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Abstract
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1 Introduction
This paper deals with exclusionary pricing practices, that is anti-competitive
pricing behavior by a firm endowed with a “dominant position” (as it is called
in the EU), or with “monopoly power” (as it is called in the US). One such
practice which has recently received renewed attention is rebates, i.e. discounts
applicable where a customer exceeds a specified target for sales in a defined
period.1

In the US, for instance, after a long period where rebates received a very
favorable treatment by the courts,2 the recent LePage (2003) decision - in which
the Appeal Court reversed an earlier judgment and found 3M guilty of attempted
monopolization for having used (bundled) rebates - may signal the willingness
of the judges to use lower standards of proof for the finding of anticompetitive
rebates.
In the EU, rebates have long been looked at with suspicion by the Euro-

pean Commission (which is the EU Competition Authority) and the Commu-
nity Courts, which have systematically imposed large fines on dominant firms
applying different forms of rebates.3 But until the recent Michelin II judgment,
dominant firms were at least allowed to grant pure quantity discounts, that is
standardized rebates given to any buyer whose purchases exceed a predeter-
mined number of units; Michelin II, instead, has established that even pure
quantity discounts are anticompetitive if used by a dominant firm.4 ,5

One of the objectives of this paper is to take seriously the Community Court’s
assessment, and study whether rebates, in the form of pure quantity discounts,
can have an anticompetitive effect. We study an industry exhibiting network
effects, and indeed we find that if rebates are allowed, an incumbent firm having
a critical customer size is more likely to exclude a more efficient entrant that can
use the same rebate schemes but does not have a customer base yet. Rebates
are a form of implicit discrimination, and the incumbent can use them to make
more attractive offers to some crucial group of consumers, thereby depriving

1There are different types of rebates, or discounts. They can be made contingent on the
buyer making most or all of its purchases from the same supplier (”fidelity” or ”loyalty” re-
bates), on increasing its purchases relative to previous years, or on purchasing certain quantity
thresholds specified in absolute terms. It is on this last category of rebates that we focus here.

2Under US case law (see e.g. the Virgin v. British Airways (2001) case), loyalty rebates
were said to promote competition on the merits as a rule, and it was for the plaintiff to
demonstrate their anticompetitive effect. See Kobayashi (2005) for a review of the US case
law.

3For a review of the EU case law on rebates, see e.g. Gyselen (2003).
4Unless they are ’objectively’ justified by scale economies, that is unless the dominant firm

can prove that the discount matches savings from transaction costs.
5The (almost) per se illegal status of exclusive contracts, rebates and discriminatory prices

by dominant firms in the EU, as well as the difference relative to their treatment in the US (at
least until recently), has led to a hot debate on the EU policy towards abuse of dominance.
See Rey et al. (2005) for a contribution to the debate.
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the entrant of the critical mass of consumers it needs (in our model, network
externalities imply that consumers will want to consume a network product only
if demand has reached a critical threshold).
Now, discrimination (implicit and even more so explicit discrimination) will

allow the incumbent to play off the different groups of consumers against each
other. This strategic use of price discrimination will exacerbate the coordination
problems that buyers face, which in turn makes entry even more difficult for the
new rival. Only very efficient entrants will be able to overcome the entry barriers
that incumbents can raise in this manner.
To give an example of the type of industry that we have in mind, let us briefly

review the Microsoft Licensing Case of 1994-95 (Civil Action No. 94-1564).
Microsoft markets its PC operating systems (Windows and MS-DOS) primarily
through original equipment manufacturers (”OEMs”), which manufacture PCs,
and has agreements with virtually all of the major microcomputer OEMs. When
discussing the substantial barriers to entry for potential rivals of Microsoft, the
Complaint explicitly mentions ”the difficulty in convincing OEMs to offer and
promote a non-Microsoft PC operating system, particularly one with a small
installed base”. Moreover, ”it would be virtually impossible for a new entrant to
achieve commercial success solely through license agreements with small OEMs
that are not covered by Microsoft’s (...) agreements.”
The US Department of Justice alleges that Microsoft designed its pricing

policy ”to deter OEMs from entering into licensing agreements with competing
operating system providers”, thereby reinforcing the entry barriers raised by
the network effects that are inherent in this industry. In particular, the use of
two-part tariffs, with high fixed fees and zero per-copy price, was considered
strongly anti-competitive. Interestingly, though, the Final Judgment explicitly
allows Microsoft to continue granting ”volume discounts” (i.e. rebates), as long
as Microsoft would use linear prices rather than two-part tariffs.

Although rebates may have exclusionary effects, it is far from clear that they
should be presumed to be welfare-detrimental, even if used by a dominant firm.
As John Vickers, then Chairman of the UK Office of Fair Trading, put it:

These cases about discounts and rebates, on both sides of the Atlantic,

illustrate sharply a fundamental dilemma for the competition law treatment of

abuse of market power. A firm with market power that offers discount or rebate

schemes to dealers is likely to sell more, and its rivals less, than in the absence

of the incentives. But that is equally true of low pricing generally." (Vickers,

2005: F252)

Discriminatory pricing has similar contrasting effects. Consider for instance
an oligopolistic industry. On the procompetitive side, it allows firms to decrease
prices to particular customers, thereby intensifying competition: each firm can
be more aggressive in the rival’s customer segments while maintaining higher
prices with the own customer base, but since each firm will do the same, dis-
criminatory pricing will result in fiercer competition than uniform pricing, and
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consumers will benefit from it.6 On the anticompetitive side, though, in asym-
metric situations discriminatory pricing may allow a dominant firm to achieve
cheaper exclusion of a weaker rival: prices do not need to be decreased for all
customers but only for the marginal customers.7

This fundamental dilemma between, on the one hand, the efficiency effects
(consumers would buy more and pay less) created by rebates and discriminatory
pricing and, on the other hand, their potential exclusionary effects (rival firms
would be hurt by such practices, and may be driven out of the market), is
possibly the main theme of the paper. Indeed, we shall study here different
pricing schemes that both an incumbent and a rival firm can adopt, and show
that the schemes which - for given market structure - induce a higher level
of welfare are also those under which the incumbent is more likely to exclude
the rival. More specifically, we show that explicit price discrimination is the
pricing scheme with the highest exclusionary potential (and hence the worst
welfare outcomes), followed by implicit price discrimination (i.e., rebates, or
pure quantity discounts) and then uniform pricing. However, for given market
structure (i.e., when we look at equilibria where entry does occur), the welfare
ranking is exactly reversed: the more aggressive the pricing scheme the lower the
prices (and thus the higher the surplus) at equilibrium. This trade-off between
maximizing the entrant’s chances to enter and minimizing welfare losses for
given market structure, illustrates the difficulties that antitrust agencies and
courts find in practice: a tough stance against discounts and other aggressive
pricing strategies may well increase the likelihood that monopolies or dominant
positions are successfully contested, but may also deprive consumers of the
possibility to enjoy lower prices, if entry did occur.
Although it deals with pricing schemes rather than contracts, our paper is

closely related to the literature on anticompetitive exclusive dealing. However,
in our model exclusion will arise although the incumbent and the rival firm
simultaneously set prices and all the buyers can purchase at the same time.8

Since Segal and Whinston (2000) is probably the closest work to ours, let us
be more specific on the differences with their work. Building on Rasmusen et
al. (1991), they show the exclusionary potential of exclusive contracts when the
incumbent can discriminate on the compensatory offers it makes to buyers. Our
study differs from theirs in several respects: (i) in their game the incumbent has

6See Thisse and Vives (1998). For a recent survey on discriminatory pricing, see e.g. Stole
(2005).

7 See e.g. Armstrong and Vickers (1993).
8Bernheim and Whinston (1998) analyze the possible exclusionary effects of exclusive deal-

ing when firms make simultaneous offers, but in non-coincident markets : first, exclusivity is
offered to a buyer in a first market; afterwards, offers are made to a buyer in a second mar-
ket. In their terminology, our paper is looking at coincident market effects, which makes our
analysis closer to Aghion and Bolton (1985), Rasmusen et al. (1991), Segal and Whinston
(2000) and Fumagalli and Motta (2006). All these papers, however, study only exclusive deal-
ing arrangements and assume that the entrant can enter the market (if at all) only after the
incumbent and the buyers have negotiated an exclusive contract. Relative to the models of
entry deterrence through price discrimination, the difference is that in our model the entrant
is not prevented from selling to some buyers (in Armstrong and Vickers, 1993, for instance,
the entrant can enter in only one segment of the market).
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a (first-mover) strategic advantage in that it is allowed to contract with buyers
before entry occurs; (ii) if buyers accept the exclusivity offer of the incumbent,
they commit to it and cannot renegotiate it even if entry occurs; (iii) buyers are
symmetric and only linear pricing is considered. In our paper, instead, (i) the
incumbent and the entrant choose price schedules simultaneously, (ii) buyers
simply observe prices and decide which firm to buy from (therefore avoiding
any problems related to assumptions on commitment and renegotiation); (iii)
we explore the role of rebates and quantity discounts in a world where buyers
differ in size, and also consider two-part tariffs. Yet, the mechanisms which lead
to exclusion in the two papers are very similar: both papers present issues of
buyers’ miscoordination, and scale economies which are created by fixed costs
in their model are created instead by network effects in ours (but in the con-
cluding section, we explain that we obtain the same results by dropping network
externalities and assuming that the entrant has still to incur fixed sunk costs).
Our paper is also related to Innes and Sexton (1993, 1994), who also analyze

the anticompetitive potential of discriminatory pricing. In their papers, how-
ever, they consider a very different contracting environment, strategic variables,
and timing of the game. In particular, after the incumbent made its offers, they
allow the buyers to contract with the entrant (or to enter themselves), so as to
create countervailing power to the incumbent’s. Despite all these differences,
Innes and Sexton’s insight that discrimination helps the incumbent to ‘divide
and conquer’ consumers reappears in our paper, even if we also allow for the
entrant to use the same discriminatory tools available to the incumbent, and
even if contrary to Innes and Sexton’s (1994) finding, in our case a ban on dis-
crimination cannot prevent inefficient outcomes: in our setting, exclusion can
arise also under uniform linear pricing.

The paper continues in the following way. Section 2 describes the model,
Section 3 solves the model under the assumption that all pricing schemes must be
linear. Three cases are analyzed: uniform pricing, explicit (or 3rd degree) price
discrimination and implicit (or 2nd degree, or rebates) price discrimination.
Section 4 studies some extensions of the model. First, we consider two-part
tariffs; then, the possibility that firms subsidize customer’s usage, i.e., can charge
negative linear prices (in the base model we restrict linear prices to be non-
negative); finally, we discuss the case of full (or buyer-specific) discrimination
(in the base model we do not allow firms to discriminate across identical buyers).
Section 5 concludes the paper.

2 The setup
Consider an industry composed of two firms, the incumbent I, and an entrant
E. The incumbent supplies a network good, and has an installed consumer
base of size βI > 0. (The network good is durable: “old” buyers will continue
to consume it but no longer need to buy it.) I incurs constant marginal cost
cI ∈ (0, 1) for each unit it produces of the network good.
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The entrant can supply a competing network good at marginal cost cE < cI ,
i.e. it is more efficient than the incumbent. E has not been active in the market
so far, that is it has installed base βE = 0, but it can start supplying the good
any time; in particular, when the game starts it does not have to sink any fixed
costs of entry.
The good can be sold to m + 1 different “new” buyers, indexed by j =

1, . . . ,m + 1. There are m ≥ 1 identical small buyers, and 1 large buyer.
Goods acquired by one buyer cannot be resold to another buyer, but they can
be disposed of at no cost by the buyer who bought them (in case the latter
cannot consume them). Side payments of any kind between buyers are ruled
out. Define firm i’s network size si (where i = I,E) as

si = βi + q
1
i + . . .+ q

m+1
i (1)

i.e. the firm’s installed base plus its total sales to all “new” buyers.
To simplify the analysis, we assume for now that demands are inelastic.

(Section 4.2 presents the results for elastic (linear) demand functions.) The
large buyer’s demand for firm i’s network good at unit price pli is given by:

9

qli
¡
pli
¢
=

⎧⎨⎩ 1− k if si ≥ s̄ and pli ≤ 1
or si < s̄ and pli < 0

0 otherwise
(2)

while the typical small buyer’s demand for firm i’s network good at unit price
psi is

qsi (p
s
i ) =

⎧⎨⎩ k
m

if si ≥ s̄ and psi ≤ 1
or si < s̄ and psi < 0

0 otherwise
(3)

The parameter k ∈ (0, 1) is an indicator of the relative weight of the small
buyers in total market size: 1 − k measures the large buyer’s market share,
while k measures the market share of the group of small buyers. Assume that
1 − k > k/m, so that the large buyer’s demand is always larger than a small
buyer’s demand (provided they both demand strictly positive quantities). Note
that the assumption 1− k > k/m implies an upper bound on k, namely

k <
m

m+ 1
∈
∙
1

2
, 1

¶
(4)

and that total market size is fixed at 1: m(k/m) + (1− k) = 1.
Next, define buyer’s net consumer surplus as gross consumer surplus minus

9These demand functions apply for general (positive or negative) pli. In the base model we
restrict prices to be non-negative. Section 4 considers the case where prices can be negative.
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total expenditure:

CSli
¡
pli
¢
=

⎧⎪⎪⎨⎪⎪⎩
qli(1− pli) if si ≥ s̄ and l buys qli ≤ 1− k

(1− k)− qlipli if si ≥ s̄ and l buys qli > 1− k
−qlipli if si < s̄ and l buys qli ≤ 1− k
0 otherwise

(5)

CSsi (p
s
i ) =

⎧⎪⎪⎨⎪⎪⎩
qsi (1− psi ) if si ≥ s̄ and s buys qsi ≤ k

m
k
m − qsi psi if si ≥ s̄ and s buys qsi > k

m

−qsi psi if si < s̄ and s buys qsi ≤ k
m

0 otherwise

The demand functions defined above can be derived from these expressions of
net consumer surplus.
Since both types of buyers have the same prohibitive price p̄ = 1, a monopo-

list who could charge discriminatory linear prices would set a uniform unit price
pmi = 1.
If firm i’s network size si is below the threshold level s̄, no buyer (neither

large nor small) would want to buy firm i’s good.10 We assume that

βI ≥ s̄ (6)

i.e. the incumbent has already reached the minimum size, while the entrant’s
installed base is βE = 0. In order to operate successfully, the entrant will have
to attract enough buyers to reach s̄.11

Key Assumption: Neither demand of the large buyer alone, nor demand
of all small buyers taken together, is sufficient for the entrant to reach the
minimum size:

s̄ > max {1− k, k} . (7)

In other words, in order to reach the minimum size, the entrant has to serve the
large buyer plus at least one (and possibly more than one) small buyer.
Note that only units which are actually consumed by a buyer count towards

firm i’s network size.
We also assume that the threshold level s̄ is such that if the entrant sells to

all m+ 1 buyers, then it will reach the minimum size: s̄ ≤ 1.
This, together with the assumption cE < cI , implies that the social planner

would want the entrant (and not the incumbent) to serve all buyers.

10The assumption that a buyer’s demand is positive only if the network in question reaches
the threshold size s̄ is designed to capture in an admittedly simple way the presence of network
effects. Rather than assuming that the utility of a consumer increases continuously with
network size, we assume a discontinuous formulation; this has the advantage that the old
generation of buyers can be safely ignored when studying welfare effects: since we shall assume
that they have already attained the highest level of utility, new buyers’ decisions will never
affect old buyers’ utility.
11Note that if the entrant manages to reach the minimum size s̄, then consumers will consider

I’s and E’s networks as being of homogenous quality, even if sI 6= sE .
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The game. Play occurs in the following sequence: At time t = 0, the
incumbent and the entrant simultaneously announce their prices, which will be
binding in t = 1. At time t = 1, each of the m + 1 buyers decides whether to
patronize the incumbent or the entrant.12

As for the prices that firms can offer in t = 0, in the base model (Section 3) we
will restrict attention to linear pricing schemes, but we consider three different
possibilities: (1) uniform prices (Section 3.1); (2) explicit (or third-degree) price
discrimination (Section 3.2); and (3) the case of central interest, that is implicit
(or second-degree) price discrimination, i.e. the case of standardized quantity
discounts or “rebates” (Section 3.3).
Section 4 will show that the main results are robust to changes in the as-

sumptions we make in the base model on prices. There, we shall analyze the
cases where prices can be negative, where firms can set two-part tariffs rather
than linear prices, and where full price discrimination is allowed, that is firms
can make buyer-specific offers (in the base model, we do not allow firms to
discriminate among buyers of the same type).
We also assume that offers are observable to everyone, e.g. because they

have to be posted publicly. Then, when the buyers have to decide which firm
to buy from, the firms’ offers will be common knowledge.

3 Equilibrium solutions, under different price
regimes

In this Section, we assume that firms set linear (and non-negative) prices, and
we consider three different price regimes: uniform prices; explicit (3rd degree)
price discrimination; implicit (2nd degree) price discrimination (i.e., rebates).

3.1 Uniform pricing

Assume that firms can only use uniform linear prices, pi with i = I, E. In line
with Segal and Whinston (2000), we find that our game has two types of pure-
strategy Nash equilibria: one where all buyers (or sufficiently many) buy from
the entrant, and one where all buyers buy from the incumbent.
The following proposition illustrates these two types of equilibria.

Proposition 1 (equilibria under uniform linear prices) If firms can only use
uniform flat prices, the following two pure-strategy Nash equilibria exist under
the continuation equilibria as specified (after eliminating all equilibria where
firms play weakly dominated strategies):
(i) Entry equilibrium: E sets pE = cI , I sets pI = cI , and all buyers,

after observing pE ≤ pI , buy from E.
(ii) Miscoordination equilibrium: I sets pI = pmI = 1 , E sets pE =

pmE = 1, and all buyers, after observing pI − pE ≤ 1 buy from I.

12For simplicity, we restrict attention to the case where a buyer can only buy from one of
the two firms, but not from both of them simultaneously.
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Proof: see Appendix A

Which type of equilibrium will eventually be played depends on the under-
lying continuation equilibria, i.e. on how buyers coordinate their purchasing
decisions after observing the firms’ offers:13 If a buyer can rely on all other
buyers patronizing E whenever E’s offer is at least as good as I’s, then it is
perfectly rational for this buyer to buy from E as well. This, in turn, corre-
sponds exactly to what all other buyers expected him to do, and so confirms the
rationality of their own supplier choice. Under such a continuation equilibrium,
the entry equilibrium of Proposition 1 (i) will arise.
If instead each buyer suspects all other buyers to patronize I even when I’s

price is strictly higher than E’s, then no buyer will want to buy from E: Recall
that no individual buyer’s demand is ever sufficient for E’s network to reach
the minimum size s̄. Then, being the only buyer to buy from E means ending
up with a good that has zero value to that buyer (no matter how cheap it is).
Hence, as long as buying from I still gives non-negative surplus, each buyer will
want to buy from I, which then confirms all other buyers in their decision to
buy from I as well.
Note also that under the miscoordination equilibrium, the incumbent can

charge the monopoly price without losing the buyers to the entrant.14 These
equilibria are particularly troublesome, because they show that the highest pos-
sible price can persist even in the presence of an efficient competitor.
The equilibria characterized in Proposition 1 represent extreme cases, in the

sense that the underlying continuation equilibria are the most favorable ones
for the firm that serves the buyers in equilibrium. These equilibria are by no
means the only equilibria that can arise in our game.
For instance, there are other equilibria where all buyers do miscoordinate

on the incumbent, but the latter can at most charge some price p̃I < pmI = 1.
Such an equilibrium can be sustained by continuation equilibria where buyers
buy from I as long as pI−pE ≤ p̃I , but would switch to E if the price difference
exceeded p̃I . Likewise, there are entry equilibria where the entrant must charge
a strictly lower price than cI to induce buyers to coordinate on E. For the rest
of the paper, we will focus on those continuation equilibria which are the most
profitable ones for the firm that eventually serves the buyers.
Finally, there can also be equilibria where both I and E offer the exact

same price, and a critical number of buyers patronize E (so that E reaches
the minimum size), while the remaining buyers buy from I. These equilibria
can only be sustained by very specific continuation equilibria, and we will not
consider them in the following sections of this paper.

13where ”coordination” refers to the collective behavior under individual decision making;
we do not allow buyers to meet in t = 1 and make a joint decision on which firm to patronize.
14 In this situation, the entrant is indifferent among all prices pE ≥ 0 it could charge, and

might as well offer the monopoly price, which weakly dominates all other possible equilibrium
prices.
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3.2 Explicit (3rd degree) discrimination

In this section, we first analyze miscoordination equilibria and then entry equi-
libria.

3.2.1 Miscoordination equilibria

Proposition 1 gives us the equilibrium for the case of uniform linear pricing.
Assume now that the two firms can do 3rd degree (or explicit) discrimination
(this is partial discrimination: firms cannot offer different prices to buyers of
the same size), so each of them can offer a different price to the small and to
the large buyer.
With respect to the uniform pricing case, nothing changes in the miscoordi-

nation equilibria, the most profitable of which is for the Incumbent still the one
where psI = plI = pmI = 1,15 while the entrant sets pmE = 1 and all buyers buy
from I. Clearly, the incumbent would have no incentive to deviate from this
solution. No buyer would deviate either: if any of them decided to accept the
lower price offered by the entrant given that all others buy from the incumbent,
he would have zero surplus and would reduce his utility.

Proposition 2 Under the appropriate continuation equilibria, the miscoordina-
tion equilibrium where I charges psI = p

l
I = p

m
I = 1, E sets psE = p

l
E = p

m
E = 1,

and all buyers buy from I, will exist for all parameter values even if firms can
price-discriminate by buyer type.

Proof: Consider the following continuation equilibrium: Following offers
where either psI − psE ≤ 1 or plI − plE ≤ 1, buyers buy from I. Then, even
if the entrant can charge different prices to both groups (where both prices
may be strictly lower than I’s prices), no single buyer will have an incentive to
switch to the entrant as long as he expects all other buyers to buy from I: E’s
network cannot reach the minimum size with only one buyer, so its good gives
zero utility, and as long as E charges a non-negative price for it, I’s offer will
(weakly) dominate E’s offer. The rest of the proof is analogous to the proof of
Proposition 1.¤
Thus, the possibility to price discriminate does not allow the entrant to solve

the miscoordination problem. Hence, miscoordination equilibria will continue
to exist even if we allow for explicit price discrimination.

3.2.2 Entry equilibria

For entry equilibria, things change. To fix ideas, start with the candidate entry
equilibrium where both firms charge cI and all buyers buy from the entrant (we
have seen that this is an entry equilibrium in the uniform linear pricing case).
This equilibrium can be disrupted by the incumbent setting a price cI−² to one
15Note that in our model the monopoly price charged by a firm under explicit discrimination

will be the same for all buyers. This is clearly a special feature of the model, which simplifies
the analysis without losing much insight.
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category of buyers and the monopoly price to the other category: the loss made
on the former would be outweighed by the profits made on the latter. Indeed,
under this deviation the former category strictly prefers to buy from I, which
is then able to prevent entry (and the latter category would then prefer to buy
from I rather than from the entrant, since they would derive zero utility from
buying from E).
Therefore, an entry equilibrium can exist only if the entrant is able to match

the best offer that the incumbent can make both to the small buyers and to the
large buyer. Let us see it formally.
First, the best offer the incumbent can make to the small buyers is given by

the solution of the following program:

maxpsI ,plI CS
s(psI) =

K(1−psI)
m , s.to:

(i) (psI − cI)k + (plI − cI)(1− k) ≥ 0
(ii) psI ∈ [0, 1] , plI ∈ [0, 1] ,

(8)

where (i) is the profitability constraint of the incumbent.
Next, note that the best offer the incumbent can make to the large buyer is

given by the solution of:

maxpsI ,plI CS
l(plI) = (1−K) (1− plI), s.to:

(i) (psI − cI)k + (plI − cI)(1− k) ≥ 0
(ii) psI ∈ [0, 1] , plI ∈ [0, 1]

(9)

We see that the best offer the incumbent can make to the small buyers is
to set plI = p

M
I = 1 and lower psI as much as possible while still satisfying the

profitability constraint (i); likewise, the best offer to the large buyer is obtained
by setting psI = p

M
I and lowering plI as much as allowed by (i).

The offer ( psI , p
M
I ) to the small buyers is feasible as long as the incumbent

breaks even (i.e., constraint (i) must be satisfied):

m
k

m
(−cI + psI) + (1− k) (1− cI) ≥ 0, (10)

The offer (pMI , p
l
I) to the large buyer is feasible as long as:

(1− k)(−cI + plI) +m
k

m
(1− cI) ≥ 0. (11)

Call bpsI and bplI respectively the prices that solve the equations associated with
inequalities (10) and (11) above. The best possible deviations for the incumbent
are identified by respectively:

psI = max(bpsI , 0) and plI = max(bplI , 0),
11



since we limit attention to non-negative prices (see below for the case where
prices can be negative).
The entrant can match the incumbent’s deviations if it is able to offer more

surplus to the buyers, while still making profits. In other words, the entrant
will be able to profitably enter at equilibrium if it can set prices (psE, p

l
E) such

that:

CSs(psE) ≥ CSs(psI) (12)

CSl(plE) ≥ CSl(plI) (13)

πE(p
s
E, p

l
E) ≥ 0. (14)

After substitution, conditions (12) and (13) become:

k

m
(1− psE) ≥

k

m
(1− psI) (15)

(1− k)(1− plE) ≥ (1− k)(1− plI) (16)

Optimality requires the entrant offering the minimum necessary to satisfy
these conditions, so at equilibrium they will be binding:

psE = p
s
I ; p

l
E = p

l
I ,

from which condition (14) becomes:

k(psE − cE) + (1− k)(plE − cE) ≥ 0,

or:

πE(p
s
I , p

l
I) : k(p

s
I − cE) + (1− k)(plI − cE) ≥ 0. (17)

We therefore have to find
¡
psI , p

l
I

¢
. By solving the equalities associated with

(10) and (11) above, we obtain:

bpsI = cI − (1− k)
k

; bplI = cI − k
1− k .
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Note that bpsI < cI and bplI < cI ; also:
bpsI ≥ 0 if cI ≥ 1− k; and bplI ≥ 0 if cI ≥ k.

Therefore, the incumbent’s optimal offer will be:

psI =

½ bpsI if cI ≥ 1− k
0 if cI < 1− k

plI =

½ bplI if cI ≥ k
0 if cI < k

This identifies four regions, and for each of them we have to verify whether
(cond 3) holds or not:

if cI ∈ [1− k, k] and k ≥ 1/2: πE(bpsI , 0) ≥ 0
if cI ∈ [k, 1− k] and k < 1/2: πE(0, bplI) ≥ 0

if cI < min {k, 1− k} : πE(0, 0) ≥ 0
else : πE(bpsI , bplI) ≥ 0

After replacing, we can then find that:

(1) πE(bpsI , bplI) = k ³ cI−(1−k)k − cE
´
+ (1− k)

³
cI−k
1−k − cE

´
≥ 0,

which is satisfied for:

cI ≥
1 + cE
2

≡ cI1

(2) πE(0, bplI) = −cEk + (1− k)³ cI−k1−k − cE
´
≥ 0

which holds for:

cI ≥ k + cE ≡ cI2

(3) πE(bpsI , 0) = k ³ cI−(1−k)k − cE
´
− cE(1− k) ≥ 0

which holds for:

cI ≥ 1 + cE − k ≡ cI3.

(4) πE(0, 0) = −cE ≥ 0,
which never holds, apart from the knife-edge case where cE = 0.16

Conclusions Figure 1 illustrates the results of the analysis of entry equi-
libria (recall that miscoordination equilibria exist for all parameter values). For

16Since prices cannot go below zero in this basic model, the best that the incumbent can
offer to buyers is to give them the good for free; but when cE = 0, the entrant could match
that offer without making losses, and entry equilibria would always exist. Clearly, though,
this is as very special case.
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Figure 1: Regions where entry equilibria exist and do not exist under explicit
price discrimination (the grey areas are outside of the parameter space)

given k, the figure shows that the larger cI with respect to cE, the more likely for
entry to be an equilibrium of the game. The effect of k on equilibria outcomes is
slightly more complex. In particular, entry is more likely at very low levels and
very high levels of k. This is because the entry equilibrium may be disrupted
by the incumbent’s offers to the buyers; such offers are made by discriminat-
ing among the buyers, for instance by extracting rents from small buyers and
offering surplus to the large (or vice versa). If for instance k is very small, the
incumbent is not able to extract much surplus from the small buyers and ac-
cordingly the best offer to the large buyer will not be very attractive.17 Instead,
it could extract a lot of surplus from the large buyer and could in principle make
a princely offer to the small buyers. However, small buyers account for a small
proportion of demand (k very small), and the large rent earned from the large
buyer can only be passed on to small buyers through price cuts on each unit they
buy. But since prices are restricted to be non-negative here, the incumbent will
soon hit the psI = 0 constraint when k is small. Thus, the incumbent can only
transfer a small part of the rent from large to small buyers, and so the entrant
will find it easier to match the incumbent’s best offers, hence entry equilibria
will exist. The same argument can be used symmetrically to explain results for
the case where k is close to 1. Of course, we shall see below that when prices are
not restricted to be non-negative, these effects will disappear, and k will affect

17This can be seen by looking at the profit constraint (11). As k→ 0, the best offer that I
can sustain is plI = cI .
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results monotonically.
To sum up:

• Exclusionary equilibria: they always exist and take exactly the same form
as under the case of uniform linear pricing.18

• Entry equilibria: they exist only if cI is high enough. When they exist,
note that the highest sustainable equilibrium prices are always below cI
(which is the highest sustainable equilibrium price under uniform linear
pricing).

• With respect to uniform pricing, thus: price discrimination (i.e. a more
aggressive pricing strategy): (a) on the one hand, makes exclusion more
likely; (b) on the other hand, for given market structure, results in lower
prices.19

3.3 Implicit (2nd degree) discrimination (or rebates)

Let us now consider the case where firms cannot condition their offers directly
on the type of buyer (large or small), but have to make uniform offers to both
types which may only depend on the quantity bought by buyer j = 1, . . . ,m+1:

Ti(q
j
i ) =

½
pi,1q

j
i if qji ≤ q̄i

pi,2q
j
i if qji > q̄i

(18)

Each buyer can now choose his tariff from this price menu by buying either
below the sales target q̄i or above it.
It is well-known that such quantity discounts or rebates, when applied to

buyers who differ in size, will be a tool of (de facto) discrimination, even if the
schemes as such are uniform. But to achieve discrimination, the tariffs have to
be set in a way that induces buyers to self-select into the right category, with
small buyers voluntarily buying below target, and the large buyer choosing to
buy above it.
First, consider the large buyer j = l, and suppose his demand at price pi,2

is above the threshold, i.e. qli (pi,2) = 1− k > q̄i (this will be the only relevant
case). Then, the large buyer can either buy qli (pi,2) = 1− k, which yields total
surplus CSli (pi,2) = (1 − k)(1 − pi,2), or he can buy at the threshold q̄i, i.e.
qli = q̄i at price pi,1, in which case his net consumer surplus is

CSl,net (pi,1, q̄i) =

½
(1− pi,1)q̄i if si ≥ s̄ and q̄i < 1− k

0 otherwise
(19)

18This is an artifact of the model. In more general models, monopoly prices will be different
at the explicit discrimination equilibrium. However, the result that miscoordination equilibria
will always exist and that at one of those equilibria the monopolist is able to charge monopoly
prices would still be valid.
19Note that in this example, prices are lower only in the entry equilibria - as the exclusionary

equilibrium is supported by the same equilibrium prices. We may also want to analyse in an
extension a demand function where 3rd degree discrimination calls for different prices.
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Next, consider a typical small buyer j = s, and suppose his demand at price
pi,2 is below the threshold, i.e. qsi (pi,2) = k/m < q̄i. Then, a small buyer may
either buy qsi (pi,1), which yields total surplus CS

s
i (pi,1) = (1 − pi,1)(k/m), or

he can buy the sales target q̄i at price pi,2 (i.e. a quantity which exceeds his
actual demand at this price).
If q̄i > k

m , i.e. if the sales target is above the largest quantity he can consume,
qsi (pi ≤ 1) = k/m, then the excess units, q̄i − k/m, can be disposed of at no
cost.20 Define the small buyer’s net consumer surplus of buying q̄i units as

CSs,net (pi,2, q̄i) =

½
K
m − pi,2q̄i if si ≥ s̄ and q̄i > K

m
0 otherwise

(20)

We say that firm i’s offer satisfies the ”self-selection condition” if the large
buyer prefers to buy above the threshold, and the small buyers prefer to buy
below the threshold, i.e. if

CSli (pi,2) ≥ CSl,net (pi,1, q̄i) (21)

and CSsi (pi,1) ≥ CSs,net (pi,2, q̄i)

For any offer that satisfies the self-selection condition, denote (pi,1) by (psi ), and
(pi,2) by

¡
pli
¢
, for i = I, E.

3.3.1 Miscoordination equilibria

Lemma 3 (miscoordination under rebates) Let firms use rebate tariffs as de-
fined in (18). Under the appropriate continuation equilibria, the miscoordination
equilibrium exists for all parameter values, and the highest (monopoly) prices
can be sustained at equilibrium (i.e., same result as under uniform pricing and
explicit discrimination)

Proof: analogous proof as for the above cases.

3.3.2 Entry equilibria

In order to find the conditions under which entry equilibria exist, we proceed in
three steps.
First, we look for the best possible offer psI that the incumbent can make

to the small buyers; second, we look for the best possible offer plI that the
incumbent can make to the large buyer; third, we see whether the entrant is
able to make a profitable offer ( psE,p

l
E) to the small and the large buyer such

that they are at least as well off as if they bought from the incumbent.21

20Recall that we excluded reselling of units between buyers (while allowing for free disposal),
so the only thing a small buyer can do with units he cannot consume is to throw them away.
21Note that - unlike the case of explicit discrimination - in principle for the entrant it may

not be enough to simply match the incumbent’s offer, because at prices psE = p
s
I , and p

l
E=p

l
I it

may be that the self-selection constraint is not met. In other words, the self-selection condition
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The incumbent’s best offer to the small buyer,
¡epsI , plI , q̄sI¢, solves

Program (22):

maxpsI ,plI CS
s(psI) = (1− psI)(k/m), s.to:

(i) (psI − cI)k + (plI − cI)(1− k) ≥ 0
(ii) psI ∈ [0, 1] , plI ∈ [0, 1]
(iii) CSl

¡
plI
¢
= (1− plI)(1− k) ≥ q̄sI (1− psI) ,

(iv) CSs (psI) ≥ q̄sI
¡
1− plI

¢ (22)

where q̄sI =
k
m and k ∈

h
0, m

m+1

i
.

Remark 1 Constraint (iv) will never be binding at any solution to Program
(22).

P roof. any such solution, either condition (iii) is not binding: then, plI = 1,
and psI = 0 or some psI ∈ (0, 1) that solves the break-even condition (i) with
equality (these are the two solutions that can arise under explicit discrimination;
both are possible under implicit PD as well). If instead condition (iii) is binding,
then the incumbent will charge the plI that solves (iii) given p

s
I (giving rise to

two solutions specific to implicit PD). Now, for any value of psI , the p
l
I that

solves (iii) must be strictly larger than psI (intuitively, the large buyer will be
willing to pay more per unit if the quantity constraint q̄sI is lifted). Thus, we
have that epsI < plI under all solutions to Program (22 ), and so the left-hand
side of constraint (iv) is always larger than the right-hand side (both sides refer
to the same quantity, q̄sI ≡ qs (epsI) = k/m, but in one case the small buyer only
pays epsI for this quantity, and in the other case he would have to pay plI).
Remark 2 This rebate scheme may appear as somewhat unorthodox, since buy-
ers are ”rewarded” for buying little (and ”penalized” for buying a lot). But note
that: (1) this offer will never be made in equilibrium, it’s just a hypothetical
off-equilibrium offer. (2) A way to rationalize this scheme is to assume that
each buyer is only allowed one transaction. This would rule out the possibil-
ity that a large buyer makes ”multiple small purchases” so as to buy a large
amount of units at the lower prices. Presumably, important transaction costs
may be invoked to justify this assumption, which in a way is nothing else than
the counterpart of the assumption that a small buyer cannot buy a large quantity
and then resell it to others. In both cases, it is arbitrage which is prevented.

on the one hand affects the incumbent by obliging it to set (weakly) higher prices but on the
other hand also affects the entrant by also obliging it to set (weakly) higher prices. However,
we shall prove below that that at prices psE = p

s
I , and p

l
E=p

l
I the self-selection constraints are

always met.
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The incumbent’s best offer to the large buyer (psI , eplI , q̄lI) solves Pro-
gram (23):

maxpsI ,plI CS
l(plI) = (1− k) (1− plI), s.to:

(i) (psI − cI)k + (plI − cI)(1− k) ≥ 0
(ii) psI ∈ [0, 1] , plI ∈ [0, 1]
(iii) CSl

¡
plI
¢
≥ CSl (psI) ,

(iv) CSsI (p
s
I) ≥ k

m − plI q̄lI ,

(23)

where q̄lI ≡ ql
¡
plI
¢
= (1− k) and k ∈

h
0, m

m+1

i
.

Remark 3 Among the two solutions under explicit discrimination, only the
”second-best” solution (where the break-even-constraint is binding, so that plI =bplI > 0) can also arise under implicit discrimination. The ”first-best” solution,
plI = 0, always violates the self-sorting condition (iv), so it is not feasible under
implicit discrimination. And of course, we have all the additional solutions that
are specific to implicit PD (with binding self-sorting conditions).

Remark 4 Note that the two quantity thresholds q̄sI and q̄
l
I are indexed by s

and l to make it clear to which of the two programs they belong.

Remark 5 Under any solution to Program (23), we have that psI > eplI (the
reason being analogous to Program (22)).

Remark 6 It follows immediately that constraint (iii) will never be binding at
any solution to Program (23).

Let us now characterize the equilibrium solutions under rebates. As indi-
cated above, we first have to identify the incumbent’s best offers.

Incumbent’s best offer to small buyers To find the best possible offer
that the incumbent can make to the small buyers we have to solve program
22. Note first that the incumbent would like to set psI as low as possible, while
charging the highest possible price to the large buyer. However, I can no longer
set plI = 1 (as under explicit discrimination), because at this price the large
buyer is left with zero surplus, and so his self-sorting condition can never be
satisfied (he would prefer to buy even a very small quantity, k/m, at a price
psI < 1, than a large quantity 1 − k at the prohibitive price). Hence, the large
buyer’s self-selection constraint will always be binding under any solution of
program 22:

plI = 1−
k(1− psI)
m(1− k)
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In order to satisfy the profitability constraint,the following must hold as well:

plI ≥
cI − kpsI
1− k

This gives us the following solutions of the program:

epsI = 1− m(1− cI)
k(m+ 1)

; plI = 1−
(1− cI)

(1− k)(m+ 1) , if cI ≥ 1− k − k/m

epsI = 0; plI = 1−
k

m(1− k) , if cI < 1− k − k/m.

Note that there exists a region of the parameter space (1− k− k/m < cI <
1−k) where under explicit discrimination the incumbent could offer a zero price
to the small buyers whereas under rebates it cannot, and that epsI > bpsI , i.e. the
best offer the incumbent can make under implicit discrimination is always less
interesting than under explicit discrimination (in the limit case where m→∞,
the self-selection constraint plays no role, because the large buyer will never
want to behave like a small buyer whose demand is infinitely small, so that the
implicit and explicit discrimination cases collapse to the same: limm→∞ epsI = bpsI ,
for cI ≥ 1− k and limm→∞ epsI = 0 for cI < 1− k).
Incumbent’s best offer to large buyer To find the best offer that the

incumbent can make to the large buyer we solve program 23. The incumbent
would like to set plI as low as possible. (But recall from the remarks above that
plI = 0 can never satisfy the self-selection constraint of the small buyers, who
would always prefer to buy a quantity (1 − k) at zero price - and throw away
1− k− k/m units - than a smaller quantity k/m at positive price.) In order to
satisfy the profitability constraint and the self-selection constraints respectively
the following must hold:

psI ≥
cI − (1− k)plI

k
,

and respectively:

psI ≤
m(1− k)plI

k
.

This gives us the following solutions of the program:

eplI =
cI

(1− k)(m+ 1); psI =
mcI

k(m+ 1)
, if cI <

k(1 +m)

m

eplI =
cI − k
(1− k) ; psI = 1, if cI ≥

k(1 +m)

m
.
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Note that there exists a region of the parameter space (cI < k) where under
explicit discrimination the incumbent could offer a zero price whereas under re-
bates it cannot (it offers eplI = cI

(1−k)(m+1) ), and that eplI > bplI , i.e. the best offer
the incumbent can make under implicit discrimination is always less interesting
than under explicit discrimination (in the limit case where m → ∞, the self-
selection constraint plays no role, because an infinitely small buyer will never
want to behave like the large buyer, so that the implicit and explicit discrimina-
tion cases collapse to the same: limm→∞ eplI = bplI for cI > k, and limm→∞ eplI = 0
for cI ≤ k).

The entrant’s profitability constraint We can now summarize the in-
cumbent’s optimal offers as follows:

epsI =
(
1− m(1−cI)

k(m+1) if cI ≥ 1− k − k/m.
0 if cI < 1− k − k/m.

eplI =
(

cI
(1−k)(m+1) if cI ≥ k(1+m)

m
cI−k
(1−k) if cI <

k(1+m)
m

This identifies four regions, and for each of them we have to verify whether
(cond 3) holds or not:

(iv) if cI ∈
h
1− k − k/m, k(1+m)m

i
and k ≥ m

2(1+m) : πE(1− m(1−cI)
k(m+1) ,

cI
(1−k)(m+1) ) ≥ 0

(ii) if cI ∈
h
k(1+m)
m , 1− k − k/m

i
and k < m

2(1+m) : πE(0,
cI−k
(1−k) ) ≥ 0

(iii) if cI < min
n
k(1+m)
m , 1− k − k/m

o
: πE(0, cI

(1−k)(m+1) ) ≥ 0
(i) else:πE(1− m(1−cI)

k(m+1) ,
cI−k
(1−k) ) ≥ 0

After replacing, we can then find that:
(i) πE(1− m(1−cI)

k(m+1) ,
cI−k
(1−k) ) ≥ 0 is satisfied for:

cI ≥
m+ (1 +m)cE

1 + 2m

(2) πE(0, cI−k(1−k) ) ≥ 0 holds for:

cI ≥ k + cE

(3) πE(0, cI
(1−k)(m+1) ) ≥ 0 holds for:

cI ≥ cE(1 +m)

(iv) πE(1− m(1−cI)
k(m+1) ,

cI
(1−k)(m+1) ) ≥ 0 holds for:

cI ≥
m

1 +m
+ cE − k ≡ cI3.
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Figure 2: Regions where entry equilibria exist and do not exist under rebates
(i.e. implicit price discrimination), compared to explicit discrimination

Conclusions Figure 2 illustrates the results of the analysis of entry equilib-
ria under rebates and non-negative prices (recall that miscoordination equilibria
exist for all parameter values). The main results can be summarized as follows:

• Entry equilibria exist for a larger region of the parameter space than un-
der explicit discrimination. Indeed, if an entry equilibrium exists under
rebates, it will also exist under explicit discrimination; but explicit dis-
crimination may allow the incumbent to break some entry equilibria that
would exist under rebates.

• When entry equilibria exist, the prices charged by the entrant to both
groups of buyers are (weakly) higher under rebates than under explicit
discrimination.

4 Extensions
In this Section, we shall deal with a number of extensions to the basic model.
First, we shall analyze in Section 4.1 how results change when we consider the
possibility that prices can be negative. This makes the pricing behavior of both
firms more aggressive. Not surprisingly, the Incumbent will be able to exclude
entry for a wider region of parameter values, but the basic trade-off between
exclusion and lower prices acquires now an important dimension. Indeed, the
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possibility of setting negative prices, i.e. of subsidizing buyers for using the prod-
uct, gives an important tool to the entrant to disrupt miscoordination equilibria.
Contrary to the base model (where prices were constrained to be non-negative),
if negative price discriminatory offers can be made, miscoordination equilibria
do not always exist. In particular, unless the gap between incumbent and en-
trant’s costs is sufficiently small, miscoordination equilibria do not exist, and if
they exist they can be sustained only by lower than monopoly prices.
Next, Section 4.2 will deal with the case of elastic demands. So far, we have

assumed that demands are inelastic for simplicity. One possible problem with
these demands is that unless a productive inefficiency occurs, total welfare is
the same at high or low prices. It is true that lower equilibrium prices will lead
to a better social outcome apart from the limit case where consumer surplus
and producer surplus have exactly the same weight in the objective function
(and most antitrust authorities tend to maximize consumer welfare, not total
welfare), but it is still important to look at how our results extend to a setting
where demands are elastic.
It turns out that working with elastic demands allows us to uncover an inter-

esting feature of rebates when linear prices are considered. By incorporating a
quantity threshold (a certain price is offered for demand up to a certain number
of units), a rebate scheme contains a de facto rationing scheme which limits
the number of units that a firm has to sell at a given price. Therefore, when
offering below-cost prices, a rebate allows a firm to limit losses or, which is the
same, for a given amount of losses that it can sustain, it can afford offering
lower prices than under an explicit discrimination scheme. This points to an
interesting comparison between the relative aggressiveness of rebates v. explicit
discrimination: on the one hand, the necessity to satisfy the self-selection con-
straints limits the aggressiveness of rebates, but on the other hand, the presence
of an inherent rationing device (the quantity thresholds) allows a rebate scheme
to make more aggressive offers.
Under two-part tariffs, instead, rationing is not necessary to limit losses:

when a firm wants to make a generous offer to buyers, it will set the variable
component of the price at marginal cost, and use the (negative) fixed fee to
attract buyers. In this case, therefore, the only difference between rebates and
explicit discrimination is given by the presence of the self-selection constraints
under the former scheme, and the consequence is that rebates are always less
aggressive (and therefore less exclusionary) than explicit discrimination.

4.1 Allowing for negative prices

In this section, we keep inelastic demands, but relax the assumption that prices
must be non-negative.

4.1.1 Uniform prices

Under uniform price offers, the results are the same as in the base model. The
miscoordination equilibrium cannot be disrupted by negative price offers, be-
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cause the entrant cannot profitably offer negative prices to all buyers. For
the same reason, the entry equilibrium will also exist for all parameter values.
Therefore, Proposition 1 still holds good.

4.1.2 Explicit price discrimination

We consider first miscoordination equilibria and then entry equilibria.

Miscoordination equilibria The possibility to offer negative prices changes
dramatically the analysis of miscoordination equilibria. Consider for instance a
natural candidate equilibrium, that is the miscoordination equilibrium prevail-
ing under uniform (non-negative) prices: (psI = 1, plI = 1) and all buyers buy
from the incumbent. Under positive prices, this miscoordination equilibrium is
sustained by any continuation equilibrium where firm I sets psI = p

l
I = p

m
I = 1,

firm E sets, for instance, plE = pmE = 1, psE = 0, and all buyers buy from I.
This is an equilibrium because if a small buyer, who is offered a zero price by
the entrant, decided to switch to the entrant given that all others buy from
the incumbent, he would get zero surplus, because the entrant does not reach
critical mass and hence the utility derived from consuming the product would
be zero. Therefore, the entrant would have no incentive to deviate either.
But this reasoning does not hold any longer when negative prices are admit-

ted. Suppose that firm I sets psI = p
l
I = 1. If firm E sets p

l
E = p

l
I−ε = 1−ε and

psE < 0, then all buyers buying from the entrant would be the only equilibrium.
Indeed, by buying from the entrant each small buyer would receive a strictly
positive surplus (k/m) (−psE) > 0 even if nobody else consumed the product.
Therefore, they will want to consume in order to receive the payment. But since
it is a dominant strategy for the small buyers to consume the product, the large
buyer will now prefer to buy from the entrant as well, since the critical network
size will be met, and since CSl(plE) = (1− k)(1− plE) > CSl(plI) = 0.
More generally, a miscoordination equilibrium with prices (psI , p

l
I) will not

exist if the entrant can offer a negative price psE < 0 to the small buyers such that
CSs(psE , sE < s̄) > CS

s(psI , sI ≥ s̄) while slightly undercutting the incumbent’s
offer to the large buyer, plE = p

l
I −ε.22 Now, to make it a dominant strategy for

the small buyers to buy from E, E must offer a price psE that yields a (weakly)
higher net surplus as I’s offer to the small buyers:

−psE
k

m
≥ k

m
(1− psI)

22 In the case where s̄ ≤ (1− k) + k
m
, the entrant might as well charge a negative price

to the large buyer, while matching I’s offer to the small buyers. In this case, as soon as E
attracted the large buyer, E needs just one more buyer to reach the minimum size. Thus, any
small buyer will find it optimal to buy from E as well, and the miscoordination equilibrium
is broken. This is not the case if s̄ > (1− k) + k

m
, where the entrant needs more than one

small buyer to reach the minimum size, so that attracting the large buyer is not sufficient to
solve the coordination problem among the small buyers. For simplicity, we will focus on this
”asymmetric” case here.
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We see immediately that psE ≤ −(1 − psI) < 0 (E subsidizes small buyers’
consumption of its product). If the small buyers consume E’s product for sure,
then the large buyer will switch to E whenever plE ≤ plI . Will E be able to
break-even under this optimal deviation? Inserting psE = −(1−psI) and plE = plI
into the profit function we have that

−k(1− psI)− cE + plI (1− k) ≥ 0

Rearranging this break-even constraint, we obtain

psI ≥ 1−
1

k

£
plI (1− k)− cE

¤
Looking at it from the point of view of the incumbent, this means that given

plI , p
s
I must not exceed 1− 1

k

£
plI (1− k)− cE

¤
, or else I becomes vulnerable to

the deviation described above. Hence, I’s problem reads

maxpsI ,plI πI = (p
s
I − cI) k +

¡
plI − cI

¢
(1− k)

s.t. (i) plI ≤ 1
(ii) psI ≤ min

©
1− 1

k

£
plI (1− k)− cE

¤
, 1
ª

If (1− k)− cE < 0, the problem is trivially solved by

psI = p
l
I = 1

If instead (1− k) − cE ≥ 0, we can insert psI = 1− 1
k

£
plI (1− k)− cE

¤
into

the objective function to see that the choice variables drop out, so that the
objective function reduces to:

πI = k + cE − cI

Thus, I will be able to break even iff

cI ≤ k + cE

Proposition 4 Let s̄ > (1− k) + k
m . If both firms can charge negative prices,

a miscoordination equilibrium will exist iff cI ≤ k + cE. (i) If cE ≤ 1 − k, the
equilibrium is characterized by

plI = 1, psI = 1−
1

k
[1− k − cE]

plE ∈ [0, 1] , psE = −
1− k − cE

k

(ii) If instead cE > 1− k, the equilibrium is characterized by psI = p
l
I = 1, and

psE = p
l
E = 1.

Proof: see Appendix
Figure 3 illustrates in the space (k, cI) the region where the miscoordination

equilibrium arises, for the case cE < 1/2. It shows that this equilibrium
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Figure 3: Regions where miscoordination equilibria and/or entry equilibria (or
none) exist under negative prices, for cE < 1/2

exists only if cI is sufficiently close to cE. The main conclusions from the
analysis are that: (1) when negative prices are possible, then allowing for explicit
discrimination disrupts miscoordination equilibria when cI is sufficiently high.
(2) When a miscoordination equilibrium exists under explicit discrimination
(with linear prices which can be negative), the incumbent will not be able to
enjoy the monopoly outcome (psI = 1, p

l
I = 1), unless cE > 1−k; the incumbent

needs to lower its prices to prevent the entrant from stealing its buyers.
Compared to uniform pricing regimes, where a miscoordination equilibrium

which reproduces the monopolistic outcome is always possible, explicit discrimi-
natory schemes have the effect of both rendering miscoordination equilibria less
likely, and, where such equilibria survive, of reducing the equilibrium prices at
those equilibria with. Note that in this case, psI may even be below-cost, i.e.
psI < cI !

Entry equilibria The analysis of entry equilibria when we allow for negative
prices requires just a small modification of the problem already analyzed in
Section 3.2 above, i.e. allowing for psI and p

l
I to take negative values.

The best offer the incumbent can make to the small buyers is given by the
solution of the following program:
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maxpsI ,plI CS
s(psI) =

k
m(1− psI), s.to:

(i) (psI − cI)k + (plI − cI)(1− k) ≥ 0
(ii) psI ≤ 1, plI ≤ 1.

(24)

The best offer the incumbent can make to the large buyer is given by the
solution of:

maxpsI ,plI CS
l(plI) = (1− k) (1− plI), s.to:

(i) (psI − cI)k + (plI − cI)(1− k) ≥ 0
(ii) psI ≤ 1, plI ≤ 1.

(25)

By following the same steps as in Section 3.2 one can check that the incum-
bent’s best offers are

bpsI = cI − (1− k)
k

; bplI = cI − k
1− k .

An entry equilibrium will exist only if the entrant is able to profitably match
simultaneously both best offers, i.e. psE = bpsI , and plE = bplI . Therefore, such an
equilibrium exists if and only if:

πE(bpsI , bplI) = kµcI − (1− k)k
− cE

¶
+ (1− k)

µ
cI − k
1− k − cE

¶
≥ 0,

which is satisfied for:

cI ≥
1 + cE
2

.

Figure 3 illustrates entry equilibria. The figure also shows that under explicit
discrimination, there might be a situation where, for given cE and k, for cI
sufficiently close to cE a miscoordination equilibrium exists, for intermediate
values of cI no equilibrium in pure strategies exists, and for high values of cI
only the entry equilibrium will exist. (To be precise, such a situation exists if
cE < 1/3). For high values of k, there exists an area of parameter values where
both miscoordination and entry equilibria will coexist.
To interpret these results, recall that under uniform pricing both entry and

miscoordination equilibria exist under all parameter values. This multiplicity of
equilibria in the base case makes it difficult to identify precise policy implica-
tions. However incomplete (depending on the values of cE, there may also exist
other regions where no equilibria exist under explicit discrimination, or where
multiple equilibria exist also under explicit discrimination), the following Table
allows to fix ideas. It shows that for relatively high efficiency gaps between
incumbent and entrant, if explicit discrimination schemes are allowed consumer
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welfare will always be (weakly) higher than under uniform pricing (miscoordi-
nation equilibria never exist, and entry equilibria are characterized by (weakly)
lower prices). For relatively low efficiency gaps between incumbent and entrant,
though, the impact on consumer welfare is not unambiguous: at equilibrium,
the incumbent will always serve, and the desirability of explicit discrimination
schemes depends on which equilibrium would prevail under uniform pricing: if
under uniform pricing a miscoordination equilibrium is played, then explicit
discrimination will increase consumer welfare, but if under uniform pricing an
entry equilibrium is played, then explicit discrimination leads to exclusion and
higher prices. We would then find again the same tension between exclusion
and low prices that we have stressed in the main Section above, although it is
to be noticed that - apart from very specific cases - exclusion can be achieved
by the incumbent only by decreasing equilibrium prices.

Uniform pricing Explicit discrim. (neg. prices)

cI > max
©
1+cE
2 , k + cE

ª ⎧⎪⎪⎨⎪⎪⎩
I serves: plI = p

s
I = 1

=⇒ CS = 0
E serves: plE = p

s
E = cI

=⇒ CS = 1− cI

E serves: bplE ≤ cI ; bpsE ≤ cI
=⇒ CS ≥ 1− cI

cI < min
©
1+cE
2 , k + cE

ª ⎧⎪⎪⎨⎪⎪⎩
I serves: plI = p

s
I = 1

=⇒ CS = 0
E serves: plE = p

s
E = cI

=⇒ CS = 1− cI

I serves: bplI = 1; bpsI ≶ cI
=⇒ CS ≤ 1− cI

4.1.3 Implicit price discrimination (rebates)

It would be tedious to characterize all the equilibrium solutions for the case of
rebates as well. Like for the case of explicit discrimination, the possibility to set
negative prices allows the incumbent to make more aggressive offers, eliminating
entry equilibria which would have existed under uniform prices; also, and again
like for explicit discrimination, it allows the entrant to subsidize a group of
buyers and induce them to use the product independently of what other buyers
do, thus leading to the disruption of miscoordination equilibria. The fact that
the self-selection constraint needs to be satisfied does not therefore eliminate
the possibility to disrupt some of the equilibria;23 however, it does imply that
competition is softer under rebates than under explicit discrimination. Even
in this case, therefore, we find the result that rebates are less exclusionary
than explicit discrimination, but lead to higher prices when similar equilibrium
market structures are compared.

23At first sight, one may wonder why a buyer may want to buy at positive prices when it
could mimic a buyer who is offered a negative price. But recall that a large buyer may get
more surplus from buying 1−k units at a positive price than a smaller number of units k/m at
a negative price. However, we have seen in Section 3.3 that small buyers will never be willing
to buy at positive price if they have the chance to buy more units than they need at zero
price. A fortiori, this is true when the price offered for a large number of units is negative.
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4.2 Elastic demands

Here we relax the assumption that demands are inelastic, by assuming a simple
linear demand function for the buyers. We briefly deal with two cases:

4.2.1 Linear prices

Here the interesting bit should be to show that rebates work as a rationing
device, which may help the incumbent when making offers to the buyers

4.2.2 Two-part tariffs

Here the results should be similar as in the base model

4.3 Full Discrimination

TO BE DONE

5 Concluding remarks
The purpose of this exercise was to demonstrate the exclusionary potential of
rebate arrangements in the presence of network externalities. Our findings are
particularly interesting insofar as, in our model, the entrant is in a fairly good
initial position compared to other papers on exclusionary practices: it does
not have to pay any fixed cost to start operating in the industry, entrant and
incumbent can approach all buyers simultaneously (i.e. the incumbent has no
first-mover advantage in offering contracts to the buyers before the entrant can
do so), and the entrant has the same pricing instruments at its disposal.
In the base model, we assume that firms can only charge non-negative linear

prices. First of all, we find that exclusionary equilibria exist for all parameter
values, and that even monopoly prices can be sustained in these exclusionary
equilibria under each price regime (uniform pricing, explicit discrimination, and
rebates).
Under uniform pricing, entry equilibria exist as well for all parameter values.

However, under both explicit and implicit price discrimination, entry equilib-
ria exist only if cI is high enough. When they exist, the highest sustainable
equilibrium prices are always below cI (which is the highest sustainable equilib-
rium price under uniform linear pricing). Compared to uniform pricing, price
discrimination (i.e. a more aggressive pricing strategy): (a) on the one hand,
makes exclusion more likely; (b) on the other hand, for given market structure,
results in lower prices.
We also find that under implicit discrimination, entry equilibria exist for a

larger region of the parameter space than under explicit discrimination. Indeed,
if an entry equilibrium exists under rebates, it will also exist under explicit
discrimination; but explicit discrimination may allow the incumbent to break
some entry equilibria that would exist under rebates. Moreover, when entry
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equilibria exist, the prices charged by the entrant to both groups of buyers are
(weakly) higher under rebates than under explicit discrimination.
We also study several extensions of our base model:
(1) Negative Prices: This makes the pricing behavior of both firms more

aggressive. Not surprisingly, the incumbent will be able to exclude entry for a
wider region of parameter values, but the basic trade-off between exclusion and
lower prices acquires now an important dimension. Indeed, the possibility of
setting negative prices, i.e. of subsidizing buyers for using the product, gives
an important tool to the entrant to disrupt miscoordination equilibria. Con-
trary to the base model (where prices were constrained to be non-negative), if
negative price discriminatory offers can be made, miscoordination equilibria do
not always exist. In particular, unless the gap between incumbent and entrant’s
costs is sufficiently small, miscoordination equilibria do not exist, and if they
exist they can be sustained only by lower than monopoly prices.
(2) Elastic Demands: It turns out that working with elastic demands allows

us to uncover an interesting feature of rebates when linear prices are considered.
By incorporating a quantity threshold (a certain price is offered for demand up
to a certain number of units), a rebate scheme contains a de facto rationing
scheme which limits the number of units that a firm has to sell at a given
price. Therefore, when offering below-cost prices, a rebate allows a firm to limit
losses or, which is the same, for a given amount of losses that it can sustain,
it can afford offering lower prices than under an explicit discrimination scheme.
This points to an interesting comparison between the relative aggressiveness of
rebates v. explicit discrimination: on the one hand, the necessity to satisfy the
self-selection constraints limits the aggressiveness of rebates, but on the other
hand, the presence of an inherent rationing device (the quantity thresholds)
allows a rebate scheme to make more aggressive offers.
(3) Two-Part Tariffs: Under two-part tariffs, instead, rationing is not nec-

essary to limit losses: when a firm wants to make a generous offer to buyers,
it will set the variable component of the price at marginal cost, and use the
(negative) fixed fee to attract buyers. In this case, therefore, the only differ-
ence between rebates and explicit discrimination is given by the presence of the
self-selection constraints under the former scheme, and the consequence is that
rebates are always less aggressive (and therefore less exclusionary) than explicit
discrimination.
Interesting extensions of our model could be to allow for buyers to compete

against each other downstream, to see whether the same kind of results as in
Fumagalli and Motta (Forthcoming) would arise. Another issue of interest could
be to allow for partial (or even full) compatibility between I’s and E’s network,
and to introduce compatibility as a strategic choice variable.
Finally, note that we should expect very similar results in a model where

there are no network externalities, but instead buyers have switching costs, and
the entrant faces some fixed costs of entry. Farrell and Klemperer (forthcoming)
have pointed out the analogies between network externalities and switching
costs:
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“Both switching costs and proprietary network effects arise when
consumers value forms of compatibility that require otherwise sepa-
rate purchases to be made from the same firm. Switching costs arise
if a consumer wants a group, or especially a series, of his own pur-
chases to be compatible with one another: this creates economies
of scope among his purchases from a single firm. Network effects
arise when a user wants compatibility with other users (or com-
plementors), so that he can interact or trade with them, or use the
same complements; this creates economies of scope between different
users’ purchases.
These economies of scope make it unhelpful to isolate a transac-

tion: a buyer’s best action depends on other, complementary trans-
actions. When those transactions are in the future, or made simul-
taneously by others, his expectations about them are crucial. When
they are in the past, they are history that matters to him. History
also matters to a firm because established market share is a valu-
able asset: in the case of switching costs, it represents a stock of
individually locked-in buyers, while in the case of network effects
an installed base directly lets the firm offer more network benefits
and may also boost expectations about future sales.” (Farrell and
Klemperer (2004): page 1 - Introduction)
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6 Appendix A - Proofs
Proof of Proposition 1:
(i) With all buyers buying from E at pE = cI , total demand is mqsE (pE) +

qlE (pE) = 1 ≥ s̄, and so E will reach the minimum size. Thus, E’s product has
the exact same value to the buyers as I’s, and it sells at the same price. Given
that buyers coordinate on the entrant whenever E’s offer is at least as good as
I’s, no buyer has an incentive to deviate and buy from I instead. I will not want
to deviate either: To attract the buyers, I would have to set a price pI < cI , i.e.
sell at a loss; and increasing pI above cI will not attract any buyers. E has no
incentive to change anything about its price either: increasing pE would imply
losing the buyers to I, and decreasing pE will just reduce profits.
Note that we eliminate all equilibria in weakly dominated strategies, where

I sets pI ∈ [0, cI) instead of pI = cI , and E sets pE = pI < cI .
(ii) Suppose that all buyers buy from I. Then, recall that s̄ > max {1− k, k},

implying that none of the individual buyers alone is sufficient for E to reach the
minimum size. Thus, E’s product has zero value for any single buyer, and so
no buyer will want to deviate and buy from E, even if pE were strictly lower
than pI . I sets pI = pmI , which is the most profitable among all prices under
which buyers will miscoordinate on the incumbent. Thus, I has no incentive to
increase or decrease its price. Since buyers will not switch to E even if the price
difference between the two firms is maximal, i.e. even if E charges pE = 0 (so
that pI − pE = 1), E has no incentive to decrease its price.
We eliminate all equilibria in weakly dominated strategies, where I sets

pI = p
m
I , and E sets pE < pmE .¤

Proof of Proposition 4:
(i) Let cE ≤ 1−k. If the incumbent raises plI above 1 (the prohibitive price),

the large buyer will not buy anything. Reducing plI below 1 would only reduce
profits. Note that cE ≤ 1 − k implies that psI ≤ 1. If the incumbent raises psI
above 1 − 1

k [1− k − cE ], the small buyers will find it individually rational to
buy from E:

−psE
k

m
=
1

m
(1− k − cE) >

k

m
(1− p̃sI)

Reducing psI below 1− 1
k [1− k − cE] would only reduce profits.

Under this equilibrium, all buyers buy from the incumbent, so that the
entrant’s profits are zero. We argued before that the entrant’s optimal deviation
is to set plE = plI = 1, and to reduce psE below −1−k−cEk to attract the small
buyers. But such an offer would violate the entrant’s break-even condition:

p̃sEk − cE + plI (1− k) < −k(1− psI)− cE + plI (1− k) = 0

The entrant has no incentive either to increase psE above −1−k−cEk , as it does
not make any sales in equilibrium.
Finally, no individual buyer has any incentive to deviate and buy from the

entrant instead: each of the small buyers is indifferent between I’s and E’s offer,
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and the large buyer strictly prefers to buy from I than being the only buyer to
buy from E.
Can there be any other miscoordination equilibrium, where I charges a lower

plI , namely p
l
I < 1, and an accordingly higher psI = 1 − 1

k

£
plI (1− k)− cE

¤
?

No, because no matter which prices E sets, I would want to increase plI to 1
without changing psI , thereby increasing profits without losing the large buyer
to E. Therefore, such a price pair cannot sustain an equilibrium.
(ii) Let cE > 1 − k, and let psI = plI = 1. Clearly, the incumbent has no

incentive to change its prices. Recall that under E’s optimal deviation, E’s
break-even condition reads

−k(1− psI)− cE + plI (1− k) ≥ 0

Inserting psI = p
l
I = 1, we get

−cE + (1− k) ≥ 0

This condition is always violated if cE > 1−k. In other words, business-stealing
by the entrant is impossible even if the incumbent charges monopoly prices to
both groups of buyers. Therefore, the entrant is indifferent among all the prices
it can set such that I serves the buyers: psE = p

l
E = 1 dominates all others. The

rest of the proof is analogous to the reasoning above.2
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