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Abstract
A seller with perfect monopoly power trades an indivisible object with a buyer.
Both the seller’s and the buyer’s valuations for the object depend on its quality,
which is privately known by the seller. Moreover, the seller has perfect information about the buyer’s valuation for each quality. Even though posting a fixed
price is ex ante optimal, it might not be interim individually rational and hence
not necessarily implementable. The set of interim optimal allocations is characterised by solving a parametric linear maximisation program. These allocations
might differ from simple price-posting. If the seller offers a menu of contracts,
then allocations that are not interim optimal can be supported as equilibrium allocations. However, this sub-optimality result seems not to be robust if there are
at least two buyers who can counter-offer menus of contracts after the seller’s
offer. In that case, an allocation is an equilibrium allocation if and only if it is
interim optimal.
K EYWORDS: Informed seller, common values, interim optimal trading
JEL CLASSIFICATION: D82, D86
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I NTRODUCTION

A seller wishes to sell an indivisible object to a potential buyer. When the seller
has no private information about the quality of the object, posting a fixed price is
profit-maximising. This result holds even when the buyer’s valuation for the object
is unknown to the seller. To find the optimal price, the seller simply trades-off the
expected revenue from selling the object to the probability of not selling the object at
all (see Myerson (1981), Riley and Zeckhauser (1983) and Bulow and Roberts (1989)).
∗
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Yilankaya (1999) shows that price-posting remains optimal even if the seller has
private information about her own valuation of the object so long as this information
does not directly affect the buyer’s valuation for the object, i.e., private values. A
natural question that arises is how these results change when the quality of the
object is known to the seller but unknown to the buyer.
To study this question, I start from the simplest possible environment of bilateral
trade. I consider a seller of an indivisible object who knows both the quality of the
object as well as the valuation of the buyer about each quality as in Myerson (1983a)
and Samuelson (1984).1 There are gains from trade for all possible qualities and the
seller acts as a monopolist. Even in this simplest possible case, the question of how
the seller can optimally sell the object is far from trivial. This is because both the
seller’s as well as the buyer’s valuations for the object depend on its quality. This
should be contrasted with the study of Tisljar (2003) as well as the more recent studies of Koessler and Skreta (2014) and Balestrieri and Izmalkov (2016) (see related
literature), in which the seller cares only about her revenue. In fact, a first observation is that the ex ante optimal mechanism for the seller is indeed to post a fixed
price and trade with probability one, irrespectively of the realisation of her type tomorrow. Nonetheless, this mechanism is not necessarily implementable because it
is not always interim individually rational for some types. In other words, some
high-quality types might prefer not to trade at all at the interim stage as in Akerlof
(1970). Instead, these types would rather set a participation fee (price) and a probability that the object is transferred to the buyer after the latter pays the participation
fee as in Myerson (1981), Myerson and Satterthwaite (1983), Cremer and McLean
(1988). Such random trading contracts introduce a trade-off for the different types
of the seller. Higher types can select a lower price-probability ratio than lower types
because they are more willing to keep the object. Evidently, this trade-off vanishes
when the seller cares only about revenue and does not derive any utility from consuming the object.
I first examine a game in which the seller makes a take-it-or-leave-it offer of a
mechanism to the buyer. Such a game has been studied in Maskin and Tirole (1992).
1

See also Myerson (2013) p. 489 or Mas-Colell et al. (1995) p. 906. for numerical examples of such
environments.
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Maskin and Tirole (1992) show that: (i) the lowest bound in the payoff of all types
is that from the least-cost separating (LCS) allocation (Proposition 5, p. 18), and
(ii) when the LCS allocation is not interim optimal (IO), any allocation that weakly
dominates it can be sustained as an equilibrium allocation (Theorem 1, p. 19).
In the last part of the paper, I show that this sub-optimality is a cutting-edge result. For, it seems not to be robust if there are at least two potential buyers and each
buyer can make counter-offers of mechanisms after the seller makes her offer as in
Dosis (2018). Under this modification, even if the LCS mechanism is not IO, a mechanism is an equilibrium mechanism if and only if it is IO and weakly dominates
the LCS mechanism. This result is relatively intuitive. Suppose that the seller has
made an offer of a mechanism that is not IO and is unable to deviate, as in Maskin
and Tirole (1992), because both buyers would infer that the deviation comes from a
low quality seller and would therefore reject the offer. Allowing the buyers to make
counter-offers of mechanisms solves this problem. In particular, even if the seller
is unable to deviate, one of the buyers always has an incentive to do so. Therefore,
a necessary condition for an equilibrium mechanism is that it be IO. As shown in
Dosis (2018), key to the existence of a pure strategy equilibrium is that the seller’s
offer remains active even after the two buyers make their offers.
The remainder of the article is organised as follows. In Section 2, I describe the
model and the set of feasible allocations. I also characterise the ex ante optimal allocation for the seller and the LCS allocation and the set of IO allocations. In Section 3,
I provide the set of equilibrium allocations in the simple extensive-form game studied in Maskin and Tirole (1992). In Section 4, I study a game that proposed in Dosis
(2018) in which there are at least two symmetric buyers who can make counter-offers
and show that the set of equilibrium allocations includes only IO allocations.
2


T HE M ODEL

Agents. Consider a seller of an indivisible object. The object has quality i =

1, 2, ..., n, which is privately observed by the seller. The value of a quality-i object
for the seller is viS , where 0 < v1S < v2S < ... < vnS . There are two symmetric buyers,
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Figure 1: Representative indifference curves for the seller and a buyer. Ii is a representative indifference curve for a seller of type-i and Pi a representative indifference
curve of a buyer when trading with a seller of type-i.
B = B1 , B2 , interested in acquiring the object.2 The buyers’ valuations of the object
are known to the seller and for a quality-i object are viB1 = viB2 = viB for every i, and
0 < v1B < v2B < ... < vnB . Both buyers believe that the object is of quality-i with probP
ability qi , where i qi = 1. I assume that there are gains from trade for all possible
qualities. Formally, viS < viB for every i.
Contracts and Allocations. A contract (x, p) specifies a participation fee (x) and



a probability (p) that the seller transfers the object to a buyer. Let Y = R+ × [0, 1]
denote the space of feasible contracts. The payoff of type i from contract (x, p) is
x + (1 − p)viS , whereas this of the buyer is −x + pviB .
The indifference curves for the seller and a buyer can be represented in the p − x
space as upward-slopping lines. Such indifference curves are depicted in Figure 1.
The slope of an indifference curve for the buyer is higher than this of the seller.

An allocation (xi , pi ) i is a vector of contracts indexed by the set of types. An
2

For convenience, I use feminine pronouns for the seller and masculine pronouns for the buyers.
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allocation is incentive compatible (IC) if and only if every type prefers to announce
the true quality of the object, or formally:

Definition 2.1. An allocation (xi , pi ) i is IC if and only if xi +(1−pi )viS ≥ xi0 +(1−pi0 )viS
for every i, i0 .
3

T HE E X ANTE O PTIMAL A LLOCATION

The ex ante optimal allocation maximises the expected payoff of the seller before
she learns her type. The ex ante optimal allocation can be found by solving the
following maximisation program:

Program EO:

X

max


(xi ,pi )

i

∈Y n

qi xi + (1 − pi )viS



subject to

i


(xi , pi ) i is IC

X

qi (−xi + pi viB ) ≥ 0

(1)

i

Constraint (1) is the ex ante participation constraint for the buyer. It states that
without any information update, the buyer is no worse off by participating. One
can establish the following result:
Proposition 3.1. The ex ante optimal mechanism is for all types to post the same price
P
x̄ = i qi viB and trade with probability one.
Proof. Evidently, Constraint (1) is binding at the optimum. If not, then the seller
can infinitesimally increase the price for all types by the same amount. The new
allocation is IC. Constraint (1) can be re-written as:
X
i

q i xi =

X

qi viB

i

Substituting this in the objective function the maximisation program becomes:
max


(xi ,pi )

i

∈Y n

X
i

qi viS +

X
i
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qi pi (viB − viS )

subject to


(xi , pi ) i is IC
Because viB > viS for every i, this is strictly increasing in pi for every i. Therefore,
pi = 1 for every i. But then the only incentive compatible mechanism is the one in
P
which all types ask the same price x̄ = i qi viB .
Even though the ex ante optimal mechanism is for all types to post the same
price, this might not be interim individually rational. To see this, assume that n = 2,
i.e., there are two possible types. The result straightforwardly extends to n > 2. The
ex ante optimal price for the seller is x̄ = q1 v1B + q2 v2B . However, nothing prevents
this to be strictly less than v2S . This result is similar to the classic lemons problem
highlighted in Akerlof (1970).

4

T HE L EAST-C OST S EPARATING AND I NTERIM O PTIMAL A LLOCATIONS

One of the benchmark incentive-compatible allocations is known as the least-cost
separating (LCS) allocation. This allocation occupies a prominent position in seminal
studies of markets with asymmetric information such as Spence (1973), Rothschild
and Stiglitz (1976), Wilson (1977), and Riley (1979). It is formally defined as follows.

Definition 4.1. The LCS allocation is denoted as (x̂i , p̂i ) i and satisfies the following conditions:
x̂1 = v1B , p̂1 = 1

(2)

and for every i = 2, ..., n,
S
S
x̂i−1 + (1 − p̂i−1 )vi−1
= x̂i + (1 − p̂i )vi−1

(3)

x̂i = p̂i viB

(4)

In the LCS allocation, there is no distortion for the lowest type (Eq. (2)). For all
other types, the price and probability of trade are distorted downwards (Eqs. (3)
and (4)). The LCS allocation is the allocation that maximises the payoffs of all types
6
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Figure 2
within the set of incentive-compatible allocations that are individually rational for
the buyer, type-by-type.
The LCS allocation is depicted in Figure 2 as (A, B) for the case n = 2. In this
allocation, there is no distortion for the lowest type. For all other types the price
and probability of trade are distorted downwards. The LCS allocation is the allocation that maximises the payoff of all types within the set of incentive-compatible
allocation that are individually rational for the buyer type by type.
A set of allocations that could be implemented by the seller even after she learns
her type is the set of interim optimal (IO) allocations.
Definition 4.2. An allocation ((pi , xi ))i is IO for the seller, as defined in Holmstrom and
Myerson (1983), if and only if it solves the following program:
X

max
wi xi + (1 − pi )viS
subject to

(xi ,pi )

i

∈Y n

i


(xi , pi ) i is IC
(1)
xi − pi viS ≥ 0
7

Unlike Program EO, there is an extra constraint, which places a lower bound
in the payoff of every type. This bound is given by the payoff that each type can
achieve by consuming the object. Moreover, the weights in the objective function
are not the prior beliefs about the type of the seller but rather any vector of nonnegative weights. The definition of an interim optimal allocation is similar to Maskin
and Tirole (1992)’s definition of an interim efficient allocation relative to the prior beliefs
(Maskin and Tirole (1992), p. 16).
5

T HE S ELLER O FFERS A M ENU OF C ONTRACTS

What allocations can be implemented by the seller in a noncooperative equilibrium?
To study this question, suppose that the seller makes a take-it-or-leave-it offer of
a menu of contracts to the buyer. Such a game is studied in Maskin and Tirole
(1992). In particular, Maskin and Tirole (1992) study an extensive form game with
three stages. In the first stage, the seller proposes a menu of contracts. In the second stage, each buyer accepts or rejects the proposal. If the buyer rejects, the game
ends. If the buyer accepts, the game moves to the third stage. In the third stage, the
seller announces a quality. Maskin and Tirole (1992) analyse in detail the (perfect
Bayesian) equilibrium allocation of this three-stage game.3 For more details and formal definitions, which are omitted here, one can consult their article. The following
proposition based on Maskin and Tirole (1992) characterises the set of equilibrium
allocations:

Proposition 5.1 (Maskin and Tirole (1992)). An allocation (τi , πi ) i is an equilibrium
allocation if and only if (i) it is IC, (ii) satisfies Constraint (1), and, (iii) xi + (1 − pi )viS ≥
x̂i + (1 − p̂i )viS for every i.
This proposition has two fundamental implications. First, the equilibrium of this
game is unique if and only if the LCS allocation is IO. Second, if the LCS allocation
is not IO, then the set of equilibrium allocations includes allocations that are not
interim IO.
3
An equilibrium allocation is an allocation that results as the equilibrium outcome of the three-stage
game when all players use their equilibrium strategies.

8

6


T WO S YMMETRIC B UYERS

Motivation. Suppose now that instead of one, there are two potential symmet-

ric buyers. I show that the sub-optimality result of MT is not robust in a simple
modification of the trading protocol and in particular if the two buyers are allowed
to offer mechanisms after the seller offers her mechanism but before she makes a
final choice. This result is very intuitive. Because the object can be consumed only
by one buyer, after the seller makes an offer of a mechanism that is suboptimal, the
two buyers will compete to obtain the object. As such, one will offer a better deal to
the seller to win the object and hence no sub-optimal mechanism can be sustained
as an equilibrium mechanism.


Game and Equilibrium. A menu of contracts is a n-tuple denoted by m ∈ Y n .

The seller and the two buyers play the following game as studied in Dosis (2018):
S TAGE 1: The seller proposes a menu of contracts.
S TAGE 2: Each buyer accepts or rejects. If both buyers reject, the game ends. If
at least one buyer accepts, the game moves to Stage 3.
S TAGE 3: Each buyer who accepted in Stage 2 proposes a menu of contracts.
S TAGE 4: The seller selects one buyer and a contract from the menu she proposed
in Stage 1 or the menu proposed by that buyer in Stage 3.
A strategy for the seller specifies a menu for every possible type in the first stage
of the game and a choice of a buyer and a contract for every possible history of play
in the fourth stage. A strategy for a buyer specifies a decision to accept or reject for
every possible history of play in the second stage and a choice of a menu for every
possible history in the third stage. A belief system specifies a probability distribution
over the two types for every possible history of play (i.e., for every menu in the
first stage). A pure strategy perfect Bayesian equilibrium specifies a set of strategies,
one for each player, and a belief system such that (i) the strategy of each player is
sequentially rational given the beliefs and (ii) the beliefs are by determined Bayes’
rule (whenever possible) given the players’ equilibrium strategies. For nodes that
9

are not reached on-the-equilibrium path, beliefs are arbitrarily determined to support the equilibrium strategies. I consider the set of equilibrium allocations of this
four-stage game. An equilibrium allocation is an allocation that results as an allocation from the players’ equilibrium strategies.


Equilibrium allocations. One can then prove the following result.

Proposition 6.1. An allocation is an equilibrium allocation if and only if: (i) it is IO, and
(ii) xi + (1 − pi )viS ≥ x̂i + (1 − p̂i )viS for every i.
Proof. First, consider the “only if” part. Note that the proof of Part (ii) is identical to
the proof of Proposition 5 in Maskin and Tirole (1992) (p. 18) and, hence, is omitted.
Due to the inscrutability principle (i.e., Myerson (1983b)), there is no loss of generality
in focusing on equilibria in which all types offer the same menu in Stage 1.

For Part (i), suppose that there exists an equilibrium allocation (xi , pi ) i that
P
is not IO. Suppose first that i qi (−xi + pi viB ) > 0. It is evident that at least one
P
buyer, say B1 , has equilibrium payoff VB1 < i qi (−xi + pi viB ). Consider allocation


(xi +ε, pi ) i . For every i, xi +ε+(1−pi )viS > xi +(1−pi )viS . Moreover, (xi +ε, pi ) i is
incentive compatible because it only increases the price in the contract of every type
P
by ε. The expected payoff of a buyer from this allocation is i qi (xi +pi viB )−ε, which
P
for a sufficiently small ε, is such that VB1 < i qi (xi + pi viB ) − ε. However, from the
P
definition of equilibrium, it is true that VB1 ≥ i qi (xi + pi viB ) − ε, a contradiction.

P
Suppose now that (xi , pi ) i is an equilibrium allocation that is not IO and i qi (−xi +
pi viB ) = 0. The following lemma facilitates the remainder of the “only-if” proof.
P
Lemma 6.2. For every ((pi , xi ))i that is not IO and satisfies i qi (−xi + pi viB ) = 0, there
P
exists an allocation ((x0i , p0i ))i such that: (i) i qi (−x0i +p0i viB ) > 0, and (ii) x0i +(1−p0i )viS >
xi + (1 − pi )viS for every i.
Proof. Consider allocation ((xi , pi ))i that is not IO such that

P

i qi (−xi

+ pi viB ) = 0.

By the definition of IO allocations, there exists an incentive-compatible allocation
P
((x̃i , p̃i ))i and a subset of types I˜ ⊆ {1, ..., n} such that: (i)
qi (−x̃i + p̃i v B ) ≥ 0, (ii)
i

i

˜
>
for every i ∈ I,
=
for every
˜ Consider allocation ((xδ , pδ ))i , where xδ +(1−pδ )v S = x̃i +(1−p̃i )v S −δ
i ∈ {1, ..., n}/I.
i
i
i
i i
i
x̃i +(1− p̃i )viS

xi +(1−pi )viS

x̃i +(1− p̃i )viS
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xi +(1−pi )viS

˜ For a sufficiently small
for every i ∈ I˜ and (xδi , pδi ) = (xi , pi ) for every i ∈ {1, ..., n}/I.
δ > 0, the following inequalities are true:
˜ j ∈ {1, ..., n}/I˜
xδi +(1−pδi )viS = x̃i +(1−p̃i )viS −δ ≥ xj +(1−pj )viS = xδj +(1−pδj )viS ∀ i ∈ I,
xδi + (1 − pδi )viS = x̃i + (1 − p̃i )viS − δ ≥ x̃j + (1 − p̃j )viS − δ = xδj + (1 − pδj )viS ∀ i, j ∈ I˜
xδi +(1−pδi )viS = xi +(1−pi )viS ≥ xj +(1−pj )viS = xδj +(1−pδj )viS ∀ i, j ∈ {1, ..., n}/I˜
˜ j ∈ I˜
xδi +(1−pδi )viS = xi +(1−pi )viS ≥ x̃j +(1−p̃j )viS > x̃j +(1−p̃j )viS −δ ∀ i ∈ {1, ..., n}/I,
Thus,((xδi , pδi ))i is also incentive compatible. The expected payoff of the buyer from
P
δ δ
0
0
0
0
allocation ((xδi , pδi ))i is i λi uB
i (xi , pi ) > 0. Allocation ((xi , pi ))i , where (xi , pi ) =
(xδi − , pδi ), is incentive compatible; it improves the payoff of all types over ((x̃i , p̃i ))i ,
P
and for  > 0 small enough it is true i qi (−x0i + p0i viB ) > 0.
If the equilibrium allocation is such that

P

i

λi (−xi + pi viB ) = 0, both buyers

have an expected payoff equal to zero. By Lemma 6.2, there exists an allocation
that improves the payoff of all types and is strictly individually rational for a buyer.
From the definition of equilibrium, we know that such an allocation is not possible,
a contradiction.
The proof of the “if” part is constructive. Consider the following strategies and


beliefs: All types offer menu m̄ = (x̄i , p̄i ) i , where (x̄i , p̄i ) i is an IO allocation satisfying
x̄i + (1 − p̄i )viS ≥ x̂i + (1 − p̂i )viS for every i, and all types contract with buyer B1 , if
both buyers offer m̄. If exactly one buyer accepts and offers a menu m̃ 6= m̄, then all types
contract with this buyer. If both buyers accept and offer menus m̃B1 and m̃B2 , different than
m̄, then type-i selects buyer B, where:
max x + (1 − p)viS >

(x,p)∈m̃B

max
(x,p)∈m̃−B

x + (1 − p)viS

The seller selects a buyer with equal probability if:
max x + (1 − p)viS =

(x,p)∈m̃B

max
(x,p)∈m̃−B

x + (1 − p)viS

Each buyer accepts and offers m̄, unless the offer of the seller m̃ 6= m̄ is such that:
max p + (1 − x)v1S ≥ p̂1 + (1 − x̂1 )v1S

(x,p)∈m̃
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If all types offer m̄, then the posterior beliefs remain equal to the prior beliefs. For every other
offer, the posterior beliefs are updated to (1, 0, ...0), i.e., both buyers believe with certainty
that type 1 is deviating.
One can easily confirm that the strategies described above constitute equilibrium
strategies. Based on the beliefs held by the two buyers, no type has an incentive to
deviate unilaterally. Consider a deviation. From the specification of the off-theequilibrium path beliefs, both buyers believe that the deviator has an object of the
lowest quality. Therefore, the maximum payoff from a deviation is that from (x̂1 , p̂1 ).
However, the payoff of all types with quality higher than type 1 is strictly higher
than this payoff, and the payoff of type 1 is equal to this payoff. Therefore, the devi
ation is unprofitable. Now, consider a deviation by some buyer. Given that (x̄i , p̄i ) i
is IO, every menu that improves the payoff of at least one type is unprofitable. Suppose that it is not, i.e., suppose that some buyer deviates by offering menu m̃ that
provides a higher payoff to only a subset of types I˜ ⊆ {1, ..., n} and earns a strictly
positive payoff. By the specification of the equilibrium strategies, all types contract

with this buyer. Consider allocation (x0i , p0i ) i , where: (i) (x0i , p0i ) = (x̄i , p̄i ) for ev˜ and (ii) (x0i , p0i ) ∈ arg max(x,p)∈m̃ x + (1 − p)viS for every i ∈ I.
˜
ery i ∈ {1, ..., n} − I,

Allocation (x0i , p0i ) i is incentive compatible. To see this, note the following:
x̄i + (1 − p̄i )viS ≥ x̄j + (1 − p̄j )viS ∀ i, j ∈ {1, ..., n} − I˜
x̄i + (1 − p̄i )viS ≥ max x + (1 − p)viS ∀ i ∈ {1, ..., n} − I˜
(x,p)∈m̃

max x + (1 − p̄)viS > x̄i + (1 − p̄i )viS ∀ i ∈ I˜

(x,p)∈m̃

Moreover,

P

0
i qi (−xi

+ p0i viS ) > 0, which contradicts that every allocation that domi-


nates (x̄i , p̄i ) i is not interim individually rational for the buyer.
7


D ISCUSSION

Relation to Maskin and Tirole (1992) and Dosis (2018). As I discussed in the

introduction, the article is related to Maskin and Tirole (1992) and Dosis (2018).
Maskin and Tirole (1992) study an extensive-form game with three stages. In the
first stage, the seller proposes a mechanism. In the second stage, each buyer accepts or rejects the proposal. If both buyers reject, the game ends and all parties
12

receive their reservation allocation. If at least one buyer accepts, the game moves
to the third stage. In the third stage, the seller selects a buyer and implements the
mechanism.4 Maskin and Tirole (1992) analyse the perfect Bayesian equilibrium allocations of this three-stage game. They show that an allocation is an equilibrium
allocation if and only if it is incentive compatible and individually rational for all
players and the payoff of no seller type falls bellow that from the LCS allocation.
This implies that when the LCS allocation is not IO, non-IO allocations can be sustained as equilibrium allocations.
The game that analysed in Section 4 has been studied in Dosis (2018). Dosis
(2018) studies stylised markets with asymmetric information, e.g., insurance markets, and shows that only interim efficient allocations can be supported as equilibrium allocations. To intuititively explain why this game eliminates every non-IO
allocation from the set of equilibrium allocations, note that the existence of at least
two symmetric buyers is indispensable. To see this, consider again the inefficiency
result in Maskin and Tirole (1992) . This result relies on the arbitrariness in the specification of the off-the-equilibrium path beliefs. This is because if the buyers hold
pessimistic beliefs about all allocations that dominate a non-IO allocation, then the
seller is unable to deviate because of the fear of being rejected. This is where the
addition of the stage in which the two buyers counter-offer menus proves useful.
Because the seller can contract with one buyer at a time, there is implicit competition between the two buyers. Therefore, even if the seller is unable to deviate, one
of the buyers has an incentive to do so. With only one buyer, there is no implicit
competition and hence no profitable deviations from inefficient allocations. However, adding a stage in which the uninformed parties compete on menus of contracts
may create problems regarding the existence of a pure strategy equilibrium, as highlighted in the seminal contribution of Rothschild and Stiglitz (1976). As extensively
discussed in Dosis (2018), key to overcoming this existence problem is that the offer
of the seller remains active even after the buyers counter-offer menus. This feature
restricts the buyers’ set of profitable deviations.
To clarify this point, consider a game in which the buyers simply compete in
4

Maskin and Tirole (1992) consider a model with a single agent, but the results trivially extend to
a model with several symmetric agents as in this article.
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menus of contracts without the seller making any offer. Second, consider a game
in which the buyers can disregard the offer of the seller and merely offer their own
menus. Neither of these games sustains a pure strategy equilibrium when the LCS
allocation is not IO. As shown in the appendix, this game does not sustain a pure
strategy equilibrium when the LCS allocation is not IO.This is not so when the seller
makes an offer and this offer remains active. This is because, in this game, one
can construct a sequentially rational strategy for the seller, as I did in the proof of
Proposition 6.1, such that all types propose an IO allocation in the first stage and
all types contract with any buyer who attempts to attract the most profitable types
(if at all) in the last stage. Because the seller has access to her offer in the last stage
of the game, no buyer can attract the most profitable types without attracting the
least profitable types. In other words, the offer of the seller restricts the buyers’ set
of profitable deviations.
From a methodological point of view, one difference between Dosis (2018) and
the environment studied in this paper is that in Dosis (2018) the informed party is
strictly risk averse. Therefore, the arguments underlying the proof differ from this
paper in which all parties are risk neutral. In particular, under risk aversion, one
substantially relies on Jensen’s inequality to construct profitable deviations.
Renegotiation. One can interpret the stage in which the buyers counter-offer



menus of contracts as a renegotiation stage. A buyer has the right to “challenge” the
menu offered by the seller by offering a different menu. Following the proposals
of the buyers, the seller can select which menu she prefers, i.e., the one she offered
or any of the menus proposed by any of the buyers (if at all). This is similar to a
standard two-stage bargaining game with the first offer made by the seller.
Maskin and Tirole (1992) also define renegotiation-proof allocations (Section 6, p.
24). Renegotiation takes the form of the three-stage game as described above.5 An
allocation is weakly renegotiation-proof (hereafter, WRP) if there exists an equilibrium in the renegotiation stage in which all types of the informed principal (i.e., the
5

This is another way to interpret the three-stage game as stated in MT, p. 9: “...In this case, it is
supposed that the parties have signed an earlier contract that leads to allocation µ·0 and our contract proposal
game can be thought of as a process of renegotiation...”
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seller in our case) propose this allocation. An allocation is strongly renegotiationproof (hereafter, SRP) if it is WRP and there exists no equilibrium in which the principal proposes a different allocation. It is not difficult to see that an allocation is
WRP if and only if it is weakly interim efficient (Proposition 8, p. 25), whilst it
is SRP only if it is interim efficient relative to the prior beliefs (Proposition 9, p.
25). There is a significant conceptual difference between the notions of strong renegotiation proofness in Maskin and Tirole (1992) and renegotiation in this article.
Maskin and Tirole (1992) assume that there is an initial agreement (i.e., an allocation) that the two parties wish to renegotiate. The question then is which initial
agreements are renegotiation-proof, i.e., there is no equilibrium in which a different
allocation results as an equilibrium allocation. In this article, the initial agreement
is not renegotiation-proof in the sense of Maskin and Tirole (1992) , and the question is which allocations offered by the seller can survive competition on the buyers’
side. Moreover, in this article, it is the uninformed parties (i.e., the buyers) who lead
the renegotiation stage, as opposed to Maskin and Tirole (1992) in which it is the
informed party that does so.
Related Literature. This article belongs to the long-standing literature on mech-



anism design by an informed principal. Myerson (1983b) formalises this problem
and proceeds with an axiomatic characterisation of the selection of the mechanism
by the principal. Maskin and Tirole (1990) concentrate on the noncooperative equilibria of the informed principal model with common value. With quasilinear utilities, they show that the principal neither gains nor loses from her private information.6
The article is also related to the literature studying the optimal mechanism for
a seller of an indivisible object. Myerson (1981), Riley and Zeckhauser (1983) and
Bulow and Roberts (1989) establish the optimality of posted prices when the seller
has no private information. To find the optimal price, the seller trades-off the expected revenue from selling the object against the probability of not selling the object. Yilankaya (1999) shows that price-posting remains optimal even if the seller
6

See also Tan (1996) and Skreta (2011). This information-irrelevance result is challenged in
Fleckinger (2007) and more recently in Mylovanov and Tröger (2014).
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has private information about her own valuation of the object, as long as this information does not directly affect the buyer’s valuation of the object, i.e., private
values. More recently, Tisljar (2003), Koessler and Skreta (2014) and Balestrieri and
Izmalkov (2016) allow the seller to have private information about the quality of the
object but assume that she only maximises revenue. The latter two papers challenge
the optimality of posted prices. In my model, the seller values the object and does
not solely maximise revenue.
8

C ONCLUSION

In this article I studied a model in which a seller traded an indivisible object to a
buyer. I allowed the seller to have private information about the quality of the object. This quality affected both the seller’s as well as the buyer’s valuation for the
object. I showed that the ex ante optimal mechanism induces all types to post the
same price and trade with probability one. However, this mechanism may not be
implementable because in some cases it is no interim individually rational. Interim
individually rational mechanisms might differ from the ex ante optimal mechanism.
The set of implementable in a noncooperative equilibrium set of mechanisms includes all those mechanisms that weakly dominate the least-cost separating mechanism. This set might include mechanisms that are not interim optimal, especially
when the the least-cost separating mechanism is not interim optimal. However, I
showed that this result is not robust if there are two buyers who can counter-offer
mechanisms after the seller makes her offer but before executing the mechanism.
For simplicity, I entirely concentrated on the case in which the buyer has no private information. An interesting avenue for future research is to relax this assumption and allow the buyer to possess private information.
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Figure 3
A PPENDIX A: T HE B UYERS C OMPETE IN M ENUS
Suppose that the seller adopts a screening game in which the buyers compete in
menus as in textbooks such as Mas-Colell et al. (1995) and Jehle and Reny (2011).
These authors consider the following game: there are two stages. In the first stage,
each buyer simultaneously and independently offers a menu. In the second stage,
the seller selects a contract from at most one buyer. One can easily establish the
following proposition:
Proposition 8.1. If the LCS allocation is IO, then it is the unique equilibrium allocation in
the screening game. If the LCS allocation is not IO, then an equilibrium in pure strategies
does not exist in the screening game.
Therefore, the set of pure-strategy equilibria is a singleton (in terms of payoffs)
when the LCS allocation is IO, but it is the empty set when the LCS allocation is
not IO. The intuition behind the result is the following. First, one can show that an
allocation is an equilibrium allocation only if it is IO. This is the “Bertrand-type”
feature of the game. Indeed, for any non-IO allocation, there exists another allocation that results in higher payoff if introduced by the same buyer. Second, when
the LCS allocation is IO, an equilibrium can be constructed in which both buyers
19

p

offer this allocation (i.e., menu of contracts) and no buyer can unilaterally deviate
profitably. When the LCS allocation is not IO, efficiency entails cross-subsidisation.
This situation is depicted in Figure (3a). In this figure, X constitutes a deviation
over the LCS mechanism (A, B). One can then show that there exists no equilibrium
in which the contract for at least one type makes strictly positive profits. For every
such allocation, a profitable deviation exists, as depicted by Y in Figure (3b). A contradiction arises with the first point, and hence, an equilibrium in pure strategies
does not exist.
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