Games and Economic Behavior 138 (2023) 161-170

Contents lists available at ScienceDirect

Games and Economic Behavior =

journal homepage: www.elsevier.com/locate/geb ——

Note

L))

Check for
Updates

Ready to trade? On budget-balanced efficient trade with
uncertain arrival

Daniel F. Garrett

University of Essex, Wivenhoe Park, Colchester CO4 35Q, UK

ARTICLE INFO ABSTRACT
Article history: This paper studies the design of efficient mechanisms for repeated bilateral trade in
Received 12 April 2022 settings where (i) traders’ values and costs evolve randomly with time, and (ii) the traders

Available online 29 December 2022 become ready and available to participate in the mechanism at random times. Under

JEL classification: a weak cox_]dition, analogqus to the pon—overlapping _supports conc!ition of Myerson and

DS2 Satterthwaite (1983), efficient trade is only feasible if the mechanism runs an expected
budget deficit. The smallest such deficit is attainable by a sequence of static mechanisms.

Keywords: © 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the

Dynamic mechanism design CC BY license (http://creativecommons.org/licenses/by/4.0/).

Repeated trade

Budget balance

Dynamic arrivals

Participation constraints

1. Introduction

Several papers have reversed the conclusion of Myerson and Satterthwaite’s (1983) Theorem by positing dynamic envi-
ronments where preferences evolve stochastically with time. These include Athey and Miller (2007), Athey and Segal (2007,
2013), Skrzypacz and Toikka (2015), Yoon (2015) and Lamba (2019). The key observation is that, when trade is repeated,
when players are sufficiently patient, and when values and costs are not too persistent, trade surplus that is expected in the
future can be promised to players as a reward for participation, thus relaxing participation constraints. Therefore, unlike in
Myerson and Satterthwaite, budget-balanced efficient trade can be possible.!

While the relevant private information in the above work is the trading partners’ values and costs, and their evolution
over time, this paper introduces an additional source of information. Namely, we suppose each party is privately informed
of the date at which they become “ready to trade”. We take this to be the first date at which they are able to participate in
the mechanism. We argue that the additional source of information restores the impossibility of efficient trade in budget-
balanced mechanisms satisfying requisite incentive and participation constraints. Under weak conditions, efficient trade
necessarily leads the mechanism to run an expected budget deficit. While earlier work has studied the interaction between
stochastic valuations and dynamic arrivals in settings with profit maximization (see Deb and Said, 2015, Garrett, 2016 and
2017, Ely et al., 2017, and Bergemann and Strack, 2022), the implications for budget balance under efficient allocations are
new.

E-mail address: d.garrett@essex.ac.uk.
1 Other work exhibiting the possibility of efficient and budget-balanced trade in static settings involves departures from the assumption of risk-neutral
Bayesian agents with common priors. See, in particular, Wolitzky (2016) where agents are ambiguity averse and Garratt and Pycia (2016), where agents are
risk averse.
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One way to understand the result is in view of the rents that the agents must be granted to ensure participation.
Because agents arrive at random times, an efficient mechanism must permit participation at any date. Therefore, an agent
who arrives at a given date has the opportunity to delay participation and mimic later arrival. To prevent such deviations,
the mechanism must provide the agent with higher rents. These additional rents turn out to be so large that, because
also incentive compatibility and efficiency must be satisfied, the mechanism necessarily runs an expected budget deficit. In
addition, the paper shows that the smallest feasible budget deficit is equal to that from a sequence of static mechanisms,
each designed to ensure participation in the static mechanism alone. A message is that, at least for reducing the expected
budget deficit from efficient trade, truly dynamic mechanisms can be of limited use.

1.1. Related literature

Our central departure from other papers on repeated trade with evolving preferences is set out above. We take Skrzypacz
and Toikka’s (2015) bilateral trade model as the key point of comparison. They provide a necessary and sufficient condition
for the existence of satisfactory efficient mechanisms analogous to the condition developed for static problems by Makowski
and Mezzetti (1994), Krishna and Perry (1998) and Williams (1999). Their approach makes integral use of VCG mechanisms,
and we employ related arguments here.

As noted, private information on arrival times has been studied in work on profit-maximizing dynamic mechanisms with
evolving preferences. Like the present paper, these works typically view “arrival” as the first date an agent is able to partici-
pate in a mechanism, and the possibility to secretly delay participation can be an important source of information rents. In
their work on the efficient “dynamic pivot mechanism”, Bergemann and Valimaki (2010) instead view dynamic arrivals as
players transitioning from an “inactive state” whose participation in the mechanism is recorded from the beginning. In this
view, the mechanism can contract with agents at the beginning and before their “arrival”. The present analysis rules out
this possibility which is important for the results. Suppose all agents begin in a “pre-arrival” state and can contract at this
initial point. Then, provided they have no private information at this point, an efficient mechanism can extract all rents and
avoid a budget deficit.

Related, Athey and Segal (2013, p. 2477) note that their efficient “balanced mechanism” can accommodate arrivals and
exits. However, our impossibility finding indicates that their result on the possibility of “self-enforcing mechanisms” (their
Proposition 4) cannot be extended to dynamic arrivals in the case of bilateral trade (at least when agents who have not
arrived cannot participate). This is immediate from our result since Athey and Segal’s notion of “self-enforcement” requires
the satisfaction of participation constraints.

It is worth noting that some other papers with dynamic arrivals, where agents also cannot contract before arrival but
where preferences do not fluctuate with time, have obtained the possibility of efficient allocations with budget balance.
Gershkov and Moldovanu (2010) model dynamically arriving buyers who have heterogeneous short-lived valuations for a
range of available objects. The mechanism at first instance runs a budget surplus that can be distributed back to buyers to
maintain budget balance. Parkes and Singh (2003) consider a quite general framework but impose a condition on preferences
that ensures a budget surplus. Loertscher et al. (2022) suppose a buyer and seller arrive in each period and find efficient
and budget-balanced trade can be possible. As they note, this possibility seems related to Makowski and Mezzetti (1993)
and Williams (1999) which establish corresponding results in static settings with many buyers and sellers. In light of these
contributions, it is important to emphasize that the impossibility result in the present paper is specific to settings where, in
the corresponding static problem, efficient allocations require a budget deficit.?

2. Model

Arrival of traders. We consider bilateral trade set in discrete time, with at most one unit of a perishable good sold each
period. To fix ideas, and to ensure that each agent has the opportunity to engage in repeated trade irrespective of their
arrival date, we suppose that the horizon is infinite. Periods are labeled t =1, 2, .... Agents are labeled i € {B, S}. We term
one agent the buyer (i = B) and the other the seller (i =S). These agents become “ready to trade” (equivalently, “arrive”
to the market) at some dates 7g and ts, which are the first dates they can enter a contract. The ability to contract and
participate in the mechanism persists for the rest of time; in particular, neither buyer nor seller exit after, respectively, 7
or Ts.

Payoffs. In each period ¢, an allocation x; € {0, 1} is determined with x; = 1 if the seller trades the good with the buyer. For
t > tp, the buyer’s resulting period-t payoff is v¢x; + pp., where v; is the buyer’s (private) period-t value and pp; is the
date-t transfer paid to the buyer. For t > ts, the seller’s period-t payoff is ps — ctX;, where ¢, is the seller’s (private) cost
and ps the transfer paid to the seller. Both agents have a common discount factor § € (0, 1). Throughout, we refer to v;

2 One of our findings is more general, however: in seeking to maximize revenue subject to efficiency, we can typically do no better than a sequence of
static mechanisms, each of which induces agent participation when run on its own. In particular, the arguments in this paper can be applied to settings
like repeated auctions with many buyers or repeated trade with many buyers and many sellers; however, these same arguments need not imply the
impossibility of budget-balanced efficient mechanisms in these cases.
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and c; as the “payoff types” of the buyer and seller respectively, to distinguish from private information on the arrival times
7p and 7s. We denote vectors of payoff types by v = (vs, vsi1,..., ;) and ct = (cs, €541, - - -, Cr).

Note that the payments pp: and ps; can be viewed as coming from a third-party “broker” who has no private informa-
tion. The focus will be on whether this broker can avoid an ex-ante budget deficit.

Stochastic processes. Each agent i € {B, S} independently draws an arrival time 7; from a distribution H; with full support
on the set of periods N. As noted, date 7; is the first date that agent i can participate in (equivalently, communicate with)
the mechanism, and is i’s private information. Below, we will abuse notation by writing v, = @ if the buyer has not arrived
by time ¢ (although @ is not a “payoff type”). Similarly, we write c; = ¢ if the seller has not arrived by time t.

The evolution of payoff types is also independent across agents. The set of possible payoff types at date t for the buyer
is denoted V; = [v,, V], with 0 < v, < ¥ < oo, while for the seller it is C; = [c,, ], with 0 < ¢, <C; < oc. Assume the sets
Ur=1Vr and Us=1C; are bounded.

If the buyer arrives at time 7g, he draws his payoff type v, from an absolutely continuous distribution Flg with full
support on Vz,.> Subsequently, at each date ¢ > tg, if his date t — 1 payoff type is v¢_1 € V;_1, then he draws v, from an
absolutely continuous conditional distribution FtTr (Vt|ve—1) with support on an interval [zt (Vi—1), Ve (vt,1)] C V. Assume
further that, for each vg, Ft” (v¢|ve—q) is continuous in v¢_1q.

Similarly, if the seller arrives at time s, she draws her payoff type c;; from an absolutely continuous function G’T'S‘ with
full support on Cy,. Subsequently, at each date t > s, if her date t — 1 payoff type is ¢;—1 € Ct—1, then she draws ¢; from
an absolutely continuous conditional distribution G[Tr (c¢|ct—1) with support on an interval [gt (ct—1),Ct (ct_l)] C Ct. Assume
further that, for each c;, Gt” (c¢|ce—1) is continuous in ¢;_1.

The above description of the stochastic processes for payoff types encodes our assumption that types evolve according
to a (possibly time-varying) first-order Markov process. The restriction that the supports of the conditional distributions be
contained in the supports of the initial distributions, i.e. V; and C; respectively, is arguably quite mild. It is implied if we
take F%’; and G’T'; for g, Ts > 2, to be the marginal distributions at dates g and 75 of the payoff-type process conditional
on arrival at date 1. In this case, we can view each agent’s payoff type as following a latent process from date 1, with the
arrival times tp and 75 determined independently of the process.

We presently leave further restrictions on the evolution of payoff types unspecified, but will follow Skrzypacz and Toikka
(2015) in requiring that a certain “payoff-equivalence property” holds. This property (introduced formally in Assumption 1
below) can be shown to hold under mild additional restrictions on the stochastic process (see Pavan et al., 2014, as well as
Skrzypacz and Toikka).

Mechanisms. Without loss of generality, we study direct mechanisms. Each agent i makes a report of their payoff type on
the first date of participation 7;, and then continues to provide updates of these types at each date. The buyer’s initial report
is restricted to come from V;,. Then, if the buyer reported V¢_1 at date t — 1, he makes a report at date t restricted to be
in [v; (Vt-1), V¢ (V¢=1)], which recall is the support of F/" (-|V;—1). Similarly, the seller’s initial report is restricted to come
from Cz,. Then, if the seller reported ¢;_; at date t — 1, she makes a report in [¢, (¢;—1),Ct (Ct—1)] at date t. The reports of
the buyer and seller up to date t may then be denoted f/ffB and 625 respectively.

The mechanism’s decision rule u = <Xr,p3’t,p5,t>t>1 then specifies a sequence of allocations x; for each date t and

transfers pp: and ps to the buyer and seller respectively. A date-t allocation is x; <\723,6‘fs) € {0, 1} for each possible

pair of report sequences (f/ffB, éffs).“ Here, albeit abusively, if the buyer has not participated by date t we understand Oth

to equal ¥ and similarly 6;3 = ¢ if the seller has not participated. If either player has not participated then there is no

trade, i.e. x; <\7§ , ¢t
TB Ts

) = 0. At any date t and for reports (\728,625) payments are ppy <\7%B,E‘fs) € R to the buyer and

Dst <Effs, 0%3) € R to the seller. We consider payments to any player yet to participate in the mechanism to be zero.

Throughout, transfers are assumed to be measurable functions of the agents’ reports. Transfers are also required to be
bounded; we refer to this property of mechanisms as bounded transfers (BT). Boundedness will ensure that the NPV of
expected total payments by the broker is well-defined in any feasible mechanism.

It may now be helpful to delineate the timing of events in each period. At the beginning of each period t, the buyer has
made a sequence of reports O%;l € Hg;lfB Vs if he already participated at 7p < t. If he arrived before date t, then he draws a

date-t payoff type v; from the distribution Ft” (ve|ve—1), where v;_1 denotes his true type at t — 1. If he arrives at date t,
then he draws v; from Ft’". Having drawn his date-t valuation, he then makes a report V; to the mechanism. If this is his
first report, then it amounts to a claim that his arrival time is T = t. Recall that the buyer cannot report to the mechanism
if he has not yet arrived.

3 Note that, if we think of the buyer as having a latent valuation that evolves from the first period, then the distribution Fi’; is the distribution of
valuations conditional on arrival at date tg. This distribution could reflect correlation between the buyer’s value and his arrival time; e.g., if the buyer were
more likely to arrive when his value is high. The analogous comments are applicable to the seller.

4 Note the notational convention that the length of the report sequences that are arguments to the payment and allocation rules indicate the arrival
times of the agents.
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The timing of events for the seller is symmetric and omitted. The buyer and seller can be thought of as making any
reports simultaneously within each period. Given the buyer and seller reports up to date t, the allocation x; (O%B, Etfs) is

; stooat AL St ;
determined and the transfers pp (va, Cfs) and ps ¢ (Cfs’ va> are paid.

3. Analysis of satisfactory mechanisms
3.1. Preliminaries

Information. An important consideration is the amount of information available to each agent i at each date t regarding the
past reports of the other agent. As Myerson (1986) noted, incentive constraints are most easily satisfied when agents are
least informed. Since we are focused on the negative result — the impossibility of efficient trade without a budget deficit —
we assume that agents remain completely uninformed about the other agent’s reports. Such mechanisms have often been
referred to as “blind”. While we do not formally describe such environments, our negative result extends to settings where
the players have more information than in the blind mechanism.”

Agent continuation payoffs. Consider then the blind mechanism that we identify with the decision rule w. The buyer’s
expected continuation payoff in ;. when reporting truthfully after a history of reports v@;l (if any), when his date-t value
; .6
is vy, is

oo oS =S
pB.S (V-[Bv C= )
Vh (V) =E| ) st s |7t = vt
B,t \" 7B ~ ~ ~ B B
s=t +Vs X5 (V§B : csfs)
Analogously, the seller’s expected continuation payoff in i when reporting truthfully after a history of reports C[T;1 (if any),
when her date-t cost is c¢, is

o0 =5 5
pS N (Cf , Vz )
13 ty s—t ’ N TB ~t __ .t
VS,t (Cfs) =E z :8 ~ ~5 =5 }Cfg - C‘[s
s=t —Cs Xs va’C‘fs

Incentive compatibility. To define incentive compatibility, suppose that each agent i reports to the mechanism on the arrival
date 7;. We then say that our blind mechanism is Bayesian incentive compatible (BIC) if, for each player i and arrival date t;,
expected payoffs are maximized by reporting payoff types truthfully (assuming participation on the arrival date ;). Thus, for
the buyer, Vf; - (vTB) is equal to the supremum of his expected continuation payoff over all possible reporting strategies,
given participation at the arrival date 7g, and given an initial valuation v, € Vy,;. The analogous statement holds for the
seller.

Participation constraints. We assume that agents can commit to their future participation in the mechanism. Hence, we
impose a sequence of constraints to ensure agents participate upon arrival, but there will be no constraints relating to
continued participation.” Clearly, this only strengthens our results regarding the absence of satisfactory mechanisms for
efficient trade.

The fact that each agent i's payoff type is a sufficient statistic for the evolution of their future types simplifies the
participation constraints. Take the example of the buyer. Suppose he arrives at a given date t’ and delays participation until
a date t” > t/, drawing a value v;» at that date. Then, given the restriction on the supports of (FtT r)t>2, we note vy € V.
This means that he is in the same position at date t” as if he arrived on that date with initial valuation v, and can expect
the same discounted payoff. The analogous statements hold for the seller.

Given the above, we specify an agent strategy of participating at all dates such that participation has not yet occurred,
irrespective of the realization of the actual arrival time (or past information). Since transfers are bounded, per-period payoffs
are bounded, and together with § < 1 this permits application of the one-shot deviation principle. It is then enough to check
deviations in which each agent delays participation by one period. Because the process for valuations is Markov, the buyer
has no profitable one-shot deviations if, at all Tp and for all v¢; € Vy,,

1% I iy Y. —
Vi e (ea) 2 8B [VE oy () 7y = vy | (1)
The seller has no profitable one-shot deviations if, for all 75 and for all ¢, € Cq,
5 Note that among mechanisms minimizing the broker’s expected deficit, it can be of interest to investigate those mechanisms which are fully public,
where each agent learns the past reports of the other. We considered this possibility in an earlier version of the paper.

6 We use tildes to denote random variables.
7 By the revelation principle, it is without loss of generality to restrict to mechanisms where agents participate upon arrival.
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V?,rs (Cfs) > K [Vét,rsﬂ (6Ts+1) |Efs = Cfs] . (2)

We say that a mechanism in which all these constraints are satisfied satisfies “blind participation constraints” (or BPC).

It is important to note that these participation constraints will imply that agent rents accumulate in the following
sense. Ensuring participation of player i at date t; requires satisfaction of one of the participation constraints (1) or (2). This
requires enough rents be paid for participation at 7; relative to what is available if participation is delayed to t; + 1. However,
rents at 7; + 1 must also be elevated to deter delay by an agent who is yet to participate at t; + 1. This contributes to the
rents that must be available for participation at date t;. Using this argument, increased rents that must be made available to
guarantee participation from an arrival date far in the future lead to increased rents needed to guarantee participation also
at the beginning. This (backwards) accumulation of rents will be the key to understanding our impossibility result below.

Efficient mechanisms. Our focus is on mechanisms that are efficient (E), i.e. those which set, for all ¢ and all v}, and c,
Xt (vfrB,ctrS) = xE (v¢, ¢v), the efficient allocation which is taken to equal one in case t > max{ts, ts} and v; > ¢;, and zero

otherwise.

Budget balance. We say that a mechanism g satisfies budget balance (BB) if two requirements are met. First, payments
are zero unless both players have arrived. Second, for all arrival times g and ts, for all dates t > max{tp, ts}, all feasible

t t t t t t —
sequences of values and costs Vip and Czgr WE have pp ¢ (vIB, CTS) + Ds.t (vrB, Cts) =0.

Payoff equivalence. Following Skrzypacz and Toikka (2015), we restrict attention to environments in which a version of
“payoff equivalence” holds. We assume the following.

Assumption 1. The stochastic processes for payoff types satisfy the “payoff-equivalence property” meaning that the following
holds. Consider any two BIC blind mechanisms pu = (xt, DBt ps,t)t>1 and u' = (x;,p’B o D t>l‘ : satisfying x; = x; for all
= ’ “le=

t. There exist real-valued scalars (bB,ts’bS,rs)fB s>1 such that (i) for each date 7z and each vy € Vi, V,’;TB (veg) =

bp 1z + v (vey); and (i) for each date ts and each crg € Cr, V. (Crg) = bszs + Véf;s (¢s). Moreover, for any BIC

B,‘L’B S,Tg
blind mechanism , any initial participation dates tp and ts, Vé‘_rﬁ () and Vg T (-) are absolutely continuous.

Considering blind mechanisms, the relevant notion of payoff equivalence is simply that each agent i’s expected payoff
from participating at date 7; is the same, up to a constant b; ;,, for any BIC mechanism with the same allocation rule.
Sufficient conditions for our assumption to hold can be found in Pavan et al. (2014), where they consider a dynamic envelope
theorem which also yields the absolute continuity of payoffs that we assume.?

3.2. Main results

With these definitions in hand, we can now state the first step of the analysis.

Lemma 3.1. If a blind mechanism j« maximizes the broker’s expected surplus (equivalently, minimizes the broker’s expected deficit)
among mechanisms satisfying E, BIC and BPC then the following are true. For all g,

inf {Vll;,rg (VTB) — 0K I:Vg,rBJrl (‘71’8+1) | ‘71’3 = VTB]} =0 (3)

Ve €Vrp

and for all T,

inf VL (crs) = SB[V 41 (Fren) |6 =]} =0 (4)

Crg ECTS

To understand this result consider the case of the buyer. In order for immediate participation in the mechanism to
always be optimal, there must be no profitable one-shot deviations, which means that (1) holds at all dates 73, and for all
vy € V. For any date 7p at which Equation (3) fails to hold, we can reduce the payment to the buyer at date 7p by a
constant that does not depend on his payoff type v,. This increases the broker’s expected surplus (or decreases the deficit),
and, for a small enough change, it leaves all of the constraints (1) intact. Specifically, it tightens the slack constraint at tp,
while for 7p > 1, it relaxes the constraint at 73 — 1 by reducing the buyer’s option value of delay.

We now show that, to maximize the broker’s surplus, it is enough to rely on a sequence of static mechanisms, with
the understanding that each static mechanism elicits participation from any agent who has already arrived. We begin by
considering the static VCG mechanism which ensures each agent a payoff equal to the surplus from trade, i.e. (vi —ct)

8 The conditions for their result essentially ensure that agent payoffs are not “too sensitive” to small changes in type. This includes ruling out the future
evolution of types being too sensitive to small changes in type, as formalized by the notion of impulse responses.
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xE (v¢, ¢¢) at date t. Note that a fixed fee can be charged to the buyer and seller while still ensuring a non-negative payoff
from participation. The buyer’s date-t fee can be positive if type v, expects a positive surplus from trade; similarly, the sell-
er’s date-t fee can be positive if type ¢; expects a positive surplus from trade. We therefore define a “VCG-plus mechanism”
to be one with the efficient allocation rule xf and with payments in case both agents have arrived by date t (i.e., 75, Ts <t)
given by

P (v ch) = —ce xE (ve,co) —E [(zt — &) X (v &) | & # @] (5)

for the buyer, and
VCG—plus /. t t E ~ - E(~ = ~
Ps¢ (Vig:Cog) = Ve X (ve,co) =B | (Ve — C) X (Ve,Cr) | Ve #0 (6)

for the seller. If one or both agents have not arrived by date t, then there is no trade and no transfers are made. The
VCG-plus mechanism may be viewed as a sequence of static mechanisms that elicit participation from any player that has
already arrived at each date. However, in the discussion below, we will view this now as a dynamic mechanism, consistent
with other such mechanisms in the paper, by requiring that an agent who participates in the mechanism is compelled to
continue. We find the following.

Proposition 3.1. The broker’s expected surplus is maximized (among mechanisms satisfying E, BIC and BPC) by running a VCG-plus

. C .. . _ (JE .,VCG—plus _VCG—plus
mechanism. That is, it is maximized by setting . = (x . Pp Ps¢ >t>1.

The reason for this result is as follows. Running a sequence of VCG mechanisms, one each period, is a simple way to
implement the efficient allocation. Now suppose that transfers are augmented by fixed (i.e., type-independent) participation
fees as in (5) and (6), obtaining the VCG-plus mechanism described in the proposition. Then, at each date t, the buyer with
the lowest value v, and the seller with the highest cost ¢; obtain an additional expected payoff of zero by participating at
date t, rather than delaying participation to the subsequent period. This shows that the optimality conditions in Lemma 3.1
are satisfied for both buyer and seller at each date t. Using the “payoff equivalence property” of Assumption 1, we then show
that the VCG-plus mechanism generates the same expected surplus for the broker as any other mechanism satisfying E, BIC
and BPC, and the conditions of Lemma 3.1. That is, the VCG-plus mechanism is optimal for the broker in implementing
efficient trade.

Proposition 3.1 shows that the broker’s net revenue can be maximized by running a sequence of static mechanisms
where, if each mechanism were run on its own, the buyer and seller would want to participate. In this sense, there is no
way for the broker to benefit from repeated interactions to limit agent rents. It is worth comparing this finding to broker-
optimal mechanisms in settings without dynamic arrivals, where the buyer and seller are present from the beginning, as
for instance in Skrzypacz and Toikka (2015). There, if participation constraints are only imposed at the initial date (what
Skrzypacz and Toikka call IRg), maximal broker revenue can be obtained by charging up-front participation fees for the right
to participate in a sequence of efficient static mechanisms. These payments could also be spread over time in different ways.
What is generally not possible in the environment without dynamic arrivals, however, is that the broker’s maximal revenue
be obtained by a sequence of static mechanisms that, each run on its own, would elicit buyer and seller participation (i.e.,
the broker can do better than this).

What is the broker’s expected surplus in the broker-optimal efficient mechanism? First, recall that the VCG mechanisms
that we took as our starting point imply a budget deficit in the bilateral trade problem equal to the total surplus (v; — c;)
xE (v¢, ¢p) at each date t. However, this has to be balanced against the fees collected in the VCG-plus mechanism. We have
the following result.

Proposition 3.2. The largest value of the broker’s expected surplus in a blind mechanism satisfying E, BIC and BPC is

R:ZSMHB () Hs (t) ¥, (7)
t=1

where

\I—’t =-E [(\7{ — Et) XE (\7t, Et) |‘7t ;ﬁ @, Et ?é Q):I +E I:(Kt — Et) XE (zt’ E[) |Et # Q):I +E [(\7[- — (_:t) XE (\7[-, E[) |\7t # Q):I .
(8)

There exists a blind mechanism that satisfies BB, E, BIC and BPC if and only if R > 0. A sufficient condition for R < 0 is that V; N C; has
positive length for each t, meaning that the distributions Pr (\7t <V|Vp # @) and Pr (Et <ctlCt # ﬂ) have “overlapping supports” for
allt.
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Equation (7) should be understood as a weighted average of the broker’s maximal expected surplus under efficient trade
in static mechanisms, as calculated, for instance, by Makowski and Mezzetti (1994). In particular, if we consider the broker-
optimal (efficient) static mechanism at some date t, with type distributions determined by conditioning only on the arrival
of both agents by date t, then the broker’s expected surplus is precisely W;. The weights in (7) comprise the discount factor
8t=1 and the probability that both agents arrive by date t, Hp (t) Hs (t).°

If W; <O for all ¢, as is the case when the supports of the aforementioned distributions overlap (a result originally due to
Myerson and Satterthwaite, 1983), then budget-balanced efficient trade is infeasible. Conversely, if ¥; > 0 at a given date t,
then an efficient and budget-balanced static mechanism exists at date t; in this case efficient trade in the static mechanism
can be implemented through a type-independent posted price. Hence, if W; > 0 for all t, budget-balanced trade is achievable
through a sequence of posted prices.

If W; <0 for some t and yet the expression in (7) is non-negative, then a blind mechanism can be chosen to satisfy E, BB,
BIC and BPC. The mechanism described in the Appendix is simply a sequence of (static) AGV mechanisms with additional
fixed (i.e., independent of payoff type) payments between the agents. Note that, given that W; < 0 for some ¢, it can be
necessary for some of these payments to be made after the play of a given static mechanism in the sequence. In other
words, playing the mechanism at a given date t gives rise to dynamic obligations, and these obligations are essential for
“spreading” surplus across players with different arrival times, thus ensuring willingness to participate at each date. In this
sense, while a sequence of static mechanisms is enough to maximize the broker’s expected surplus R, truly “dynamic”
mechanisms may be needed to obtain budget balance. It is worth commenting that the “spreading” of surplus across time
that is needed here is quite different from the “rebalancing” of incentive payments found in Athey and Segal (2013), where
payments need to be carefully designed to ensure truthful reporting of valuations. It is perhaps more closely related to the
idea discussed in Section 4.2 of Gershkov and Moldovanu (2010) on “offline mechanisms” where payments by one buyer
are redistributed to later arrivals. The point is that the additional payments needed between players affect the levels of
expected payoffs, but do not affect incentives for the truthful revelation of values and costs.

4. Conclusions

We conclude by reiterating a central theme of this paper. Following Myerson and Satterthwaite (1983), among others,
it is well understood that balanced-budget requirements provide a severe impediment for efficient trade under standard
incentive-compatibility and participation constraints. Following a number of elegant contributions, repeated trade, with dy-
namically evolving payoff types, has since emerged as a way to restore efficient allocations. A key message of the present
paper, then, is that such a conclusion can be too optimistic. If agents have private information on their readiness to par-
ticipate in a dynamic mechanism (i.e., if they arrive over time and their arrival dates are privately known), then efficient
budget-neutral trade can be (much) more difficult to sustain. As in the classic bilateral trade problem, overlapping supports
for buyer and seller values is enough to render budget-balanced and efficient trade infeasible.
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Appendix A. Proofs of results

Proof of Lemma 3.1. Suppose that one of the equalities in the lemma fails to hold. Consider that for the buyer at a date
Tg, since the case for the seller is analogous. Given our assumption on the evolution of payoff types and focus on BIC
mechanisms, a necessary condition for the buyer to be willing to participate at date g when his type is v, is given by (1).
This implies that the expression in the left-hand side of (3) is non-negative in any blind mechanism satisfying BIC and BPC.
Therefore, at 75 the expression must be strictly positive, and so we can increase the broker’s surplus simply by reducing

9 Note that the broker's expected surplus (7) thus depends only on the distributions of arrival times and the marginal distributions of payoff types,
Pr (§B,r < 031[\653,[ # V)) and Pr (ésyf < Osﬁtlég_f # (/)), at each date t. Hence, unlike the existing literature on repeated trade reviewed above, the degree of
persistence of agent payoff types over time is irrelevant for calculating the broker’s surplus.
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DB, (vrB, cig) by a uniform constant less than the positive value in question. This reduces V,’; 5 (VTB) by the same amount.
If g =1, this yields a BIC mechanism that satisfies all the participation constraints (1). The same is true if 7 > 1, noting
now that the constraint (1) at date 7z — 1 is relaxed. Note also that the buyer’s transfers remain bounded, so we have found
a more profitable mechanism satisfying BIC and BPC, and which still satisfies BT. O

Proof of Proposition 3.1. Consider any blind mechanism p satisfying E, BIC, BPC and the conditions of Lemma 3.1 for all
dates. Given the continuity of payoffs property in Assumption 1 and the continuity assumption on FtT ", there exists for each
t a v} €V, satisfying

Vi () =8[VE e (B 17 = 7.

Similarly, for each t, there is a ¢ satisfying

V.éj:t (C;k) = 6 I:V.éL,t+] (EH—]) |E[ = C;k:l .

Further, by the payoff equivalence property in Assumption 1, for each t, we can take the values of v; and ¢/ to be the same
for any blind mechanism w satisfying E, BIC, BPC and the conditions of Lemma 3.1.
For each t,

Vi (V) =8V 41 (Visr) +9E [(Vg,t+1 (V1) = Vi e (Vfﬂ)) Ve = V?] :

Iterating, we can write, for any [ € N,
1
Iz w = w = Iy 1
Vit (V?) = Z‘SSE [(VB,I+S (VH-S) = Vhtys (V;F-i—s)) [Vigs—1 = Vzk+s—1] +8VE (V;kJrl) .
s=1

Because payoff types and transfers are bounded (by BT), V¥

" .
B.etl (th) is bounded across I. We can conclude that

m
B.t+l1

all dates, we have for all t,

limy, 4 0o sty <v;k+l) = 0. Therefore, for a mechanism p satisfying E, BIC, BPC and the conditions of Lemma 3.1 for

o0
Vg,t (vi) = Z‘SSE [(Vg,tJrs (Ves) = Vg,f+s (v:‘FS)) Vers—1 = v?‘FS*l]'
s=1

Similarly, we can conclude that, for all t,

oo
VE () =) O°E [(Vél,ws (Cers) = Veires (C;k-rs)) (Cers—1 = C;k+s—1]'
s=1

By the payoff equivalence property of Assumption 1, for all t and s, V,’;_HS (Vexs) — V,’;_HS (v;‘:rs) is the same across all

blind mechanisms s satisfying BIC and E. Similarly, V', (crys) — V¢ . (cf,5) is the same across all blind mechanisms i

satisfying BIC and E. Therefore, buyer and seller payoffs V{; 7, and Véf 7, are uniquely determined in any efficient mechanism
o satisfying the conditions in Lemma 3.1 at all dates. These values pin down the broker’s expected net revenue, as this is
the expected surplus from trade less expected agent rents; that is,

El X 87 (—e) o (@) | —E[s7 VY (7s) | - E[55TVE L (@) |-

t:max{fg,fg}

One mechanism that attains these profits is the VCG-plus mechanism specified in the proposition. Such mechanisms
are BIC because each static VCG mechanism is incentive compatible, and because the future payment rule faced by the
agents does not depend on current reports. To see that the mechanism satisfies BPC, note that any agent who has not
yet participated in the VCG-plus mechanism has a weakly higher payoff from participating in the mechanism immediately
rather than with a one-period delay. This follows from the choice of fixed payments appended to the static VCG mechanisms
as described in the main text. The buyer with the lowest value and the seller with the highest cost at a given date t are
precisely indifferent between participating at t and waiting and participating at date t +1 (i.e., v/ = v, and ¢ =¢;). Hence,
the conditions of Lemma 3.1 are satisfied. It follows from the above that the buyer and seller rents are equal to those in
any other mechanism satisfying E, BIC, BPC and the conditions in Lemma 3.1, establishing that the mechanism is optimal
among efficient mechanisms. O
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Proof of Proposition 3.2. The expression (7) for R follows from the arguments in the main text. As we have noted, budget-
balanced efficient trade is infeasible if R < 0. (The sufficient condition for R < 0 comes from Myerson and Satterthwaite,
1983.)

If R >0, then we can construct a blind mechanism satisfying BB, E, BIC and BPC as follows. First we consider static
mechanisms run at each date ¢, assuming participation by the players provided they have arrived by that date. A date-t

budget-balanced, efficient and incentive-compatible static mechanism z§"¢ = <xE, piatic, pfg“}”c> is such that

static
He

static
Wit (v)+Wet @)=, 9)

tati .
with W; given by (8), where (i) W; ia - (v¢) gives the buyer’s expected payoff from truthful reporting in ¢, conditional

static
on both agents having arrived by date t, and on the buyer’s date-t value being v;; and (ii) ngt (c¢) gives the seller’s

expected payoff from truthful reporting in ,uﬁm”c, conditional on both agents having arrived by date t, and on the seller’s
date-t cost being c;. That a budget-balanced mechanism exists follows by d’Aspremont and Gérard-Varet (1979).
Equation (9) follows from a familiar argument. Let ut" €G be a VCG mechanism offered at date t that yields both players a

VCcG
payoff equal to the surplus from trade, and let W,’; ' (v¢) be the buyer’s expected payoff conditional on both agents having

VCG
arrived by date t, and the buyer having date-t value v;. Similarly, let ng ; (ct) be the seller’s expected payoff conditional
on both agents having arrived by date t, and the seller having date-t value c;. By a standard envelope argument, there are

static static

VCG
scalars a; and b such that, for any v; and c;, we have Wf;f[ (ve) = Wf;ft (v¢) +a; and W?’t (c) = W?‘t (ve) + bt.
Note that, because ™ is budget balanced, we have

wvee wree 5 N N ~ E /e i~ -
]EI:WB’tt (vt)—i—at—i—WSft (Ct)+bt|vt7é(/)»ct7é(]ji| ZE[(Vt—C[) X (Vt,Ct)lvt#Vj,Ct#@].
Because the VCG mechanism in question yields each player the surplus from trade, we conclude

ag +bt =-E [(\7[ — Et) XE (\7[, Et) |‘7t # @, E[ 75@] .

Moreover,
static static VCG VCG
Wit (v)+Wet @ =Wgt (v)+ Wt @) +a+b
= ‘I}[
as desired.

Given a sequence of budget-balanced mechanisms (say AGV mechanisms), it is then possible to construct a sequence of
budget-balanced static mechanisms Mf such that expected payoffs from participating, with value v, for the buyer and ¢;
for the seller (and assuming the other agent participates), are given by

W”?(v)—min{o W}
Bt \Xt) — s Xt

ut
WS[

+ (€) =max {0, W}.

This simply requires adding “fixed” (i.e., type-independent) transfers at each date t to redistribute the expected surplus
between the buyer and seller. Under our maintained assumption that each agent is blind as to whether the other is partic-
ipating, the buyer’s expected payoff from participating in the static mechanism uf is Hs (t) min {0, ¥;} when his value for
the good is v,, while the seller’s is Hp (t) max {0, ¥;} when his cost is c¢.

We can then modify the sequence of static mechanisms (/Lf) 1 by arranging for further transfers between the agents.
The result need no longer be a sequence of static mechanisms, since participation at a given date t may (at least along
some realizations of uncertainty) give rise to further payments at later dates. It will be enough to ensure that each agent is
willing to participate at each date for all possible payoff types, irrespective of whether he participated in the past.

One way to proceed is as follows. Consider the first date t; such that Wi, < 0. We can require the seller when par-
ticipating at dates t such that ¥; > 0 to make payments to any buyer who participates in the date-t; mechanism. For a
seller participation date t < t1, require this payment to be made at date f;. The NPV of the seller’s expected additional
payment must be no greater than the smallest expected gain from participating in the date-t mechanism ,u?, i.e. Hp (t) Y;.
This requires that the date-t; payment does not exceed % For t > t1, have the seller make the payment at date
t, again so the expected payment does not exceed the smallest expected gain from participating in the date-t mechanism

;Lf; that is, it must be no greater than I-II-IBB(EE):L),t' Payments may be required corresponding to multiple seller participation

dates with W¢ > 0, up to the point where the buyer with valuation v¢, expects zero payoff from participating in the date-t;
mechanism. We can take the date-f; buyer to be compensated by the earliest payments possible, with payments up to the
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aforementioned upper bounds on seller payments until a date at which the buyer is “paid off”, i.e. the buyer with valuation
Vs, expects zero payoff from participating at date £1.1% Then we proceed to the next date f, at which Wi, < 0. We ask the
seller to make payments as before so that for seller participation t < t, a payment is made by the seller provided ¥; > 0
and the upper bound on payments was not already met in relation to buyer participation at date ty. If t > t, then the
payment is made at date t. Total payments by the seller must be chosen so that the expected additional payments of the
seller participating at each date t has NPV no greater than the expected payoff from the participation in Mf- Again, take
these payments to be as early as possible, subject to the bounds on payments by the seller. Proceeding in this way, using
R >0, it is possible to construct a sequence of budget-balanced mechanisms in which, at each date t, the “worst” types of
buyer and seller, i.e. v, and ¢;, are willing to participate. Then we can take the efficient dynamic mechanism p to be given
by the defined payments. (Here, we may view agents as being compelled to participate after their first participation in the
mechanism, although such continued participation is by construction incentive compatible.)

It remains to check that payments remain bounded. An upper bound on the seller’s additional payments to a buyer

participating at date t due to the seller’s participation before date f is %)(L\ff}, since with this payment the buyer then

expects to receive at least Hg (f) |\Il; , the largest expected loss from participating in ;L?. An upper bound on the seller’s
Hp ()Y

() ’
above. Because payoff types are bounded, the sequence (W), is bounded, so it is easy to see that the additional payments
remain bounded. Because the payments in the mechanisms /Lf, s > 1, are also bounded, we conclude that the mechanism

/0 defined in the previous paragraph satisfies BT. O

payment to a buyer participating at date t due to the seller’s participation at a date t after date f is as mentioned
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