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This paper investigates how alternative damage rules in patent infringement cases shape
competition when intellectual property rights are probabilistic. More specifically, I develop
a simple model of oligopolistic competition to compare two main liability doctrines that have
been used in the U.S. to assess infringement damages – the unjust enrichment rule and the
lost profit rule. I show that the lost profit rule provides more protection to the patent holder
than the unjust enrichment rule if the patent holder and infringer are equally efficient. When
the lost profits from the infringement cannot be proved, the court accepts a ‘‘reasonable roy-
alty rate’’ that would have been negotiated in a hypothetical bargaining situation as an alter-
native measure of damage. However, I point out that the concept of ‘‘reasonable’’ royalty
rates lacks logical consistency when intellectual property rights are probabilistic.
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This paper investigates how different damage rules in
patent infringement cases shape competition when
intellectual property rights (IPR) are probabilistic. Most of
the literature on patent protection assumes ironclad
patents and no uncertainty regarding patent claims.1 The
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implicitly assume no uncertainty. However, patents can be
challenged in the court, and there is a substantial
amount of uncertainty when patents are litigated. According
to Allison and Lemley (1998), for instance, approximately
46% of all litigated patents are found to be invalid. To
reflect this reality, I develop a simple model of oligopolistic
competition that incorporates the probabilistic nature of
patents.

Patent infringement damages are intended to protect
intellectual property rights and compensate for the pecu-
niary loss that the patent holder has suffered from the
infringement. In the US, there are two main liability
doctrines that have been used to assess infringement
damages. The ‘‘unjust enrichment’’ (UE) rule aims at
deterring theft of intellectual property right by punishing
the infringer who is required to disgorge all the profits
from the infringement. As an example, suppose that
the infringer had a profit of 10 as a result of patent
infringement. The infringer is then required to pay back

mailto:choijay@msu.edu
http://www.msu.edu/~choijay/
http://www.sciencedirect.com/science/journal/01676245
http://www.elsevier.com/locate/iep


146 J.P. Choi / Information Economics and Policy 21 (2009) 145–157
its ill-gotten profit of 10 when it is found to have in-
fringed the patent. This doctrine was mainly used in
the assessment of damages up until the 1946 Amend-
ment of Patent Act. Since then US courts have shifted to-
wards the ‘‘lost profit’’ (LP) doctrine that is compensatory
in nature. It intends to make the patentee ‘‘whole’’ by
enforcing the defendant to make up for the difference
between the patentee’s pecuniary condition that would
have been without infringement and the one after the
infringement.2 As an example, suppose that the patent
holder’s monopoly profit is 25. If the patent holder has
earned a profit of 10 as a result of infringement, the
infringing firm has to pay 15 (=25 � 10) to the patent
holder if it is found to have infringed the patent.

Considering the recent explosion in patent litigation
and increasingly important role of intellectual property
rights as a competitive strategy, it is important to under-
stand the impact of different damage rules on market com-
petition.3 Even thought there are a long standing interest
and extensive discussions on patent damage rules in the
law literature, formal and rigorous economics analyzes on
this issue are virtually non-existent with the exceptions of
Schankerman and Scotchmer (2001) and Anton and Yao
(2007).

I develop a simple model of oligopolistic competition to
compare two main liability doctrines that have been used
in the U.S. to assess infringement damages – the unjust
enrichment rule and the lost profit rule. More specifically,
I consider a duopolistic competition with a patent holder of
product innovation/drastic process innovation and a
potential infringer. Until recently, the existing literature
on innovation typically assumed ironclad patents that are
assumed to be valid with certainty and a well-defined
scope of protection. In reality, however, most patents is-
sued face a significant amount of uncertainty in terms of
their commercial value, validity, and scope of protection.
I thus develop a model that explicitly accounts for the
uncertain nature of patents.4 In fact, in my basic model,
which assumes product innovation and equal production
cost, either there is no infringement or the market outcome
stays essentially the same as if there were no infringement
with ironclad patents under the damage rules analyzed be-
low.5 Both the patent holder and potential infringer are
aware of the probabilistic nature of patents and compete
in the shadow of litigation in that the amount of damages
to be paid in the case of infringement depend on the strate-
gies taken in the market place. The set-up of the model re-
2 Currently in the US, economic damages in patent infringement
litigation are based on Title 35, Section 284 of U.S. Code, which mandates
that damages be adequate to compensate for the infringement, but no less
than a reasonable royalty rate for the use of the subject patented invention.

3 See Bessen and Meurer (2005), Blair and Cotter (1998), and Pincus
(1991).

4 See Lemley and Shapiro (2005) for an excellent discussion of proba-
bilistic patents. They discuss implications of patent litigation uncertainty
and potential reforms of the current patent system in the US. However, they
do not analyze and compare the effects of different damage rules on market
competition.

5 As explained below, there are multiple equilibria with ironclad patents.
However, all equilibria generate the same payoffs for the patent holder and
the potential imitator, and the total market output is the same across all
equilibria.
flects the fact that a significant number of infringements
can go undetected for more than a nominal period of time
and the resolution of disputes entails significant delays in
the court system.6

Often the courts seem to conclude that all these ap-
proaches yield more or less the same estimate or similar
effects, if implemented correctly. The aim of this paper is
to analyze how these different damage rules affect compe-
tition in different ways and to understand what factors
drive the differences. In particular, I show that the lost
profit rule provides more protection to the patent holder
than the unjust enrichment rule if the patent holder and
infringer are equally efficient. The intuition for this result
is as follows. In the UE regime, the patent holder partially
internalizes the effect of its output decision on the poten-
tial infringer’s profit, since the patent holder receives the
infringer’s profits with probability a when it prevails in
patent litigation. This internalization incentive induces
the patent holder to contract its output, shifting its reac-
tion curve inward. In response, the imitator increases its
output in my model with strategic substitutes. As a result,
before any damage payments, the patent holder has a lower
profit while the imitator has a higher profit compared to
the Cournot equilibrium in the absence of IPR. In the LP re-
gime, the role is reversed. Since the imitator has to com-
pensate the patent holder for any profit reduction from
the monopoly level when it is found to have infringed
the patent, the imitator is the one that internalizes the
effect of its output decision on the patent holder’s profit.
As a result, the imitator contracts its output and the patent
holder responds by expanding its output in the LP regime.
Thus, in the event that the imitator is not found to have in-
fringed the patent and there is no damage payment, the
patent holder has a higher profit under the LP regime. In
the other event where the imitator is found to have in-
fringed the patent, the patent holder’s profit is restored
to the monopoly level under the LP regime. In contrast,
the patent holder’s profit after damage payment is the joint
duopoly profits under the UE. Since the sum of infringe-
ment duopoly profits cannot be higher than the monopoly
profit under our setting, the LP regime yields a higher pay-
off for the patent holder when the infringer is found to be
liable. Thus, the LP regime provides more protection be-
cause the patent holder receives a higher payoff regardless
of the litigation outcomes under the LP regime.

When the lost profits from the infringement cannot be
proved, the court accepts a ‘‘reasonable royalty rate’’ that
would have been negotiated in a hypothetical bargaining
situation as an alternative measure of damage. However,
I point out the logical inconsistency in the concept of ‘‘rea-
sonable royalty rates’’ when intellectual property rights are
not ironclad. The main intuition for this result is that the
6 See Crampes and Langinier (2002) for a model in which the patent
holder invests in monitoring to supervise the market and detect infringe-
ment. For product innovation, the delay in detection is less reasonable.
However, patent litigation is a lengthy process. According to Cook (2007),
the average duration of a patent case was over 700 days in the early 1970s.
It has decreased over time, but still is about 400 days as of 2000. If detection
is immediate, competition before damage judgment in my model thus can
be considered as taking place during the litigation process.
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hypothetical ex ante negotiation is supposed to take place
before uncertainty about the validity of the patent is re-
solved, whereas the damage liability consideration is rele-
vant only in the ex post case where the patent is found to
be valid and there is no uncertainty about the validity.
However, the equivalence between these two is exactly
what the ‘‘reasonable’’ royalty rate doctrine implicitly re-
quires, an impossible requirement with probabilistic pat-
ent rights. This suggests a need to modify the strict
application of the rule in order to reflect the reality of ex
ante probabilistic patent rights but ex post certain rights.7

As discussed later, one way to rationalize the rule would
be to adopt a more flexible approach to the notion of hypo-
thetical negotiation by allowing the use of relevant ‘‘post-
negotiation’’ information in setting the reasonable royalty
rate.

The main model of Schankerman and Scotchmer (2001)
considers a vertical relationship in which a patent on re-
search tools is licensed to a potential infringer who can de-
velop a commercial product. Their model can be applied to
a setting in which the patent holder does not have any
manufacturing capacity and relies on other firms for mar-
keting the product that incorporates the patent. An exam-
ple would be upstart biotech firms that license their
patents to large pharmaceutical firms. However, they ana-
lyze ironclad patents and show that the lost profit/reason-
able royalty rate damage rule suffers from a multiplicity of
equilibria due to the circularity of logic inherent in the con-
cept. In contrast, I consider a probabilistic patent and the
non-existence of a ‘‘reasonable’’ royalty rate that is consis-
tent with the logic.8

This paper is very closely related to Anton and Yao
(2007) who independently developed an equilibrium oli-
gopoly model of patent infringement in which they ana-
lyze the impact of patent infringement damages on
market competition. They consider a non-drastic process
innovation and provide an in-depth analysis of the lost
profit measure of damages. In contrast, I analyze a product
(or drastic process) innovation and the focus of my paper is
on the comparison of different damage rules.9 For instance,
I derive conditions under which one rule dominates the
other in terms of social welfare. In addition, my analysis
has implications for the welfare analysis of the effects of par-
tial ownership of competitors’ assets in an industry. The dif-
ference in the nature of innovation – product or non-drastic
process innovation – across these two papers turns out to be
important. The non-drastic process innovation implicitly as-
sumes the availability of substitute technologies. In particu-
lar, it allows a ‘‘passive’’ form of infringement under the lost
profit rule, in which the imitator infringes and produces at a
lower cost, but at the output level that would have been pro-
duced without infringement. This type of infringement can
7 Here the definitions of ex ante and ex post are made with reference to
the court decision on the validity of patents in dispute.

8 Schankerman and Scotchmer (2001) also consider a model in which the
patent holder is able to develop the commercial product herself and
infringement can lead to a race between the patent holder and a potential
infringer. However, competition takes place in the R&D stage and there is
no competition in the product market.

9 Even though Anton and Yao (2007) also analyze alternative damage
rules, they are of secondary importance.
lead to no lost profits for the patent holder and complicates
their analysis. However, such infringement strategy is ruled
out under product innovation or drastic process innovation.
In sum, my paper and Anton and Yao (2007) focus on differ-
ent types of innovation and different aspects of damage
rules.

Henry and Turner (unpublished manuscript) recently
developed a model of patent damages in which they inves-
tigate a similar set of issues addressed in this paper. In par-
ticular, they compare three regimes of patent damage in a
model of product innovation: ‘‘lost profits’’, ‘‘reasonable
royalty’’ and ‘‘unjust enrichment.’’ They show that the lost
profits regime yields better incentives to innovate than the
unjust enrichment regime, which is consistent with my pa-
per. They also point out that the concept of ‘‘reasonable
royalty’’ based on a ‘‘hypothetical negotiation’’ is funda-
mentally flawed due to a multiplicity of royalty rates that
satisfy the criterion.10 The main difference between my pa-
per and Henry and Turner (unpublished manuscript) is that I
consider a model of product competition in which infringe-
ment dissipates joint industry profit whereas they consider a
model of product differentiation in which infringement can
increase industry profit due to location economies. In other
words, my model considers a situation in which there would
be no licensing absent the threat of infringement. In con-
trast, the patent holder in the model of Henry and Turner
has an incentive to license its technology to another firm
to offer differentiated products.11 My model is therefore
more appropriate for market competition with more or
less substitute goods whereas the model of Henry and
Turner can be applicable in a situation where the two firms
offer differentiated or unrelated products and can thus ex-
pand the market coverage. Viewed this way, my paper
complements both Anton and Yao (2007) and Henry and
Turner (unpublished manuscript), and taken together
these three papers provide a more complete picture of
the impact of damage rules on competition.

In a different vein, Ayres and Klemperer (1999) argue in
favor of denying immediate injunctive relief and substitut-
ing delayed probabilistic determination with monetary
damages. They show that delay and uncertainty restrict
patentees’ market power and induce limited infringement
without substantially undermining patentees’ incentives
to innovate. In addition, any shortfall in the patentees’
profits due to limited infringement can be compensated
by lengthening the length of the patent. Their argument
is based on the logic of the envelope theorem and the
and Scotchmer (2001). It does not arise from the circularity of the logic.
Rather, it seems to arise from an artifact of the Hotelling model that
assumes a fixed market size.
11 Reitzig et al. (unpublished manuscript) are another paper that analyzes
the effect of different damage rules on competition and innovation
incentives. They consider a Cournot duopoly model with capacity con-
straints. Depending on the levels of constraint each firm is facing, monopoly
profits can be smaller or larger than total profits under Cournot duopoly.
However, as in Schankerman and Scotchmer (2001), they consider ironclad
patents and do not investigate the implications of probabilistic intellectual
property rights.
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‘‘Ramsey intuition.’’12 In this paper, I do not address the rel-
ative merits of delayed damage rules with uncertainty vis-à-
vis injunctive relief. Instead, I take the uncertainty associ-
ated with the current damage system and substantial delay
until the resolution of dispute as given, and compare the ef-
fects of different damage rules on interim competition.

The remainder of the paper is organized in the following
way. In Section 2, I set-up the basic model of competition
with probabilistic patents under various rules of damages.
I also extend and check the robustness of the basic model
by considering the possibility of asymmetric cost structure
between the patent holder and the infringer. Section 3 con-
ducts a welfare analysis in which different damage rules
are compared. Section 4 considers endogenous enforce-
ment decisions and the possibility of pre-commitment
not to enforce IPR. Section 5 analyzes the reasonable roy-
alty rate rule and points out the logical inconsistency of
the doctrine with uncertain patents. Section 6 allows ex
ante licensing and analyzes how different damage rules af-
fect the terms of ex ante licensing contracting. Concluding
remarks follow in Section 7.

2. The model

I consider a situation called ‘‘two-supplier world,’’ in
which a patent holder (firm 1) and a potential competitor/
infringer (firm 2) are the two-suppliers of the patented
product. Alternatively, I can consider a situation of drastic
process innovation in which the potential rival cannot
compete without infringing the patent. These two firms
compete in the Cournot fashion with both firms simulta-
neously choosing quantities as a strategic variable. They
produce a homogenous product and have the same con-
stant marginal cost of c.13 The market demand curve is
given by P(.), and the corresponding monopoly quantity
and profit are denoted by qM and pM, respectively. Let
p1(q1,q2) and p2(q1,q2) be the profit level for the patent
holder and the infringer, respectively, when they produce
q1 and q2 before any ruling on damages. As standard in the
literature, we assume that the strategic variables q1 and q2

are strategic substitutes, that is, o2piðq1 ;q2Þ
oqioqj

< 0.
The significance of the assumption of homogenous

product with the same constant marginal cost is that I ana-
lyze a situation in which entry by another firm only dissi-
pates industry profit. As a result, there is no reason for the
patent holder to voluntarily license its technology to other
firms with an ironclad patent. In contrast, Schankerman
and Scotchmer (2001) and Henry and Turner (unpub-
lished manuscript) consider cases where licensing can be
an instrument to increase the industry profit. In the main
model of Schankerman and Scotchmer, the relationship be-
tween the patent holder and the licensee is complemen-
12 Ramsey pricing suggests that the optimal tax structure that minimizes
the deadweight loss for generating a given amount of revenue tends to tax
as many goods as possible to create small distortions in broad markets.
Allowing a monopoly power through the patent system is similar to
imposing a tax. If each year is viewed as separate product markets, this
suggests that the patent length should be infinite with the scope of patent
appropriately adjusted to generate the same discounted value of monopoly
profit.

13 Implications of unequal marginal costs are explored in Subsection 2.4.
tary; without licensing, the technology cannot be
commercialized since the licensor does not have produc-
tion capability. Henry and Turner consider a Hotelling-type
spatial competition model in which the patent holder and
the licensee produce differentiated products. As a result,
licensing allows more products to be available for consum-
ers and the industry profit under duopoly can be higher
than the monopoly profit. In a similar vein, with a convex
cost function, there can be a role for licensing because the
industry profit can be increased by spreading out the same
output level across more firms.14 By assuming a homoge-
nous product and constant marginal cost, I eliminate incen-
tives for licensing. That is, pM P p1(q1,q2) + p2(q1,q2) for any
combination of (q1,q2).

Without any intellectual property right involved, each
firm i maximizes pi(q1,q2) with the following first order
conditions:

opiðq1; q2Þ
oqi

¼ 0; for i ¼ 1;2; ð1Þ

which implicitly defines each firm’s reaction function
qi = Ri (qj), where i = 1,2 and i – j. In the absence of IPR
(intellectual property rights), the Nash equilibrium outputs
ðq�1; q�2Þ are at the intersection of these two reaction func-
tions. We assume that the Nash equilibrium is well-
defined, unique, and interior with q1* > 0 and q�2 > 0.

Now I introduce intellectual property rights in the mod-
el. Firm 1 has a patent for a product innovation. Firm 2 can
produce the good either with license or by infringing the
patent. We first analyze how market competition plays
out assuming that firm 2 decides to infringe the patent.
After the competition the court decides if firm 2 has in-
fringed the patent. We assume that the IPR is uncertain
in the sense that the infringement is found with probabil-
ity a, which is assumed to be common knowledge between
the patent holder and potential infringer.15 There are many
reasons for this uncertainty. For instance, the patent may be
declared invalid by the courts. According to U.S. patent law,
the issuance of a patent does no more than confer a patent
right that is ‘‘presumed’’ valid (35 U.S.C.A. Sec. 282). The fi-
nal responsibility for validating or invalidating the patent re-
sides with the courts. In addition, the ‘‘doctrine of
equivalents’’ entitles the patented invention to cover a cer-
tain range of equivalents. However, the exact boundary of
the equivalents is impossible to draw. The matter of
infringement can be reasonably assumed to be decided case
by case. Finally, for process innovations, infringement may
not be detected. In such a case, the probability of detection
may be also reflected in the parameter a.16 Once the
infringement is found, the court requires the infringer to
compensate the patent holder for his transgression. I con-
sider two damage rules, the unjust enrichment and the lost
profit, and investigate how they affect market competition.
14 See Schankerman and Scotchmer (2005) for an analysis of this case.
15 See Lemley and Shapiro (2005).
16 We assume that the patent holder always enforces its IPR when there is

detection. However, if we endogenize the enforcement decision, the
parameter a can also reflect the patent holder’s enforcement decision.
See Section 4 for more on this.



18 As a ? 1, the infringer’s output approaches the monopoly output and
the patent holder’s output approaches zero. When a = 1, there are multiple
equilibria since any choice by firm 2 is optimal and its payoff is identically
zero, and firm 1 simply adjusts its output to maintain the aggregate output
at the monopoly level. However, the most reasonable equilibrium seems to
be the one with (qM, 0), which is the limit of ½qUE�

1 ðaÞ; qUE�
2 ðaÞ� as a ? 1. See

more discussion on this in Subsection 2.2.
19 In actual patent infringement cases, lost profits are considered an

appropriate measure of patent infringement damages if the following four
conditions can be established: (1) demands for the subject of intellectual
property exist, (2) acceptable noninfringing alternatives do not exist, (3)
the plaintiff have the capacity to manufacture and market the infringing
products, and (4) economic damages can be quantified with reasonable
probability. These four conditions are called the Panduit test. The set-up in
my model satisfies all these conditions.

20 My formulation of the LP rule follows Anton and Yao (2007) and more
or less reflects how the rule is implemented in practice, in that the court
usually determines damages on the patentee’s hypothetical monopoly
profit in the absence of infringement. In contrast, Schankerman and
Scotchmer (2001, 2005) take an ‘‘equilibrium’’ profits approach in which

J.P. Choi / Information Economics and Policy 21 (2009) 145–157 149
2.1. Competition with uncertain patents under the unjust
enrichment rule

In this subsection, I analyze how the patent holder (firm
1) and the potential infringer (firm 2) compete in the prod-
uct market under the ‘‘unjust enrichment’’ (UE) damage
rule. According to the UE rule, the patent holder is entitled
to recover profits earned by the infringer. Since the proba-
bility that the patent is deemed to be valid and the
infringement is found is a, the patent holder solves the fol-
lowing problem:

Maxq1
PUE

1 ðaÞ ¼ p1ðq1; q2Þ þ ap2ðq1; q2Þ ð2Þ

The first order condition for firm 1’s optimal output q1 is
given by

oPUE
1 ðaÞ
oq1

¼ op1ðq1; q2Þ
oq1

þ a
op2ðq1; q2Þ

oq1
¼ 0; ð3Þ

which implicitly defines firm 1’s reaction function
q1 ¼ RUE

1 ðq2; aÞ.
The potential infringer solves the following problem.

Maxq2
PUE

2 ¼ ð1� aÞp2ðq1; q2Þ ð4Þ

Notice that the potential infringer’s profit under the UE
rule is a scaled down version of the profit in the absence
of any intellectual property rights. Thus, given q1, the opti-
mal choice for firm 2 is the same as in the normal Cournot
competition. More precisely, the first order condition for
firm 2’s optimal output q2 is given by

op2ðq1; q2Þ
oq2

¼ 0; ð5Þ

which implicitly defines firm 2’s reaction function
q2 ¼ RUE

2 ðq1Þ ¼ R2ðq1Þ. The Nash equilibrium quantities
½qUE�

1 ðaÞ; qUE�
2 ðaÞ� are at the intersection of these two reac-

tion functions. We assume that the Nash equilibrium is un-
ique and satisfies the stability condition.17

Lemma 1. dqUE�
1 ðaÞ
da < 0 and dqUE�

2 ðaÞ
da > 0.

Proof. See the Appendix. h

Lemma 1 reveals an interesting strategic effect under the
UE rule. As the strength of the patent (parameterized by
a) increases and it becomes more likely that the patent will
be upheld in the court, the infringer competes more
aggressively whereas the patent holder plays the role of
an accommodator. The intuition is that the patent holder
receives firm 2’s profit when the patent is held valid. As a
result, firm 1 behaves as if it had partial ownership (a
share) of firm 2. Firm 1 internalizes the effects of its output
on firm 2’s profit and behaves less aggressively compared
to the standard Cournot competition. This effect is repre-
sented by an inward shift of firm 1’s reaction function with
17 It turns out that the condition for unique and stable equilibrium in this
case is somewhat more stringent than the one for the standard Cournot
model. However, it can be shown that this condition is satisfied with a
linear demand function with constant marginal costs.
RUE
1 ðq2;aÞ < R1ðq2Þ. In response, firm 2 behaves more

aggressively with strategic substitutes.18

2.2. Competition with uncertain patents under the lost profit
damage rule

I now analyze how the patent holder (firm 1) and the
potential infringer (firm 2) compete under the alternative
rule of ‘‘lost profit’’ (LP). Under this rule, the patent holder
is entitled to recover lost profits due to infringement.19 Let
pM be the monopoly profit that the patent holder would
have received in the absence of any entry. Then, the patent
holder solves the following problem under the LP rule20:

Maxq1
PLP

1 ðaÞ ¼ p1ðq1; q2Þ þ a pM � p1ðq1; q2Þ
� �

¼ ð1� aÞp1ðq1; q2Þ þ apM ð6Þ

The first order condition for firm 1’s optimal output q1 is
given by

op1ðq1; q2Þ
oq1

¼ 0; ð7Þ

which implicitly defines firm 1’s reaction function
q1 ¼ RLP

1 ðq2Þ ¼ R1ðq2Þ.
The potential infringer solves the following problem.

Maxq2
PLP

2 ¼ p2ðq1; q2Þ � a pM � p1ðq1; q2Þ
� �

ð8Þ

The first order condition for firm 2’s optimal output q2 is
given by

op2ðq1; q2Þ
oq2

þ a
op1ðq1; q2Þ

oq2
¼ 0; ð9Þ

which implicitly defines firm 2’s reaction function
q2 ¼ RLP

2 ðq1;aÞ. Thus, the strategic incentives facing the
imitator in the LP regime is isomorphic to those facing a
firm that has partial ownership of a in the rival firm. As a
lost profit includes lost revenue plus lost royalties that would have been
negotiated as a hypothetical benchmark outcome. In my model with rent
dissipation, there is no incentive to license and thus no lost royalties when
patent protection is perfect, even if the benchmark of Schankerman and
Scotchmer were to be adopted. With uncertain patent protection,
Schankerman and Scotchmer’s approach is susceptible to the problem that
damages might depend on ex ante beliefs about the validity of the patent at
issue. See also Henry and Turner (unpublished manuscript) for a discussion
on the choice of appropriate benchmarks.



150 J.P. Choi / Information Economics and Policy 21 (2009) 145–157
result, the market outcome in the LP regime is a mirror im-
age of the one in the UE regime with the roles of the firms
reversed.

The Nash equilibrium royalty rates ½qLP�
1 ðaÞ; qLP�

2 ðaÞ� are
at the intersection of these two reaction functions.

Lemma 2. dqLP�
1 ðaÞ
da > 0 and dqLP�

2 ðaÞ
da < 0 for all a < 1.

Proof. It can be proved by proceeding in a similar way as
in the Proof of Lemma 1. h

Corollary. Let (q�1; q
�
2Þ be the unique Nash equilibrium of

the game in the absence of IPR. Then, we have
qUE�

1 ðaÞ < q�1 < qLP�
1 ðaÞ and qLP�

2 ðaÞ < q�2 < qUE�
2 ðaÞ for all

a 2 (0, 1).

Proof. The absence of IPR corresponds to the case of a = 0,
that is, q�i ¼ qLP�

i ð0Þ ¼ qUE�
i ð0Þ; i ¼ 1;2. The corollary follows

immediately from Lemmas 1 and 2. h

The analysis above was carried out by assuming an inte-
rior solution; that is, the potential imitator infringes on the
patent and enters the market. In the LP regime, however, I
have to consider the possibility that there may be no
infringement, with the potential imitator staying out of
the market, if the probability that the patent will be upheld
in the court, a, is high enough. The reason is that patent
infringement entails rent dissipation in the model I con-
sider. For instance, the model of horizontal competition
in Schankerman and Scotchmer (2005) shows that dam-
ages under the LP rule deter infringement when infringe-
ment of a patent dissipates profit relative to the licensing
agreement.

In my model, however, I show that infringement indeed
takes place in equilibrium as long as a < 1.21 To see this, I
first point out that there are multiple equilibria in the LP re-
gime when a = 1 and patent protection is perfect. In addi-
tion, PLP�

2 ða ¼ 1Þ ¼ 0 in all equilibria. More specifically,
when a = 1, Eqs. (6) and (8) become PLP

1 ¼ pM and
PLP

2 ¼ ½p1ðq1; q2Þ þ p2ðq1; q2Þ� � pM if infringement takes
place. This implies that firm 2 chooses its output to maxi-
mize the aggregate industry profit. Therefore, firm 2’s best
response is given by

RLP
2 q1;a ¼ 1ð Þ ¼ maxðqM � q1;0Þ; ð10Þ

where qM denotes the monopoly quantity that maximizes
the industry profit. In contrast, firm 1’s best response is
given by

RLP
1 ðq2;a ¼ 1Þ ¼

any q1; if q2 > 0
qM; if q2 ¼ 0

�
ð11Þ
21 In Schankerman and Scotchmer (2005), infringement is deterred when
a is sufficiently high but less than 1. They consider an example (Example 1,
pp. 5–6) that has a similar structure with the model in this paper, but with
a convex cost function. In that example, they do not formally prove
infringement is deterred when a is sufficiently high, but seem to be relying
on a continuity argument by showing that infringement is deterred when
a = 1. However, the second case in their proof does not arise in my model
with constant marginal costs because the allocation of a given output level
across firms does not affect the aggregate industry profit.
Taken together, Eqs. (10) and (11) imply that any (q1,q2)
combination such that q1 + q2 = qM constitutes an equilib-
rium with a = 1, including the one in which the potential
infringer stays out of the market (q2 = 0) and the patent
holder maintains monopoly (q1 = qM). In addition, we have
PLP�

1 ða ¼ 1Þ ¼ pM and PLP�

2 ða ¼ 1Þ ¼ 0 in all equilibria.
Next, I show that for all a < 1, there is patent infringement
in the LP regime with q2 > 0. To see this, I evaluate the first
order condition (9) for firm 2 at (qM, 0). Notice that
op2ðqM ;0Þ

oq2
þ op1ðqM ;0Þ

oq2
¼ 0 by the definition of qM. Since

op1ðq1 ;q2Þ
oq2

< 0 for all q1 > 0, it should be true that op2ðqM ;0Þ
oq2

> 0
for the first order condition above to be satisfied. Thus, I
can conclude that op2ðqM ;0Þ

oq2
þ a op1ðqM ;0Þ

oq2
> 0 for any a < 1. This

in turn implies that infringement cannot be deterred when
a < 1.22

I can also show that the infringer’s profit is decreasing
in a. To see this, let PLP�

2 ðaÞ be the equilibrium expected
payoff of firm 2 when it enters the market in the LP regime
and the strength of the patent is given by a:

PLP�

2 ðaÞ ¼ p2 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� �

� a pM � p1 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� �� �

ð12Þ

The effect of an increased patent strength on the infringer’s
profit can be derived as

dPLP�

2 ðaÞ
da

¼ � pM � p1ðqLP�
1 ðaÞ; qLP�

2 ðaÞÞ
� �
þ op2

oq1

dqLP�

1 ðaÞ
da

þ op2

oq2

dqLP�

2 ðaÞ
da

þ a
op1

oq1

dqLP�

1 ðaÞ
da

þ op1

oq2

dqLP�

2 ðaÞ
da

" #
ð13Þ

Notice that the second line of Eq. (13) is identically zero by
the envelope theorem (see Eqs. (7) and (9)). Thus, we have

dPLP�

2 ðaÞ
da

¼ � pM � p1 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� �� �

þ op2

oq1

dqLP�

1 ðaÞ
da

< 0

ð14Þ

by Lemma 2.
The potential imitator’s infringement decision in the LP

regime can be summarized by the following lemma.

Lemma 3. In the LP regime, the potential imitator infringes
on the patent and enters the market if a < 1.23 When patent
protection is perfect (a = 1), there are multiple equilibria with
any (q1,q2)combination such that q1 + q2 = qM being equilib-
rium. However, the one in which infringement is deterred, i.e.,
½qLP�

1 ð1Þ; qLP�
2 ð1Þ� ¼ ðqM ;0Þ, is the most reasonable one in that it

is the limit of a sequence of equilibrium as a approaches 1.
22 By the continuity argument, qLP�
2 ðaÞapproaches 0 as a goes to 1. This

also implies that the most reasonable equilibrium when a = 1 is the one in
which firm 2 stays out of the market and infringement is deterred.

23 If there were a positive fixed cost for firm 2, there would be a unique
value of a* 2 (0,1) such that infringement takes place if and only if a < a*,
provided that entry takes place without any patent protection. The
consideration of this possibility, however, does not change any important
qualitative results of this paper.
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Example 1. Assume a linear market demand of p = A � Q,
where Q = q1 + q2 and A > c. Then, it can be easily verified
that for any a < 1 we have qLP�

1 ðaÞ ¼ A�c
3�a, qLP�

2 ðaÞ ¼
ð1�aÞðA�cÞ

3�a > 0.

As mentioned earlier, one issue that arises in the litera-
ture on patent damage rules is whether the potential
imitator infringes in the lost profit regime. For instance,
Anton and Yao (2007) find that the imitator always chooses
to infringe in equilibrium whereas Schankerman and
Scotchmer (2001) show that the imitator never infringes
(off the equilibrium path in the absence of licensing) when
their model is adapted to account for horizontal competi-
tion. The imitator always infringes in the model of
Anton and Yao because they consider a non-drastic process
innovation and the availability of substitute technologies.
As a result, the imitator always has the option to engage
in ‘‘passive’’ infringement in which the imitator is not liable
under the LP regime by infringing and producing at a lower
cost, but at the output level that would have been produced
without infringement, thus leaving the patent holder’s
profit intact despite the infringement.

Commenting on this difference, Anton and Yao specu-
late that Schankerman and Scotchmer’s result requires
the assumption that ‘‘joint infringement profits (before
damage payments) under competition are less than the
no infringement profits of the innovator and the imitator’’
and seem to suggest that the inability to engage in ‘‘passive
infringement’’ is responsible for the Schankerman and
Scotchmer’s no infringement result.24 However, my model
shows that infringement takes place even in the case of rent
dissipation with active infringement that reduces the patent
holder’s profit. My analysis suggests that key components
for the infringement result are probabilistic patent rights
and the imitator’s strategic latitude in choosing a quantity
that limits its liability in the event of court judgment against
it.25 In contrast, Schankerman and Scotchmer’s model con-
siders an ironclad patent and does not allow ‘‘infinitesimal’’
infringement; the infringement decision is discrete with the
profits of each firm being treated as parameters.

2.3. Comparison of the UE and LP rules

Lemma 4. p1ðqUE�
1 ðaÞ;qUE�

2 ðaÞÞ<p1ðq�1;q�2Þ< p1ðqLP�
1 ðaÞ;qLP�

2
ðaÞÞ and p2ðqLP�

1 ðaÞ;qLP�
2 ðaÞÞ<p2ðq�1;q�2Þ<p2ðqUE�

1 ðaÞ;qUE�
2

ðaÞÞ for all a 2 (0, 1].26

Proof. See the Appendix. h

The intuition for Lemma 4 is as follows. In the UE re-
gime, firm 1 partially internalizes the effect of its output
decision on firm 2’s profit, since the patent holder receives
24 See footnote 19 in Anton and Yao (2007).
25 Notice that in my model, the infringement is always active whereas

Anton and Yao (2007) rely on passive infringement to derive their
infringement result.

26 Note that p1ðqUE�
1 ðaÞ; qUE�

2 ðaÞÞ represents operating profits before pay-
ment damages under the UE rule. Lemma 4 does not necessarily imply that
the patent holder would prefer to commit not to enforce IPR under the UE
rule. To address the issue of endogenous enforcement decisions, we need to
compare PUE

1 ðaÞ with p1ðq�1; q�2Þ, which is the Cournot profit without IPR
(i.e., a = 0). See Section 4 for more details.
firm 2’s profits with probability a when it prevails in pat-
ent litigation. This internalization incentive induces firm
1 to contract its output, shifting its reaction curve inward.
In response, firm 2 increases its output with strategic sub-
stitutes. As a result, before any damage payment, firm 1 has
a lower profit while firm 2 has a higher profit compared to
the Cournot equilibrium. In the LP regime, the role is re-
versed. Since firm 2 has to compensate to firm 1 for any
loss from the monopoly profit when it is found to infringe
the patent, firm 2 is the one that internalizes the effect of
its output decision on firm 1’s profit. As a result, firm 2 con-
tracts its output and firm 1 responds by expanding its
output.

Proposition 1. When both firms are equally efficient with
the same constant marginal costs, we have PUE

1 < PLP
1 and

PUE
2 > PLP

2 , that is, the lost profit damage rule protects the
patent holder better than the unjust enrichment rule, whereas
the potential infringer prefers the unjust enrichment rule to
the lost profit rule.

Proof. See the Appendix. h

The intuition for the result that the LP regime provides
the patent holder with more protection than the UE regime
is as follows. There are two possible outcomes from patent
litigation. If the patent is deemed invalid, there will be no
damage payment. In such a case, Lemma 4 tells us that the
patent holder’s profit is higher under the LP regime. If the
patent is deemed valid and the infringer is liable, the pat-
ent holder’s profit is restored to the monopoly level under
the LP, whereas the patent holder’s profit is the sum of
infringement duopoly profits under the UE. Since the
sum of infringement duopoly profits cannot be higher than
the monopoly profit under our setting, the LP regime yields
a higher payoff for the patent holder when the infringer is
found to be liable. Thus, we can conclude that the LP re-
gime provides more protection because the patent holder
comes out ahead in both scenarios under the LP regime.

Corollary. The LP rule provides more R&D incentives than the
UE rule.

I have not specified how the innovation takes place. I
can consider two alternative scenarios. In the non-tourna-
ment case in which only one firm can invest in R&D, the
innovation incentives depend on the patentee’s expected
profit. In the tournament case in which the two firms en-
gage in an R&D race to be the first firm to innovate, the
R&D incentives typically depend on the difference between
the patentee’s and potential entrant’s profits.27 In both sce-
narios, the incentives to innovate are higher under the LP
rule.

2.4. Unique efficiencies

The result that the lost profit damage rule provides bet-
ter protection for the patent holder in Subsection 2.3
hinges crucially on the assumption that the two firms are
equally efficient and produce a homogenous product. If
27 See Reinganum (1989) for a survey of R&D models.



152 J.P. Choi / Information Economics and Policy 21 (2009) 145–157
the potential imitator is much superior in its production
cost or produces a sufficiently differentiated product there-
by expanding the market demand, the patent holder may
prefer the lost profit damage rule.

To see this possibility with sufficiently differentiated
products, consider an extreme case in which the product
produced by the imitator creates a new market and its
introduction does not affect the profit of the patent holder.
In this case, there will be no lost profit for the patent holder
and the imitator is not liable for any damage. In contrast,
under the unjust enrichment damage rule, the patent
holder would be able to recover the profit of the imitator
with probability a.

The same is true if the imitator is much superior in pro-
duction efficiency vis-à-vis the patent holder. More specif-
ically, consider a situation in which both firms produce a
homogeneous product with a linear market demand of
p = A � Q, where Q = q1 + q2. Their respective constant mar-
ginal costs are given by c1 and c2 for firm 1 and firm 2. If
they compete in the Cournot fashion, it can be easily veri-
fied that the following holds:

qLP�
1 ðaÞ ¼

A�2c1þ c2

3�a
; qLP�

2 ðaÞ ¼
ð1�aÞA�2c2þð1þaÞc1

3�a

qUE�
1 ðaÞ ¼

ð1�aÞA�2c1 þð1þaÞc2

3�a
; qUE�

2 ðaÞ ¼
A�2c2þ c1

3�a

The patent holder’s equilibrium profits under each regime
are given by

PLP
1 ¼ a

A� c1

2

� �2

þ ð1� aÞ A� 2c1 þ c2

3� a

� �2

PUE
1 ¼

ð1� aÞA� 2c1 þ ð1þ aÞc2

3� a

	 
2

þ a
A� 2c2 þ c1

3� a

� �2

Let d = c1 � c2 P 0 denote the efficiency advantage of the
imitator and normalize c2 = 0, which implies that c1 = d. It
can be easily verified that PLP

1 ðaÞ �PUE
1 ðaÞ < 0 if d P A/2.

In addition, we know that PLP
1 ðaÞ �PUE

1 ðaÞ > 0 if d = 0 by
Proposition 1. A straightforward calculation shows that
o½PLP

1 ðaÞ�PUE
1 ðaÞ�

od < 0, which implies that there is a unique
d* 2 (0, A/2) such that PLP

1 ðaÞ �PUE
1 ðaÞP 0 if and only if

d 6 d*.
This result is consistent with Schankerman and

Scotchmer (2001) who show that the unjust enrichment
doctrine does a better job of protecting the patent holder
in a vertical relationship between the patent holder and
the potential imitator in which only the latter has the
capability to develop a commercially marketable prod-
uct.28 The case considered in the Schankerman and
Scotchmer is formally equivalent to the case of d P A
(>d*) in my setup.
28 Schankerman and Scotchmer’s (2001) result holds if infringement
would not be deterred under the unjust enrichment rule in their model.
They need this additional condition since they consider a certain patent
with a = 1, and thus the potential infringer is indifferent between
infringement and non-infringement in their setup. With a probabilistic
patent, the potential imitator always has incentives to infringe under the
unjust enrichment rule.
3. Welfare analysis

In the previous section, I investigated how the patent
holder and the potential imitator behave in the output
market under the damage rules of ‘‘lost profit’’ and ‘‘unjust
enrichment’’ and compared their profits under the respec-
tive regimes. In this section, I analyze welfare implications
of the two regimes.

I define social welfare as the sum of consumer surplus
and producer surplus. Let Q LP ¼ qLP�

1 ðaÞ þ qLP�
2 ðaÞ and

QUE ¼ qUE�
1 ðaÞ þ qUE�

2 ðaÞ be the aggregate market output un-
der the LP and UE regimes, respectively. Then

SWi ¼
Z Qi

0
PðxÞdx� PðQiÞQi

" #
þ ½Pi

1 þPi
2�

¼
Z Qi

0
PðxÞdx� c1qi�

1 ðaÞ � c2qi�

2 ðaÞ;

where i = LP or UE.

3.1. Equal efficiencies between the patent holder and the
potential imitator

Suppose that the two firms have the same production
cost of c1 = c2 = c. Notice that with the symmetric cost
structure, RLP

1 ð�;aÞ ¼ R1ð�Þ ¼ R2ð�Þ ¼ RUE
2 ð�;aÞ and RUE

1 ð�;aÞ ¼
RLP

2 ð�;aÞ, that is, the reaction function of the patent holder
under LP is identical to that of the potential imitator under
UE and the reaction function of the patent holder under UE
is identical to that of the potential imitator under LP. As a
result, we have qLP�

1 ðaÞ ¼ qUE�
2 ðaÞ and qLP�

2 ðaÞ ¼ qUE�
1 ðaÞ. In

other words, only the roles of the firms are reversed across
the two regimes. As a result, the total outputs in both re-
gimes are identical, i.e., Q LP ¼ qLP�

1 ðaÞ þ qLP�
2 ðaÞ ¼ qUE�

1 ðaÞþ
qUE�

2 ðaÞ ¼ Q UE.

Proposition 2. Ex post innovation, the two damage rules
yield the same social surplus.

So far, I have not focused on development incentives
and have taken the innovation as given. Since the two
damage rules provide the same social surplus with equal
efficiencies between the patent holder and potential imita-
tor, I can conclude that LP is superior to UE if the develop-
ment incentives are taken into account.

3.2. Unique efficiencies

I now investigate welfare implications in the event of
cost asymmetry between the patent holder and the poten-
tial imitator. With cost asymmetry, there are two compli-
cations. First, the total output need not be identical
across the two regimes. In addition, even if the aggregate
outputs are the same, the distribution of the market shares
affects the total production costs.

It is difficult to have any analytical results on the com-
parison of the total outputs and welfare across the regimes
in the general set-up. By making assumptions about the
specific form of the market demand curve, one can make
quantitative assessments of the aggregate outputs across
the regimes. I thus consider a linear demand curve to
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address the welfare question. Assume p = A � Q, where
Q = q1 + q2 as in Subsection 2.4. Then,

Q LP ¼ qLP�
1 ðaÞ þ qLP�

2 ðaÞ ¼
ð2� aÞA� ð1� aÞc1 � c2

3� a

QUE ¼ qUE�
1 ðaÞ þ qUE�

2 ðaÞ ¼
ð2� aÞA� c1 � ð1� aÞc2

3� a
The following result immediately follows:

Lemma 5. QLP ¼ qLP�
1 ðaÞ þ qLP�

2 ðaÞ > QUE ¼ qUE�
1 ðaÞ þ qUE�

2 ðaÞ
if and only if c1 > c2.

As a result, with a linear demand curve, the market
price under the LP regime is lower than that under the
UE regime if the paten holder has a higher production cost
than the potential imitator. However, this does not imply
that the welfare under the LP regime is higher than that
under the UE regime when c1 > c2. The reason is that the
patent holder produces a disproportionately larger share
than the potential imitator under the LP regime, which is
relatively inefficient when the patent holder has a higher
production cost. Indeed, as the next Proposition demon-
strates, with a linear demand curve the inefficiency in pro-
duction outweighs allocative efficiency of the LP regime
vis-à-vis the UE regime when c1 > c2.

Proposition 3. With a linear demand, social welfare is higher
in the LP (UE) regime if c1 < (>)c2.

Proof. See the Appendix. h

The result in Proposition 3 also has implications for
welfare analysis of the effects of partial ownership of com-
petitors’ assets in an industry.29 It suggests that if firms are
asymmetric in their efficiencies and sizes, it would be better
for social welfare for a small and inefficient firm to have par-
tial ownership of a large and efficient firm rather than the
other way around, as usually is the case. The reason is that
the small firm will restrict its output after acquiring partial
ownership and the large firm will expand its output in re-
sponse with industry output being shifted toward the firm
with lower marginal costs.30

4. Endogenous enforcement decisions

So far, I have assumed that the patent holder always en-
forces its IPR whenever there is infringement. Even though
this is an optimal strategy ex post infringement, we cannot
rule out the possibility that the patent holder may ex ante
prefer to commit not to enforce IPR if such a commitment
mechanism is available. For instance, it can license its pat-
ent for free.

To explore this possibility, I analyze how the patent
holder’s profit changes in a under each regime. Let me de-
29 For an analysis of the competitive effects of partial equity interests in
an oligopolistic industry, see Reynolds and Snapp (1986), Farrell and
Shapiro (1990), Kwoka (1992), and Reitman (1994).

30 Farrell and Shapiro (1990) make a similar observation. The most
literature on partial ownership assumes symmetric firms and emphasizes
the potential for collusion that such ownership entails. In contrast, Farrell
and Shapiro show that welfare may well rise as ownership becomes more
concentrated with a small firm buys part of a bigger firm, due to more
efficient output distributions between heterogeneous firms.
fine PLP�

1 ðaÞ and PUE�

1 ðaÞ as the equilibrium expected pay-
offs of firm 1 with enforcement in the LP and UE regimes,
respectively, when the strength of the patent is given by a

PLP�

1 ðaÞ ¼ ð1� aÞp1 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� �

þ apM

PUE�

1 ðaÞ ¼ p1 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� �

þ ap2 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� �

In the Appendix, I show that dPLP�
1 ðaÞ
da > 0. As a result, I can

derive the following proposition.

Proposition 4. Under the LP rule, the patent holder’s profit is
unambiguously increasing in a. This implies that enforcement
is both ex ante and ex post optimal for the patent holder, and
there is no reason for the patent holder not to enforce its IPR
even if we endogenize the enforcement decision.

Now let me investigate the effect of an increase in a on
the patent holder’s profit under the UE rule.

dPUE�

1 ðaÞ
da

¼ p2 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� ��

þ op1

oq1
þ a

op2

oq1

	 

dqUE�

1 ðaÞ
da

þ op1

oq2
þ a

op2

oq2

	 

dqUE�

2 ðaÞ
da

ð15Þ

Notice that op1
oq1
þ a op2

oq1
¼ 0 and op2

oq2
¼ 0 by the envelope theo-

rem (see Eqs. (3) and (5)). Thus, we have

dPUE�

1 ðaÞ
da

¼ p2 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Direct Effect �

þ op1

oq2

dqUE�

2 ðaÞ
da|fflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflffl}

Indirect Strategic Effect �

ð16Þ

The total effect of an increased patent strength on the pat-
ent holder’s profit consists of two components. The direct
effect is positive and the indirect strategic effect is negative
by Lemma 2. The sign of the total effect depends on the rel-
ative magnitude of these two countervailing effects. There-
fore, we cannot rule out the possibility that the patent
holder’s profit is decreasing in a under the UE regime. To
see this possibility, consider a linear demand case with
equal efficiency across the patent holder and the infringer.
We can easily derive

PUE�

1 ðaÞ ¼
ð1� aÞðA� cÞ

3� a

	 
2

þ a
A� c
3� a

� �2

It can be easily verified that PUE�

1 ðaÞ is decreasing in a for
a 2 [0, 1/5) and increasing in a for a 2 (1/5, 1]. Moreover,
PUE�

1 ð0Þ > PUE�

1 ðaÞ for a 2 (0, 3/8). Therefore, the patent
holder would prefer to commit not to enforce its IPR if such
a mechanism is available under the UE rule.

Proposition 5. Under the UE rule, the effect of a on the
patent holder’s profit depends on the relative magnitude of
the positive direct effect and the negative strategic effect. In
the linear demand case with equal efficiency, the patent
holder prefers not to enforce its IPR if such a commitment
mechanism is available for a 2 (0, 3/8).

5. How reasonable is the ‘‘reasonable’’ royalty rate?

When the lost profits or actual damages from the
infringement cannot be proved or deemed to be too
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speculative, the court accepts a ‘‘reasonable’’ royalty rate
as an alternative measure of damage.31 Georgia–Pacific Corp.
v. United States Plywood Corp. established 15 factors that can
be considered in determining the reasonable royalty rate.32

Not surprisingly, in actual patent cases licensing experts
on the plaintiff side tend to identify the factors that lead
to high royalty rates while the infringer side points towards
the factors that lead to low royalty rate. As a result, this doc-
trine has proved difficult to implement in a consistent and
predictable manner (Conley, 1987). However, the essence
of the rule is considered as a ‘‘hypothetical license’’ approach
that defines the reasonable royalty rate as ‘‘[t]he amount
that a licensor (such as the patentee) and a licensee (such
as the infringer) would have agreed upon (at the time of
the infringement began) if both had been reasonably and
voluntarily trying to reach an agreement.’’

In considering the counterfactual scenario to calculate
what the infringer should and would have paid with a hypo-
thetical negotiation between the infringer and patent
holder, it should be recognized that the negotiation between
them takes place in the shadow of litigation and the damage
rule in case of infringement. More precisely, let ~re be the
‘‘reasonable’’ royalty rate that is expected to be paid by the
infringer without licensing. This expected royalty rate sets
the expected payoffs of each party in the absence of licens-
ing, which serves as the threat point in the bargaining. The
potential infringer will choose its output to solve:

Maxq2
PRR

2 ðaÞ ¼ p2ðq1; q2Þ � a~req2

¼ ½Pðq1; q2Þ � c2�q2 � a~req2

¼ ½Pðq1; q2Þ � ðc2 þ a~reÞ�q2

Thus, firm 2 behaves as if its marginal cost were ðc2 þ a~reÞ.
Let p�i ðc1; c2Þ be the standard Cournot equilibrium profit for
firm i when firm 1’s and 2’s costs are given by c1 and c2,
respectively. Then, firm 2’s expected payoff from infringe-
ment under the reasonable royalty rate regime is given by
p�2ðc1; c2 þ a~reÞ. This payoff serves as a reference point in
the bargaining between the patent holder and the poten-
tial infringer. For simplicity and concreteness, let me as-
sume that the negotiation takes place in the form of a
take-it-or-leave-it offer by the patent holder.33 Then, the
royalty rate in a hypothetical negotiation will be set to
maximize:

MaxrP
RR
1 ðaÞ ¼ p�1ðc1; c2 þ rÞ þ rq2ðc1; c2 þ rÞ

subject to
p�2ðc1; c2 þ rÞP p�2ðc1; c2 þ a~reÞ

Notice that dPRR
1 ðaÞ
dr ¼ op�1ðc1 ;c2þrÞ

oc2
þ q2ðc1; c2 þ rÞ þ r oq2ðc1 ;c2þrÞ

oc2
.

Notice that op�1ðc1 ;c2þrÞ
oc2

¼ P0 oq2ðc1 ;c2þrÞ
oc2

q1ðc1; c2 þ rÞ by the enve-

lope theorem and the first order condition for firm 1’s prof-
31 More precisely, the law specifies that any award cannot be lower than
the reasonable royalty rate.

32 Georgia–Pacific Corp. v. United States Plywood Corp., 318 F. Supp. 1116
(S.D.N.Y. 1970), modified, 446 F.2d 295 (2d Cir. 1970), cert. denied, 404 U.S.
870 (1971).

33 Allowing a more balanced bargaining power between the patent holder
and the potential infringer as in the generalized Nash bargaining solution
does not change any qualitative results.
it maximization. Thus, we have dPRR
1 ðaÞ
dr ¼

�ðP � c � rÞ oq2ðc1 ;c2þrÞ
oc2

þ q2ðc1; c2 þ rÞ > 0. This implies that

the constraint will be binding. Let the solution to the above
problem be ~r. Then, it is clear that ~r ¼ a~re. The ‘‘reasonable’’
royalty rate requires that ~re ¼ ~r, which implies that ~r ¼ a~r.
This condition can be satisfied only when a = 1, that is, pat-
ent protection is perfect and there is no uncertainty about
the validity of the patent. In fact, when a = 1, we have a
continuum of ‘‘reasonable’’ royalty rates that are consistent
with the logic. However, if the patent is probabilistic with
a 2 (0, 1), the concept of a ‘‘reasonable’’ royalty rate that
presumes a hypothetical negotiation is flawed since there
is no ‘‘reasonable’’ royalty rate that is consistent with the
logic.

Proposition 6. When the patent is probabilistic, there is no
‘‘reasonable’’ royalty rate that is consistent with the logic.
When the patent is ironclad (a = 1), the concept suffers from
an opposite problem, that is, a multiplicity of reasonable
royalty rates.

Schankerman and Scotchmer (2001) also recognize the
circularity and self-referential nature of equilibrium in
the logic of this doctrine.34 In their model, they consider
ironclad patents in which intellectual property rights are en-
forced with certainty. In such a framework, they show that
licensee fees and prospective damages are equal and self-
enforcing. Due to this bootstrapping nature of equilibrium,
there is a continuum of reasonable royalty rates that are
consistent with the logic. However, when there is uncer-
tainty about the validity of patents, I point out that a more
serious and opposite problem arises, that is, there is no rea-
sonable royalty rate that is consistent with the logic.

The inconsistency of the logic in the case of uncertain
patents is not difficult to understand. The hypothetical ex
ante negotiation is supposed to take place under uncer-
tainty about the validity of the patent (i.e. a 2 (0,1)),
whereas the damage liability consideration is relevant only
in the ex post case that the patent is found to be valid
(a = 1).35 As the value of a winning lottery ticket cannot
be equal to the value of a lottery ticket before the drawing,
the value of the patent that is certified to be valid in the
court cannot be equal to the value of the patent with
uncertain validity. However, the equivalence between
these two is exactly what the ‘‘reasonable’’ royalty rate
doctrine implicitly requires. As a result, the infringer
essentially plays the game of ‘‘Heads-I-Win, Tails-I-am-
Even’’ under the reasonable royalty regime, and there is
34 To emphasize the circularity of the logic, they avoid using the term
‘‘reasonable royalty’’ and instead refer to ‘‘lost royalty.’’

35 In reality, the standard court practice seems to stipulate that in the
hypothetical bargain, the licensee and licensor ‘‘assume that the patent is
valid and would be infringed but for the license’’ (Northlake v. Glaverbel, 72
F. Supp. 2d 893 (ND Ill. 1999)). Applied to our setting, this precedent
demands that a = 1 in the hypothetical negotiation. In such a case, there is a
multiplicity of reasonable royalty rates as shown in Proposition 4.
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no royalty rate acceptable to the infringer at the ex ante
stage.36

The discussion above illustrates the importance of
both the exact point in time at which the so-called hypo-
thetical negotiation is assumed to have taken place and
the available information at that time. The complication
in the application of the reasonable royalty concept arises
because of new pieces of information revealed in the pro-
cess of patent litigation.37 Under the legal precedent of
Georgia–Pacific Corp. v. United States Plywood Corp., the
hypothetical negotiation is supposed to have occurred be-
tween a willing licensor and licensee prior to the infringe-
ment. In addition, Riles v. Shell Exploration and Prod. Co.
specifies that a reasonable royalty determination should
not be an ‘‘after-the-fact assessment,’’ but rather based on
the information available at the time the infringement oc-
curred.38 However, my analysis indicates that such a strict
application of the reasonable royalty rate damage calcula-
tion that prohibits the use of any subsequently revealed
information is inconsistent with probabilistic patents, and
suggests a more flexible approach to the hypothetical nego-
tiation to rationalize the reasonable royalty rate damage. In
this sense, recent legal decisions that show more willing-
ness to use relevant ‘‘post-negotiation’’ information in set-
ting the reasonable royalty rate may provide an escape
route from the logical inconsistency inherent in the con-
cept of the ‘‘reasonable royalty rate’’.39 For instance, Harris
Corporation v. Ericsson Inc. allows ‘‘reliance on events sub-
sequent to a first hypothetical negotiation’’. Even though
the recent decisions that depart from the long standing
precedent of Georgia–Pacific are mostly concerned with
the use of subsequently available information about the
relevant market conditions, such as sales figures and com-
parable royalty rates, the flexible approach needs to be ex-
tended to information concerning the validity of the
contested patents to make sense of the ‘‘reasonable royalty
rate’’.
6. Ex ante licensing contract

In Section 2, I analyzed how the lost profit and unjust
enrichment rules affect market competition between the
patent holder and the infringer. In this section, I allow
ex ante licensing and analyze how different damage rules
affect the terms of ex ante licensing contracting with fric-
tionless bargaining. In this case, the equilibrium profits un-
36 The 6th Circuit decision in Panduit Corp. V. Stahlin Bros. Fibre Works, Inc.
(1978) also echoes a similar concern on the use of standard royalties as
indemnification by stating that ‘‘the infringer would be in a ‘heads-I-win,
tails-you-lose’ position’’ (see 179 USPQ 726). In my analysis, I only consider
royalty contracts that specify a fixed rate per unit output, as is administered
in courts. However, the basic principle of inconsistency applies to all types
of licensing contracts with probabilistic patents.

37 See Choi (1998) for the information-revealing role of patent litigation.
38 298 F.3d 1302, 1313 (Fed. Cir. 2002). See also ‘‘Calculation of

Reasonable Royalty for Patent Infringement’’ in Quinn Emanuel Business
Litigation Report, March 2006.

39 See Honeywell International, Inc. v. Hamilton Sundstrand Corp., 378 F.
Supp. 2d 459, 464 (D. Del. 2005), Applera Corp. v. MJ Research Inc., Slip Copy,
2005 WL 2073243 (D. Conn. Aug. 26, 2005), and Harris Corporation v.
Ericsson Inc., 417 F. 3d 1241 (Fed. Cir. 2005).
der respective damage rules serve as the threat points in
the bargaining game between the patent holder and the
potential infringer as in the analysis of Schankerman and
Scotchmer (2001).

One major departure from Schankerman and Scotchmer
in my approach to licensing is that they consider a vertical
relationship in which licensing is necessary to commercial-
ize a product and would take place even in the absence of
infringement threat. As a result, they argue that the rele-
vant reference point in the calculation of damages should
include foregone license revenues. In contrast, I consider
a situation in which there is no role for licensing without
any threat of infringement and thus no lost royalty in-
come: the only role of licensing in my model is to elimi-
nate the potential imitator’s incentive to infringe.

As in the previous section, let me assume that the
negotiation takes place in the form of a take-it-or-leave-
it offer by the patent holder.40 The royalty rate in a hypo-
thetical negotiation will be set to maximize:

Maxr;FP
L
1ðaÞ ¼ p�1ðc1; c2 þ rÞ þ rq2ðc1; c2 þ rÞ þ F

subject to

p�2ðc1; c2 þ rÞ � F P PK
2 ðaÞ; K ¼ UE; LP

It is clear that the incentive constraint holds with equality
with F ¼ p�2ðc1; c2 þ rÞ �PK

2 ðaÞ. Thus, we can rewrite the
problem as

MaxrP
L
1ðaÞ ¼ p�1ðc1; c2 þ rÞ þ p�2ðc1; c2 þ rÞ þ rq2ðc1; c2 þ rÞ

�PK
2 ðaÞ

Lemma 6. Let �r be the lowest r such that q2(c1,c2 + r) = 0, that
is, the minimum royalty rate that induces exit by firm 2. Then,
PL

1ðaÞ ¼ p�1ðc1; c2 þ rÞ þ p�2ðc1; c2 þ rÞ þ rq2ðc1; c2 þ rÞ �PK
2

ðaÞ is strictly increasing in r for r 2 ½0;�rÞ

Proof. See the Appendix. h

Lemma 6 implies that the patent holder offers a very
high royalty rate to induce firm 2 to exit from the mar-
ket in exchange for a reverse lump sum payment of
PK

2 ðaÞ to the potential infringer. This contract will sus-
tain a monopoly outcome in the market.41 I thus assume
that antitrust authorities do not allow reverse payments
(negative F).

With the constraint that F P 0, the patent holder
will set F = 0 and choose the highest r such that
p�2ðc1; c2 þ rÞ P PK

2 ðaÞ. Since p�2ðc1; c2 þ rÞ is decreasing in
r, we can find a unique r that satisfies p�2ðc1; c2 þ rÞ
¼ PK

2 ðaÞ.

Proposition 7. Let (rUE, FUE) and (rLP , FLP) denote the
equilibrium ex ante licensing contract under alternative
regimes of UE and LP. If the reverse payment is not allowed
by antitrust authorities, FUE = FLP = 0 and rK is uniquely
defined by p�2ðc1; c2 þ rKÞ ¼ PK

2 ðaÞ, where K = UE,LP, with
rUE < rLP.
40 Once again, allowing a more balanced bargaining power between the
patent holder and the potential infringer as in the generalized Nash
bargaining solution does not change any qualitative results.

41 See Farrell and Shapiro (2008).
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7. Concluding remarks

I have developed a simple model of product innovation
in which I analyzed how different damage rules in patent
infringement cases shape competition when intellectual
property rights are probabilistic. In particular, I compared
two infringement damage rules used in the US – the unjust
enrichment rule and the lost profit rule. Ex post innovation,
these two rules are equivalent in terms of outputs and so-
cial welfare if the patent holder and the potential infringer
are equally efficient. However, with asymmetric ineffi-
ciency and a linear demand, the LP rule generates higher
social welfare than the UE rule if and only if the patent
holder is more efficient than the imitator. The analysis
has implications for the effects of partial ownership in
the industry since the competitive effects of damage rules
are isomorphic to those of partial ownership. It also points
out the logical inconsistency in the concept of the ‘‘reason-
able royalty rates’’ when intellectual property rights are
not ironclad, and suggests a more flexible approach to
the notion of hypothetical negotiation by allowing the
use of relevant ‘‘post-negotiation’’ information in setting
the reasonable royalty rate.
Appendix
Proof of Lemma 1. Totally differentiating (3) and (5) gives
us the following expressions.

o2p1

oq2
1

dq1 þ
o2p1

oq1oq2
dq2 þ a

o2p2

oq2
1

dq1 þ
o2p2

oq1oq2
dq2

" #

þ op2

oq1
da ¼ 0

o2p2

oq1oq2
dq1 þ

o2p2

oq2
2

dq2 ¼ 0

To derive comparative statics result with respect to a, we
can write the expressions above in the following matrix
form.

o2p1

oq2
1

þ a
o2p2

oq2
1

o2p1

oq1oq2
þ o2p2

oq1oq2

o2p2

oq1oq2

o2p2

oq2
2

2
6664

3
7775

dqUE
1

oa
dqUE

2

oa

2
6664

3
7775 ¼ � op2

oq1

0

2
4

3
5

By applying Cramer’s rule, we can derive

qUE�
1 ðaÞ
da

¼

� op2
oq1

o2p1
oq1oq2

þ a o2p2
oq1oq2

0 o2p2
oq2

2

������
������

jAj ¼
� op2

oq1

o2p2
oq2

2

jAj

qUE�
2 ðaÞ
da

¼

o2p1
oq2

1
þ a o2p2

oq2
1
� op2

oq1

o2p2
oq1oq2

0

������
������

jAj ¼
op2
oq1

o2p2
oq1oq2

jAj ;

where j A j¼
o2p1
oq2

1
þ a o2p2

oq2
1

o2p1
oq1oq2

þ a o2p2
oq1oq2

o2p2
oq1oq2

o2p2
oq2

2

������
������ > 0 by the stabil-

ity condition. Since o2p2
oq2

2
< 0 by the second order condition
and o2p2
oq1oq2

< 0 by strategic substitutes, we have qUE�
1 ðaÞ

da < 0

and qUE�
2 ðaÞ

da > 0.

Proof that dPLP�
1 ðaÞ
da > 0:

Similarly, we can define PLP�
1 ðaÞ be the equilibrium

expected payoff of firm 1 in the LP regime and the strength
of the patent is given by a:

PLP�

1 ðaÞ ¼ ð1� aÞp1ðqLP�
1 ðaÞ; qLP�

2 ðaÞÞ þ apM

Once again, we apply the envelope theorem and Lemma 2
to derive

dPLP�

1 ðaÞ
da

¼ ½pM � p1ðqLP�
1 ðaÞ; qLP�

2 ðaÞÞ�

þ ð1� aÞ op1

oq2

dqLP�

2 ðaÞ
da

> 0

Proof of Lemma 4. We know that qUE�
1 ðaÞ < q�1 < qLP�

1 ðaÞ
and qLP�

2 ðaÞ < q�2 < qUE�
2 ðaÞ. This implies that

p1ðqUE�
1 ðaÞ; qUE�

2 ðaÞÞ < p1ðqUE�
1 ðaÞ; q�2Þ < p1ðq�1; q�2Þ, where

the first inequality comes from the fact that qUE�
2 ðaÞ > q�2

and the second inequality follows from the definition
of the Nash equilibrium. Similarly, p1ðq�1; q�2Þ <
p1ðq�1; qLP�

2 ðaÞÞ < p1ðqLP�
1 ðaÞ; qLP�

2 ðaÞÞ. Once again the first
inequality is due to the fact that qLP�

2 ðaÞ < q�2 and the sec-
ond inequality follows from the observation that firm 1’s
reaction function under the lost profit doctrine is the same
as the reaction function in the absence of IPR, that
is,qLP�

1 ðaÞ¼RLP
1 ðqLP�

2 ðaÞÞ¼R1ðqLP�
2 ðaÞÞ¼argmaxq1p1ðq1;qLP�

2 ðaÞÞ.
Taken together, I have proved the first part of
Lemma 4.

The second part can be proved in an analogous manner.
We have p2ðqLP�

1 ðaÞ; qLP�
2 ðaÞÞ < p2ðq�1; qLP�

2 ðaÞÞ < p2ðq�1; q�2Þ
with the first inequality coming from qLP�

1 ðaÞ > q�1 and the
second inequality resulting from the definition of the Nash
equilibrium. By the same token, p2ðq�1; q�2Þ < p2ðqUE�

1 ðaÞ;
q�2Þ < p2ðqUE�

1 ðaÞ; qUE�
2 ðaÞÞ. The second inequality is from the

fact that firm 2’s reaction function under the unjust
enrichment doctrine is the same as the reaction function
in the absence of IPR, that is, qUE�

2 ðaÞ ¼ RUE
2 ðqUE�

1 ðaÞÞ ¼
R2ðqUE�

1 ðaÞÞ ¼ arg maxq2
p2ðqUE�

1 ðaÞ; q2Þ.

Proof of Proposition 1. With the same constant marginal
costs between the patent holder and the potential infrin-
ger, we have

PLP
1 ðaÞ �PUE

1 ðaÞ
¼ p1l qLP�

1 ðaÞ; qLP�
2 ðaÞ

� �
þa pM � p1 qLP�

1 ðaÞ; qLP�
2 ðaÞ

� �� ��
� p1 qUE�

1 ðaÞ; qUE�
2 ðaÞ

� �
þap2 qUE�

1 ðaÞ; q�2ðaÞ
� ��

¼ a pM � p1 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� ��

þp2 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� ���

þ ð1� aÞ p1 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� ��

�p1 qUE�
1 ðaÞ; qUE�

2 ðaÞ
� ��

> 0

The inequality above follows since pM P p1(q1,q2) +
p2(q1,q2) for any combination of (q1,q2) and p1ðqLP�

1 ðaÞ;
qLP�

2 ðaÞÞ > p1ðqUE�
1 ðaÞ; qUE�

2 ðaÞÞ by Lemma 3. Similarly, we
have
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PUE
2 ðaÞ �PLP

2 ðaÞ
¼ ð1� aÞp2 qUE�

1 ðaÞ; qUE�
2 ðaÞ

� �� �
� p2 qLP�

1 ðaÞ; qLP�
2 ðaÞ

� �
�a pM � p1 qLP�

1 ðaÞ; qLP�
2 ðaÞ

� �� ��
> ð1� aÞp2ðq�1; q�2Þ

� p2ðq�1; q�2Þ � a pM � p1 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� �� � �

¼ a pM � p1 qLP�
1 ðaÞ; qLP�

2 ðaÞ
� �

þ p2ðq�1; q�2Þ
� ��

> a pM � p1ðq�1; q�2Þ þ p2ðq�1; q�2Þ
� �

> 0:
�

The first two inequalities follow from Lemma 3 and the last
inequality follows from the fact that pM > p1ðq�1; q�2Þþ
p2ðq�1; q�2Þ.

Proof of Proposition 3. With a linear demand of p = A � Q,
we have

SWLP ¼
Z QLP

0
PðxÞdx� c1qLP�

1 ðaÞ � c2qLP�
2 ðaÞ

¼ ½ð4� aÞAþ ð1� aÞc1 þ c2�½ð2� aÞA� ð1� aÞc1 � c2�
2ð3� aÞ2

� c1
A� 2c1 þ c2

3� a

� �
� c2

ð1� aÞA� 2c2 þ ð1þ aÞc1

3� a

� �

SWUE ¼
Z QUE

0
PðxÞdx� c1qUE�

1 ðaÞ � c2qUE�
2 ðaÞ

¼ ½ð4� aÞAþ c1 þ ð1� aÞc2�½ð2� aÞA� c1 � ð1� aÞc2�
2ð3� aÞ2

� c1
ð1� aÞA� 2c1 þ ð1þ aÞc2

3� a

� �
� c2

A� 2c2 þ c1

3� a

� �

Therefore, we have

SWLP � SWUE ¼ a½2ð2� aÞAþ ð2þ aÞðc1 þ c2Þ�
2ð3� aÞ2

ðc2 � c1Þ;

which proves the claim.

Proof of Lemma 6. The first order condition with respect
to r is given by:

dPL
1ðaÞ

dr
¼ op�1ðc1; c2 þ rÞ

oc2
þ op�2ðc1; c2 þ rÞ

oc2

þ q2ðc1; c2 þ rÞ þ r
oq2ðc1; c2 þ rÞ

oc2
¼ 0

By the envelope theorem, op�1ðc1 ;c2þrÞ
oc2

¼ P0 oq2ðc1 ;c2þrÞ
oc2

q1ðc1; c2 þ rÞ and op�2ðc1 ;c2þrÞ
oc2

¼ P0 oq1ðc1 ;c2þrÞ
oc2

q2ðc1; c2 þ rÞ�

q2ðc1; c2 þ rÞ. Therefore, we have dPL
1ðaÞ

dr ¼ P0 oq2ðc1 ;c2þrÞ
oc2

q1ðc1; c2 þ rÞ þ P0 oq1ðc1 ;c2þrÞ
oc2

q2ðc1; c2 þrÞ þ r oq2ðc1 ;c2þrÞ
oc2

.
By the first order condition for profit maximization, we

know that P
0
q1(c1,c2 + r) = c and P

0
q2(c1,c2 + r) = c + r. There-

fore, we can rewrite dPL
1ðaÞ

dr as dPL
1ðaÞ

dr ¼ �ðP � c � rÞ
oq1ðc1 ;c2þrÞ
oc2

þ oq2ðc1 ;c2þrÞ
oc2

h i
; which is positive since P � c � r > 0

for all r < �r and the expression in the square bracket is

negative.
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