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1. Introduction

In April of 2019, U.S. District Court Judge Vince Chhabria appointed Ken Feinberg to facilitate a settlement between Bayer and
over 13,000 plaintiffs who had alleged that the weed killer Roundup causes non-Hodgkin’s lymphoma due to its active ingredient,
glyphosate. Feinberg is an expert mediator who had previously mediated many disputes, including settlement of the 9/11 victims
fund and BP Deepwater Horizon disaster. In seeking to bring about a mutually-agreed upon resolution, mediators provide two
services. First, in communicating with parties they acquire information that is privately known to one party and selectively transmit
it to the other party. Second, the mediator (usually a retired judge or well-experienced lawyer) brings her own expertise to bear
on the question of case value. The mediation literature often labels these two roles as facilitative versus evaluative mediation
styles.! In lawsuit mediation the mediator’s expertise and role as an evaluator is especially important if the case involves issues of
first impression, like the Roundup litigation; that is, new legal issues or interpretations brought before a court that have not been
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1 See for example Smartsettle (2017): “The mediator who evaluates assumes that the participants want and need her to provide some guidance as to the appropriate
grounds for settlement based on law, industry practice or technology — and that she is qualified to give such guidance by virtue of her training, experience, and
objectivity.... the facilitative mediator assumes that her principal mission is to clarify and to enhance communication between the parties in order to help them decide
what to do.”.
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addressed before by that court or that court’s jurisdiction. A mediator who has been involved in other mediations, many of which
are not in the public domain, can help parties to better assess costs and benefits of the case, for example with regard to the likely
outcomes of the litigation process.

As pointed out by Carbone (2019): “The best mediators will use an approach that draws upon both styles as the needs of the
case require.” As an evaluator, the mediator helps parties to assess the merits of the case and provides them with reality checks; she
engages in “shuttle diplomacy,” meeting with each side in a private caucus. Shuttle diplomacy also allows the mediator to act as a
facilitator, collecting information from a party and then leaking some of it back to the other side. It is important to stress that, unlike
in arbitration, mediators are not allowed to impose a judgment on the parties. The mediator suggests and seeks to bring about a
mutually-agreed upon resolution. The dynamic process of mediation has been described as follows:

“Mediations are in the main assisted negotiations. The mediator goes back and forth with demands and offers (and counter
demands and counter offers), while, at the same time, the mediator asks questions and makes comments about the dispute, so
that each side can more objectively and realistically consider the facts and think about what might happen if the case were to go
to a verdict.”?

There are many other forms of mediation, besides lawsuit mediation. Informal mediation, for example, has a long tradition across
different cultures; in China it goes back to Confucianism and recently “top political-legal authorities of the Chinese Communist Party
have been promoting mediation as the key to resolving all disputes” (Pissler, 2013). Disputes which formal or informal mediation is
commonly used to resolve include: conflict between members of a family or business relationship, conflict in the workplace, conflict
arising out of a commercial transaction including cross border trade, real estate matters and personal property. In many cases transfer
payments are commonly used.

A good mediator should be fair. According to the Model Standards of Conduct for Mediators (2005), prepared by the American
Arbitration Association, the American Bar Association’s Section of Dispute Resolution, and the Association for Conflict Resolution,
Impartiality is Standard II: “A. A mediator shall decline a mediation if the mediator cannot conduct it in an impartial manner.
Impartiality means freedom from favoritism, bias or prejudice. B. A mediator shall conduct a mediation in an impartial manner and
avoid conduct that gives the appearance of partiality.”

In this paper we examine the mediator’s role in helping two parties to reach an agreement about an ongoing dispute regarding
an economic transaction. The parties use a mediator to help them discover their costs and benefits from settlement and in suggesting
a fair resolution, inclusive of compensation from one party to the other. In short, our mediator is both a mechanism designer and
an information designer. At the start, parties dot not fully know their values for the ways of settling the dispute. A novelty of our
approach is that the mediator acts as an expert evaluator, who can transmit to each party information about the case that she
does not have, thus providing her with reality checks. We maintain the assumption that the mediator can only provide each party
with information about her own value and that whatever a party learns about it remains her private information. As in the Bayesian
persuasion literature (Kamenica and Gentzkow, 2011), we give extended leeway to the mediator about how much the parties discover
about their values; we allow revelation of any information that is Bayes consistent with the prior. A task of the mediator is then to set
up an information discovery policy: what to say about the case, to whom in a private session and at what point in the negotiations?
But, given the parties’ private information, the mediator also plays a facilitative role, by designing procedures to extract information
from parties regarding what they learnt and proposing them possible trading deals.

We show that ex-post efficiency, and hence maximal ex-ante social value, can always be achieved with a simple, dynamic, shuttle
diplomacy procedure that resembles the mediation procedures we often observe in practice. In addition, if parties have symmetric
prior value distributions, shuttle diplomacy guarantees a fair split of the total gains from a settlement. The key features that allow
shuttle diplomacy to attain ex-post efficiency and (under symmetry) fairness are that the procedure limits the parties to small
information discoveries at each point in time, thus reducing their opportunities to misreport their information and slackening their
incentive constraints. At the same time, it ensures that parties have enough information to assess whether or not carrying out the
economic transaction is ex-post efficient. Also, the symmetry of the information provided to the parties helps to sustain the fairness
of the outcome. Furthermore, we show the mechanism we consider, based on the shuttle diplomacy procedure, has some robustness
features, which allow to extend the validity of our results to the case where parties have some private information regarding their
value at the start of the procedure.

Our findings provide a clear, strong, rationale for shuttle diplomacy, because they demonstrate that focusing on static mechanisms,
in which the mediator simultaneously chooses the distribution of the signals received by the parties and there is then only round
where a transaction can occur is with loss of generality; ex-post efficiency cannot be achieved.

The paper is organized as follows. Section 2 introduces the setting. Section 3 presents the shuttle diplomacy procedure, first
in an example and then in full generality, and shows that it always allows to implement an ex-post efficient outcome. Section 4
contains some extensions, showing that a fair outcome is implementable under symmetry of the parties prior value distributions,
the robustness of the result to the presence of initial private information, and more. Section 5 considers some alternative sequential
mediation procedures that we show also allow to implement an ex post efficient outcome and discusses their properties. Section 6
examines static mediation procedures and the impossibility to attain efficiency in that case. Section 7 discusses the related literature
and Section 8 concludes. All the proofs are in Appendix A. Additional material is in Appendix B.

2 National Arbitration and Mediation (2019).
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2. The setting

We consider two parties seeking to reach an agreement about an ongoing economic dispute regarding an outstanding transaction.
For concreteness, we will refer to two applications. The first is a dispute regarding the provision of a service from one party, the
seller, to the other party, the buyer. The second is a dispute regarding the transfer of ownership of an asset from the seller to the
buyer. The settlement options are that the transaction occurs, in exchange of some compensation to the seller, or that it does not
occur. The parties use a mediator to help them discover the costs and benefits of providing the service, or of holding the asset, (i.e., of
the alternative ways of settling the dispute) and to suggest the compensation, or price, the buyer must pay if the service is provided,
or trade takes place.

Let vy € [0, 1] be the buyer’s value for the service, or for acquiring the asset. Let vg € [0, 1] be the seller’s cost of providing the
service, or her value for retaining ownership of the asset. They are independently and privately drawn from distributions Fgz(v) =
Pr(vg <v) and Fg(v) =Pr(vg < v). We assume that Fp and Fg have no atoms and admit densities fp(v) >0 and f¢(v) > 0 almost
everywhere; the expectations according to these distributions are E Fy [vgl= /01 vdFg(v) and Efp s [vg]l= /01 vd Fg(v). We will also use
the notation [E;B [vg], [E;S [vg] to denote the expectation conditional on the value being in an interval I C [0, 1], and [E’FB Fg [vglvg >
vgl, [E;BsFS[UB |vg <vsgl, [Eva,FS [vg|vg > vgl, [EII,B,FS [vg |vg < vp] for the expectation taken over both values conditional on the
values being in I and one value being larger than the other.

The mediator is benevolent and her goal is to maximize social surplus, or ex-post efficiency; that is, ideally the mediator would
want the service to be provided, or control of the asset transferred to the buyer, if vz > vg and the service not be provided, or the
asset to remain in the seller’s control, if vy < vg. To this end, the mediator sets up experiments (or discovery policies) that inform
each party independently about features of the environment. The privately observed outcomes of these experiments allow a party to
learn about her value from settlement. To stack the cards against the possibility of implementing an efficient outcome, we assume the
party’s discoveries and updated value remain private and are not observed by the other party, or the mediator.® To understand this,
we can think of a party as learning something about the different features of providing the service, or of owning the asset, from the
experiments set up by the mediator, but how much she values these characteristics is her private information. As in a cryptographic
protocol, each party knows private keys that allows her to discover her value after the mediator discloses public keys. Sole knowledge
of the party’s public keys reveals no information about the party’s value to either the mediator or the other party. An alternative
interpretation is that each party directly acquires information about her value, but the mediator monitors and enforces the parties’
commitment to discover the prescribed — limited — amount of information.

Apart from this privacy constraint, we allow the mediator to use the most general signaling technology; that is, as in the literature
on Bayesian persuasion (e.g., see Kamenica and Gentzkow, 2011, and Bergemann and Morris, 2019) the mediator is free to choose
any discovery policy that is consistent with the prior distribution. Prior to the experiments designed by the mediator, neither the
buyer, the seller or the mediator have any information regarding the draws from Fp and Fg, but we will later investigate the
robustness of our results to the presence of some private information from the outset.*

3. Shuttle diplomacy

As our interest is in understanding why mediators engage in shuttle diplomacy, we focus on a sequential procedure that exhibits
features of what mediators do in practice. The mediator begins by posting the price p that the buyer would have to pay to the seller
if the service is provided, or the asset traded. The mediator then approaches the parties repeatedly over time, making them discover
the outcome of suitably designed private experiments. It is convenient in what follows to model the discovery process as taking place
in continuous time.

3.1. An illustrative example

To facilitate understanding of the procedure and the role played by each of its ingredients, we begin with an example. Suppose
the values of the buyer B and the seller S are both uniformly distributed in [0, 1]. The mediator then posts the price p = 0.5. At
time ¢ € [0,0.5] each party discovers whether her value is equal to ¢, to 1 — ¢, or whether it belongs to the interval (¢,1 — t). The
information disclosure process is thus perfectly symmetric: at any date ¢, prior to the discoveries occurring in that period, the interval
of remaining uncertainty is ¢, 1 —¢] and the expected value is equal to 0.5 for both parties.

After the time ¢ discovery, each party has the option to stop the discovery phase of the mediation procedure. If none stops, then
the discovery phase continues. If the buyer stops, she then decides whether or not the service should be provided (equivalently, the
asset traded) at price p. If the seller stops, the seller decides whether or not to provide the service (trade the asset) at price p. If
both stop, one party is selected according to the outcome of a fair coin toss and this party then decides whether or not the service
is provided (the asset traded) at price p. The decision of the party that stopped the discovery phase (or the randomly chosen one if
both stopped) is then implemented and the procedure terminates.

Consider then the following stop-at-value strategies. For the buyer, the strategy is:

3 If the parties’ values became known to the mediator, she could then just propose a mutually acceptable price at which the transaction should occur if it is efficient.
Similarly efficiency would be easier to attain if parties could learn each other’s values.
4 In Section 4.3, we will also argue that our results extend to the case where values are correlated.
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- Stop at ¢ if and only if vz € {#,1 — 1}, i.e., the value has been discovered;
« If vp =1, then choose No Service (equivalently, do not buy the asset);
« If vg =1 —1, then choose Service (equivalently, buy the asset) at price p.

Similarly, for the seller, the stop-at-value strategy is:

+ Stop at ¢ if and only if vg € {f,1 — ¢}, i.e., the value has been discovered;
« If vg =1t, then choose Service (equivalently, sell the asset) at price p;
« If vg =1 —1, then choose No Service (equivalently, do not sell the asset).

It is immediate to see that if both parties follow a stop-at-value strategy, then the service is provided if and only if it’s efficient
(i.e., vg > vg). We now argue that it is a perfect Bayesian equilibrium for both parties to follow such strategies.

If at t a party discovers her value, it is clearly optimal to follow the stop-at-value strategy, as it guarantees her the highest possible
continuation payoff, independently of the other party’s strategy. We then only need to consider the case in which a party does not
discover her value at ¢. Note first that if the other party follows a stop-at-value strategy, by also following a stop-at-value strategy the
party guarantees the service is provided if and only if it’s efficient, as argued above. Consider then the buyer. At ¢, her expected value
conditional on her value being higher than the seller’s value is %t +ia-n= ? Hence, by not stopping and thus following the
stop-at-value strategy the buyer obtains a positive payoff, as with a positive probability her value is higher than the seller’s value, in

that event her expected value is %, which is greater than 0.5 and the service is provided at a price p = 0.5. By stopping, on the other

hand, she would get a zero payoff no matter whether the service is provided or not, as her expected value at ¢ is %t+ %(1 -1)=05=p.
Hence, it is a best response for the buyer to follow the stop-at-value strategy at ¢.

Now consider the seller. At 7, her expected value conditional on it being higher than the buyer’s value is also % If she follows the
stop at value strategy, she will provide the service at p = 0.5 whenever her value is lower than the buyer’s, an event with probability
0.5. Thus by following the stop-at-value strategy the seller obtains a payoff equal to % . ? + % -0.5. This is greater than her payoff
if she stops: if she stops she can either provide the service at p = 0.5, or not provide it and obtain an expected value (or cost saving)
of 0.5. Hence, it is also a best response for the seller to follow the stop-at-value strategy at ¢.

Thus, in this example, the shuttle diplomacy procedure implements the ex-post efficient outcome. Also, at any date ¢, prior to the

information discovery the two parties have the same information and their expected payoff from the procedure is also the same.
3.2. The procedure

We now describe the shuttle diplomacy mediation procedure in full generality for the case of general value distributions. The first
idea behind the construction of the procedure is that at each point in time ¢ parties should make symmetric discoveries, that reveal
whether their values are or not at the boundaries of the current interval of remaining uncertainty [a;, f;]. With symmetric discoveries
the interval of uncertainty evolves in the same way for the two parties,” as long as they make no discoveries. Still, with asymmetric
value distributions, the distribution of values over this interval, the expected values and hence the extent of learning typically differ
across the two parties. The second idea is that at each date ¢ the interval of remaining uncertainty includes the price p posted at the
outset by the mediator. As ¢ approaches the terminal date T" the size of this interval progressively shrinks and approaches zero. The
third idea is that the posted price and the path of the intervals of remaining uncertainty needs to be chosen so that each party is
incentivized to stop the discovery phase of mediation and make a service provision (or asset trading) decision if and only if she has
discovered her value. Combined, we will show these three ingredients allow the implementation of the ex-post efficient outcome.
Formally, the procedure is as follows:

PRELIMINARY STAGE. The mediator selects:
* A posted price p € (0, 1).
+ The length of the discovery phase, T', and a collection of intervals of remaining uncertainty: (a;,f,), t € [0,T], with: ¢y =0,
Bo=1,ar=Pp=p; &, >ay and p, <, ift > 7.
ROUND ¢ € [0,T], DISCOVERY PHASE.
« First each party privately discovers whether her value is «,, f,, or belongs to the interval of remaining uncertainty (a;, §,).
+ Then each party decides whether to stop the discovery phase of mediation. If r =T or at least one party decided to stop, then

the discovery phase terminates and the procedure moves to the allocation phase.

ROUND 7 €[0,T], ALLOCATION PHASE.

5 As the densities fg, f could be zero in some interval, the distributions F and Fg may have different supports. Hence the interval of remaining uncertainty
should be understood as including all - but possibly not only - the values which a party views as having positive density, given the available information.
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« If only one party stopped, she becomes the deciding party. If both stopped, or t =T, then a fair coin is tossed to randomly select
one of the two parties as the deciding party.

+ The deciding party chooses whether or not the service should be provided (equivalently, whether or not the ownership of the
asset should be transferred to the buyer). If the service is provided, then the buyer pays the posted price p to the seller.

The symmetry of the discovery process helps to ensure the efficiency of the outcome as well as, when value distributions are the
same, its fairness. Note also that setting a constant price at which the service is provided, whenever the discovery phase is terminated,
adds a robustness feature to the mechanism,® since the price does not depend on the exact beliefs entertained by parties along the
process. Furthermore, having a constant price simplifies the mechanism, lowering the computational burden of parties.

3.3. Stop-at-value strategies

In the shuttle diplomacy procedure we have described, each party’s strategy specifies whether or not to stop the discovery process
at any date ¢, given the discoveries made at that date, and the decision after stopping the process. Under a stop-at-value strategy a
party stops the procedure only if she just discovered her value and chooses then the allocation that gives her the highest payoff:

« A party stops the discovery phase of mediation at r < T if and only if she has just discovered her value, which is then either
a; <por f,>p;

« If B is the deciding party at t < T, then she decides that the service is provided if her value is high, vp = f,, and that is not
provided if it is low, vg = a;;

« If S is the deciding party at t < T, then she decides that the service is provided if her value is low, vg = a;, and that it is not
provided if it is high, vg = f;;

+ At t =T the deciding party chooses that the service is not provided.”

If both parties follow the stop-at-value strategy the discovery process terminates each time a party discovers her value. If none
of them has stopped the mechanism, then before the discovery at ¢ they both know that their values lie in the interval [a;, §,]; the
interval [a,, f,] converges to [ar, f7] = [p, p].

Efficiency under stop-at-value strategies

If both parties use the stop-at-value strategy, then the outcome of the shuttle diplomacy mechanism is ex-post efficient. To see
this, note first that if the discovery phase stops at t = T', the two parties have the same value v; = p and any decision is then efficient.
Second, if party i € { B, S} stops at t < T after having discovered that her value is @, and she is the deciding party, then she will
select to provide the service if i =.5 and not to have it provided if i = B. Since the other party’s value is in the interval [e,, ], this
decision is efficient. Third, if i stops at t < T after having discovered that her value is §, and she is the deciding party, then she will
select to have the service provided if i = B and not to provide it if i =.S. Again, the other party’s value is in the interval [«;, §,] and
hence the decision is efficient.

Incentive compatibility under stop-at-value strategies

Note that, as there are no atoms in the value distribution, the probability that the two parties stop at the same time, when they
both follow stop-at-value strategies, is zero.® Hence a party who decides to stop expects she will decide the allocation with probability
one.

We show first that when a party discovers her value at ¢, stopping the discovery process is a weakly dominant behavioral strategy.
Consider the buyer; if she discovers that her value is vy = a,, stopping the process and deciding the service is not provided gives her
a payoff of zero. Any other choice could only lower her payoff, since it may happen the service is provided, in which case she has
to pay a price p which is above her value. If the buyer discovers that her value is vz = f,, then stopping the discovery phase and
deciding to have the service provided yields her a payoff of §, — p > 0. Any other choice could only lower her payoff, since the price
is constant and she may end up with the service not being provided in which case she gets a payoff of zero. Now consider the seller;
if she discovers that her value is vy = @;, then stopping the discovery phase and deciding to provide the service to the buyer gives
her a payoff of p > a,. Any other choice could only lower her payoff, since she might end up not providing a service that she values
less than p. If the seller discovers that her value is vg = f;, stopping the discovery phase and deciding not to provide the service
yields her a payoff of g, > p. Any other choice could only lower her payoff, since if she ends up providing the service she gets a lower
payoff of p.

Thus, to prove that both parties adopting the stop-at-value strategy constitutes a (perfect Bayesian) equilibrium of the mediation
procedure, it only remains to show that for no party there exists a round 7 < T' at which she prefers to stop and end the procedure
even though she has not discovered her value, assuming the other party follows the stop-at-value strategy.

6 On robust mechanism design, see Bergemann and Morris (2005).

7 If the discovery phase stops at T, then both parties have discovered that their value is equal to the posted price p and hence are indifferent about which decision
is made. For completeness, we have selected that the choice is that the service is not provided.

8 Note that in that event the decision made by whichever party is randomly selected by the coin toss is efficient.
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Consider first the buyer. Suppose she has not yet discovered her value. If she deviates from the stop-at-value strategy and stops,
then her continuation payoff is zero if she decides that the service is not provided by the seller, and it is [E( b [ B] — p if she decides
to have the service provided. If instead she follows the stop-at-value strategy, the buyer’s continuation payoff is equal to the expected
(a’ P (UB > vg) be
the probability that the buyer’s value is greater than the seller’s value, conditional on both values being in the 1nterval (a;, B,), this
continuation value is equal to:

benefit of ultimately having the service provided at price p whenever provision is ex-post efficient. Letting Pr

([Ei?;’ﬁl [0p10g > vg] - ) Pr <”"’f ) (g > vg) 6))

It thus follows that for the buyer to want to follow the stop-at-value strategy at ¢ it is necessary and sufficient that the following
incentive constraint holds:

([E(Fa’lj; [UB|UB>US] p) Pr (Fa;ﬂF’ (UB>US)Zmax{0,[E3f;’ﬁ’)[uB]—p} (@)

Observe that’

(a6 (o, ¢ ﬂ
[E[?; ! [UB]—p ([E;:’; [UB|UB>US] ) -Pr a’ ! (UB>US)

+<[E;?;”/;;)S[UB|UB<US] ) Pr( ﬁ’ (UB<US)

Using this condition to rewrite (2), we obtain the following necessary and sufficient condition for the buyer to be willing to follow
the stop-at-value strategy, for all t € [0, T']:

[E(ax By

Fp.,Fg [UB|UB<US]<P<|E(at!ﬁ’

)
FB,FS[UB|UB>US]. 3
Now consider the seller. Suppose she has not discovered her value at . If she deviates from the stop-at-value strategy and stops,
her payoff is p if she decides to provide the service to the buyer, while if she decides not to provide the service her payoff is

[E(;;’ﬂ’)[vs] —[E(a’ﬂ’ [US|US>UB] Pr(vg > vp)

+ [E("' A [US lvg < UB] Pr(vg <vp)
If instead she follows the stop-at-value strategy, then her continuation payoff is:

[E(ax By

Fy Fs [US|US>UB] Pr(vg >vp)+p-Pr(vg <vp) ©)]

Hence, it is optimal for the seller to follow the stop-at-value strategy at ¢ if and only if the following condition holds:

.y (C)
F’B’S[US|US>UB] Pr(us>UB)+p~Pr(US<UB)Zmax{p,[EF; ! [US]}

or, equivalently

[E(at B [ [E(ax B [

vglog<vpl<p< vglvg > vg| ®)

We can thus conclude that if the incentive compatibility conditions (3) and (5) hold for all 7 € [0, T], then the shuttle diplomacy
procedure implements an ex-post efficient allocation.

3.4. The uniform example revisited

If Fg and Fg are uniform, then (3) and (5) reduce to the following, single condition:
7 v(f, —v) 7 v(v—ay)
o Jog \F1 a I !
for all t € [0, T1].
Proposition 1 below establishes that equal sized discovery intervals on each side of the price p, as in the earlier discussion of this

example, satisfy the incentive constraints (6) for an interval of possible values of the price p. This interval includes the value p = %
considered earlier.

9 Note that the independence of the value distributions implies [E(a ﬂ') [v B] = [E(:"ﬂ’) [v B] .
B
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Proposition 1. Suppose the prior value distributions F and Fg are uniform. Set a, = % pand f,=1- %(1 — p). Then, the buyer and seller
following a stop-at-value strategy is a perfect Bayesian equilibrium of the shuttle diplomacy mechanism (implementing an ex-post efficient
outcome) if and only if the posted price p satisfies:

1 2
—<p< -,
3=P=3

3.5. General prior distributions

In the case of general distributions Fp, Fg, we begin by establishing some preliminary results about the conditional expectations
that appear in the incentive constraints (3) and (5). It is convenient here to use i, j € { B, .S}, with j # i, to denote the two parties.

The first claim is that, conditional on v; < v; and both values belonging to the same interval (a, ), the expectation of v; is greater
than the expectation of v;.

Claim 1. For all (a,$) C[0,1] and i,j € {B, S}, i # J,

(a.p
[EF

) (a.f
B,Fs[uflvj <] <[E:B

)
!FS[Ui lv; <]
The second claim states that the expectation of v; conditional on v; < v; is smaller than the expectation of v; conditional on
v; > ;.
J 1

Claim 2. For all (a,$)C[0,1] and i,j € {B,S}, i # J,

(a.8)
[EFBvFS

[v; | v; <yl < [Eggf}s[vj | v; >yl

The next claim is an important step towards the proof that the parameters of the shuttle diplomacy mechanism - intervals
of uncertainty and posted price — can be selected so that the perfect Bayesian equilibrium outcome of the mechanism is ex-post
efficient. The claim states that, for any given interval (a, ), we can find some prices (which depend on the interval) which satisfy the
incentive constraints (3) and (5) for (a,, f,) = (@, f). Claim 3 follows directly from Claims 1 and 2, as they imply that each expectation
appearing on the left hand side of the inequality in Claim 3 is smaller than each expectation on the right hand side.

Claim 3. For all (a, §) € [0, 1],
max{IE(Faj;,S[UB lvg < US],[E(}'j;,S[Uslus < UB]} <min{|E(1?lf;?S[UB|UB > USL[E(JSZ)FS[US lvg > UB]}

We are now ready to show that there exists a posted price under which the shuttle diplomacy mechanism satisfies the incentive
compatibility constraints in all rounds for appropriately chosen intervals of uncertainty («;, §,), thus ensuring that the equilibrium
outcome is ex-post efficient. By Claim 3, to satisfy incentive compatibility at the beginning of the shuttle diplomacy mechanism,
when the interval of uncertainty (after the initial discoveries) is (0, 1), the posted price p must satisfy the following condition:

©

0.1 ) .1)
max{[EFB FS[UBluB>US]’[EFB,FS[US|US>UB]} ™

) O,1) . (0,1
FS[UBlvB < US]’IEFB’FS[USWS < UB]} SPSmln{[EFB

Proposition 2 below shows that once the mediator has selected one such a posted price, she can always find intervals of remaining
uncertainty (a;, §;), of decreasing size, with ay =0, f, =1, ar = fr = p (i.e., a discovery policy), such that the posted price p satisfies
the incentive compatibility inequalities (3) and (5) for all intervals of uncertainty.

Proposition 2. Consider any prior value distributions Fy and Fg. For all posted prices satisfying (7) there exist an increasing function
a,, with ay =0 and a; = p, and a decreasing function f,, with fy =1 and fr = p, defining the intervals of remaining uncertainty (a,, f,),
such that buyer and seller following the stop-at-value strategy is a perfect Bayesian equilibrium of the shuttle diplomacy procedure which
implements an ex-post efficient outcome.

Note the result requires no condition on the distributions of values for seller and buyer, besides the assumed property that there
are no atoms. Hence they may have different supports. The existence of an interval of prices satisfying (7) for which efficiency can
be attained guarantees that the shuttle diplomacy procedure is robust to the presence of some initial, private information of parties
about their values, as we will show in Section 4.2.

We now provide some further intuitive explanation for why a shuttle diplomacy procedure implements an efficient outcome. We
may interpret stopping the discovery phase and deciding about service provision by a party as reporting her value. The stop-at-value
strategy can thus be seen as truthful reporting and the procedure as a dynamic direct mechanism with slow information discovery.
Limiting the parties to small information discoveries at each point in time and stopping the discovery of a party when the other
party stops the procedure after having discovered her value reduces their misreporting opportunities, by limiting the lies available.
The payoff from terminating the mediation process, as determined by the design of the allocation phase and the constant price, also
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contributes to slacken their incentive constraints. At the same time, the shuttle diplomacy procedure guarantees that parties have
enough information to assess whether vp > vg or vp < vg and hence whether the provision of the service is or is not ex-post efficient.
This is because the party making the discovery learns her value is one of the extremes of the interval of remaining uncertainty while
the other party only knows her value lies in that interval.

Intuitively speaking, participating in shuttle diplomacy requires little strategic sophistication from buyer and seller. Parties can
just follow the stop-at value strategy and stop the discovery phase when they discover their value. Greater sophistication is required
from the mediator, who must compute the “right” posted price, but note that if parties naively follow the stop-at-value strategy,
any choice of a posted price will induce an efficient outcome. Of course, sophisticated parties would deviate from the stop-at-value
strategy if the price is not in the right interval.

We should point out one other feature of the shuttle diplomacy procedure as described. When a party stops the discovery process,
she decides the allocation, that is whether or not the service is provided at the price p. The other party must comply with this. The
fact that she chose not to stop the procedure at earlier dates means her expected payoff from its continuation was positive. When
the process is stopped however her payoff, evaluated on the basis of the information available to her at that moment, could end up
being negative if the decision is that the service is provided. Consider the case where the buyer discovers her value is f, and chooses
that the service is provided. In that case the seller’s payoff, conditional on her available information, is p — [ngs”ﬁ ) [u s]~ A similar
situation may arise for the buyer, in the symmetric case where the seller discovers her value is @, and the service is provided, in
exchange for the payment p by the buyer. When value distributions are symmetric the price p can always be set at a value such
that not only the incentive constraints are satisfied, (7), but in addition these payoffs are non negative.'? This cannot be ensured
when value distributions are asymmetric. Hence in such cases the procedure described requires some commitment to the mechanism
from the parties. In the Section 5.1 we present an alternative specification of a shuttle diplomacy procedure where parties along the
process trade back and forth the asset (or claims to the service being provided). This procedure also allows to attain (approximate)
ex post efficiency and the expected payoff from such trades, at any point in time, including the one where the process terminates, is
non negative.

4. Extensions
4.1. Fair price

Define the fair price at each ¢ as follows:

1

Pt )

At this price the expected payoffs of the two parties from the shuttle diplomacy procedure at time ¢, conditionally on the information

available to them at that date (prior to discoveries occurring in that period), are equal. This price ensures that the expected surplus

generated by providing the service, or trading the asset, whenever that is ex post efficient, is equally split among the two parties.

The question is, can the shuttle diplomacy procedure be designed so that the posted price p is equal to the fair price ptF specified in
(8) in each round ¢? For general value distributions, the answer is No. There are two reasons.

First, at the beginning of the procedure fairness requires the posted price to equal

[E“"”r [uB|uB>uS]+— [E“"”r [vs |vg > vs]. (8)

1 01
pf:i [E( ) [UB|UB>US]+—
but for some distributions Fp, Fg this value of pf lies outside the interval defined by (7) and thus does not satisfy the incentive

constraints for the stop-at-value strategies to be an equilibrium. To illustrate this possibility, consider the case where Fp has almost

0.1
[E( ) [US|US<UB]

all mass concentrated in a small interval around vy = % and Fg has almost all mass equally concentrated in two small intervals
around vg =0 and vg = 1. Then:

0.1 1.

[E( ) UB|UB<US] [E(FiF [vglvg >vglr 35

[E(Ol) [vg|lvg <vpl~0 and [E(Ol) [US|US>UB]~1

The fair price at t = 1 is then plF ~ l and it violates condition (7), which in this case requires that p = l.
Second, if p1 belongs to the 1nterva1 defined by (7), by Proposition 2 we can set p = p1 and construct a path of intervals of
remaining uncertainty such that p1 satisfies the incentive compatibility conditions at all dates, inducing buyer and seller to follow

the stop-at-value strategy. However, we cannot be sure that the intervals of uncertainty are such that pf = er at all rounds; fairness
may then be violated at some ¢ > 0.

An important special case where we can set the posted price p equal to the initial fair price pf and make sure that it is also a fair
price at all # € [0,T7] is the symmetric environment, where the prior distributions of valuations are the same for the two parties; that
is, when Fp = Fg = F. This is because with identical distributions the two expectations on the left hand side and the two on the right

10" This is an immediate implication of the fairness property of the procedure we establish in the next Section 4.1.
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(.1
F.F

(0,1) 0,1)

hand side of inequality (7) coincide; that is, [E(F():]F)[us lvs <vpl=E plvglvg <vgland Ep " loglvg > vpl=E [ lvg|vg > vgl.

Furthermore, we have:

1 0,1 1 0.1
pf:E-IE(RF)[UB|UB>US]+E-[E(F’F)[US|UB>US]
_ O P £OD p
= FYF[UB|UB>US] r{vg >vg}+ FYF[UB|US>UB] r{vg >vp}
0,1
=EQV[o].

Since: [Eig’p[vB |vg <vgl < [Ei)’l)[uB] < Eg?:;.)[UB |vg > vgl, by setting p = plF condition (7) is satisfied. Moreover, the intervals of
uncertainty (;, §;) can be chosen so that, for all rounds ¢, we have [E(Fa”ﬂ ) [v] = Ep[v]. In particular, if F is uniform, then the fair
price is pf = %

Generally speaking, what makes it impossible to set the posted price equal to the fair price is the presence of large asymmetries
in the prior distributions of buyer and seller. We formalize the result for symmetric prior uncertainty in the following proposition.

Proposition 3. With symmetric prior uncertainty, i.e., Fg = Fg = F, there always exist intervals of remaining uncertainty defined by an
increasing function a,, with ag =0, ar = pf , and a decreasing function p,, with fo =1, pr = pf , such that: (i) the posted price plF = [E(I?’l)[v]
is fair, and (ii) it is a perfect Bayesian equilibrium of the shuttle diplomacy mechanism for buyer and seller to follow the stop-at-value strategy.

4.2. Private information before mediation

We have assumed so far that the two parties have no private information before the start of the mediation procedure, but in
some practical disputes they are likely to have some partial information at the outset. It has been well known since Myerson and
Satterthwaite (1983) that if parties have full private information about their values, then no mechanism can implement the ex-post
efficient outcome. An important question is thus whether the shuttle diplomacy procedure we considered is robust to the presence of
some amount of private information. The answer is yes.

Suppose that, before the start of the procedure, the buyer privately observes a signal 65 € [0, 1] about her own value and the
seller a signal 6¢ € [0, 1] about her value. Then let Fg(-|60p5) be the distribution of the buyer’s value vy conditional on the buyer
having received private signal 6. Similarly, let F¢(- | 6) be the distribution of the seller’s value vy conditional on the seller having
received private signal 6. A special case is the situation studied so far, where the distributions of values are independent from the
signals 05, 0. At the other extreme is the case where signals are fully informative, with the distributions putting all mass on v; being
equalto 0;, i € {B, S}.

Following the same approach as the one followed above for the case of no private information, we can derive the incentive con-
straints that guarantee that the stop-at-value strategies are an equilibrium when parties have private information. They are analogous
to constraints (3) and (5) obtained for the case of no private information. Let [E(Fa:(;')l 05).Fs [U glug<vg;6 B] be the expectation of
vp, conditional on vp, vg being in the interval (a, ), on vy < vg, and also on the signal realization of the buyer being 0. Similarly
specify [Ei‘%f }g 16, [U slvs>vp;0 S] and the analogous expectations conditional on vy > vg. The incentive constraints can then be

rewritten as:

(a1,5¢) . (. 8;) .

Erpcomrs (08108 <0s:08] <p<EZ, | o [oplog>vs:6p) ©
(a1,5¢) . (.01 .

[EFBst(~I9s) [US lvg <vp ,03] <p< [EFBaFS('lgS) [US lvg>vp ,HS] (10)

and must hold for all t € [0,T] and all 85,05 € [0, 1].
It is immediate to see that Claim 2 generalizes to this environment in the sense that, for all 8;, i, j € { B, S}, it is the case that:

@p)
Fi(-10)).F,

(@.p)

[ujlvj <v;3 6] <[EFj(-|H/),l-"i[Uf|Uj > ;5651

Claim 1 (and hence Claim 3), on the other hand, need not generalize; that is, it needs not be the case that for all 6 s 0,,i,je{B,S}:

[E(g’(ﬁ')wj)fi[vj lv; <v;58;1< [E(Fi’,ﬂlg,(we,-)[vi lv; <v;5 6]
The reason is that the conditional distributions used to evaluate the expectation on the right and the left hand side of the above
inequality are different. In general, Claim 1 fails to generalize if the influence of private information is “strong”. For example, in the
extreme case where the signals received by each party are fully informative about their values (i.e., v; = 0;, i € { B, .S'}), the inequality
above becomes 6 <6, which cannot hold for all ;,0 ; €10, 1]. More generally, when the conditional distributions are quite sensitive
to the signal realizations the incentive constraints cannot be satisfied by some price p for all 63,6. On the contrary, if the influence
of private information is “not too strong”, then the conditional expectations do not vary much with 6, and 6¢ and we can find a
value of p such that the incentive constraints are satisfied for all 65 and 6. In such a case the result in Proposition 2 extends to this
environment with private information; it is possible to find a discovery policy (i.e., intervals of uncertainty) under which the shuttle
diplomacy mechanism implements an efficient outcome.
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Consider for example the case in which v; = (1 — A)w; + 16;, with 1 € [0,1], w; and 6; uniformly distributed in [0, 1], with w,
initially unknown and 6; known by party i € {B,S}. Letting U, be the (uniform) distribution of w; and F; be the distribution of
v; = (1 — Aw; + 16;, the incentive constraints (9) and (10) reduce to the following condition, which must hold for any i # j € { B, S}
and for all 6,-,6j:

G (@)
A0, + (1= DEGY [, 146, + (1 = Do, < v;] <p< 26, + (1 - L [0, 146, + (1 — Hw; > v,]
Taking 0, = 1 and 0; =0, the condition reduces to
(@) (@)
A+ (1= DEGY [, 1A+ (1 = Do, <v;] <p< (- L [;1(1 = D, > )],
which can be satisfied if and only if A is below some upper bound A*.

4.3. Correlation of values

We have assumed that the buyer and seller’s values are independently drawn, but in several applications it seems reasonable
to allow them to be correlated. For example, when applying the model to litigation, part of the plaintiff’s cost of selling a legal
claim (i.e., settling) and part of the defendant’s value of buying the legal claim could be correlated, as both the defendant’s and the
plaintiff’s benefit of reaching an agreement relative to going to court depend on the settlement decision that the court will impose
if mediation fails. The court’s decision in turn depends on characteristics of the case which are relevant for both parties and over
which an expert mediator may shed light.

One could then assume that the values of buyer and seller are drawn from an atomless joint distribution F(vg,vg) on [0, 17% with
atomless conditional distributions F(vg|vg =v) and F(vg|vg = v) with support [0, 1] and non negative conditional densities, for all
v € [0,1]. It is then possible to show that Claims 1-3 still hold for this joint distribution F(vg,vs) and then Proposition 2 holds as
well. Thus, our results extend to the case of correlated values and, in particular, the ex-post efficient outcome can be implemented
without resorting to the side-betting mechanisms of Crémer and McLean (1988).

4.4. Outside options

If the parties refuse to enter the mediation process, we have assumed that there is no service provision (equivalently, there is no
trade and the seller keeps the asset). We find this assumption natural in the case of service provision. It also has the advantage of
stacking the deck against shuttle diplomacys; it is well known in the mechanism design literature that asymmetric ownership claims of
an asset make it more difficult to achieve ex post efficiency (e.g., see Cramton et al., 1987, and Makowsky and Mezzetti, 1993, 1994).
In many instances, of course, the alternative to mediation is to go to trial and a trial judge may impose a different outcome than
the seller keeping the asset, or the service not being provided. While considering alternative outside options might be interesting,
we argue that they will not be an obstacle to shuttle diplomacy being able to achieve an ex-post efficiency outcome. Suppose for
example that if the parties reject mediation and go to trial, then the court sets a price and leaves the parties to decide whether they
want to trade or have the service provided. It is immediate to see that in such a case, as long as the mediator posts a price equal to
the price chosen by the court, the parties would prefer to continue using the shuttle diplomacy procedure run by the mediator, as
that procedure guarantees efficient trade and makes both parties better off.

5. Other mechanisms achieving efficiency
5.1. Back-and-forth diplomacy

In the shuttle diplomacy mechanism parties make discoveries and trading decisions in continuous time. We show next that a
discrete-time, back-and-forth version of the procedure also implements, albeit only “approximately”, the efficient outcome. The key
differences of the discrete-time version of shuttle diplomacy are that the mediator approaches the parties sequentially and that in
each round, as long as the procedure is not terminated, the asset, or the right to decide provision of the service, is transferred back
and forth between the two parties,'! always at the posted price p. The mediator interacts with one party at a time, who makes a
discovery. She then alternates between the two parties, in a sequence of T rounds. Each round ¢ € {1,...,T'} has two steps that are
designed so that discoveries in each round, though asynchronous, are symmetric: at the beginning of round ¢ the interval of remaining
uncertainty is [a,_;, f,_;] for both parties, with a; =0, fy =1 a7 = p; = p, @, increasing and f, decreasing, as in the continuous time
procedure.

In the first step of each round ¢, B learns whether her value is in the lower end of the interval of remaining uncertainty, that is
in ItL =[a,_1,a,), and decides then whether or not to stop the procedure. If she stops the process ends and she walks away without
the asset. If B doesn’t stop, it is then S’s turn to learn whether her value is in the upper end of the interval of remaining uncertainty,
ItR =(p,,P,_1), and to decide whether to stop the procedure, in which case she retains the asset. If .S also decides not to stop in step

11 Since trading back and forth ownership claims or decisions rights appear more natural in the case of the dispute regarding the ownership of the asset, we chose
to phrase the presentation of the mechanism here with regard to this second application.

10
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1, then the ownership claim to the asset is transferred to B in exchange of the payment of the price p and the procedure moves to
step 2 of round ¢. In step 2, S learns whether her value is in ItL and decides whether she wants to stop the procedure. If .S doesn’t
stop, then B learns whether her value is in I,R and decides whether to stop mediation. If any of them stops, the ownership of the
asset remains with B. If instead none stops in step 2, then the ownership claim to the asset is transferred back to .S for a payment of
the price p and the procedure moves to round 7 + 1. When one party stops, the resulting allocation is final.

The procedure is described formally in Appendix B. There we show that if the parties adopt the stop-at-value strategy whereby
mediation is stopped only when they discover their value, as the number of rounds T increases and the discovery intervals I ,L =
[e,_y.a,) and I,R = (p,, p,_) shrink, the outcome implemented is “approximately” efficient. This is because an inefficient allocation
may only result when a party stops mediation after discovering that her value belongs to IIL or IIR, and the other party’s value
happens to be in the very same interval. Such inefficiency loss is bounded by the size of the discovery intervals IZL and ItR and
converges to zero as T grows large and I,L and IIR shrink. We also show that we can always find a value of p, a sufficiently large
T and a sequence of small discovery intervals IIL and IIR such that both parties following the stop-at-value strategy is a perfect
Bayesian equilibrium of the diplomacy procedure. Formally:

Proposition 4. For all posted prices satisfying (7)'? there exist a T* such that for all T > T* there are an increasing sequence {a, I

with
1=0"
ay =0 and ay = p, and a decreasing sequence { §, }IT=0’ with fy =1 and pr = p, such that buyer and seller following the stop-at-value strategy

is a perfect Bayesian equilibrium of the back-and-forth diplomacy procedure which implements an approximately ex-post efficient outcome.

Trading back and forth the claims to the asset and the asynchronous discoveries within a round are needed to incentivize parties
to stop mediation when they discover their value. Note that if both parties follow the stop-at-value strategy, then back and forth
trade only stops when one party has approximately discovered her value. It is important to highlight that in this procedure, when
a party stops the discovery process she decides that the allocation resulting from the previous sequences of transactions is final, no
further exchanges occur. Hence in contrast from the shuttle diplomacy procedure considered in Section 3 the other party does not
have to carry out actions, as transferring the asset or providing the service, which may give her a negative expected payoff, given
her information.

Consider the case where the original buyer stops the procedure when owning the asset, and keeps it. Recall this happens when
the original buyer discovers that her value is above the posted price p. As argued at the end of Section 3, in this case it is possible, if
value distributions are asymmetric, that the price p is lower than the current expected value of the original seller. The original seller
would not want to sell the asset at this price if she still owned it. However trade of a claim on the asset took place at the end of the
previous step, when no party had discovered her value and the seller decided to sell based on the expectation that she would buy
the asset back if her value were higher than the original buyer’s value. Given the allocation of the claim to the asset as determined
by past trades, the payoff of the original seller when the buyer stops is thus equal to zero, individual rationality is so satisfied. The
situation in the case where the original seller stops the procedure after having relinquished the asset and hence the original buyer
keeps it is perfectly symmetric.

Without a sequence of back and forth trades of the asset, the same ultimate transfer of the asset to the party with the higher
value could only be achieved if parties committed in advance to the trading outcome of the procedure, irrespective of whether, once
they obtain the information along the process, it is individually rational for them to do so. As we noticed this is the case for the
continuous time shuttle diplomacy procedure we considered before. We can argue that such commitment (and hence the continuous-
time procedure) is more natural when the dispute is about service provision. Back-and-forth trading of ownership claims and hence
back-and-forth diplomacy appears more natural when the dispute is about asset ownership.

5.2. Single-round diplomacy

We now show that a single round of diplomacy is sufficient to guarantee the achievement of an ex-post efficient outcome. This
however comes at the cost of giving all the surplus generated by the allocation to a single party and it is not robust to the introduction
of a small amount of private information from the outset.

In single-round diplomacy parties make a single discovery and do so in sequence. Differently from shuttle diplomacy, the discovery
process is thus not gradual, but the mediator asks the first party who makes a discovery to send her a (private) report about what she
learnt. Then the mediator, on the basis of the report received, determines the discovery the second party makes and sets the price p
at which the two parties can trade at the end of the discovery phase.

More precisely, the mediator designs an experiment which fully informs the first party about her value. In what follows, we
consider the case in which the party informed first is the seller; the analysis when the buyer is first informed is analogous. Let U'g be
the value reported by the seller. The mediator then lets the buyer only observe whether her value is above or below U and sets the
posted price p(Ug). After the buyer also has made her discovery, both parties are asked if they wish to trade the asset (or have the
service provided) at p(Ug). Trade takes place if and only if both buyer and seller accept to trade at the posted price. The procedure
then ends in any case.

12 More precisely, the inequality in (7) must hold strictly.
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It is clear that if the seller sends a truthful report about her value and the price satisfies the inequalities 0y < p(Us) <
[EBS:][UB |vg = U], both parties find it optimal to trade if and only if the buyer’s value is above the seller’s reported value. In
that case this procedure also implements an ex-post efficient outcome.

The next proposition shows that there exists a unique price function that satisfies the above inequalities and incentivizes the seller
to report truthfully. The price function gives all the surplus from trade to the seller, the party that is fully informed. Intuitively, if
the seller’s report is truthful it is clearly a strictly dominant continuation strategy for her to accept to trade at the posted price. The
buyer is also willing to trade at this price when her value is above the seller’s, as in that case she obtains the same payoff (equal to
zero) both when trade occurs and when it does not occur. Thus the seller appropriates all the gains from trade and we show it is
always optimal for her to report sincerely.

Proposition 5. Under single-round diplomacy, with the seller discovering her value first and the buyer discovering whether her value is above
or below the value D reported by the seller, pg (ﬁs) = [EB(:);] [v glug > ﬁs] is the unique price function for which it is a perfect Bayesian
equilibrium for the seller to report sincerely her value and for buyer and seller to accept to trade at the posted price if and only if it is ex-post
efficient to trade.

Two features of single-round diplomacy allow the implementation of an ex-post efficient outcome. The first is that it limits the
information that is made available to parties, and by so doing it reduces their misreporting opportunities, slackening the incentive constraints.
This is similar to what we already saw in the case of shuttle diplomacy. However the non gradual nature of the discovery process
implies that the party who ends up not discovering her true value now learns less, in fact she only obtains the minimal information
that is needed to assess whether trading is efficient. The second feature is that the provision of this minimal information is implemented
by conditioning the discovery made by the second party on the value reported by the first one. This conditioning introduces correlation
between the information available to the two parties, which is exploited by the shuttle diplomacy procedure to achieve first best
efficiency. This correlation is endogenously determined by the first party’s report. The situation is then quite different from the
one arising with exogenous correlation among the different buyers’ values exploited by Crémer and McLean (1988) to construct
side-betting, Bayesian, trading mechanisms in which the seller extracts the full surplus.

The outcome of single-round shuttle diplomacy, while allowing to achieve surplus from the allocation, is extremely lopsided in
its distribution. One simple adjustment of the procedure to ensure a more equitable outcome is to flip a coin to determine which of
the two parties is the one to discover her value fully, and thus to extract all social value. While this procedure would guarantee an
equal division of the surplus ex-ante, the extreme lack of fairness ex-post remains. It also exposes parties to maximum uncertainty
about the trading price and their payoffs.

The single-round diplomacy procedure has another important drawback: the result that it implements an efficient outcome is not
robust to the introduction of a small amount of private information that parties may have about their own value before the start of the
mediation procedure. As we saw above, the need to induce the seller to report her true value vg after she has discovered it uniquely
pins down the trading price. This must be set so that the seller extracts all expected surplus from trade: that is, it must be that
p(vg) = [E[FO;] [u gluog>v S] . But a buyer who receives an even very noisy private signal at the outset, whenever the signal realization

0p is such that [E[S’l(] 102) [UB |vg >vg ;93] < [EES;] [UB |vg > US] will not want to trade at p(vg); hence the ex-post efficient outcome
BUIYB

can no longer be implemented by a single-round procedure. Contrary to the case of shuttle diplomacy, the implementation of an

efficient outcome under single-round diplomacy is not robust to the introduction of even a small amount of private information prior

to the start of the mediation process.
5.3. Partnership formation and dissolution

When the dispute is over the provision of a service, it is not natural to think of the two parties as possible partners with joint
ownership rights. On the other hand, when the dispute is over asset ownership, forming and dissolving a partnership might be an
available option. It is known from Cramton et al. (1987) (henceforth CGK) that even with fully informed parties ex-post efficient
trade might be possible if the two parties are partners that initially jointly own the asset.

In this section, we consider a partnership-formation-and-dissolution diplomacy procedure that could be adopted by the mediator if
joint ownership of a disputed asset were feasible. As CGK, we consider the symmetric case in which the prior distributions of B and
S are the same, Fp = Fg = F.'® According to such procedure, parties first form a partnership by transferring a share s = 1/2 of the
asset from the seller to the buyer in exchange for a payment p. Then the mediator privately discloses the true values to each party
and the parties participate in the Bayesian mechanism with transfers described in CGK to dissolve the partnership; that is, to allocate
the asset to the party with the highest value.

The Bayesian mechanism with transfers that implements an ex-post efficient dissolution of the partnership when parties are fully
informed and have equal shares of the asset is a bidding game in which the parties bid for the share s = 1/2 of the other party. The
highest bidder obtains the asset and pays a transfer to the other party equal to the difference between the highest and the lowest bid.
CGK show that the Bayesian equilibrium bid f of a party with value v; is f(v;) = /OU" ud F (u).

13 See however footnote 14.
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It remains to show that it is possible to find a price p at which B and .S are willing to form an equal share partnership when
they do not have any information about the disputed asset’s value. If they form the partnership, given the symmetry of the value
distributions and ownership shares, the expected payoff of each party is equal to half the maximal value of the asset across the
parties, Ey p[max{vg,vg}]/2. Thus for B to be willing to pay a price p to acquire a share of 1/2 in the partnership, it must be that:

1
7" Er plmax{vg,vg}]1—p=0.

By not selling a share s = 1/2 and keeping full ownership of the asset (i.e., not participating in the partnership-formation-and-
dissolution diplomacy procedure), .S obtains a payoff of Eg[vg]. Hence, for S to be willing to form a partnership with equal
ownership shares, the price p she receives must satisfy:

1
P Ep plmax{vg,vg}] > Eplvg].

Since Ef p[max{vg,vg}] > Ep[vg], it follows that such a price can be found and the partnership-formation-and-dissolution diplo-
macy procedure implements an ex-post efficient outcome.

We remark that the equilibrium in the partnership-formation-and-dissolution procedure requires strategic sophistications from
buyer and seller, as they must compute the correct bidding function of the other party (and their own). In contrast, as we argued
before, little strategic sophistication is required from parties in the shuttle diplomacy and back-and-forth diplomacy procedures.'*

6. Impossibility of efficiency with static mechanisms

We now examine the case in which the information discovery is static; that is, parties make only a single discovery and do so
simultaneously. Ex-post efficiency cannot be attained in this case. This is true even if no restriction is imposed on the allocation
mechanism, that is, if we allow for arbitrary Bayesian mechanisms where the posted price depends on the parties reports of the
information they independently discovered. The reason is that, when the parties’ signal distributions are chosen simultaneously, to
ensure that the transaction is carried out if and only if doing so is efficient the parties must essentially be fully informed, in which
case, as is well known (Myerson and Satterthwaite, 1983), ex-post efficiency is not attainable.

Nevertheless, it is still interesting to see what we can obtain with a static procedure. Characterizing the optimal static Bayesian
procedure, where the price p is set after the parties’ discoveries, on the basis of the reports sent by them, is a difficult task.
Schottmiiller (2023) provides a closed form solution for the case in which the prior type distribution is binary. For the case of
continuous distribution studied in this paper, he shows that the optimal information structure can be approximated arbitrarily
closely by a finite monotone partition of the type space and a deterministic mechanism.

To facilitate comparison with shuttle diplomacy, here we limit ourselves to consider static mechanisms in which the mediator
posts a price before the parties make their discoveries. The mediator simultaneously chooses both the distribution of the signals
independently received by buyer and seller and the posted price p. Buyer and seller, after observing the realization of their own
signal, decide whether or not they are willing to trade the asset (or have the service provided) at p. Trade only takes place if both
are willing. From the point of view of practical application in mediation, an advantage of such static mechanisms is that the choice
of whether to trade by a party is not subject to strategic uncertainty. It is a dominant strategy for a party to want to trade if and only
if doing so would increase her payoff.

To find the optimal static mechanism we must consider all possible (static) discovery policies. They can be summarized by the
induced posterior probability distributions of the expected value of the asset for each party. From the point of view of the mediator
(and the other party), party i not discovering any information corresponds to the posterior distribution of i’s expected value having a
unit mass atom on [E F [v;], while i having discovered her value corresponds to the posterior distribution of the expected value being

F;, the true distribution from which the value is drawn. Intermediate discovery policies must lead to distributions F that are mean

preserving spreads of the distribution with unit mass on Ef, [v;] and such that F; is a mean preserving spread of F. Thus, for party

i € {B, S}, the family of signal distributions over her expected value that can be feasibly induced by the mediator is'®:

1 z z

F,= F:/udf(u)ﬂEQ“[ui] and /F(u)dug/ﬁ(u)du for all z€[0,1]
0 0 0

14 Figueroa and Skreta (2012) have shown that there are ownership structures that guarantee that ex-post efficiency is achievable when parties are fully informed

about their values even if the prior value distributions of B and .S are different. However, such ownership structures depend subtly on the value distributions
and might be extremely unequal. In addition, the mechanism implementing ex-post efficiency needs not be a simple bidding game as in the case of symmetric
distributions. Let r; be the ownership share of party i € {B,.S} that guarantees that ex-post efficiency is possible when parties are fully informed, and let V;(r;) be
the ex-ante expected value of party i in the mechanism implementing ex-post efficiency. Let p be the price that B pays to acquire ownership share r; from .S at
the ex-ante stage, before knowing her value. It must be p < Vj(rp) for the buyer to want to buy the share r and E[vg] < p+ V(1 — rp) for the seller to want to
sell it before the mediator has fully informed the parties about their values. Since Ej, . [max{vg,vs}]=Vs(rp) + V(1 — rp), this shows that by selecting a price p
such that Vi(rg) — ([E Fyp.Fs [max{vg,vg}]— [E[vSJ) < p < Vy(rp), the mediator may use a generalized version of the partnership-formation-and-dissolution procedure
to implement the ex-post efficient outcome, even when value distributions are asymmetric. Such procedure however requires even more sophistication from parties
than in the symmetric case.
15 As the signal distributions could be continuous or discrete, all the integrals in the paper should be understood as Stieltjes integrals.

13



P. Gottardi and C. Mezzetti Journal of Economic Theory 216 (2024) 105794

We can now state formally the mediator’s problem in the present environment. The mediator chooses a static discovery and trading
mechanism <F B> F. S» p> ; that is, signal distributions F, 3 € Fp and F, 's € Fg for B and S, together with a trading price p € R, . After

they receive their signals from F, g and F. 's, respectively, each party decides whether or not to trade at p. It is immediate to verify
that it is a dominant strategy for the buyer to accept to trade if and only if the signal is an expected value vz > p and for the seller
to do so if and only if the signal received is vg < p. Thus, since the mediator’s goal is to maximize the social value, the optimal static
discovery and trading mechanism is obtained as a solution of the following problem:

L p
max //(ug—us)dfs(us)dfg(ug)
p 0

pel0,1], FgeFg, Fg€Fg

or, equivalently:

max  (ER oy |og 2 p] - ERus |05 < 1) Ry, () Fs(p) an
pel0,1], FpeFy, FseFg N FB Fg B
Lemma 1 in Appendix A shows that it is sufficient for the mediator to select a discovery policy that only has two realizations, a
high and a low signal. This is because each party faces a binary decision, to accept or reject trade at the price posted by the mediator.
Building on this, we can show that the solution of the mediator’s problem has a simple, binary and monotone, partition structure.'®
A threshold is chosen for each trader, who then discovers whether her value is above or below the threshold. Buyer types above
the buyer’s threshold and seller types below the seller’s threshold will want to trade, while the other types will refuse to trade. We
thus see that, like the shuttle diplomacy procedure, the optimal static mechanism limits the amount of information discovered by the
parties, but to a greater extent.
The optimal binary partitions that constitute the signals for seller and buyer are characterized in the next proposition.

Proposition 6. In the static information discovery and trading mechanism that maximizes social value, the buyer observes whether her value
is strictly below some threshold x and the seller observes whether her value is strictly above some other threshold y, with x, y satisfying:

Epllloslos<yl=x  and  ERMoglogzxl=y. 12)

The trading price can be any p € [[E[l?;][us |vg < y],[E[;);I[UB |vg > x]] =[x,y].

It is immediate to verify that system (12) always admits a solution for x,y and that x < y.17 Trade occurs when the buyer’s
valuation is above x and the seller’s valuation below y. Thus, since x < y, trade may occur when the buyer’s value is below the
seller’s value. This is an important difference relative to the case where parties are fully informed and also to the optimal shuttle
diplomacy mechanism we studied in Section 3. Under the latter, trade is ex-post efficient. Under full information, only buyers with
a value above the posted price p and sellers with a value below p trade.

The reason why a full information discovery policy is not optimal is that it does not generate enough trade: any efficient trade
with either (i) p> vg > vg, or (ii) vg > vg > p is lost. By limiting the information available to parties, the optimal static information
discovery and trading mechanism guarantees completion of a higher volume of trades. Some of the most valuable trades which are
lost under full information - those with (i) vp = p—ep and vg = £ 5 and those with (ii) vp =1 —¢ep and vg = p+ €5 (for e5,£ ¢ small)
— take place under the optimal mechanism.'® Inducing completion of valuable trades in the optimal mechanism comes at a cost: as
we noticed, some inefficient trades are also completed (this never happens when parties are fully informed), but those are the ones
that have smaller losses; trades with vy =y — e > vp = x + £ g. Moreover, there are also some less valuable, but still efficient, trades
that are not completed in the optimal mechanism (e.g., those for which x > vg > vg or vy > vg > ).

We should also add that in the optimal static information discovery and exchange mechanism we characterized, trade occurs
whenever its expected benefit exceeds the cost; as long as x < p < y incentive constraints do not bind.

The freedom the mediator has in the choice of the price allows her to pursue the additional goal of a fair division of social value.
A 50-50 split of the interim expected surplus between buyer and seller can always be obtained by posting the fair price p = X,
Recall that, on the contrary, with shuttle diplomacy only for some (e.g., under symmetry, Fp = Fg), but not all, distributions of
values Fp and Fg the mediator can ensure that the posted price at which trade occurs is equal to the fair price. This is because, with
shuttle diplomacy and asymmetric distributions, the fair price may be different at different points in time.

16 This is reminiscent of the result in Bergemann and Pesendorfer (2007), that monotone partitions are the optimal static information structures for a revenue
maximizing seller in an auction setting.

17" Since Fy, Fg have no atoms, [E[;,’;”[vs |vg <yl <y forall y>0 and is continuous and strictly increasing in y, while [Elfc]:J[vB |vg > x]>x for all x <1 and is
continuous and strictly increasing in x. Hence if a solution exists, we have x < y. To show existence define the following function of x with domain and range [0, 1]:

IE[;"lJ [US log < IE[;,"”[UB |vg > x]]. Since it is the composite function of two continuous functions, it is continuous. By Brouwer’s fixed point theorem it has a fixed
s [

point x* and thus x* and y* = IE[;"lJ [vB lvg > x*] is a solution of (12). Note that multiple solutions may exist, in which case one of them is the optimum.
»

18 This can be seen most clearly when x < p < y.
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When Fp and Fg are uniform, the solution of the optimal discovery policy we obtain from (12) is x =1/3 and y =2/3; the
buyer observes whether her value is above or below 1/3, while the seller observes whether her cost is above or below 2/3. Any
price p € [1/3,2/3] is an optimal trading price. The expected total surplus generated by the allocation attained at the optimal static
mechanism is (% - %) %% = 24—7 or 89% of the ex-post efficient level achieved by the shuttle diplomacy mechanism, which is é As

an additional comparison, when parties are fully informed about their own values, the optimal posted price is p = %, which yields an

expected surplus of (% - i) %% = %, or 75% of the ex-post efficient level. The increase in surplus at the optimal static mechanism

relative to full information is due to an increase in the volume of trade: trade occurs whenever the buyer has a value greater than
1/3 and the seller a value smaller than 2/3.1°

7. Related literature

In the law and economics models that study the role of mediation (e.g., Brown and Ayres, 1994; Doornik, 2014, and Goltsman
et al., 2009), each party is assumed to have full information about her own value at the outset of the process. The mediator thus
only plays a facilitative role, collecting information from both parties and conveying it strategically via a proposed trading deal,
which allows parties to update their view of their bargaining position. Brown and Ayres (1994) argue that mediators reduce adverse
selection by committing parties to simple mechanisms; e.g., “(1) by committing parties to break off negotiations when private
representations to a mediator indicate that there are no gains from their interaction; (2) by committing parties to equally divide
the social surplus; and (3) by committing to send noisy translations of information disclosed during private caucuses.” Doornik
(2014) argues that the role of a mediator is to avoid a costly trial by verifying the private information of an informed party and
communicating it to the other party, without disclosing confidential details that would disadvantage the informed party. Goltsman et
al. (2009) study mediation in a cheap talk framework and show that by adding noise a mediator may relax the incentive compatibility
constraint of the informed party and thus facilitate information transmission. While insightful, these models cannot explain either
the evaluative role of the mediator, or the benefits of the mediator engaging in shuttle diplomacy.

Horner et al. (2015) and two recent papers by Fanning (2021, 2023) also focus on the facilitative role of mediation. They study
situations not involving transfer payments. Horner et al. (2015) analyze the role of mediation in disputes regarding situations of
conflict in international relations. Parties are fully informed about their own type, and they model shuttle diplomacy as a procedure
whereby the mediator asks parties to privately report their type and the mediator then makes private recommendations. They argue
that the private nature of these recommendations allows to limit what parties learn about their counterparts and hence to relax
their incentives to report truthfully. Besides this mediated communication stage, the mechanism is a static one. In this paper, we
show that if the mediator also plays an evaluative role, then incentives can be further enhanced by limiting the information parties
acquire about their own type, and a fully sequential procedure allows to further improve welfare. Fanning (2021, 2023) focuses
on the facilitative role of mediation in the framework of the dynamic, reputational bargaining model of Abreu and Gul (2000). In
this model each of the two parties is privately informed about whether she is rational, or a commitment type who demands a fixed
share of the surplus and does not accept less. Without a mediator, Abreu and Gul (2000) show that there is a unique equilibrium,
similar to the equilibrium in the war of attrition. Fanning (2021) then shows that an uninformed mediator may help parties to
achieve a better outcome by collecting private messages from them at the beginning of the game, and revealing with positive but
less than one probability whether parties have communicated their willingness to compromise. Fanning (2023) extends this result
by taking a mechanism design approach and looking at the optimal mechanism with an uninformed mediator. She shows that noisy
communication remains an important feature of the optimal mechanism.

The Bayesian persuasion literature, initiated by Kamenica and Gentzkow (2011) (see also Rayo and Segal, 2010; Kolotilin et al.,
2017 and Li and Norman, 2021) and recently reviewed by Bergemann and Morris (2019), studies how the release of appropriately
chosen information may allow a principal to incentivize an agent to behave in the desired way. Information design in dynamic
settings with a sequence of information releases has then been studied, among others, in Ely et al. (2015), Ely (2017), Ely and
Szydlowski (2020), Ball (2023), Orlov et al. (2020) and Zhao et al. (2024). We should also mention Khantadze et al. (2022). They
compare simultaneous and sequential disclosure procedures in a setting with multiple agents taking multiple actions and provide
conditions under which the optimal sequential procedure leads to a higher payoff to the principal.

As the information designer in this literature, our mediator is able to commit to an information structure that maps states of the
world (parties’ values) into stochastic signals privately disclosed (to each party) and not observed by the mediator. In addition, and
also in common with this literature, our mediator knows the prior value distributions and may use all feasible information discovery
policies. But in contrast to the information designer of the persuasion literature, who cannot affect the outcomes available to the
players, and like the designer in the classic mechanism design literature (e.g., see Myerson and Satterthwaite, 1983), our mediator
may also affect outcomes, by setting the price at which parties may trade. Thus, our mediator plays both the role of an information
designer in the persuasion literature, and the classical designer in the mechanism design literature (see Mezzetti, 2019, for a brief
discussion on this dual role of a designer).

19 The expected level of total surplus with Fj; and Fg uniform is also higher in our optimal static mechanism than in the optimal Bayesian mechanism with fully
informed traders where, as shown by Chatterjee and Samuelson (1983) and Myerson and Satterthwaite (1983), trade takes place whenever vy > vg + 1/4 and the
expected surplus is 9/64, or 84% of the ex-post efficient level.
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This feature is shared by our paper with the literature on information discovery and surplus extraction by the seller of a single
item, where the seller chooses both an information and a sale policy (Bergemann and Pesendorfer, 2007; Eso and Szentes, 2007;
Li and Shi, 2017 and Krihmer, 2020).2° There are several differences, however, apart from the objective of our mediator being to
maximize welfare. First, in our paper there is private information on both sides of the market and an information structure must
be chosen for both. In contrast, in the papers cited above there is no uncertainty regarding the seller’s value but there could be
several buyers and the focus is then on the information of each of them about their own value.?! Second, we focus on simple price
posting mechanisms,?” and do not allow the mediator to add privately observed (but payoff irrelevant) signals to the information
structure that is provided to the buyer and the seller.?® Third, and most important, as opposed to the static discovery policies of
most of the surplus extraction literature, our main contribution is to study a sequential, shuttle diplomacy procedure and show that a
sequence of simple discoveries allows to significantly increase the set of outcomes the mediator may achieve; in particular, it allows
implementation of the first best outcome.

We are only aware of two important exceptions to static discovery policies in the surplus extraction literature, Bergemann and
Wambach (2015) and Heumann (2020). Bergemann and Wambach (2015) must be credited for being the first to show the benefits
of slow information release. They introduce an auction with sequential discovery of information in which each bidder learns a
progressively higher lower bound v on her value for the item for sale. Each bidder may elect to continue to stay or to stop and drop
out of the auction. Once all bidders but i have dropped out, bidder i gets the item and is charged her expected value conditional on
her value being above the value v at which the last bidder dropped out. Thus, clearly, this auction implements an efficient outcome
and extracts all surplus. Our single-ride mechanism also gives all the surplus to one of the parties, but it is different as it does so
by revealing all information to one party, and linking what is revealed to the other party to the report of the informed one. Our
shuttle diplomacy mechanism also reveals information gradually and only allows parties to choose if they want to stop or continue,
but there are many differences with Bergemann and Wambach (2015). Contrary to their model, with shuttle diplomacy: (i) stopping
might imply that the seller keeps the asset; (ii) agents progressively discover whether their values are high or low; (iii) the main
goal is efficiency, which cannot be achieved if the agents are fully informed, contrary to the auction setting; (iv) a fair outcome can
be achieved with symmetric agents, and finally and importantly (v) agents trade the claim on the asset back and forth along the
mediation procedure.

Heumann (2020) studies a single-buyer, single-seller, model with variable quantity, in which the type 6 of the buyer affects
both her valuation for the quantity g of the good supplied by the seller and the seller’s cost of supplying it. As in Bergemann and
Wambach (2015), the seller wants to maximize profit. To do so, the seller can choose the information content of a continuous-time
signal process observed by the buyer, the quantity to be sold, and the price to be charged, as functions of the entire history of reports
by the buyer about the information she has obtained. Heumann (2020) provides a lower bound on the rent that the buyer can attain
and demonstrates the optimality of an upward disclosure policy as in Bergemann and Wambach (2015), where the buyer learns a
progressively higher lower bound 0, which corresponds to a higher lower bound on her value for any quantity ¢ of the good. As
in our paper, slow information release relaxes the incentive constraints; however, in our paper uncertainty and private information
concerns both the buyer and seller, the goals are efficiency and fairness, and it is not sufficient only to provide information about a
lower boundary on value. Downward disclosures (i.e., the slow release of information on the upper bound of value), must go hand
in hand with upward disclosures.

8. Conclusions

Psychologists have argued that mediators help parties to overcome psychological barriers to conflict resolution. We have argued
that a mediator will also help when parties are rational, strategic negotiators. We consider a shuttle diplomacy procedure in which
private information is progressively and symmetrically revealed to the parties involved in a dispute, and each time new information
arrives parties decide whether to settle the dispute. We have shown that shuttle diplomacy allows the mediator to achieve an efficient
outcome by reducing the opportunities for misrepresentation of value. With symmetric prior value uncertainty, the mediator is also
able to set a fair price at which the parties share equally the social value.

A first insight from our paper is that shuttle diplomacy requires an expert mediator, but little strategic sophistication from the
parties to a dispute. They only need to wait until they have discovered their value to decide on settlement. Another important insight
is that to facilitate efficient settlement, mediators should make sure that parties discover one small bit of information at a time,

20 The combination of information and mechanism design is also present in Roesler and Szentes (2017) and Condorelli and Szentes (2020), but in those papers it is
the buyer that selects her own information structure so as to protect herself from the seller’s choice of a sale mechanism aiming to maximize her surplus.

21 These papers impose, like us, a privacy constraint on the information disclosed to each buyer. In contrast, Bergemann et al. (2015) examine how the division
of the gains from trade associated with the optimal pricing policy of a monopolist seller varies with the amount of information the seller has about buyers’ private
valuations.

22 Tt is useful to point out that when parties are fully informed about their values, the only dominant strategy mechanisms that balance the budget at all signal
realizations (i.e., such that the law of one price holds) and satisfy parties’ participation constraints ex-post are price posting mechanisms in which the mediator posts
a single price at which trade may take place (see Hagerty and Rogerson, 1987, Copi¢ and Ponsati, 2016, and Copi¢, 2017; for the robustness of dominant strategy
mechanisms, see Bergemann and Morris, 2005).

2 In contrast, Krihmer (2020) allows the seller to: (i) randomize secretly among alternative information structures all of which fully inform the buyer about her
own valuation, and (i) condition the terms of trade on the buyer’s report of the signal obtained from the realized information structure. This guarantees that a lie is
detected with positive probability and can be severely punished. Hence the seller can extract all the surplus from the buyer; that is, the good is allocated efficiently
and the buyer can be charged her valuation.
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and that information about extreme values is discovered first. Finally, while the mediator could suggest different settlement terms
along the way (the price could vary), depending on the feedback she receives along the mediation procedure, another insight of this
paper is that efficient settlement can be obtained even when the terms are determined at the start. This is a feature that simplifies
the mediation procedure and increase its robustness, by making it less dependent on the details of the parties’ beliefs and removing
strategic uncertainty.

The approach adopted in this paper may be described as an information discovery and allocation mechanism design approach.
Both the private information disclosed to parties and the terms of settlement are chosen by a designer, in our case the mediator. The
approach blends the classical mechanism design approach with the information design, or Bayesian persuasion, approach. In classical
mechanism design, agents have full private information and the designer only selects a procedure to determine the allocation as a
function of the information reported by the agents. In information design, the allocation mechanism is exogenously fixed and the
designer may only select the information discovery policy. We believe that the approach considered in this paper could be fruitfully
applied to other settings, beyond the case of a dispute between two parties that we have considered.
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Appendix A

In this appendix we present results and proofs omitted from the main body of the paper.

Proof of Proposition 1. Condition (6) can be written as
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Since the above inequality must hold at the beginning of the discovery procedure, t = 0, when oy =0 and f; = 1, it must be

a

1

<p< 5 To see that this is the only required condition, let a;, = % pand f,=1- %(1 — p), so that all discovery intervals on the

same side of p are of the same size. Then the above condition, for all ¢, reduces to:
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Proof of Claim 1. It follows from the fact that:
[E(aﬁ) [v |U <U]—[E(aﬁ) [v; |U <U]—|E(aﬂ) [U vi|vj<ui]<0. O
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Proof of Claim 2. For fixed v; we have:
[Eigj’ﬂ)[vjlvj <yl<vy; < [E(;’J’,ﬂ)[vjluj > ;).

Integrating over v; yields the Claim. []

Proof of Claim 3. Let j = argmaxp g {[E(P{“lj;“s[vl; lvg < vS],[E(:f;,S[US lvg < UB]}.

By Claim 1:
(a,) (a.p)
[E’?B’Fs[vf Iy <wvil< [EI?B,FS[Ui lv; > v;].

By Claim 2:
(a,) (a,)
[E;IFS[UHUJ <y]< ﬂE;:FS[Uj lv; >l

The inequality in Claim 3 then follows. []

Proof of Proposition 2. For A € (0, 1), select the posted price

p=/1max{[EFB’FS[UB|UB < sl Ep, ploslos < UB]} +Q —/l)min{[EFB’FS[vBluB > 0g],Ep, p[0slvs > uB]}. 13)
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Letting h,,k, € {B,S}, h; #1i,, k; # j,, to prove the proposition we will show that, for all 7, there is a choice of «, and g, such that
the price p defined in (13) satisfies the following condition for all 7 € {0, ...,00}:
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Take an increasing function @, with ay =0, a7 = p and use (14) to implicitly define an associated function f,. It is clear that it must

be fy =1 and f = p. Thus, it only remains to show that the function f, is decreasing. To establish that this is the case, we totally
differentiate (14) with respect to &, and f, to obtain:
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Both the term multiplying d g, and the one multiplying da, are positive. Hence, if «, is increasing (i.e., da, > 0), then g, implicitly
defined by (14) is decreasing (i.e., d§, < 0). This concludes the proof. []

24 Note it could be i, = j, or i, # j,.
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Proof of Proposition 5. The seller’s payoff when she has value vy and reports Uy is:

us (Os10s) =max {[ps (0s5) - vs] [1 = F5 (05)] .0}

At an interior solution, the first order condition of the seller’s problem of choosing U to maximize ug (ﬁs 30 S) is:
dps (Bs) ~ o -
T [1 = Fp (0s)] = f5@s) [ps (05) = vs] =0. 1s)
N

Denote by ug (vg) = ug (vs;vg) the seller’s indirect utility when reporting sincerely (i.e., 05 = vg) is optimal. By the envelope

theorem, treating the true value v as a parameter, we have:

dug (US)

=—|1-F .
dug [ B (US )]
Integrating both sides from vg to 1, using the boundary condition u¢(1) =0, we obtain:

1

s (v5) = 05] [1 = Fis (v5)] =us (v5) = [ [1= F5 (55)] 5.

Us
Integrating by parts and rearranging we obtain:
1 ~
Us ~ [0,1]
ps (vg) = ———dFp (vg)=E_" |vg|vg 2 vg]. (16)
s(0)= [ Ty P () =E g ey 2

vs

This shows that pg (0g) = [E[[?[;” [U glUg > 65] is the only price function that satisfies the first order condition for truthful reporting
of her value by the seller to be incentive compatible. Replacing (16) into (15), the first order condition can be written as:

05/ (0s) +ps (0s) f5 (0s) = fp(@s) [ps (Os) — vs] = fp(@s) [vs — Ds| =0.
Differentiating it with respect to the report 0 and evaluating it at U = vg, shows that the second order condition is satisfied:

(dfg(ﬁs)

' [”s—ﬁs]—fs(ﬁs)> =—fplvg)<0. O
Us

Dg=vg

Lemma 1. Given any solution to the mediator’s maximization problem (11), there is a payoff equivalent solution in which the mediator
chooses a two-point signal distribution both for the buyer and the seller.

Proof. Denote by R ;B(v) =Pr(vg2v)=1- F, () +1 7y (v) as the reliability function associated with the distribution F, '3(v), where
1 ;B(v) is the probability mass on vg = v.

Suppose p, F B,F 's are maximizers of (11). We show in what follows that p and the following two point distributions are also
maximizers of (11). For buyers, take the distribution that puts mass 1 — R y (p) on E y [vglvp < pl and mass R y (p) on E 7y [vglvg >

pl. For sellers, take the distribution that puts mass Fs(p) on [EFS[USIUS < p] and mass 1 — Fs(p) on EFS[USIUS > p]. It is then

immediate to see that the expression in (11), evaluated at the solution p, Fp, F s, is equal to:

[0,1] [0,1] B =
(lEFB [vglvg = pl - [Efs [vslug SP]) RFB(P)Fs(P),

that is, to the value of (11) at the two-point distributions described above. Note that if F, 3 € Fp, then the described two-point
distribution for the buyer also belongs to Fp, and similarly for the seller. This concludes the proof that the mediator may restrict
attention to two-point discrete distributions. []

Proof of Proposition 6. To establish the result, we characterize first the classes of feasible two-point signal distributions. For buyers,
let {vg, vg } be the set of possible signals with associated probabilities f é, f g’ =1-f g. The following constraints must hold to
guarantee that the true distribution Fp is a mean preserving spread of the two-point signal distribution:

oh P+ ol (1-7%) =Ep 1og) a7
X

(x—vg)fé S/FB(U)dU for x € [vé,vg) (18)
0
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X
H L\ 7L H H
(UB —UB>fB+(x—UB)S/FB(U)dU for xe[vB,l] (19)
0

We can then solve (17) for Ullg, and replace the solution into the other two constraints:

X

(x = v Sy —ER ol +0ff —/FB(u)dugo for x € [vh, v (20)
0
X
x—[EE‘;;][uB]—/FB(u)duso for x € [v! 1] 1)
0

It is immediate to see that (21) holds since, integrating by parts,
X X
x—EP g1 - / Fg(v)dv = x[1 - Fg(x)] - EX[vg] + / vd Fy(v)
B B
0 0
1

= xRy, (x) - / vd Fp(v) <0.

It is also immediate to see that the left hand side of (20) is a concave function of x. Define x as the solution to fN 1% = Fp(x). There
are three possible cases.

Case 1: xg € [UIL;, ug 1. Then the left hand side of (20) is maximized at xz and condition (20) holds if it is satisfied for x = x.
Hence we can rewrite this condition as:
X
(x— oMY Fp(x) - [E[Fol;l][uB] + 0l — xFy(x)+ / vd Fg(v) <0 or,
0

1
vl Ry, (x) — / vd Fg(v) <0 (22)

Condition (22) is quite intuitive: it says that the value of the buyer when she receives the high signal, U‘;I , cannot exceed the expected
value of the buyer, conditional on this value lying above some threshold x, evaluated according to the posterior distribution Fp.

Case 2: xp < vé, that is the two point signal distribution is such that F (vé) > f g. In this case the left hand side of (20) is
maximized at x = vé, hence condition (20) is always satisfied as it can be rewritten as:

X

—/FB(U)dUSO.
0

Case 3: xp > ug , the two point signal distribution is such that 7 é > F (Ug ). The expression on the left hand side of (20) is now

H

maximized at x = v7} and we can rewrite (20) as:

B
vy
_[EE_);][UB] +oll - / Fy(v)dv <0, (23)
0

which we can also show always to hold.?®

25 To see that (23) holds, we can rewrite it as

H
B

—ERogl+ o} [1 - Fpop)] +/udF0(u)$0 or,
0

v

1
ol [1= Fp(vp)] —/udFB(v)go.

H
Vg
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We may repeat the same argument for the seller, letting {vé, U? } be the set of possible signals with probabilities 7 § 7 ;’ , with
u’g fé‘ + ufg f§’ = [E[If.)s’l] [vg] and the counterparts of (20) and (21). Using y instead of x, we see that the left hand side of the counterpart

of (20) is a concave function of y. The expression on the left hand side of the constraint reaches the highest value either at y equal
to U§ or Ug , in which case the constraint is satisfied, or at y such that f é‘ = Fg(y), in which case the constraint can be rewritten as:

1

ug’RFS(y)—/udFS(u)go or,

y
y

/ vd Fg(v) — v5Fg(3) <0 (24)
0

We can then use Lemma 1 and the characterization we obtained of two-point signal distributions to rewrite the mediator’s problem,
(11). As we said, a mediator aiming to maximize the gains from trade will choose distributions and a price such that the buyer is
willing to trade when she gets the high signal and the seller with the low signal, that is: U’; >p> U§. Also, we can show that the
situation described in Cases 2 and 3 above never arises at a solution of the mediator’s problem,2® hence neither constraint (22) nor
(24) can be ignored, and we can replace the choice variables fé and f; with Fg(x) and Fg(»). The mediator problem (11) can then
be rewritten as follows:

max (Ug - Ué) Fs(y)RFB (x) s.t (25)

H L
Vg UGy

vl Ry, (x) + v Fp(x) = |E[19t;l][UB]
1
ufoRFB(x)—/udFB(u)go
X
v Ry () + vk Fg(n) = EXM[ug]
s RFg sts £y LUS
y
/udFS(u)—u§FS(y)go
0

Furthermore, it is immediate to see that both inequality constraints must bind, otherwise the mediator would profit from raising ug
or lowering vé. Hence, substituting the constraints into the objective function, the problem reduces to:
[0,1] [0,1]
max ([EFB [op10p 2 x1 - Ep g vg < y]) Fs()Rp, (x) (26)
The interpretation of (26) is as follows. The fact that the two constraints in (25) hold as equality means that the mediator lets the
buyer observe exactly whether her value is greater than or equal to x and lets the seller observe whether her value is smaller than

or equal to y. Trade takes place when both events realize, as ensured by posting any price p € [[E[IS;][U slvs <yl [EBSI’E”[U glog >x]|.

The values of x and y are then optimally chosen to maximize the expected social value.

The final step of the proof is then to characterize the solutions of program (26). Since the domain of (x,y) is compact (the
unit square) and the objective function and constraints are continuous in x and y, program (26) has a solution. Setting x =1 or
y =0 cannot be optimal, as it yields a zero payoff to the mediator, which is less than the payoff that could be achieved by setting
0 < x =y < 1. Thus the only possible boundary solutions have x =0 and/or y = 1.

Since F and Fg have no atoms, the first order conditions of program (26), taking into account the constraints x >0 and 1 -y >0,
are:

y
—xfB(x)FS(y)+/UdFS(v)fB(x)SO
0
y
—xfB(x)FS(y)+/UdFS(U)fB(x) x=0
0

26 Consider the information provided to the buyer. Suppose first the solution of the mediator’s problem falls in Case 2. Then F (ug) > fé‘ = F(xp) and it is possible
to raise the social value by keeping fé constant, reducing vé and increasing u’; while satisfying the only binding constraint vé fé + vg (1 - fé) = [E?l;”[vg], a
contradiction. Second, suppose the solution falls in Case 3. We have so F (vg’ )< fé = F(xp). If x5 <1 it is again possible to raise the social value by keeping fé
constant, reducing v}, and increasing v} while satisfying véfé +olf (1 - jTBL) = [El,?’;”[vg], a contradiction. If instead x5 = 1, then f* =1 and with probability 1

there is no trade; this is also a contradiction as full discovery and any interior posted price p € (0, 1) would generate positive social value.
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1

/ vd Fg(v) fs(¥) = yfs(MRp, (x) 20

x
1

/UdFB(U)fS(.V)_.VfS(.V)RFB(x) (1-»=0

X

Note that if x = 0, the first inequality is violated, as the term on the left hand side is strictly positive. Similarly, if y = 1 the second
inequality is violated, as the expression on the left hand side is strictly negative. Thus there are no boundary solutions, the solution
is interior and satisfies the conditions:

y
—xfB(x)FS(y)+/UdFS(U)fB(x)zo and
0

1

/ vd Fg(v)fs(y) — yfs(J’)RFB(X) =0

X

which can be written as
[0,1] —
[EFS [vlv<yl=x and
(0.1] >x]=
[EFB [v|v=x]=y.

This concludes the proof of the proposition. []
Appendix B

The back-and-forth diplomacy procedure is composed by Round 0, when the mediator selects the mechanism parameters, and
then a number of rounds of discovery and asset claim trading.

RoOUND 0. The mediator selects:

+ The maximum number T of rounds of value discovery and asset claim trading of the procedure.
« A posted price p at which trading may take place in each round 7, 1 <t <T.

. . . T .
+ A collection of lower value discovery intervals: {[a,_l , a,)} g With ay =0, &, >a,_; and ay = p.

+ A collection of upper value discovery intervals: {(ﬂ,, ﬂ,,]] }IT:1 with fy =1, p, < p,_;, and fr =p.
ROUND 1 < T, STEP 1. At the beginning of this step the seller has a claim on the asset.

+ The buyer discovers whether her value is in the interval [e,_;, @) and decides next whether or not she is willing to acquire the
claim on the asset at price p.

« If the buyer decides not to acquire the claim, then the procedure stops and the seller retains the asset.

« If the buyer is willing to acquire the claim, then the seller discovers whether her value is in the interval (,, §,_; ] and subsequently
decides whether or not she is also willing to transfer the claim on the asset to the buyer at price p.

« If the seller decides not to transfer the claim, then the procedure stops and the seller retains the asset.

« If the seller is willing to transfer the claim on the asset, then the transfer takes place at price p.

ROUND 7 < T, STEP 2. At the beginning of this step the buyer has a claim on the asset.

The seller discovers whether her value is in the interval [«,_;, ;) and subsequently decides whether or not she is willing to buy
back the claim on the asset at price p.

If the seller decides not to buy back the claim, then the procedure stops and the transfer of the asset to the buyer is finalized.

If the seller wishes to acquire the claim, the buyer discovers whether her value lies in the interval (f,, ,_;] and decides next
whether she is willing to transfer the claim on the asset to the seller at price p.

If the buyer decides not to transfer back the claim, the procedure stops and the buyer ends up with the asset.

If the buyer is willing to transfer back the claim on the asset, then the transfer takes place at price p and the procedure moves to
round 7 + 1.

In this discrete time setting, the stop-at-value strategy requires that a party stops the procedure if and only if she approximately
discovers her value. We now argue that if both parties use the stop-at-value strategy, and the size of the information discovery
intervals at round ¢, da, =, — ,_; >0 and df, = f,_; — p, > 0, is “small”, then the outcome of the back-and-forth diplomacy
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mechanism is approximately ex-post efficient. An inefficient outcome can only arise in two circumstances, both occurring in step 1
of a round ¢. The first is if the buyer stops the procedure after discovering that her value is in the interval [a,_;, @,); the seller retains
the asset, but her value could also be in that interval and be lower. The maximal size of this efficiency loss is equal to the interval
size da,, and, given that F and Fg are atomless, its probability is [ Fg(a,_; + da,) — Fp(a,_)1[Fg(a;_ +da;) — Fg(a,_;)], which for
small da, is approximately equal to fp(e,_;)fs(®_;)(de,)*. The second circumstance is if the seller stops the procedure and retains
the asset after discovering that her value is in the interval (§,, §,_;], but the yet undiscovered buyer’s value is also in that interval
and is higher. The maximal size of the efficiency loss in this case is again given by the size of the interval, d§,, and its probability by
[Fg(B,_1) — Fs(B_1 —dP)IFp(P;_1) — Fg(P,_1 — dp,)], which for small dp, > 0 is approximately equal to fB(ﬁ,_l)fS(ﬂ,_l)(dﬁ,)z. It
is then immediate that the efficiency loss when parties use stop-at-value strategies converges to zero as da, and d ff, converge to zero
for all ¢.

Next we argue that the incentive constraints in back-and-forth diplomacy are the same as for the continuous-time shuttle diplo-
macy. The only additional argument that is needed is to show that if a party follows the stop-at-value strategy, then, as established in
Lemma 2 below, for sufficiently large 7' and small discovery intervals {da;,d ﬂ,}IT: , her continuation payoff is approximately equal
to the expected benefit of ultimately acquiring the asset at price p whenever trade is ex-post efficient. Given this, and Claims 1-3, it
follows that the equivalent of Proposition 2 holds for back-and-forth diplomacy.

Lemma 2. If buyer and seller follow the stop-at-value strategy in the back-and-forth diplomacy procedure, then their payoffs in step 1 of
round t converge to the expressions in (1) and (4) as T — o and da, and d f, converge to zero.

Proof. To compute the buyer’s and seller’s continuation payoffs from step 1 of round ¢ when they follow the stop-at-value strategy,
observe that if they do, then the outcome of the back-and-forth diplomacy procedure is that the buyer ends up owning the asset
when it is efficient — that is, her value vy is higher than the seller’s value vy — with the exception of two events.

The first event is when in step 1 of some round = > ¢ the seller stops the mechanism, but the buyer’s value is higher. The buyer
loses and the seller gains relative to efficient trading as they both value the asset more than the posted price and the asset would end
up in the buyer’s hands under efficient trading. The probability of this event can be approximated by f(8,)d g, fp(p,)dp,. An upper
bound on the loss to the buyer and on the gain to the seller relative to the payoff under efficient trading is f,_; — p. Thus, relative
to the payoff from trading at price p when it is efficient, the loss in the expected payoff of the buyer and the expected gain for the
seller due to this event occurring at = > ¢ is (approximately) bounded above by:

fs(B) fB(Bo)
[Fs(B;) — Fs(a)] [Fp(B,) — Fp(a,)]

Adding up over all 7 > ¢ yields the following upper bound on the expected loss in payoff for the buyer and gain for seller with respect
to the payoff from efficient trading:

(o1 — D) (dp.)*.

T
Sfs(Br) fp(B:) 2
_ d ,
Tz:;(ﬁf_l p)[Fs(ﬂT)— Fg(a,)] [Fp(B,) — FB(a,)]( po)

which converges to zero as T — oo and df, — 0.

The second event is when in step 1 of some round 7 > ¢ the buyer stops, but her value is higher than the seller’s value and hence it
would be efficient for the buyer to obtain the asset. In this case, the departure from efficiency is beneficial to the buyer and costly for
the seller, as they both value the asset less than the posted price. The probability of this event happening is equal to the probability
that v and vg are both in [a,_;,a,), which is approximately equal to fg(a,)de, fp(a,)da,. An upper bound on the buyer’s payoff
gain and seller’s loss relative to efficient trading is p — a,_;. Thus, relative to the payoff from trading at price p, the buyer’s expected
gain and seller’s expected loss from this event happening at 7 is (approximately) bounded above by

fs(a;) fpla;)
[Fs(B,) — Fs(a)] [Fp(B,) — Fpla,)]
It then follows that, as for the first event, adding up over all 7 > ¢ yields again an upper bound on the expected gain of the buyer and
loss of the seller, and this upper bound converges to zero as 7' — oo and da, — 0.

Hence, as T — oo and de, and df; converge to zero for all rounds 7 > ¢, the buyer and seller’s expected payoffs from the stop-at-
value strategies, evaluated before step 1 of round ¢, converge, respectively, to:

(18111
<[E[f;’[l,s’ Mg log > vg] —p) -Pr(vg > vg),

(P—a,_y) (da,).

which is equal to (1), and

[EE?;}?’“][US lvg>vg| Pr(vg>vg)+p- [1=Prvg>vp)],
which is equal to (4). [
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