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Abstract. This paper considers a resourcing setting in which a qualified supplier (the
incumbent) and multiple suppliers that have not yet been qualified (the entrants) compete
in an open-bid descending auction for a single-supplier contract. Because of the risk of sup-
plier nonperformance, the buyer only awards the contract to a qualified supplier; mean-
while, the buyer can conduct supplier qualification screening at a cost to verify whether
the entrant suppliers can perform the contract. Conventionally, the buyer would screen en-
trants before running an auction, that is, the prequalification strategy (PRE). We explore an
alternative approach called postqualification strategy (POST), in which the buyer first runs
an auction and then conducts qualification screenings based on the suppliers’ auction bids.
Our characterization of the dynamic structure of the suppliers’ equilibrium bidding
strategy enables the calculation of the buyer’s expected cost under POST, which is compu-
tationally intractable without this characterization. We show analytically that POST is
cheaper than PRE when the cost of conducting qualification screening is high, the number
of entrant suppliers is large, or the entrants’ chance of passing qualification screening is
high. To quantify the benefit of POST, we conduct a comprehensive numerical study and
find that using the cheaper option between PRE and POST provides significant cost sav-
ings over the conventional PRE-only approach. Furthermore, we leverage a revelation
principle for multistage games to derive the optimal mechanism as a stronger benchmark
for performance comparison. Although the optimal mechanism is theoretically optimal,
we find that its complexity renders it difficult to implement in practice; but quite strikingly,
the simple and practical approach of choosing the cheaper option between PRE and POST
captures the majority of the benefit that the optimal mechanism can offer over PRE, high-
lighting the practical benefit of POST.

Supplemental Material: The online appendix is available at https: //doi.org/10.1287/opre.2021.2111.
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1. Introduction

more competitive price by either switching to a less

Procurement plays an important role in manufac-
turers’ operations. Toyota spends more than 70% of
its revenue on purchasing goods and services (Toyota
2016). According to the 2016 annual survey of manu-
facturers from the Bureau of the Census, U. S. manu-
facturers, on average, spend roughly 50% to 60% of
their revenue on procurement (U.S. Department of
Commerce 2016). To reduce procurement cost, buying
firms often routinely re-evaluate how competitive
their existing suppliers are on price. If the current con-
tract price is not very competitive, the buyer may re-
sort to a resourcing process in which it would invite
other potential suppliers in the market (entrant suppli-
ers) and the existing supplier (incumbent supplier) to
compete for that contract in a procurement auction;
this resourcing process allows the buyer to obtain a
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expensive entrant supplier or utilizing the competitive
pressure from the entrant suppliers in the auction to
reduce the incumbent supplier’s price.

Although the use of procurement auctions can be
effective in reducing prices, the buyer also needs to
watch out for potential pitfalls of supplier nonperform-
ance. In fact, supplier nonperformance can cause cata-
strophic damages to the buyer’s operations, reputations,
and profitability. For example, major automakers had
to recall more than 39 million vehicles in the United
States due to faulty air bags supplied by Takata
(NHTSA 2018). More recently, the Samsung Note 7 Bat-
tery Explosion Event due to supplier nonperformance
forced Samsung Electronics to recall 2.5 million Note 7
smartphones globally at an estimated total recall ex-
pense of around $5 billion (Lee 2016). Although supply
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risks cannot be eliminated, they can be managed, and
managing such supplier nonperformance risks is par-
ticularly critical during a resourcing process. Although
even the incumbent supplier may fail, as evidenced by
the examples we mentioned above, nevertheless, it is
reasonable to assume that the buyer may have a good
knowledge of the incumbent’s capability to deliver the
contract, based on previous assessments and past ex-
perience. In contrast, the buyer is likely to have less
information about the ability of entrant suppliers to suc-
cessfully execute the contract.

One common approach to managing the supplier
nonperformance risks in resourcing is to integrate an
auction with supplier qualification screening on the en-
trant suppliers, an act of verifying the supplier’s abil-
ity to perform within a reasonable degree of certainty;
only the qualified supplier, that is, either the incumbent
supplier (because he had already undergone the quali-
fication screening prior to becoming the incumbent)
or an entrant supplier who passes the qualification
screening, with the most competitive price, wins the
contract. This integration leads to an important
strategic decision by the buyer in designing the re-
sourcing process. Should the buyer deploy supplier
qualification screenings before or after the bidding?
The conventional approach in practice is the prequalifi-
cation strategy (PRE), in which a buyer would first
conduct qualification screenings of entrant suppliers
and then only allow qualified suppliers to participate
in the competitive bidding for the contract. However,
qualification screening is a costly process for the buyer
because it involves visits to the supplier’s facility, pur-
chasing sample products, testing products, etc. (Beil
2010). Therefore, PRE may introduce unnecessary
qualification expenses on suppliers who turn out to be
not competitive. Motivated by this consideration, an
alternative proposed strategy is the so-called postquali-
fication strategy (POST), in which qualification screen-
ings are postponed until after the bidding process.
Informed by the suppliers’ pricing bids, the buyer
could choose to vet the capabilities only of suppliers
who submitted competitive prices. Hence, compared
with PRE, POST may reduce the buyer’s expense on
qualification screening; but the trade-off is that the re-
sulting equilibrium bid prices will be higher, because
suppliers are less inclined to bid aggressively against
competitors who have not been qualified (i.e., a sup-
plier can win the contract without placing the lowest
bid, as long as all of the lower-bid suppliers fail
qualification screenings).

The aforementioned main trade-off between PRE
and POST has already been identified in various auc-
tion settings (e.g., see Wan and Beil 2009, Wan et al.
2012), but there are some obstacles to applying this
managerial insight in practice. For example, Wan and
Beil (2009) provide an elegant characterization of the

optimal mechanism in the procurement context with
qualification screenings, which provides clean man-
agerial insights on the trade-off involved in the timing
of conducting qualification screenings. However, opti-
mal mechanisms are complex and difficult to explain
to practitioners and are rarely used in practice. In con-
trast, Wan et al. (2012) studied the similar trade-off in
the context of open-descending price-based auction
(open-bid auction), a type of auction that allows sup-
pliers to see competitors” bids in real time and re-
spond by adjusting their own bids dynamically. Our
paper also focuses on this auction format due to its
popularity in the private sector. For example, auto parts
manufacturers use open-bid auctions for sourcing high-
ly engineered commodities (Beil and Duenyas 2012);
pharmaceutical companies such as GlaxoSmithKline
leverage open-bid auctions to source input materials
globally (GlaxoSmithKline 2015); open-bid auction is
also a key toolkit provided in SAP Ariba, a procure-
ment and sourcing solution that the leading Enter-
prise Resource Planning software provider SAP offers
to help its clients manage procurement. Whereas
Wan et al. (2012) focus on a stylized setting with a sin-
gle incumbent supplier and a single entrant supplier,
in practice, in order to increase competition in the
resourcing process, buyers usually consider multiple
entrant suppliers to compete for the contract, a setting
that cannot be addressed by Wan et al. (2012). In
other words, open-bid auctions are highly prevalent
in practice and are often a part of procurement tool-
kits due to their transparency and simplicity in
implementation, and yet their theoretical properties
are not well-understood. The main focus of our paper,
therefore, is to gain insights into the trade-offs in-
volved in open-bid auctions with pre- and postbid-
ding qualification screening. The specific setting we
are considering is one with a single incumbent and
multiple entrants, and our primary goal is to charac-
terize the factors that affect which strategy (PRE or
POST) is better for the buyer and, even more specific-
ally, how much value adding the POST option to the
procurement toolkits would provide for the buyer. It
is worth pointing out that one nuance of this setting
with multiple entrants is to determine the payment
rule of POST in an open-bid format: How much does
the contract winner get paid if he or she is not the one
with the lowest bid (i.e., this may happen if all lower
bid suppliers fail to pass qualification screenings).
Theoretically, there are many different options for the
payment rule of POST. However, based on several
practical considerations, such as ease of implementa-
tion and transparency (see a more detailed discussion
in Section 2.2), we choose the following payment rule:
If the contract winner is indeed the last supplier who
remains in the auction (i.e., if this supplier is an en-
trant, he or she needs to pass qualification screening
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to be the contract winner), he or she gets paid the auc-
tion price right after the most recent supplier dropout;
otherwise, the contract winner gets paid his or her drop-
out bid (see Section 2.2 for more details). Henceforth,
PRE/POST refer specifically to open-bid auction with
prebidding /postbidding qualification screenings, whose
procedures will be formally introduced in Section 2.

To assess the value of the POST option, the buyer
first needs to develop quantitative models and tools to
estimate the expected total procurement cost (qualifica-
tion screening cost plus contract payment) of both PRE
and POST. Although PRE is relatively straightforward,
the main challenge is the analysis of POST. Specifically,
because an entrant supplier may not need to be the
lowest bidder to win the contract, it is no longer a dom-
inant strategy for suppliers to drop out at their costs as
they would in a standard open-bid auction. This feature
makes the open-bid auction with postbidding qualifi-
cation screenings a complex dynamic game where
suppliers” equilibrium bidding strategies depend on
a multidimensional state that dynamically evolves as
the auction proceeds (e.g., the current auction price, the
number of remaining suppliers and their qualification
status, and the posterior on the remaining suppliers’
cost, etc.). Thus, solving the equilibrium bidding strat-
egy using a standard approach (which requires solving
several high-dimensional stochastic dynamic programs
iteratively until the optimal dynamic policies in all dy-
namic programs converge) and numerically computing
the expected cost of POST is not computationally tract-
able. To overcome this challenge, we identify several
structural properties of suppliers’” equilibrium bidding
strategies, and these properties allow us to speed up
the numerical computation. Additionally, this equilib-
rium analysis also provides rich insights on the incen-
tive implications of POST. Therefore, one of our main
analytical results deals with determining equilibrium
bidding strategies for the entrant suppliers and for the
incumbent supplier in POST.

The first analytical contribution of this paper is a full
characterization of the suppliers’ equilibrium bidding
strategy in POST (i.e.,, Lemma 2 and Theorems 1 and
2). This characterization is very useful because it high-
lights the different bidding incentives between the
entrant suppliers and the incumbent supplier and
provides insights on the economic drivers in POST. It
also significantly simplifies the computation of the ex-
pected cost of POST, which allows a convenient and
efficient comparison between the expected cost of PRE
and POST. Hence, the buyer can choose the cheaper
option between PRE and POST to implement in his or
her resourcing process; this is our proposed approach
to the buyer. The second contribution of our work is
that we establish analytical conditions under which
the buyer should choose POST over the conventional
approach PRE: when entrants” probability of passing

qualification screening is sufficiently high, when the
qualification screening cost is sufficiently high, or when
the number of available entrants is sufficiently large
(i.e., Proposition 4). These conditions correspond to
scenarios where either the benefit of POST’s more in-
formed qualification screenings is most pronounced or
the drawback of suppliers’ less aggressive bidding be-
havior in POST is most subdued. Furthermore, using an
extensive numerical study, we provide evidence that
including POST as a resourcing option can provide sig-
nificant cost savings compared with the conventional ap-
proach of only using PRE and identify settings in which
the benefit of POST is most salient. It is worth noting
that our proposed approach (i.e., the cheaper option be-
tween PRE and POST) is easy to implement in practice
since it uses existing features of procurement auctions
that practitioners are already familiar with and com-
bines them in an innovative way. Although appealing
from a practical standpoint, it naturally raises the ques-
tion of whether a more sophisticated approach can pro-
vide significant benefit over our proposed approach. To
that end, we numerically compare our approach with
the optimal mechanism (i.e., Proposition 5) that pro-
vides a lower bound on the expected cost of any feas-
ible mechanism but is difficult to implement in practice.
Our result shows that our proposed approach captures
the majority of the cost savings the optimal mechanism
offers compared with the conventional PRE, which
highlights the effectiveness of our simple approach.

1.1. Related Literature

Our paper is related to the literature in procurement
and strategic sourcing (see Elmaghraby 2000 for a com-
prehensive survey and Beil 2010 for a comprehensive
introduction about the procurement process). As
pointed out earlier, one of the main challenges of pro-
curement management is to address supply risks in
pricing and quality. To deal with these risks, prior re-
search has explored different approaches such as multi-
sourcing (e.g., see Chaturvedi et al. 2019), total-cost
auctions (e.g., see Aral et al. 2020, Stoll and Z6ttl 2017),
new supplier recruitment (e.g., see Beil et al. 2018), etc.
We focus on the use of supplier qualification screening
as a way to control supplier nonperformance risks.
There is an important stream of work that focuses on
this approach. For example, Gillen et al. (2017) study, in
a forward auction setting, whether the auctioneer
should demand certification of bidders’ qualification
before or after a second-price sealed-bid auction. In
their model, they assume all bidders will pass the quali-
fication for sure at a cost. In our paper, however, the
suppliers face the risk of failing the qualification screen-
ings. The paper closest to ours is Wan et al. (2012), in
which the authors consider a setting where a qualified
incumbent supplier and a single not-yet-qualified en-
trant supplier compete in an open-bid auction for a
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single-supplier contract from the buyer, and the buyer
faces the choice of conducting qualification screening of
the entrant before or after the auction. They reveal an
important managerial insight to the buyer when post-
qualification strategy is used in their setting. The in-
cumbent supplier will inflate the bid, but the entrant
supplier will bid down to cost. Our paper captures a
more general setting where there is more than one en-
trant competing with the incumbent for the contract;
this generalization captures a more complex scenario
that could never happen in Wan et al. (2012). After the
incumbent drops out, multiple entrants may remain in
the auction. This complication results in richer insights
on the impact of postqualification on suppliers” bidding
incentives. For example, we show that the entrant sup-
pliers’ bidding strategy is much more nuanced than that
characterized in Wan et al. (2012). The entrants will bid
to their costs before the incumbent drops out, but after
the incumbent drops out they will inflate their bids
above their costs.

There is also another stream of work that employs
the optimal mechanism design approach (Myerson 1981)
to incorporate supplier qualification screening to the
procurement process (e.g., see Chaturvedi et al. 2014,
Chaturvedi and Martinez-de Albéniz 2011, Chen
et al. 2018, Wan and Beil 2009, etc). Although these pa-
pers optimally integrate supplier qualification screen-
ing with supplier selection in different settings to
minimize expected procurement cost, the drawback is
that optimal mechanisms may be difficult to explain to
practitioners and hard to implement in practice (Roth-
kopf 2007, Roughgarden and Talgam-Cohen 2019). We
focus on the open-bid auction approach, an important
and widely used auction format in practice and provide
insights that are very relevant to practitioners. Having
said that, an optimal mechanism analysis of the setting
we study provides a lower bound of the procurement
cost under any feasible mechanism. Thus, in our paper,
we also conduct an optimal mechanism analysis to fa-
cilitate a numerical evaluation of the effectiveness of
our proposed open-bid auction approach.

1.2. Organization of the Paper

In the remainder of the paper, we first introduce the no-
tation and the operational details of PRE and POST and
present the analysis of PRE in Section 2, whereas the
full analysis of POST is postponed in Section 3. Then
Section 4 investigates the buyer’s optimal choice between
PRE and POST. Finally, we assess the benefit of POST
numerically in Section 5 and conclude in Section 6.

2. Model

Consider a buyer who would like to renew a single-
supplier contract. The buyer has an incumbent supplier,
denoted by 0, who currently charges the buyer R for

the contract. The incumbent’s true cost, denoted by xj,
is a random variable with a cumulative distribution
function (c.d.f.) Fo, a probability density function (p.d.f.)
fo, and support [R, R]. The buyer has already identified
N (N > 2) potential suppliers in the market, the entrants,
and would like to invite them to join the contract com-
petition. These entrants are indexed by j=1,2, ---,N.
The entrants’ costs x; s are independently and identical-
ly distributed with a c.df. F,, a p.df. f,, and support
[R,R]. All suppliers’ costs are private knowledge, but
their cost distributions are common knowledge. We
make the following assumption on entrants’ cost.

Assumption 1. J‘; is nondecreasing and convex.
e

Note that most of the log-concave distributions, such
as uniform, normal, logistic, exponential, and Weibull
distributions, satisfy this condition (see table 5 in Bag-
noli and Bergstrom 2005 for a more detailed list of these
log-concave distributions). The incumbent and an
entrant are ex ante asymmetric not only due to their
asymmetric cost distributions but also due to their
asymmetric qualification status. The incumbent supplier
is qualified because he or she has been supplying the part
to the buyer and his or her technical capabilities have al-
ready been validated by the buyer. In contrast, an entrant
has not worked with the buyer before and needs to be
carefully vetted via a qualification screening process
before he or she can be awarded the contract. The qualifi-
cation screening process may be lengthy and costly, re-
quiring the buyer to visit the supplier’s facility, purchase
sample products, test products, etc. Additionally, there is
no guarantee that an entrant will always pass the qualifi-
cation. Following the supplier qualification literature
(e.g, Wan et al. 2012), we model qualification screening
cost and uncertainty as follows. It costs the buyer K to
conduct the qualification screening on each entrant; if an
entrant undergoes qualification screening, he or she will
pass the screening requirements and become qualified
with probability g € (0,1), where we assume 8 to be
common knowledge. In other words, we consider a
setting where the entrant suppliers are ex ante sym-
metric, which is mostly appropriate when the
buyer’s prior belief about those entrant suppliers are
similar and the cost drivers for buyer’s qualification
screenings are similar. Focusing on this setting also
allows us to provide a clean way to highlight the dif-
ferent natures of bidding incentives between the in-
cumbent supplier and the entrant suppliers. We also
assume that if an entrant undergoes qualification
screening, both the buyer and this entrant observe
whether this entrant passes the screening.

The buyer’s goal is to select a qualified supplier (ie.,
either an entrant who passes the qualification or the in-
cumbent) to minimize his or her expected total procure-
ment cost, that is, contract payment plus qualification
cost.
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2.1. Prequalification Strategy

In the prequalification strategy (PRE), the buyer first
chooses Ny, € [0,N] and randomly selects Ny, out of
the N entrants (note that since entrants are ex ante sym-
metric, it is equivalent to select the entrants 1 to Ny,.) to
conduct qualification screenings simultaneously. Then,
only the entrants who pass the qualification screenings
and the incumbent are allowed to compete for the con-
tract in a standard open-bid descending auction that
proceeds as follows. The auction price is initially set at
the current contract price R and then falls continuously
until the auction ends when all but one bidder drops
out; the last remaining bidder wins the auction and is
paid the auction ending price. (Auctions with a continu-
ously falling price are also known as “reverse clock auc-
tions”; see Ausubel and Cramton 2006 for discussions
about clock auctions in practice.) Note that, if none of
the invited entrants pass the qualification, the incum-
bent will win the auction directly at price R; otherwise,
because all participants are qualified suppliers, in equi-
librium, all of them will stay in the auction until the
auction price reaches their true costs (Krishna 2009).
Hence, the expected total procurement cost (qualifica-
tion cost plus contract payment) when the buyer con-
ducts Ny, prebidding qualification screenings equals

Ny
PCpre(Npre) = > E[Min2(R, xo, . .., x1)]

i=0

Np!

i{(Npre — 1)!
where Min2(...) corresponds to the second-lowest
value of its arguments. The buyer chooses the optimal
number of entrants for qualification screening, Ny, to
minimize his or her expected cost under PRE. Hence,
the buyer’s optimal expected cost under PRE, denoted
by PCy, equals

o= 0 POl =T}

X B(1-B" "+ Nk, (1)

2.2. Postqualification Strategy

An alternative approach to structure the supplier
qualification screening and supplier selection is the
postqualification strategy (POST), where qualification
screenings are conducted postbidding rather than pre-
bidding. The buyer invites all suppliers to bid in a
(slightly modified) open-bid descending auction (see
more details below) before conducting qualification
screenings and awarding the contract to one of the
qualified suppliers. Specifically, after all suppliers de-
cide whether to join the auction, the buyer announces
to all participating suppliers which supplier is the in-
cumbent and a fixed price decrement A := K/ when
incumbent drops out (see more details of this decre-
ment later). Then the auction begins as its descending

price clock starts at the current contract price R and
continuously descends. In this process, all suppliers
choose to drop out of the auction or stay at the pre-
vailing price. In contrast to a standard open-bid de-
scending auction as in PRE, when the incumbent
drops out, the auction price immediately jumps down
by A before keeping on continuously descending. The
auction ends when there is only one supplier left in
the auction, and the ending auction price equals the last
dropout price bid (dropout price for short) if the last
dropout is an entrant, and equals the last dropout
price minus A if the last dropout is the incumbent
(this is because the auction price immediately jumps
down by A after the incumbent drops out). During
this bidding process, suppliers observe the following.
Before the auction starts, the number of suppliers in
the auction, which one is the incumbent, and A are all
common knowledge; as the auction proceeds and sup-
pliers drop out one after another, each supplier ob-
serves the auction price and when other suppliers
drop out in real time until he or she himself or herself
drops out (this means that he or she can perfectly infer
the dropout prices of all suppliers who drop out ear-
lier than him or her). Note that it is possible that when
the auction concludes, the only remaining supplier is
an entrant who has not yet been qualified. Hence, al-
though this supplier becomes the auction winner, the
supplier does not automatically become the contract
winner. This is where the postbidding qualification
screenings take place. After the auction ends, in-
formed by the suppliers” dropout prices, the buyer de-
cides which suppliers (if any) and in what sequence to
conduct qualification screenings. At the conclusion of
the qualification screenings, the contract is awarded to
a qualified supplier (either the incumbent or an en-
trant who passes the qualification screening) who has
the lowest dropout price. The contract payment
equals the ending auction price if the contract winner
is the auction winner; otherwise, the contract payment
equals the contract winner’s dropout price.

Given the format of POST, the buyer’s (ex post) op-
timal qualification screening decisions are character-
ized in the following lemma. (All our proofs can be
found in the Online Appendix.)

Lemma 1. In POST, it is ex post optimal for the buyer to
keep conducting qualification screening in the reverse order of
when the suppliers dropped out until either the first entrant
passes the qualification screening or all entrants who drop out
later than the incumbent fail to pass qualification screenings.

The buyer’s optimal postauction qualification
screening rule is very intuitive. The buyer starts with
the supplier with the lowest bid and keeps on con-
ducting qualification screening in the sequence from
the low bid to high until he or she finds the first quali-
fied supplier (either an entrant who passes the
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qualification screening or the incumbent). Note that
the observation that this screening rule is ex post op-
timal is driven by the design that the auction price
immediately jumps down by A =K/B when the in-
cumbent drops out. Indeed, if the incumbent drops
out at p, this design feature ensures that the dropout
price bids of entrants who drop out later are at least
K/B lower, which makes it optimal to conduct qualifi-
cation screening of any of these entrants before award-
ing the contract directly to the incumbent since the
expected benefit (i.e., the reduction in payment when
an entrant passes qualification) equals X (p — entrant’s
bid) > BK/B = K, which is larger than the cost of qualifi-
cation. Having explained above how POST is operation-
alized, we now explain an appealing feature of POST
that motivates us to propose this format in the first
place: practical applicability. First of all, POST is quite
straightforward to deploy mechanically because,
compared with the standard open-bid descending
auction that is widely adopted in practice, operation-
ally, POST only requires the buyer to ensure that the
descending price clock jumps down by A immediate-
ly after the incumbent drops out (e.g., if the incum-
bent drops out at some auction price p, then the price
clock immediately drops down to p—A). Note that
this feature is not an arcane concept because one can
interpret p — A as a “reserve price” to account for the
extra expenditure on verifying entrants’ qualifica-
tion status. Second, the payment in POST is very
transparent. The final contract winner always pays
what he or she bids, except in one scenario when fi-
nal contract winner wins the auction and passes the
qualification screening. But even in that scenario, the
payment is still very transparent since the contract
winner pays the auction ending price (note that this
is the same payment rule as in a standard open-bid
descending auction widely used in practice). Final-
ly, note that the qualification screening rule the
buyer uses in POST is ex post optimal. Thus, the
buyer does not need to commit to a particular quali-
fication screening rule to the suppliers ex ante that
would cause implementation issues, as the qualifi-
cation screenings are not directly observable to all
suppliers.

Although POST is a practical sourcing strategy, the
expected cost of POST may be either higher or lower
than PRE, depending on the business context. In order
to determine the best strategy to use, the buyer needs
to compute the expected cost of both options and then
choose the less expensive one. Although the expected
procurement cost for PRE can easily be established in
(1) and (2), calculating the expected procurement cost
under POST is challenging. We are not aware of any
existing literature that provides numerical methods to
calculate the expected procurement cost under POST.
What makes POST much more complex to analyze

than PRE is that suppliers’ equilibrium bidding be-
havior in POST is much more nuanced. The fact that
not all auction participants are qualified suppliers
means that a supplier does not necessarily need to
win the auction in order to win the contract. For ex-
ample, when an entrant supplier j drops out, if all lat-
er dropout suppliers are entrants and they all fail the
qualification screening, then supplier j can still win
the contract if he or she passes qualification screening.
Therefore, supplier j may have the incentive to drop
out at a price higher than his or her true cost, which is
different from the equilibrium bidding behavior one
would expect in a standard open-bid descending auc-
tion. As one can imagine, the extent to which supplier
j inflates his or her dropout price above his or her cost
may depend on all the historic information the sup-
plier observes (e.g., the current auction price, the
number of remaining suppliers, and the supplier’s
posterior on the remaining suppliers’ cost distribu-
tions). Thus, POST induces a complex stochastic dy-
namic bidding game with ex ante asymmetric bidders.
This raises several interesting managerial questions for
POST. How should a supplier decide when to drop
out based on the information he or she observes in
the bidding process? Would the incumbent and
the entrants’ equilibrium dropout strategies be dif-
ferent, and if so, how? How would the nature of
qualification screening (e.g., the cost of qualification
screening and the entrants’ probability to pass the
qualification screening) affect suppliers’ equilibrium
strategies? Finally, returning to our main research
question, how do we compute the expected procure-
ment cost of POST so that the buyer can compare it
with the expected cost of PRE and make a more in-
formed decision on the choice between PRE and
POST? We address these questions in the next two
sections.

3. Equilibrium Analysis of POST

In this section, we characterize suppliers’ equilibrium
dropout strategies in POST and then use this charac-
terization to derive the buyer’s expected procurement
cost under POST. Recall that POST induces a stochas-
tic dynamic game with incomplete information and ex
ante asymmetric players. Here, the suppliers have in-
complete information because they only know their
own true costs but not others’. We use Perfect Bayes-
ian Equilibrium (PBE) as our solution concept. Specif-
ically in the context of POST, all suppliers start with a
common prior on other suppliers” cost distribution. As
the auction proceeds, each supplier observes the de-
scending auction price and when other suppliers drop
out until he or she drops out; this forms a sequence of
(weakly) increasing information sets as auction pro-
ceeds. A dropout strategy is a collection of functions
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that map the supplier’s information sets to an auction
price at which the supplier should drop out. To ensure
consistency condition of PBE, for any dropout strategy
profiles of all suppliers, we use the Bayes rule to con-
struct the posterior beliefs given the common prior
(before the bidding starts) and all suppliers’ strategies.
Then, we say a collection of dropout strategy profiles
along with the beliefs constructed above for this col-
lection of dropout strategy profiles form a PBE if the
strategies are sequentially rational. Because the entrants
are ex ante symmetric, we focus on the PBE where en-
trants’ equilibrium strategies are symmetric. In the re-
mainder of this section, we first characterize the
entrants’” and the incumbent’s equilibrium dropout
strategies in POST (Sections 3.1 and 3.2), which are
then used to characterize the buyer’s expected total
cost under POST (Section 3.3).

3.1. Entrants’ Dropout Strategy

Since the incumbent is a qualified supplier, an entrant
faces very different competition before and after the
incumbent drops out. Thus, we characterize entrants’
equilibrium dropout strategy before and after the in-
cumbent drops out separately.

3.1.1. Entrants’ Bidding Before Incumbent Drops Out.
By Lemma 1, an entrant can win the contract only if
he or she drops out later than the incumbent. How-
ever, in POST, the auction price immediately drops by
A =K/ when the incumbent drops out; therefore, to
avoid the possibility of winning the contract but los-
ing money, as long as the incumbent is still in the auc-
tion, an entrant supplier j should drop out no later
than when the auction price reaches his effective cost,
defined as x;+K/B. (We assume that K/ <R—-R to
avoid the trivial situation that no entrant would like to
join the auction because all effective costs are higher than
the auction starting price.) By a similar argument as in
the analysis for a standard open-bid descending auc-
tion, Lemma 2 establishes the entrants’ dominant bid-
ding strategy before the incumbent drops out.

Lemma 2. Before the incumbent drops out, it is a weakly
dominant strategy for the entrants to stay in the auction
until the auction price clock reaches their effective costs.

3.1.2. Entrants’ Bidding After Incumbent Drops Out.
After the incumbent drops out, although the remain-
ing bidding process only involves ex ante symmetric
suppliers (i.e., the remaining entrants), their equilib-
rium dropout strategy is more complicated than a
standard open-bid descending auction because any of
the remaining entrant may lose an auction to other re-
maining entrants but still win the contract if all later
dropout entrants fail to pass the qualification screen-
ing; thus, an entrant has an incentive to drop out at a

price higher than his or her cost. For each of the re-
maining entrants, at what price to drop out depends
on not only the entrant’s true cost but also how many
competing entrants are still in the auction and his or
her posterior on these entrants’ costs; of course, the
price to drop out should also be dynamically updated
as other competing entrants drop out over time. In the
remainder of this subsection, given the incumbent’s
dropout price and the number of remaining entrants,
we characterize the symmetric equilibrium (dynamic)
bidding strategy for the remaining entrant suppliers
after the incumbent drops out.

Formally, consider the scenario where there are n €
{1, ---,N} remaining entrants after the incumbent
drops out. Let p;,) denote the auction price right after

the incumbent drops out: pf;, equals the incumbent’s
dropout price minus A =K/B. Moreover, for all
k=1, ,n-1, let p’(k) denote the (n —k)th dropout
price among the remaining n entrants and cf}, denote

the cost of the (1 — k)" dropout entrant. Suppose now
that there are only k entrants in the auction, and en-
trant j is one of them. At this point, the price b; at
which entrant j should drop out should depend on all
the payoff relevant information that he or she ob-
serves so far, which includes not only the entrant’s
cost x; and the number of remaining entrants k but
also the entrant’s posterior of the remaining entrants’
costs; apparently, this posterior is determined by the
previous dropout prices and the current auction price,
as well as entrant ’s belief of other entrants” dropout
strategies. Below, we first introduce a class of Active-
Bidder-Number Dependent Threshold strategy (ABN) and
then construct an ABN that, along with the remaining
entrants’ posteriors when the incumbent drops out,
forms a symmetric perfect Bayesian Equilibrium in
the bidding process after the incumbent drops out.

Definition 1. An ABN is determined by a sequence of
n —1 functions {3, (x;;¢,p)};,, where 5, is strictly increas-
ing and differentiable with respect to x;, and we denote
by §.'(;¢,p) its inverse function. For an entrant with cost
x;, the ABN specified by {3, }_, works as follows:

1: Setk=n,p =p(,, and ¢ = pg,
2: if k =1 then terminate
3: else
4: compute a threshold b; = §,(x;;<, )
5: if one of the other entrants drops out at an auc-
tion price pj_;) > bj, then
6: setc = CE’,H) = §,:1(pf‘k71);6,;7) and setp = p?kfl),
7: setk=k—1,and go to 2
8: else if no entrant drops out before the auction
price hits b;, then
9: drop out at b;, and terminate
10: end if
11: end if
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The function 5, (x;;¢c,p) maps an entrant’s cost type
x; into a dropout threshold b;, given the number of re-
maining entrants k, the most recent dropout price p,
and an estimate of the upper bound of other remain-
ing entrants’ costs ¢. Note that under the supposition
that all n entrant suppliers who drop out after the in-
cumbent use the ABN characterized by the same set of
functions {5, };_,; ¢ determined in ABN is consistent
with entrants’ posterior on other remaining entrants’
cost distribution. To see that, recall that by definition,
8, is increasing in x;; this implies that entrants with
higher cost types drop out first. Therefore, when the
highest cost entrant among k (for any 2 <k<n) re-
maining entrants drops out at pj;_;), all k-1 remain-

ing entrants would correctly deduce that the cost of
the entrant who just dropped out equals cj ) =
5, l(pf’k_l);ﬁ,;_y), and it coincides with the posterior of
the upper bound of the support of the k — 1 remaining
entrants’ cost distribution. Similarly, when the incum-
bent drops out with an auction price of p{, (recall that
it equals the incumbent’s dropout price minus A), the
upper bound of the support of the n remaining en-
trants” cost distribution equals pf;,, as is implied by
Lemma 2. Having explained above that all # remain-
ing entrants using the same ABN ensures the consist-
ency condition for PBE, we now construct the ABN
that ensures sequential rationality condition given
entrants’ beliefs. Toward that end, recall that we are
considering a scenario where there are exactly n re-
maining entrants when the incumbent drops out, and
the auction price (right after a price decrement of A
from the incumbent’s dropout price) is p(;,. Our goal
is to find {5, };_, such that, given that all other remain-
ing entrants employ the ABN specified by {5,};_,, en-
trant j’s best response coincides with the ABN specified
by {5,};-,, thus ensuring sequential rationality. Note
that entrant j’s optimal dropout problem can be for-
mulated as a stochastic dynamic program. Specifically,
denote by GX(z;¢) := [Fu(2)/F.(©)]" and g¥(z;¢) := k[F,
) L(z) / [E(0), respectively, the c.d.f. and p.d.f. of
the highest cost out of the k remaining entrants’ costs
when their costs’” upper bound is ¢, and denote by
V&(x;,p;¢,p) the maximum profit entrant j can make
when there are k active entrants in the auction where
the current auction price is p, the most recent dropout
occurs when the auction price hits p, and the latest
drop-out supplier’s cost is ¢ (recall that assuming oth-
er entrants follow the ABN, entrant j can correctly in-
fer that ¢ =35, (P;C,P) when k<n-1 and ¢ =pf,
when k = n). Then, entrant j’s optimal dropout strategy
can be obtained by solving the Bellman equations

below. Forallk=2,...,n,
V](f(xj/ P/ E/ ?)

5. (p: T, P)
= max [ / VA, sz e, B 2
b]'e[x]', p] 508, P)
= ,——gk—] -1 . ).
8z T, P))g, (z 8 (p;T,p))dz
when an entrant drops out before entrant j (ie., before auction price reaches b))
1 (=— — =y, =— R k—
BGE (57 (b ¢, p)s 55 (pr e, p)(A-P) !
<bf—xj>],

®G)

when no other entrant drops out before entrant j
1 .5 FH) =
and V, (x;, p; ¢, p) = pp—x))- )

Theorem 1 below establishes, by construction, that
an ABN forms a pure strategy symmetric PBE for
the dynamic bidding game that ensues if the incum-
bent drops out at p{,)+A and with 7 remaining
entrants.

Theorem 1. Forany p€ [R+A,R] and anyn=1,...,N,
suppose that the incumbent drops out at price p with n re-
maining entrants still in the auction and that it is common
knowledge that all remaining entrants’ costs are no higher
than p(,, where p(,, :=p — A, then the following holds:

i. The ABN specified by a sequence of n—1 functions
{5k }iep, defined below along with the belief system that is
consistent with ABN, and the prior that all n entrants’ costs
are below pi,,, forms a symmetric PBE: For allk=2,...,n,
xj€[Rc],R<c<p<R,and

95 (xj; C, p) _ Bk =1) fe(xj) Gx(xj; ¢, P) — x;)
8xj (1 - ﬁ)Fé’(x]) ’

)

with the boundary condition
5@ ¢ p)=p. ©6)

ii. 5,(xj; ¢, p) decreases in k for all x; € [R,¢), decreases in
¢, and increases in x; and p.

iii. 5§, (xj; ¢, p) > x; for all x; € [R, T).

iv. Ifx; < Clie—ys then § (xj; ¢l P?k)) <81 (5 ey P?k—n)'

Several remarks are in order. First, note that after
the incumbent drops out, by Lemma 2 and the Bayes
rule, all remaining entrants infer that their competi-
tors” costs are no higher than pf; \; thus, Lemma 2 and
Theorem 1 jointly characterize entrant suppliers” equi-
librium bidding strategy. It is worth noting that we do
not need to explicitly characterize the incumbent’s
equilibrium bidding strategy in order to characterize
the entrants’ equilibrium bidding strategy. This is be-
cause entrants have dominant bidding strategies
before the incumbent drops out; once the incumbent
drops out, the remaining entrant’s expected payoff
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depends on the incumbent’s bidding strategy only
through the incumbent’s dropout price. Second, note
that Theorem 1 part (iii) implies that after the incum-
bent drops out, in equilibrium all entrants will drop
out at a price higher than their costs; this is because
any of the remaining entrants are incentivized to bid
less aggressively because they anticipate that their
competing entrants who drop out later than them
may not always pass qualification screening. Third,
recall that 5, (x;;cfy, p{y) is entrant j's dropout thresh-
old when there are exactly k entrants in the auction.
Thus, Theorem 1 part (iv) implies that after the incum-
bent drops out, every time an entrant drops out results
in an increase of all remaining entrants’” dropout thresh-
olds. In other words, once the incumbent drops out, all
remaining entrants start to increasingly hold back their
aggressiveness on bidding as more entrants drop out.
As a result, the buyer should not safely assume that in-
tense competition would naturally occur in POST sim-
ply because more entrants joined the bidding process.
Instead, the buyer should take into account the incen-
tive implications of postbidding qualification screenings
on supplier bidding behavior when evaluating what fi-
nal contract price to expect from POST. Fourth, we
would like to point out that although the entrant suppli-
ers’ optimal dropout problem is a high-dimensional
stochastic dynamic program and is computationally dif-
ficult to solve in brute force, we show in Theorem 1 part
(i) that instead of solving the dynamic program directly,
one only needs to solve a set of one-dimensional first-
order ordinary differential equations that can be eas-
ily computed numerically. This characterization also
facilitates a set of comparative statics results summar-
ized in Theorem 1 part (ii). These comparative statics
results are not surprising. For example, when there
are a higher number of remaining entrants k, there is
more competition, so the entrants bid more aggres-
sively by having lower dropout thresholds. Finally, if
the entrants’ cost distribution is a uniform distribu-
tion, the equilibrium dropout strategy can be derived
in closed form.

Proposition 1. When F,~ U[R,R], the ABN in The-
orem 1 has a closed-form expression:

Blk-1) Blk-1)
pk—1 pk—1

(xj—B)“‘(I?—B

Bk-1)

L 1-p
(c—B))(’g_f) R, i,

gk(leﬁlﬁ)z plk=1)
G-»| R i -n)
p-K t_R Xji— &
X]‘—B . _1
togl L |+ R ifp=r @)

We illustrate below an entrant’s equilibrium dropout
strategy after the incumbent drops out.

Example 1. Suppose an incumbent competes with
four entrants whose costs are uniformly distributed
between $0 and $100,000. The qualification cost is
K =$5,000, and the passing probability is §=0.5. In
this setting, the buyer sets A = K/ = $10,000. Suppose
the incumbent drops out first at p=$100,000 and
leaves behind four entrants in the auction. We now
take the perspective of entrant 1 with cost x; =
$18,000 to illustrate the entrant’s equilibrium dropout
strategy (see Figure 1). As soon as the incumbent
drops out (point G+ in Figure 1), the auction price
immediately drops by A and becomes $100,000 —
$5,000/0.5=%9,000 (point G in Figure 1). Then, en-
trant 1 infers that all other entrants’ costs are no higher
than ¢ = $90,000 and then computes a dropout thresh-
old according to (7): 5,($18,000;%$90,000,$90,000) =
$26,640 (point C in Figure 1). Suppose that before the
auction price reaches entrant 1’s threshold, entrant 4
drops out first at $84,960 (point F in Figure 1). Entrant
1 updates his belief about the remaining entrants’ cost
upper bound to E=§;l($84,960; $90, 000, $90,000) =
$72,000 (note that this also equals entrant 4’s cost) and
then recalculates his or her dropout threshold as
5,($18,000; $72,000, $84,960) = $32,310 (point B in Fig-
ure 1). Suppose that entrant 3 drops out at $74,790
(point E in Figure 1) before the auction price reaches

Figure 1. (Color online) llustration of the Dynamics of an
Entrant’s Equilibrium Strategy After the Incumbent Drops
Out
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Notes. In this example, F, follows uniform distribution U[$0,$100,000],
K =$5,000, g =0.5. Moreover, the incumbent drops out at $100,000,
and the remaining four entrants’ costs equal x; = $18,000, x, = $36,000,
x3 = $54,000, and x4 = $72,000, respectively. Point D (resp., E,F,G#)
corresponds to entrant 2’s (resp., entrant 3’s, entrant 4’s, incumbent’s)
dropout price. Point G corresponds to the auction price after the incum-
bent drops out. Point A (resp., B, C) corresponds to entrant 1’s dropout
price when there are 2 (resp., 3, 4) entrants in the auction in this example.
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entrant 1’s updated dropout threshold, leaving behind
only entrants 1 and 2. This time, the updated cost
upper bound becomes € =3, l(51374, 790;$72,000,$84,
960) = $54,000, and entrant 1’s dropout threshold be-
comes 5,($18,000;$54, 000, $84,960) = $44,710 (point A
in Figure 1). Finally, the other remaining entrant drops
out at $64,460 (point D in Figure 1), making entrant 1
the auction winner.

Apparently, the incentive implications on suppliers’
dropout prices also depend on the model parameters
predicated on the business context. We provide in-
sight on this in our next result.

Proposition 2. Fix any x; € [R,¢), ¢, and p, §,(x;,C,p) de-
creases in 5 and is independent of K.

As the probability of passing qualification f in-
creases, there is a higher chance that at least one of the
entrants with a lower dropout price would pass qualifi-
cation and win the contract; thus, all remaining entrants
have more incentive to bid more aggressively by lower-
ing their dropout thresholds. In contrast, because the
qualification cost K is the same for all of the remaining
competing entrants after the incumbent drops out, it
does not affect the competition among these entrants or
their bidding incentives after the incumbent drops out.

3.2. Incumbent’s Dropout Strategy
Given the entrants’ equilibrium dropout strategy charac-
terized in the previous subsection, we now analyze the in-
cumbent’s equilibrium dropout strategy. Recall that by
Lemma 2, before the incumbent drops out, it is a weakly
dominant strategy for entrants to stay in the auction until
the auction price reaches their effective costs. Therefore, at
any auction price p, the incumbent infers that all remain-
ing entrants’ costs are no higher than p — A. Note that
once the incumbent drops out, his or her chance of getting
the contract is fully determined by the number of remain-
ing entrants; that is, the incumbent wins the contract if
and only if all remaining entrants fail their qualifications.
Therefore, in POST, as the auction price descends, the in-
cumbent needs to decide when to drop out based on the
number of the remaining entrants and the incumbent’s
belief about the remaining entrants’ cost distribution.
Denote by V{'(xo,p) the incumbent’s maximum ex-
pected profit and denote by s7,(xo; p) the incumbent’s best
response (henceforth, optimal dropout price) when his or
her cost is xp, the current auction price is p, and there are
exactly m remaining entrants who follow their equilib-
rium dropout strategy characterized in Lemma 2 and The-
orem 1. Note that it is without loss of optimality to restrict
the set of the incumbent’s feasible dropout price to be
[max{R + A, xo},p] because dropping out below R + A,
which equals the lowest possible dropout price from en-
trants, is never optimal. Hence, given entrants” equilib-
rium dropout strategy, the incumbent’s best response can
be found by solving the profit optimization problem

characterized by the following Bellman equations. For all
m=1,...,N,x0 € [R,R],p € [max{R + A, xq}, ),

Vi(xo,p) = max IT§ (b; x0,p)

be[max{B+A,xo},p]

= I0g (5, (xo; p); x0, ), ®)
where for all m=1,...,N, xo€[RR], p€[max{R+
A, xp},0), b e [max{R + A, xp}, ),

p
I (b; xo,p) := / Vit (xo,2)8" (z— A;p— A) dz
b
+G) (b=A;p—A) (1-B)"(b-x0), 9)

and the boundary conditions are as follows. For all
Xp € [B/R]/ p € [maX{B + A/ xO}/ OO)/

V9 (x0,p) = p — Xo. (10)

Theorem 2 below fully characterizes the incumbent’s
equilibrium dropout strategy.

Theorem 2. For all x € [R,R], define

: (1-p)Fe(b—A)
be[max{x(I:lBl?A},§+A] ﬁ(b - xO)fe(b - A)

7

m*(xo) := l

moreover, for all xo € [R,R] and m > m*(xo), define
R+A,

lf Xp < R+A
by, (xo) == inf{h € (xo,R +A]:

Fo(b=2)  mB(b—xo)
feb=1) 1-8

< 0}, if x0 > R+A,

Ph(x0) = min{b € (by,(xg),00] : HS’(b;xO,F +A)— Hg’(b;,(xg);x[),ﬁ +A)> O}.

Suppose that the entrants follow the dropout strategy char-
acterized in Lemma 2 and Theorem 1. Then the following
statements hold:

i. m*(xo), bt (x0), ph(x0) are well-defined, pr,(x0) >
b, (x0) = xo, by, (x0) > xo when xo # R+ A, m*(xo) is nonde-
creasing in xo, by, (xo) is nondecreasing in xo and nonincreas-
ing in m, and p,(xo) is nonincreasing in xo and nondecreasing
inm

ii. Given the incumbent’s cost xo, the number of remain-
ing entrants m, and the current auction price p, the incum-
bent’s optimal drop-out price is

b(xo)Ap, if m>m*(xo),

P =pu(Xo),
P, otherwise ’

s*m(xo;p) ={

moreover, s%,(xo; p) is nondecreasing in xo and p and nonin-
creasing in m.

Before explaining the managerial insights revealed
in Theorem 2, we would first like to point out that
Lemma 2, Theorem 1, and Theorem 2 jointly establish
the suppliers’ equilibrium dropout strategies in POST.
Indeed, if the entrants follow the symmetric strategy
characterized in Lemma 2 and Theorem 1, Theorem 2
characterizes the incumbent supplier’s best response.
Conversely, if the incumbent follows the strategy char-
acterized in Theorem 2, Lemma 2 and Theorem 1
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characterize the entrants best response. It is a weakly
dominant strategy for entrants to follow Lemma 2 be-
fore the incumbent drops out; after the incumbent
drops out, by Lemma 2 and the Bayes rule, all remain-
ing entrants infer the common posterior that all the
remaining entrants’ costs are A lower than the incum-
bent’s dropout price, so the conditions in Theorem 1 are
satisfied.

Theorem 2 reveals that when there are multiple en-
trants, the incumbent’s equilibrium dropout strategy is
a state-dependent dynamic strategy characterized by a
threshold function b}, (xp) and two switching curves,
pr(x0) and m*(xp). Specifically, Theorem 2 part (ii)
shows that, given the current state of the auction, that
is, the number of remaining entrants m and the current
auction price p, an incumbent with cost xy should fol-
low either of the two options: the “compete” option
where the incumbent remains in the auction until the
first time the auction price drops below a threshold
b, (xo) or the “fold” option where the incumbent imme-
diately drops out at current auction price p and forfeits
the chance of winning the auction. Figure 2 illustrates
the incumbent’s equilibrium dropout strategy. The
threshold-type strategy in the compete option is not un-
usual in open-bid auctions; however, when would giv-
ing up winning the auction, the fold option, be helpful
to the incumbent? Note that with the fold option, the
incumbent can still win the contract if the remaining
entrants all fail supplier qualification screenings. Thus,
the fold option can be optimal when there is a sufficient
chance that all m entrants fail qualifications (i.e., when
the number of remaining entrants is small, m < m*(xp)).
Moreover, the fold option is optimal when there are
sufficient numbers of remaining entrant suppliers and
the current auction price is high, that is, m > m*(x) and

Figure 2. (Color online) The “Fold” and “Compete” Regions
of the Incumbent’s Equilibrium Dropout Strategy
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Notes. In this example, xo=$52,000, F. follows normal distribution
N($30,000, $50,000) truncated at R = $0 and R = $150, 000, K = $6, 700,
and p =0.61. The arrows show how the boundary of the two regions
changes as xq increases.

p = pr,(x0). In this case, dropping out at a slightly lower
price than p does not significantly reduce the number
of entrants that remain in the auction after the incum-
bent drops out, so the incumbent’s chance of ultimately
winning the contract does not increase much; in the
meantime, a lower dropout price would definitely de-
crease the incumbent’s profit upon winning the con-
tract. Hence, it is optimal to fold by dropping out at p
immediately. Finally, the comparative statics result of
b*,(xp) and p},(xo) with respect to x( established in The-
orem 2 part (i) shows that as x( increases, the region
where fold option is better expands (see the arrows in
Figure 2 for an illustration). This is because when the
incumbent’s cost is high, dropping out at a lower price
than p is even less appealing since the same absolute re-
duction in the incumbent’s bid results in a larger per-
centage decrease in profit margin upon winning.

Our full characterization of the structure of the in-
cumbent’s dropout strategy is very useful for two main
reasons. First, from the managerial perspective, the in-
cumbent’s state-dependent dynamic equilibrium strategy
in Theorem 2 is a nontrivial generalization of the static
equilibrium strategy characterized in Wan et al. (2012).
By generalizing Wan et al. (2012)’s model to a more
realistic setting with multiple entrants, we can tease out
how the dynamically evolving competition landscape
(e.g., the number of remaining entrants m) affects the in-
cumbent’s bidding incentives. Specifically, Theorem 2
part (ii) (resp. (i)) shows that the incumbent’s optimal
dropout price (resp. threshold b} (x)) is nonincreasing
in m (see Figure 3 for an illustration of how the equilib-
rium bidding function for all incumbent cost types
changes as m varies). Intuitively, as m increases, the in-
cumbent is faced with more competition from the en-
trants, so the incumbent should bid more aggressively.
Note that such reduction in incumbent’s dropout
price can be quite significant for some cost types.
For example, as illustrated in Figure 3, when the in-
cumbent’s cost is $30,000, as the number of entrants
increases from 1 to 2, the incumbent’s dropout price
reduces from $150,000 to $38,000, a 76.67% reduction
in dropout price! Recall that from the buyer’s per-
spective, the main drawback of POST is that inviting
entrants to an auction will not always necessarily re-
sult in aggressive biddings from the incumbent be-
cause the incumbent may take the advantage of his or
her qualified status to behave opportunistically by in-
flating his or her bid (the fold option discussed previ-
ously). Our observation seems to suggest that such
opportunistic behavior may get mitigated significant-
ly as more entrants participate in the auction. This
motivates us to numerically explore how the number
of entrant suppliers affects the buyer’s choice be-
tween PRE and POST in more depth in Section 4.

Second, from a technical implementation perspective,
Theorem 2 can greatly reduce the computational
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Figure 3. (Color online) Illustration of the Incumbent’s Equilibrium Dropout Strategy
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Notes. In this example, F, follows normal distribution N($30,000, $50,000) truncated at R = $0 and R =$200,000, K = $6,700, and p=0.61. The
plot on the left illustrates the switching curves that determines incumbent’s equilibrium dropout strategies when there are m = 1,2, 3 entrants, re-
spectively. The plot on the right illustrates the incumbent’s equilibrium dropout price curves when the current auction price is $150,000 and

there are m = 1,2, 3 entrants, respectively.

complexity of the incumbent’s strategy. We would like
to point out that the dynamic program in (8)-(10) is
very difficult to solve computationally because the
objective function ITf'(b;xo,p) in (8) is not necessarily
unimodal in the decision variable b! In fact, the lack of
unimodal structure is the main reason that the incum-
bent’s equilibrium dropout strategy has the two separ-
ate options compete and fold. Fortunately, Theorem 2
part (ii) implies that the optimal solution to (8) can only
take two possible values, b7,(xo) and p, both of which
can be easily computed. (Mathematically, this result is
based on our observation that when ITj' has a local
maximum, that is, b}, (xo), the objective is increasing for
all b < by, (x0) and for all b > p},(xo), where p?,(xo) is the
smallest point on the real line to the right of b,(xo) such
that IIF (b}, (x0); x0, p) = 1§ (p},(x0); X0, p).) What is nice
about this structure of the optimal solution is that when
solving the dynamic program, instead of optimizing a
nonconvex optimization for each state, we now only
need to compare the objective value of two easily com-
putable points. This greatly speeds up the computation
of the incumbent’s equilibrium dropout strategy, which
makes our numerical study in Section 5 feasible.

Next, we investigate how the incumbent’s optimal
dropout decision depends on the model parameters
(i.e., K and B). We first study the impact of qualifica-
tion cost K on the incumbent’s optimal dropout price.
Recall that Lemma 2 states that before the incumbent
drops out, all entrants will drop out at their effective
costs x; + A. As K decreases, all entrants’ effective costs

decrease. This means that the incumbent is effectively
faced with entrants with more competitive costs; as a
result, one may expect the incumbent to bid more ag-
gressively by decreasing his or her dropout prices.
Interestingly, our next example shows a nonmonoton-
ic change of the incumbent’s optimal dropout price as
K varies.

Example 2. We consider that an example with R = $0,
R =$100,000, F,, and F, follows uniform distribution
U[$0,$100,000], and g =0.7. By abuse of notation, we
use s%,(xo; p; K) to capture the dependence of s, (xo;p) on
K. Suppose there are two entrants and the current auction
price is p = $100,000. We can compute an incumbent’s
optimal dropout prices under two different qualification
costs, K = $5,000 and K = $25, 000, as follows:

55(x0;$100,000;$5,000)

$7,143, if xg € [$0,$7,143],
=41.273xy —$1,950, if xo € [$7,143,$80,086],
$100, 000, if xo € [$80,086,%$100,000];
and
s3(x0; $100, 000; $25, 000)
$35,714, if xo € [$0,$35,714],

=11.273x9 - $9,750, if xq € [$35,714,$86,213],
$100, 000, if xo € [$86,213,$100,000].

Figure 4 illustrates the optimal dropout thresholds for
all incumbent cost types at K = $5,000 and K = $25,000,
respectively. It shows that as the qualification cost
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Figure 4. (Color online) The Impact of Qualification Cost K
on the Incumbent’s Optimal Dropout Prices
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Note. In this example, F, follows uniform distribution U[$0, $100,000],
p=0.7andm=2.

increases from $5,000 to $25,000, the incumbent will
increase his or her optimal dropout price if his or her
cost is xp < $29,586 but will decrease or keep the same
dropout price if his or her cost is xo > $29, 586.

The reason behind this nonmonotonic effect of K is
due to the tradeoff between the compete and fold op-
tions identified in Theorem 2. Although the entrants
become effectively more competitive in costs when K
decreases, the incumbent may have different types of
reactions, depending on his or her cost type. For an in-
cumbent with a low cost type, he or she responds by
bidding more aggressively. But for an incumbent with
a high cost type, lowering his or her dropout price will
result in a big percentage reduction in his or her profit
margin upon winning but would not significantly re-
duce the number of entrants who drop out later than
him or her (i.e., the incumbent’s winning probability
does not improve significantly). Hence, the incumbent
will shy away from intense competition by dropping
out at a high price when K decreases.

Next, we study how the entrants” qualification pass-
ing probability f affects the incumbent’s optimal drop-
out prices. As f§ increases, the entrants are more likely
to pass the qualification screening, so the incumbent is
faced with more risk of losing the contract. As a result,
intuitively, one would expect the incumbent to lower
his or her bid; that is, the incumbent’s optimal dropout
price should decrease in . Somewhat surprisingly,
our next example shows that this intuition is not al-
ways true. For some incumbent cost types, the optimal
dropout prices actually increase in f3.

Example 3. We consider that an example with R = $0,
R =$100,000, F, and F, follows uniform distribution
U[$0,$100,000], and K = $25,000. By abuse of notation,
we use s}, (xo; p; B) to capture the dependence of s}, (xo; p)
on f. Suppose there is only one entrant and the current

Figure 5. (Color online) The Impact of Qualification Passing
Probability § on the Incumbent’s Optimal Dropout Prices
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K =$25,000,and m = 1.

auction price is p = $100,000. We can compute an in-
cumbent’s optimal dropout prices under two different
passing probabilities, § = 0.3 and = 0.7, as follows:

st(x0;$100,000;0.3)
($83,333, if xg <$72,222
~1$100,000, if xo > $72,2227

and
s (x0;$100,000;0.7)
$35,714,
=141.75x¢ — $26,785,
$100, 000,

if xo € [$0,$35,714]
if xo € [$35,714,$72,449] .
if xo € [$72,449,$100,000]

Figure 5 illustrates the optimal dropout prices for all in-
cumbent cost types under =03 and f=0.7. It
shows that when the incumbent’s cost is xp€
($62,925, $72,222), his or her optimal dropout price
increases as the passing probability increases from
0.3to0.7.

The reason behind this nonmonotonic effect of § is
similar to that of K. As f§ increases, there is a higher risk
of losing the contract if the incumbent drops out at a
high price, so the incumbent has the incentive to de-
crease his or her dropout price. However, there is also
another competing effect. As f increases, all entrants’ ef-
fective costs decrease. Similar to the rationale behind
the fold option, this intensified cost competition incenti-
vizes the incumbent with moderate or high cost to bid
less aggressively. When this latter effect dominates the
former effect, the incumbent’s optimal dropout price in-
creases in f3.

3.3. Buyer’s Expected Procurement Cost

Having established the suppliers” equilibrium drop-
out strategies, we now derive the buyer’s expected
procurement cost under POST. Denote by PCposi(x0)
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the buyer’s procurement cost under POST when the
incumbent’s cost is xp. The buyer’s expected procure-
ment cost under POST equals

PCpost = /BRE[”PCPOSt(xO)] dFO(.X'O). (11)

To derive a closed-form expression for E[PCpust(x0)], we
utilize the structural properties of the incumbent’s equi-
librium dropout strategy characterized in Theorem 2.
Recall that given xg, the incumbent’s dropout strategy
is fully characterized by a set of known constants,

*(X()) {bm(x())}m m*(xg)+17 and {pm(xo)}m m*(x0)+1 More-
over, based on the incumbent’s dropout price p, we can
use the incumbent’s equilibrium dropout strategy to in-
fer how many entrant suppliers remain in the auction
when the incumbent drops out. For example, if
p =b},(x0), then it means that, with probability one,
there are exactly m entrants in the auction when the in-
cumbent drops out. This observation motivates us to
divide all possible incumbent dropout prices into dif-
ferent regions. To that end, we define some intervals as
follows (see Figure 6 for an illustration):

By := (by,(x0), by, _1 (x0)) for m = m*(x0) +2, -+ ,N,
and B,, := (b* (xo0), R /\pm(xo)] for
m=m*(xo) +1,

Py = (p},(X0), Py (¥0) ] for
m=m*(xo)+1, - ,m(xo)—1, and

Py = (p;;(XO)/E) for m = ﬁ’l(xO)r

where 7i1(xg) := max{m : m*(xo) + 1 <m < N, p5,(x0) <R}
when pp.(0) <R, and  i(xo) := min{m*(xo), N}
otherwise.

Then, based on the incumbent’s dropout price p,
there are four types of scenarios: (a) =R, (b) p € Py,
for m=m*(xg) +1,...,1M(xp), () P € By, for m =m*(xq)

.,N, and (d) p =b},(x0) for m =m*(xg)+1,...,N.
Based on the incumbent’s equilibrium dropout strategy,
one can verify that the following relationship between p
and m is true. Scenario (a) implies that there are fewer
than 71(x) entrants who participate in the auction, so
the incumbent leaves behind fewer than 71(xg) entrants
in the auction; scenario (b) (resp. (c)) implies that the
m+ 1% (resp. m™) lowest entrant drops out at 7, so the
incumbent leaves behind m (resp. m —1) entrants in
the auction; scenario (d) implies that the incumbent
drops out at the threshold b7,(xg), leaving behind m

Figure 6. Illustration of the Incumbent’s Dropout Price Regions

entrants in the auction. By conditioning on the price at
which the incumbent drops out, Proposition 3 below
provides a closed-form expression for E[7PCpost(x0)].

Proposition 3. Forallm=1,...

,N, denote by X(,..n) the
mth

smallesi cost among all N entrants’ costs, and let
Xn+1:N) := R. Then, when the incumbent’s cost is xo, the
buyer’s expected cost is

it N'
E[PCpost(0)] = D7

215N = F (R=N)T

X [1=F. (R=A)]N"h@i,R)

m
+ 2]

m=m*+1JpePy,

N
+ D) h(m - 1,p)®,,(p)dp
m=m*+1JpeB,,
N

> Ouh(m,by), (12)

m=m*+1

h(m, p)®,,,.,(P)dp

where, for all m=m*(xg)+1,...,N and p € [R,R], we de-
ﬁne h(?’lfl,]_ﬂ) = E[Pcpost(x0)|m/?]/ (Dm(f_j) = P(X(m:N) < f? - A/
and Xz < p}*(xo)—A Yji=m,...,m(xp)), and ¢, =PXpn) <
by, (x0)—A< Xgparny, and Xjaan) < pixo—AVj=m,.. ., m(xp)).
(For expositional clarity, the closed-form expressions of @,,(p),
¢,,(p), and h(m,p) are derived in the proof.)

We would like to point out that the distribution of p
is partly continuous and partly discrete; that is, @;,(p)
corresponds to the p.d.f of the incumbent’s dropout
price p when p € B, (or when p € P;,_1), and ¢,, corre-
sponds to the probability that the incumbent’s drop-
out price p equals b%,(xg). The derivation of h(m,p)
uses the properties of the entrants’” equilibrium dro-
out strategy and the Revenue Equivalence Theorem
(Myerson 1981). Finally, Proposition 3 combined with
(11) establishes a closed-form expression of PCpost.

4. Buyer’s Choice Between PRE
and POST

The expressions for the buyer’s expected cost under PRE
and POST, which are characterized in Section 2.1 and
Section 3.3, respectively, allow the buyer to evaluate, ex
ante, which qualification strategy is cheaper. In this sec-
tion, we turn to the buyer’s strategic choice between PRE
and POST and identify conditions under which the
buyer is better off using the POST we propose.

E b}(\f b}(\f—l o b:n b’;n 1 e b:(n,*+2 b’r(n*ﬁ»l p:n*+1 p:n*+‘2 e p:n p'):rH»l e p;ﬁ P
. ° ° ° ° ° . . . . . PY
( By ) e ( B, ) ( Binsio )( Binsa ]( m*+1 } e ( P ] ( P )

Note. The dependency of b}, (xo), p;;, (x0), m* (xo), i1(xg) on xg is suppressed for notational simplicity.
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Our analysis and discussions have identified the
main cost drivers for the tradeoff between the two
qualification strategies. On the one hand, POST re-
duces the number of qualification screenings needed
(and hence, the qualification cost) because the buyer
would only select entrants with low bids for qualifica-
tion screenings; on the other hand, although there are
more suppliers competing in bidding in POST, the
fact that not all of them have been qualified yet poses
incentives for suppliers to bid less aggressively in the
hope that lower bids may fail qualification, which
may result in higher contract payments than PRE. The
strengths of both driving forces depend on the model
primitives, such as how well the entrants are posi-
tioned to pass the qualification screening (f), the eco-
nomic burden of conducting qualification screenings
(K), and the level of competition (N). Our next result
characterizes conditions under which the buyer
should choose our proposed POST.

Proposition 4. Holding all other parameters constant, the
buyer should choose POST if

a. the likelihood for an entrant to pass qualification screen-
ing, B, is sufficiently high;

b. the cost of qualification screening, K, is sufficiently high;

c. the number of entrants, N, is sufficiently high.

The intuitions of the results above are closely re-
lated to the cost drivers of the tradeoff between PRE
and POST identified previously. When entrants have
a high chance of passing the qualification screening, j3,
suppliers face a higher risk of losing the contract by
opportunistically holding back their aggressiveness in
bidding; thus, the effect of less aggressive bidding in
POST is dampened and makes POST more appealing.
When each qualification screening costs a fortune for
the buyer, the benefit of conducting more informed
qualification screening based on suppliers” bids is
more pronounced; thus, the buyer should choose
POST. Finally, when N is large, POST has the advan-
tage of tapping into a large pool of competing entrants
in the bidding process (which effectively mitigate the
magnitude of the incentive for less aggressive bidding
in POST) without necessarily conducting a lot of quali-
fication screenings. Figure 7 illustrates the buyer’s op-
timal strategic decision on qualification strategy,
where each curve corresponds to a given N and shows
the optimal decision boundary between PRE and
POST. For a given N, the buyer should choose
POST if the point that corresponds to K and g lies in
the region above the decision boundary. Quite
strikingly, when the number of available entrants is
more than 7 (i.e., N > 7), which is not uncommon in
many manufacturing industries, POST outperforms
PRE for a very high proportion of all of the combi-
nations of K and f illustrated here. This seems to
suggest that introducing POST in a buyer’s

Figure 7. (Color online) The Buyer’s Optimal Qualification
Strategy

$12 N

) N=1
= -O-N-=3
§ $10| =% =N=5| |
S =O-N=7
Nad) $8 - |
n
S g6
2 g7 9
T o$4t ®
I g™ o)
E [ § ‘*\‘ o
& %27

0.2 0.4 0.6 0.8 1

Qualification passing probability 3

Notes. The curves correspond to the decision boundaries for different
numbers of all entrant suppliers N. Given N, the buyer should use
POST in the area above the corresponding curve and use PRE in the
area below that curve.

sourcing tool can be quite powerful. This also moti-
vates us to assess the magnitude of the benefit that
POST offers via a comprehensive numerical study
in the next section.

5. Assessing the Benefit of POST

Recall that our analysis makes it possible for the buyer
to compute the expected costs of PRE and POST ex
ante and choose the cheaper option to implement;
thus, our proposed approach to the buyer is to use the
cheaper option between PRE and POST. How effect-
ive is this approach? To assess the benefit of the POST
option, we conduct an extensive numerical study,
which consists of 19,635 problem scenarios with a
wide range of different model parameters (see Table 1
for the factorial design of our numerical study) to an-
swer the following two questions. (i) How much cost
savings does our proposed approach provide com-
pared with using PRE alone, and when does our pro-
posed approach offer the most cost savings; and (ii)
how much does our proposed approach help in bring-
ing down the procurement cost closer to the optimal
mechanism that achieves the lowest cost possible in
theory but may not be implementable in practice?

Table 1. Factorial Design of the Numerical Study

Parameters Values

Cost distribution Fy and F, follow uniform
distribution U[$0,$100,000]
$1,000,$1,250, $1,500, ---,$20,000

0.15,0.2,0.25, ---,0.95

Qualification cost K
Qualification passing

probability g
Number of entrants N 1,2,3, -+-,15
Number of the incumbent 1
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Table 2. Summary Statistics for the Relative Cost Savings
of the Proposed Strategy over PRE

Cost-saving (%)

Mean 32.67
Std 21.03
90th percentile 60.14
75th percentile 51.43
50th percentile 34.35
25th percentile 13.03
10th percentile 2.04

5.1. Study 1: Comparing Proposed Approach
with PRE

To assess the magnitude of cost savings that our pro-

posed approach offers compared with the conventional

approach PRE, we use the following cost-saving metric:

P Cpre - mm{P Cprm P Cpost}
P Cpre

For each scenario, we compute the expected cost of
PRE and POST and calculate the metric defined above
(see Online Appendix for the detailed computation
method and pseudocode); this results in a data set of
the cost-saving metric with 19,635 samples, and we re-
port key summary statistics of the cost-saving metrics
in Table 2. Note that the cost savings range from 0%
(this is when PRE is optimal) to more than 60%, which
suggests that, depending on the model parameters,
the magnitude of the benefit that our proposed strat-
egy can offer over the conventional approach PRE can
be very heterogeneous. Having said that, our pro-
posed strategy can save the buyer 32.67% of the pro-
curement cost under PRE on average. More strikingly,

even at the 10% percentile, our proposed strategy still
provides a cost saving of 2.04%, which is a quite sig-
nificant cost improvement by industry standards. This
suggests that in many practical scenarios, there is a
significant cost improvement opportunity to incorpor-
ate POST into buyer’s resourcing toolkit.

Motivated by the heterogeneity of cost savings
across different scenarios, we next investigate when
our proposed strategy offers the highest cost saving
compared with PRE. To address this question, in the
data set of 19,635 cost-saving metrics we have calcu-
lated, we take the subsamples that have the same N
(resp. K) and plot their summary statistics as a func-
tion of N (resp. K) in Figure 8. Figure 8(a) shows that
as the number of entrants N increases, the cost saving
also increases, which is consistent with the observation
in Figure 7 that when the number of entrants is suffi-
ciently large, the buyer should use POST. Whereas the
number of entrants N affects the cost saving monoton-
ically, Figure 8(b) shows that the effect of qualification
cost K is nonmonotone: The cost saving first increases
and then decreases as K increases. When qualification
cost is very small, PRE is already very effective, so our
proposed strategy does not improve much; when
qualification cost is very large, both PRE and POST
will end up qualifying a small number of entrant sup-
pliers, so the benefit of our proposed strategy is also
limited.! In summary, our proposed strategy is most
beneficial when the number of available entrants is
large or the qualification cost is moderate.

5.2. Study 2: Comparing Proposed Approach
with the Optimal Mechanism

As discussed earlier, both PRE and POST, and hence,

our proposed approach, are easy to implement in

Figure 8. (Color online) Relative Cost Savings of the Proposed Strategy over PRE
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practice with features that the practitioners are very
familiar with. Although being simple is an appealing
feature in practice, one may wonder how well our
proposed approach compares with more complicated
approaches that may be potentially more cost effect-
ive. To assess the additional cost savings a buyer
could achieve in theory on top of our proposed ap-
proach, we now assume that the buyer has full com-
mitment power and conducts an optimal mechanism
analysis to the model we introduced in Section 2. In
other words, instead of analyzing a particular mech-
anism such as POST in Section 3, we seek the optimal
mechanism among a broader class of feasible mecha-
nisms, where the only constraint we place is that the
buyer can only award the contract to qualified suppli-
ers. Note that this class of feasible mechanisms sub-
sumes the mechanisms we have discussed in this
paper, where each supplier is allowed to only place
one single bid, which the buyer can choose to use (i.e.,
in POST) or ignore (i.e., in PRE) when conducting
qualification screenings. However, it also includes
mechanisms that are potentially very hard to imple-
ment in practice (e.g., after the qualification screenings
of some of the entrant suppliers, the buyer allows the
incumbent to reduce his or her bid if an entrant with a
lower bid passes qualification screening.) Hence, the
optimal mechanism serves as a lower bound of the
lowest possible cost the buyer can ever achieve in
practice.

To characterize the optimal mechanism, we define
the virtual cost for the entrants and the incumbent
as P,(x;) :=x; + Fe(xi) /fe(x:) and ,(xo) := x0 + Fo(x0)/
fo(xo), respectively.

Proposition 5. Under the assumption that y,(x;) is non-
decreasing and Assumption 1, an optimal direct, indi-
vidually rational, an incentive-compatible mechanism that
minimizes the buyer’s expected total cost is characterized as
follows:*

o Step 1. The buyer asks all suppliers to report their
true costs.

e Step 2. Let iy be the entrant, with k™ lowest cost among
all entrants, and suppose there are L <N entrants whose
costs are lower than s, (Yg(x0)—A). The buyer conducts
qualification screenings among entrants according to the se-
quence {ik}iz1 until either the buyer finds a qualified entrant
or the buyer exhausts the list of all L entrants.

o Step 3. At the conclusion of Step 2, if the incumbent is
the only qualified supplier, then the buyer awards the con-
tract to the incumbent and pays him

N
35 (1=)" " minfR.vs )+ )

I=L+1
+(1-B"'R; (13)

otherwise, the buyer awards the contract to entrant x;_ who
passes the qualification screening and pays him or her

L

B M=p) "+ (1B o) —4). (9

=k+1

Note that in the optimal mechanism, it is optimal to
conduct supplier qualification screenings postbidding.
This is because, on the one hand, using the suppliers’
initial bids helps the buyer make more informed sup-
plier qualification screening decisions and save qualifi-
cation cost (this is consistent with the finding in Study 1
in that POST performs well compared with PRE in
most of the scenarios); on the other hand, the optimal
payment rule, under which the buyer commits to ex
ante, ensures that he or she provides the minimum in-
centive needed for the suppliers to not inflate their cost
bids (in contrast, the simple payment rule in POST cre-
ates incentives for suppliers to inflate their bids com-
pared with PRE). Although the optimal mechanism, by
definition, results in lower expected total cost for the
buyer compared with our proposed approach, we want
to point out that the optimal mechanism is difficult to
implement due to various practical concerns. For ex-
ample, the optimal mechanism’s payment rule in (13)
and (14) is very complicated. The winner’s payment
not only depends on his own bid but also depends on
his competitors” bids in a nontrivial way, which is dif-
ficult for the buyer to rationalize to suppliers in the
first place in practice. Moreover, the optimal mecha-
nism’s qualification screening rule is not necessarily ex
post optimal for the buyer because, in contrast to Step 2
in Proposition 5, ex post, the buyer may actually
have an incentive to not screen an entrant with cost
xj < gb;l(lpo(xo) —A) if all lower cost entrants fail quali-
fication screenings.” Thus the buyer not only faces the
challenge of explaining the rules of the mechanism to
the suppliers but also needs to convince the suppliers
that he or she will strictly follow the complicated
rules, even though following these rules may not be
in the buyer’s best interest ex post. Another aspect of
the implementation challenge of the optimal mechan-
ism relates to the impracticality of truthful bidding.
In practice, truthful bidding is hard to induce because
both the incumbent and entrants would be hesitant to
reveal their true costs for fear of, for example, reveal-
ing private cost information that would put them in a
disadvantaged position for future business negotia-
tions with the buyer. (We refer interested readers to
Roughgarden and Talgam-Cohen (2019) for more dis-
cussions on the drawbacks of optimal mechanisms in
practice and Rothkopf (2007) for several more general
critiques about why mechanisms that induce truthful
bidding may not be practical.) Note that these practical
implementation issues do not arise in POST. In POST,
the payment is essentially a simple pay-as-bid rule
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Table 3. Summary Statistics for the Fraction of the Cost-
Saving of the Optimal Mechanism That Is Recovered by
the Proposed Strategy

Cost-saving (%)

Mean 72.23
Std 28.10
90th percentile 96.11
75th percentile 92.99
50th percentile 84.45
25th percentile 59.95
10th percentile 26.07

(see Endnote 1), the qualification screening rule is ex
post optimal for the buyer, and the suppliers do not
need to reveal their true costs.

Although the optimal mechanism is hard to imple-
ment in practice, it does provide a lower bound of the
best achievable cost for the buyer in practice. We can
then use this lower bound to numerically evaluate
how effective our proposed approach helps bring the
cost down to the optimal cost from the conventional
approach PRE. To that end, we adopt a metric defined
as the fraction of the absolute potential savings the op-
timal mechanism offers over PRE that can be captured
by our proposed approach. To compute this metric,
for each scenario, we calculate the savings of our pro-
posed approach over PRE across all scenarios and div-
ide this by the potential savings using the optimal
mechanism (see Online Appendix for the detailed
computation method and pseudocode):

PCpgre — min{PCpgg, PCpost}
PCpre — PCopr ’

where PCopr is the expected cost under the optimal
mechanism. Next, we report key summary statistics in
Table 3. Consistent with our previous observation,
our proposed approach performs very well. Across all
scenarios, it captures on average 72.23% of the poten-
tial savings from the optimal mechanism that, as we
mentioned, would be hard to implement in practice.
Thus, we believe that our proposed approach is a
powerful procurement toolkit for the buyer.

(15)

6. Conclusions

In this paper, we study the buyer’s optimal choice be-
tween prequalification (PRE) and postqualification
(POST) strategies in a resourcing setting where a quali-
fied incumbent and multiple not-yet-qualified entrant
suppliers compete for a single-supplier contract in an
open-bid auction. Although this is an important prob-
lem in the academic literature, there is little guidance on
how to quantitatively choose between PRE and POST in
practice. This is primarily because POST in the context
of open-bid auction is a very complex dynamic game,

and it is deemed computationally intractable to compute
the buyer’s expected cost under POST when multiple
entrant suppliers participate in the auction. By provid-
ing a full characterization of suppliers’ equilibrium bid-
ding strategies in POST, we uncover managerial insights
on the entrants” and the incumbent’s different bidding
incentives in this setting. More importantly, by leverag-
ing the structural properties of suppliers” bidding strat-
egies, we provide the first computationally tractable
approach to evaluate the expected cost of POST, which
enables practitioners to quantitatively compare the ex-
pected costs of PRE and POST ex ante. Hence, we pro-
pose the buyer to use the cheaper option between PRE
and POST to minimize the expected procurement cost.
Although PRE is predominantly used in practice, we
derive analytical conditions under which POST is
cheaper than PRE and show via an extensive numerical
study that our proposed approach (i.e., the cheaper op-
tion between PRE and POST) can significantly reduce
the buyer’s procurement cost compared with only us-
ing PRE for many practical settings. We show that even
though our proposed approach is simple and only in-
volves combining features of existing auction methods
in a novel way, it captures most of the benefit that a the-
oretically optimal mechanism (which is quite difficult
to implement in practice) offers over PRE. These results
provide evidence that POST can be a powerful tool to
manage resourcing processes in practice. Note that
POST is one possible arrangement to incorporate post-
bidding qualification screening into open-bid auctions,
and there may be other practical alternative mecha-
nisms that could provide more cost savings to the
buyer. We leave this as an open research direction.
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Endnotes

" For example, consider the case where K > Rf. This implies that
A=K/B>R-R, so the buyer should not conduct qualification
screening in either PRE or POST. As a result, PRE and POST result
in the same expected cost.

2 Note that a similar optimal mechanism design setting has been in-
vestigated in Wan and Beil (2009) and Chen et al. (2018). It is worth
noting that the notion of prequalification screening in Wan and Beil
(2009) refers to buyer’s endogenous effort on identifying suppliers
with certain qualification probabilities and hence, is different from
our setting. Having said that, our optimal mechanism analysis is dif-
ferent from the model in Wan and Beil (2009) in the following way.
We consider the case where the suppliers have ex ante asymmetric
cost distributions, and the “prequalification probabilities” (per Wan
and Beil (2009) terminology) are exogenous (i.e., it equals 1 for the
incumbent and g for the entrants). Our mechanism design problem
is not a special case of the model considered in Chen et al. (2018) be-
cause suppliers’ cost distributions are asymmetric in our setting.
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3 Here is an example of when the optimal mechanism’s qualification
screening rule is not ex post optimal. Suppose there is one entrant
and one incumbent and both suppliers’ cost distributions follow uni-
form U[0,R]. Moreover, the entrant’s cost is x1 < 1/1;1(% (x0) — A)
(namely, N=L=1) and the incumbent’s cost xo>R —A/2. By
Proposition 5, (13) becomes R since N=L, and (14) becomes
w;l (o (x0) — A). Then, after seeing both suppliers’ bids, xo and x1 (ie.,
ex post), the buyer’s total expected cost under the optimal mechanism
is K+, (i, (x0) — A) + (1 - B)R = Blxo + A/2) + (1 - )R > R. Thus,
ex post, he or she has an incentive to deviate from his or her commit-
ted qualification screening rule by not screening the entrant but
awarding the contract to the incumbent directly with the payment R,
as in (13).
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