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Abstract

The buyer of a homogeneous input employs split-award contracting to divide his input
requirements into two contracts that are awarded to different suppliers. The buyer uses a
sequential second-price auction to award a larger primary contract and a smaler secondary
contract. With afixed number of suppliers participating in the auctions, we find that the buyer
pays a higher expected price than with a sole-source auction. The premium paid to the winner
of the secondary contract must aso be paid to the winner of the primary contract as an
opportunity cost of not winning the secondary contract. With fixed costs of participating in the
auction, we identify the conditions under which a secondary contract can increase the number
of suppliers and lower the expected price paid by the buyer. An optima secondary contract
can interndize the cogt reductions from the new industry capacity and extract the rents of the
suppliers. An optima secondary contract can be particularly beneficia when the number of
suppliersislimited by high fixed codts.

* We acknowledge support from the TMR Network "The Evolution of Market Structuresin Network Industries.”
We appreciate many comments from a number of our colleagues, particularly Roberto Burguet and Keith
Waehrer. We also appreciate the comments from the participants in various workshops where we have presented
earlier versions of this paper, particularly the Institute for Economic Analysis (CSIC), Barcelona, Spain and the
Economic Analysis Group at the U.S. Department of Justice. Finally, two referees and two editors provided many
helpful suggestions.



This paper examines split-award contracting in which a buyer divides the purchases of its
input requirements into two contracts that are awarded to two different suppliers in two separate
auctions. Split-award contracts are a common procurement practice for inputs and components
used to produce find goods.! For example, automobile manufacturers employ multiple suppliers for
various components of automobiles2 Smilarly, firms in the beverage indudries contract with
multiple suppliers for cans and bottles. In addition, corporate or government buyers often employ
auction mechanisms to award contracts for the inputs or components.  Split-award auctions have
aso been employed by governments to privatize industries. In some cases, the governments have
divided the markets and auctioned franchises to different suppliers3 Split-award contracting raises
two interesting questions.  First, what are the implications for competition among the suppliers?
Second, what are the costs and potentia benefits for the buyer? In order to address these
questions, this paper proceeds in three parts.

In the firg part of the analys's, we characterize the equilibrium expected price that a buyer
would pay if he employed sequentia second-price auctions to award the primary and secondary
contracts to purchase hisinput requirements. In the second part of the andlyss, we examine how the
expected price is affected by the relative Sze of the primary and secondary contracts, the number of
suppliers participating in the auctions, and the cost distribution of the suppliers. In the third part of
the analysi's, we examine how an optima secondary contract can induce entry by a new supplier and

result in alower expected price paid by the buyer.

We condder a buyer with requirements for a homogeneous and divisible input, and three or
more potentid suppliers of thisinput. The buyer can hold a sole-source second-price auction for his
totd input requirements. Alternatively, the buyer can divide his input requirements into two
contracts, a larger primary contract and a smaller secondary contract, and then hold a separate
auction for each. Prior to the auctions, the suppliers obtain independent private redizations on their

1 Corey (1978) discusses some cases of split-award contracts in a variety of industries. See chapters 1-3.
Woodside and Vyas (1987) examine the purchasing strategies of six firms for eighteen industrial products. The
firms employed split-award contracting for eight of the products. Chapter 9 (pages 177-79) summarizes the
reasons for the split awards.

2 Smitka (1991) discusses subcontracting in the Japanese automobile industry. See also McMillan (1990) and
Richardson (1993).

3 See McAfee and McMillan (1994) and Cramton (1997) for discussions of the FCC spectrum auctions.



cost of producing the inputs from a known common digtribution.  Assuming that the buyer avards
the contracts to two different suppliers, we derive the equilibrium bidding functions for second-price
Ssequentia auctions of the two contracts. The lowest cost supplier will win the larger primary
contract, and the second lowest cost supplier will win the smdler secondary contract. However, the
equilibrium bid a any cost redization is higher for both the primary and the secondary contracts than
the bid for a corresponding sole-source contract. As a result, the buyer pays a premium using a
split-award auction in that the expected price for the input requirements is higher than with a sole-

source second-price auction.

The exact nature of this premium provides some indgghts into the buyer's codts of using a
split-award auction. Obvioudy, the premium includes the expected profit of the supplier winning the
secondary contract. However, the premium is twice this expected profit because the supplier of the
primary contract must aso receive the expected profit on the secondary contract. This ensures that
the lowest cost supplier prefers to win the primary contract instead of the secondary contract. In
other words, the expected profit on the secondary contract becomes an opportunity cost for any
supplier with the lowest cost and is incorporated into the bids on the primary contract.

One of the common arguments for split-award contracting is that the buyer can induce a
larger number of suppliers to compete for his input requirements# This can occur in our mode
because split-award auctions can increase the expected profitability of suppliers. With an optima
secondary contract, the buyer may be able to smultaneoudy induce entry by an additiona supplier
and lower the expected price. Even with a premium over a sole-source auction, competition from
the additiona supplier can generate an expected price lower than a sole-source auction without the
additiona supplier. Two effects account for this finding. The first effect arises from the fact that an
additional supplier reduces the expected industry costs of producing the input requirements. The
second effect arises from the fact that a sole-source auction will not eiminate the expected rents of
the existing suppliers. The additiona supplier would alow the buyer to interndize the cost reduction
and extract the rents of the existing suppliers, receiving both in the form of a lower expected price

4 This paper does not address several other arguments cited for the benefits of split-award contracting. First,
split-award contracting may ensure the existence of an alternative supplier for the input requirements of the buyer
in the event that one supplier is unable to fulfill his contract in atimely fashion. Second, split-award contracting
may enable the buyer to discipline the suppliers in the non-price dimensions of performance by adjusting the



for the input requirements. We show that this benefit from a split-award auction is more pronounced
when there are asmdl number of existing suppliers.

In Section 1, we briefly review the literature on second-sourcing, focusing primarily on the
papers deding with split-award contracting. In Section 2, we define the moddl. 1n Section 3, we
characterize the equilibrium bidding functions for the auctions of the primary and secondary
contracts. In Section 4, we show that expected price is higher with a split-award auction and
examine the behavior of this premium for different parameters of the modd. In Section 5, we
examine the expected profits of the suppliers. We introduce fixed costs of participating in the
auctions and demongrate the circumstances under which a split-award auction can increase the
number of suppliers. In Section 6, we define the optima secondary contract and show how it can
reduce the expected price for awide range of participation costs. We then provide an illustration of
the results in Section 7 and the intuition in Section 8. Findly, we offer some concluding remarks in
Section 9.

1. Related Literature

Split-award contracting is one form of second-sourcing. Second-sourcing has been used to
describe procurement practices in which a buyer authorizes an increase in the number of suppliersin
order to increase competition and reduce the price or cost.> Second-sourcing has aso been used to
describe procurement practices in which the buyer contracts with an initia supplier in one period but
then switches to a second supplier in a subsequent period in order to limit the monopoly rents of the

initid suppliers Split-award contracting differs from these other two forms of second-sourcing

purchases between them or by creating some form of yardstick competition. Third, split-award contracting may
increase the number of suppliers by reducing the risk associated with participating in the auctions.

S In Rob (1986), a buyer finds it optimal to limit the size of an initial production contract to the developer of an
input and auction the remaining input requirements among other suppliers. In Dasgupta and Spulber (1989/90)
and Auriol and Laffont (1993), second-sourcing reduces the costs of purchasing the input because the suppliers
have rising marginal costs of production. In Dana and Spier (1994) and McGuire and Riordan (1995), a regulator
takes the place of the buyer and the benefit of second-sourcing is more competition and lower prices for
consumers. See also Dick (1992).

6 In Anton and Y a0 (1987) the option of switching to a second source allows the buyer to limit the informational
rents of the incumbent on the initial production contract. In Laffont and Tirole (1988), second-sourcing of a
production contract reduces the informational rents for the developer of the input, but undermines hisinvestment
incentives. In Riordan and Sappington (1989), the buyer's option to use a second source for production of the
input can reduce the informational rents for the developer of the input and increase the probability that
production will occur. See also Marshall, Meurer, and Richard (1994).



because the buyer divides his smultaneous input purchases and directly or indirectly limits
competition among the potentia suppliers.

The theoretical literature on split-award contracting originates with the work by Wilson
(1979) and Bernheim and Whington (1986) on "share" or "menu” auctions. Anton and Y ao (1989
and 1992) build on these papers to examine split-award contracting when suppliers compete in a
menu auction for al or part of the buyer's input requirements. Two suppliers submit bids for the
whole contract and fractions of the contract. The buyer then sdects the split that minimizes his costs
of purchasing the input requirements.  Sole-sourcing occurs when the buyer chooses one or the

other supplier to produce the total input requirements.

In their 1989 paper, Anton and Yao condder the case in which the suppliers know each
other's costs. The equilibrium price of a sole-source auction would be the cost of production for the
higher cost supplier, and the lower cost supplier would win the auction earning rents equd to his cost
advantage over the higher cost supplier. With diseconomies of scale in production (economies from
splitting production), Anton and Y ao then show that split awards reduce the total production costs,
but increase the equilibrium menu bids and generate additiona rents for the suppliers. In paticular,
both suppliers increase their sole-source bids to reflect the full cost reduction from split production.
The buyer chooses the cost-minimizing split of production, but pays a total price equa to the cost of
the higher cost supplier, plus the cost reduction from splitting production (relative to the cost of the
lower cost sole-source supplier). Thus, the suppliers receive one rent from internaizing the cost

reduction and a second rent from the higher price that is dso equd to the cost reduction.

The buyer's use of a menu auction dlows the suppliers to offer the efficient split of the
production contracts. However, the menu auction aso dlows the suppliers to collude tacitly and
raise the price to the buyer. The anomaly is that menu auction increases the price paid by the buyer
precisdy in the Stuation where splitting the production would lower costs. The buyer has effectively
eliminated competition between the two suppliers by his ingbility to commit to a sole-source

auction.”

7 Anton and Yao (1992) generalize their 1989 paper to incorporate incomplete information about costs. The
suppliers have private signals about their costs and there is a parameter C which measures diseconomies of scale
(C<1/2). They examine equilibriain which 50/50 split awards arise for al realizations of costs. Again, there must
be diseconomies of scale, but the low cost realization provides an upper bound on the highest price that could



Our modd differs subgtantidly from the models of Anton and Yao. The buyer explicitly
decides on the split of input production between the primary and secondary contract. The
technology of production is constant returns so that the marginal cost is constant for each supplier.
Each contract is auctioned separately and competition is preserved by assuming that there are more
than two suppliersin the market. The expected price paid by the buyer increases with a split-award
auction, but not because of any collusive effects or cost reductions from split production. Instead,
the expected profit on the secondary contract becomes an opportunity cost for the suppliers in
bidding on the primary contract. Thus, the suppliers bid less aggressively on both contracts and earn
the additiona expected profit from the secondary contract on the primary contract as well as the
secondary contract.

The most closely related paper is Seshadri, Chatterjee, and Lilien (1991). In this paper, a
buyer smultaneoudy auctions equa shares of his input requirements to a chosen number of
suppliers. The buyer is not dlowed to discriminate in the contract prices so the price for each
contract is set at the highest accepted bid (as in a first-price auction). The authors make entry
endogenous by assuming that each potentia supplier draws an opportunity cost of participating in the
auction from a common digtribution.  Since the expected price for each contract increases when the
buyer increases the number of contracts awvarded, the buyer can stimulate entry by awarding more
contracts. The number of contracts that minimizes the expected price paid by the buyer depends on
the manner in which the distribution of opportunity costs among the potentid suppliers shifts as the
number of entrants changes®

Our node addresses the same tradeoff using a different specification for the split-award
decison, an dternative modd of the auctions, and a Smpler verson of the entry costs. In our modd,
the buyer chooses the relative size of two contracts, rather than the number of equal-size contracts.
Indeed, we find that equa-size split-award contracts are not optimal. The two contracts are

arisefrom an equilibrium split award. Depending on the cost distribution, this price may be higher or lower than
the expected price from a sole-source auction. But again, the split award with two suppliers provides a
mechanism for tacit collusion.

8 Gilbert and Klemperer (2000) have a model of rationing with an interpretation for split awards. The buyer of an
input wants to ensure that two suppliers (one high cost and the other low cost) each make an investment which
will generate a positive probability of success, where success enables them to produce the input. For certain
probabilities of success, the high cost supplier can be induced to make the investment at alower expected priceif
the production is split when both suppliers are successful. In this model, the buyer retains the bargaining power
over the suppliers and the split award weakens the participation constraint for the high cost supplier.



auctioned separately, and there is no congraint imposed by the buyer on the relaionship between
the awarded prices. In particular, we find that the expected price paid on the smaller secondary
contract is greater than on the larger primary contract. Findly, we assume that the fixed costs of
participating in the auctions are known to suppliers and to the buyer. In this way, we can fully
illugtrate the conditions under which a split-award auction would increase the number of suppliers

and lower the expected price paid by the buyer.

2. TheModd of a Split-Award Auction

The modd is athree-stage game. In the first stage, the buyer commits to a split between a
larger primary contract and a smaler secondary contract. In addition, the buyer commits to a
sequential second-price auction for these two contracts in which the primary contract is auctioned
first and the winner of the primary contract cannot aso win the subsequent auction for the secondary
contract. In the second stage, potentia suppliers decide smultaneoudy and independently whether
to incur a known fixed cost of participating in the auctions. The suppliers only know the common
digtribution of production costs for themselves and the other suppliers, so their decision is based on
the expected profits from participating in the auctions. This stage will be discussed in Sections 5 - 8.
In the third stage, the suppliers that entered in the second stage decide what to bid for the contracts.
In making their bids, they know their cogt which is redlized independently from the common cost
digribution and they know the number of other suppliers participating in the auctions with costs
drawn from the same common cogt digtribution. This stage will be examined in Sections 2 - 4 for a
given number of suppliers.  The distinguishing fegture of the modd is the buyer’s choice of the sze
of the primary and secondary contracts in the first stage, taking into account how it will affect
competition and profits in the third stage and thus entry in the second stage.

The buyer has a value v for the totd input requirements. We assume thet the vadue v is
aufficiently larger than the highest possible cost redization of the suppliers, so that the buyer would
not use a reserve price to regject bids within the range of feasble cogts. The input is homogeneous
and divisble so that it can be purchased from more than one supplier without any loss of productive
efficiency for the buyer. The buyer awards two contracts, a primary contract for the mgority of the
input requirements and a secondary contract for the remainder. Let a 3 1/2 be the fraction of the
input requirements awarded to one supplier as the primary contract, and b= 1 - a £ 1/2 be the



remaining fraction awarded to a second supplier as the secondary contract. We assume that the
buyer can commit to award only one contract to a given supplier. Thus, the buyer cannot announce
agplit-award auction and then award both contracts to the lowest cost supplier. This commitment is
the essence of split-award contracting because otherwise the mode would be equivadent to a sole-
source auction. In addition, we assume that the lowest cost supplier who wins the primary contract
cannot re-contract with the winner of the secondary contract to produce the inputs for the secondary

contract.®

When there is a secondary contract, we assume that there are n > 2, risk neutrd suppliers
competing to provide the input requirements of the buyer. If there were only two suppliers, the
buyer would clearly use a sole-source auction to preserve competition to supply his input
requirements. So when there is no secondary contract, we can dlow n = 2. We aso assume that
there are congtant returns in the production of the input.1© Thus if ¢ is the cost of producing the
entire input requirements for a supplier, then the cost of supplying the a-contract is a -c, and the b-

contractisb -c.

The buyer awards the contracts to the potentiad suppliers usng a competitive bidding
procedure. Specificaly, we assume that the buyer holds two sedled-bid second-price auctions for
the two contracts in sequence, with the auction for the larger a-contract held firs. For smplicity,
we assume that the bids on the a-contract are not observed by the suppliers prior to submitting their
bids for the b-contract. This sequential second-price auction need not be the optimal mechanism.11
However, it is equivaent to other standard auction procedures, in terms of both the expected
payments by the buyer and the award of the contracts to the suppliers. In particular, any mechanism
yields the same expected outcome as this sequential second-price auction aslong as dl the suppliers
are risk neutrd, their costs are independent, the a and b contracts are won respectively by the

9 This assumption ensures that split-award contracting actually occurs as intended by the buyer. Presumably,
the buyer would realize that one supplier was producing all the inputs, and would have some recourse. On a
technical level, the expected outcome of a negotiation between the lowest cost supplier and the second lowest
cost supplier over the price of supplying the inputs for the secondary contract would alter the bidding strategies
for the auctionsin relatively complex ways.

10 |f the marginal cost of production was increasing in the quantity produced, there would be an inherent
technological reason for splitting the input requirements into smaller contracts. This explanation for split awards
has already been explored by Dasgupta and Spulber (1989/90) and Auriol and Laffont (1993).



lowest and the second lowest cost suppliers, and a supplier with the highest possible cost earns no
profitl2 In particular, this sequentia second-price auction is equivaent to a Smultaneous, non-
discriminatory unit price auction, where the potentid suppliers bid unit prices, the lowest bidder
obtains the larger a-contract, the second lowest bidder obtains the smaller b-contract, and both
receive the unit price bid by the third lowest bidder. Similarly, our results would apply if we
employed sequentid firgt-price auctions.13

We assume that neither the buyer nor the other suppliers know the cost of any potentid
supplier prior to ether auction. We dso assume that the suppliers are symmetric in that each
supplier draws his cost of producing the entire input requirements from the same digtribution G(c)
having a normalized support of [0,1]. Each supplier learns his cost prior to submitting a bid to the
buyer, but need not incur this cost unless he wins one of the two auctions. Finaly, we assume that
the cost of each supplier is independently distributed from the costs of the other suppliers. Thus, the
auctions are held in the setting of symmetric independent private vaues for the cogts of the suppliers.

Our basic results on the equilibrium bidding functions will be vdid for the generd didtribution
function G(c) on the costs of suppliers. However, we also define a convenient one-parameter family
of digribution functions G(c;t) in order to examine some comparative statics results over different
digributions within thisfamily. Fort > 0, define G(c;t) = 1 - [1 - H(c)]t, where H(c) is some given
digribution function over the range [0,1]. The parameter t can be interpreted as the number of
independent draws from the cost distribution H(c) that each supplier receives in order to obtain his
lowest cost of producing the input requirements. For most of the comparative static results and

examples, we will assume that H(C) is uniform so that H(c) = c.

The parameter t in G(c;t) shifts the probability of different cost redizations. If t > 1, then
G(c;t) > G(c;1) © H(c) and the probahility of obtaining a cost lower than c is larger than under
H(c). Smilaly, if t < 1, then G(c;t) < G(c;1) and the probability of obtaining a cost lower than c is

11 within the class of ex post efficient mechanisms, optimality is guaranteed if the informational rents of the
buyers are extracted. Thiswill happen if the buyer chooses the optimal secondary contract (Section 6).

12 see Engel brecht-Wiggans (1988) for the appropriate revenue equival ence theorem.
13 On the other hand, the expected payments would be affected if the order of the two auctions were switched,
i.e, b>a Since the lowest cost supplier may not win the primary contract, this change would increase the

productive inefficiency, reduce the expected profits of the suppliers, and increase the expected price paid by the
buyer.
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smdler. Alternaively, condder the density function g(c;t) = tk1-H(c)]t-1-h(c), where h(c) is the
dengty function corresponding to H(c). When t increases, the probability of lower cost redizations
is higher, whereas the probability of higher cost redlizations is lower. In other words, a distribution
with ahigher t stochadtically dominates (in the firg-order sense) a digtribution with alower t. For
convenience, we will refer to t as the capacity of each supplier and refer to T(n) = t-n as the
indugtry cgpacity. With the family G(c;t), the distribution function for the lowest cost among al the
suppliersis G(c;T(n)) = 1 - [1 - H()]T(N. 14 Thus, a larger capacity t or a larger number of
suppliers n will lower the expected cods for both contracts. This will be important when we
examine the impact of a split-award auction on entry and the expected price paid by the buyer.

3. The Bidding Strategies of Suppliers

The auction for the primary a-contract occurs before the auction for the secondary b-
contract. For this reason, the bid of a supplier on the a-contract depends on the expected profit
from winning the b-contract. The auction for the b-contract is a second-price auction among the (n-
1) supplierswho did not win the a-contract. Recall that, in a sole-source second-price auction, the
dominant strategy for each supplier isto bid the true cost c. Thus, for a supplier with cost ¢, the
probability of winning the auction for the b-contract is [1-G(c)]"2.  In equilibrium, the expected
profit from the b-contract for a supplier with cost ¢, conditionad on winning the b-contract, can be
expressed as

n-3
(D) o @an) = (1-a) - ) (x- c)n- 2)%@@) X .

The normdized profit margin is (X - ¢), where X is the cogt (and the equilibrium bid) of the second
lowest cost supplier from among the (n-1) suppliers bidding on the b-contract. As such, x is the

equilibrium price in the second-price auction. The other terms in the integrd are the dendity of X,

14 The specification of G(c;t) is not as special as it appears. Waehrer and Perry (2001) have shown that G(c)
must take the form G(c;t) for some t and H(c) under very reasonable assumptions. The key assumption is that
theindustry exhibits aform of constant returnsto scale in that the distribution of the lowest cost draw among the
suppliers (the first order statistic) depends onT(n) only and not onn and t separately.
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where X is equivaently defined as the lowest cost from among the other (n-2) suppliers bidding on
the b-contract, conditional on ¢ being the lowest cost of the supplier who wins the b-contract. The
resulting expected profit must then be multiplied by b= 1 - a, which is the fraction of the input
requirements purchased by the buyer under the b-contract.

Observe that py, (C;a,n) is the opportunity cost of winning the a-contract. This conditiona
expected profit from the b-contract is the profit that a supplier would forego by winning the a-
contract. By the monotonicity of the equilibrium bidding srategy, the supplier who wins the a-
contract would surely win the b-contract if it chose not to bid on the a-contract. In a sole-source
auction (b=0), there would be no such opportunity cost, and thus no cost of bidding more
aggressively on the a-contract. As such, a split-award auction should result in a higher equilibrium

price on the a-contract.

Now consder the expected profit from the a-contract. Let b(c) be the normdized
equilibrium bidding function on the a-contract. In order to solve for b(c), consder the optima bid
of one supplier when the other suppliers are usng the equilibrium bidding function based on ther
redized cogs. Thissupplier may bid b(x) as if its cost x were above the true cost ¢. This reduces
the probability of winning the a-contract, but ensures a higher profit margin after winning. The
expected profit from the a-contract can be expressed as

%) Palxcan = a- ¢

(bG )- c)X{n- Df1- GG)H]™ “>g( )>dl -

The normdized profit marginisb(j ) - ¢, where b(j ) is the equilibrium bid of the lowest cost supplier
from among the other (n-1) suppliers bidding on the a-contract, and thus the equilibrium price in the
second-price auction. The integrd is evauated from alower bound of X because this supplier wins
the a-contract whenever its bid b(x) is below the bid b(j ) of the lowest cost supplier from among
the other (n-1) suppliers. The remaining terms in the integral are the dengty of the lowest cost |
from among the other (n-1) suppliers. Findly, the resulting expected profit must be multiplied by a,
which is the fraction of the input requirements purchased by the buyer under the a-contract.
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We can now express the tota expected profit of a supplier in terms of its reported cost x 3

©) p(x.can) = paxcan) + (n-1) -G(x)[1-G(c)] "2 -pp(c;an).

The total expected profit is the expected profit from the a-contract defined by (2), plus the expected
profit from the b-contract. The expected profit from the b-contract is the conditional expected
profit defined by (1), times the probability that the supplier will actudly win the b-contract. The
supplier will win the b-contract when () one of the other suppliers bids below b(x) for the a-
contract and thus has a cost below x, and (i) the remaining (n-2) suppliers have costs above ¢ (and
X), thereby losing both contracts. The term (n-1) is Smply the number of combinations that (i) and

(ii) can occur.

We can now date the following propogtion about the equilibrium bidding function for the a-
contract.

Propostion 1. The equilibrium bidding function for the a-contract is

(49) b(c;a,n) c + [la] - pp(c;a,n)

(4b)

QIIO?

c + [(1-a)/q] - gl G(c)

Proof: In a symmetric equilibrium with monotonic bidding srategies, it must be that a supplier with
cost ¢ does not benefit from reporting a cost different from ¢ and thus making a bid different from
b(c), given that the rest of the suppliers are bidding according to the monaotone bidding function b(c).
Consequently, the equilibrium conditionis
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dp(x,c;a,n)

=0 15
dx x=c

Solving this equetion for b(c), we directly obtain (4a). The expression (4b) follows from integration
by parts. QED

Propogtion 1 gtates that the only symmetric and increasing equilibrium bidding strategy for a
supplier in the firgt auction for the a-contract is to bid its true cost, where cost now includes both the
actua production cost and the opportunity cost of losing the b-contract.16  As such, the bidding

srategy isanatural generaization of a sole-source second-price auction.

As assumed, the equilibrium bidding function b(c) isincreeang with ¢. This is true despite
the fact that the expected profit from the b-contract, conditiond on winning, is decreasing with
higher cogts. The effect of a higher cost in supplying the a-contract dominates this effect from a
lower opportunity cost of losing the b-contract.

The equilibrium bidding function shifts downward when the number of suppliers n is
increased.  With more competition for the b-contract, the expected profit from the b-contract is
lower, even conditiond on winning. In addition, the equilibrium bidding function shifts downward
when the size of the a-contract is increased. Thus conversely, the equilibrium bids on the primary

contract increase when the Size of the secondary contract is increased.

The equilibrium bidding functions can be easly caculated for the one-parameter distribution
function G(c;t) defined in the previous section. If we aso assume that H(c) is uniform on the range
[0,1], then the equilibrium bidding function smplifiesto

(4c) b(c;a,nt) = ¢ + [(L-a)/a]{(1-c)/[t(n-2)+1]} .

15|n principle, thisis only anecessary condition. However, it can be shown that it is also sufficient. For example,
see McAfee and Vincent (1993).

16 Note that this strategy is not a dominant strategy. The term [1/a] is simply a normalization because the
reported costs are the costs of producing the full input requirements. Thus, the bid on the primary contract can
be expressed asab(c;an) = ax+ p,.
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The bidding function clearly shifts downward as ether the number of suppliers n or the capacity t of
each supplier increases. When n islarger, more suppliers are drawing their costs from the same cost
digribution. When t is larger, the same number of suppliers are drawing their costs from more
favorable cogt digributions. In ether case, the probability of any one supplier winning either
contract is lower for any given cost ¢. Thus, each supplier will bid more aggressvely, and the
equilibrium bids mugt decline.

4. The Expected PricePaid by the Buyer

We can now define the expected prices (per unit of the input) that the buyer pays for the a-
contract, the b-contract, and the total input requirements. Denote c;(n), ¢cy(n), cz(n) as the
expected values of the first, second, and third lowest cost from the n suppliers. Clearly, ¢,(n) <
Co(n) < c3(n). The supplier with the lowest cogt will win the a-contract, and the supplier with the
second lowest cogt will win the b-contract. The expected price paid by the buyer for the b-contract
issmply the expected vaue of the third lowest cost c3(n). The expected price paid by the buyer for
the a-contract is the expected vaue of the equilibrium bidding function in (4a) integrated over the
digtribution of the second lowest cost from among the n suppliers. The expected price paid by the
buyer for his tota input requirements is the weighted average of the expected prices on the two
contracts. These expected prices can be expressed as follows:

(58) EPp(n) = c3(n) ,
(5b) EPa(a,n) = c‘ﬁ b(c;a,n)-n-(n-1)-G(c)-[1-G(c)] "2 -g(c)>dc ,
(5¢) EP(an) = a-EP5(an) + (1-a) -EPp(n).

Substituting in the equilibrium bidding function and integrating by parts yields the following
proposition.
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Proposition 2: The expected price for the total input requirementsis given by

(6a) EP(a,n) = ax{cy(n) + [(1-a)/a] xcs(n) - ()]} + (1-a)>cs(n),
(6b) = (2a- 1)-c(n) + 2{1-a) - c(n),
(6¢) = C(n) + 2(1-a)fcs(n) - c(n)] -

Expression (6a) makes it clear that the expected price paid on the primary contract is less than the
expected price paid on the secondary contract for a > 1/2. The reason for the difference in
expected pricesisthat the a-contract islarger than the b-contract. As aresult, the opportunity cost
[c3(n) - co(N)] decreases as it is re-normalized by [(1-a)/a] < 1.17 Expression (6b) makes it clear
that the expected price is a linear combination of c,(n) and the expected price cz(n) on the
secondary contract. Expression (6¢) makes it clear that the expected price is linearly decreasing in
a from EP(1/2,n) = c3(n) to EP(1,n) = cx(n).18

Congder now the difference between the expected price with a split-award auction and a
sole-source auction defined as D(a,n) = EP(a,n) — EP(1,n). The function D(a,n) is the expected
premium that the buyer must pay when he chooses to employ a split-award auction.  This premium

follows directly from expression (6c) in Proposition 2:

(7) D(an) = 2X1-apfcs(n) - c(n)] .

17 Thefact that the contracts are not awarded simultaneously at a uniform priceis only anecessary condition for
this difference in the expected prices. If the two contracts were identical, as in Seshadri, Chatterjee, and Lilien
(1991), the expected prices would also be equal in our sequential auctions.

18 Burguet and Sakovics (1997) examine amodel of sequential auctionsin which bidders are uncertain at the time
of the first auction whether the second auction will occur. Under these circumstances, the selling price of
identical goods auctioned sequentially decreases over time. These results are analogous to the increasing prices
in this sequential procurement auction. Thus, the expected price for the total input requirements is lower when
the secondary contract is smaller. If the buyer could induce the suppliers to underval ue the secondary contract
asg<1l-a, thenitiseasy to show that the expected price becomesEP(g) = co(n) + (1-a+ g*cz(n) - co(n)]. Asg
declines, the expected price also declines.
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This premium has a natura interpretation. When the buyer crestes the b-contract, the
second lowest cost supplier will win the contract a a price equa to the third lowest codt, with an
expected vaue of c3(n). Since the expected price in a sole-source auction would have been the
expected vaue c,(n) of the second lowest cog, the expected premium from the b-contract covering
(1-a) of the buyer'sinput requirementsis smply (1-a)%c3(n) - c,(n)]. This hdf of the total premium
is the expected profit for the supplier who is awarded the b-contract. However, the tota premium
that the buyer must pay is twice this amount. The reason is that the expected profit on the b-
contract is an opportunity cost of winning the a-contract. Thus, the bid of the second lowest cost
supplier for the a-contract must aso be higher to reflect this expected profit on the b-contract. In
the second-price auction for the a-contract, the bid of the second lowest cost supplier determines
the price a which the contract is awarded. Thus, the premium that the buyer must pay in a split-
award auction is twice the expected profit of the supplier winning the b-contract.1°

The behavior of the premium with respect to the number of suppliers n and the capacity t
can be investigated using the didtribution function G(c; t) with H(c) uniform on [0,1]. In this case, the
bidding function b(c) from (4c) is linear in ¢, so that the expected price paid by the buyer in the
auction for the a-contract is smply the equilibrium bid evaluated at the expected vaue of the second
lowest cost from dl n suppliers. Let ¢i(n,t), c(n,t) and cz(n,t) denote the expected vaue of the
firgt, second and third lowest costs from the didribution G(c;t) with H(c) uniform on [0,1]. The
derivation of these expressons is contained in Appendix 1. All three expressions are decreasing in

both the number of suppliers and the capacity of each supplier. When t = 1, G(c;t) is uniform on

19 The intuition for the premium in our model has some similarities, as well as some differences, to the tacit
collusion that arisesin the model of Anton and Y ao (1989). In the model of Anton and Y ao, the diseconomies of
scale make the split-award contracts more profitable for the suppliers. This generates an opportunity cost of
winning a sole-source contract. The resulting higher bids on the sole-source contract then feedback as an
opportunity cost on winning a split-award contract. In equilibrium, the price paid by the buyer incorporates the
higher cost of sole-source production, plus the economies from split production relative to the lower cost of sole-
source production. Thus, asimilarity between the two models is that the bids are higher because the profit on a
split-award contract becomes an opportunity cost. Inthe model of Anton and Y ao, this profit is an opportunity
cost for a sole-source contract; whereas, in our model, this profit is an opportunity cost for the primary contract.
But there are also some other differences. Inthe model of Anton andY ao, a split-award contract does not create
an opportunity cost unless there are diseconomies of scale. With constant returns or economies of scale, the
equilibrium would result is a sole-source contract and a Bertrand price. In our model, the buyer selects the split
of hisinput requirements between the primary and secondary contracts, and is not forced to choose among the
menu bids of the suppliers. The opportunity cost then arises from the assumption that the buyer selects different
suppliersfor thetwo contracts. Asaresult, there are fewer suppliers competing for the secondary contract.
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[0,1] and these expressions collgpse to the familiar formulas. ¢(n,1) = i/(n+1) . Subgtituting these

expressonsinto (7), the premium in a split-award auction can now be written as

6) D@@ant) = 2X1-a) Xn-(n-1)42 /{[tn+ 1Pke(n-1)+ 1ke(n-2)+ 1]} .

Corollary 2.1 in Appendix 2 examines the behavior of this premium. Although there are no generd
results, the premiumisdedininginboth nand t when t 3 1. Thus, if the cost digtribution is uniform
or more favorable to low cost redizations, a split-award auction is less codtly to the buyer when the

number of suppliersislarger or when the capacity of each supplier is grester.

5. The Expected Profit of Suppliersand Entry

In this section, we investigate how a split-award auction affects the ex ante expected profits
of the suppliers. We then introduce a fixed cost of participating in the auctions and characterize the
smalest secondary contract which can increase the number of suppliers participating in the auctions.

The expected profit of a supplier can be obtained by integrating expression (3) over ¢ with x
= c¢. But more intuitively, the expected profit is equa to the expected price minus the expected cost
for the totd input requirements of the buyer, divided by the number of suppliers. The expected cost
of producing the total input requirements of the buyer is

() EC(an) = a-cy(n + (I-a)c(n) = cy(n) + (1-a){c(n) - c(n)] -

The second term of (9) is the expected inefficiency in production that arises from awarding a
secondary contract to the second lowest cost supplier. Using (6¢), we can now express the

expected profit of asupplier as

(10) Ep(an) = n-tx{a{c(n) - c,(n)] + 2X1-a)-[cs(n) - ()]}

The firgt term is the informationd rent earned on the a-contract. The second term is the premium
paid by the buyer equa to twice the expected profit from the b-contract. Differentiating (10) with

respect to a, we obtain the following proposition.
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Propostion 3. The expected profit of each supplier is increasing with the size of the

secondary contract if and only if

(11) 2[c3(n) -c(N) ] > ¢x(n) - &1(n) .

The left-hand sde of (11) is the increase in the expected price with higher b (see (6¢)), and the
right-hand side of (11) isthe increase in the expected cost with higher b (see (9)). In other words,
the expected profits of the suppliers will increase with the size of the secondary contract when the
expected premium is larger than the expected efficiency loss from awarding the secondary contract
to the second lowest cost supplier. Whether condition (11) is satisfied or not depends on the cost
digribution. If we redtrict atention to the family of distributions G(c,t) with H(c) uniform on [0,1],
condition (11) can be greatly smplified. Thus, we can sate the following corollary to Proposition 3.

Corollary 3.1: Assume the costs are drawn from G(c;t) with H(c) uniform on [0,1]. The
expected profit of each supplier is increasing with the size of the secondary contract if and

only if the industry capacity is greater than unity, T(n) = t>n> 1 (or t > 1/n).

Proposition 3 and Corollary 3.1 demonstrate that a split-award auction need not increase
the expected profits of the suppliers, even though it dways increases the expected price (see
Propodtion 2). The reason is that a split-award auction aso increases the expected cost of
producing the input requirements. Instead of awarding the total input production to the lowest cost
supplier, a split-award auction alows part of the production to be performed by the second lowest
cost supplier. The expected price increases with alarger secondary contract, but a larger fraction of
the input requirements is awarded to the second lowest cost supplier. For T(n) < 1, thisincrease in
expected codt is greater than the increase in expected price, and thus the expected profit declines
with higher b. When T(n) < 1, the distribution of the lowest cost redization for the indudtry is
skewed toward higher vaues of cogt reldive to the uniform distribution.  Therefore, because of the
smdler probability of low cost redizations, the difference between the firs and second order

datistics grows larger than the difference between the second and the third order statistics.

Having characterized the expected profit of suppliers, we now examine how a split-award

auction can induce entry or prevent the exit of a supplier. Since there is dways a postive expected
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profit from having capacity t and participating in the auctions, we now assume that there is a fixed
cost f of participating in the auctions with the capacity t. This fixed cost must be incurred by the
suppliers prior to the auctions, as well as prior to their cost redlizations for producing the input
requirements. In addition, the fixed cost is independent of the actud input production that may or
may not result from the contract awards. Thus, f is Smply an invesment in learning about the true
cost of production.20 Given this fixed cogt, the Sze of the secondary contract can affect the number
of suppliersthat can profitably participate in the auction.21

By Corollary 3.1, if the industry capacity is less than unity, a split-award contract cannot
induce entry and the buyer will aways use a sole-source auction. On the other hand, if the industry
capacity exceeds unity, the buyer may be able to use a split-award auction to induce the entry of a
new supplier or prevent the exit of an exising supplier. Condder the case in which n suppliers
would find it profitable to participate in a sole-source auction, but (n+1) suppliers would not.

Define F,,; asthe set of fixed costs which generate exactly n suppliers with capacity t:

(12) Fnt = (B(1,n+1t) , Ep(1,nt) ) .22

Since Ep(a,n+1,t) isdecreasing in a when T(n+1) > 1, the buyer can offer the maximum possible
expected profits to the suppliers when he awards two equal-size contracts (a = 1/2). Thus, we can

characterize the conditions for the existence of a secondary contract that can induce entry.

Corollary 3.2 Assume the costs are drawn from G(c;t) with H(c) uniform on [0,1] and that
T(n+1) = tx(n+1) > 1. For f T F,, such that f £ Ep(1/2,n+1,t), there exists a minimal
secondary contract b¢f) which can induce entry by the (n+1)st supplier.

Proof: The conditiont>(n+1) > 1 ensures that the expected profit is increasng with b when there
are (n+1) suppliers. If Ep(1,n,t) < Bp(1/2,n+1,t), thereis aminima secondary contract for al f 1

20 Alternatively, the fixed costs could also be interpreted as opportunity costs of reserving capacity to produce
theinputsif the supplier wins one of the contracts.

21 |n this section, we assume again that the buyer can commit to the size of the secondary contract. The buyer
would obviously benefit from switching to a sole-source auction after suppliers incurred their entry costs
believing there would be a secondary contract. Such a commitment could be enforced in a repeated game with
punishment strategies. Doing so in this model would be relatively cumbersome because the gain from a split-
award auction depends on the fixed cost of the additional supplier who would be induced to enter.

22 The expected profit of a supplier are strictly decreasing in n: dEp(an,t)/dn <0 for n > 2 and dl aand t.
Thus, the set [Ep(1,n+1t) , Ep(1,n,t)] isclearly non-empty for any givenn > 2.
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Fnt. However, if Ep(1/2,n+1,t) < Ep(1,n,t) and Ep(L/2,n+1,t) < f < B(1,n,t), thereisno b £
1/2 which can increase the expected price sufficiently above BEP(1,n+1,t) in order to make the
(n+1)st supplier profitable. The buyer can induce entry by the (n+1)st supplier only if f £
Bo(1/2,n+1,t). The minima secondary contract is b¢f) = 1- a¢f) where adgf) is impliatly
defined by f = Bp(adn+1,t). QED

Coradllary 3.2 demongtrates that a split-award auction can induce entry for some fixed costs
in Fny , but not necessaxily dl. We find that BEp(1/2,n+1,t) < Ep(1,n,t) when n < 3 + 1/t. Thus,
there exist interesting cases for which no secondary contract can induce the fi+1)st supplier to
enter. For example, thiscanoccur for nT {2,3} whent3 1; forn1 {234} when /2 £t < 1;
andfor n1 {2,345} when /3 £t < 1/2. However, for smdler f T F,; such thet f £
Bo(1/2,n+1,t), a minima secondary contract would induce entry. When a minima secondary
contract exigts, the buyer would certainly not offer a larger secondary contract that would increase
the expected price. But not al minima secondary contracts will benefit the buyer. The next section

examines the conditions under which the minimal secondary contract can lower the expected price.
6. An Optimal Secondary Contract Can Reduce the Expected Price

For afixed number of suppliers n and an industry capacity greater than unity, a split-award
auction increases the expected profits of the suppliers and introduces an inefficiency from usng the
second lowest cost supplier for the secondary contract. However, if a split-award auction induces
entry by the p+1)st supplier, there is new capacity in the industry and new competition in the
auction. The new capacity lowers the expected production costs of the input requirements, and the
new competition can convert this cost reduction into a lower expected price paid by the buyer. In
addition, the new competition can enable the buyer to extract rents from the existing suppliers, dso
in the form of alower expected price. We can now State the key proposition characterizing when a

secondary contract can lower the expected price.

Proposition 4:  Assume the costs are drawn from G(c;t) with H(c) uniform on [0,1] and that
T(n+1) = t¥n+1) > 1. There exists a hon-empty subset of F,; , denoted by (f,,fy), such that
for all f T (f_fy), an optimal secondary contract b*(f) > 0induces entry by the (n+1)st

supplier and lowers the expected price. The boundaries of this subset are defined by f, =
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Ep(1,n+1,t) and fy = Ep(n/(n+1),n+1,t), and the optimal secondary contract is the minimal
secondary contract: b*(f) = b¢f). For f1 F,; andf> fy, b*(f) = 0.

Proof: We firgt define the smallest primary contract a(n) which would lower the expected price.
The expected price EP(a,n,t) is decreasing in n and linearly decreasing in a (linearly increasing in
b). One can show that EP(1,n+1,t) < EP(1,n,t) < EP(L/2,n+1,t). As a result, there exists an
a(ml (1/2,2), implicitly defined by EP(a,n+1,t) = EP(Ln,t), such that for dl a > a(n),
EP(a,n+1,t) < EP(1,n,t). Interegtingly, a(n) does not depend on t, and we can show that a(n) =
n/(n+1) > 1/2.

We can now define the largest fixed cost fy; which would alow entry of the (n+1)st supplier
and reduce the expected price. Since a(n) is the smdlest primary contract which lowers the
expected price after entry, fy = Ep(a(n),n+1t) < Ep(/2,n+1;t). Recdl that for f 3
Ep(L/2,n+1,t), a split-award auction cannot induce entry of the (h+1)st supplier. For fy < f <
Ep(1/2,n+1,t), a split-award auction could induce entry by the (n+1)st supplier, but the expected
price would be higher than a sole-source auction with n suppliers. However, for any f < f < f,

there exists a sat of primary contracts (a(n),a¢f)] which would induce entry of the (n+1)st supplier
and lower the expected price.

We can now define the optima primary and secondary contracts. Since the expected price
decreases grictly with higher a for any given number of suppliers, the expected price is minimized at
the largest a (smdlest b) which induces the (n+1)st supplier to enter. Thus, the optima primary
contract a* (f) isimplicitly defined by Ep(a*,n+1,t) = f and the optima secondary contract is the
corresponding minima secondary contract b* (f) = bdf).

Finaly, we need to show tha a larger secondary contract cannot further reduce the
expected price by inducing the (h+2)nd supplier to enter. This part of the proof is contained in
Appendix 3, but the intuition is clear. The optima secondary contract b* (f) extracts dl the rents
from the (n+1) suppliers. Thus, any further reduction in the expected price requires a reduction in
the expected costs from (9). However, a larger secondary contract increases the productive

inefficiency because a greater fraction of the input requirements are awarded to the supplier with the



22

second lowest cost. This greater inefficiency dominates the reduction in expected costs from having
the capacity of an additiona supplier. QED

Figures 2(a) and 2(b) illustrates Proposition 4. In Figure 2(a), we have drawn the expected
prices EP(a,nt) and EP(a,n+1,t). Both are decreasing functions of a, and the latter is uniformly
lower with the additiond supplier. Thus, a(n) is the primary contract for which the expected price
EP(a(n),n+1,t) isequa to the expected price of a sole-source auction with n suppliers, EP(1,n,t)
= cy(n). If a> a(n), then the expected price would be lower with the (0+1)st supplier. Figure
2(b) illustrates the region of fixed costs (f, ,f) for which an optimal secondary contract can generate
entry and a lower expected price. We have drawn the expected profit of the suppliers Ep(a,n+ 1,t)
which isadecreasing function of a. Thus, foranf T (f,f), the a* (f) = a¢f) isillustrated in Figures
2(a) and 2(b) respectively as the largest a which would induce entry by the (n+ 1)st supplier. Thus,
b*(f) = 1 - a*(f) is the optima secondary contract. Figure 2(a) illustrates that the resulting
expected price EP(a* (f),n+ 1,t) is below the sole-source price EP(1,n,t) = ¢,(n) with n suppliers.

The st of fixed codts (f ,fy) with an optima secondary contract generating (n+1) suppliers
clearly depends the number of suppliers n, but it dso depends on the capacity t of each supplier.
We can measure the magnitude of this set rdativeto F,; . In paticular, [(fy — f))/ ( Ep(1,n,t) -
f)] = Y2 — U[2t(n+1)]. When the industry capacity tx(n+1) = 1, this set is empty because a
secondary contract cannot increase expected profits. As tx(n+1)® ¥ with anincreasein t (or n),

the subset (f, ,f) approaches 50% of the set F,,; , and does so rapidly.23

An equd split of the input requirements (@ = b = 1/2) cannot be optima. Even if an equa
split can induce entry by the f+1)st supplier (see Corollary 3.2), it is easy to show that the
expected price will be higher: c3(n+1l) > 6(n).24 The upper bound on the optima secondary
contractisb(n) = 1 - a(n) = 1/(n+1) £ /3, and thisoccurs at f = fy,.

23 When (n+1) = 3, (f_fy) is one-third of the range of F,, for t=1. But for (n+1) =5, (f_fry) is 40% of F,, for t=L1.
Thus, the set (f, fy) issmall only whent is substantially less that unity.

24 Seshadri, Chatterjee, and Lilien (1991) assume that the contracts have an equal share of the input
requirements. In our model, two equal-size contracts would have to generate two or more entrants in order to
lower the expected price. Even if the expected price were lower, this would not be optima for the reasons
discussed in Appendix 3. Equal-size contracts generate the highest expected price, c3(n), and the largest
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7. An lllugtration of the Optimal Secondary Contract

The benefit of an optima secondary contract can be illustrated using the uniform cost
digribution G(c,1) wheret = 1. For this case, f_ = [(n+1)-(n+2)]-1. With a(n) = n/(n+1), fy =
(n+1)2. Thus, forf < f< fy, theoptimd primary contract isa* (f) = 2 — (n+1)>(n+2)f, and the
expected priceis EP(a* (f),n+1,t) = 2Xn+1)%. For fy < f < Ep(1,n,1) = [n-(n+1)]-1, the optimal

secondary contract is b* (f) = 0, resulting in a sole-source auction with n suppliers.

For this case, Figure 3(a) illustrates the Sze of the optimad primary and secondary contracts
which the buyer would employ for any given fixed entry cost. The fixed cost determines the number
of suppliersasillugtrated. Thelines garting a 2 on the a-axis are the functions a* (f). For example,
when 1/20 < f < 1/16, the number of suppliers with a sole-source auction would have been n = 3.
However, by creating a secondary contract b* (f), and reducing the size of the primary contract to
a* (f), the buyer maintainsn+ 1 = 4 suppliers participating in the auctions. For /16 < f < 1/12, the
buyer could continue to reduce the size of the primary contract and maintain 4 suppliers, but the
expected price is lower by having a sole-source auction with 3 suppliers. Then, for 1/12 < f < 1/9,
the buyer again creates a secondary contract to maintain 3 suppliers. Findly, for f > 1/9, buyer
uses a sole-source auction with two suppliers. The optimal secondary contract b*(f) = 1 - a*(f)
could be as large as 20% of the input requirements in order to maintain 5 suppliers, as large as 25%

to maintain 4 suppliers, and as large as 33% to maintain 3 suppliers.

Figure 3(b) illugtrates the expected price pad by the buyer using an optimal secondary
contract. The expected price increases as the higher fixed cost reduces the number of suppliers
participating in the auctions. With a sole-source auction, the expected price would be a step
function, risngto EP =2/5a f = 1/30,to EP = /2 a f = 1/20, and to EP = 2/3 a f = 1/12.
However, an optimal secondary contract lowers the expected price in the regions of fixed costs
where b* (f) > 0. In these regions, the expected price increases with f as the size of the optimal
secondary contract increases.  Figure 3(b) illustrates that a split-award auction is potentidly

efficiency loss (1/2)%co(n) - c1(n)]. Thus, itis no surprise that optimal secondary contract is significantly smaller
than the primary contract.
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beneficid to the buyer for any number of suppliers, but can be very beneficid when the number of
uppliersissmadl.2>

8. The Intuition for the Optimal Secondary Contract

Even though a split-award auction results in a higher expected price with a fixed number of
suppliers, the entire schedule of expected prices as a function of the size of the secondary contract
shifts downward with an increase in the number of suppliers (see Figure 2(a)). If the fixed entry cost
isreatively low (cdoseto f), the buyer can induce the (M+1)st supplier to enter with a relatively
smdl secondary contract. The increase in expected price which would otherwise occur from
introducing the secondary contract is more than offset by the reduction in expected price caused by
the additiona supplier.

The additiona supplier causes two effects which result in a lower expected price. The first
effect arises from the fact that the new supplier adds additiona capacity to the industry.  This new
capacity lowers the expected costs of production for both the primary and secondary contracts
because it lowers the expected value of the first and second lowest costs of the suppliers. An
optima secondary contract dlows the buyer to internaize this reduction in expected cods in the
form of alower expect price. The second effect arises from the fact that the new supplier lowersthe
expected profits of the exigting suppliers. In particular, Ep(1,n,t) > Ep(a*,n+1,t) = f. Thus the
optimal secondary contract allows the buyer to extract al of the expected rents of the n exiding
suppliers defined as their expected profits minus their fixed costs.26

We can identify the relative magnitude of these two effects. Note that the expected profits
of dl the suppliers, defined by EP(@,n) = nxEp(a,n) using (10), is equd to the expected price
EP(a,n) from (6), minus the expected costs EC(a,n) from (9). Thus, the reduction in the expected

25 For t=1, theratio of fixed coststo production costsfor f1 F,; rangesfrom 1/(n+2) to /n.

26 Anton and Y ao (1989) have an example in which investment by the higher cost supplier can result in a lower
expected price from split-award contracts. The higher cost supplier has no incentive to invest if the buyer isonly
awarding a sole-source contract because the investment cannot lower the costs sufficiently. However, if the
buyer awards two contracts, the investment is profitable because it increases the profits from a split award. The
investment lowers the price because it lowers the sole-source costs faster than it increases the economies from
splitting the production. Thus, a split award can induce investment that would lower the price. In this example,
the price reduction is driven by the decline in the sole-source production costs of the higher cost supplier which
are an important determinant of the price. This differs from the two effects causing the price reduction in our
model.
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price from an optima secondary contract is Smply the reduction in expected costs, EC(1,n) —
EC(a*,n+1), plus the reduction in expected industry profits, EP(1,n) — BP(a*,n+1). These
expressions are easy to caculate for G(c;t) with H(c) uniform on [0,1]. We find that the share of
the reduction in the expected price attributable to these two effects is independent of the size of the
primary contract. As a result, the share of the reduction attributable to extracting rents from the
exising suppliers has the following Smple form:

(13) S (n) = [tkn+1) — 1] /[2tn] .

Since industry capacity T(n+1) = t>(n+1) > 1, the share attributable to rent extraction increases with
t, and approaches (n+1)/(2n) inthelimit as t® ¥ . Thus, as the cogt digtribution of the suppliers
becomes more favorable to low cogt redizations, the share attributable rent extraction is larger and
the share attributable to cost reduction is smaler. When t = 1, the reduction in expected price is
shared equally between a reduction in the expected industry rents and a reduction in the expected
industry cogts.2”

9. Conclusons

The buyer’s control over the size of the primary and secondary contracts is crucid for his
ability to induce entry and lower the expected price. In particular, the benefits to the buyer depend
on its ability to choose a primary contract which is sgnificantly larger than the secondary contract.
Split-award contracts of equa Sze are never optima because they generate the largest inefficiency in
production and the least aggressively bidding on the primary contract. The higher expected profits
on the equally large secondary contract provide alarge opportunity cost that is incorporated into the
bidding on the primary contract. Thus, split-award contracts of equa Sze generate the highest
expected price for a given number of suppliers. With a smaller secondary contract, the buyer can
limit the productive inefficiency from the secondary contract and maintain aggressive bidding for the
primary contract. When smdler secondary contracts can induce entry, then may aso reduce the
expected price.

27 Whent > 1, the share attributable to rent extraction is decreasing withn. For this case, the share attributable
to rent extraction declines from .75 (whent® ¥) to .5 asn® ¥. In other words, rent extraction becomes somewhat
less important when there is alarger number of existing suppliers. The opposite occurswhent < 1, and the share
attributable to rent extraction isincreasing withn.
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Appendix 1

The expected vaue of the lowest cost from n independent draws

cu(n,t) = gy xg(¥[1- G(]™ “ax

1

1
=tnxg) x@- X)" ox = = .
QXL X)X ttn+1  tn+1

The expected vaue of the second lowest cost from n independent draws:

¢5(n.t) =n(n- 1 ¢y xg(IG([ 1- G(Y]™ el

=n(n- 1)><(‘£xt(1- x)t'l[l- a- x)t] 1- x)'" A dx
= n(n-1) xx(‘ix(l- XDy ytn-Tegy

1 1
n- Ot(n- D+1] trfn+1]4

_ 2tn- (t-1)
[t(n- 1 +1]Htn+1]

=n(n-1) xxgt(

The expected vaue of the third lowest cost from n independent draws:

»
cs(nh) = ng’” 20 IIG I [1- G0

><Q)xt(1 x)t" 1[1 a- x)] @- ' Iax

1—>¢qu(1 x)t(n-2)- 1[1 2(1- X' +(1- x)Zt]dx

10é 1 2 1 u

gy
P
naEl =X X +

§2 5 an- tn-2)+1 t(n- Hft(n- 1)+1] tr{tn+1]u

_ 3°n(n-D- (t- D(3tn- 2t +1)
t(n- 2)+1]qt(n- 1) +2]qtn+1]

29



30

Appendix 2

Corollary 2.1: Assume the costs are drawn from G(c;t) with H(c) uniform on [0,1]. The
premium D(a,n,t) with a split-award auction is
0] increasing with t for t < t*(n), and decreasing with t for t > t*(n),
where I/n< t*(n),and t*(n) < 3/n< .75 forn 3 4.
(i) increasing with n for t < t**(n), and decreasing with n for t > t**(n),

where t**(n) < t*(n) and t**(n) < .6 forn3 3.

Proof of (i): The sgn of the derivative of the premium with respect to t depends on a cubic equation
int: 2+ 3-«(n-1)-t - n((n-1):(n-2)t3 = 0. The left-hand Sde of this equation is clearly postive for
gmdl t, but becomes negetive for large t. There are two imaginary roots and one redl positive root
defined as t*(n). Thus, it is clear that the premium is increasing (decreasing) with t when t > (<)
t*(n). Figure 1 depictst*(n).

For agiven number of suppliers, the premium ismaximized a t = t*(n). The explanation for
this finding follows from the behavior of the premium as t® Oand t® ¥. When t® O, the
expected price approaches the upper bound on the cost distribution, normalized to 1, irrespective of
the number of suppliers or the Sze of the a-contract. Thus, there can be no premium. Similarly,
whent® ¥ , the expected price approaches the lower bound on the cost distribution, normalized to
0, irrespective of the number of suppliers and the size of the a-contract. Thus again, there can be no
premium. Once capacity exceeds t*(n), the premium decreases with further increases in the
capacity of each supplier. In particular, for n 3 4, the premium is dedining with t for dl t > 3/n.
Note that D(a,3,1) > D(a,4,1). Since we are only interested in integer numbers of suppliers, this
impliestheat the premium isdediningininteger nfordl t > 1.

Proof of (ii): The sign of the derivative of the premium with respect to n depends on another cubic
equationint: 1 -2>xn1—3xn-1)°x% + (2-4n+3n?)xt? + n*<(n-1)*<t> = 0. This equation is dearly
positive for large t, but becomes negative for smal t. There are two imaginary roots and one red
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positive root defined as t**(n). Thus, it is dear that the premium is increasing (decreasing) with n
whent < (>) t**(n). Figure 1 depictst**(n).

For agiven t < t**(n), the premium declines when the number of suppliers in reduced
below n. This surprising finding is limited to a smdl range of the parameter space. Thus, when t >
t**(n), and the premium declines when the number of suppliersisincreased from n. Since t**(n) »
.56, this case occurs for dl distributions skewed in favor of low costs, the uniform digtribution, and
many digtributions skewed in favor of high codts.

Appendix 3

Thereis no gain to the buyer from inducing entry by more than one additional supplier. This
iseasy to demondratewhent = 1. Let e > 0 be the number of new entrants, and define ade;n) as
the largest a such that a split-award auction would induce e new entrants. Thus, 1 - ade;n) isthe
minima secondary contract for e entrants. If there is no entry, a sole-source auction minimizes the
expected price 0 define a€0;n) = 1. We can solve for age;n) by setting the expected profits
equa to the fixed codt:

aten) . 2X1-agen) _
(n+e)(n+e+]) (n+e)(n+e+l)

f , whichyidds agen)=2- f Xn+e)xn+e+l).

When't = 1, the expected price from (9) becomes asmple linear expressonintermsof a:

4- 2»aken)

EP(a¢en),n+el) = rorl

Subdtituting ade;n), we obtain EP(ade;n),ntel) = 2x(n+e)xf . Since the expected price is
increasing in e, the optimal secondary contract would induce only one new entrant; a* (f) = a¢1,n).
One new supplier will lower the expected price if f < fy = (n+1)-2, but two new suppliers will
provide no further reduction in the expected price. Note that the expected industry costs are
EC(a¢en),ntel) = (n+e)xf . Thus the minima secondary contract for each new entrant
generates progressively higher expected codts.
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We can dso show that two additiond suppliers cannot further reduce the price for dl t >
1n (T(n) >1). Asinthecaseof t = 1, the proof begins by expressing the expected price as a
function of the number of entrants usng ade;n), the largest primary contract which induces e
entrants.  One can then show that the expected price with two entrants must be larger than the
expected price with one entrant for al t > L/nand dl f suchthat f, < f < f; . The proof is very
awkward, but the intuition is clear. The optimal secondary contract defined by b*(f) = 1 - a€l;n)
exactly eliminates the expected rents of dl the suppliers. Moreover, it has been shown (see McAfee
and McMillan (1987)) that the optima number of entrants can be induced by a sole-source auction.
Therefore, the decline in the expected price with a split-award auction can arise only if it is
accompanied by the extraction of some sgnificant supplier rents. Consequently, no further gains are
possible for the buyer beyond the optima secondary contract b* (f) which induces one additiona

supplier.



