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Abstract

Should a buyer approach sellers of complementary goodsniefd or unin-
formed of her private valuations, and if informed, in whi@gaence? In this paper,
we show that an informed buyer would start with the high-gadeller to minimize
future holdup. Informed (or careful) sequencing may, havehurt the buyer as
sellers “read” into it. The buyer may, therefore, commitgaarance, perhaps, by:
overloading herself with unrelated tasks; delegating #wpiencing decision; or let-
ting sellers self-schedule. Absent such commitment, we/shat ignorance is not
time-consistent for the buyer but it increases trade. Eideon land assembly sup-
ports our findings.

JEL Classifications: C70, D80, L23.
Keywords: informed sequencing, uninformed sequencing, procurenogm-
plements

1 Introduction

The procurement of complementary goods and services oftiledealing with inde-
pendent sellers. Examples include: a real estate devebyyeng up adjacent parcels
from different landowners; a lobbyist securing bipartisapport; and a vaccine manu-
facturer obtaining required antigens from patent holdersnany cases, the buyer needs
to deal with the sellers bilaterally — perhaps, convenindtipla sellers is infeasible, or
the sellers fear leaking business plans to the rivals. Givercomplementarity between

*Krasteva: Texas A&M University, Allen 3106, College StatjorX 77843, email: ssk8@tamu.edu.
Yildirim: Duke University, Box 90097, Durham, NC 27708, einiy12@duke.edu email2. This paper was
previously entitled “Information Acquisition and Strategequencing in Bilateral Trading: Is Ignorance
Bliss?” We thank Johannes Horner (Editor), two anonymeterees, and seminar participants at the Duke
Theory Lunch, NYU-Stern, Texas Theory Camp, UC-Berkele@;8an Diego, and University of Toronto
as well as those at various conferences for helpful comm@atiteemaining errors are ours.



them, careful sequencing of the sellers should, therebm@n important bargaining tool
for the buyet Complicating the buyer’s strategy, however, is her poédnthcertainty

about each deal’s individual worth in case she ends up psiatpanly one object. In
this paper, we explore the buyer’s incentive to resolve sudtertainty and its welfare
implications. Our main finding is that when approaching tbkess, ignorance may be
bliss for the buyer but it may also be time-inconsistent:kibiger would want the sellers
not to “read” into her sequence (claiming it is random), bueg their prices, she would
approach them informed.

To make our point, we construct a simple model that features lmuyer and two
sellers of complementary goods. The buyer’s joint valuattocommonly known while
her stand-alone valuations are private and initially unkmé The buyer can, however,
discover all her valuations at a cost prior to meeting with $kellers. In each meeting,
the seller offers a confidential price, which the buyer pgysnuacceptance. The buyer’s
meeting sequence as well as purchase history are publitvagrdue to the visibility of
such transactions.

Our analysis reveals that equilibrium prices trend upwdané:first seller charges no
higher and, ignoring the previous payment and targetingtie surplus from the com-
plementarity, the second seller charges no lower than t#relstlone value. To counter
the price surge and improve her bargaining position agdiriste holdup, an informed
buyer is likely to begin with the high value selfeifogether, the buyer’s sequencing and
the sellers’ price response to it determine the value ofrinédion for the buyer. For
moderate complements, we show that the value of informasiaegative in particular,
the price increase by the leading (high value) seller ogh&ithe benefit of informed
sequencing. Hence, even witb cost of acquiring information, the buyer would publicly
commit to being uninformed or ignorant so the sellers wowtiread into her sequence.
In practice, she might achieve such commitment to ignorégcél) overloading herself
with other — unrelated — tasks (Aghion and Tirole, 1997);d@egating the sequencing

IFor an interesting discussion and further applicationsegtiencing in bilateral trading, see Sebenius
(1996) and Wheeler (2005).

2In particular, the buyer’s stand-alone valuations arerasslito be more uncertain than her joint val-
uation. For instance, a developer may be less sure aboutititcess of a smaller shopping mall built on
a single parcel; a lobbyist may be more worried about passatfee legislation through only one-party
endorsement; or a vaccine manufacturer may be more uncatiaut the effectiveness of the vaccine that
uses only a subset of the required antigens.

3In fact, an informed buyer’s sequencing may be strict. Tlasoa is that the leading seller sometimes
offers a price discount to entice the low value buyer who isevexposed to future holdup.



decision to an uninformed third party; or (3) letting thdesed self-select into the meeting
schedule. For strong complements, the value of informasiquositive since the pricing

of the leading seller is now favorable to an informed buyaplying that the buyer would

commit to becoming informed even though she is unlikely uare a single item in this

case!

In many applications, the buyer may fail to commit to her mfation acquisition
strategy because it is unobservable to the selldrs particular, under unobservability,
the buyer is unable to influence sellers’ prices; thus, sheiees information too much
for moderate complements (when the pricing effect is negatind too little for strong
complements (when the pricing effect is positive). The wawbability of her information
acquisition clearly hurts the buyer, but it may improve abwielfare. Note that for com-
plements, efficiency requires a joint purchase of complaargrobjects, which exposes
the buyer to holdup. By strategic sequencing, an informgatbis able to mitigate this
problem and in turn, is more likely to purchase the bundle tha uninformed, implying
social value to informed sequencing.

We consider several other extensions pertaining to theabang protocol and infor-
mation structure. Most notably, we show that the buyer m&feprsequential procure-
ments to an auction, in which the sellers make simultanedus pffers. The reason is
that while eliminating the holdup problem through ex postthasing decisions, the auc-
tion encourages each seller (not just the last one in segliémtarget the buyer’s extra
surplus from complementarity. We also show that strateggmiencing substitutes other
sources of bargaining power: it is less valuable to a buyey ishmore likely to set the
prices. Last but not least, comparing various disclosugenes, we find that while so-
cially most desirable, price disclosure is the least preteby the buyer. This is because
being a continuous variable, price is a more precise sigialyer’s valuation than trade,
enabling the sellers to better coordinate their offers.

There is some evidence in favor of our findings for strateggugncing. In land as-
sembly, Fu et al. (2002), Cunningham (2013), and Brooks arid (2016) all estimate a
significant premium to assembled parcels, indicating sttt imperfect) complemen-
tarity among them. In particular, Cunningham (2013) fin@s tparcels toward the center

4The value of information is trivially zero for weak complentg (as would be the case for unrelated
goods) in our model and thus not the focus of our discussios he

St is conceivable that a developer can privately researhraitive uses of land parcels; or a lobbyist
can privately investigate the long-term political sigrafice of a democratic versus republican support for
its proposal.



of the development may command a larger premium than thoge adge, suggesting
that developers retain or are perceived to retain some midisigibility.”® Similarly, as
in our investigation, Fu et al. (2002) “identify patternstire sequencing of acquisition
among heterogeneous owners that reflect the trade-off adgpertunity cost of not as-
sembling the preferred set of sites vs. exposure to greatdrdut risk.” Given strong
complementarity in land assembly, our model also predi@duyer to be informed and
carefully sequence purchases from a high to low value parcel

Aside from papers mentioned above, our work relates to agmmigg literature on
one-to-many bargaining, where one central player bargaitisseveral others. This lit-
erature has mostly assumed complete information, so irghom acquisition is a non-
issue and in many settings, especially those involving Neslyaining, the buyer turns
out to be indifferent to the order of bilateral negotiatialespite the sellers’ heterogene-
ity; see, e.g., Horn and Wolinsky (1988), Cai (2000), Marg &maffer (2007), Moresi et
al. (2008), Krasteva and Yildirim (2012a), Goller and He\#015) and Xiao (2018).

Our work also relates to a large literature studying Coals&gaining with one-sided
private information, e.g., Fudenberg and Tirole (1983)aks/(1987), Gul and Sonnen-
schein (1988), Vincent (1989), Horner and Vieille (2068)¢d Hwang and Li (2017 As
in our model, this literature commonly assumes that offeesnaade by the uninformed
party. Most of this literature, however, considers bargjrover a single good and fo-
cuses on inefficiencies stemming from delay in reaching aeesgent. In contrast, we
focus on multiple complementary deals, in which not only boger’s trade history but
also her sequencing can signal her private valuations. d¥erewe endogenize informa-
tion decision for the buyer. Interestingly, we show thathbger might choose to remain
uninformed even with no co$t.

The strategic value of being uninformed has also been itetida other contexts. For
instance, Carrillo and Mariotti (2000) argue that a decisiwaker with time-inconsistent

SNotable architectural re-designs due to holdouts includeyws and Rockefeller Center in New York;
seeht t p: // unt appedci ti es. coni 2014/ 09/ 02/ 10.

“Applied to land assembly, our model assumes that whethecalps high or low value is private to the
buyer through her architectural design. When the desiguffcntly public, however, careful sequencing
may also be due to estimated values of parcels; see Secfidor® formal analysis.

8For an overview of the literature, see Ausubel et al. (2002).

9Krasteva and Yildirim (2012b) consider a similar settingtie present one but rule out ex ante infor-
mation acquisition (hence the signaling and strategicrignce issues) and explore, instead, the optimal
sequencing of the sellers with ex ante heterogenous bamggowers — i.e., the probability of making the
offer.



preferences may choose to remain ignorant of the state tootdmure consumption. In
a principal-agent framework, Riordan (1990), Cremer (398&watripont and Maskin
(1995) and Taylor and Yildirim (2011), among others, shoat #tn uninformed principal
may better motivate an agent while Kessler (1998) makesitasipoint for the agent who
may stay ignorant to obtain a more favorable contract. Rssha this vein, papers closest
in spirit to ours are those that incorporate signaling. Agtirem, Kaya (2010) examines
a repeated contracting model without commitment and findstte principal may delay
information acquisition to avoid costly signaling througtntracts. In a duopoly setting
with role choice, Mailath (1993) and Daughety and Reingar{i894) show that the
choice of production period (as well as production levelyrhave signaling value and
dampen incentives to acquire information. The issue ofadigg in our setting is very
different from these models, and the value of informatiaticaily depends on the prior
belief in a non-monotonic way.

The rest of the paper is organized as follows. The next sestts up the base model,
followed by the equilibrium characterization with exogesanformation in Section 3.
Section 4 endogenizes information. We explore severaheiias and variations in Sec-
tion 5 and the case of substitutes in Section 6. Section 7ledes. The proofs of formal
results are relegated to an appendix.

2 Base model

A risk-neutral buyer#) aims to purchase two complementary goods such as adjaceht |
parcels from two risk-neutral sellers; (i = 1, 2). It is commonly known that the buyer’s
joint value is1, while her stand-alone value for goodv;, is an independent draw from
a nondegenerate Bernoulli distributihPr{v; = 0} = ¢ € (0,1) andPr{v; = 1} =
1 — ¢q. We say that ag increases, goods become stronger complements for the. bayer
particular, with probability;?> goods are believed to be perfect complements. The outside
option of each player is normalized ®o

The buyer meets with the sellers only once and in the sequaiines choices; — s,
or s, — s1. Refer to Figure 1. Prior to the meetings, the buyer publiggides whether

OFor expositional purposes, we take € {0, %} throughout, but our results, especially that on the
negative value of information, would generalizestos {vy,, vy} whered < vy, < vy < %; see Appendix
B.



Observing the purchase
s; confidentially ~history, s; confidentially
Buyer () publicly decides offersp;; b privately offersp;; b privately
whether to pay: to b publicly chooses learnsu; (if uninformed) learnsy; (if uninformed)

privately learnv; andv,. the sequence; — s;  and accepts/rejecis.  and accepts/rejecis.

Figure 1: Timing and Information Structure

or not to discover her private valuesanduv, by paying a fixed cost > 0.1 In each meet-
ing, the buyer receives a confidential price offeand if previously uninformed, privately
learnsy; at no extra cost during this meeting — perhaps, through fresudtation with the
seller. The offer is “exploding” in that it compels a purcimgsdecision without visit-
ing the next seller. Exploding offers, also known as bindtagh offers in the literature,
are ubiquitous in labor and real estate markets (e.g., Needed Roth, 2009; Lippman
and Mamer, 2012). We assume that the buyer’s sequence aastedlr purchase history
are public. Our solution concept is “symmetric” perfect Bayan equilibrium, which we
discuss in the next section.

More on the model. Our base model is designed to identify sequencing as theieniq
source of signaling and bargaining power for the buyer. ®ehd, the buyer is assumed
to make informed purchasing decisions, so her ex ante irgtom acquisition matters
only for sequencing of the sellet$.The buyer is also assumed to commit to informa-
tion acquisition. This helps focus the baseline analyst establish a benchmark for
an extension to noncommitment in Section 5.1. It is alsorasslithat the sellers are ex
ante identical. This renders sequencing inconsequentiarf uninformed buyer, which
we briefly relax in Section 5.7. Finally, we restrict att@mtito one-time bilateral inter-
actions; see Horner and Vieille (2009) for a similar resion. This greatly simplifies
the analysis with multiple sellers and is reasonable if tingeb has a limited time to un-
dertake the project. In addition to those mentioned, weidenseveral other extensions
pertaining to information structure and bargaining protae Section 5.

We begin our analysis with an exogenous information strecuad then determine the
value of being informed for the buyer. Without loss of gefigrave re-label the sellers

perhaps, the buyer retains a renowned expert. We rule o4t0 in the analysis to avoid trivial
equilibrium multiplicity when the value of information ixactly zero, though some of our key results will
hold even forc = 0.

2We elaborate on the possibility of uninformed purchasehértext section. It is, however, readily
verified that with commonly known stand-alone valuesandwv., the buyer would receive a payoff of
regardless of the sellers’ heterogeneity or sequence tgi@and Yildirim, 2012a).
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so that seller 1 refers to the first or leading seller in theisage unless stated otherwise.

3 Informed vs. uninformed sequencing

Suppose that it is commonly known whether the buyer seqeenéarmed () or unin-
formed (V). As alluded to above, given ex ante identical sellers, seqing is inconse-
quential for an uninformed buyer. For an informed buyerg{ét;, v_;) be the probability
that the first (-place) seller has stand-alone valueTo ease our analysis, we restrict
attention to “symmetric” equilibria: sellers’ strategi@spend only on the sequence, and
the buyer treats equal sellers equally, i&(v,v) = % which reduces her sequencing
decision to choosin@l(%, 0).1® Moreover, note that under complements, a joint purchase
is (socially) efficient. Thus, we break indifferences indawf efficiency (i.e., buying
and selling more units) unless it is uniquely pinned downguikbrium. Leth € {0,1}
indicate the buyer’s trade history afyk, p;(h)) denote the corresponding pair of prices
wherez = I, U. Our first result shows that under weak complements, equuitibprices
do not respond to informed sequencing.

Lemma 1 Supposg < 1. In equilibrium,(a) (p7,p3(h)) = (3, 3) for all z andh, and
(b) the buyer purchases the bundle with certainty.

If goods were independent, i.e.= 0, each seller would post his monopoly price of
%, inducing a joint purchase irrespective of the buyer’sinfation. Lemma 1 implies that
the same applies to weak complements; % Lemma 1 is, however, uninteresting for
our purposes as it trivially rules out information acquasit Proposition 1 characterizes
the equilibrium forg > % which is also the focus of our ensuing analy$is.

Proposition 1 Suppose > 1. In the unique equilibriumyy (h = 0) = pi(h = 0) = 3.
Moreover, we have the following

13As with most signaling games, there is a trivial equilibriimwhich the buyer ignores her private
information when sequencing and has no incentive to acquioemation as a result. Such equilibrium
involves picking a “favorite” seller to visit first and theles’ offering their uninformed prices, with an
off-equilibrium belief that switching the sequence implig high value for the first good, which, in turn,
engenders a price pa@, %) and no deviation surplus to the buyer. By having the buyeit gqual sellers
equally, we eliminate such trivial equilibria, and focusstead, on those that are responsive to information.

14The uniqueness obtains after we break the equilibrium priaéiplicity at ¢ = \/% in favor of an
efficient trade.



(a) prices for an uninformed buyer:

=4 with prob. % 1 withprob. 1—g¢
V= andpy(h=1) =
1 with prob. QqT‘l 1 with prob. ¢,
(b) prices for an informed buyer: p{ = pj(h = 1) = ; and#,(3,0) > 1 for ¢ < %;
and
1= with prob. 1;2‘12 1 with prob. 1— ¢
p = andpy(h =1) =

[\
Q
N
|
—
—_

1 with prob. with prob. ¢,

2

andé,(3,0) = 1for ¢ > -, and

(c) demand: A buyer withv; = 0 accepts only the low; but all p3(h = 1) whereas a
buyer withu, = 3 accepts alp7 but only the lowp;(h = 1).

To understand the equilibrium characterization in Prajpmsil, consider first an un-
informed buyer. Working backwards, notice that upon ohisgra prior purchase (and
ignoring its payment), the second seller optimally chardesbuyer’s marginal value
from the bundlel — vy, which is either% or 1.% In equilibrium, he must mix between
these two prices and hold a posterior belief such fhat Pr{v, = 0|h = 1} = 1.
Otherwise, a sure price dfwould strictly discourage a low value buyer, (= 0) from
acquiring the first good, inducing = 0 and leading the second seller to reduce his price
to % whereas a sure price éfwould guarantee the sale of the first good, leaving- ¢
and encouraging the second seller to raise his pridegiwen thatg > % Lets € (0,1)
be the probability that the second seller chargdmplying an expected payment bf—§
for the second object. Anticipating this, the first sellell either set a price og and se-
cure a sale or set a price éfand target only the high value buyer (= %). Note that
the first seller must also mix between his two options in otdemgendef; = %.16 Let
v € (0,1) be the probability that the first seller offegs Together, we must have that

15Sincel — v; > v, by complementarity, conditional on a prior purchase, theosd seller’s pricing
depends only ot — v; and in turn, on his posterior belief abayt

180therwise, a sure price (ﬁ‘ or % by the first seller would induce a posterior beligf= ¢ > % or
¢1 = 0, respectively, yielding a contradiction.



5 = (1 —q)(3) by the first seller's mixing, and;, = ~1=, by Bayesian updating,

whichresulting =1 — g andy = % establishing part (a).

Inspecting part (a), itis intuitive that seller 2 mixes awbog to the prior belief about
the first good and stochastically increases his price wighpitobability of a low value
buyer,q. Clearly, a low value buyer demands the first good in the hdpaying less than
the full surplus for the second. In equilibrium, such a bugrpects to pay}? for the
second good and is therefore willing to p%gyi for the first, which is exactly what sellér
might offer. Asq increases, selldrdrops this discount price to (partially) subsidize a low
value buyer for the future holdup, but interestingly he alsops the frequency‘,;—q, of
this enticing offer so that his subsidy is not captured biesel'’ The uninformed prices
in part (a) also explain the equilibrium demand in part (clowa value buyer purchases
the first good only at the discount price, upon which she prdsdo purchase the second
with certainty, while the opposite is true for a high valugéu

Note that uninformed prices trend upward: the first sell@rgbs no higher and the
second seller charges no lower than the stand-alone valeace;to generate surplus,
an informed buyer is more likely to sequence the sellers finagh to low value. If this
sequencing is strict, nameb}{(%,o) = 1, then the informed buyer has low value for
the first good only in the case of perfect complements, oowynvith probability ¢2.
Substituting this posterior for the prigrin the uninformed prices yields informed prices
in part (b) so long ag > % That is, an informed buyer begins with the high value
seller if goods are “strong” complemerfsFor “moderate” complement§,< qg < %
the informed buyer might mix over the sequence although duising prices, she is still
strictly more likely to begin with the high value sellé,(1,0) € (3,1]. Such mixing
over the sequence requires equal prices, which can only%né‘?at

From Proposition 1, we can determine the buyer’s payoff aeatify the two key

Indeed, with probabilityleqq =1 — ¢, a low value buyer«; = 0) acquires both goods but ends up

with a loss ofl%q, illustrating the holdup problem.

18To emphasize, the source of buyer’s strict sequencing frigh to low value in our model is the
discount price offered by the first seller. As explained ahdhe first seller offers the discount because,
upon the first purchase, the buyer’s marginal value for tloerse good isl — vy, which is negatively
correlated withv;. That is, a lower value buyer of the first good has a higheesitakbtaining the second.
Since this creates the potential for the future holdup, tis¢ $eller offers a partial subsidy to entice a low
value buyer.

191n Proposition 1, the reader may notice discontinuitiehiméxpected equilibrium prices @i= % and
% for uninformed and informed buyers, respectively. As stidagd clear from Proposition Al(b) and the
proof of Proposition 1, however, those discontinuitiesdare solely to our equilibrium selection in favor of
social efficiency when there is a trivial equilibrium muligity.



effects of being informed: sequencing and pricing. Redwlt the first seller offers the
discount price to entice a low value buyer, leaving her withempected surplus. This
means that despite a joint purchase, a low value buyer irlass if she receives a high
price from the second seller. Such holdup does not apply iglavalue buyer because
she can opt to purchase only the first good. Corollary 1 rectd useful observation
about the payoffs.

Corollary 1 A low value buyer of the first good,(= 0) obtains an expected payoff ©f
while a high value buyenf = %) obtains a positive expected payoff equal to her expected
payoff from the first purchase.

From Proposition 1 and Corollary 1, the expected payoff otiamformed buyer is
found to be

BY(q) = (1—q)1q;‘-’ G_%)

(1—¢q)? . 1
Sl VTS 1
5 ifa> g 1)

wherel — ¢ is the probability that, = % and% is the probability of the discount price,
%, by the first seller. For strong complements, the expectgdfpaf an informed buyer
is analogously found by replacing— ¢ in (1) with 1 — ¢ — the probability that, = %
under strategic sequencing. For moderate complementsxfieeted informed payoff is
zero since the first seller targets the high value buyer;éenc

S
V
Sl

B'(q) = (2)
0 if % <q< %

To identify the two effects of being informed, we also congatcounterfactual payoff

for the buyer in which she sequences informed but the sedlersnonstrategic” in that

they keep their uninformed prices. Substituting the pratghbl — ¢ for 1 — ¢ in the first

term of (1), we find the expected informed payoff with nonsigé sellers:

=000, L @)

Evidently,FI(q) > BY(q), implying apositive sequencing effecf being informed:
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given uninformed prices, the buyer strictly benefits frore #bility to match a high

value good with a low price seller. MoreoveB!(q) < B'(q) for 3 <4< 5 and
Bl(q) > Fl(q) for ¢ > %; so thepricing effectof being informed ishegativefor mod-

erate complements ampasitivefor strong complements. As indicated by Corollary 1, the
direction of the pricing effect depends on the first sellastdNfrom Proposition 1 that the
first seller offers an expected price Hto an uninformed buyer while he offers a higher
price of% for moderate complements and a lower expected pricfé é&dr strong com-
plements to an informed buyer. Intuitively, informed seagiag increases the probability
that the first seller faces a high value buyer. For moderatgtements, this probability
is significant enough that the second seller chooses a lave,pruling out the holdup
and in turn, inducing aggressive pricing by the first sellr strong complements, the
probability of a high value buyer is less significant and tthes second seller also puts
weight on the full — surplus extracting — price of 1, leadihg first seller to decrease his
average price for a low value buyer. An interesting implmabf the pricing effect is that
for strong complements, an informed buyer prefgrategicsellers who read into her se-
guencing to those who do not while for moderate complemshts prefers nonstrategic
sellers?°

4 Information acquisition

Equilibrium information acquisition. By definition, the buyer’s value of information is
the difference between her informed and uninformed paydffs;) = B/(q) — BY(q).
Using (1) and (2), we have
1—a)2(g2 12 .
w if q> %
A(g) = (4)

(1—¢) i 1

N[
IN

Eq.(4) implies that for moderate complements, the buyetristly worse off being

201t is also worth noting that to isolate the value of informedjgencing from the value of informed
trade, we have assumed that even an uninformed buyer pyiledensy; before purchasing goadperhaps
through free consultation. If, on the contrary, an uninfechbuyer also made uninformed trades, then the
first seller would extract all her (expected) surplus, iB/U = 0. Clearly,BY — BUYY > 0, so the value
of informed trade is positive. The effect of informed seqeaieg, B’ — BY, would, however, remain since
BT — BYYV = 0 for moderate complements, aid — BYY > BY — BYU for strong complements.

11



informed! As discussed above, informed sequencing catedgst seller to set the high
price in this case, leaving no surplus to the buyer. Put iffdy, for moderate comple-
ments, the negative pricing effect of being informed dort@adhe positive sequencing
effect. For strong complements, both effects are positivesa is the value of informa-
tion, which the buyer weighs against the cost of information

Proposition 2 If goods are strong complemenis;> % and the information cost is low
enoughc < A(q), then the buyer optimally acquires information. If, on thkey hand,
goods are moderate complemen%s,< q< % she optimally stays uninformed.

Hence, the buyer prefers informed sequencing if and onlpdds are strong com-
plements and the information cost is low. Otherwise, eveh wo information cost, the
buyer prefers to sequence uninformed. The buyer can cyeddbhain uninformed by:
(1) significantly raising her own cost, perhaps through lmagting with multiple tasks
(Aghion and Tirole, 1997); (2) delegating her sequencirggien to an uninformed third
party; or (3) letting the sellers self-sequence.

Note that if the sellers were nonstrategic, the value ofrmfttion would be positive
forall ¢ > % To see this, we subtract (1) from (3):

(1—-9)%

5 ()

A(q)

Interestingly,A(q) < A(q) for g > % That is, for strong complements, the buyer has a
greater incentive to be informed when the sellers are gfiatand read into her sequence,
which simply follows from the positive pricing effect idefntd above.

The buyer’s equilibrium information strategy, howeveruigikely to be (socially)
efficient, which we demonstrate next.

Efficient information acquisition. Suppose that a social planner who maximizes the
expected welfare can publicly instruct the buyer whethemairto acquire information.
Consider an uninformed buyer. From Proposition 1, ignotitggcost of information, the
expected welfare defined as the expected total surplus ipwiath to be

29 — 1

WY q) = ¢ %(1) + (1- Q)(%)} +(1—q) {CJ(%) + (1 —=¢)(1)

= J0-0@B+a)

12



Similarly, the expected welfare under an informed buyé#i¥q) = (1 — ¢*)(4 — ¢?)

if ¢ > % andiW!(q) = 1if ¢ € (3, %] since in the latter case, the bundle is purchased

with certainty. Hence, the social value of informatiomN¥ (¢) = W(q) — WY(q) or

Alg)+5L if ¢> %
A% (q) = (6)

2 _ .
g +2g—1 if

1 1
2 3 <4< 5

Comparing (6) with (4), we readily conclude:

Proposition 3 The social value of information is positive and exceedsritafe value to
the buyer; i.e. A" (¢) > 0 andA" (¢) > A(q). Hence, the buyer’s optimal information
acquisition is less than efficientdfe (A(q), A% (q)).

Given the complementarity, welfare is maximized by a joafesand informed se-
quencing helps with this objecti¥e- either by raising the first seller’s price for moderate
complements or by reducing the risk of holdup for strong clements. Since the buyer
does not internalize the positive effect of her informati@eision on total surplus, how-
ever, she acquires it less often than is efficient.

Armed with the baseline analysis, we now consider sevetahsions and variations
related to the information structure and bargaining protto¢n doing so, we show the
robustness of our key results, though new insights alsogemer

5 Extensions and Variations

We begin with highlighting a commitment issue in acquiringprmation and then exam-
ine the buyer’s choice between sequential procurementadetion.

2From Proposition 1, it can be verified that whereas an uninéat buyer purchases the bundle with
probability:
1—
o=+ 10— =(1-q)2-0),
an informed buyer purchases the bundle with probabhilftyr moderate complements, and with probability
(1 — ¢%)(2 — ¢?) for strong complements.
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5.1 Unobservable information acquisition

In the base model, the buyer can commit to visiting the sellgiormed or uninformed.
This is reasonable if the buyer can publicly hire an expeddcertain the values of the
objects. It is, however, possible that her hiring decis®mimobservable to the sellers,
creating a potential commitment problem. To fix ideas, abersthe case of moderate
complements for which the buyer would commit to sequencimigformed. If the sellers
believed this to be the buyer’s strategy, they would offeirtbninformed prices, yielding
a positive value of information)(¢) found in (5). That is, while being optimal under
commitment, remaining ignorant is not time-consistentti@rbuyer. In the case of strong
complements, the value of informatiof,(q), is positive so information acquisition is
likely when unobservable, too. It is, however, less likeiart under commitment as
Proposition 4 shows. In its statement, {&tbe the buyer's equilibrium probability of
being informed before meeting with the sellers.

Proposition 4 When unobservable to the sellers, the buyer acquires irghom more
(resp. less) frequently than she would under commitmeninfmderate (resp. strong)
complements. Formally,

(@) if 1 <q< % andc < A(q), then in the unique equilibrium, the buyer acquires

information with probabilityy* = Z;fljlq) € (0,1), and the sellers set prices:
g 1 withprob. "
pi = 5 andps(h = 1) =

—_

with prob. 1 — g*
* 2c .
whereg* =1 — -
(b) if ¢ > % andc € ((1+ q)A(q), A(q)), then in the unique equilibrium, the buyer
remains uninformedy* = 0, and the sellers set their uninformed prices in Propo-
sition 1(a).

Proposition 4 follows because when information acquisitsounobservable, the buyer
does not internalize the pricing effect of being informedjat, as identified in Section 3,
is negative for moderate complements and positive for gtommplement$? Therefore,

22|n Proposition 4, we present only those formal results thatgly contrast with the case of commitment
above. The conclusions, however, hold more generally strisgeadily verified thaty* is nonincreasing
inc.
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compared to the case of commitment, the buyer attaches arhiglue to being informed
for moderate complements and a lower value to being inforfoestrong complements.
As mentioned above, the buyer would want to sequence therselt moderate comple-
ments uninformed but this is not credible giver: A(q). She would not sequence them
informed either, because the (commitment) value of infaioma A(q), is negative in
this region, explaining the strict mixing in informationcagsition in part (a). For strong
complements, the buyer’s incentive is reversed: she woald W sequence the sellers
informed wherne < A(q), but she also wants to save on the information cost, regutin
equilibrium ignorance when information is sufficiently tdgs

It is intuitive that by restricting her ability to commit,¢runobservability of informa-
tion acquisition cannot make the buyer better off than hemre@ment strategy. In fact,
by strictly deviating from her commitment strategy, the &uig strictly worse off under
the parameter conditions in parts (a) and (b). Such a suhapbehavior by the buyer,
however, improves the welfare for moderate complementsbp@waging informed se-
guencing. To see this, note that given the equilibrium gringart (a), a low value buyer
for the first good will always make a joint purchase whereagyh tialue buyer will not
purchase the second good if its price turns out to be highrefbwe, the expected total
surplus for moderate complements is:

* * * 1
Wia) = () + 1 =g)[F(1)+ (1 =5 ()]
_ 1.
q
and giverc < A(q) andW!(q) = 1, itis readily verified that?V*(¢) € (WY (q), W(q)).
For strong complements, the unobservability of informatiequisition hurts the welfare
since private and social incentives for informed sequendiwerge further in this case.

5.2 Sequential procurement vs. auction

In the base model, the buyer also visits sellers sequentiaHis is natural if the buyer

has a capacity or privacy concern to deal with both sellerigsefst such concerns, the
buyer could alternatively hold an auction in which she reegisimultaneous price offers
from the sellers and decides on her purchases after beioigrietl of all prices and valua-
tions. The obvious advantage of an auction over sequembalpement is that the buyer
avoids the holdup problem and will incur no ex post loss. tteptial disadvantage is
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that having no sequence, both sellers are likely to targebtlyer’s extra surplus from
complementarity® Therefore, in the auction, the sellers essentially playrautaneous
game of price coordination. Focusing on symmetric equdilof this game, Lemma 2
offers a characterizatioff.

Lemma 2 In the auction, there is a unique symmetric-price equilibm p* = % for
q € (3, 2(v/2 —1)). For g > 2(v/2 — 1), there is also a continuum of symmetric mixed-
strategy equilibria, where

ﬁ with prob. 7

1 .
Tim with prob. 1 —n

2_ 2_
andn € |3 — V(q;j) S iy V(q;? °l.

The multiplicity of equilibria in the auction is not surpirg given the coordination
game. In equilibrium, low and high prices sum to the jointsadion of 1, so the buyer
obtains a positive surplus by purchasing the bundle or ogk talue object at a low
price in a mixed strategy equilibrium. In particular, theybuenjoys no surplus in a
pure strategy equilibrium but receives the following expdgayoff in a mixed-strategy
equilibrium:

BYq,n) = 7 (1 - 27 anq) +2n(1—n)(1—q) (1 - ) (7)

2 1+nq
L —nq
= 1—(1— .
n1+nq[ (1 —=n)q]

To understand the buyer’s choice between sequential prownt and auction, con-
sider first an uninformed buyer. Recall from (1) that an uminfed buyer has a strictly
positive expected payoff3V (¢), under sequential procurement, which clearly dominates
the auction ifp/* = % is anticipated in equilibrium. If, however, a mixed strateguilib-
rium withn = % is anticipated, the buyer is strictly better off conductargauction since
BY(q) < B4(q, 3). The next proposition collects these observations.

23That disadvantage is absent for substitute goods, whichrieyoconsider in Section 6.
24The focus on symmetric-price equilibria here is not onlytfactability but also for removing additional
signaling due to asymmetric prices in the auction.
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Proposition 5 (Uninformed buyer) For all ¢ > 1, there is an equilibrium in which an

2’
uninformed buyer chooses sequential procurement over aticaew This equilibrium is
unique ifg € (3,2(V2 — 1)); otherwise, there is also an equilibrium in which she holds

an auction.

For an informed buyer, the choice between sequential peoteint and auction be-
comes an additional source of signaling. Depending on thednfilibrium beliefs, such
signaling may leak too much information and leave the buyi#ir mo surplus. There are,
however, equilibria in which the buyer receives a positiaggif when goods are strong
complements, as the following result shows.

Proposition 6 (Informed buyer) (a) For all ¢ > % there is an equilibrium in which
an informed buyer receives payoff. One such equilibrium is that the buyer conducts
sequential procurement unless goods are perfect complsmien,v; = vy = 0; (b)

an equilibrium with a positive payoff for an informed buyeists if and only ifg >

%. In such an equilibrium, the buyer strictly chooses segaéptocurement forg €
(%, 2(v/2 — 1)) unless goods are perfect complements. For 2(1/2 — 1), the auction

can also be supported as an equilibrium choice.

Intuitively, if an informed buyer is expected to perform geqtial procurement only
when she has a high value for at least one object, given heniive to begin with a
high value seller, both sellers would charge a pric%,déaving no surplus to the buyer
while inducing a joint purchase. The informed buyer als@ngzs no surplus in the auc-
tion because anticipating a bid for perfect complementsstilers again charg‘éein the
symmetric equilibrium. Being indifferent between the twechanisms, the buyer has no
strict incentive to deviate from her strategy, explainiagtiga). This clearly demonstrates
how an informed buyer can be hurt by strategically choodimgrmhechanism since she
could guarantee herself a positive paydff,(q), for ¢ > % by committing to sequential
procurement at the outset. That is, with the strategic éofche mechanism, the value

of information can be negative for ajl > 1 — not just for < ¢ < % as in the base

2
model. Nevertheless, part (b) says that there is also afilegun with a positive payoff
for an informed buyer. Despite the equilibrium multiphigiPropositions 5 and 6 indicate
that sequential procurement can emerge as an equilibriuchanéesm, as assumed in the

base model.
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Remark 1 Proposition 5 implies that sequential procurement can asterge in equi-

librium if the buyer commits to a procurement mechanismfanmed but has the option
to acquire information before approaching the sellers. Tégson is that the buyer can
choose to stay uninformed in sequential procurement.

5.3 Seller's vs. buyer's market

To identify strategic sequencing as a source of bargainavgep for the buyer, we have
also assumed in the base model that sellers make the prems efi.e., each operates in
a seller's market. We predict that the buyer will value seqirg less if she expects a
buyer's market. To confirm, let; € {s;,b} denote the state of markgtwhich favors
either seller or the buyer as the price-setter. We assume that selleedglienow their
respective market conditions but the buyer needs to find°o@pecifically, the buyer

is assumed to learm; andm, at an interim stage between information acquisition and
meeting with the seller€. Letting Pr(m1, m2) be the joint probability distribution over
the states of the markets, the following proposition shdved the buyer discounts the
value of information by the likelihood of facing a seller'sanket in each meeting.

Proposition 7 In the setting just described, the value of information @ Iblyer is
Zm(Q) = Pr(s1,52)A(q).

Intuitively, if both markets turn in the buyer’s favor, tleeis no value to informed
sequencing because the buyer, informed or uninformed;sodf@rice ofd to each seller
and secures the highest payoffiofinterestingly, the buyer’s informed and uninformed
payoffs are also equal, though rigteven if only one market turns in her favor. With a
mix of markets, the fact that a purchase is always made inufierts market (at the price
of 0) implies that the buyer would face the same holdup problethénseller’s market
regardless of her sequencing. Given this, it is optimal foirdormed buyer to ignore
her private information and always begin with the buyerskegain order to mitigate

2%In the real estate market, the buyer can discover the madketition from the stock of listings or
expert opinions.

2Though convenient, this timing of events is not crucial. ©anclusion in Proposition 7 would not
change if the buyer learned, andms before her information decision.
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future holdup?” Hence, the buyer cares about informed sequencing to thetekt she
anticipatesall sellers’ markets, as assumed in the base model. Put diffgrdre buyer
views strategic sequencing as a substitute to other soofdeargaining power — i.e.,
strategic sequencing is most valuable to the buyer withahstlbargaining power.

5.4 Transparency

Our base model is also well-suited to address the issue mdgeaency about trade and
price histories. Recall that the second seller observedke but not the price history,
which can serve as an additional signal of buyer’s valuaimhin turn, impact her payoff.
To this end, we consider three other disclosure regimesenbath price and trade, only
the price, or none can be disclosédlhe next proposition determines the buyer’s payoff
in each, leaving equilibrium details to the appendix.

Proposition 8 Suppose; > % If price history is disclosed, then both informed and
uninformed buyers receive an equilibrium payoffpfirrespective of trade disclosure
If neither price nor trade history is disclosed, then theonmied and uninformed buyers

receive equilibrium payoffg’(¢) and ;%ZBU (q), respectively.

Proposition 8 is best understood in conjunction with theeb@®del. Consider an
uninformed buyer. From Proposition 1, suppose that thedeler ends up offering his
discount pricep{ < % which is accepted by both high and low value buyers. When
the second seller observgs, however, this is no longer an equilibrium: given the prior
q > % and ignoring the past payment, the second seller would tbeths full price of
1, discouraging a low value buyer from purchasing the firshigend in turn, encouraging
the first seller to target only the high value buyer. Indeedslzown in the proof, both
sellers offer% under price disclosure, leaving no surplus to the béydihe same is also
true for an informed buyer because of her incentive to bedgfim avhigh value item.

When neither price nor trade history is disclosed, the wmméd buyer fares better
than the base model. The reason is that unable to observeatteetistory, the second
seller is more reliant on his priog, > % and therefore, more likely to offer the holdup

2"That is, sequential procurement would essentially turo @mtone-market problem where the seller
makes the offer to a buyer with a privately known outsideanti or %

28Given our focus on informed sequencing, we do not considadisclosure of the sequence in this
paper; see Krasteva and Yildirim (2012a) for such a conaté®rin a complete information framework.

29Sequencing is also immaterial in this case.
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price of 1, which induces the first seller to increase the frequencyiotliscount price —
the only source of buyer’s surpld$ An informed buyer does not, however, benefit from
nondisclosure of trade since her sequencing reveals erahglt it in equilibrium.

Comparing the four disclosure regimes regarding trade aicd pistories, it follows
that irrespective of trade disclosure, price disclosuvesiakly socially optimal as it elimi-
nates the holdup probleh It is, however, the least preferred by the buyer: an uninéam
buyer strictly prefers no disclosure whereas an informgebweakly prefers trade only
(as in the base model) or no disclosure regimes. Roughhkspgabeing a continuous
variable, price is a more precise signal of buyer’s valustian trade, allowing the sellers
to better coordinate their offers to extract her surplus.

5.5 Correlated values

Our base model can also be easily extended to capture {@sitrrelation between the
stand-alone value¥. For instance, a developer who is unable to acquire the delsinel
parcels for a shopping mall may appraise each similarly femaller project. Here we
show that correlation reduces the incentive for informeplisacing. To this end, consider
the following joint distribution of stand-alone values:

Pr(vy,vq) 0 %
0 ¢ +rq(l—q) (1—=7)g(1—q)
(I=r)g(1—q) | (1—=q)*+7rq(l—q)

N[

wherer € [0, 1] denotes the correlation coefficient, with= 0 and1 referring to the base
model and ex post homogenous goods, respectively.

The equilibrium characterization with correlation clogselimics Proposition 1 (see
Proposition A3). In particular, the expected uninformeyagdtin (1) remains intact since,
as in the base model, the buyer’s equilibrium payoff depemdthe first deal. The ex-
pected informed payoff in (2) is, however, slightly modifiegreplacing the posteriaf

30From Proposition 1(a), it is clear that in the base modelst#wnd seller offers an uninformed price of
1 with an ex ante probability df(1 — ¢)q whereas, as shown in the proof of Propaosition 8, this prditabi
remainsg under a no disclosure regime.

31As mentioned above, under price disclosure, both selldes éf This maximizes the trade, but inter-
estingly, it does not ensure a joint purchase in equilibridfrit did, given the first seller’'s price and his
prior g > % the second seller would charge the full pricelpfnducing no purchase of the first item by a
low value buyer.

32The argument for negatively correlated goods is analogous.
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with Pr(0,0):

L=PrOOF it g > q(r)

B (g;r) = (®)
0 if 5<q¢=<7q(r)

whereg(r) > 5 uniquely solver(0,0) = 5 such thag'(r) < 0,7(0) = 75, andg(1) =

%. By subtracting (1) from (8), we obtain the value of informatunder correlation:
[1—Pr(0,0)2}2—(1—q)2 if g > g(r)
AC(gir) = (9)

Ui L<g<q(n).

As expectedA%(¢;0) = A(g). Moreover,A%(g;1) = 0. This makes sense because
when goods are ex post homogeneous, the buyer’s ability tohm@aahigh value good
with a low price seller under informed sequencing is incoueatial. More generally,
informed sequencing becomes less consequential when goedsore correlated and
thus less heterogeneous: formally(¢; r) is strictly decreasing im for ¢ > g(r). It is,
however, worth noting that sinder(0, 0) is increasing in-, g'(r) < 0; that is, correla-
tion reduces the incentive to remain uninformed by incregaghe likelihood of perfect
complements.

5.6 Partial information

Another restriction in the base model is that informatioallsor-nothing: the buyer can
discover both valuations ex ante by paying a fixed cost. Iitaeginal cost of information
is significant, however, the buyer may choose to learn onky wuation. We argue
that the buyer is unlikely to gain from such “partial” infoation. Suppose that prior to
meeting with the sellers, the buyer privately discoverganl If she approaches seller
1 second, then she engenders the uninformed equilibriuntidedan Proposition 1 and
obtains a positive expected payoff for> % If, instead, the buyer approaches seller
first, she receives an expected payoffiafrespective ofv;. For a low value buyer, this
follows from Corollary 1. For a high value buyer, this follswecause sellémould infer
the buyer’s valuation from sequencing and charge a sure pfi; leaving no surplus to

the buyer. We therefore obtain Proposition 9.

Proposition 9 Suppose > % and that the buyer is privately informed @fonly. Then,
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she optimally sequences sellesecond and receives her uninformed payoff in (1).

Proposition 9 justifies our focus on all-or-nothing infotia. Intuitively, the buyer
cannot exploit partial information as it leaks through hequencing; to avoid this, the
buyer begins with the seller of the uncertain good, effetyicommitting to behaving
uninformed. This contrasts with a fully informed buyer waaequencing leaves a sig-
nificant probability that the first seller has a low value item

5.7 Exante heterogenous goods and uninformed sequencing

Assuming ex ante homogenous goods, our baseline analysietizsed exclusively on
the value of informed sequencing. Sequencing may, howevatter also for an unin-
formed buyer if goods are ex ante heterogenSuk see this, lef;, = Pr{v, = 0} be the
common prior on good. Settingy = 0 andg,(0) = g, Proposition Al in the appendix
readily reveals that by sequencing the sellgrs+ s;, an uninformed buyer receives the
expected payoff

0 if ¢ <

N[

U _
BY =

1-¢)®
Umalif g > L

As with the informed, an uninformed buyer is indifferent letsequence fay; <
¢ < 1 because the sellers charge the monopoly prickrefyardless. Fof < ¢; < ¢,
she optimally begins with the higher value seller — sellerid erder to reduce the future
holdup. Finally, trading off between receiving a monopalice from the first seller and
being held up by the second, for < % < @2, She optimally begins with the lower value
seller —seller 2.

5.8 Uncertain joint value

In the base model, we have also maintained that the buyerityalue is commonly
known. This fits well applications where the buyer has a lavgening project: e.g., a
vaccine company acquiring all the necessary antigens tagtee an effective vaccine

33As alluded to in the introduction, in land assembly, it isgibke that the developer’s plan is sufficiently
public and so are her likely appraisals of the parcels.

%Forg; = 3, we again select the efficient equilibrium here, which csponds to3 = 1 in Proposition
Al.
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or a lobbyist seeking bipartisan support that secures tdale legislation. In other
applications, the buyer’s joint value may be uncertain —east initially. For instance,
a developer may be initially unsure of the profitability ofemge shopping mall. To un-
derstand buyer’s incentive to acquire information in suabes, we examine a setting in
which the joint value is uncertaif? = 1 or V > 1 wherePr{V =V} = a € (0,1).
Stand-alone values are, however, equal and commonly knawa, v, = v € [0, %], SO
sequencing is immaterial. As in the base model, the buyepdaately discoven/ at

a cost prior to meeting with the sellers or wait until she raeeith both (so the second
purchase is always informed). Proposition 10 charactetize value of information in
this setting.

Proposition 10 Consider the setting with an uncertain joint value as ddseiabove. In
equilibrium, the buyer’s uninformed payoff %Y () = 0 whereas her informed payoff
and thus her value of information is

(V1) if < v+%_1
A'(a) = B (a) = La(V-1) if T <a< %‘_ﬁ’}
0 if a> L=t

An uninformed buyer receives no expected surplus becaisstaxed away by the first
seller. This means that an uninformed buyer may realizesadfisr the second purchase
if her joint value turns out to be low. To minimize such holdtipe buyer therefore has
an incentive to approach the sellers informed. An informetipase from the first seller,
however, leads the second seller to be more optimistic aobigh joint value and raise
price, fully extracting the buyer’s surplus when a high jomlue is sufficiently likely,
ie,a > %‘_1; Note that this parameter condition is more likely to bes$etil as goods
become stronger complements, i.e., a highieor a lowerv. Hence, contrasting with
the base model, we conclude that whereas informed seq@ewndih uncertain stand-
alone values reduces the potential holdup, an informedhagee with an uncertain joint
value exacerbates it. Moreovey; (o) andA(q) together imply that the buyer is likely to
discover her stand-alone values for strong complementfi@npbint value for moderate

complements.
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6 Substitutes

Sequential procurement and thus the issues of informatiguisition and sequencing
can also be pertinent to substitutes — e.g., parcels atlogations. We, however, argue
that with substitutes, sequential procurement is undasifar the buyer as it forecloses
competition between the sellers; instead, the buyer idylitehold an auction with si-
multaneous price offers. To make the point, let the buyerist jvalue bel (as in the base
model) but her stand-alone values be independently digéribsuch thabr{v; = 1} = ¢,
andPr{v; = %} = 1 — ¢,. Clearly, with probabilityq?, goods are perfect substitutes
whereas with probability1 — ¢,)?, they are independent. We assumqe> % so that
perfect substitutes are more likéfy.

Proposition 11 Consider substitute goods witfy > % Then, an uninformed buyer
strictly prefers auction to sequential procurement.

Proposition 11 is easily understood for (almost) perfetistitutes,g, ~ 1. Unsur-
prisingly, the auction engenders the most competitivegsrafO and in turn, the highest
expected payoff ofi for the buyer. In contrast, sequential procurement resalthe
monopolyprices ofl and yields the lowest payoff @f. The latter follows because with
no previous purchase, the last seller sets his monopolg prid anticipating this, so does
the first seller, leaving no surplus to the buyer. The buyetinoes to receive monopoly
prices under sequential procurement for imperfect sulsttq, > % but due to com-
petition, lower prices are likely in the auction. In parter) the proof of Proposition 11
establishes that there is no pure strategy equilibriumenatinction: the sellers trade off
pricing for perfect substitutes and pricing for indepertdenits.

7 Conclusion

In this paper, we have analyzed in some detail the value ofnmhtion in sequencing
complementary negotiations. Our baseline analysis hagupsal three main observa-
tions. First, an informed buyer optimally begins with thghnivalue seller to mitigate the
future holdup. Second, because of the sellers’ pricingaespto the sequence, the buyer

35The comparison is for an uninformed buyer because the auiistrategically equivalent to unin-
formed sequencing except that price offers are “nonexptptli.e., they do not require an immediate
purchasing decision.
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may be strictly worse off being informed; that is, ignoramcay be bliss. And third, the
buyer underinvests in information acquisition from a sbsiandpoint.

Extending the baseline analysis, we have also shown, amitrey things, that the
inefficiency in information acquisition may be lower whersitinobservable to the sellers,
and that despite creating a holdup problem, the buyer mdgmsequential procurements
of complementary objects to an auction mechanism. The negothe latter is that
without any sequence, the auction motivates each sellejysicthe last one in sequence)
to bid for the buyer’s extra surplus from complementaritye Wave further shown that
strategic sequencing is indeed a source of bargaining plmwvére buyer and substitutes
others: it is less valuable to a buyer who is more likely toteetprices. Last but not
least, we find that being a more precise signal of buyer'sigtiess to pay than trade,
price disclosure facilitates an efficient purchase but ihesleast preferred by the buyer.
Empirically testing our predictions would be an importaexnstep.
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Appendix A

In this appendix, we prove the formal results. As in the tesd,re-label the sellers so
that the sequence i3 — s, unless stated otherwise. For future reference, Propoditio
characterizes the equilibrium with the following infornwat structure: the buyer privately
knowsz € {I,U} but the sellers commonly believe that{z = I} = ¢ € [0,1].
Conditional on this information structure, let(¢) = Pr{v; = 0|¢} be the posterior
belief thats, is of low value3®

Proposition Al. In equilibrium,p,(h = 0) = £ and

(a) if ¢1(¢) < i, thenp, = po(h = 1) = 1 and the buyer purchases the bundle with
certainty;

with prob. s

N[ =

(b) if ¢1(¢) = 4, thenp, = § andpy(h =1) =
1 withprob. 1 -7

wheres > % The buyer purchases from with certainty ands, only if v; = 0 or
pa(h=1)=73;

(c) if ¢1(¢) > 3, then

1— . 1—
—%W with prob. —qf(lg)

P11 = andpg(h = 1) =

; 2q1(¢)—1
with prob. e

with prob. 1 — ¢;(¢)

N[

N[ =

—_

with prob. ¢, ().

Moreover, a buyer with, = 0 accepts only low,; but all p,(h = 1) whereas a buyer
with v, = % accepts allp; but only the lowpy(h = 1).

Proof. Consider pricing bys,. Clearlyp,(h = 0) = % sinces, realizes a positive
payoff only if v, = 1. Leth = 1. Then a buyer withy, = 0 accepts any offep,(h =
1) < 1 whereas a buyer with; = 3 accepts only,(h = 1) < 1. Thus,s,’s optimal
price is

36In Proposition A1, we do not yet select among multiple et in favor of efficiency as it may be
uniquely pinned down when we endogenize the informatiarctdre later.
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po(h=1) = (A1)
it qi(¢,1) > 3,
whereq; (¢, h) = Pr{v; = 0|¢, h} is the posterior conditional on the buyer’s information
and purchase history.
Anticipatingp,(h = 1), a buyer withv; is willing to pays; up top, (v;) such that

—_

max{1l — Py (v1) — p2(h = 1),v1 = py(v1)} =0,

or simplifying,

P1(v1) = max{l — py(h = 1), v }. (A2)

Next we show thaf; (¢, 1) < % in equilibrium. Suppose, to the contrary, thate, 1) >

1. Thenpy(h = 1) = 1,5, (v = 0) = 0, andp,(v; = 3) = 3. But this would imply

P = % and in turng; (¢, 1) = 0 — a contradiction. We exhaust two remaining possibilities
for 671 (¢7 1)

Gi(6,1) < 1 : Thenps(h = 1) = § from (A-1), andp, (v, = 0) =y (v, = 3) = 1
from (A-2). This impliesq,(¢,h) = ¢:(¢) and thusy,(¢) < 3, which reveals that the
buyer purchases the bundle with certainty, proving part (a)

G(o,1) = % : By (A-1), s, is indifferent between the pric%sandl. Suppose, offers
1 with probability 3. Then, by (A-2),5,(vi = 1) = L andp, (v; = 0) = 2. Lets; mix
between the price§ and§ by offering the latter with probabilityy € [0, 1]. Evidently,
the buyer always accepﬁ—swhereas only the buyer with = % accept%. Using Bayes’
rule, we therefore have (¢,1) = Wﬁ){nw)' which, giveng(¢,1) = % implies

v = %ﬁéf’). Forg:(¢) = % y=1orp, = g. By the buyer’s optimal purchasing decision,

this means: (1) > (1 — ¢:(¢)) or equivalently3 > i, resulting in the equilibrium
multiplicity in part (b). Finally, forg(¢) > %, v € (0,1). Such strict mixing bys;
requires? = =4@ or § = 1 — ¢,(¢), proving part (c) M

Proof of Lemma 1. Suppose; < % Forz =U, ¢ =0andg;(0) = ¢q. Forz = [
or ¢ = 1, it must be thatg; (1) < 1; otherwise, if¢;(1) > 3, equilibrium prices in
Proposition A1 would imply an informed sequence strictiynfrhigh to low value —i.e.,

61(3,0) = 1, and in turn,g; (1) = ¢* < § — a contradiction. Given that(0) < 1 and
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¢1(1) < i, Proposition Al further reveals thgp;,p3(h)) = (1,1) for = = I,U and
h = 0, 1, inducing a joint purchase, where the sellers’ indiffeeeaty, (¢) = 5 is broken
in favor of efficient pricing &l

Proof of Proposition 1. Suppose; > % Forz = U, parts (a) and (c) are immediate
from Proposition Al since;(0) = ¢. Next, considee = I. If ¢ > % the proof of
Lemma 1 has established that1,0) = 1 andg; (1) = ¢*> > 3. Thereforeq (1) < 4
if g € (%, 7] where we break the sellers’ indifference in favor of effitipricing at
¢1(1) = 3. This impliest; (3,0) > 3 given that by Bayesian updating,

¢’ +q(1—q)[1 —6:(3,0)]

a(l) = 1
= ¢*+2(1 Q)[1—91( 0)]. (A3)

Applying Proposition A1, we obtain parts (b) and (c) fo= 7. &

Proof of Corollary 1. Follows directly from Proposition 1l

Proof of Proposition 2. Follows directly from (4).1

Proof of Proposition 3. Follows directly from (4) and (6)l

Proof of Proposition 4. With unobservable information acquisition, l&tdenote the
equilibrium probability that the buyer is informed. Theetequilibrium probability that
the buyer has a low value for the first item is given by

Q(¢") =" (1) + (1 — ¢%)q. (A4)

Moreover, from Corollary 1 and Proposition Al, the informaad uninformed buyer’s
receive expected payoffs:

B(6") = 1= (0] |5 - Bl (]| andB¥(6") = (1= )|~ Elp(e7)]]| (89)

whereE[p;(¢*)] denotes the expected equilibrium price 4y Using (A-5), we find the
equilibrium value of information:

A6 = B6) - B'6) = lo- a0 [ En@)] . 9)

To prove part (a), suppose< ¢ < % ande < A(q). We first claim thaty, (¢*) = 2

5.
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Suppose, insteady (¢*) < 1. Then,p; = ps(h) = % by Proposition A1, and thus
A(¢*) = 0 < ¢ by (A-6), implying¢* = 0 andq;(¢*) = ¢ > 5, a contradiction. Next,
considerg (¢*) > % From Proposition Al, the corresponding equilibrium psigeuld
result in strict sequencing from a high to low value seller.,al(%, 0) = 1, implying that
¢ (¢%) = ¢*¢*+ (1 —¢*)g > £ and inturng* < 1. In this case, the value of information
would becomeA (¢*) = ¢(1 — q)l_qlf("b*), which is strictly increasing i*. But then,
A(¢*) > A(0) = A(q)(> ¢), implying ¢* = 1, a contradiction. Hencey (¢*) = 1, as
claimed. By (A-4), this requireg; (1) < % and¢* > 0. By Proposition A1 and (A-6),
the corresponding value of information i&(¢*) = (¢ — ql(l))l‘—f*. Clearly,p* < 1,
otherwise,A(gb*) =0 < ¢, implying ¢* = 0 andq(¢*) = q¢ > % a contradiction.
From Proposition A15* < 1 means a strict sequencing preferenég(i,0) = 1 and
¢:(1) = ¢°. Moreover, by (A-4), we have, (¢*) = 3, implying ¢* = ;2= € (0,1) and
in turn, the indifference conditiom (¢*) = ¢. Solving it, we find3* = 1 — q(ffq) =),
as stated.

To prove part (b), suppose that> % Sinceg; (1) > ¢*, we havey; (¢*) > 3, which,
as before, implieg; (1) = ¢* and A(¢*) = ¢(1 — q)=4). SinceA(¢*) is strictly
increasing inp*, andA(1) = (1 + ¢)A(q) < A(q), the result followsH

Proof of Lemma 2. Consider an auction. Note that the buyer (weakly) accepts a

price offerp; by s; if and only if

max{l —p; — p_;,v; — p;} > max{v_; — p_;,0}. (A7)

In a symmetric pure strategy equilibriup, = p_; = p*. By (A-7), p* >  is rejected
for sure whereap® < 1 leads to a profitable deviation 1§ € (p*, 1] since any offer

p* < 1is accepted with certainty. This leave$ = ; as the only price candidate for

a symmetric equilibrium. The buyer’s acceptancep6f = % with certainty prevents
a unilateral deviation tg;* < 1 while a deviation top; > 1 is not profitable as it
violates (A-7) and thus is rejected for sure. This estabkghap® = % IS a pure strategy
equilibrium for allg.

Next, consider a symmetric mixed strategy equilibrium agtd(p*) denote its cu-
mulative price distribution with the suppqg‘, 7"1]. We now establish three properties of
G(.).

Property 1. p* > 1 andp® € (0, 1).

Proof. Suppose, to the contrary, that < 1. Then, by (A-7), any; < 1 would be
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accepted with certainty, implying a profitable deviatiomtce (p;, 1]. Thusp* > 3. To
establistp® € (0, 1), note that by (A-7), any; € (0, 1) must be accepted with a positive
probability, ruling outp; = 0 in equilibrium. Furthermore, if* > 1, (A-7) would imply
that any pricep; > % would be rejected with certaintil

Property 2. p* =1 — p*.

Proof. If p* > 1 — p#, then sincel — p* > 1 by Property 17 would be rejected
with certainty, implying a profitable deviation frop to p;* < 1 — p*. Conversely, if
p* <1—p* thenany; € (p*,1—p*) is accepted with certainty, implying a profitable
deviation fromp” to p;. Hencep* =1 — p*. W

Property 3. LetG(p®*) =n. Theny > 0, p* = T, andp? = Tlnq

Proof. Sincep” < 1 by Property 1, (A-7) implies thai" is accepted with certainty.
Thus, in a symmetric mixed strategy equilibrium, the s&lprofit 7 (p; = QA) = QA, and

w(p; =p") = ngp”
becausg; = p* is accepted if and only if_; = 0 andp_; < 1 — p* = p*. Given that
m(p; = p*) = m(p; = p*) by the equilibrium indifference, we have> 0. Finally, using
Property 2 and solving fqr*, we findp* = T andin turnp? = ﬁ

Employing Properties 1-3, we now establish that 2(1/2 — 1) is a necessary condi-
tion for the existence of a mixed strategy equilibrium. Gdasp; < % which is accepted
with certainty ifp_; > 1—p;, whereas itis accepted only:if = % whenevep_; > 1—p;.
Then, no profitable deviation froiid(-) requires

7o) = (GO =p0) + (1= GO —p)(1 -l < 7

Leté = G(3)—n. Thenlim, 1 7(p;) = [n+&+(1-n—¢)(1 —q)]5. Thus, anecessary
condition for a mixed strategy equilibrium is

nq
1+nq

> [+ €+ (10— 6)(1 - gl

or equivalently,

1-¢ Vel =¢+22-38 1—§+\/[€I(1—§)+2]2—8

TElT T 2 "9 2

Il
—
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Straightforward algebra reveals that () if and only if ¢ > 2 f U which is increasing

in £&. Thus, setting = 0, the resulting necessary condltlon for a mixed strategy-equ
librium is ¢ > 2(v/2 — 1). Next, we complete the proof by establishing the existerfice o
a mixed strategy equilibrium fay > 2(v/2 — 1) Consider an equilibrium in Which the
sellers mix between two prices, nampl@/ W|th probabilityn andp? = —L— with

1+ nq
probability 1 — n, as recorded in the text. Note thatp;' < p?) = pi! < p* 7(pf* >

p*) = 0,7(p € (5,7)) = nap* < ngp”, andr (p* € (p*,3]) = [+ (1 —n)(1—q)lp/",
which is maximized ag. Thus, no profitable deviation exists if

nq
1+nq

> g+ (1-n)(1 - gl

or simplifying, if n € |1 — V( q+22 8,%+ @;72)2_8 , Which is nonempty for; >
2(v2-1). 1

Proof of Proposition 5. Forg € (3,2(v2 — 1)), the result is immediate from Lemma
2 and the fact thaBY(¢) > 0. Forq > 2(y/2 — 1), it is straightforward to verify that
BY(q) < B(q, 3), revealing that there exists an equilibrium, in which thgdnchooses
to hold an auctionll

Proof of Proposition 6. Let ;1 (v;, v_;) denote the probability that conditional on her
valuations, the buyer chooses an auction over sequentael@ment. In a symmetric
equilibrium, (0, 3) = 1#(3,0). Then, conditional on the buyer’s choice of the proto-
col, the ex ante probability that she has a low value for etah under the auction and
sequential procurement is, respectively,

A_ ¢*p(0,0) +q(1 — q)p’(0, 5)
LT @i 0,0) + 21— (0, 1) + (1 - 0?5, 3) (A8)

and

s q—¢*p*0,0) — q(1 — q)p™(0, 3)
1= ¢2u4(0,0) = 29(1 — q)p(0,3) — (1 — 0)2pA (5, 5)
To establish part (a), it suffices to show that(0,0) = 1 and p“(v;,v_;) = 0 for
(vi,v_;) # (0,0) constitute an equilibrium, yielding a payoff 6fto the buyer. From
Lemma 2, recall thap* = 1 is an equilibrium for any;*, resulting in0 payoff for the

buyer under the auction. Moreover, givefi(.), ¢° = l%q < % which, by Proposition

(A9)
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1(b), implies that3’(¢°) = 0. Therefore, for aly > %, an equilibrium with a payoff 06
for the buyer exists.

To establish part (b), consider firgt< % To show that in equilibrium the buyer
realizes a payoff, suppose, to the contrary, that at least one trading mesimayields
a positive payoff. Recall from (2) that a positive payoff fam informed buyer under
sequential procurement requirgs > % and in turn,g® > ¢. By (A-8) and (A-9), this
implies¢* < -, which, by Lemma 2, means a paydfffor the buyer in the auction.

\/51
Consequentlyu?(0, 5) = p(5,0) = p(3,3) = 0, which, by (A-9), results inj®
Q% < ¢, a contradiction. Thug;® < =, and by Proposition 1(b}3’(¢°) = 0.

Analogously, a positive payoff under the auctlon requirés> 2(v2 — 1)(> \/5) which
in turn impliesg® < ¢ < % andB!(¢°) = 0. Moreover, since a positive payoff for the
buyer in the auction requires that each seller put a positigbability on a price” < %
(see the proof of Lemma 2), the buyer will have a strict pegfee for conducting an
auction, i.e. u*(v;,v_;) = 1 for all (v;,v_;), which, by (A-9), implies that* = ¢ <
2(v/2 — 1), yielding a contradiction. Thus, the buyer realizes a pagdbr ¢ < %
Second, considey > % An equilibrium with a positive payoff for the buyer always
exists in this region since” (v;, v_;) = 0 for all (v;, v_;) with ¢° = q results inB*(¢%) >
0 and it can be supported as an equilibrium with an off-eqtiiliin belief thatp? = %
under the auction.

Next, consider an equilibrium with a positive payoff fgrc <%, 2(v/2 — 1)). In

1

such an equilibriump® = 1. Otherwise, ifp* < 1 with a positive probability, then

©4(0,0) = 1 by Proposition 1, which, by (A-9), would yield® <  and in turn,
Bl (¢°) = 0 by (2). Therefore, the buyer must have a strict preferencehfpauction for
all (v;,v_;), i.e. p(v;,v_;) = 1 forall (v;,v_;). Then, from (A-8)¢* = ¢ < 2(vV/2 — 1),
which, by Lemma 2, leads to a contradiction smyée: is the unique symmetric equi-
librium pricing for ¢* < 2(v/2 — 1). Thus, in any equilibrium with a positive payoff
for ¢ € (%,2(\@— 1)), we would havep® = 1 and the auction would produce a
payoff 0. This implies thatB’(¢*) > 0, and by Proposition 1y (v;,v_;) = 1 for all
(vi,v-3) # (0,0).

Finally, to show that foy* > 2(1/2 — 1), the auction can be supported as an equi-
librium choice, note that”(v;,v_;) = 1 for all (v;,v_;) results ing* = ¢ by (A-8).
Furthermore, it is straightforward to verify th&t*(¢, 5) > B'(g), proving no profitable
deviation to sequential procuremellk.

Proof of Proposition 7. Letm = (my, ms). By definition, the buyer’s expected value
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of information is

2
A" (g) = Pr(b, ) AP (q) + > Pr(si, b)AE (q) + Pr(sy, s2) A1) (g).

i=1

If m; = my = b, the buyer optimally offer$) to each seller, implying3’(q) =
BY(q) = 1 and in turn,A®Y(g) = 0. If, on the other handy,; = s; fori = 1,2, the
setting reduces to our base model, implyitng~2)(¢) = A(q) whereA(q) is as stated
in (4). It therefore remains to prove thatif; = s; andm_; = b, then A (q) = 0.
Supposen = (s;, b). We consider uninformed and informed buyers in turn.

Uninformed buyer If the sequence is_; — s;, the buyer always purchases from
s_; (at price0) and thus the optimal price by is given by (A-1) wherep = 0 and
q1(0,1) = ¢. This means that the buyer’s uninformed payoff BY (s_; — s;) =

s oif ¢<3

5l 4>
from rejectings;’s offer is % which is simply the expected payoff from acquiring good
i only. Therefore, the highest acceptable pricespi the first period satisfiesiax{1 —
P1.v—; — Py} = 52, revealingp; = 12 and an expected payofs¥(s; — s_;) = 5.
Comparing the two payoff$3¥ = BY(s_; — s;).

Informed buyer If the sequence is_; — s;, the optimal price by, is given by
(A-1) where¢p = 1 andq(1,1) = ¢(1) since the buyer always purchases fren. If
the sequence is; — s_;, the highest price acceptable to the buyer in the first mgetin
satisfieanax{1 — p;,v_; — p, } = v;. Therefore, the optimal price by is

. If, however, the sequenceds — s_;, the buyer’s expected payoff

5 if @) <
p1= (A10)

1 if (1) >3

N[

wheregy(1) = Pr{v_; = 0|s_; is second. The buyer withv_; = 0 acceptsp;, for sure
whereas a buyer with_; = % accepts only the loy;. Let §k(v_i) = Pr{s_; iskth|v_;}
andg(1) = Pr{v_; = 0|s_; is kth}. Then, by Bayes’ rule,

qr(1) = 36:(0)

= — ) (A11)
q0,(0) + (1 — q)0k(3)
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We show that there is no equilibrium in whid®/ = BV If, in equilibrium, 8, (0) =
§k(%) = 1 for somek = 1,2, theng,(1) = ¢ and, by (A-1) and (A-10)B! = BY.
Suppos@k(o) € (0,1). Theng(1) is uniquely pinned down fok = 1,2 using (A-11).
We consider three cases far(1).

e go(1) < Lfork = 1,2 : Sinced_4(v_;) = 1 — G,(v_;), by (A-11), such an
equilibrium belief require@q — 1 < 6, (0) — (1 — ¢)8, (%) <0 andin turng < 1.
From (A-1) and (A-10), we therefore have that the informed aninformed prices
by s; is £, resulting inB' = BY.

e qi(1) > 1fork = 1,2:By (A-11), thisrequireg > 1, which, by (A-1) and (A-10),
induces the informed and uninformed priced dfy s;. Therefore, B! = BY.

e qi(1) < % < q_;(1) : By (A-1) and (A-10), approaching_; in kth place results in
a price of% by s;, while approaching_; in —kth place results in a price df by
s;. Therefore, a buyer with_; = 0 has a strict preference to approach kth, i.e.
5k(0) = 1. By (A-11), however, this implies that (1) = 0 < ¢x(1), contradicting
the existence of an equilibrium with (1) < 3 < g_(1).

Consequently, there is no equilibrium wittf # BY. An equilibrium withB! = BY
obtains by settin@l(o) = 51(%) € (0,1), resulting ing(1) = ¢ for k£ = 1,2, which, by
(A-1) and (A-10), yields identical informed and uninformgdcing by s;. B

Proof of Proposition 8. Letxz € {(h,p1),h,p1,0} denote the history observed
by the second seller, whe(é, p,) refers to observable price and trade historieso
trade history onlyp, to price history only, ané to nondisclosure. Since the base model
capturest = h, we consider the remaining possibilities fohere.

Let?,(x) € {0, 5,1} denote the buyer’s value for the second item. Alsgdép, ) =
Pr(v,(z) = 1|t2(z) > 3). Then, analogous to the base modgk optimal price is

pa(z) = (A12)
Given (A-12), p1(z) > % will be rejected for sure, implying that in equilibrium
pi(z) < % Moreover, analogous to the base model, a buyer witls willing to pay
s1 up top, (v, |z) that satisfies
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max{l — P, (vi|x) — pa(x),v1 — Py (v1|2)} =0

wherep,(z) > 3 implies thatp, (3|z) = 3 > p,(0]z). Thus, a buyer, = ; always
accepty; (z) < 3. Lety(z) denote the probability that; < 1 is accepted by a buyer

with v; = 0. Then, by Bayes’ ruleg, (¢, ) must satisfy

@n@) B
~ “aomaw T re{(h=1p)}
G@(6,7) = (A13)

% if z € {p1,0}.

To understand (A-13), note that(x) = 1 only if v; = 0 and the first offer is accepted.
This event occurs with probability(z)q¢; (¢), which explains the numerator. The denom-
inator capture®r(v»(z) > 1). With an observable purchase, ife= 1, the value for the
second itemig —v; > 1. Thus,Pr(;(x) > 1) is simply the likelihood of acceptance of
the first offer,1 — (1 — v(x))q:(¢). With an unobservable trade history, izec {p;, 0},
0,(x) > 5 — either because the first offer is accepted or because theffesis rejected
but the second good has a high stand-alone value. Alteatgti(z) > 1 unless both
stand-alone values are low and the buyer has rejected theffies, which is given by
(1 —v(x))¢* Thus,Pr(vs(z) > 3) =1 — (1 —y(z))¢* for z € {p;,0}.

Next, we show that for: € {(h,p1), 1}, pi(z) = 3 is the only possible price in
equilibrium. Consider, by way of contradiction, an equiliftm with a pricep| € (0, 1)
being offered with a positive probability. Let denote the history correspondingjip
Analogous to the base modgl(¢, 2') < 3 (see proof of Proposition Al). (¢, z') <
1, thenp, (/) = 1, which, in turn, implies thap, (v;]2’) = 4 for all v; and~(z') = 1.
Then, by (A-13)g(¢, 2') < % requiresy; (¢) < % Moreover, sinces (¢, x) is increasing
in v(xz), @2(¢,2) < 5 for all z. This, however, implies that any prige < 3 will be
accepted for sure, resulting in a profitable deviatiop;te- %

Alternatively, letg (¢, 2/) = L. Then, by (A-13),y(z/) = 2@ < 1jf o/ =

2 q1(¢)

(1,p)), andy(z') = ﬁ < 1if 2/ = p} and the corresponding payoff faf is

[1—(1=y(z"))q1(¢)]p}. Consider adeviationtd € (p}, 1). If ¢2(¢, z”) < 3, thenp; will

be accepted for sure and thaiswill have a strict incentive to deviate. @(gb, ") %

from (A-13),~(x") = ~(2'), implying thatp/ yields a profit of[1 — (1 — v(z))q1(9)]p]

Py
and thuss; will again have a strict incentive to deviate. This estdtgisthap; (z) = 1

is the only possible equilibrium price far € {(h, p1), p1} with a corresponding payoff
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of 0 for the buyer. Moreover, in equilibrium,(z) = % since a higher price would result
inp,(0]z) < 1, yieldingv(z) = 0 andg (¢, z) = 0 for z € {(1, 1), 5}, which by (A-12),
impliesp,(z) = 3.

To establish the existence of an equilibrium wjth(z) = ps(z) = 1 for z €
{(h,p1), p1}, note that the buyer is indifferent in her sequencing aneatance deci-
sion under these prices. With an uninformed buyer, fopalK % let v(z) = % for
v = (h,p) andy(z) = =L forx = p; (p > 1 is always rejected). By eq. (A-
13), this gives rise t@p(0,z) = % thus makings, indifferent betweer% and1 (eq.
(A-12)). If 5(p1) denotes the probability of a price offérby sp upon observing,
~(x) is supported as an equilibrium strategy for the buyer as &1 (0|z) = @ =
pr = B(p1) = 2p1. Thus,s; will optimally choosep;(z) = 1, corresponding to
ﬁ(%) = 1. This establishes the existence of the equilibrium. Theltieg total surplus is
WY(q, ) = qly(z) + (1 —~(x))(1 — ¢)3] + (1 — ¢) > WY(q). Analogously, with an in-
formed buyer, it is straightforward to verify that(z) = ps(z) = 1 for z € {(h, p1), p1}
can be supported as an equilibrium with the following sty&es: ¢, (5, 0|=) = 1; for all

p1 < 5.9(@) = 1andB(py) = 1if ¢ < L5, y(z) = = andB(py) = 2p1 if ¢ > L. This
givesrise toV!(q,z) = 1if ¢ < % andW!(q,z) = W(q) + ¢*(1 — ¢*)% if ¢ > %

Next, consider: = (. Giveng,(¢, ) defined by (A-13), Proposition A2 characterizes
the sellers’ equilibrium prices as a functiongf¢).

Proposition A2. Giveng; (¢), in equilibrium

a) if ¢i(¢) < 1, then p,(0) = p»(P) = 5 and the buyer purchases the bundle with
certainty;

with prob.

[N

b) if ¢i(¢) =3, then pi(0) = £ andp,(0) =
1 withprob. 1 -7

where > % The buyer purchases frosa with certainty ands, only if v; = 0 or
p2(0) = 3

(c) if ¢1(¢) > 3, then
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=08 with prob. 5=,

p1(0) = andp,(0) =

1 i 2q1(¢)—1
> with prob. 5 =5—

with prob. 1 — ¢;(¢)

N[

—_

with prob.  ¢;(¢).

Moreover, a buyer withy; = 0 accepts only low, () whereas she accepts())
upon purchasing the first item, or upon rejecting®) whenevemn, = % andp.(0)
is low. A buyer withv; = £ accepts allp; (0) but only the lowp, (0).

Proof. Analogous to Proposition A1 and thus omittdi.
For an uninformed buyeg; (0) = ¢ with a corresponding payoff and total surplus:

Ui — (1 Lo (L 1=\ _1+aq
B"(q,0) = (1 (1)261_(12 (2 5 )—Q_qB (9)-

W) = o5t e O - gy + (- )
1 2 3
= 2<2_q)[5_4q_2q +Q]

Straightforward algebra reveals tH&t” (¢, z) > WY (q, 0) for x € {(h,p1),p1}-

For an informed buyery, (1) = ¢* for ¢ > % due to the buyer’s strict sequencing
from a high- to low-value seller. Thus, fqr > % the equilibrium prices fos; under
x = () andx = h coincide, as evident from Propositions A1 and A2. Consetiyen
B'(q,0) = B'(¢q) andW'(q,0) = W'(q) < W(q,2) forz € {(h,p1),p1}. Forg €
(3, %], we havey; (¢) < 1, which, breaking indifference in favor of efficiencyat¢) =
3+ results inp{(0) = p3(0) = 3, leaving a payoff of) to the buyer. Thus, fog € (3, 71,
B!(q,x) = B'(¢) = 0andW!(q,z) = Wi(q) = 1 forx € {(h,p1),p1,0}. W

Proposition A3. (Informed prices with correlation) As defined in Section 5.5, let
q(r) be the unique solution tBr(0,0) = 3, wherePr(0,0) = ¢*> + r¢(1 — ¢). In equilib-
rium, p{ = pj(h = 1) = 5 for ¢ < g(r) with6,(3,0) > 5 for ¢ > 3; and
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=500 with prob. G 1 with prob. 1 — Pr(0,0)
pl = andpi(h=1) =
1 with prob. 2?5?6?3)_1 1 with prob.  Pr(0,0)

andé, (3,0) = 1 for ¢ > g(r).
Proof. Using the joint distributiorPr (v, v9) in Section 5.5, the posterior belief in
(A-3) generalizes to:

(1) = Pr(0,0) x 5 + Pr(5,0) [1 ~61(3,0)]

N =

— Pr(0,0) + 2Pr(%,0) [1 - 91(3,0)} |

By Proposition A1, ifg; (1) > 1, then6;(3,0) = 1 andg,(1) = Pr(0,0). Therefore
¢(1) > % if and only if Pr(0,0) > 3, or equivalentlyy > g(r). On the other hand,
for ¢ < q(r), ¢1(1) < 3, which required, (3,0) > 3. Equilibrium prices follow from
Proposition A1 R

Proof of Proposition 9. Suppose; > % and that the buyer is privately informed of
v; only. If s; is second in the sequence, the buyer receives the uninfqoaneuff in (1),
BY(q) > 0, because she is uninformed of; and the second seller’s pricing depends
only on the priofg in this case. Suppose, instead, thas first and let;; = Pr{v; = 0|s;
is first}. If v; = 0, the buyer receives an expected payoffidiecause, by Proposition
Al, for ¢; < 3, each seller chargeswhereas foi; > 1, s; sets his low price to leave
no expected surplus. Hence, a buyer with= 0 strictly prefers to sequencg second
and obtainBY(¢) > 0. This impliesq; = 0 and by Proposition A1, an expected payoff
of 0 for the buyer when approaching first. Therefore, in equilibriumg; is sequenced
second, yielding the buyer her uninformed payoff in @).

Proof of Proposition 10. Suppose that; = v, = v € |0, %] and the joint value is
V =10rV > 1wherePr{V =V} =a € (0,1). Leta(h) = Pr(V = V|h). Then, the
optimal price by the second seller upon observing a prioclpase is
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1—v if a(1) <&
p2(h=1) = ~ (A14)

V—v if a(l)> %__1;

Without a prior purchase, the second seller trivially offes(h = 0) = v. The pricing by
the first seller depends on whether the buyer is informed mformed.
Uninformed buyerLetp, be the first seller's maximum price acceptable to the buyer.
Denoting byE|.] the usual expectation operatpysatisfiesmax { E[V] —p; — E'[pe(h = 1)],v — D, } =
0, or

Py, = max{E[V]| — E[ps(h = 1)],v}.

Since any higher price is rejected for sup§, = p, and by Bayes’ rulea(1) = a.
Therefore, fora < =%, p¥ = o (V —1) + v andpf(h = 1) = 1 — v while for

V-1’
a > %‘_”1 pY =wvandpy(h = 1) = V —v. The resulting expected payoff for the buyer
is BV (v) = 0.

Informed buyer In this casep, satisfies

P, = max{V — E[ps(h = 1)],v}.
We consider three possibilities féx(1).

e 4(1) < &2 : Then,py(h = 1) = 1—v by (A-14), implying thatp! = v is accepted

Vv’
for sure, whereag!! = (V — 1) + v is accepted only it/ = V. Therefore, forx <

v+§_1 << %‘_1;) the first seller optimally sefs, = v (breaking the indifference at

a = —— in favor of efficiency), which reveals(1) = o. As a result, forr <

—+, the price paip; = v andpy(h = 1) = 1 — v constitute an equilibrium,

resulting in the payoff:B”(a) = a(V — 1). Fora € <U+§_1,%‘_1;>, the first

seller setg; = (V — 1) + v, which impliesa(1) = 1 and a profitable deviation for

the second seller tg,(h = 1) = V — v. Hence,a(1) < =2 only if o < —

V—v vV -1
resulting inA”/(a) = B (a).

e &(1) = =% : Then, the second seller is indifferent betwdén- v and1 — v.
Suppose that he offeis— v with probabilityc. Then,E[p,(h = 1)] =V —v —
o(V — 1), implying thatp? = v is accepted for sure by the buyer whji€ =

v+ o(V — 1) is accepted only it/ = V. The first seller is indifferent betweer}
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andp!’ if 0 = &%C_“)f), in which case the first seller's mixing = Pr(p; = v) =
(l‘jgi(‘ll_)v) < 1 engenders an equilibrium beliéf(1) = 5. = =% Then,
pil = 2. Note thatr < 1fora > ——andg < 1fora < % Therefore, the

v+V -1
price pair

p{z{

is an equilibrium fora € ( ; l‘”]. In such an equilibriumA’(a) =

with prob. g
with prob. 1 -3

1—wv withprob. o

andpl(h=1)=<{ _
P ) {V—v with prob. 1 —o

RQle <

v+V -1’ V—v
B (v) = =a(V - 1). Note that forv = 0, 0 = 0 and in turn,pi(h = 1) = V.
Then,p, = 0. Using the efficient tie-breaking rule, the first seller offg! = 0. Let
n(V') denote the probability that the buyer accepts the first offieenV’. Then, by
Bayes’ rule,&(1) = % Since efficiency is maximized foy(V) = 1,
a(1) = L,andn(1) = ‘”((1‘/_3). Therefore, forv = 0, the price paip! = 0 and
pi(h = 1) = V is supported by)(1) = (l‘jgi(‘ll_)v) and@(1) = £=%. The buyer’s
payoffis B/ (v =0) = 0 = A/(a).

e &(1) > =2 : Then,py(h = 1) = V — v andp{ = p, = v. The first price is always

accepted by the buyer, implying thaf1) = o > =% andB”/ =0 = A’(a). B

Proof of Proposition 11. Let ¢, > % Consider sequential procurement with un-
informed buyer. Ifs, observes no prior purchase, he offgsgh = 0) = 1 since it is
accepted with probability,, resulting in a payoff of,, whereas the alternative price of
% is accepted with certainty, resulting in a payof%oflf s9 Observes a prior purchase, he
offerspy(h =1) = % since the buyer’s marginal value for his goo@ isr 0. Anticipating
such pricing, the highest pricg,, acceptable to the buyer in the first meeting satisfies:

max {1 —pa(h =1) — Py, v1 — Py} > 0, or simplifying
Py <max{l—ps(h=1),v1}.

This impliesp; = 1 sincep; = 1 is accepted with probability, andp; = % is accepted
for sure. Given the equilibrium prices, sequential promeat yields a payoff ob to
the buyer. To prove that the auction yields a positive payibfsuffices to show that
in equilibrium, the sellers choose prices lower thawith a positive probability. The
following two claims make this point.
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Claim 1 In the auction, there is no pure strategy equilibrium.

Proof. As in the standard Bertrand competitiop; = p, = p > 0 cannot arise
in equilibrium because with probability?, goods are perfect substitutes and a slightly
lower price would guarantee a sale in this realization. A(itHoss of generality, suppose
p1 < po. If % < p1 < pa, thens; receives an expected profit = [¢,(1 — q.) + ¢2] 1,
implying a profitable deviation tp; = % The same profitable deviation also exists if
P < po < % because in this casg, is accepted unless = 1 andv; = % resulting in
m = [1 —q, (1 — qu)]p1- Finally, if p; < % < po, the sellers’ expected profits are

;

(p1,0) if p1<po+3
(m,m) =9 (1= (1= 0)qu(l — )P, ¢u(l — @) (I —o1)ps) if p1=p2+3
\ ([1 - QU(l - QU)]pla QU(l - QU)pZ) if D1 > P2+ %

whereo; € [0,1] is an arbitrary tie-breaking rule when the buyer is indéfer For

p1 < p2+ % s, Clearly has a strict incentive to lower his price. The sameus for

p1 = po + % in which case the buyer is indifferent. For > p, + % so would deviate to
1 . el

D2 = pm’# In sum, there is no pure strategy equilibriullh.

Claim 2 In the auction, the following c.d.f. constitutes a symngatrixed strategy equi-

librium:

}for E{ 1= 1
Pl — gt —q) 2

Proof. Consider a symmetric mixed strategy equilibrium with a camus support
p<p< % and no mass points. Then,

— Ay

1 1
F(p)zq—2 1 —qu(l—qu) —

m(p) = [F(p)(1 = qu) + (1 = F(p))(1 = ¢u(1 — qu))]p =T,

wherer is the indifference profit acrogse [p
in p, implying a profitable deviation tp € (p

Y
Y

p). Note thatr(p) = (1—gq,)pisincreasing
1]. Thereforep = 1. Re-writing,

1 T
Fip)==5 1 -¢l—q)—-
(p) Z ( ) 5
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SinceF(1) = 1, 7 = 5. Given this and the fact that(p) = 0, we find thatp =
1_Qu

T aula" Thus,

1—gq, 1

] e s )

1 1
F(p):q_2 I_QU(I_(]U)_

as claimed. It remains to show that there is no unilaterakdiew incentive to ¢ [p, 1].
Without loss of generality, consider a deviationqy Clearly,p; < p is not profitable,
becauser(p:) = (1 — qu(1 — q.))p1 < (1 — qu(1 — qu))p = 7(p). Next consider a
deviation top; > % Sincep; > 1 is rejected with probability 1, we restrict attention to
p1 € (3,1]. Inthis cases, realizes a sale only if, = 1, v, = 1, andl —p; > § — p,, or
equivalentlyp, > p; — % We exhaust two cases:

° P — % < p:Then,m(p1) = qu.(1 — q.)p1. Since this deviation profit is increasing
in p1, the maximum deviation profit in this region is

1 1 1_QU I_QU _

Therefore, there is no incentive to deviateptoe (3,1 + pl.

e ;+p <p <1:Then,s;’s probability of a sale ig, (1 — ¢,) Pr(p; > p; — 3) and
his deviation profit is

T(p1) = qu(l—qu) {1—%<1—qu+q3—1_7q“1))]p1

_ (- [2( !

— — 1] p1.
Gu pi— 1) ]

Simple algebra shows thafp,) < 52 = 7. B
Together Claims 1 and 2 prove PropositiorliD.

Appendix B

Here, we extend our analysis to a more general Bernoullribigion with valuations
v; € {vp, vy} where0 < vy < vy < % andPr{v; =v.} = ¢ € (0,1). The main
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difference from the special case in the text & 0 andvy = %) is that withv;, > 0, the
second seller may not always charge the high pric@ipon observing no purchase from
the first seller —i.eh = 0. In particular, by charging a low price of, > 0, the second
seller now leaves a positive surplus to the buyer who did cgtize the first object.

As in the base model, let= I, U refer to informed and uninformed sequencing, and
(p%,p3(h)) be the corresponding pair of prices. Analogous to the basgeméor g <
11:—21;, the value of information i8 sincep; = p3(h =0) = vy andpi(h =1) =1 — vy
in equilibrium. Thus, our analysis here focusesgon 11:—1;1; The following proposition
characterizes a symmetric equilibrium for the intermezha@iues of; featuring a negative
value of information as in the base model.

Proposition B1. Letq € (ijvfz,min{ 1 — 5—2}) There is an equilibrium
such thaty¥ (h = 0) = pl(h = 0) = vy. Moreover, for

(a) an uninformed buyer:

vy with prob. 1 — %ﬁ
Py =
(1 —q)vy with prob. %ﬁ
and
1— vy with prob, — liza-w

1—wv, withprob, 1 — l—g—ve.

v —V]L,

(b) an informed buyer:

pl=vgandpl(h=1) =1— vy

(c) Demand: An informed buyer accepts both sellers’ offers, while amformed
buyer withv; = v, accepts only the low!{ but all p{' (h = 1) whereas an uninformed
buyer withv; = vy accepts alp{ but only the lowps (h = 1).

Proof. Letqi(z,1) = Pr{v; = 0|h =1} and@z(z,0) = Pr{v, = 0|h = 0} denote
the sellers’ posterior beliefs given the buyer’s inforrmatand purchase history. The
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optimal pricing bys, is

1-— Vg if qu(z,l) S l=vy
pi(h=1) =
1—wvp if qi(z,1) > 111—1’5

sincel — vy is accepted for sure and— v, only if v; = v; and

g it @(2,0)<1— %

p3(h=0) =
vr if ?]\2(270)21_0_11

VH

sincev, is accepted for sure ang; only if vy = vy.

Forz = U, we have thafy(z,0) = ¢, since the buyer is uninformed abaytwhen
making a purchasing decision about gdod herefore, foly < 1 — jj—fl pY(h=0)=vgy.
Then, the equilibrium derivation under= U is analogous to the proof of Proposition 1
and thus omitted here.

Next, consider = I. Clearly,p; = vy is a best response jg(h = 1) = 1 — vy.
Given this pricing, the buyer accepts both offers with ptolig 1. Therefore, upon
observingh = 1, s, has no incentives to deviate as long@sél, 1) = ¢* + 2q(1 —

Q)b (vp,vy) < 11:1’);’. Since the buyer is indifferent in the ordék,(v,,vy) = 0 and

q < «/11:—52 ensure thak, has no incentive to deviate. Finally;(h = 0) = vy is

supported by the following off-equilibrium beliéf:g,(1,0) <1 — el
Note that forv, = 0 andvy = % the pricing in Proposition B1 reduces to that in
Proposition 1. Moreover, it is readily verified that the \abf information is

1—
A(q) _ _(1 . q)2( UH)UH <0
Vg — VL
which, given a payoff of for the informed buyer, is simply the negative of the buyaris
informed payoff. Therefore, for moderate complements,j.e (111—1’};1, min{ 11:1;’;,1 — ;’—2}]

it is optimal for the buyer to stay uninformed, extending@rsition 2. Analogous to the
base model, it can also be shown that the buyer’s optimaégtydo remain uninformed is

37This belief satisfies the Intuitive Criterion since the byequilibrium payoff is0, while rejecting the
first offer would result in a payoff of at leastfor the buyer under the most favorable beliefs regarding
(corresponding tp2(h = 0) = vy). Thus, rejecting the first offer is not equilibrium domiedtfor any
realization ofv,.
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not credible if it is unobservable to the sellers. In patacuf the cost is not too high, the
buyer would acquire information with some positive proltiabin equilibrium, extending
Proposition 4.
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