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Abstract

The recent explosion of attempts to form B2B exchanges and the large failure rate of
these attempts raise questions about when and why B2B exchange formation succeeds.
Our model provides a theory of B2B exchange formation by investigating conditions under
which B2B exchanges attract enough buyers and suppliers to form. Our most important
result is that, when the number of potential suppliers is large enough, successful formation
of a B2B exchange hinges on its ability to subsidize suppliers selectively. Since there are
externalities among participation decisions, charging the marginal cost of connection does
not lead to the eCcient outcome. Owering a subsidy to a selective group of suppliers
is to “divide and conquer” them to induce full participation. Selective subsidy is also
necessary to insure that the optimal number of suppliers join the exchange. When such
subsidy is feasible, the full participation equilibrium becomes the unique subgame-perfect
Nash equilibrium. The theory also yields implications for the ownership structure needed

to support B2B exchange formation
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1 Introduction

In the early summer of 2001, the Financial Times reported widespread suspicions about the
suitability of B2B exchanges for the airline industry. In the article, one consultant commented
that suppliers “continue to be reluctant to sign up to portals and other e-mechanisms created by
the prime contractors. The key reason for this is that the primary objective of e-procurement
is perceived to be a reduction in the purchase price, therefore forcing pressures on [supplier]
margins.” The article recommended that the industry forget about the promise of large savings
from B2B exchanges and instead use the portals to manage collaboration on existing programs
(see Odell [12]).

This outcome, should it obtain, may not be unique to the airline industry. Announce-
ments of B2B exchange formation are widespread across many industries. Indeed, over 1,600
B2B exchanges had been launched or announced by the beginning of 2001 (e.g., Harrington
[10]). However, the number of successful formations are few and announcements terminating
formation eworts are rising in number. By May of 2001, for instance, over 400 B2B exchanges
had shut down and countless more exchanges never materialized according to Harrington [10].
Moreover, industry observers report that in 2001, only about 100 B2B exchanges handled any
genuine transactions (see May 19 issue of the Economist [7]) and predict that perhaps as few
as a handful of public exchanges may survive in the long-run (see Cronin[5]).

Such a large and rapid failure rate raises questions about when B2B-based exchanges create
value and who captures it, questions that have been the source of hot debate in the management
and economics literatures (for surveys see Borenstein and Saloner [3] and Kaueman and Walden
[9]). Simple application of basic auction theory, the principal methodology used to inform the
debate, typically assumes supplier participation and implies that B2B exchanges create value
by reducing search costs and increasing the average number of bidders, which facilitates buyers
capturing more value than is created by the B2B exchange because it reduces supplier pro..t
margins. However, the aforementioned consultant’s comment about airline industry suppliers
and, more generally, the widespread failure of B2B exchange formation ecorts indicate that
supplier participation is not assured and thus should not be assumed. Indeed, without su¢cient
supplier incentives to participate, attempts to form a B2B exchange will fail. Thus, supplier

participation must be central to a theory of B2B exchange formation.



Our study is one of the few that attempts to present an analytic framework to analyze
auction-based B2B exchange formation. One such study that analyzes B2B exchange partic-
ipation incentives is Fath and Sarvary [8].! They use a dynamic model in which entry and
exit depends on the relative surplus enjoyed by both buyers and suppliers. With no switching
cost, they identify two stable equilibria: low participation and high participation; and a set
of unstable equilibria in which any deviation from the set evolves to one of the two stable
equilibria.?

Our theory of B2B exchange formation is quite general in that it endogenize both the
participation in the B2B exchange and the participation in individual auctions within and
outside the exchange. Hence, our model informs not only when a B2B exchange can be
successfully introduced but also what features are needed for the exchange to successfully
attract participants. We especially clarify the role of subsidies in achieving the succient
number of participants for formation. The theory delivers useful implications about the
optimal ownership form of exchanges.

The paper considers two potential bene..ts of B2B exchanges, although our primary focus
is on the ..rst one. First, we assume that a B2B exchange reduces pre-contract transaction
costs such as search, communication, and formal bid preparation and then analyze suppliers’
decision to participate in a B2B exchange. We do so by building on a model of endogenous
entry introduced by Seshadri et al. [14]. For each procurement opportunity, each supplier
draws an entry cost from a certain distribution and participates in the auction only if the
expected pro..t exceeds the entry cost. A B2B exchange reduces the entry cost and thus
increases the number of bidders in equilibrium. Second, although in the form of extension, we

later discuss the possibility that a B2B exchange reduces post-contract transaction costs by

YThere are three critical dicerences between our model and that of Fath and Sarvary [8]. First, they abstract
away from asymmetric information problems by assuming that suppliers set the same price for every buyer,
which is not true in most procurement processes. We assume a typical auction setting in which suppliers have
private information about their costs. Second, we allow buyers and suppliers to make coordinated decisions.
Third, we assume that a supplier’s entry into each auction is endogenous whereas Fath and Sarvary assume

exogenous random matching between buyers and suppliers.
2With a positive switching cost, the set of unstable equilibria, which is a curve in the number of suppliers-

number of buyers space, turns into a band in which interior points are more stable in the sense that small

deviaions lead to neither low or high participation equilibria.



facilitating collaboration and coordination in product design, production, and delivery, leading
to higher quality and performance. We use this assumption to evaluate the impact of the
adoption of a B2B exchange on suppliers’ pro..t using a result from Che [4] on the analysis of
an auction with quality competition.

In our formal procurement model that analyzes the ..rst of the above two bene..ts, we
use subgame-perfect Nash equilibrium as the solution concept. Our ..rst result is that when
connection fees to join the B2B exchange are uniform among suppliers there are at most two
subgame-perfect Nash equilibria: no participation equilibrium and full participation equilib-
rium. In the former, no ..rms participate, and in the latter, all buyers and a subset of suppliers
participate in the B2B exchange and non-participating suppliers exit the market. We also
show that when there are two equilibria, the no participation equilibrium is the unique perfectly
coalition-proof Nash equilibrium. Coalition-proofness is an appropriate equilibrium concept in
many settings when* buyers and suppliers in many instances can freely discuss their interests
and potentially can make collective decisions about entry. In a perfectly coalition-proof Nash
equilibrium, any collective decision among coalition participants must be self-enforcing: no
subcoalition of ..rms must be able to arrange plausible, mutually bene..cial deviations from the
collective decision.

Our most important result is that, when the number of potential suppliers is large enough,
successful formation of a B2B exchange hinges on its ability to subsidize suppliers selectively,
possibly by providing hardware, software, or training for personnel, or even by ozering direct
payments. There is a negative externality among supplier participation decisions and suppliers
could avoid an unpro..table full participation equilibrium by adopting a trigger strategy: | will
join if others do but will not otherwise. Orering a subsidy to a selective group of suppliers is
to “divide and conquer” them to induce full participation. Selective subsidy is also necessary
to insure that the optimal number of suppliers join the exchange. When such subsidy is feasi-
ble, the full participation equilibrium becomes the unique subgame-perfect Nash equilibrium.
B2B exchanges do not need to discriminate among buyers because no negative externality is
generated by their participation. Buyers are always pro..tably induced to participate without
selective subsidy whenever the B2B exchange is socially e€cient.

We can summarize our model’s main ..ndings from a social welfare point of view. We show



that a B2B exchange chooses the e®cient number of participants when the B2B exchange can
control the number of participants through subsidies. Nonetheless, the model identi..es two
kinds of ineCciencies that could arise in the adoption a B2B exchange. A socially e€&cient
B2B exchange may fail to form when there are enough potential suppliers and the exchange
cannot subsidize suppliers selectively. Alternatively, a socially undesirable B2B exchange may
be formed because it can always capture more rent than is created by its formation. More
speci..cally, the B2B exchange does not take into consideration any social e¢ciency loss created
by the exit of suppliers from the market when it designs its optimal subsidy policy.

A number of factors can acect the optimal connection fees. The marginal cost of connec-
tion is one of them, but charging the marginal cost to participants is not e¢cient, in general,
because of the externality among participation decisions. Other factors that acect the opti-
mal connection fees include the number of potential buyers and suppliers, the distribution of
production costs and the distribution of entry costs.

Finally, as an extension, we consider the case when a B2B exchange reduces post-contract
transactions costs such as the cost of communication or information exchange in product
design, production, and delivery.  Although this additional role of a B2B exchange does
not acect the likelihood of successful B2B formation, it could azect the optimal connection
fees signi..cantly. Suppose a B2B exchange reduces its marginal cost of providing quality
by facilitating post-contractual collaboration and coordination. It is easily shown that the
B2B exchange can charge higher fees to both buyers and suppliers if the B2B exchange does
not acect the distribution of production costs signi..cantly. The optimal supplier (buyer)
connection fee is further increased (decreased) when the B2B exchange augments the dispersion
of production costs among suppliers. For example, augmentation may occur when suppliers
with higher fexibility and delivery performance are in a better position than others to leverage
collaboration and coordination enabled by a B2B exchange.

The paper proceeds by ..rst introducing a procurement model sans a B2B exchange. We
then expand this model to consider B2B exchange formation focusing on bene...ts arising from
pre-contract transaction cost reductions. In the analyses section, we show that a socially
eCcient B2B exchange can always achieve full participation as the unique subgame-perfect

Nash equilibrium if selective subsidy is allowed. Welfare implications are also discussed in



the section. We conclude our analysis by modeling procurement with quality competition.
Section 4 illuminates our propositions by discussing when dicerent ownership structures may be
needed for exchange formation. We conclude by discussing opportunities for and impediments

to empirical examination of our propositions.

2 Analyses

2.1 Base Procurement Model

We ..rst consider a procurement environment consisting of one downstream ..rm (“buyer™)
and many potential upstream ..rms (*suppliers™) to derive buyer and supplier pro..ts from
each procurement before formally de..ning a B2B exchange. The buyer procures one unit of
intermediate product using an auction. Let Ng be the number of potential suppliers. Ng is
common knowledge for all ..rms and all ..rms are risk neutral. The value of the intermediate
product for the buyer is ..xed at v.

The procurement process we consider is similar to the one introduced by Seshadri et al. [14].
The buyer announces a request for procurement (RFP) and potential suppliers decide whether
to join the auction or not. In order to participate in the auction, each potential supplier has to
search for such opportunities, communicate with the buyer, develop the required product, and
prepare and transmit a formal bid. We call the sum of these the auction entry cost, denoted by
7; Where ¢ indicates supplier i. We assume that each potential supplier privately observes 7;,
which is drawn from the same continuously dicerentiable distribution G(7) on [0, +00), with a
density function of g(7). 7; is independent over i. Once supplier i decides to enter the auction,
it privately observes its production cost ¢;, which is independently and identically distributed
by F(c) over [c,¢] with density function f(c). We assume that 7; and ¢; are independent. Since
suppliers are symmetric and products are homogeneous, the subscription i is dropped in the
remainder of the analysis. After entry into the auction, the number of bidders, n, becomes
public knowledge and the buyer conducts a standard auction. For the moment, we maintain
the general form of an auction by allowing ex ante admission fee e, and ceiling price 7. We also
consider a subsidy to bidders by allowing e to be negative. When no supplier bids, the buyer

can procure the product elsewhere (in-house production for instance) at cost ¢y. Therefore,



the buyer only can commit to p < ¢

We make the following assumption in order to simplify the analysis by ruling out the case
in which the buyer needs to set the ceiling price lower than c.
Assumption 1. v > ¢y > ¢

We do not specify an auction mechanism in the paper because the revenue equivalence
theorem extended to auctions with entry by Levin and Smith [11] also applies to our model.
According to the theorem, any auction mechanism in which (i) the order always goes to the
supplier with the lowest cost, and (ii) any bidder with the highest-possible cost expects zero
surplus, yields the same expected procurement cost.

We now start with a standard result of auction theory. Let 7(c,n) be the expected pro..t

of a supplier with cost ¢ when it enters the auction. Then,

min(¢,p)
wlen) = / (1— F(#)"Ldt for c <.

= ( otherwise

for n > 2 and 7(c,1) =p — ¢ for ¢ <p and 0 otherwise. Let w(n) be the expected pro..t of a
supplier in an auction when there are n participants. Then,

min(¢,p)
m(n) = / m(c,n)f(c)de

c

min(¢,p)
_ / F(e)(1 - F(e)" \de. )

[

for n > 2 and 7(1) = F(min(¢,p))(p — Elc|lc < D))

Normally, when a supplier makes a decision on whether to enter an auction, it does not
know how many of the potential suppliers will bid because entry decisions are endogenous and
made almost simultaneously. Nonetheless, each supplier can evaluate the possible number of
entrants and develop its ex ante expected pro..ts, and hence make its entry decision. Let 7*

be the ex ante expected pro..t from participating in an auction.

N

7" = Ey[n(n)] —e= Zw(n) Pr{# =n| i joins} — e 2

n=1

Firm j should enter if 7* > 7,. Therefore,

Pr{# = ""L| 1 jOinS} = <JZ__;‘> G(’]T*>n_1(1 o G(ﬂ_*))N_n



Plugging this into (2) yields

n—1

N
=3 (N - 1>7T(n)G(7T*)”1(1 G e @)

n=1

Since one bidder can view another potential supplier as entering the auction randomly with
the probability of G(7*), the number of other bidders, n—1, follows a binomial distribution with
N — 1 independent Bernoulli trials and the probability of “success”, G(7*), as is indicated by
(3). Hence, the average number of participants in an auction is determined by E[n] = NG(7*).
Note that n — 1 is increasing in G(7*) in the sense of ..rst-order stochastic dominance. Then,
as is suggested by Lemma 2.1, when a function =(n) is a decreasing function, E,[7(n)] is
decreasing in 7*. Therefore, the right-hand side of (3) is a decreasing and continuous function
of 7* and its intersection with the 45° line represents the unique equilibrium.
Lemma 1 Let n be drawn from a binomial distribution. Consider the following expected value

of g, a function of n.

N
Eulg(n);p) =) <N>g(n)p”(1 —p)N " (4)

n=o \"*
When g is decreasing (increasing) in n, E,[g(n);p] is decreasing (increasing) in p.
Proof is in the appendix.
We characterize the equilibrium in this base model in our ..rst proposition. The ..rst half
of the proof of the proposition is due to Levin and Smith [11] who produced the result for a

slightly dinerent model where bidders randomize entry decision in the symmetric equilibrium.

Proposition 1 The entry level is socially e®cient when p = ¢ and e = 0. However, the

buyer will choose e > 0 or e < 0 and induce a socially ine€cient level of entries in general.

Proof is in the appendix.

To see this result, note that the expected social value added by including one more supplier
to an auction is the probability that it wins the auction times the dicerence between its cost
and that of the next lowest cost supplier, minus the entry cost. But this is exactly the expected
pro..t of the supplier from joining the auction. Therefore, free entry with no distortion induces
the socially e¢cient outcome. But, this is not necessarily optimal for the buyers in general.

Although the entry fee has a direct positive impact on the buyer’s revenue, it also decreases



the number of bidders in the auction leading to a higher price. The entry fee that is optimal
for the buyers depends on the distributions of the entry cost and production cost and could

be positive or negative.

2.2 On-line Procurement

One of the important bene..ts of a B2B exchange is a reduction of pre-contract transaction
costs such as search and communication costs and formal bid preparation. We interpret this
bene..t as a reduction of entry cost de..ned in our model. We consider the following game
in order to investigate the return to participation in a B2B exchange. Now, we assume that
there are Np buyers and Ng potential suppliers in the market. Each of the buyers conducts
auctions 7' times in each of which it procures one unit of homogeneous intermediate product
from one of the suppliers. Entry costs and production costs are identically and independently
distributed across suppliers and auctions and we use the same notation for cost distribution
as in the previous section.

Consider the possibility of forming one B2B exchange in the industry. Competition among
multiple B2B exchanges is beyond the scope of this paper. Participation in the B2B exchange
reduces the entry cost for suppliers from 7; to a7; where 0 < o < 1 for all auctions conducted
by buyers in the B2B exchange. For simplicity, the B2B exchange is assumed to bear any
marginal costs from connecting one supplier to the exchange. The marginal cost & includes
the one-time cost of necessary changes in the B2B database, installation of computer hardware
and software to the supplier system, and training personnel for the new technology. Let tg
be the one-time connection fee charged on suppliers.  Suppliers in the B2B exchange can
enter both on-line and traditional auctions conducted by buyers inside and outside the B2B
exchange while suppliers not in the B2B exchange only can enter traditional procurement
process requested by the buyers outside the B2B exchange.

Similarly, the buyers in the B2B exchange can use both on-line and traditional auctions to
attract suppliers. However, once a buyer adopts one procurement technology for an auction,
it cannot redo the auction in the other form just because the ..rst auction has not generated
the expected result. In other words, a delay in procurement is so costly that in each auction a

buyer has to accept the result regardless of the outcome. The marginal cost of connecting one



buyer to the B2B exchange is K, which again is borne by the exchange. The exchange charges
tp on every participating buyer. Both k£ and K are exogenously given and independent of the
number of participants. Let Mp and Mg be the number of buyers and suppliers, respectively,
in the B2B exchange.

In the following analyses, we assume that the ceiling fee is set at the alternative production
cost (i.e. D = ¢p) and the entrance fee for each individual auction is set to zero (i.e. e = 0)
regardless of whether it is an on-line auction or traditional auction. This assumption makes
sense for on-line auctions because, as we show later, B2B exchanges can exploit any e¢ciency
gain and thus should require all auctions not to charge entrance fees. Although this assumption
is not appropriate for traditional procurement, we believe that this simpli..cation only makes
traditional procurement more favorable for suppliers than in reality and therefore makes the
conditions for successful formation of B2B exchange more stringent without changing the
qualitative nature of our results.

How will the introduction of the B2B exchange azect the equilibrium number of bidders
and their expected pro..ts? Let wfng and 7© be the expected gross pro..t for a supplier from
a B2B on-line auction and a traditional auction, respectively, when there are Mg number
of participating suppliers in the B2B exchange. Participant ¢ enters an on-line auction if
mh? > ar; while supplier j enters a traditional auction if 7 > 7;. Since one bidder in the
B2B exchange views another potential supplier in the B2B exchange as entering the auction
randomly with the probability of G(iffi), the expected pro..t from entering an on-line auction
is

Ms—1 B2B B2B

Mg —1 m n T —1-n

i = ( % )w<n+1>G<—f‘§S ' (1— G M (5)
n=0

Since a buyer also can attract any potential suppliers through a traditional auction, the ex-
pected pro..t from entering such an auction does not depend on the number of suppliers in the

B2B exchange.

Ng—1 B
7I'O _ z_;) (NSn 1>7T(TZ+ 1)G(7T0)n(1 - G(ﬂ_O))NSflfn (6)

As is shown in the previous section, the pair (wf}sB ,m9) that satis..es both (5) and (6)

embodies the equilibrium. Let TI525 (Mg, Mg) and I119(Mpg) be the expected total pro..t net

10



of entry costs for a supplier inside and outside a B2B exchange, respectively, when the numbers
of buyers and suppliers in the B2B exchange are Mg and Mg and all the participating buyers

conduct on-line auctions.

B2B
s
M§2P (Mp, Ms) = TMp(nip — Elor|nf? > ar))G(—=)

+T(Ng — Mg)(n® — E[r|7° > 7))G(x°)

B2B
™™
= TaMp /
0

G(r)dr + T(Np — Mg) /0 " G
¢ (Mp) = T(Np— Mp)(x° — E[r|x° > 7))G(x°)

— T(Np - Mp) /0 "G

Let T1528(Mg) and Hg be the expected total pro..t for the buyers inside and outside the
B2B exchange, respectively, when there are Mg suppliers in the B2B exchange and all the

participating buyers conduct on-line auctions. Then,

- Mg Mg 7TﬁzB 7r]}\5'/[2]5' M
g (Ms) = TZ(n){vcnnﬂn)}G(TS)”uG(TS» s (1)
n=0
Ng
ng = Ty, @S) {v— en — nr(n)}G(xO)"(1 — G(xO))Ns @®)
n=0

where ¢, is the lowest among the production costs of n suppliers (i.e. ¢, = ff(l — F(c))™dc).

The next proposition characterizes the pro..t functions.

Proposition 2 7327 and T1g*7 (Mg, M) are decreasing in Mg while T35 (Ms) is increasing

in Mg. IIZ2B(Mp, Ms) is increasing in Mp while TI¢(Mg) is decreasing in Mg.

Proof is in the appendix.

One major characteristic of the market that acects the competitive pressure created by a
B2B exchange is entry cost heterogeneity. Note that when the distribution of G is narrow, the
reduction of entry cost could substantially increase the probability of entering each auction

and hence raise the number of bidders, which leads to a lower pro..t margin. We con..rm

11



this intuition in the following result by developing parameterized results for three speci..c, but
commonly used, distributions. There are no comparative statics results that hold for any
distributions or any parameter range. However, by demonstrating the results for a reasonably
wide range of parameters for commonly used distributions, we attempt to show the typical

impact of entry cost heterogeneity on the bene..t of participation in a B2B exchange.

Proposition 3 Assume 7 follows a uniform distribution (G(7) = Z for 0 < 7 < ), censored
normal distribution (G(7) = ®(=£) for 7 > 0 and 0 for 7 < 0) or log-normal distribution

(G(r) = @(1&"%‘&)) where @ is the cumulative standard normal distribution function. Consider
B2B

the parameter range for which G(79) < 0.5 and 0.5 < G(%) <1-G(0)% Then, - <,
dmiry 2P (Ms) _ (y dI2(0) (N, M5)
—i>0and—B>0 and for a ..xed Mg, T O¢<0andd#>0

Proof is in the Appendix.

Proposition 3 implies that more heterogeneous entry costs make it more pro..table for
suppliers to join a B2B exchange while they make it less pro..table for the buyers to do so given
a ..xed connection fee. In the next section, we provide equilibrium analysis of participation

decisions.

2.3 Reduced-Form Participation Game

Now that pro..t functions are de..ned we turn our attention to identifying supplier and buyer
participation decisions. We consider a reduced-form game where the participation decisions
generate the outcome {I1525(Mp, My), I (Mg), 1B2B (M), 19} for participating and non-
participating suppliers and buyers, respectively. We consider the following extensive-form
game: (1) ..rms are arbitrarily ordered to make a decision whether to participate or not
sequentially; (2) a ..rm cannot cancel its decision once it decides to join the B2B exchange; (3)
when a ..rm decides not to participate, it will be given a chance to reconsider its decision if
there are any new entries after the decision; (4) the game ends when no additional ..rms have

decided to join after a round of decisions by all non-participating ..rms.

,n_O
$The inequality G(—=<) < 1 — G(0) constrains the range only for censored normal distributions because

G(0) = 0 for the other two.
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Consider a buyer’s incentive to join the B2B exchange. Let m(> 2)* be the minimum num-
ber that satis..es IT1528(Mg) > II9. Even if some buyers are connected to the B2B exchange,
they will likely use the traditional procurement process when the B2B exchange fails to attract
enough suppliers, namely T15258 (Mg) < Hg. Suppose Mg is the expected number of suppliers

in the B2B exchange. Then, buyers will participate in the exchange if

35 (Mg) —tp > 113 ©)

Let Mg (tp) be the minimum number that satis..es this inequality and non-decreasing in ¢ 5.
The threshold Mg(tg) represents the “critical mass” often discussed among the practitioners.
If the B2B exchange succeeds in signing up enough suppliers, the B2B exchange will expand
toward the full participation equilibrium on its own. Obviously, Ms(tp) > m whenever tg > 0.
Since 11525 (Msy) is increasing in Mg, T152B(Mg) —tp > I for all Mg > Ms(tp).

Next, we consider the supplier incentive to join the B2B exchange. Suppose a supplier has
seen all buyers and Mg — 1 other suppliers join the B2B exchange. When Mg < m, then no
buyer in the B2B exchange actually conducts on-line auctions even if the supplier participates
in the B2B exchange. Then, the supplier has no incentive to join unless additional suppliers
join or are expected to join. Suppose Mg > m. A supplier would join the B2B exchange
if I152B(Np, Mg) —ts > 11Z(0) = 0. Let Mg(Mp,ts) be the maximum number such that
NE2B(Mp, Ms(ts)) —ts > I9(Mp) and Mg(ts) > m. Then,

<B2B

S

%5 (Mp, Ms(ts)) — ts > TS (Mp) < aTMB/ Y G(r)dr > tg (10)
0

Let Mg(Mg,ts) = 0 if there is no such number: i.e., 1525 (Mp, Mg) —tg <TIG(Mp) for
all Mg > m. When Mp = Np, we denote Ms(Np,ts) = Ms(ts). %B(ts) is the number of
suppliers in the B2B exchange should all buyers join. Since oT'Mp foﬂ_ﬂis_ G(T)dT is increasing
in Mp and decreasing in Mg, Mg(Mp,ts) is non-decreasing in Mp and non-increasing in ts.
To simplify our discussion in the rest of the paper, we add one regularity condition.
Assumption 1 Mg (Mg, tg) is strictly increasing in Mp.

We can now identify two types of pure strategy Nash equilibria.

4“When Ms = 1, the supplier’s bidding price is always equal to the ceiling price = ¢o. Thus, there is no

gain by holding on-line auctions.
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Proposition 4 There are at most two subgame-perfect Nash equilibria. When 11528 (N, Mg(ts))—
ts < Hg(()), there exists an equilibrium in which no buyers or suppliers participate. When
Ms(tg) exists and Mg(ts) > Mg(tp), there is another equilibrium in which all buyers and
Ms(ts) suppliers participate in the B2B exchange. No participation is the unique subgame-
perfect Nash equilibrium outcome when Mg(tp) does not exist or Mg(ts) < Mg(tp), while full

buyer participation is the unique subgame-perfect Nash equilibrium outcome when 11525 (Np, Ms(ts))—

tg > H(S)(O).

Proof. We prove the Proposition in three steps.

Step 1: When 11528 (Np, Ms(ts)) — ts < I19(0), there exists an equilibrium in which no
buyers or suppliers participate. This is the unigue subgame-perfect Nash equilibrium outcome
when Mg(tp) does not exist or Mg(ts) < Ms(tg).

It is easily veri..ed that the second part is true, namely, no participation is the unique
subgame-perfect Nash equilibrium outcome. So suppose Mg(tp) exists and Mg(ts) > Ms(tg)
and consider the following strategy pro..le: (S1B) a buyer joins if and only if there are no less
than m suppliers in the exchange; and (S1S) a supplier joins if and only if there are no less
than m but less than Mg(ts) suppliers in the exchange. We show that this strategy pro..le
constitutes a subgame-perfect Nash equilibrium and induces no participation. Consider the
subgame in which Mpg buyers and Mg suppliers are already in the B2B exchange.

We prove that (S1B) is the best response for a buyer to (S1B) taken by the rest of the buyers
and (S1S) taken by the suppliers. First suppose Mg > m. Then, (S1B) and (S1S) implies
that all other buyers and Mg(ts) suppliers would eventually join regardless of the buyer’s
decision. Since Ms(ts) > Mg(tp), joining is the best response. Next suppose Mg < m.
Since the buyer’s participation does not trigger participation by any other buyers or suppliers
and participating buyers would not pro..tably conduct on-line auctions, not joining strictly
dominates joining. Therefore, (S1B) is the best response for a buyer.

Next, we show that (S1S) is the best response to (S1B) taken by all buyers and (S1S)
taken by the rest of the suppliers. Suppose m < Mg < Ms(ts). (S1B) and (S1S) imply that,
regardless of the next supplier’s decision, all buyers and Mg(ts) suppliers join eventually. Thus
the supplier should get 11528 (Ng, Ms(ts)) —ts(> 0) by joining and get nothing by not joining

at the time. Hence, joining is the best response. Next, when Mg > Mg(tg), not joining is

14



obviously the unique best response. Finally, suppose Mg < m. If Mg < m—1, the next supplier
will be worse o= by joining because no other buyers or suppliers would join and participating
buyers would not conduct on-line auctions. If Mg = m — 1, (S1B) and (S1S) imply that the
supplier’s participation would induce all buyers and Mg(ts) suppliers to join. But, this ..nal
outcome is not strictly preferred by the supplier because T1525(Ng, Ms(ts)) — ts < I(0).
Hence, not joining is still a best response. We have shown that (S1S) is the best response.

Therefore, (S1B) and (S1S) constitutes a subgame-perfect Nash equilibrium and obviously
no ..rm participates in the equilibrium.

Step 2: When Mg(tp) exists and Mg(ts) > Ms(tg), there is a subgame-perfect Nash
equilibrium in which all buyers and Mg(ts) suppliers participate in the B2B exchange. This is
the unique subgame-perfect Nash equilibrium outcome when I1525 (N, Ms(ts)) —ts > 119(0).

Consider the following strategy pro..le: (S2B) a buyer always decides to participate; and
(S2S) a supplier participates if and only if there are no more than Mg(ts) suppliers in the
exchange. It is easily veri..ed that this strategy pro..le is a subgame-perfect Nash equilibrium.
We only need to show that full buyer participation is the unique subgame-perfect Nash equi-
librium outcome. Consider a subgame in which there are already Mp buyers and Mg(tp)
suppliers in the exchange at the beginning. In this subgame, if Mp < Np, the rest of the
buyers should participate in the equilibrium and additional Mg(ts) — Ms(t5) suppliers should
join, too. Thus, each supplier earns 11525 (Ng, Ms(ts)) — ts. Consider a subgame in which
there are already Mp buyers and Mg(tg) — 1 suppliers in the exchange where Mp is arbitrary.
Every supplier which still remains outside the B2B exchange should participate as long as less
than Ms(ts) suppliers are in the exchange because participation by one more supplier induces
all outside buyers to participate and the supplier earns 11525 (Ng, Mg(ts)) — ts. Note that it
gets 119 (Mg) at most by not joining and I1525(Ng, Ms(ts)) — ts > 1I(0) > NY(Mg). The
supplier strictly prefers participating to not participating. By the usual backward induction,
you can show that all remaining buyers and additional (I + Ms(ts)— Mg(tp)) suppliers always
choose to participate in the B2B exchange in a subgame in which there are already Mg buyers
and Mg(tp) — [ suppliers where Mp and 0 < ! < Mg(tg) are arbitrary. Therefore, all buyers
and Mg(ts) suppliers participate in any subgame-perfect Nash equilibrium. This concludes

the proof.
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Step 3: There is no other type of equilibria, namely, (Mg, Mg) # (0,0), (Ng, Ms(ts)),
where Mg and Mg are the equilibrium numbers of buyers and suppliers in the B2B exchange,
respectively.

Suppose (Mg, Mg) # (0,0). If there is no buyer in the exchange, no supplier has an
incentive to join. Thus, M§ > 0. When M§ = Np, it is obvious that Mg(ts) suppliers
should join the exchange in the equilibrium leading to the second type of subgame-perfect
Nash equilibria.

Hence, let’s start by assuming that 0 < Mg < Np. Because some buyers participate
but not all do, IB*P(M¢) — tp = Y. This implies that Mg = Mg(tg). Also, Mg <
m(Mpg,ts) because Mg suppliers are better oo by joining. We will show that this outcome
cannot happen in a subgame-perfect Nash equilibrium. Consider the subgame immediately
after (Mg + M§) participants joined the B2B exchange. In this subgame, outside buyers lose
nothing by deviating to participate because H§2B(M§) —tg = Hg. Consider the subgame of
the subgame in which N buyers are in the B2B exchange. The game should end after Mg(ts)
suppliers join the exchange and all buyers receive the payor 11525 (Mg(ts)) — tp (> II9).
The strict inequality in the parenthesis is induced by Assumption 1. In the subgame in
which N — 1 buyers are in the exchange, the last buyer should enter because it should get
11828 (Mg(ts)) — tp eventually and be better oa by doing so. The usual backward induction
takes us to the conclusion that all buyers should participate once we reach the subgame in
which Mg buyers and Mg suppliers are in the B2B exchange, contradicting our assumption
that M7 and Mg are the equilibrium numbers of buyers and suppliers in the B2B exchange.
|

We call the ..rst type the no participation equilibrium and the second type the full partici-
pation equilibrium, respectively. Note that buyers are always better oz in the full participation
equilibrium when it exists.

Note that participation of a supplier in a B2B exchange has a negative externality on
other suppliers’ pro..t in the B2B exchange: i.e., an increase in Mg reduces I1525 (Mg, Mg).
Thus, it’s very likely that every supplier prefers the no participation equilibrium to the full
participation equilibrium. Namely, I1828(Ng, m(Np))—ts < I1$(0), which can make achieving

a “critical mass” dic¢cult. The next proposition formalizes this intuition.
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Proposition 5 When I1528(Ng, Ms(ts)) — ts < 119(0), no participation is the unique per-

fectly coalition-proof Nash equilibrium outcome®.

Proof is in the Appendix.

Full participation may appear as the unique subgame-perfect Nash equilibrium and the
unique perfectly coalition-proof Nash equilibrium when N is small enough so that II525 (N, Ng)—
ts > Hg?(o). In this case, suppliers retain a part of the rent created by the reduction in trans-
action costs and have a strong incentive to participate in the B2B exchange. This is more
likely so, by Proposition 3, when suppliers are more heterogeneous in entry costs.

For a reasonable range of connection fees, namely, Mg(ts) > Mg(tp) and IIE2B(Ng, Mg(ts))—
ts < Hg(o), both the no participation and full participation equilibria are subgame-perfect.
For almost all choices of connection fees (i.e. except when ITE28 (N, Mg(ts)) — ts = 11(0)),
however, no participation is the more likely outcome whenever both types of equilibria are
subgame-perfect according to Proposition 5. Therefore, ensuring successful formation of a
B2B exchange may be di¢cult as long as the exchange charges a uniform connection fee on
all suppliers. In the next section, we show that B2B exchanges can induce full participation
as the unique subgame-perfect Nash equilibrium outcome by adopting a “divide and conquer”

strategy, namely, by discriminating among suppliers.

2.4 Optimization with Selective Subsidy

In the previous section, we have assumed that the B2B exchange charges the same connection
fee on all buyers or all suppliers. However, it is more realistic to assume that some B2B
exchanges can discriminate among potential participants by ozering dicerent connection fees.
We argue that price discrimination among suppliers allows a B2B exchange to exploit the
rent from suppliers while keeping the full participation equilibrium as the unique perfectly

coalition-proof Nash equilibrium and also to control the number of suppliers at the optimal

A perfectly coalition-proof Nash equilibrium is a subgame-perfect Nash equilibrium and requires that no
coalition should be able to make a mutually advantageous deviation from the equilibium strategy pro..le in any
subgame in a dynamically self-enforcing way (the deviation is subgame-perfect in the game imposed on the
subgame and the coalition by ..xing the strategies for the complement of the coalition unchanged, and there are

no such deviaitons from the deviaion). See Bernheim, Peleg and Whinston [2] for the fomal de..nition.
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level. We assume that the B2B exchange can divide buyers or suppliers into two groups and
oxer dicerentiated connection fees to them. Let ¢y, (k = B, S. [ = 1,2.) be the connection fee
for the [-th group of buyers (k = B) and suppliers (k = S). The fee pro..le is called feasible
only when the combination of connection fees balances its budget. Namely, Mp1(tp1 — K) +
Mpo(tpe — K) + Mgi(ts1 — k) + Mga(tso — k) > 0 where My, is the number of buyers and
suppliers in the [-th group which participated in the B2B exchange. When tp; < tps Or
ts1 < tsa, one group of buyers or suppliers can be perceived as being subsidized. Therefore,
we call this scheme selective subsidy. For simplicity, we assume that ozered subsidies become
common knowledge at the beginning of the game.

When selective subsidy is allowed, a B2B exchange can fully control the number of par-
ticipants in the exchange. Suppose the B2B exchange plans to induce Mg buyers and Mg
suppliers to participate in the exchange. When Mg < m, no on-line auctions will be conducted
and thus the exchange cannot expect to make any pro..t. Hence, assume Mg > m. The next
proposition maintains that the exchange can achieve the participation by Mpg buyers and Mg
suppliers as the unique subgame-perfect Nash equilibrium outcome if it ozers tp1, tpo, ts1
and tgo that satisfy the following incentive compatibility constraints to Mg buyers, Ng — Mp

buyers, m suppliers and Ng — m suppliers, respectively®.

IE*2(Ms) —tp1 > 13 (ICB 1)

5?2 (Ms) —tp: < 13  (ICB2)

525 (Mp, Ms) —ts1 > TZ(0) (ICS 1)

1528 (Mp, Ms) —tss > TI9(Mp) (ICS 2)
)

528 (Mp, Mg +1) —tsy < TZ(Mg) (ICS 3) (11)

(ICB 1) and (ICS 1) ensure that Mp buyers and m suppliers strictly prefers the full partic-
ipation equilibrium to the no participation equilibrium. (ICB 2), (ICS 2) and (ICS 3) induce
exact Mp buyers and Mg suppliers participate as the unique subgame-perfect Nash equilibrium

outcome.

®The conditions also make such outcome the unique perfectly coalition-proof Nash equilibrium outcome.
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Proposition 6 Suppose the B2B exchange ozers tp1, tpe, ts1 and tgo that satisfy (11) where
Mg > m to Mp buyers, Ngp — Mp buyers, m suppliers and Ng — m suppliers, respectively.
Then, Mp buyers and Mg suppliers participate in the B2B exchange as the unique subgame

perfectly Nash equilibrium.
Proof. Consider the subgame in which there are already Mp buyers and m suppliers

in the exchange. The next Mg — m suppliers should participate because they get at least
[152B(Mp, Ms) — tse by joining and IIZ(Mg) by not joining. (1CS2) implies that joining
strictly dominates not joining. Consider the subgame in which Mp buyers and m — 1 suppliers
are in the exchange. Knowing that the participation by one more supplier would induce other
Mg —m suppliers to join, at least one more supplier which is ooered tg; should have an incentive
to participate immediately. The same is true for the subgame in which Mg — 1 buyers and
m suppliers are in the exchange. The usual backward induction leads to the conclusion that
Mp buyers and Mg suppliers participate immediately as the unique subgame-perfect Nash
equilibrium outcome. =

Let 11228 (Mp, Mg) be the supremum of pro..ts for an exchange that attract Mp buyers

and Mg suppliers when Mg > m. Then,

55 (Mp,Ms) = sup Mp(tpr — K)+m(tss — k) + (Mg —m)(tss — k)

tp1,ts1,ts2

s.t. (11)
= Mp(II5*" (Ms) — 1§ — K) + m(I1§*" (Mp, Ms) — 1I§(0) — k)

+(Ms — m)(II§*5 (Mp, Ms) — 11§ (Mp) — k) (12)

Note that ¢, does not avect the pro..t because no buyers that are ocered tzs join the
exchange.
Let us de..ne AW (Mp, Mg), which is the gain in social surplus created by causing Mp

buyers and Mg suppliers to join a B2B exchange.

AW (Mp,Mg) = Mpg(B2B(Ms) -1 — K) + Ms(IE*B(Mp, Ms) — I (0) — k)

+(Ns — Mg)(IIg(Mp) — I3 (0)) (13)
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The next proposition shows that a B2B exchange whose formation is socially desirable can

always make a positive pro..t.

Proposition 7 Suppose Ng > m and selective subsidy is feasible. When the formation of a
B2B exchange with Mp buyers and Mg suppliers is socially desirable, the B2B exchange can

always pro..tably attract Mp buyers and Mg suppliers. i.e. II1B28(Ng, Mg) > AW (Np, M)
Proof.

IE*P (Mp, Ms) = (Ns—m)(I§(0) — 1§ (Mp)) + AW (Mp, Ms)

> AW(Mp, Ms)

Here, the exchange’s ability to discriminate among participants is crucial. Without being
able to dizerentiate prices, the B2B exchange cannot control the number of suppliers in it. For
instance, imagine that the exchange charges a uniform connection fee tg to all suppliers. In
order to achieve the critical mass of suppliers, it has to be set below 1525 (Mg, Mg) — 11 (0)
from (11). However, this connection fee should cause more than Mg suppliers to participate if
I1528(Mp, Mg + 1) —tg > I (Mp) (i.e. IE2B(Mp, Mg + 1) — 11§ (Mp) > T1Z?B(Mp, Mg) —
11¢(0)). If it is the case and ]\7§(> Mg) suppliers have joined the exchange, it is quite likely
that 11525 (Mp, Mg) —ts < 112(0) because 11828 (Mp, Mg+ 1) —tg < TIZ(Mp). Then, the fee
is not low enough to bring in a large enough number of suppliers. Therefore, the fee needs to
be further reduced, which would lead to participation by more suppliers. While this process
continues, the pro..t for the B2B exchange continues to decline and, eventually, it may not be
able to pro..tably attract enough suppliers to form.

Let (Mg, M¢) be the optimal numbers of participating buyers and suppliers for the B2B
exchange and (Mg, M) be the socially ed¢cient numbers of participating buyers and suppliers.

Namely,

Mj, M%) = %5 (Mp, M, hen 225 (Mp, M,

(Mp, Mg) argmax g™ (Mp, Ms) W MBZI&%(SZW g (Mp,Ms)>0
= (0,0) otherwise.

(Mg, M§) = argmax AW (Mp,Mg) when MBZ%I,EJ%\?[(SZmAW(MB’MQ >0
= (0,0) otherwise.
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Proposition 8 M} = Np whenever max,>omg>m 1525 (Mp, Mg) > 0 and M% = Ng
whenever maxs, >0,mg>m AW (Mp, Mg) > 0.

B2B

M

B2B _ e _ m©
Proof. Because I1§%"(Mp, Mg) = TaMp |, G(r)dr + T(Np — Mp) [, G(7)dr and

B2B
™M

528 (Mg, Mg) — N9 (Mg) = TaMp fOTS G(r)dr, by de..nition in (12), 1828 (Mp, M) is
linear in Mp. Since II525(0, Mg) = —Mgk < 0, maxas,>0,mg>m 122 (Mp, Mg) > 0 implies
11828 (Mp, Mg) is strictly increasing in Mp for any Mg > m. Therefore, M} = Ng. Similar
for Mg = Np. m

Therefore, the exchanges always choose Mj = Np and it is the eCcient choice when
Max v, >0,Ms>m AW (Mp, Mg) > 0. Proposition 8 has two important implications. First,
returns to scale are increasing for B2B exchanges, which is due to the one-time connection
fee’ and the e@ciency created by the increase in the numbers of bidders in individual auctions.
Secondly, B2B exchanges do not need to discriminate among buyers. The “divide and conquer”
strategy works only for suppliers because there is a negative externality only among supplier

participation decisions.

2.5 Edcciency

Proposition 7 does not rule out the possibility that a socially undesirable B2B exchange is
formed. i.e. 1828 (Ng, M%) > 0 > AW (Np, M%) where M} is the optimal number of on-line
suppliers for the exchange. Note that the dizerence between 11528 (N, M) and AW (Np, M})
includes the ecciency loss caused by the exit of Ng — Mg suppliers, (Ns — Ms)II(0). When
Ng is large enough, ine€cient B2B exchange may be introduced because the B2B exchange can
exploit more rent than is created by its formation and, more speci..cally, it does not consider
the loss to exiting suppliers.

Next, we evaluate whether B2B exchanges always choose e®cient M. The answer is yes
because a B2B exchange can capture the entire rent created by the addition of a supplier to

the B2B exchange.

Proposition 9 Mg = Mg

"The setup cost for a B2B exchange which is neglected in our model also helps to create scale economy.
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Proof. Note that the following dicerence between 1528 (N, Mg) and AW (Ng, Mg) does
not depend on Mg:
3*P(Np, Ms) — AW (Ng, Mg) = (Ns — m)TIG(0).

This concludes the proof. m

2.6 Extension: Procurement Model With Quality Competition

In previous sections, we focused only on one role of B2B exchanges to reduce pre-contract
transaction costs. Another important bene..t of a B2B exchange is to reduce post-contract
transactions costs such as the costs of communication or information exchange in product
design, production, and delivery. As an extension of the model, we discuss the possibility that
a B2B exchange may reduce the marginal cost of improving quality by facilitating collaboration
and coordination. We introduce a separate model of products with quality competition for
which collaboration and coordination after winning an auction is important and investigate
the information rent captured by suppliers. The implication for the optimal connection fee
pro..le for the B2B exchange is straight-forward. Here, quality characteristics include technical
product characteristics, design ascetics, production fexibility, delivery performance, etc.

Suppose that the value of a product is not ..xed any more and, instead, is a supplier choice
variable. We analyze how the participation in a B2B exchange avects the information rent
captured by suppliers. Let ¢ be the value, which also represents quality. The cost of producing
a product with quality level g is ¢(q, 0;, \;), where 6, is the cost parameter for supplier : and
A; is the choice of a procurement system. c is increasing in (q,0;, \;). Here, we assume that
A; is a discrete choice from {0,1}: A; = 0 indicates traditional procurement and \; = 1
indicates on-line procurement. On-line procurement requires connection to the B2B exchange
and additional cost, ¢(q,0;,1) — ¢(q,0;,0) > 0. 6; is independently and identically distributed
over [0, 9] according to a distribution function ® for which there exists a continuous density
function ¢. We assume cy,q > 0, cg9 > 0, cqq0 > 0 and cq(q,0;,1) — cq(q,6;,0) < 0. The
following regularity assumption is also needed to guarantee strict monotonicity of the quality
choice with respect to 6;. Since suppliers are symmetric, the subscription 7 is dropped in the
remainder of the analysis.

Assumption 3 ¢, + ?qu is nondecreasing in 6.
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We consider two-dimensional auctions, in which each supplier bids on both quality and
price and bids are evaluated in accordance to the score de..ned by ¢ — p, which is surplus
given to the buyer. We can assume what Che [4] called either a “..rst-score” auction or a
“second-score” auction. Each supplier in a ..rst-score auction submits a sealed bid and, upon
winning, produces the ozered quality at the ozered price. In a “second-score” auction, the
winner is required to match the highest rejected score but is not required to match the exact
quality-price combination. Thanks to the revenue equivalence result proved by Che [4], we do
not have to specify which type of auction is used because the supplier’s expected pro..t is the
same between the two types of auctions. Let w(n, \) be the expected pro..t for a supplier given
that there are n bidders when the supplier chooses the procurement system \. Then, we can

state the following proposition, which is due to Che [4]. The proof is omitted.

Proposition 10 (Che 1993) All suppliers choose the quality level ¢*(0,\) = argmaxq —
c(q,0,\) and
w(n,A) = [T1J7 cola* (0, 0), 0, \) (1 — F(0))"~"d0'|6(0)do.

We now can analyze how m(n, A) changes with a change in A.

m(n,1) —7(n,0)

9 0
- /9 [ /9 {eo(a" (01,6 1) — co(q" (8, 1),6',0)} (1 — B(8'))"d8)(6)db

0 0
+ / [ / (ol (0/,1),6,0) — co(a (61, 0), 8/, 0)}(1 — D))" d8/|(6)do
[ 0

The ..rst term measures how a new on-line procurement system acects the production
cost distribution. cg(q*(6',1),6',1) > cp(q*(¢',1),6,0) indicates that a new system widens the
cost direrentials while cp(g*(6',1),0',1) < co(q*(¢',1),6,0) implies that the cost dizerentials
are narrowed. Since the cost distribution determines the information rent captured by the
suppliers, the ..rst term provides the direct impact of the new system on the information rent
received by the suppliers. When the new system increases production cost heterogeneity among
suppliers, the ..rst term is positive and thus the adoption of a B2B exchange is more likely to
lead to a higher supplier pro..t given a ..xed n, which is the case when high performers (those

with low @) are in a better position to leverage collaboration and coordination enabled by a
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B2B exchange. On the other hand, if the information exchange facilitated by a B2B exchange
reduces production cost heterogeneity among the suppliers, on-line auctions might put more
pressure on their pro..t margin. Thus, the model is ambiguous about the sign of the ..rst term.

The sign of the second term can be determined without ambiguity. Note that we assume
that the marginal cost of quality (i.e. c, > 0) increases with the cost parameter. Since
Proposition 10 implies that the introduction of a B2B exchange improves the equilibrium
quality choices for all suppliers by lowering the marginal cost of quality and thus the cost
dizerentials among suppliers, the second term is positive.

If the combined impact of these two terms is positive, suppliers can expect higher pro..ts
in on-line auctions than in traditional auctions and vice versa for a ..xed n. By replacing 7(n)
and v—c¢, in (5) and (7) with 7(n, 1) and E[¢*(0,1)—c(¢*(0,1),0,1)|6 = min; 6;], and =(n) and
v — ¢, in (6) and (8) with 7(n,0) and E[¢*(0,0) — ¢(q*(0,0),6,0)|0 = min, §;], we obtain the
same results that we got for products without quality competition. However, this additional
features of B2B exchanges could further increase e®ciency and enable the B2B owners to exploit
more rents from their formation. Whether a B2B exchange enlarges or narrows production
cost dinerentials among suppliers determines the relative size of the optimal connection fees

between buyers and suppliers.

3 Discussion

We illuminate our propositions by relating ability to subsidize optimally to B2B exchange
ownership. We have shown that the likelihood of a B2B exchange largely depends on the
ability to subsidize suppliers selectively. Such ability is likely to depend on the ownership of the

B2B exchange: private or consortium (owned by buyers) or public (owned by a third party)8.

8Two types of non-private B2B exchanges have been described in the literature: public exchanges and
consortium exchanges. Public exchanges are owned and operated by a third-party whereas consortium exchanges
are owned by a group, typically buyers, within a single industry. A third type exchange is a private one owned
by a single buyer. A recent development is that public exchanges now provide IT and hosting services for
individual buyers to create an out-sourced version of a private exchange. Such outsourced private exchanges
rely on the buyer using the communication standards set by the third-party, which appears to yield an economy
of scale (e.g., Jones [6], Wilson [15]). Nonetheless, these public-hosted exchanges are private in the sense that

information in the exchange is restricted to the buyer and participating suppliers.
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If the B2B exchange is managed by a third party, selecting suppliers in a discriminating way
may not be feasible because of asymmetric information. The B2B exchange would face higher
cost of assessing product values and supplier costs than individual buyers that have amassed
knowledge from past dealings. In addition, since participating buyers have an incentive to
distort their private information in order to increase the number of bidders at other parties’
cost, choosing the optimal price and the optimal number of “subsidized” suppliers should
be dic¢cult for such B2B exchanges. On the other hand, consortium exchanges and, even
more so, private exchanges, should be able to implement price discrimination at a lower cost
because information is less asymmetric and information distortion incentives are diminished
for consortium and eliminated for private B2B exchanges.

In contrast, assuming there exists some economies scale to the information technology
infrastructure of a B2B exchange®, public ownership may ocer lower cost for buyers than
consortium or private ownership. Thus, there is a trade-oa between the ability to subsidize
selectively and economies of scale. As the potential for information asymmetry between buyer
and exchange increases, the formation of a B2B exchange that requires subsidy is more likely
through consortia and, even more so, through a private ownership. This logic implies that we
should observe more public exchanges in the industries where products are mostly standardized
while consortium or private exchanges are likely to be formed in the industries where product
innovation is rapid and products have to be customized.

The result that the exchange always chooses the e®cient number of suppliers in Proposition
9 is not arected by the ownership structure of the B2B exchange except that the number of
buyers is constrained to be one in private exchanges or the number of founders and their
allies in consortium exchanges. Buyer-owned exchanges still choose the e@cient number of
suppliers because the exchange can always capture the rent that buyers can possibly obtain
from participating in the exchange. Hence, maximizing the pro..t of the B2B exchange is
equivalent to maximizing the joint pro..t of the exchange and the buyers.

A number of factors including the number of potential buyers and suppliers and supplier

heterogeneity in production costs and entry costs infuence the optimal connection fees. Entry

®Economies of scale for B2B exchanges have not been established empirically. Nonetheless, industry observers

assert that economies of scale are substantial when common standards are adopted (e.g., Jones [6]).
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cost heterogeneity, as well as production cost heterogeneity, is likely to be related to techno-
logical conditions among the suppliers like the rate of technological advance or the diversity of
alternative technologies because technology may vary in the time and cost needed to evaluate
the manufacturability of procured products. Heterogeneity also may be related to the age of
the supplier industry because a wide range of alternative but competing technologies is usually
present in young industries. Yet another source of heterogeneity in suppliers’ entry costs is
geographic dispersion. Broad geographic dispersion implies that some suppliers may have high
communications costs and hence high entry costs. Moreover, the more dispersed are suppliers
the more likely that some have high entry costs because of language diCculties. Proposition
3 and the set of inequalities in (11) imply that the more homogeneous are suppliers the lower
should be their connection fee.

Finally, when there are numerous number of buyers and suppliers, auction-based B2B
exchanges are less likely to form at all. A large number of potential suppliers should require
selective subsidy, but a large number of buyers implies that asymmetric information among
buyers may be quite large because their existing supplier bases are less likely to overlap.
Without shared information about the value of products to the buyers and about the supplier
cost distribution, an exchange won’t be able to determine the optimal subsidy and thus is
doomed to failure.

Our propositions are empirically operationalizable. Empirical analysis of our propositions
could proceed by investigating the formation of B2B exchanges and compare successful v. failed
formation by the industry conditions and ownership structures described above; however, the
fruit from empirical analysis may not yet be ripe. The industry still is in the throws of rapid
growth, entry, and exit. Additional time may be needed for empirical regularities to take

shape.
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Appendices

A Proof of Lemma 1

First, the following result of the ..rst-order stochastic dominance only requires standard tech-

niques in statistics and the proof is omitted. For p; > p» and arbitrary m,

ni:o (?j)p’f(l —p)V " < ni:o (ij)pgu — py)N

As the next step, we prove the following lemma. Lemma 2.1 follows immediately.
Lemma la Suppose the distribution F'(n;p) = > ;_, f(k;p) depends on the parameter p
For any p; > pa, F(n;p;1) strictly dominates F'(n;ps) in the sense of the ..rst-order stochastic

dominance i.e. F(n;p1) < F(n;p2) . Then, if g is decreasing (increasing),

N
> 9(n)f(n;p) Zg f(n;p2) (14)
n=0

Suppose g is decreasing. Then, g(n)—g(n+1) > 0 for all n. By rearranging the summation

in (14) and de..ning g(N + 1) =0,

N
> gn)f(nipr) = Z Z{g g(m+1)}f(n;p1)
n=0 m=0n=0

= Z{g g(m +1)}F(m;p1)
< Z{g g(m + 1) }F(m; ps)

= ZQ np2

where the inequality is by assumption. Similar for the case when g is increasing.

B Proof of Proposition 1

Let ¢,,(p) be the expected lowest cost among n suppliers when ¢; < 7 for at least one supplier.

Suppose p < ¢. The cumulative distribution function for the actual lowest cost given that
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¢; < p for at least one supplier is

Therefore,

() = ffncf(c)(l — F(e))" tde
N N Ok

Forp > ¢, cu(p) = cn = ff(l — F(c))™dc, the n-th order statistics of the cost distribution.

(15)

Let W be the social surplus. We’ll show that W is maximized when p = ¢y and e = 0.

N

W= > () BepGE G

n=1

+(1 = G(@*)N (g — co) = NG(r*)E[r|T < n*]

where

B(n,p) = {1-(1—-F(min(cp)))"}g — ca(p)) + (1 = F(min(Z,p)))" (g — co)

min(¢,p)
~ g—(1- F(min(p)))"co — / nef(e)(1 — F(e))"de

c

If there is an interior maximum, the ..rst-order conditions are

dw oW dr*
de  On* de 0 (16)
and N
dw . OW dm* o N dB(naﬁ) *\N (1 s\\N—n __
B =gyt d () CE T eEra-eEN =0 an

where 15z is the indicator function for the choice p < ¢and ﬂdg—@ =nf®)(1-F{P)" (co—

p). From the way 7* is determined, it is easily shown that %* > 0and €= < 0. Therefore,

p>7¢and gfr‘i = 0 determine the solution.
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Use p > ¢ and (1), and we obtain

B(n,p) — B(n—1,p) = /CF(C)(l — F(c))" tde = 7(n) for n > 2

= 05—01:77(1)+(co—ﬁ) for n = 1.

By substituting them into (18) and using the equation (3), we get

o~ No(r") e+ (1 - G )Y eo ~ )} =0 (19)

Therefore, the ..rst-order conditions hold for any ¢ < p < ¢y and e < 0 that satisfy
e+ (1 —G(r*)N "o —p) = 0. Along this line, 7* and W are constant. We need to show
that they are global maxima. Take as arbitrary (p, e), which satisfy (19). It is easily checked
that if e < e, {1—‘2’ z 0and if p < p, %’ 2 0. It is also clear that there is no corner solution
in the range p < ¢, because given % =0, % > 0 for any p < ¢. Therefore, (p,e) is a global

maximum.

Next, we prove the second half of the proposition. The ..rst step is to show that the buyer
chooses p > ¢. Suppose not, that is p < ¢. Then, the ceiling price will prevent ex post eCcient
trades as you can see in (17). The buyer can raise its pro..t by raising p while reducing e so
that 7* does not change. In other words, the money transfer enables the buyer to capture the
entire e¢ciency gain from choosing the eccient ceiling price. Let p = ¢y so that the socially
eCcient e = 0. The other choice of p does not change the level of the buyer’s pro..t if e is

chosen optimally. Let p, be the expected winning price when there are n suppliers. Then,
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Pn = ¢ +nm(n). The buyer’s expected pro..t IT is

N
=3 (]Z) (9 +ne — pa)G(a*)"(1 — G(a")) N
n=0

where we de.ne py = co. Note that the ..rst-order condition for the optimal e is 41 =

de
OIl dr* oIl __ dr* oIl __ *
o ge T 5. = 0 where = <0, 5 = NG(7*) >0 and

N
8671:‘ = Ng(ﬂ'*){; <JZ__11> (Pn—1 *pn)G(ﬂ'*)n_l(l — G(W*))N—n + 6}

N
= NoG) () ) tn= et = 1) = m) G 1 = G

n —

where ¢,—1 — ¢, = w(n) for n > 2 is used to produce the second line. The sign of %
evaluated at e = 0 is indeterminate.

This concludes the proof. B

C Proof of Proposition 2

De..ne the distribution function F(n; M) = S"7_ f(k; M) = 37 (3)p*(1 — p)M~*. We ..rst
prove the following lemma.
Lemma 2a For all M, F(n; M + 1) strictly dominates F(n; M).

Proof. Suppose not. Then, for some n, S°7_o (M) p*(1 — p)MH1=F > S0 ()pk(1 -
p)M=F. Then, for some &' < n, (MIp¥ (1 — p)MHF > (D) (1 — p)M = which is
equivalent to 252, (1 — p) > 1. Since the left-hand side is increasing in &/, (*,)p*(1 —
p)MA1=k > (MYph(1 — p)M=F holds for all k > k'. Therefore, "o 51 (M) pk(1 — p)MH1-F >
Sl (CHpk(1 — p)M-*. But, this contradicts with the fact that F(M; M) = 1 for all M. this

concludes the proof. =
Now, de..ne H(m, M) = M (Mrw(n + 1)G(Z)*(1 - G(£))M-". By applying Lemma la

to Lemma 2a (simply, replace p with M), we get that H(w, M) is decreasing in M.

We can derive the monotonicity as follows: Note that 772" is the solution for 7777 =
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H(n§7P, Ms —1). Suppose 7325 | > np2P, then

Wﬁ?fkl - W?/[%qB = H(Wﬁiﬁla MS) - H(T‘-%Ba MS) + H(WﬁiBa MS) - H(W?/ESBa Mg — 1)
s OH (mr, M,
= s OH(m Ms) 4o 4 H(x528 Mg) — H(x5*P Mg —1) < 0.
D25 or s s
S

The last inequality is derived from % < 0 (by Lemma 1a) and H(n}{2?, Ms) —

H(m3P, Mg —1) < 0 (H(w, M) is decreasing in M).
By contradiction, 7375, < w37P. Therefore, nf2” is decreasing in Mg. The fact that
11528 (Mp, Mg) is decreasing in Mg directly follows.
BQB BQB

Similarly, de..ne I(w 525, Mg) = Y05 (M) {0 — e — n(n) }G (75 )™ (1 — G(“s-))Ms

Note that v—c,,—nm(n) is increasing in n. By applying Lemma la to Lemma 2a (simply, replace
OI(m,Ms)
o

p with M), we get that I(75F, Ms) is increasing in Mg, and by Lemma la > 0.

Then,

IE*P (Ms +1) — IE* (Ms)
= I(n5EB, Mg +1) — I(nf7B, Mg + 1) + I(x 528, Ms + 1) — I(x528, M)
_ /WJAEZZSB+1 0I(m, Ms)

B2B
nE2! on

dr + I(r3pP, Mg + 1) — I(n 372, Ms) > 0.

In order to prove that 1528 (Mg, Mg) is increasing in Mg, you only need to show that

BZB BZB
ozfo dT - fo T)dr > 0. De.ne J(a) = ozfo T)dT — foﬁo G(r)dr. Since
7l_BZB
CE fo —aS—G(—“;S—) < 0andlimy 1 J(@) = 0, J(a) > 0. Hence 1823 (Mp, My)

is increasing in Mp. It is trivial from the de..nition that Hg(MB) is decreasing in Mp.

D Proof of Proposition 3

We prove the result only for a censored normal distribution. The proof for a log-normal

distribution is similar.

«B2B <B2B <B2B
nB2B d(;(_S_) Ms o, Ms .
When G( ) > 0.5, o = ——5—¢(——) < 0 where ¢ is standard normal
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density function. Then,

dnB2B B2B s \ J.B2B
S P Yt i e L
do do® « a do

Ms—2 Mg —2 AB?B 5\3423

Y ( )<w<n+2>—w<n+1>>e< s yn(1 - G(MMs))Ms-2-ny

n=0

We obtain
iy i
d B2B Mo —1 P P K(M B2B
do Mg a
1+ (Ms —1)Lo(——L)K(Mg)

71.BZB 71.BZB
where K(Mg) = 32,57 (M57) (m(n + 1) = w(n + 2))G(=5)"(1 = G(=g=)Me > > 0.
Hence, an increase in variance improves the supplier pro..t in each auction when the B2B
exchange enables each participating supplier to enter more than half of the auctions conducted
on-line.

However, the buyer pro..t will be squeezed by entry cost heterogeneity.

ng2B(MS)
do
Ty drB2B B2B
nolamy; ™
— M __« S S
s(-ma by T o Ty

5 - +B2B _B2B
<{ ) (Ms 1) (¢n — Cns1 + n(n) — (n+ Dm(n+ 1)G(2LE (1 — G(—Ms-))Ms—1-n}

n=0 n a o
oty 52D
= —MS o M 7TMS
- BB 9( )
7 L a
1+ (Ms —1)g59(—5—)K(Ms)
& B2B B2B
Mg —1 BB s o
x{ Z ( n )(Cn — Cpp1 +nm(n) — (n+ 1)w(n + 1>)G(TS) (1—G( as ))MS 1 }
n=0

Next, we show that the suppliers’ overall pro..t net of entry costs is also better for a larger
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variance.

ngQB(NBa MS)

do
B2B B2B e B2B 2B
- o
= NBG(WMs) Mg —aNg a /LG(WMS) &NBMG(O)+Q—]\[B/ G(T)dT
do o o - - 0
i B2B
B2B P . . 7
= —NgG( MS) - _ alNp G(O)—i——B/_& Glryir
W_MS__M o P 0
1+ (Ms — 1) g5 ¢(—5—") K (Ms)
B2B
B2B B2B 774
> 7%(% )G(WMS ) %MG(O)+O[_NB/ o ()
g o - ;
~B2B
oNg [* Np [~a- B2B
= 222 [Nt - copar + 272 [ (6(r) - 6P ar
0 7 Ju o
~B2B
No " vy Np [~a- B2B
> 228 " e (6(0) — Gp = Py + 522 [T (Gl - 6 yar
7 S o Ju o
=0
<B2B

where the last inequality is derived from the assumption G(—55-) < 1 — G(0), which leads to
B2B
7TMS

2 — —5 > 0.

The comparative statics with respect to 7€ is similar. First,

ar® _ (Ns = VIO ZKWNS) oo oo
A7 1+ (Ns — D30T K (V)

ng
do

o 10)
™ = dm
= Ns(— 1%

+ E)g(ﬁo)

o
Ng—1

x{ z:ﬂ <Nsn 1> (¢n — cpp1 +nm(n) — (n+ Dr(n +1)G(x)" (1 — G(0))Ns 11}

-7 . g(m°)
7 1+ (Ns = Dgz6(*5H)K (Ns)

n

Ng—1 B
x{ z:ﬂ <Ns 1> (cn — o1 +nm(n) — (n + D7(n+1)G(7°)"(1 — G(=9))Ns—17m}

> 0.
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o) o _
diiz(0)  _ NpG(r )dL,NB7r “G(WO)—&MG / G(r

do do o
L e e / Glr
g g
Ng

= 22 [ (60 - Goyir

g

E Proof of Proposition 5

We ..rst need to show that the no participation equilibrium is perfectly coalition-proof. Since
we have shown that it is subgame-perfect, we only need to show that there is no coalition
such that the strategy pro..le that requires all ..rms in the coalition to join a B2B exchange
is a perfectly coalition-proof Nash equilibrium, in the game induced on the coalition by ..xing
the strategies for the complement of the coalition as those in the no participation equilibrium.
Suppose there is such a coalition and denote it by J. Let Jp and Jg be the number of buyers and
suppliers in J. Obviously Jg > 0. If Jg = Np, the deviation by the coalition should trigger
the participation of Mg(ts) — Js other suppliers because their equilibrium strategy is subgame-
perfect. Then, this deviation should not be self-enforcing because 1528 (Npg, Ms(t,)) — ts <
Hg(o). Therefore, Jp < Np and Jg < Ms(ts). However, once Jg buyers and .Jg suppliers
participate in the B2B exchange, it is in the best interest of the remaining Np — Jp buyers
to participate because it would trigger Mg(ts) — Jg other suppliers to join as we have argued
earlier and these buyers earn more pro..ts than not participating, i.e. T325(Ms(t,)) — tp
> 115828 (Jg) — tp > Y. Therefore, this deviation by .J cannot be self-enforcing.

Next, we prove that the full participation is not perfectly coalition-proof. Consider the
deviation by all suppliers such that all of them adopt the strategy (S1S) described in the proof
of Proposition 4. It is easily veri..ed that this strategy pro..le is a perfectly coalition-proof
Nash equilibrium in the game induced on the supplier coalition by ..xing the buyer’s strategy.

This concludes the proof.
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