiPN P A.
Ownership g P N is contractible. Transfers are contractible and budget balanced:

t P T ”

!

t̃ P Rn :
ÿ

iPN
t̃i “ 0

)

.

Let a non-transfer outcome be

o “ pa, gq P O ” A ˆ N .

Given o “ pa, gq and state θ, payoffs are ũipo, t; θq “ ũipa, g, t; θq “ uipa, g; θq ` ti, and total
surplus is

TSpa, g; θq ”
ÿ

iPN
uipa, g; θq,

where transfers cancel out.

Contracts. We model contracting as a mediated coordination mechanism in the sense of
Myerson (1982, 1983). Production and expropriation actions px, x̄, z, z̄q are non-contractible,
but parties can contract on (i) asset ownership g P N (control of payoff-relevant alienable
actions), (ii) monetary transfers t P T , and (iii) the behavior of a neutral mediator who can
receive messages from the parties and privately communicate recommendations to them.

A direct mediated contract is a pair pφ, tq consisting of:

1. an allocation rule φp¨ | θ̂q P ∆pOq for each report profile θ̂ P Θ; and

2. a transfer rule t : O ˆ Θ Ñ T , where tpo, θ̂q is the transfer vector implemented when the
mediator draws outcome o “ pa, gq after receiving report profile θ̂.
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The interpretation is as follows. After θ is realized, each party i reports θ̂i P Θi to the
mediator. Given θ̂, the mediator draws pa, gq „ φp¨ | θ̂q, enforces ownership g and transfers
tppa, gq, θ̂q, and privately recommends ai to party i. Parties then simultaneously choose their
(non-contractible) action plans in Ai.

Bargaining and timing. Fix an initial owner g0 P N . The timing of the game is the following:

1. Party 1 makes a take-it-or-leave-it offer of a contract to the other parties.

2. Each party i P t2, . . . , nu either accepts or rejects the contract.

3. State θ P Θ is realized. Party i observes θi.

4. If all participates accepted, they send their reports θ̂i P Θi to the mediator. The mediator
draws o P O according to φp¨ | θ̂q, enforces contractible decisions and sends private
recommendations for non-contractible decisions. If at least one party rejects, then no
mediator is appointed, the asset owner is the initial owner g0, no transfers are shared, and
no information is shared. In this disagreement outcome, all parties optimally choose no
expropriation and set xij “ 1 and x̄ij “ 1 for all pi, jq.

5. Parties observe enforced ownership and transfers.

6. Parties choose their actions.

7. Payoffs are realized.

Incentive Constraints. Following Myerson (1982, 1983), we restrict attention to direct
mechanisms and impose incentive compatibility in the sense that truthful reporting and
obedience to recommendations form a Bayesian Nash equilibrium.

Fix a contract pφ, tq. When all parties report truthfully and follow their recommendations,
party i’s interim expected utility is

Uipφ, t | θiq ”
ÿ

θ´iPΘ´i

ppθ´i | θiq
ÿ

pa,gqPO

φpa, g | θi, θ´iq

”

uipa, g; θi, θ´iq ` ti
`

pa, gq, pθi, θ´iq
˘

ı

.

Parties are not compelled to follow recommendations; a (pure) deviation for party i is a
function δi : Di Ñ Ai mapping the available information at the action stage into an action plan,
where Di ” N ˆ T ˆ Ai ˆ Θi, and party i observes di ” pg, t, ai, θiq P Di. For any alternative
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report θ1
i P Θi and any deviation function δi : Di Ñ Ai, define the double-deviation payoff

U˚
i pφ, t, δi, θ

1
i | θiq ”

ÿ

θ´iPΘ´i

ppθ´i | θiq
ÿ

pa,gqPO

φpa, g | θ1
i, θ´iq

”

ui
`

pδipg, t
1, ai, θiq, a´iq, g; θi, θ´i

˘

` ti
`

pa, gq, pθ1
i, θ´iq

˘

ı

,

where t1 ” tppa, gq, pθ1
i, θ´iqq is the transfer vector implemented after the report pθ1

i, θ´iq.
The contract pφ, tq is incentive compatible if, for every i P N ,

Uipφ, t | θiq ě U˚
i pφ, t, δi, θ

1
i | θiq for all θi, θ1

i P Θi and all δi : Di Ñ Ai. (A.1)

This condition subsumes truth-telling (take δipdiq “ ai) and obedience (take θ1
i “ θi) as special

cases.

Participation Constraints. Let o0 “ pâ0, g0q denote the disagreement outcome, where â0

recommends xij “ 1, x̄ij “ 1 and zij “ z̄ij “ 0 for all feasible pairs pi, jq. The disagreement
transfers are zero for all parties, t0i “ 0. Let U i denote party i’s ex-ante expected payoff in
disagreement:

U i ”
ÿ

θPΘ
ppθquipa

0, g0; θq,

where ppθq “ 1
2n . A contract pφ, tq is individually rational if

ÿ

θiPΘi

ppθiqUipφ, t | θiq ě U i for all i P N zt1u. (A.2)

Party 1 can always guarantee itslef U1 by offering the null contract; thus we focus on the
constraints (A.2) for i ‰ 1.

The mechanism-design program. Party 1 chooses a contract pφ, tq to maximize her ex-ante
expected utility subject to incentive compatibility and participation:

max
φ,t

ÿ

θ1PΘ1

ppθ1qU1pφ, t | θ1q

subject to (A.1) and (A.2),

φpo | θq ě 0,
ÿ

oPO
φpo | θq “ 1 for all θ P Θ,

ÿ

iPN
tipa, g, θq “ 0 for all pa, g, θq P A ˆ N ˆ Θ.

(A.3)
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Relaxed Problem: Obedience Only

Consider the relaxation of (A.3) obtained by dropping the truth-telling constraints (and hence
also the double-deviation constraints). In this relaxation, we evaluate incentives under the
truthful report profile and impose only obedience of the recommended non-contractible actions,
together with individual rationality.

Because transfers are enforced before actions are chosen and cannot depend on the realized
(non-contractible) actions, a deviation by party i affects only the non-monetary payoff
component. Thus, the obedience constraints are: for every i P N , every θi P Θi, every g P N ,
every recommended action plan ai P Ai, and every deviation a1

i P Ai,

ÿ

θ´i

ppθ´i | θiq
ÿ

a´i

φ pai, a´i, g | θi, θ´iq rui pai, a´i, g; θq ´ ui pa1
i, a´i, g; θqs ě 0 (A.4)

Since transfers are budget balanced and payoffs are quasilinear, we have for any contract

Erũ1s “ E

«

ÿ

iPN
uipa, g; θq

ff

´
ÿ

i‰1
Erũis “ ErW pa, g; θqs ´

ÿ

i‰1
Erũis.

Under ex-ante participation, Erũis ě U i for all i ‰ 1, so party 1’s ex-ante payoff is bounded by

Erũ1s ď ErTSpa, g; θqs ´
ÿ

i‰1
U i.

Moreover, for any obedient allocation rule φ (hence any induced distribution of pθ, g, aq under
obedient play), we can choose constant balanced transfers t P T so that Erũis “ U i for every
i ‰ 1. Indeed, letting Ūi ” Eruipa, g; θqs denote party i’s expected non-monetary payoff under
φ, set

ti “ U i ´ Ūi pi ‰ 1q, t1 “ ´
ÿ

i‰1
ti.

These transfers do not affect obedience (A.4) because the same ti is added to both sides of any
action-deviation comparison.

Therefore, maximizing party 1’s expected payoff subject to obedience and ex-ante
participation is equivalent (up to the additive constant ´

ř

i‰1 U i) to maximizing expected
total surplus subject only to obedience constraint:

max
φ

ÿ

θPΘ
ppθq

ÿ

gPN

ÿ

aPA
φpa, g | θqTSpa, g; θq (A.5)

subject to (A.4), φpa, g | θq ě 0,
ÿ

a,g

φpa, g | θq “ 1 for all θ P Θ.
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For any fixed ownership assignment g P N , if we restrict attention to allocation rules that
put probability one on g (i.e., φpa, g1 | θq “ 0 for g1 ‰ g), then (A.5) coincides with the
solution-concept problem (2.2) defining TSpgq.

Lemma 1 (Deterministic ownership). In the relaxed (obedience-only) problem (A.5), allowing
randomization of ownership g does not increase the maximal attainable total surplus. There
exists an optimal solution with deterministic ownership.

Proof. Let φ be any feasible allocation rule for (A.5), and let G P N denote the (possibly
random) owner induced by φ (which is publicly observed before actions are chosen). Let
ψpa, gq “ ppθqφpa, g | θq denote the join distribution of pa, g, θq induced by φ. For each g with
PψpG “ gq ą 0, define the conditional decision rule φgp¨ | θq P ∆pAq by

φgpa | θq ” Pψpa | θ, G “ gq “
ψpa, g, θq
ř

a
ψpa, g, θq

.

Because parties observe G “ g before choosing actions, obedience of φ implies that, conditional
on G “ g, the induced rule φg satisfies the obedience constraints under ownership g. Hence the
conditional expected surplus cannot exceed TSpgq:

EψrTSpa,G; θq | G “ gs ď TSpgq.

Taking expectations over G yields

EψrTSpa,G; θqs “
ÿ

gPN
PrpG “ gqEψrTS | G “ gs ď

ÿ

gPN
PrpG “ gqTSpgq ď max

gPN
TSpgq.

Finally, choosing G ” g˚ “ arg maxg TSpgq and using an optimal obedient recommendation
rule that attains TSpg˚q achieves the upper bound. This proves that an optimal solution exists
with deterministic ownership.

The solution to the relaxed (obedience-only) problem in (2.2) with deterministic ownership
provides an upper bound for the mechanism-design problem (A.3). Let σ be an optimal decision
rule for the problem in (2.2), and let g˚ denote an optimal owner, g˚ P arg maxg TSpgq.
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Consider the following contract pφ, tq:

φpa, g | θq “

$

&

%

σpa | θq if g “ g˚

0 if g ‰ g˚
for all pa, θq P A ˆ Θ (A.6)

tipa, g, θq “ ti “ U i ´ Eψ ruipa, g; θqs for i ‰ 1 and all pa, g, θq P A ˆ N ˆ Θ (A.7)

t1pa, g, θq “ ´

n
ÿ

i“2
ti (A.8)

This contract assigns ownership deterministically to g˚ and induces the same distribution over
pa, θq as the optimal obedient rule σ that solves (2.2). In Section A.2, we characterize the
optimal decision rule (Proposition 1) and show that it attains the maximum expected surplus
in (2.2), thereby establishing an upper bound for (A.3). Next, in Section A.3, we show that
the contract (A.6)–(A.8) satisfies the incentive-compatibility constraints and therefore achieves
this upper bound.

A.2 Proof of Proposition 1

Recall that Rk and R̄k are alienable and inalienable requirements, respectively, and Qk is the
set of production requirements

Qkpgq ” tpg, jq : j P Rku Y R̄k Ď N ˆ N .

Proposition 1 states that the maximum attainable expected total surplus under owner g P N is

TSpgq “
ÿ

kPK
Vk ¨

ˆ

min
iPPkpgq

τ safe
ij pgq

˙

. (A.9)

Moreover, there exists an optimal obedient decision rule that is nested. Let ξ „ U r0, 1s be a
common randomization device. For each pξ, θ, gq define an action profile apξ, θ, gq “ px, x̄, z, z̄q

as follows:

zij “ 0 and z̄ij “ 0 for all i P N , j ‰ i, (A.10)

xij “ x̄ij “

$

&

%

θj if ξ ď τ safe
ij pgq,

´θj if ξ ą τ safe
ij pgq,

for all i P N . (A.11)
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Define σgp¨ | θq P ∆pAq as the distribution induced by ξ „ U r0, 1s and a “ apξ, θ; gq; that is,

σgpa | θq “ Pξ
“

apξ, θ; gq “ a
‰

.

We prove the proposition in two lemmas. First, we show this decision rule is obedient and
achieves TSpgq. Second, we show that for any obedient decision rule, the expected total surplus
does not exceed TSpgq.

Lemma 2 (Nested rule is obedient and achieves TSpgq). Fix ownership g P N . The decision
rule σg is obedient under ownership g. Moreover, under σg each project k succeeds with
probability minpi,jqPQkpgq τ

safe
ij pgq, and hence

Eψ
”

TSpa, g; θq

ı

“
ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
τ safe
ij pgq “ TSpgq,

where ψpθ, aq “ ppθqσgpa | θq is the induced distribution over actions and states.

Proof. We verify obedience and compute the induced success probabilities.

Posteriors. For each j ‰ i, define the recommended sign for j contained in recommendation
ai by

sij ” xij “ x̄ij P t´1, 1u,

where xij “ x̄ij under (A.11). By construction of the decision rule, either a recommended sign
for target j is correct with probability τ safe

ij pgq or incorrect with probability 1 ´ τ safe
ij pgq. In

particular, for any j ‰ i,

Pψpθj “ sij | θi, aiq “ τ safe
ij pgq, Pψpθj “ ´sij | θi, aiq “ 1 ´ τ safe

ij pgq.

No expropriation. The recommendation rule always prescribes no expropriation (A.10). If
i is disarmed, then every effective expropriation action is 0 and there is no deviation. If i is
armed, then τ safe

ij pgq “ τ ‹
ij “ cij{pbij ` cijq by definition, so conditional on pθi, aiq the maximal

success probability from attempting expropriation against any target is at most τ ‹
ij, implying

that the expected private gain from expropriation is weakly non-positive. With the tie-breaking
rule favoring the safe action, obeying (A.10) is optimal.

Obedient Cooperation. Now consider deviations that change i’s cooperative actions pxi, x̄iq.
For any project k, let Ji,kpgq denote the set of indices j ‰ i such that pi, jq P Qkpgq, i.e. the
states that i must match (via either xij if i “ g and j P Rk, or via x̄ij if pi, jq P R̄k). If
Ji,kpgq “ H, then i’s cooperative action does not affect project k.
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Fix a project k where Ji,kpgq ‰ H. Under the nested rule, if all parties follow their
recommendations, project k succeeds if and only if ξ ď τ safe

ij pgq for all required tasks pi, jq,
which is equivalent to:

ξ ď min
pi,jqPQkpgq

τ safe
ij pgq. (A.12)

Since τ safe
ij pgq ą 1{2 for all pairs, this probability is strictly greater than 1{2.

Now suppose party i deviates from its recommendation for a subset of targets J̃i,kpgq Ď

Ji,kpgq. Party i successfully matches the states if and only if the recommendation was correct
for the non-deviated targets (j R J̃i,kpgq) and incorrect for the deviated targets (j P J̃i,kpgq). In
terms of the randomization variable ξ, this requires:

ξ P

´

max
jPJ̃i,kpgq

τ safe
ij pgq, min

jPJi,kpgqzJ̃i,kpgq

τ safe
ij pgq

ı

, with the convention min H ” 1.

Since τ safe
ij pgq ą 1{2, the lower bound of this interval is strictly greater than 1{2. Therefore,

the length of the interval — and thus the success probability — is strictly less than 1{2.
Consequently, any deviation yields a strictly lower probability of success than obedience.

Total surplus. Multiplying the probability of the event in (A.12) by Vk and summing over all
projects yields the stated expression for TSpgq.

Lemma 3 (Upper bound for any obedient rule). Fix ownership g P N . Let σp¨ | θq be any
obedient decision rule under g, and let ψpθ, aq “ ppθqσpa | θq be the induced distribution. Then

Eψ rTSpa, g; θqs ď TSpgq.

Proof. For each task pi, jq P Qkpgq define the event that this task is satisfied:

Ck,pi,jq ”

$

’

’

’

&

’

’

’

%

tpθ, aq : xij “ θju if pi, jq “ pg, jq P tpg, jq : j P Rku and pi, jq R R̄k,

tpθ, aq : x̄ij “ θju if pi, jq P R̄k and pi, jq R tpg, jq : j P Rku,

tpθ, aq : xij “ x̄ij “ θju if pi, jq “ pg, jq P tpg, jq : j P Rku X R̄k.

(A.13)

Let Ek denote the event that project k succeeds:

Ek ”
č

pi,jqPQkpgq

Ck,pi,jq.
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We write total surplus as

TSpa, g; θq “ TScoop
pa, g; θq ` TSexp

pa, g; θq,

where TScooppa, g; θq “
ř

kPK Vk 1tEku, and TSexp is the sum of all expropriation terms.

Upper Bound on Task Probabilities. Let

rij ” Pψ pζij ‰ 0q

be the probability that party i attempts an expropriation of party j’s information, j ‰ i. If
i R Armpgq, then party i cannot engage in expropriation and rij “ 0.

Decompose PψpCk,pi,jqq according to whether i attempts to expropriate j:

PψpCk,pi,jqq “ PψpCk,pi,jq, ζij “ 0q ` PψpCk,pi,jq, ζij ‰ 0q

On the event tζij “ 0u, obedience implies that attempting expropriation is not strictly
profitable for party i. Therefore, conditional on pθi, aiq, the probability that any sign choice
satisfies the matching task is at most τ safe

ij pgq, so

Pψ
`

Ck,pi,jq | ζij “ 0
˘

ď τ safe
ij pgq ñ PψpCk,pi,jq, ζij “ 0q ď τ safe

ij pgqPψ pζij “ 0q “ τ safe
ij pgqp1 ´ rijq

In addition,
PψpCk,pi,jq, ζij ‰ 0q ď Pψ pζij ‰ 0q “ rij

Combining these two inequalities, we get

PψpCk,pi,jqq ď τ safe
ij pgqp1 ´ rijq ` rij

Upper bound on cooperative surplus. The goal is to show that the probability of project
k’s success has the following upper bound

Pψ pEkq ď min
pi,jqPQkpgq

τ safe
ij pgq

Fix project k P K. If Qkpgq contains only trivial tasks of the form pi, iq, then
minpi,jqPQkpgq τ

safe
ij pgq “ 1, so the desired bound holds.

Fix any project k with non-trivial tasks: pi, jq P Qkpgq with i ‰ j. Pick one bottleneck task:

pik, jkq P arg min
pi,jqPQkpgq

τ safe
ij pgq with jk ‰ ik.
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Since Ek Ď Ck,ik,jk , we have

PψpEkq ď τ safe
ikjk

pgq `
`

1 ´ τ safe
ikjk

pgq
˘

rikjk ,

Multiplying by Vk and summing over projects yields

EψrTScoop
s ď TSpgq `

ÿ

iPArmpgq

ÿ

j‰i

`

1 ´ τ safe
ij pgq

˘

V min
ij rij, (A.14)

where
V min
ij ”

ÿ

k: pik,jkq“pi,jq

Vk.

Upper bound on expropriation surplus. Fix a pair pi, jq with i P Armpgq and j ‰ i. On
the event tζij ‰ 0u, obedience implies that attempting expropriation is (weakly) optimal, hence
the conditional success probability is at least the private threshold:

Pψpζij “ θj | ζij ‰ 0q ě τ ‹
ij.

Therefore the expected welfare contribution from this ordered pair satisfies

Eψ
”

pbij ´ λijq 1tζij “ θju ´ cij 1tζij “ ´θju
ı

ď Eψ
”

pbij ´ λijq 1tζij “ θju
ı

ď pbij ´ λijq τ
‹
ij rij,

where we the first inequality follows from ´cij ă 0 and the second inequality follows from the
fact the probability of successful expropriation should be at least τ ‹

ij. Summing over pi, jq gives

EψrTSexp
s ď

ÿ

iPArmpgq

ÿ

j‰i

τ ‹
ij pbij ´ λijq rij. (A.15)

Upper bound on total surplus. Combining (A.14) and (A.15) gives

EψrTSpa, g; θqs ď TSpgq `
ÿ

iPArmpgq

ÿ

j‰i

rij

”

p1 ´ τ ‹
ijqV

min
ij ` τ ‹

ijpbij ´ λijq
ı

“

“ TSpgq ´
ÿ

iPArmpgq

ÿ

j‰i

rij

”

τ ‹
ijpλij ´ bijq ´

`

1 ´ τ ‹
ij

˘

V min
ij

looooooooooooooooomooooooooooooooooon

ą0

ı

.

By Assumption 1, λij ´ bij ą Vtotal ě V min
ij . Also bij ă cij implies τ ‹

ij “
cij

bij`cij
ą 1

2 , hence
τ ‹
ij ą p1 ´ τ ‹

ijq. Therefore, for every i P Armpgq,

τ ‹
ijpλij ´ bijq ą τ ‹

ijV
min
ij ą p1 ´ τ ‹

ijqV
min
ij ,
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so the bracketed term is strictly positive. Therefore, the maximum attainable expected total
surplus is TSpgq and can be attained only when there is no expropriation, rij “ 0 for all
i P N .

Conclusion. Lemma 2 shows TSpgq is attainable by the nested no-expropriation rule.
Lemma 3 shows no obedient rule can exceed it under Assumption 1. This completes the proof
of Proposition 1.

A.3 The Solution to the Mechanism-Design Problem

In this section, we show that the contract described in (A.6)–(A.8) satisfies the incentive-
compatibility constraints and therefore solves party 1’s problem in (A.3). Intuitively, we prove
the following chain of inequalities:

Uiptruth, obeyq ě Uiptruth, any deviation δiq ě Uipmisreport, same deviation δiq,

where the first inequality follows from obedience of the optimal nested decision rule (Lemma 2),
and the second inequality is proved below.

Proof. Fix the deterministic owner g˚ and let σ˚p¨ | θ̂q denote the optimal nested decision rule
used by the mediator after receiving reports θ̂ P Θ. Specifically, the mediator draws a ξ „ U r0, 1s

and recommends:

xij “ x̄ij “

$

&

%

θ̂j if ξ ď τ safe
ij pg˚q,

´θ̂j if ξ ą τ safe
ij pg˚q,

, zij “ z̄ij “ 0

Fix i P N , a true type θi P Θi, an alternative report θ1
i P Θi, and an arbitrary deviation

function δi : Di Ñ Ai. Transfers are constant under the proposed contract, hence they do not
affect incentives and are omitted throughout.

Obedience under truthful reports. Conditional on truthful reports, the mediator uses the
nested rule σ˚p¨ | θq. By Lemma 2 (obedience of the nested rule),

Uipφ, t | θiq ě U˚
i pφ, t, δi, θi | θiq for all δi : Di Ñ Ai. (A.16)

Own-message independence. Under the nested rule, for each j ‰ i the recommendation
sent to i about matching θj depends on pθ̂j, ξq but not on θ̂i. Hence, holding θ̂´i fixed, the
distribution of the private information di (and therefore of the realized action δipdiq) is the
same under θ̂i “ θi and under θ̂i “ ´θi.
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Misreporting weakly reduces project success, holding δi fixed. Fix any project k P K.
If no requirement in Qkpg˚q involves matching party i’s state, then i’s report does not affect the
probability of project k’s success. Otherwise, there exists some ℓ ‰ i with pℓ, iq P Qkpg˚q, so
success of project k requires that ℓ’s matching action for i equals the true θi. Under θ̂i “ θi, the
nested rule recommends to ℓ the correct match with probability τ safe

ℓi pg˚q, while under θ̂i “ ´θi

it recommends the correct match with probability 1 ´ τ safe
ℓi pg˚q. Since τ safe

ℓi pg˚q ą 1
2 , we have

PψpEk | θ̂i “ θi, δiq ě PψpEk | θ̂i “ ´θi, δiq,

where Ek is the probability of project k’s success under the induced distribution
ψpa, g˚, θq “ ppθqσ˚pa | θq over outcomes and states. Because cooperative utility is
ucipx, x̄ | g˚, θq “

ř

kPK αikVk 1tEku, it follows that

U˚
i pφ, t, δi, θ̂i “ θi | θiq ě U˚

i pφ, t, δi, θ̂i “ ´θi | θiq for all δi : Di Ñ Ai. (A.17)

Combining (A.16) and (A.17) yields the double-deviation incentive-compatibility constraint.

A.4 Contractible Actions and Cooperative Payoffs

In the baseline model, all components of the action plan ai “ pxi, x̄i, zi, z̄iq P Ai are non-
contractible: the mediator can only send private recommendations, and obedience must be
verified against deviations in all components. In addition, project shares tαikui,k are fixed and
exogenously given.

This section studies two counterfactual environments. First, we allow expropriation actions
to be contractible; this makes it possible to implement the first best. Second, we allow
cooperative actions and project shares to be contractible. We show that making cooperative
actions and shares contractible does not increase the maximum attainable surplus relative to
the baseline.

For notational convenience, decompose each party’s action plan into a cooperation block and
an expropriation block:

aci ” pxi, x̄iq P Ac
i “ t´1, 1u

2n aei ” pzi, z̄iq P Ae
i “ t´1, 1u

2pn´1q ,

so that Ai “ Ac
i ˆ Ae

i and ai “ paci , a
e
i q. The mediator observes θ and draws an action profile

a “ paiqiPN P A from a direct decision rule σp¨ | θq P ∆pAq.

(i) Contractible expropriation actions. Suppose the mediator can enforce expropriation
actions pz, z̄q, while cooperative actions px, x̄q remain non-contractible. Then, after receiving
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a recommendation ai “ paci , a
e
i q, party i can deviate only in the cooperation block aci ; the

expropriation block aei is fixed.
Accordingly, σ is obedient under g with contractible expropriation if, for every i P N , every

θi P Θi, every recommended ai “ paci , a
e
i q P Ai, and every alternative ãci P Ac

i ,

ÿ

θ´iPΘ´i

ppθ´i | θiq
ÿ

a´iPA´i

σpai, a´i | θi, θ´iq

”

ui
`

ppaci , a
e
i q, a´iq, g; θ

˘

´ ui
`

ppãci , a
e
i q, a´iq, g; θ

˘

ı

ě 0.

(A.18)
Define the corresponding omniscient benchmark value:

TSepgq ” max
σ

ÿ

θ

ppθq
ÿ

a

σpa | θq ¨ TSpa, g; θq (A.19)

subject to (A.18), σpa | θq ě 0,
ÿ

a

σpa | θq “ 1 for all θ P Θ

(ii) Contractible actions and cooperative payoffs. Suppose instead that the mediator can
enforce cooperative actions px, x̄q, while expropriation actions pz, z̄q remain non-contractible.
Then party i can deviate only in the expropriation block aei ; the cooperation block aci is fixed.

Accordingly, σ is obedient under g with contractible cooperation if, for every i P N , every
θi P Θi, every recommended ai “ paci , a

e
i q P Ai, and every alternative ãei P Ae

i ,

ÿ

θ´iPΘ´i

ppθ´i | θiq
ÿ

a´iPA´i

σpai, a´i | θi, θ´iq

”

ui
`

ppaci , a
e
i q, a´iq, g; θ

˘

´ ui
`

ppaci , ã
e
i q, a´iq, g; θ

˘

ı

ě 0.

(A.20)
Suppose the mediator can also choose and enforce the division of cooperative payoffs tαikui,k.

Thus, the corresponding omniscient mediator’s benchmark value is

TScpgq ” max
σ

ÿ

θ

ppθq
ÿ

a

σpa | θq ¨ TSpa, g; θq (A.21)

s.t. (A.20), αik ě 0,
ÿ

iPN
αik “ 1 for all k P K

σpa | θq ě 0,
ÿ

a

σpa | θq “ 1 for all θ P Θ

Proposition 3 (Contractability and the attainable surplus). Fix any ownership assignment
g P N . If expropriation actions pz, z̄q are contractible, then

TSepgq “ Vtotal for every g P N .
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If cooperative actions px, x̄q and projects’ shares tαikui,k are contractible, then

TScpgq “ TSpgq for every g P N ,

where TSpgq is the value characterized in Proposition 1.

Proof. (i) Contractible expropriation actions: TSepgq “ Vtotal. Define a (deterministic)
decision rule σFB as follows. For every θ P Θ:

1. Set all expropriation actions to zero: zij “ 0 and z̄ij “ 0 for all i and all j ‰ i;

2. Recommend xij “ x̄ij “ θj for all i P N and j P N .

Under σFB, there is no expropriation, and every project succeeds surely. Thus the total surplus
is Vtotal. Since pz, z̄q are enforced, party i can deviate only in aci “ pxi, x̄iq. If i deviates to some
ãci ‰ aci , then at least one matching requirement that uses i’s action is violated, which can only
weakly decrease i’s cooperative payoff (since αik ě 0 for all k). Thus, σFB is obedient.

(ii) Contractible cooperation and shares: TScpgq “ TSpgq. First, we show that
TScpgq ě TSpgq. Let σg be the nested no-expropriation decision rule constructed in the proof
of Proposition 1 (see (A.10)-(A.11)). Under σg we have ζij “ 0 for all i ‰ j almost surely, and
each project k succeeds with probability minpi,jqPQkpgq τ

safe
ij pgq, so it achieves TSpgq. This

decision rule is obedient and satisfies (A.20).
Second, we show that TScpgq ď TSpgq. This inequality follows from the same steps as in the

proof of Lemma 3. The binding restriction comes from the expropriation obedience constraints.
Since expropriation actions remain non-contractible, the same upper bound continues to apply
even when cooperative actions are contractible.

Finally, allowing the mediator to choose the shares tαiku does not affect the objective W ,
which depends only on total project values. It also does not affect the obedience constraints
(A.20): because cooperative actions are fixed in both terms, cooperative payoffs cancel when
comparing deviations in expropriation. Hence, making shares contractible is immaterial for the
welfare bound.

A.5 Optimal Decision Rule with Expropriation

The goal of this section is to prove the following result.

Proposition 4. Suppose λij ´ bij ą 0 and bij ă cij. The maximum attainable total surplus
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under an owner g P N is bounded by

TSpgq ď max
1
2 ďqijď1

#

ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
qij ´

ÿ

iPArmpgq

ÿ

j‰i

pλij ´ bijq max
!

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

)

+

. (A.22)

We will prove this result in two lemmas. Fix an owner g P N . For each project k and each
task pi, jq P Qkpgq, let Ck,pi,jq denote the event that the task pi, jq is satisfied (as defined in
(A.13)), and let Ek ”

Ş

pi,jqPQkpgq
Ck,pi,jq denote project success. Let ψpθ, aq ” ppθqσpa | θq be

the joint distribution induced by an obedient decision rule σp¨ | θq.

Task-level accuracy. For each pair pi, jq define

qij ” max
␣

Pψ pxij “ θjq ,Pψ px̄ij “ θjq
(

(A.23)

Expropriation probabilities. For each pair pi, jq with j ‰ i, define expropriation attempt
and success probabilities

rij ” Pψpζij ‰ 0q, sij ” Pψpζij “ θjq.

By feasibility, 0 ď sij ď rij ď 1.

Lemma 4. Consider any obedient decision rule σp¨ | θq. Fix an ordered pair pi, jq with j ‰ i,
i P Armpgq, and pi, jq P Qkpgq for some k P K. Then

sij ě max
"

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

*

Proof. Let Ii ” pθi, aiq denote i’s information at the action stage, and define the best-guess
accuracy about θj:

pijpIiq ” max
!

Pψpθj “ 1 | Iiq, Pψpθj “ ´1 | Iiq
)

P r1{2, 1s.

Step 1: We show that any matching task cannot be satisfied with conditional probability
exceeding pijpIiq. By construction,

Pψpθj “ xij | Iiq ď pijpIiq and Pψpθj “ x̄ij | Iiq ď pijpIiq.

Taking the expectations yields

Eψ rθj “ xij | Iis ď Eψ rpijpIiqs and Eψ rθj “ x̄ij | Iis ď Eψ rpijpIiqs
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Hence,
qij ď EψrpijpIiqs. (A.24)

Step 2: Obedience pins down when expropriation is attempted, and ties success to pijpIiq.
Because i P Armpgq, it can choose ζij P t´1, 0, 1u. Given Ii, the private payoff from choosing
sign w P t´1, 1u is

bij Pψpθj “ w | Iiq ´ cij Pψpθj “ ´w | Iiq “ pbij ` cijqPψpθj “ w | Iiq ´ cij.

Therefore the optimal expropriation sign is a most-likely sign, and attempting expropriation
yields nonnegative private payoff if and only if pijpIiq ě τ ‹

ij ”
cij

bij`cij
. With the tie-break

favoring ζij “ 0 at indifference, obedience implies:

ζij “ 0 ðñ pijpIiq ď τ ‹
ij and ζij P t´1, 1u ðñ pijpIiq ą τ ‹

ij.

Moreover, on tζij ‰ 0u the recommended sign must be a most-likely sign, so conditional on Ii the
success probability of the attempted expropriation equals pijpIiq. Hence the success probability
sij ” Pψpζij “ θjq satisfies

sij “ Eψ
”

pijpIiq ¨ 1tpijpIiq ą τ ‹
iju

ı

. (A.25)

Step 3: We derive a lower bound on successful expropriation in terms of qij. Fix τ P p1{2, 1q

and note the pointwise inequality, valid for all p P r1{2, 1s:

p ´ τ ď p1 ´ τq p1tp ą τu. (A.26)

If p ď τ , the left-hand side is ď 0 while the right-hand side is 0; if p ą τ , then p´ τ ď p1 ´ τqp

because p ď 1.
Apply (A.26) with p “ pijpIiq and τ “ τ ‹

ij and take expectations:

EψrpijpIiqs ´ τ ‹
ij ď p1 ´ τ ‹

ijqEψ
”

pijpIiq1tpijpIiq ą τ ‹
iju

ı

“ p1 ´ τ ‹
ijq sij,

where the last equality uses (A.25). Rearranging gives

sij ě
EψrpijpIiqs ´ τ ‹

ij

1 ´ τ ‹
ij

.

Combining with (A.24) yields
sij ě max

!

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

)

. (A.27)
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Lemma 5. Fix g and any obedient decision rule σ with induced ψ. The upper bound on the
expected total surplus is

EψrTSs ď
ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
qij ´

ÿ

iPArmpgq

ÿ

j‰i

pλij ´ bijq max
!

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

)

, (A.28)

where qij is defined in (A.23).

Proof. Write TS “ TScoop ` TSexp as in Lemma 3.

Cooperation. Recall that Ek ”
Ş

pi,jqPQkpgq
Ck,pi,jq is the probability that project k succeeds.

We have the following inequalities

EψrTScoop
s “

ÿ

kPK
Vk PψpEkq ď

ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
Pψ

`

Ck,pi,jq

˘

ď
ÿ

kPK
Vk ¨ min

pi,jqPQkpgq
qij

where the first inequality follows from the proof in Lemma 3, and the second inequality follows
from the definition of qij.

Expropriation. For each armed i P Armpgq and j ‰ i, the welfare contribution from
expropriation is

Eψ
“

TSexp
ij

‰

” Eψ rpbij ´ λijq 1tζij “ θju ´ cij 1tζij “ ´θjus “ pbij ´ λijqsij ´ cijprij ´ sijq.

Dropping the non-positive ´cij term yields

EψrW exp
s ď

ÿ

iPArmpgq

ÿ

j‰i

pbij ´ λijqsij

Since bij ´ λij ă 0, Lemma 4 implies

pbij ´ λijq sij ď pbij ´ λijq max
!

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

)

“ ´pλij ´ bijq max
!

0,
qij ´ τ ‹

ij

1 ´ τ ‹
ij

)

.

Summing over pi, jq and combining with the cooperative bound yields (A.28).
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