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In this paper we analyze the strategic decisions of the government, the 
incumbent and the pirate in a market where the good is piratable. We show 
that deterred or accommodated piracy can occur in equilibrium, but pure 
monopoly cannot occur for any anti-piracy policy. We also show that the 
initial quality differential between the original and the pirated product is 
essential to explain the effects of an increase in the quality of pirated product 
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1 Introduction

Most of theoretical efforts devoted to analyze the causes and consequences of
copying and piracy have been focused on end-user copying, which refers to
non-commercial copying by final consumers. In many countries this activity
is considered legal since most of consumers do not copy with the intention of
making a profit. Thus, end-user copying is not prosecuted in many countries
and governments’ anti-piracy policies concentrate mainly on for-profit piracy,
which takes place when firms (the pirates) illegally reproduce and sell copies of
an original product. Peitz and Waelbroeck (2006) provide a good survey of the
literature and confirm that there are few studies on for-profit piracy.

Several evidences indicate that both activities, for-profit piracy and end-
user copying, have a great economic significance. For instance, the Fourth
Annual BSA and IDC Global Software Piracy Study reveals that 35% of the
software installed in 2006 on personal computers worldwide was obtained ille-
gally, amounting to nearly $40 billion in global losses.1 Although this study does
not distinguish between commercial piracy and end-user copying, it suggests the
importance of analyzing the latter form of piracy. Commercial piracy is very
significant in music industry. The International Federation of the Phonographic
Industry (IFPI) reports that 37% of all CDs purchased in 2005 were pirate,
and the global traffic of pirate product was worth $4.5 billion based on pirate
prices.2

The growing theoretical economic literature on commercial piracy focus on
the consequences of piracy on profits and welfare. Some of considered topics
are the role of government’s anti-piracy policies, the protection against piracy
by the vendor of the original product (incumbent firm) in opposition to the
effect of network externalities generated by the pirate, the consequences of price
competition against the pirate, and the effects of lobbying by the incumbent
firm. Our study focus mainly on the former theme. The aim of the present paper
is to provide a positive analysis of the strategic interaction between a firm who
introduces a new product on the market, a pirate who can enter and produce a
lower-quality copy of it, and the government who sets the intellectual property
rights protection (IPRP). As most of published theoretical studies, we assume a
simple form of IPRP consisting of monitoring and penalties for piracy. We are
particularly interested in studying how price competition and government policy
influence the final outcome. So, we make the model simple without considering
networks effects, advertising and quality choices. Nevertheless, we also perform
some comparative statics to better understand the effects of quality differential,
between the original and the pirated product, on both the optimal monitoring
rate and the amount of piracy.

Before discussing our model, we must emphasize that there is empirical
evidence supporting that prices can constitute a strategy against piracy. Pa-
padopoulos (2003) examines the relative strength and significance of some in-
stitutional and economic variables that influence the country specific levels of
sound recording piracy. He finds a positive and significant relationship between
the price-earnings ratio and the sound recording piracy market share.

In this paper, we analyze a model in which, after the anti-piracy policy is

1http://w3.bsa.org/globalstudy//
2The Recording Industry 2006 Piracy Report available at

//www.ifpi.org/content/section statistics/index.htm
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made public by the government, the incumbent chooses the price of the original
product and then, taking into account such price, the pirate decides whether to
enter or not with a lower-quality version of the original product.3 Finally, each
consumer buys at most one of the two products according to her valuation of
quality and profits are realized. The government maximizes social welfare and
the anti-piracy policy is implemented at the end of the game.

We have find several remarkable differences with previous studies and new
insights. First, our analysis implies that, as a consequence of the government’s
policy, the incumbent can deter the pirate from entry in equilibrium.4 Second,
we show that pure monopoly cannot occur in equilibrium for any anti-piracy
policy. Third, our study provides new understandings relative to the effects
of qualities on equilibrium. Some comparative statics lead us to show that
the initial quality differential between the original and the pirated product is
critical. On the one hand, the standard result that an increase in the quality
of pirated product enlarges piracy should be revised. We show that this is
a local conclusion because, when the initial quality differential is low enough,
an increase in the quality of pirated product may deter piracy if we consider
the whole subgame perfect equilibrium. On the other hand, we prove that the
effects of qualities on the optimal monitoring rate which deters entry depend on
the initial quality differential. If it is low enough, an increase in the quality of
the pirated product may decrease the optimal monitoring rate. Nevertheless, if
the initial quality differential is high enough, a local increase in the quality of
the pirated product may increase the optimal monitoring rate, but a no local
increase may decrease it.

The last contribution of this paper is to provide an answer for the case in
which the incumbent strategically chooses whether or not to commit to a price.
To that purpose, we analyze an extended game where the incumbent decides
between to make or not to make a credible commitment to a price. In the
first case, the game continues as in the previous model. In the second case, the
incumbent and the pirate make simultaneous decisions. Our analysis shows that
some previous results in the literature should be carefully reconsidered. If, as in
the current literature, we assume a two-stage entry process,5 we show that there
are anti-piracy policies for which the incumbent prefers not to make a credible
commitment to a price and to move simultaneously with the pirate. However,
when we assume a one-stage entry process (i.e. when the pirate cannot commit
to entry before pricing) and a sufficiently high quality differential, we show that
the incumbent prefers to move first and make a credible commitment to a price.

3Therefore, the incumbent commits to the price of the original product. We will discuss
later the relaxation of such hypothesis.

4Piracy deterrence has been analyzed in models with end-users copying, as in Bae and
Choi (2006) and Chang et al. (2008).

5The pirate decides first on entry an then, in the case of entry, the pirate and the incumbent
make simultaneous decisions on prices.

3



The paper is organized as follows. In Section 2, we comment on the ex-
isting literature and relate our work to previous analyses. Section 3 sets up
our model. In Section 4 we compute the subgame perfect equilibrium (SPE)
that corresponds to each anti-piracy policy. The socially optimal policy and the
possible equilibria are obtained in Section 5. Section 6 is devoted to analyze
the effects of qualities on the equilibrium. In Section 7, we extend the previous
model by allowing the incumbent to choose whether or not to commit to a price.
Finally, Section 8 contains the conclusions.

2 Related literature

Our model is constructed from Banerjee (2003), who analyzes the government’s
role in controlling piracy by means of a vertical differentiation model in which
the incumbent sells original software and the pirate illegally reproduces and
sells copies of it. Although we incorporate minor improvements into the frame-
work, there is an important difference relative to the assumed behavior of the
pirate. Banerjee (2003) supposes that the pirate does not decide strategically
on entry and, therefore, he analyzes two cases: the leader-follower game and
the monopoly pricing game.6 Therefore, piracy cannot constitute a full device
to discipline the incumbent’s behavior and this explains the differences with our
results. First, as a consequence of the hypothesis, Banerjee (2003) finds that the
incumbent does not deter the pirate from entry in equilibrium. This contrasts
with our findings. Second, unlike our analysis, Banerjee (2003) shows that pure
monopoly can be attained for some anti-piracy policies. Third, assuming a two-
stage decision-making, he proves that the incumbent prefers to move first and
choose a price (i.e. acting as a leader) to choose his price simultaneously with
the pirate for any anti-piracy policy. In our model, in which the pirate is a
stronger competitor, this is not true. Finally, relative to the effects of qualities,
Banerjee (2003) shows that an increase in the quality of the pirated product
increases piracy, and also increases the optimal monitoring rate for which the
government induces the monopoly outcome. Our analysis proves that these re-
sults can be reversed when we consider the initial quality differential and the
whole subgame perfect equilibrium.

Banerjee (2006) analyzes lobbying by the incumbent who tries to prevent
commercial piracy. He assumes that the pirate does not decide strategically on
entry and besides consumers decide their purchase strategies before knowing the
availability of the pirated software.7 This consumers’ capacity for commitment
could constitute a device to discipline the incumbent’s behavior that would be
a rationale for the results. He shows that not monitoring is the socially optimal
policy. Nevertheless, special interest lobbying by the incumbent may result in
monitoring as the socially optimal outcome.

6In the leader-follower game, the incumbent’s prices and profits are identical in equilibrium,
with and without piracy [see Banerjee (2003, page 103)]. Moreover, throughout Banerjee’s
(2003) analysis there is no maximization of the incumbent’s profits subject to non-negative
pirate’s profits.

7The consumer’s expected utility is computed under each strategy taking into account the
probability that the pirated software is available [see Banerjee (2006, page 143)].
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Poddar (2005a) analyzes commercial piracy when network externalities are
present, assuming that the network effects generated by the pirated software are
weaker than the ones caused by the original software. The pirated software is a
lower-quality version of the original one, and entry decisions are not considered.
Prices are chosen simultaneously and consumers have different valuations for
the software. He proves that, unlike earlier findings on end-user piracy, the
incumbent prefers to protect its product (as opposed to allowing piracy) for any
degree of the importance of network size.

In Poddar (2005b), the incumbent can incur a R&D cost to deter the entry
of the pirate. The incumbent’s R&D invest raises the pirate’s cost of produc-
tion of the pirated software. The original software is more reliable than the
pirated one. The competition stage is modeled assuming that prices are chosen
simultaneously and that consumers have different valuations for the software.
Both, for end-user and commercial piracy, Poddar (2005b) finds that there is
piracy when software users are heterogeneous enough, when the effectiveness of
incumbent’s R&D is low enough, and when the pirated software is moderately
reliable.

Kiema (2008) considers a model where the incumbent acts as a leader in
prices who competes against several commercial pirates, who enter the market
until it becomes unprofitable. Each pirate chooses the price and the amount of
advertising, and incurs an advertising cost (like a variable cost of production)
and a fixed cost (the costs caused by DRM systems). The analysis implies two
main conclusions. On the one hand, an increase in the fixed cost increases the
incumbent’s profit. On the other hand, an increase in the advertising cost might
increase the profits of the commercial pirates and decrease the incumbent’s
profits.

Finally, considering a sequential duopoly model with vertical differentiation
and price competition, Mart́ınez-Sánchez (2010) analyzes the reasons why a
pirate could act as a leader in prices, taking into account the government and
incumbent’s decisions to prevent piracy. He shows that the government will
not help the incumbent to become a monopolist, even if he installs an anti-
piracy system. However, depending on the technology for monitoring piracy,
the government will induce that the pirate enters as a follower or as a leader,
or encourage the incumbent to deter the entry of the pirate. The pirate decides
to become a leader to avoid being brought down by the incumbent and the
government.

3 The model

We consider a model with basic features taken from the standard studies of
price-quality competition [see, for instance, Tirole (1988, Section 7.5) and the
references contained therein]. There are four types of agents: consumers, the
developer of a new product (incumbent), a pirate who illegally reproduces and
sells it, and the government, which is responsible for monitoring and penalizing
the pirate.
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There is a continuum of consumers indexed by θ, with θ ∈ [0, θ]. The index
θ is assumed to follow a uniform distribution, and represents the consumers’
tastes for the quality of the product. We assume that there is no resale market
for used product. Each consumer is assumed to buy at most a unit of the
product.

The utility of a type θ consumer is,

U(θ) =

 θqi − pi if the consumer buys the original product
θqp − pp if the consumer buys the pirated product

0 if the consumer does not buy
(1)

where pi, qi, pp and qp are the price and quality of the original and the pirated
product, respectively. We assume qi > qp > 0. Let r = qi/qp > 1 be the ratio
of qualities.

Since qualities are common knowledge, decisions on prices are equivalent to
decisions on quality-deflated prices. So, we consider that the incumbent and the
pirate decide on hedonic prices xi = pi/qi and xp = pp/qp respectively. Without
loss of generality, we also assume that xi, xp ∈ [0, θ̄].8

Demand functions are obtained from the indifferent consumers according to
expression (1). When the pirate is not in the market, consumers only observe
xi and the incumbent faces the monopoly demand:

Di(xi) = θ − xi, (2)

where θi = xi is the consumer who is indifferent between buying the original
product and not buying. Of course, the pirate’s demand is Dp ≡ 0 in this case,
which is trivial. Thus, the analysis focus on the duopolistic setting.

If the pirate is in the market, consumers consider both offers, the legal and
the illegal one, and three kinds of indifferent consumers may exist. First, if
there is a consumer who is indifferent between buying the original and the
pirated product, he must be θo = (pi − pp) / (qi − qp), or, equivalently, θo =
(rxi − xp)/(r − 1). Second, if there is a consumer who is indifferent between
buying from the pirate and not buying at all, he must be θp = xp. Third, there
may be a consumer who is indifferent between buying the original product and
not buying at all, when the pirate fixes a very high price. This consumer must be
θi = xi. Some easy calculations show that the demands faced by the incumbent
and the pirate are

8Our technical specification is similar to Ronnen’s (1991) approach, in which hedonic prices
are considered instead of usual prices. Of course, our analysis can be equivalently carried out
without hedonic prices. The best response prices that we obtain are obviously similar to those
in Ronnen (1991).
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Di(xi, xp) =

{
θ̄ − xi if xi ≤ xp
θ̄ −min{θ̄, rxi−xp

r−1 } if xi ≥ xp
(3)

and

Dp(xi, xp) =

{
0 if xi ≤ xp
min{θ̄, rxi−xp

r−1 } − xp if xi ≥ xp.
(4)

We assume that consumers do not face the risk of prosecution from the use of
copies. The government is responsible for monitoring and penalizing the pirate.
Let α and G be the monitoring rate and the penalty respectively. So, α is the
probability of detecting the pirate. Let C(α) be the cost of monitoring. We
assume C(0) = 0, C ′(α) > 0, C ′(0) = 0, C ′′(α) > 0. The government chooses α
and G to maximize the social welfare. We assume 0 ≤ G ≤ G, where G is the
limit of the penalty.

We assume that if the pirate’s illegal operations are detected, which occurs
with probability α, he must pay the penalty G and loses his income. The
expected profits of the incumbent and the pirate, taken into account that the
detection is made after the sales, are:

πi(·) = piDi(·) (5)

and
πp(·) = (1− α)ppDp(·)− αG. (6)

We assume that qualities are parameters of the model.9 The cost incurred
by the incumbent to develop the new product is a sunk cost, and the produc-
tion cost is assumed to be zero. We also assume that the pirate can duplicate
without costs the new product. Therefore, we assume zero marginal costs of
both an original production and a pirated one. This is a plausible assumption
for information goods. Typically, these goods entail high fixed costs but low
(often zero) marginal costs [see, for instance, Varian (2001a), Varian (2001b),
Belleflamme (2005)]. Moreover, in our model, demand and profits functions are
continuous and piecewise differentiable. Equilibrium prices are positive because
we assume r > 1. Therefore, for each r > 1, our conclusions hold for positive
marginal costs if they are low enough.

The government’s net expected revenue is

R =

{
αG+ αδIp(·)− C(α), if the pirate is in the market;
−C(α), otherwise.

where Ip(·) represents the pirate’s revenue and δ ∈ [0, 1] represents the gov-
ernment’s capacity to reuse the revenue seized to the pirate. In the absence of
monitoring, the penalty is irrelevant. So we assume G = 0 if α = 0.

The social welfare is the sum of the profits of the incumbent and the pirate,
the consumer surplus and the net expected revenue of the government.

The complete information game, which is analyzed in Sections 4–5, is the
following.10

9Quality choice models with vertical differentiation are Motta (1993), Crampes and Hol-
lander (1995), and Wauthy (1996).

10An analysis of for-profit piracy in which the pirate can either price first or wait until the
incumbent prices is Mart́ınez-Sánchez (2010).
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Stage 1. The government announces α and G to maximize social welfare,
and the incumbent and the pirate observe the policy variables.

Stage 2. The incumbent moves first and chooses a price for the new product.
The pirate observes such price, chooses a price for the pirated product and
decides whether to enter or not.

Stage 3. Consumers observe the price of the original product and possi-
bly the price of the pirated product, and buy at most one product. Finally,
monitoring takes place.

4 Market equilibrium

In this section, we obtain the subgame perfect equilibrium corresponding to the
two last stages by backward induction. First, we compute the best price for the
pirate, given the incumbent’s price, and we deduce the pirate’s optimal decision
on entry. Second, we determine the incumbent’s optimal price by maximizing
the profit induced by the pirate’s best response.

The pirate’s optimal hedonic price, given the incumbent’s choice, is obtained
by maximizing the pirate’s profit in (6). The proof is available upon request
from the authors. It is similar to the one computed by Ronnen (1991):

xBRp (xi) =


xi/2 if 0 ≤ xi ≤ 2(r−1)θ̄

2r−1 ,

rxi − (r − 1)θ̄ if 2(r−1)θ̄
2r−1 ≤ xi ≤ (2r−1)θ̄

2r ,

θ̄/2 if (2r−1)θ̄
2r ≤ xi ≤ θ̄.

(7)

By substituting (7) into the pirate’s profit, we obtain the continuation pi-
rate’s profit in a SPE when he enters and chooses his optimal hedonic price:

πcp(xi) =


(1− α)qi

x2
i

4(r−1) − αG if 0 ≤ xi ≤ 2(r−1)θ̄
2r−1 ,

(1− α)qi[rxi − (r − 1)θ̄](θ̄ − xi)− αG if 2(r−1)θ̄
2r−1 ≤ xi ≤ (2r−1)θ̄

2r ,

(1− α)qi
θ̄2

4r − αG if (2r−1)θ̄
2r ≤ xi ≤ θ̄.

The pirate decides to enter in the market when πcp (xi) > 0. A more conve-

nient way to express this is by the inequality xi > xdi (g), where

xdi (g) =


2
√

(r − 1)g if 0 ≤ g ≤ (r−1)θ̄2

(2r−1)2 ,

(2r−1)θ̄−
√
θ̄2−4rg

2r if (r−1)θ̄2

(2r−1)2 ≤ g ≤
θ̄2

4r ,

+∞ if θ̄2

4r < g,

(8)

and g = αG
qi(1−α) . We can interpret the compound variable g as a measure of

the government’s effort to avoid piracy, since it increases with α and G. The
price xdi (g) is the incumbent’s hedonic price that deters piracy, given the anti-
piracy effort level. Therefore, the pirate’s optimal decisions will be: to enter
and choose the price xBRp (xi) if xi > xdi (g), and not to enter if xi ≤ xdi (g). The

graph of xdi (·) is represented in figure 1. Since xdi (·) is increasing in g, piracy
is less likely when the anti-piracy effort is hard if r is constant. For a fixed g,
since the graph of xdi (·) moves upwards if r increases, piracy also is less likely
when the quality of the pirated product is low.
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Figure 1: The limit price to deterring piracy.

According to the previous pirate’s optimal decision, the incumbent’s contin-
uation profit as a function of his price xi is:

πci (xi) =

{
qixi(θ̄ − xi) if 0 ≤ xi ≤ xdi (g),

qixiDi(xi, x
BR
p (xi)) if xdi (g) < xi ≤ θ̄.

(9)

This shows that, in any SPE, the incumbent and pirate’s optimal strategies
depend intuitively on the government’s anti-piracy policy. If the policy is very
mild (g very low), the pirate will always enter the market and the incumbent
will choose a price by taking into account the pirate’s optimal reaction. We can
interpret this case saying that the government induces “accommodated piracy”
following a terminology similar to Bain’s (1956) taxonomy. Easy computations
show that the incumbent’s hedonic price in this regime is:11

xfi =
(r − 1)θ̄

2r − 1
. (10)

If the policy is very strong (g very high), the pirate will never enter, and the
incumbent will act as a pure monopolist. In this case, the government induces
“blockaded piracy”, and the incumbent’s price will be:12

xmi =
θ̄

2
. (11)

However, for an intermediate range of anti-piracy effort levels, the incumbent
will find optimal to avoid piracy by choosing the price xdi (g). In this case,
government induces “deterred piracy”.13 The next proposition summarizes the
optimal strategies. A sketch of proof is provided in the appendix and the full
proof is available upon request.

11As a superscript, f indicates that the pirate is the follower in this case.
12This regime of full monopoly is indicated with m as a superscript.
13As a superscript, d will indicate this regime.
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Proposition 1 In any SPE, the incumbent and pirate’s optimal strategies are
the following:

(a) The pirate will enter the market only if xi > xdi (g), where xdi (g) is defined
in (8), and choose the price according to (7).

(b) The incumbent will choose the price x∗i = xfi > xdi (g) if g < gd, where

gd =
θ̄2(r −

√
2r − 1)

8(r − 1)(2r − 1)
. (12)

(c) The incumbent will choose the price x∗i = xdi (g) if gd ≤ g ≤ gm, where

gm =


θ̄2(2−r)

4 if 1 < r ≤ 3/2,

θ̄2

16(r−1) if r ≥ 3/2.
(13)

(d) The incumbent will choose the price x∗i = xmi if gm ≤ g.

5 The optimal policy

In this section we will obtain the government’s optimal policy according to the
SPE of the game. Backwards induction leads us to consider the social welfare
for each one of the three possible regimes.

Consumer surplus is

CS =

∫ θo

θp

(θqp − pp)dθ +

∫ θ

θo

(θqi − pi)dθ. (14)

From the previous optimal strategies, easy calculations imply the following
values of the consumer surplus, the incumbent’s profit and the pirate’s revenue,
where f , d and m indicate, as superscripts, the three previous regimes under
which the values are calculated.

CSf = qiθ̄
2(4r2+r−1)
8(2r−1)2 , πfi = qiθ̄

2(r−1)
2(2r−1) , Ifp = qiθ̄

2(r−1)
4(2r−1)2 ,

CSd(g) =
qi(θ̄−xd

i (g))2

2 , πdi (g) = qix
d
i (g)[θ̄ − xdi (g)],

CSm = qiθ̄
2

8 , πmi = qiθ̄
2

4 .

(15)

Proposition 1 implies that, in any SPE, the government anticipates the fol-
lowing social welfare function at stage 1:

W (α,G) =

 CSf + πfi + (1− α+ αδ)Ifp − C(α) if 0 ≤ g < gd,
CSd(g) + πdi (g)− C(α) if gd ≤ g ≤ gm,
CSm + πmi − C(α) if gm ≤ g,

(16)

It depends on (α,G) and the parameters of the model taking into account the
compound variable g = αG

qi(1−α) .

The government will maximize (16) on (α,G) ∈ [0, 1] × [0, G]. Since mon-
itoring is costly, the lowest monitoring rate and the highest penalty will be
chosen depending on parameters. Now let us discuss where the maximum can
be attained. Figure 2 shows the regions where the piecewise function (16) is
defined. The level curve αG

qi(1−α) = g is also represented. Note that lower-laying

level curves correspond to lower g-values.
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Figure 2: Regions

First, since W (·, ·) decreases with α on the region given by 0 ≤ g < gd

(the lowest region in figure 2), the relative maxima have α = 0 on this region.

Second, taking into account that CSd(g)+πdi (g) = qi
2 [θ

2−xdi (g)2] decreases with
g (because xdi (g) increases with g), on the intermediate region (gd ≤ g ≤ gm),
the relative maximum must be (α,G) = (αd, G). Third, on the uppermost
region (gm ≤ g), the relative maximum is (α,G) = (αm, G) because W (·, ·)
decreases with α on this region. Therefore, the optimal policy must be reached

at some g = αG
qi(1−α) ∈ {0, g

d, gm}. This shows that the optimal monitoring rate

must be some α ∈ {αf , αd, αm}, where

αf = 0, αd =
qig

d

qigd +G
, αm =

qig
m

qigm +G
. (17)

Since 0 < gd < gm, we have αf < αd < αm < 1.
From (16) and (17), we deduce that the optimal policy corresponds to the

maximum of three values:

W f , W d − Cd, Wm − Cm, (18)

where Cd = C(αd) < Cm = C(αm), W f = CSf + πfi + Ifp , W d = CSd(gd) +

πdi (gd), and Wm = CSm + πmi . Easy calculations from (12) and (15) imply the
following relationship among the gross social welfare levels associated with the
regimes f , d and m:

Wm < W f < W d. (19)

Some known results holds in the present setting. From (17-19), we can
deduce that there are some parameter values for which monitoring is the optimal
outcome (the condition is Cd < W d −W f ). Moreover, for the quadratic cost
of monitoring C(α) = cα2, we can also see that a decrease in c increases that
possibility. However, the present model implies new conclusions. The first one
is stated in the following proposition (its proof is immediate):
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Proposition 2 Pure monopoly (i.e., blockaded piracy) never occurs in equilib-
rium.

The intuition is that the government prefers inducing deterred or accommodated
piracy because of the greater gross social welfare and the lower cost of monitoring
associated with these policies. To blockade piracy is too costly in terms of social
welfare.14

From (17-19), we can deduce the following qualitative result about the op-
timal policy:

Proposition 3 The optimal anti-piracy policy depends on the cost of monitor-
ing and the penalty:

(a) If the cost of monitoring is sufficiently low or the limit of the penalty is
sufficiently high (in that case Cd < W d−W f ), the government will induce
deterred piracy by choosing a positive monitoring rate.

(b) If the cost of monitoring is sufficiently high and the limit of the penalty is
sufficiently low (in that case Cd > W d−W f ), the government will induce
accommodated piracy by choosing no monitoring.

Although our model is very stylized, Proposition 3 reflects some known empir-
ical evidence. Focusing on the installation of pirated software and using the
broadest definition of piracy, Marron and Steel (2000) find that countries with
weak economic institutions have significantly higher piracy rates than do coun-
tries with strong institutions. In our opinion, low costs of monitoring and high
limits of the penalties could be associated with strong economic institutions.
Therefore, parts (a) and (b) of Proposition 3 would be associated with strong
and weak economic institutions respectively.

Let us conclude the present section with some comments on the lack of
hypotheses about the government’s budget.

Remark 1. Instead of a limit of the penalty, we could have assumed the
standard balanced budget assumption in which there is no limit but the gov-
ernment is constrained to balance the budget in expected terms, i.e., α and G
must satisfy αG ≡ C(α) [see, for instance, Banerjee (2003)]. The qualitative
conclusions of our model also hold under the balanced budget assumption be-
cause, under this assumption, the optimal monitoring rates would be deduced

from g = C(α)
qi(1−α) ∈ {0, g

d, gm}. In that case, the values of αf , αd and αm

could be others but the qualitative properties of our conclusions would remain
unchanged. In fact, under the balanced budget assumption, the monitoring rates
in (17) can be obtained from the linear cost function C(α) = αG.

Remark 2. Without a limit of the penalty and assuming a non negative
government’s net revenue (i.e., under the assumption αG ≥ C(α) ∀α), the
optimal policy does not exist because the maximum of the welfare function in
(16) does not exist. The reason is that, under those assumptions, we can easily
obtain feasible sequences of monitoring rates and penalty levels {(αk, Gk)}k,
with αk → 0 and Gk → +∞, such that limk

αkGk

qi(1−αk) ∈ {0, g
d, gm}. Therefore,

taking into account (19), the supremum of the social welfare function in (16) is
equal to W d, which cannot be attained at any feasible anti-piracy policy.

14This possibility may constitute an equilibrium in Banerjee (2003) because he considers a
weaker pirate in strategical terms (see Section 2).
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These two remarks suggest that, in models where the government is respon-
sible for monitoring and penalizing piracy, some hypotheses on feasible policies
must be assumed regarding the for-profit piracy. The balanced budget assump-
tion or a limit on the penalty can be viewed as two alternative and essentially
equivalent hypotheses to guarantee the existence of an optimal policy.15

6 The effects of qualities on the equilibrium

This section is devoted to study by comparative statics the effects of an increase
in the quality of the pirated product. In our model, this increase corresponds
to a decrease in the ratio r = qi/qp > 1 towards r = 1, keeping constant
qi. Before deducing some results, let us consider the properties of the three
relevant elements in our arguments: the differentiation degree, the incumbent’s
profit and the consumer surplus.

First, the effects of the differentiation degree depends on the initial quality
differential. Whenever the qualities are similar, an increase in qp makes the
product less differentiated. Therefore, the pirate’s revenue decreases, the gov-
ernment has to put less effort to deter piracy and the social cost of deterring
piracy (relative to accommodating it) falls. Whenever the qualities are very
distinct, an increase in qp increases the pirate’s revenue because the pirated
product is differentiated enough and its quality increases. In consequence, the
government has to put more effort and the social cost of deterring piracy in-
creases.

Second, the incumbent’s profit under deterred piracy equals the one under
accommodated piracy (i.e., πdi (gd) = πfi ). The reason is that, if the government
were going to induce deterred piracy, it would optimally choose the anti-piracy
policy with no extra rent for the incumbent. Therefore, competition explains
that the incumbent’s profits decrease from πmi to 0 when qp tends to qi.

Third, the consumer surplus increases up to qiθ
2
/2 (the competitive level)

when qp tends to qi, under both, accommodated and deterred piracy. In the
first case, it is due to the improvement in the qualities available to consumers,
but in the second case, the reason is that the incumbent’s price (induced by the
government) to deter piracy decreases.

A partial analysis of the effects of qp on piracy is provided by Banerjee (2003),
who considers the pirate’s demand as a measure of piracy. Assuming that the
SPE involves accommodated piracy, he finds that piracy increases when the
quality of pirated product increases. We can check this in our model, considering
that the SPE is reached at α = αf = 0. In that case, easy calculations show

that the pirate’s demand is Df
p = rθ

2(2r−1) , which is a decreasing function of

r. Nevertheless, this is a local conclusion. Taking into account the changes
in the optimal government’s decisions, the conclusion may be reversed. In the
appendix we prove the following proposition, which shows that deterred piracy
may be the SPE outcome if the quality of the pirated product is close to the
original one. Therefore, a non local increase in the quality of the pirated product
can imply a decrease in piracy.

15In a different setting, Kiema (2008) considers b = αG as a parameter to guarantee the
existence of a solution.
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Proposition 4 When C ′(0) < 2G (or under the balanced budget assumption),
the SPE implies deterred piracy if qp is sufficiently close to qi.

To explain the proposition, consider the gross social benefit of deterring
piracy compared with the social cost. On the one hand, since the incumbent’s
profits under deterred piracy and under accommodated piracy are identical,
the gross social benefit of deterring piracy is the consumer benefit of deterring
piracy minus the pirate’s revenue. In analytical terms, we have W d −W f =
∆(gd) − Ifp > 0, where ∆(gd) = CSd(gd) − CSf > 0 denotes the consumer
benefit of deterring piracy (relative to accommodating it), which is positive for
any qp < qi because deterred piracy implies better quality at lower price. On
the other hand, the social cost of deterring piracy is C(αd).

In general, the comparison between ∆(gd)− Ifp and C(αd) is ambiguous and
depends on the combination of the parameters. However we can obtain some
insights for some range of parameters.

Consider a low initial quality differential (i.e. the parametric region given
by the neighborhood of qp = qi). When qp tends to qi, the consumer benefit of
deterring piracy, the pirate’s revenue under accommodated piracy and the social
cost of deterring piracy decrease until 0. Therefore, the gross social benefit of
deterring piracy will be above the social cost if ∆(gd)− Ifp decreases faster than

C(αd) when qp tends to qi. Because −Ifp is increasing, when the initial quality
differential is low, the gross social benefit of deterring piracy can be above the
social cost only if the consumer benefit of deterring piracy is sufficiently decreas-
ing. Therefore, the crucial element to explain Proposition 4 is that the increase
in the consumer surplus implied by an increase in qp is stronger when piracy
is accommodated than when it is deterred, in order to make ∆(gd) decreasing
enough. This is true for any qp < qi because an increase in qp raises competition
when the pirate is present in the market. This effect dominates the decrease
in the pirate’s revenue when qualities are similar, and may dominate even the
corresponding decrease in the social cost (for instance, when the marginal cost
of monitoring is sufficiently low or when the feasible policies are constrained by
the balanced budget assumption).

Another point addressed in the literature is the effect of the quality of the
pirated product on the optimal monitoring rate that deters piracy.16 In our
model, we can wonder if αd increases or not when qp increases. We know that
this depends on gd. Therefore, the above arguments concerning gd imply that
the answer to our question depends on the initial quality differential and the size
of the quality change. Proposition 4 provides a case in which the optimal moni-
toring rate αd falls when qp increases. This happens whenever the initial quality
differential is low enough and the marginal cost of monitoring is sufficiently low
(or under the balanced budget assumption). The following proposition, whose
proof is in the appendix, presents a case in which the conclusion is the contrary
at least for local changes in qp.

16See for instance Banerjee (2003).
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Proposition 5 Suppose that the cost of monitoring is linear. Then, when qp
is sufficiently low relative to qi, the SPE implies deterred piracy.

Proposition 5 provides a case in which the optimal monitoring rate αd in-
creases if qp increases locally. This occurs whenever the initial quality differential
is high enough and the cost of monitoring is a linear function. Note that, even
in this case, if we allow for non local increases of qp, the optimal monitoring
rate can decrease if qp increases.

Let us conclude this section with a corollary that stresses the role of the
quality of the pirated product when the cost of monitoring is not a problem for
the government.

Corollary 1 Suppose that the marginal cost of monitoring is constant and lower
than 2G. Then, the SPE implies deterred piracy if the quality differential is
sufficiently low or sufficiently high. Otherwise, it implies accommodated entry.

7 Simultaneous decisions

In the previous sections we have assumed that the incumbent acts as a leader in
prices and, therefore, the firm must be able to commit to a price. The purpose of
this section is to show that this requirement is not important for the results. We
approach the issue from an extended game in which, at Stage 1, the government
announces the anti-piracy policy and, at the Stage 2, the incumbent decides
between to make or not to make a credible commitment to a price. In the first
case, the game continues as in the previous model (i.e., the incumbent acts as
a leader in prices). In the second case, the incumbent and the pirate make
simultaneous decisions. Note that the pirate decides on his price and also about
entry.

Taking into account the framework exposed in Section 3, we can compute
easily the incumbent’s best response function:

xBRi (xp) =


xp+θ(r−1)

2r if 0 ≤ xp ≤ (r−1)θ
2r−1 ,

xp if (r−1)θ
2r−1 ≤ xp ≤ θ/2,

θ/2 if θ/2 ≤ xp ≤ θ, or xp = +∞,

(20)

where xp = +∞ means that the pirate does not entry. The proof is available
upon request from the authors. Considering the pirate’s best response function
in (7), we can compute the unique pure strategy Nash equilibrium when the
pirate enters the market. The superscript s indicates “simultaneous choices”:

xsi = 2(r−1)θ
4r−1 , πsi = 4qir(r−1)θ

2

(4r−1)2

xsp = (r−1)θ
4r−1 , Isp = qi(r−1)θ

2

(4r−1)2 .
(21)

Now, the level of anti-piracy effort g = αG
qi(1−α) , for which the pirate is

indifferent between enter or not, is obtained by solving (1−α)Isp = αG, and we
find:

gs =
(r − 1)θ

2

(4r − 1)2
. (22)

Relative to the previous relevant values of g in Proposition 1, we can check that
gd < gs < gm holds.
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Before continuing the analysis, consider a more tractable extended game with
a two-stage entry process in which the pirate decides first on entry and then, in
the case of entry, the pirate chooses his price simultaneously with the incumbent
(so that the pirate’s entry decision before pricing is a credible commitment).17

In such a model, is it easy to show that the incumbent prefers not to make
a credible commitment to a price and to move simultaneously with the pirate
for any anti-piracy policy g ∈ (gs, gm). The reason is that the incumbent’s
continuation optimal profit is πdi (g) [in expression (15)] if he chooses to make a
credible commitment to a price, but otherwise it is πmi > πdi (g) because, in the
corresponding subgame with simultaneous decisions, the pirate will not enter.
For this kind of extended game, the conclusions obtained in previous sections
should be revised taking into account the new relevant anti-piracy level (22).

Nevertheless, we will not analyze that kind of extended games, and we will
assume a one-stage entry process in which entry and price are chosen simulta-
neously by the pirate. The reason is the consistency of the extended game: for
the subgames associated to credible commitments to prices by the incumbent,
we assume that the pirate’s decision on entry before pricing is not a credible
commitment. Therefore, in coherence with this, we also assume a one-stage
entry process for the other subgames.

To calculate the Nash equilibria of each subgame with simultaneous deci-
sions we assume that prices are deterministic (i.e., mixed strategies can only
appear if the pirate randomizes his choice on entry). This is a common assump-
tion in the literature when models have pure strategy equilibria in prices. In
the extended game that we consider, for each anti-piracy policy, there is only
one equilibrium with deterministic prices in the corresponding subgame with
simultaneous decisions whenever the quality differential is high enough. In the
appendix, we prove the following proposition that summarizes such equilibria.

Proposition 6 Assuming r ≥ 3/2, the unique Nash equilibria with determin-
istic prices, when decisions are simultaneous, are the following:

(a) If g ∈ [0, gs], the incumbent will choose the price x∗i = xsi and the pirate
will enter and choose the price x∗p = xsp with probability one.

(b) If g ∈ (gs, gm), the incumbent will choose the price x∗i = xdi = 2
√

(r − 1)g,

and the pirate will enter and choose the price x∗p =
√

(r − 1)g with prob-
ability β∗ and will not enter with probability 1− β∗, where

β∗ =
r − 1

3

[
θ√

(r − 1)g
− 4

]
. (23)

(c) If gm ≤ g, the incumbent will choose the price x∗i = xmi , and the pirate
will not enter with probability one.

Remark 3. The condition r ≥ 3/2 in Proposition 6 is tight. Whenever
1 < r < 3/2, there is no equilibrium with deterministic prices. For instance,
this can be checked for θ = 24 and r = 5/4. In this case, we have gs = 9
and gm = 108, but for g = 36 there is no equilibrium with deterministic prices.
This suggests that if the quality differential is low enough, the equilibria in a
subgame with simultaneous decisions may imply random prices.

17This kind of approach to model simultaneous moves is common in the literature of com-
mercial piracy.
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By comparing the incumbent’s continuation optimal profit when he makes
a credible commitment to a price (according to Proposition 1) with the corre-
sponding one if he moves simultaneously with the pirate (according to Proposi-
tion 6), we obtain the incumbent’s optimal choices in the subgame corresponding
to each anti-piracy policy g.

For policies g ∈ [0, gd), the incumbent will obtain πfi if he commits to a price,

whereas his profit will be πsi < πfi if he chooses simultaneously with the pirate.
So, in this case, the incumbent will prefer to make a credible commitment to a
price. When g ∈ [gd, gs], since xdi (g) < xfi , we can prove easily that πdi (g) > πsi
and, therefore, the incumbent will also prefer to commit to a price. Whenever
g ∈ (gs, gm), the incumbent will obtain the profit πdi (g) if he decides to make a
credible commitment to a price, but otherwise he will get β∗π̂i(g)+(1−β∗)πdi (g),
where π̂i(g) is the incumbent’s profit when he chooses the price xdi (g) and the
pirate enters. Since πdi (g) > π̂i(g), for these policies the incumbent also prefers
to commit to a price. Finally, for policies g ∈ [gm, +∞), the incumbent is
indifferent because entry is blockaded by the government independently of the
incumbent’s strategy. In consequence, we have the following result:

Proposition 7 For the extended game with r ≥ 3/2, in any SPE with deter-
ministic prices:

(a) The incumbent makes a credible commitment to a price and the incumbent
and the pirate’s optimal strategies are given in Proposition (1).

(b) Pure monopoly (i.e., blockaded piracy) never occurs in equilibrium, and
the anti-piracy policy depends on the cost of monitoring and the penalty
according to Proposition (3).

The intuition comes from two arguments. First, the optimal profits in a
leader-follower setting are higher than in a framework with simultaneous choices
of prices. Second, even if the incumbent deters piracy when he makes a credible
commitment to a price, his profit is higher because the lack of commitment of
the pirate’s decision on entry.

8 Conclusions

In this paper we analyze the strategic decisions of the government, the incum-
bent and the pirate in a market where the good is piratable. In the model,
after the government’s anti-piracy policy is made public, the incumbent and the
pirate compete in prices. Product is differentiated according to quality and con-
sumers have different valuations of quality and buy at most one product. The
government chooses the anti-piracy policy that maximizes the social welfare.
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In the first part of our analysis we assume that the incumbent moves first
and chooses the price of the original product (becoming a leader in prices)
and then, taking into account such price, the pirate decides whether to enter
or not with a lower-quality version of the product. Our analysis implies new
conclusions with respect to previous studies of commercial piracy. First, we
show that the incumbent can deter the pirate from entry in equilibrium as a
consequence of the government’s policy. Second, we prove that pure monopoly
(i.e., blockaded piracy) cannot occur in equilibrium for any anti-piracy policy.
Third, we show that the standard property that an increase in the quality of
pirated product increases piracy is a local conclusion: when the initial quality
differential is low enough, an increase in the quality of pirated product may
deter piracy if we consider the whole subgame perfect equilibrium. Forth, we
show that the effects of an increase in the quality of the pirated product on
the optimal monitoring rate which deters piracy depend on the initial quality
differential. If it is low enough, an increase in the quality of the pirated product
may decrease the optimal monitoring rate. Nevertheless, if it is high enough,
a local increase in the quality of the pirated product may increase the optimal
monitoring rate, but a non-local increase may decrease it.

In the second part of our analysis we consider an extended game in which the
incumbent decides between to make a credible commitment to a price (becoming
a leader in prices) or to choose simultaneously with the pirate. Considering a
two-stage entry process, as in the standard way, we show that there are anti-
piracy policies for which the incumbent prefers to move simultaneously with
the pirate. However, when we consider, in a more coherent fashion, a one-stage
entry process (i.e., the pirate cannot commit to entry before pricing), we show
that the incumbent prefers to make a credible commitment to a price whenever
the quality differential is high enough. Therefore, under such circumstance,
many of our previous conclusions are also valid for the extended game.

9 Appendix

Sketch of proof of Proposition 1. To maximize (9), we must obtain
first the possible local maxima restricted to the intervals I1 = [0, xdi (g)] and
I2 = [xdi (g), θ̄]. The local maxima depends on parameters through the parabolas
φ1(xi) = qixi(θ̄− xi) and φ2(xi) = qixi(θ̄− 2r−1

2(r−1)xi). The first parabola is the

full monopoly profit function, which is maximized at xi = xmi , and the second
one is is the incumbent’s profit function when the pirate enters the market and
reacts optimally, which is maximized at xi = xfi with φ2(xfi ) = πfi (see (11),
(10) and (15) for the specific values). Note that the parabola φ1 is always above
the parabola φ2 on [0, θ̄].

From the properties of (7) and (8), the maximization of πci (·) in (9) leads us
to compare

π1i =

{
φ1(xdi (g)) if 0 ≤ g ≤ gm,
φ1(xm) if gm ≤ g,

(24)

with
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π2i =



φ2(xfi ) if 0 ≤ g ≤ (r−1)θ̄2

4(2r−1)2 ,

φ2(xdi (g)) if (r−1)θ̄2

4(2r−1)2 ≤ g ≤
(r−1)θ̄2

(2r−1)2 ,

0 if (r−1)θ̄2

(2r−1)2 ≤ g ≤
θ̄2

4r ,

−∞ if θ̄2

4r < g.

(25)

Since xdi (g
m) = θ̄/2, the situation of gm, relative to the points (r−1)θ̄2

4(2r−1)2 ,
(r−1)θ̄2

(2r−1)2 and θ̄2

4r , can be easily obtained. From (8), we deduce the expression

(13) for gm, and the inequalities (r−1)θ̄2

4(2r−1)2 ≤ gm ≤ θ̄2

4r . Moreover, we have
(r−1)θ̄2

(2r−1)2 ≶ gm if and only if r ≶ 3/2.

The rest of our proof compares π1i with π2i, by separating the arguments
into several cases, corresponding to different intervals for the values of g. A
special price is x0

i = θ̄(1 − (2r − 1)−1/2)/2 < xfi such that φ1(x0
i ) = πfi and

the corresponding gd in (12) verifying xdi (g
d) = x0

i . We find finally the cases
specified in Proposition 1.

Proof of Proposition 4. Taking into account the profit and surplus levels
in (15) and the gross welfare levels defined in (18), and the value of gd in
(12), we can compute the gross social benefit of deterring piracy relative to
accommodating piracy, which is a function of r:

ϕ(r) = W d −W f =
qiθ

2

8

[
3− 5r

(2r − 1)2
+

2√
2r − 1

]
.

The social cost of deterring piracy is, on the other hand, the function:

Ψ(r) = C(αd),

where αd is defined in (17) and, under the balanced budget assumption, it is
defined as C(αd) = gdqi(1− αd), according to Remark 1.

It is easy to show that, when r → 1+, we have gd → 0, αd → 0, ϕ → 0,
and Ψ → 0. Therefore, to compare social benefits with social costs in the

neighborhood of r = 1, we compare ϕ′(1) with Ψ′(1). We have ϕ′(1) = qiθ
2
/8,

and Ψ′(1) = [C ′(αd)∂α
d

∂gd
∂gd

∂r ]r→1+ = C ′(0) qi
G
θ
2

16 . Therefore, C ′(0) < 2G implies

Ψ′(1) < ϕ′(1), and the inequality C(αd) < W d−W f holds when r is close to 1.

For the balanced budget assumption, we have that Ψ′(1) = limr→1+
Ψ(r)−Ψ(1)

r−1 =

limr→1+ qi(1 − αd)[∂g
d

∂r ] = qiθ
2
/16. In this case, Ψ′(1) < ϕ′(1) holds without

additional conditions.
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Proof of Proposition 5. Assume that the cost of monitoring is C(α) = cα.
Consider the functions ϕ(r) and Ψ(r) defined in Proposition 4. From (12) and
(17), we can obtain easily:

Ψ(r) =
cqiθ

2
(r −

√
2r − 1)

qiθ
2
(r −

√
2r − 1) + 8(r − 1)(2r − 1)G

.

To compare ϕ(r) with Ψ(r), consider the transformation r = (z2 + 1)/2 which
is one to one for z > 1. We have ϕ(r) ≶ Ψ(r) if and only if

(1− 5z2 + 4z3)[qiθ
2
(z − 1) + 8Gz2(1 + z] ≶ 16c(z − 1)z4.

If z is high enough the left hand side in previous expression is greater than the
right hand side, and this is equivalent to say that ϕ(r) > Ψ(r) if r is high enough.
In consequence, we conclude W d −W f > C(αd) whenever qp is sufficiently low
relative to qi.

Sketch of proof of Proposition 6. The curves of the best response functions
in (7) and (20) intersects just once at xi = xsi and xp = xsp in (21). Now,

with simultaneous decisions, there is an anti-piracy effort level gs ∈ (gd, gm)
under which, the pirate is indifferent between enter or not. However, the price
xdi (g) in (8) is the minimal incumbent’s price against that the pirate obtains
non negative profits, and the price xmi in (11) is the monopoly price. So, the
equilibrium properties will depend on the relative positions of these prices. We
divide the proof into several cases. Let x∗i and x∗p be the incumbent and the
pirate’s prices in a hypothetical Nash equilibrium.

When g ∈ [0, gs], we find that the incumbent’s price x∗i = xsi and the
pirate’s strategy of entering and pricing x∗p = xsp constitute a Nash equilibrium,
which is the unique one with deterministic prices. The uniqueness is shown
by considering πei (xi, x

∗
p;β), the expected incumbent’s profit function when the

pirate enters with some probability β ∈ (0, 1) and prices x∗p. If there was

an equilibrium (x∗i , x
∗
p, β), we would have x∗i = xdi (g) and x∗p = xBRp (x∗i ) and

β ≥ β∗. The properties of β∗ in (23) would lead us to the contradiction β ≥ 1.
When g ∈ (gs, gm) and with deterministic prices, we find that the pirate

must randomize on entry in equilibrium. We can deduce that the incumbent
will try to deter entry by pricing xd(g) in (8), but the pirate will enter with
probability β∗ in (23) and price x∗p = xdi (g)/2. On the one hand, the expected

incumbent’s profit function πei (xi, x
∗
p;β) must be maximized at xi = xdi (g), and

this implies β = β∗. On the other hand, we can show that xi = xdi (g) is the
unique maximum of πei (·, x∗p;β∗).

For the rest of cases, we find that in the unique equilibrium with deter-
ministic prices the pirate does not enter and the incumbent prices x∗i = xmi .
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