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The extent to which the observed procedures for
selling new issues are efficient is studied. We show
that a posted-price mechanism, in conjunction with
nonbinding preplay communication and partici-
pation restrictions, leads to an allocation of the
security (and payment) that maximizes the seller's
expected revenue, given the informational con-
straints imposed by the optimizing incentives of
the potential buyers.

Consider a firm that is going public for the first time.
While potential investors may have some information
about the cash flows of the enterprise, for issues not
previoudy traded there often is considerable residual
uncertainty concerning the market’'s vauation of these
cash flows. Consequently, we expect strategic consid-
erations to be important in the market for unseasoned
issues. Two questions arise: what is ah optimal mech-
anism for selling such securities and how do proce-
dures followed in practice relate to optimal mecha
nisms?
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The underpricing of new issues has been the subject of consider-
able recent attention.* However, the mechanism by which initial issues
are sold has largely been ignored except by Benveniste and Spindt
(1988). We believe that it is difficult to understand the causes of
underpricing, and other questions relating to initia issues, without
first analyzing the specific ingtitutional mechanism by which these
securities are sold. For instance, an important feature of initial public
offerings of securities in the financial market is that the securities are
offered to prospective buyers at a posted (fixed) price? A single-stage
posted-price mechanism does not utilize any information about real-
ized buyer valuations® in setting the issue price and is generaly
inefficient (in the sense of not maximizing the seller's expected rev-
enue subject to the informational congtraints of the environment). If
a pure posted-price mechanism were used, then underpricing would
not be surprising in the sense that the highest valuation bidder would
not aways receive the stock; however, this would raise the deeper
issue of why such a mechanism was employed. A second feature of
the observed institution is that only a select group of buyers is
approached [see Fuller and Farrell (1987, p. 19) and Benveniste and
Spindt (1988)]. Limiting access in this fashion seems unintuitive and
by itsalf could aso lead to underpricing [e.g., Blazenko and Boyle
(1989)). These features then raise the question of why issuers of
securities utilize a posted-price mechanism in initia public offerings
and limit the access of some prospective buyers.

We show in this article that these two features of the observed
institutional mechanism are quite consistent with the optimal way to
sall initial issues if we take seriously a third important aspect of the
observed. mechanism. An initial issue is usualy preceded by a tre-
mendous amount of informa communitition between the investment
banker placing the issue and prospective buyers prior to the aloca
tional stage of the offering.” Such communication can transmit con-
siderable information, and, as we show, can result in an optimal
alocation of initial issues.

The literature on underpricing in initial public offerings includes Allen and Faulhaber (1989),
Benveniste and Spindt (1988, 1989), Grinblatt and Hwang (1989), Ritter (1984). Rock (1986), and
Welch (1989).

?Benveniste and Spindt (1988) offer a discussion of the fixed-price aspect of observed offerings.
Baron (1982) studies the optimal contract between the issuer and Investment banker in the context
of a fixed-price offering.

*The posted-price mechanism only utilizes the information about the prior distribution of buyer
valuations.

“See Fuller and Farrell (1987, p. 17). Baron (1982). and Benveniste and Spindt (1988). Uttal (1986).
in the context of Microsoft going pubic, describes the process of preplay communication and the
determination of the group of final buyers.
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Our main result is that the posted-price mechanism, augmented
by nonbinding preplay communication and participation restrictions,
implements an dlocation of the security (and payment) that maxi-
mizes the seller’'s expected revenue given the informational con-
straints imposed by the optimizing incentives of the potentia buy-
ers>® The intuition behind our general result can be illustrated by
showing how preplay communication and participation restrictions
allow the posted-price mechanism to reproduce a second-price auc-
tion. The augmented posted-price mechanism works in two stages.
In the communication stage, each potential buyer and the seller declare
a reservation price. In the second stage, the seller offers the good at
a fixed price equa to the larger of his declared reservation price and
the second highest reservation price declared by the buyers. By
restricting access to this offer to only those buyers whose declared
reservation price was the highest among those declared by all buyers,
the sdller can eliminate underreporting in the first stage. Hence, when
the second-price auction is optimal, the augmented posted-price
mechanism is also optimal. We show that preplay communication and
participation restrictions alow the posted-price mechanism to achieve
an optima auction in more general settings, even when the second-
price auction may not be optima and when the form of the optimal
auction is unknown (see Section 3).

We do not focus upon other observed features of initial public
offerings, such as the rationing of securities in equilibrium, though
our analysis is consistent with rationing in the offering in that there
is some type of purchaser who would be indifferent to purchase, but
is not approached in equilibrium. We aso abstract from the role of
underwriters and the structure of the contract between the firm and
its underwriter. Our analysis also does not focus upon the nature and
causes of underpricing in initia public offerings. In order to study
underpricing in the context of an optima mechanism, it would appear
necessary to incorporate a resale market into the model.

The model is described in Section 1. An example illustrating our
results is offered in Section 2, while our main result is given in Section
3. Some concluding comments are provided in Section 4.

°A mechanism design approach to initial public offerings was previously taken by Benveniste and
Spindt (1988), who also describe the observed mechanism. Their analysis takes the initial com-
munications of potential buyers as binding and does not explain the use of a posted-price mech-
anism.

®There are many mechanisms that are allocationally equivalent. The mechanism design formulation
is not sufficiently powerful to identify a unique optimal ingtitutional structure. Instead, the theory
precludes a variety of ingtitution as inefficient. In this sense, an observed structure can be shown
to be either consistent or inconsistent with the theory. An interesting analogy is to the irrelevancy
theory of capital structure, in which the firm’s capitalization cannot be Inconsistent with the theory
in a perfect market.
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. The Model

We consider the simple case in which there is a single (indivisible)
unit of stock to be sold.” There are n potential, buyers. The set of
possible types of buyer i is given by T,, where a type for buyer i is a
private signal to i concerning the value of the stock. For convenience,
WeassumeTC[Ol] foradli,andlet T=1, x T, X »--:X-T,. The
valuation of buyer i is a rea number v,(#) €[0,1}, Wheret =(t,...,
t) T Tis the vector of al buyer types or signals. Note that the value
to buyer f can depend on the signals of all buyers, so that our model
allows for common or correlated values. Payoffs are defined as follows:
Given a vector of types t, if bidder i pays y;, then the payoff to i is
vi(t) - v, if i receives the stock, and -y;,, otherwise. Note that this
formulation allows a buyer to pay without receiving the stock. This
is a broad description of the feasible trading mechanisms. However,
in obtaining our results for general auction environments, we will
assume that the buyer does not pay without receiving the stock. In
the example of Section 2, this assumption is not imposed, but there
exists an optimal auction (sealed-bid, second-price) satisfying the
restriction that only the winning bidder pays.

Since buyer types are privately observed, we model the uncertainty
of buyer i about the types of the other buyers by a distribution function
F(t_;| 1), where t- is the (n - 1)-vector of the types of all buyers
except i. As implied by the notation, the distribution can be influ-
enced by the type of buyer i, so our model alows for correlated types.
We assume that the functions v; and F; are adl common knowledge,
and that the F; al arise from a common prior distribution F on T.

The seller’s valuation of the stock is assumed to be common knowl-
edge, and we normalize this vauation to zero.

1.1 The-posted-price mechanism
As noted in the introduction, there are three features of the observed
institutional mechanism upon which we focus. These are the posted
price, the ability of the seller to restrict participation, and preplay
communication. We start by modeling the first two features, and later
introduce preplay communication.

We modd the posted-price mechanlsm with participation restric-
tions by a simultaneous-move game® in which the seller announces

"It is straightforward to extend the analysts to multiple units, where each bidder has a constant
willingness to pay per unit (both this reservation price and the number of units a bidder will accept
can vary across bidders). The major restriction we need to impose is that the optimal mechanism
does not Involve price discrimination by the seller, since the revenue from such a mechanism
cannot be redlized by a posted-price mechanism (without variable entry fees).

®The assumption of a simultaneous-move game is important to our analysis. We discuss this in detail
in Section 4.
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a price p that he is willing to accept for the stock and a set of buyers
with whom he is willing to trade, 1 | {1, 2, . . ., n}. Each potentia
buyer i announces the maximum price p; that he is willing to pay for
the security. If {{€ 7] p, = p} » &, then trade occurs, the purchase
price is that posted by the sdller, and the stock is alocated randomly
accordingly to a uniform distribution among these bidders, Other-
wise, no trade occurs.

Formally, a strategy for buyer i isafunction e; 7; = [0, l],'where o]
= ¢,(#,) denotes the maximum price buyer i is willing to pay glven
that his type is t;. A strategy for the seller, denoted by "o, = (p, ), is
the choiceof pT [0, 1] andaset I 2", where 2" is the set of all subsets
of (4, 2, ..., n}. Given a dtrategy profile ¢ = {oy, o3, ..., a,}, We
dencte by T,(O’, #) the probability that f receives the stock given t, so
that

#{j:0,(2) = pand je I} @

1!(7: ) =

-ifa,(t,) = pand i€ ],

and zero, otherwise. The expected utility to buyer i of type t; given
a strategy profile s is

Ulo,t) = f x(0,0[v(0) — plaFCr_ | 8). (2').

The expected payoff to the sdller is

- Uo) =p Y, f x (0, ) dF (D). o 3)

_ pore .
Definition 1. s is an equilibrium to the posted-price mechanism with-
out communication if.
O %@ = o, 0y,...,0,), foralley,
and '
(ii) [JI(U) tl) Z le(aOt vh ey Opyy cl’v Oip1y - » A)‘q‘m tl)’

for all i, t, and a','._‘

1.2 Auctions.

The posted-price mechanism described above is only one of many
mechanisms a seller could use to sdll the stock. Our interest is in
studying the extent to which a seller could do better by employing
an dternative mechanism. To study this formally, we turn now to a
description of an auction.
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An auction specifies a possible sale of the stock and a transfer from
the buyer(s) to the sdler. In its most genera form, an auction is
represented by a collection of functions {p,(#),n,()}, where p,(#)
denotes the probability that buyer i gets the stock when the realized
vector of typesist, andn,(#) is the transfer from buyer i to the seller.
Note that this specification only describes the outcome to a trading
process, but as yet does not specify the process itself. For example,
the outcome of a posted-price mechanism can be represented as an
auction as follows. Let s be an equilibrium to the posted-price mech-
anism without communication. Then, g, () = x(a,?) and. n,(D) = pif
buyer i gets the stock. In genera, however, there are many different
mechanisms a sdler might employ. We adopt the more general for-
mulation of auctions so as to be able to analyze the maximal expected
payoff to the seller. Of course, we will have to impose some restric-
tions on the auctions we study, and we turn to these next.

Since the p,: are probabilities, we require that

p(D =0, for all #and ¢,
and
2o =1, forallt
¢

Given an auction, the expected payoff to type t; of buyer i is

Wi, t) = f [2Dp () — n(D)dF(2_, | ). )

Consistent with our broad description of the feasible trading struc-
tures, this alows the possibility that a bidder pays without receiving
the good. Recadling that the valuation of the sdller is normalized to
zero, the expected payoff to the sdler is

Wolo,m) = X fr 18 dF (9. ®

We impose the following additional restrictions on auctions. First,
we require that an auction must be (interim) individually rational so
that

W,(p,n,t) > 0, forall {and ¢, @)

This says ‘that for each i, given the signa t;, each bidder (not just the
actual purchaser) is willing to participate in the auction. Second, we
require that it be incentive compatible. Letting

‘V;(P‘:“_'Iy t1) = J; [v:(t)P:(fh t) - "):(""a t—l)] dF(t., | ‘tl)a ®
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incentive compatibility requires that
Wip,n, t,t) = Wip,n,t,7), for all 4, ¢, and 7,. ©)

The interpretation of W,(p,n, ,7,) is straightforward. It denotes the
expected payoff to buyer i when he receives the signd t; but acts as
if he received the signad r,. The revelation principle [e.g., Myerson
(2981)] implies that if the seller employs some mechanism to sell
the stock, then the probabilities of sale and the transfers resulting
from any Bayesian equilibrium to the mechanism must satisfy (9). An
auction that satisfies (4), (7), and (9) is called a feasible auction.

Definition 2. An auction {p,n} is realized by the posted-price mech-
anism if there exists an equilibrium to the posted-price mechanism,
say s, such that Uy(e) = W(p, 7).

This states that the ex ante payoff to the sdller from some equilib-
rium to the posted-price mechanism is the same as that from the
auction. The question of interest, then, is whether an optimal auction
can be redlized by the posted-price mechanism, where the following
definition holds.

Definition 3. An auction {p,} is optimal it is feasible and maximizes
W,(p,n) over the set of feasible auctions;

It is generadly not the case that the posted-price mechanism will
realize an optimal auction. We illustrate this next by considering a
special case.

. An Extended Example

While our main result holds in quite general settings (see Section
3), the underlying intuition can be developed in the context of an
extended example. Consider the special case in which for al 4, v,(#)
=1, T,=[0,1}, and F(t_, | #) = F(¢_). This is the case of private
values, independent types, and symmetric buyers. In this case, it is
well-known [see Myerson (1981)] that if a monotonic ‘hazard rate
property (which we assume for this example) is sdatisfied,. then a
sealed-bid second-price auction with a seller’s reserve price is an
optimal auction. This auction requires buyer i to submit a bid b, and
the seller to submit simultaneously a reserve price b,. Let b be the
highest bid and b the second highest bid submitted by the buyers.
If b3 b, then the stocks is randomly allocated at price max{h,, b) to
the buyers bidding b. If b < b,, then the seller retains the stock. Note
that no payment is made by buyers who do not receive the stock. We
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will show that the alocation achieved by this optimal auction cannot
aways be redized by the posted-price mechanism.

Under the posted-price mechanism, it is a dominant strategy for
each potential buyer to declare his true vauation since the potential
buyer's declared valuation does not influence the price he would pay
for the security (p), but only whether he receives the security given
his declared valuation. The maximization by agent i implies he would.
like to be allocated the, security if and only if ¢ 2 p, so that under
the mechanism i sets p, = o,(¢) = #. Notice that specifying p; > t
does not raise the probability that i receives the security in any cir-
cumstance in which he wishes to receive it. Similarly, it is a dominant
strategy for the seller not to exclude any bidders from participation
[i.e, the sdller sets | = {1,2, . . ., n}]. In the posted-price mechanism,
the realized transaction price is just the seller’s declaration and is not
influenced by the actua buyer signals. A risk-neutral seller sets his
price to maximize the product of the price and the resulting proba-
bility of selling the security. This probability is the likelihood that
the highest buyer valuation (the first-order statistic of buyer valua
tions) is a least equal to the sdler's offer, because each buyer's
declaration equals his vauation.’

It is well-known that the posted-price mechanism is typicaly inef-
ficient for the sdller since there is a positive probability that the second
highest buyer valuation strictly exceeds the price posted by the sdller

(in our posted-price mechanism). As a result, the expected revenue
to the sdler is not maximized since higher expected revenue could
be obtained by treating the seller’'s optimal posted price as his reserve
price in a second-price auction with a reserve price.® The comparison
is only strengthened by using an optimal reserve price in the second-
price auction. Therefore, the posted-price mechanism is typically
inefficient.

Equilibrium with communication

We now illustrate the main result of this article, that is, that the seded-
bid second-price auction with a reserve price can be redized by the
augmented posted-price mechanism in which players communicate
prior to playing the posted-price mechanism. In fact, adding one
round of public preplay communication to the mechanism is sufficient
to achieve an efficient equilibrium.

®The second-price auction with a reserve price also e-mails the buyers declining their true valuations,
but in the auction the transaction price depends on the actual private valuations of the buyers as
well as on the reserve price of the seller. In particular, the price at which the stock is sold can
exceed the reservation price submitted by the seller.

1ONote that in the second-price auction, it is also an equilibrium for all buyers to report their types
truthfully. The assumptions that the density f strictly positive and that there are at least two
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In order to examine the effect of preplay communication, we aug-
ment the simultaneous-move posted-price mechanism with a prior
stage of nonbinding preplay communication. Each player (including
the sdller) publicly declares a valuation for the object in this non-
binding stage and then the simultaneous-move posted-price mech-
anism is played. The sdler’'s second-stage strategy is the price -he
guotes and the set of traders with whom he will ded. These may
depend upon the nonbinding “cheap talk” declarations of bidders.
In the second stage, each buyer specifies the maximum price he would
pay.

Formally, we let M; = [0, 1] denote the message space for i, i = 0,
1, ...,nadleg M =M, x M, x --- x M, denote the aggregate
meeage space. A strategy for a buyer now consists of two functions,
o}:[0,1] = M, whereo}(s) i isthe message of i in the communication
stage, and % [0,1] X M - [0,1]," which denotes the maximum price
buyer i is willing to pay conditional on his vauation and al the
messages sent by, al agents The sdler's strategy consists ofed,-an
element of My, and o3 - {0,1] x 2=, which denotes the price
charged by the sdler and the bidders with whom the sdler is W|II|ng
to trade conditional on the messages sent by al agents, m'® Note
that we are assuming that all messages are publicly observed.

The notion of equilibrium we employ is that of a perfect Bayesian
equilibrium. Let F(4 | m) denote the distribution of t; conditional
on the first- penod message m, where the updating is based upon
Bayes rule given the first-stage strategies s*. A perfect Bayesian equi-
librium then requires that al strategies form a Bayesian equilibrium
a the first stage (relative to the priors given by F), and that, given
any configuration of messages, say m, the second-stage strategies form
a Bayesian equilibrium relative to the updated beliefs, F(t, | m).

bidders imply that there is a positive probability that the second highest buyer valuation strictly
exceeds the posted price charged by the seller. To demongtrate this, note that the optima posted
price solves

max pl1 ~ F(p)"}.

The derivative of the objective isL — FA(p)= — pnF(p)=-'f(p). At p =~ 1, this expression reduces to
-nf (1) < 0. Hence, the objective is decreasing at the highest possible bidder valuation so that
the optimal posted price is gtrictly below the highcst possible bidder valuation (and there is a
positive probability that the second highest bidder valuation exceeds the optima posted price).
Of coursg, if n = 1, the posted-price mechanism (at the seller’s optimal reserve price) is an optimal
auction.

YFarrell (1985) and Grossman and Perry (1986) first examined the role of preplay communication.
The introduction of preplay communication can expand the set of equilibria, by alowing coor-
dination of player strategies, while retaining the equilibria without communication.

2Gince the buyers can compute the seller's reserve price, the mechanism an be reformulatedwithout
any communication by the seller. We adopt this formulation because it seems to us more natural
in the context of the sealed-bid auction.
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A dtrategy profile now denotes a pair of functions for each agent,
one for each stage of the game. At the second stage, the probability
that buyer i receives the stock is

1
#{f02(t, m) = p(m) and j€ I(m)}

if (1, m) 2 p(m) and i€ I(m), |

(10)

x(o;m,f) =

and zero, otherwise, where p(m) and I(m) are the choices of the
sdler given m. Given any m, the expected payoff to the buyer a the
second stage is

Ufo; m, 1) = fw,(c; m, Ot, — p(m)dF(t_,| m), (1)
while the expected payoff to the sdler is

Us(o; m) = p(m) i f x(o;m, ) dF(t| m). (12)

We then require that for each player, the second-stage strategies are
a best response to the second-stage strategies of al other players
given any m. Following Definition 2, we say that an auction {p,n}is
realized by the posted-price communication mechanism if there exists
an equilibrium to the posted-price mechanism with preplay com-
munication such that the ex ante payoff to the sdler is the same as
in the auction.

At the first stage, the expected payoff to buyer i is ssimply the expec-
tation of U(e;m, ¢,) over m, recognizing that m depends on the val-
uations of al players via the first-stage strategies. The expected payoff
to the sdler is similarly computed. Of course, the equilibrium to the
posted-price game analyzed earlier continues to be an equilibrium
to the augmented game because it is an equilibrium for al parties to
ignore the “cheap talk” from the first stage and play strategies equiv-
aent to those in the posted-price game.

A more interesting equilibrium to the augmented posted-price
mechanism is as follows. In the first stage, each potential buyer declares
his true reservation price and the seller announces his optimal reserve
price (for a sealed-bid second-price auction). In the second stage the
seller sets his price equal to the maximum of the second highest
bidder declaration in the first stage and the preplay reserve price he
previoudy declared and chooses I(m) to contain only those bidders
who reported the highest valuation in the first stage, provided this
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maximum valuation is at least the reserve price. In the second stage,
buyers who are excluded from participation bid zero, while those
who are not excluded offer exactly the anticipated posted price given
the seller's strategy, p(m)."

To verify that the strategies described above congtitute an equilib-
rium, we first examine the second stage. Let m be any first-stage
declaration. Consider the position of the seller given that the buyers
are following the above second-stage strategies. Suppose q,(m) < p.
Then, any deviation by the seller from (p(m) = p, I(m) = &) does
not change his payoff since al -buyers are bidding zero. If ¢, (m) =
p, then al buyers who are making positive bids are bidding p(m).
Changing I(m) to some | does not affect the payoff as long asf N
I(m) » &. Otherwise, the seller’'s payoff falls to zero. Raising p above
p(m) drops the sdler’s revenue to zero, while lowering p aso results
in a strict loss of revenue. Thus, the seller’s strategy is a best response
to the strategy of the buyers. For a buyer not in I(m), any deviation
does not affect his payoff. A buyer with t; < p(m) and #€ I(m) can
only lose by changing his bid from zero. Findly, if #€ I(m) and ¢, =
p(m), lowering the bid cannot increase i's payoff, while increasing
the bid does not affect Es payoff. Hence, for any first stage m, these
strategies form an equilibrium in the second stage.

In the first stage, the expected payoff to a buyer, given the strategies
of all other players, is exactly the same as in the second-price auction,
and truthful revelation of type is thus a best response. Finaly, the
seller maximizes his expected revenue (and attains the efficient auc-
tion) by selecting the optima reserve price. The sdler's communi-
cation in the initial stage is important because of its influence upon

“Formally, «2(8) = &, for #=1,..,mand all £ €{0,1), and o} = p=Optima reserve price for the sdller
in a sealed-bid second-price auction. Let

@(m) =max{m} and  g(m) = max(m, | m, » g(m).

The seller’s second-stage strategy is

oi(m) = {p(m), [(m)},

where

p(m) = max{p, ¢,(m)}
and ‘
Hom) = {ﬁ. If gi(m) < p,
({1 m = q(m)}, otherwise.
The strategy for buyer i(i - 1 ....,n) is

ity m) = {P("')' if &, = p(m) and i€ Km),
0, otherwise.
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the reservation price declared by a successful buyer in the alocational
stage.

This equilibrium results in an allocation and seller revenue iden-
tical to that in a sealed-bid second-price auction with a reserve price.
Myerson has shown in his “regular” case that this alocation is effi-
cient, maximizing expected seller revenue subject to the incentive
congtraints of the potential buyers. Hence, ‘our posted-price mecha
nism with preplay communication supports-the optimal outcome.

Note that the buyer with the maximal vauation could be playing
a weakly dominated strategy in the second stage. In the equilibrium
described above, when the second stage is reached and the maximal
bidder valuation exceeds the sdller's posted price, it never hurts this
buyer to bid dightly more than the price announced by the sdler,
and could be beneficia (for instance, if the seller posts a price dightly
higher- than the second price). This weak dominance disappears if
there is even the dightest opportunity cost to bidding. Suppose, for
instance, that if a buyer bids an amount, say g, he forgoes an amount
€q. Then, it does not weakly dominate to bid an amount greater than
the price ‘posted by the seller.”

We have assumed that the first-stage messages are publicly observed.
However, this is not essential. The property we require is that the
winning bidder be able to compute p(m) prior to playing the posted-
price mechanism. Our results aso could be derived with the com-
munication structure in which ail buyers communicate with each
other, and then communicate privately with the seller. This structure
complicates the description of the equilibrium, but does not alter
the intuition or result.

An Interesting feature of the anaysis is the way in which the bidder’s
indication' of interest (vauation) during the cheap talk influences
whether he is approached during the alocational phase. Two features
ensure that the bidders incentives during the cheap talk are anao-
gous to those in a second-price auction with a reserve price. The first
is that the bidder is approached by the seller and is able to purchase
only if he declares the highest vauation during the cheap-tak phase.
The second is that the seller chooses the higher of the second highest
valuation and the reserve price for the sdling price.

We now show. by example that if the seller is not able to restrict

“The regular case is one in which the prior distributions satisfy an increasing hazard rate property.

An dternative formuladon of the game that would preclude the weak dominance problem in our
equilibrium is for each buyer to declare a single price at which he is willing to purchase (Instead
of a maximum). In this modified specification. the stock is sold only if a buyer's price equals the
seller's in the second stage. In this form, the equilibrium of interest is sustained. but the buyer's
behavior is no longer weakly dominated. We do not focus upon this specification of the game In
the text because it is a less natural description of the observed process.
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access in the alocational stage, then buyers will not bid truthfully in
the communication stage (assuming truthfulness by the other bid-
ders). We assume that there are two bidders, whose vauations are
drawn independently from f(x) = 2x, for x I [0, 1], so that the density
is linear increasing over the unit interval. We let p denote the optimal
reserve price and suppose that bidder 1 possesses the largest possible
valuation (i.e, t; = 1). We then show that without participation restric-
tions it is not optima for bidder 1 to revea truthfully his valuation
during the preplay communication (it is advantageous to declare a
valuation of p, the seller's optimal reserve price, rather than 1). (Note
that p < 1 is a consequence of the optimal reserve price being In the
interior of the support of the density.) If the vauation of bidder-2,
t,, is below the reserve price p, then under the assumed equilibrium
structure bidder 1 is alocated the stock at price p with probability 1
(independent of whether his preplay report is p or 1). In the case t,
T [ p, 1], bidder 1 receives the security at price t, with probability 1 in
the second stage (assumlng bidder 2 does not elect to purchase the
security when he is just indifferent)’® when he reports a value of 1
during the preplay communication and receives the security at price
p with probability .5 when he reports a value of p. The expected payoff
to bidder 1 of truthfulness is then

! 1 2
f a- tz)thdtz=--—p2+-p’ (13)
and the expected payoff to bidder 1 of reportmg pis

s [ a-poma=sa-pa-m. (14

Therefore, nontruthful behavior is optima if and only if
SA—p—p+p)>i-p+ip, (15)

which is equivalent to (p - 1) < 0, which follows from p < 1 .* This
illustrates the importance to our equilibrium of the ability of the
seller to utilize the preplay declarations to determine which bidders
to approach in the allocational stage. In contrast, in the mechanism
without preplay communication, exclusion of some bidders is gen-
erdly not optimal.

'If bidder 2 does elect to purchase the security when he is indifferent, then the analysis is more
direct. Since bidder 2 always purchases when t, | [ p, 1], It isin bidder 1's interest to reduce his
first-stage declaration in order to reduce the actua selling price (in this case, bidder 1 does not
hzév?f his ;)robability of purchasing the security reduced because bidder 2 purchases, athough
indifferent).

Y|t is straightforward to solve for p [see Myerson (1981)].
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The General Case

The augmented posted-price mechanism can actualy realize an opti-
mal auction in settings more general than the example discussed
above. The genera case does not require buyer types to be indepen-
dent and aso alows for common values. We begin by discussing the
types of restrictions that we must impose on an auction in order for
the optimal auction within this class to be redized by the augmented
posted-price mechanism. Interestingly, this optimality of the aug-
mented posted-price mechanism and the resulting allocations can be
established even though the form of the optima auction may not be
known.

First, an important feature of the posted-price mechanism is that
only the buyer who gets the stock pays for it, so that any equilibrium
to the posted-price mechanism is ex post individualy rationa for any
buyer who does not get the stock. Hence, if an auction is to be realized
by the augmented posted-price mechanism, it must also satisfy this
property. Second, an essentiad element of the augmented mechanism
is that information is reveded in the communication phase, so the
posterior distribution of a buyer will generdly be different from the
prior distributions. Hence, we need to ensure that the buyers are
willing to participate in the posted-price mechanism given these
updated beliefs. This can be ensured by assuming that the auction
satisfies ex post individual rationality, which is a stronger assumption
than we needed to impose in the specia case of private values and
independent types.

We note that in the private-value, independent-type model consid-
ered in Section 2, the second-price auction is an optimal auction that
satisfies ex post individual rationality. In the genera case, we do not
know the form of the optimal ex post individually rational auction.
Crémer and McLean (1988) show that with correlated types, the sdler
can frequently extract al the surplus by using a modification of the
second-price auction in which buyers who do not get the stock make
payments depending only on the bids of the other buyers. This auc-
tion is not ex post individudly rationd. If such payments are not
allowed, their auction reduces to the second-price auction. This may
suggest that the optimal ex post individualy rational auction is the
second-price auction. While we do not know the answer to this ques-
tion, the results of Milgrom and Weber (1982) suggest that this may
not aways be the case; they show that the English auction'® may
sometimes yield higher expected revenue than the second-price auc-
tion. We believe that investigating the form of the optima auction

8The English auction is an oral progressive auction in which only the winning buyer pays.
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when only the winning buyer pays is an important question, since it
appears that (except for entry fees) auctions ‘conducted in practice
have this property.

The possibility of randomization complicates the formalization of
the notion that a buyer only pays if he receives the stock. For instance,
suppose that at some type vector, say t, al buyers indicate the same
willingness to pay, and the stock is alocated by randomizing uni-
formly among these buyers. Then, we would have to model the ran-
domizing device explicitly in order to determine who actually gets
the stock. This can be done by letting W be a set of events with the
uniform distribution, and letting b,(t, «) € {0,1} be a function that
takes on the value O, if the redization of the randomizing device is
w€Qand i does not get the stock, and 1, if i gets the stock. The
constraint that only the buyer who gets the stock pays would then be
written as n,(#) = 0, if b(t,w) = 0. It is notationally much simpler if
we simply restrict the auction to be deterministic [i.e., p,(#) € {0,1},
for al i and t ]. Our main result below can be extended to the case
where we alow randomization.

The simpler formulation leads to the following three restrictions:

(i) foralliand ¢, p.(D €{0,1};
(i) forall fand s,  p(® = 0 implies n,(#) = 0;
(iii) for all and ¢, 70 = v(0). '

The first condition states that the auction is deterministic. The second
condition says that only the winning buyer pays. The third condition
imposes ex post individua rationality.

‘Theorem. Let {p,n} be an optimal auction subject to (i)-(iii). Then,
{p,n} can be realized by a posted-price communication game.

Proof: Consider the following communication game. Let M; = T, be
the message space for i, i = 1, . . ., n, and define M = M; x - x
M,. M; is the set of messages i can send at the preplay stage. We do
not need the seller to communicate at this stage. The posted-price
mechanism is played after the communication stage. Consider the
following strategy for the sdller:

_[a.=, if p(m) =0, forall
"*’(’.”)‘-{(n,(m),{f}), if py(m) = 1. (16)

Thus, the sdler’s strategy mirrors the form of the optima auction. If
the optimal auction requires no trade when types are m (note that m
| T), ‘the sdler refuses to trade at the second stage. Otherwise, he
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simply sets the posted price to be the payment by the buyer who is
supposed to get the stock, and only trades with that agent. The strategy
o is well defined since we are redtricting attention to deterministic
auctions condition (1) above]. For buyer i let

AR =1,  Hme) = {3"(,'”), | gtﬁ'ér’:v)ise.q, an
This strategy has each buyer reporting his type truthfully at the preplay
stage, and bidding O if he is not supposed to get the stock given the
joint report m. If the optima auction allocates the stock to i then i
bids 5,(m) after the preplay communication round.

These dtrategies form an equilibrium to the game. Consider first
the second stage. If a buyer is excluded given that al buyers reported
truthfully in the first stage, then it does not help to bid an amount
greater than zero. If a buyer is not excluded, he can bid 5,(m) :and
get the stock at that price; bidding a higher price does not make the
agent better off. Bidding a lower price does not improve. his payoff
since we are assuming that the optimal auction is ex post individualy
rational.

It can be calculated that at the first stage, the expected payoff to
buyer f, given that the other buyers and the sdler are following these
strategies, is exactly the same as in the optima auction. Further, any
deviation from e, «changes expected payoffs in exactly the same way
as in the auction. Since the optimal auction is incentive compatible,
it follows that s is an equilibrium to the two-stage game. Findly, since
it leads to the same outcomes, the ex ante payoff to all buyers and to
the sdller is aso exactly the same. ]

It can now be seen that the result can be extended to auctions that
are not deterministic in the sense of (i) above; as long as the auction
is ex post individualy rational, the expected payoffs from the posted
price in the second stage can be matched exactly to those in the
optimal auction by explicitly modeling the randomization device.
Suppose that when the realized vector of typesist, the optimal auction
alocates the stock with equal probability. to buyers in7 < {1,2,...,
n}, but only the buyer who gets the stock pays. The complication
that arises is that different buyers in the set | may be charged different
prices, so that the seller may not be able to determine the posted
price without knowing the outcome of the randomization. This can
be handled in two ways. First, we could modify the game dightly and
let the seller perform the randomization prior to setting the price.
Then, if m = t, the sdler can perform the randomization over the set
I, and then trade only with the buyer who is supposed to get the stock
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given the outcome of the randomization. A second, perhaps more
satisfactory way, is to restrict the auction to eliminate ‘this problem
[i.e,, assume that 9,() = (9, for al 4j€ 1}. This latter condition is
satisfied by the second-price auction.

. Concluding Comments

Our centra result shows that the posted-price mechanism; in con-
junction with preplay communication, can lead to efficient alocation
of initial issues. While the efficient solution (in alocational terms)
depends upon the underlying distributions of types, the actua mech-
anism is nonparametric.

An important assumption in our analysis is that of simultaneous
play by the bidders and sdller. This imposes enough commitment on
the bidders that they cannot accept an out-of-equilibrium offer by the
seller a a higher price (but still below the reservation value of this
buyer). It may seem more natural to assume that the seller moves
first. Then the seller could charge the highest reported vauation, in
which case truthful reporting at the earlier stage would not be an
equilibrium. In such a setting, we would generaly not expect there
to be an equilibrium In pure strategies. However, we believe that a
result similar to ours could then be established by considering. a
repeated game played between an underwriter and potentia buyers,
in which case coordinated responses by the buyers could forestall
any attempt by the seller to deviate from charging the second highest
price. We should aso caution that it is not clear that the assumption
of simultaneous moves is unredlistic. For example, the description
by Uttal (1986) of the process by which Microsoft went public and
the empirical fact that many new issues are presold provide some
justification for the assumption of simultaneous moves.

Our analysis yields a potential explanation of why a seemingly
inefficient mechanism, used in practice, may in fact be optimal. While
we have examined the role of preplay communication in a specific
context, it would appear that informal communication Is central to
the alocation of financia assets more broadly. For example, an inter-
esting aspect of the trading system on the NY SE is that floor traders
frequently approach the specialist with a nonbinding “indication of
interest.” This raises the general issue of: what features of actual
trading mechanisms make preplay communication vauable.

Hagerty and Rogerson (1987) examine prior-Independent mechanisms in the context of bilateral
bargaining.
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