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Abstract

How efficient is the U.S. patent litigation system? We quantify the extent to which the lit-
igation system shapes innovation using a novel dynamic model, in which heterogeneous
firms innovate and face potential patent lawsuits. We show that the impact of a litigation
reform depends on how heterogeneous firms endogenously select into lawsuits. Calibrat-
ing the model, we find that weakening plaintiff rights through fewer defendant injunctions
increases firm innovation and output growth, improving social welfare by 3.32%. Raising
plaintiff pleading requirements, which heightens barriers to filing lawsuits, likewise pro-

motes innovation, boosts output growth, and enhances social welfare.
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1. Introduction

Innovation is essential for economic growth. Designed to promote innovation, the U.S.
patent system protects an inventor’s ability to profit from costly research and development.
The patent system relies on the courts to enforce patent-holder rights through patent-
infringement litigation. Practitioners, policy makers, and academics disagree about how
this litigation should be handled to best promote innovation. As a result, policy proposals
for patent-litigation reform abound. We add to this discussion by using a calibrated model
to evaluate the efficiency of the patent-litigation system. Our model embeds a realistic
patent-litigation system in a dynamic general equilibrium model of corporate innovation
and economic growth. These features allow us to evaluate how counterfactual reforms
would change the nature of patent litigation. In particular, we show that a reform that
makes it twice as costly for a patent-holder plaintiff to file a lawsuit increases social welfare
by 2.08%. Similarly, we find weakening plaintiff rights, by granting fewer injunctions
against defendants, would increase social welfare by 3.32%.

These types of quantitative results are important given the intense and enduring debate
around patent-litigation reform, which centers around whether plaintiff (patent holder)
rights are too strong or too weak. For example, a Senate bill introduced in 2023 provides
a compromise between tech companies, who believe excessive patent granting has led to
frivolous patent lawsuits, and pharmaceutical companies, who believe it is too difficult
to protect their innovation with patents.! Fourteen patent-reform bills were proposed in
the 113th Congress alone, with goals such as increasing plaintiff pleading requirements
to strengthen defendant rights (Gugliuzza, 2015).

To flesh out the intuition behind our results, we begin with a simple model, which il-
lustrates how the patent litigation system impacts welfare. In the model, innovation leads
to better products, allowing the innovating firm to steal market share from competitors.
Competing firms choose their equilibrium level of innovation to maximize profits. Some
tirms underinvest in innovation, relative to the socially efficient benchmark, because they
do not internalize how their innovation creates positive technology spillovers for firms

with similar technology. Other firms overinvest in innovation, relative to the socially

1See https://www.reuters.com/legal/litigation/tech-pharma-companies-divided-pto-patent-
eligibility-comments-2021-10-19/.
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efficient benchmark, because they inefficiently internalize the transfer they extract from
competitors by stealing customers. In this standard setting (Bloom, Schankerman, and
Van Reenen, 2013), we introduce a litigation system. When a firm innovates, there is a
chance that an incumbent firm sues to block the innovation. If the court grants an injunc-
tion, the innovating firm cannot use its novel technology. We show that an increase in the
injunction rate (a plaintiff-friendly reform) leads to less innovation. Importantly, however,
this reform has ambiguous effects on welfare. If most litigation occurs in technology
classes where firms inefficiently overinvest in innovation, then such a reform improves
welfare. Conversely, increasing the injunction rate harms welfare if most litigators are
inefficiently underinvesting.

While this simple model provides helpful intuition, it is too stylized to match empirical
facts and provide reliable policy counterfactuals. To overcome this limitation, we build
a dynamic equilibrium model of innovation and litigation. In the model, heterogeneous
firms compete in product markets. Incumbent firms and new potential entrants spend
on research and development to innovate a better version of an existing product. After
a successful innovation, the owner of the newly improved product enjoys a monopoly
on that particular product until a competitor innovates a better version. Firms choose
innovation levels and production policies to maximize profits, taking prices as given.

Within this dynamic equilibrium setting, we introduce a patent litigation system.
Whenever a firm innovates a better version of a product, there is a chance that the new
product infringes on a patent of an existing firm. If infringement occurs, the patent holder
observes a random cost of filing a lawsuit. The patent holder sues the infringer if the
expected lawsuit payoff exceeds the cost of filing.

In a lawsuit, the defendant (the innovating firm) privately observes its probability
of winning a lawsuit. The plaintiff (the patent holder) makes a take-it-or-leave-it offer
to settle. The defendant accepts if its continuation value from going to trial is worse
than the cost of making the proposed settlement payment. Because of the defendant’s
private information, both settlements and trials occur in equilibrium. If the defendant
declines the settlement offer, the lawsuit goes to trial. In the trial, the defendant has an
idiosyncratic random probability of winning. If the defendant loses, there is a chance
that the plaintiff obtains an injunction, which prevents the defendant from selling its new

product. Otherwise, the defendant patents and sells its newly innovated product.



In our model equilibrium, firms have rational expectations about how the patent
system shapes the returns to innovating, which are generated by the following tradeoft.
On the one hand, firms recognize that a plaintiff-friendly system makes it likely that their
innovation will be blocked by an incumbent’s patent. Plaintiff-friendly litigation reforms
can thus discourage innovation. On the other hand, firms also recognize that a plaintiff-
friendly system increases the returns to successful innovation. Conditional on a successful
innovation not getting blocked, the innovating firm enjoys a longer period of monopolist
profits because it can sue to block new entrants. Plaintiff-friendly reforms can thus also
encourage innovation.

We introduce firm heterogeneity in the model to allow innovation to have differing
social values across firms. As in our illustrative model, innovation creates a positive
externality, through technology spillovers, for firms using similar technologies. Firms do
not internalize this externality, so some firms will underinvest in innovation, relative to
a socially efficient benchmark. Other firms innovate products that are barely better than
existing products. For these firms, innovation has little social value, but a large private
value because these firms inefficiently internalize the value they extract from incumbents
by stealing their customers. These firms will thus overinvest in innovation, relative to
a socially efficient benchmark. By combining this heterogeneity with an endogenous
litigation process, we can model which types of firms select into using the patent litigation
system.

We calibrate this realistic model and use it to simulate the effects of patent-litigation
reform. For example, in 2006, a Supreme Court ruling made it harder for plaintiffs to
obtain injunctions against patent infringers. The analysis reveals several key findings.
In response to reduced injunction rates, both incumbents and entrants increase their
innovation, with incumbents showing a higher rate of increase. This results in a decline
in the contribution of entrants to growth. Despite a decline in the average product line
value due to increased creative destruction and reduced litigation protection, the average
number of product lines per firm increases, leading to an increase in incumbent firm value.
This decline in product line value is outweighed by a decrease in value loss associated
with IP risks, driving up entrant innovation and entrepreneur value. Additionally, the
increase in creative destruction and the number of product lines increase the average

plaintiff probability. Such a reform also has significant aggregation implications. It



boosted output growth rate due to increased innovation and resulted in a 3.32% overall
increase in social welfare.

Our model allows us to study other potential reforms as well. For example, one recently
proposed reform suggested increasing plaintiff pleading requirements (Gugliuzza, 2015).
This is analogous to increasing the costs of filing for plaintiffs. Our calibrated model
reveals that this would lead to fewer lawsuits, more innovation, and higher welfare and

growth.

1.1. Literature Review

This paper contributes to several literatures. First, we contribute to the literature study-
ing how the patent-litigation system interacts with innovation. An empirical literature
studies how changes in plaintiff rights impact innovation activity (Sakakibara and Branstet-
ter, 2001; Lerner, 2002; Moser, 2005; Lerner, 2009; Murray and Stern, 2007; Galasso and
Schankerman, 2015; Williams, 2013; Cohen, Gurun, and Kominers, 2019; Mezzanotti, 2021;
Kempf and Spalt, 2022; Lin, Liu, and Manso, 2021). These types of reduced-form studies
are helpful in informing the policy debate around patent-litigation reform. However, a
model-based approach provides insights that are impossible to glean from reduced-form
settings. For example, our calibrated model can reveal the impact of counterfactual re-
forms, which is essential given the proliferation of policy proposals. More importantly,
by embedding litigation in a fully specified general-equilibrium growth model, we can
quantify the impact of reforms on both socially beneficial and socially harmful innovation.
Capturing selection into litigation by firms with differing innovation incentives, our model
reveals the welfare consequences of litigation reform.

A theoretical literature uses stylized models to qualitatively illustrate how litigation
reforms impact ex-post and ex-ante welfare of the litigants (Bessen and Meurer, 2006; Choi
and Gerlach, 2017; Antill and Grenadier, 2023). Marco (2006) estimates a quantitative dy-
namic litigation model but does not estimate the impacts on ex-ante innovation incentives.
Relative to this earlier work, we contribute a structural general-equilibrium model of how
innovation, litigation, and firm dynamics interact in the presence of heterogeneity across
industries and technology classes. A calibrated model like ours is necessary to capture
the dynamic equilibrium effects of litigation reforms, as well as to calculate the changes

in aggregate growth and welfare under counterfactual policies.
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This paper builds on and contributes to the firm dynamics literature featuring endoge-
nous Schumpeterian growth. Our new model extends the seminal Klette and Kortum
(2004) framework, which itself is based on the vertical innovation models with creative
destruction pioneered by Aghion and Howitt (1992) and Grossman and Helpman (1991).
The calibration and the quantification of the model link it to more recent work study-
ing firm dynamics and innovation in general equilibrium, such as Lentz and Mortensen
(2008), Akcigit and Kerr (2018), Cavenaile, Celik, and Tian (2019), and Acemoglu, Akcigit,
and Celik (2022) among others. Different from most of the existing literature, a successful
innovation in our model does not directly translate into success in taking over a product
line. Conditional on a successful innovation, different types of patent infringement can
occur, leading to a litigation subgame in which the innovating firm is the defendant and
the plaintiff is either the incumbent owner of the product line or an unrelated third party
whose patent was infringed. The structure of the legal system, litigation costs, and the
policy choice regarding whether patent infringements should lead to injunctions all af-
fect the outcome of a successful innovation. The presence of a legal system, in turn, has
downstream implications for optimal innovation decisions, firm value, firm dynamics,
economic growth, and social welfare. In this respect, the two closest papers to ours are: (i)
Abrams, Akcigit, Oz, and Pearce (2020), who study how non-practicing entities (“patent
trolls”) affect innovation and technological progress; and (ii) Rempel (2023), who studies
how heterogeneity in firms’ intellectual-property-protection investments affect innovation
and firm dynamics. Different from these two papers, we highlight the importance of the
heterogeneity in firms’ industries and technology classes, the identity and motives of the
plaintiff, as well as the implications for inter-firm knowledge spillovers in assessing opti-
mal policy in patent litigation. Our focus on this margin links our work to the literature

on misallocation in innovation.?2

2See Acemoglu et al. (2018), Akcigit, Hanley, and Stantcheva (2022), Ayerst (2023), Celik (2023a), Liu and
Ma (2021), and Celik (2023b) among others.



2. Institutional Details and Illustrative Model

2.1. Institutional Details

2.1.1. Patents

The US patent system is designed to encourage innovation by giving patent holders the
exclusive right to use their patented technology. Following a new discovery, inventors can
apply for a patent with the United States Patent and Trademark Office (USPTO). Before
granting the patent, the USPTO verifies that the invention is (i) novel; (ii) useful and
operable; (iii) a non-obvious improvement relative to prior technology; and (iv) related to
a patentable subject matter.> To ensure these criteria are met, a patent examiner verifies
that the invention is not an obvious extension of an existing patented technology. Once
the USPTO grants a patent, the patent expires 20 years after the application date (35 U.S.C
§154).* During that period, the patent holder has the right to exclude others from making,

using, or selling their patented inventions.

2.1.2. Patent litigation and injunctions

Patent holders can enforce their patents through patent-infringement lawsuits. These
lawsuits are typically filed in federal district courts. A patent holder can sue anyone who
“makes, uses, sells, offers to sell, or imports the patented invention or a product made by
a patented process.”® If the lawsuit proceeds to trial, the plaintiff (the patent holder) and
the defendant (the alleged infringer) present evidence to a jury. In a trial, the infringer’s
product is compared to the plaintiff’s patented invention. To establish infringement, the
plaintiff must show the infringing product includes every element of the patented product.
This is called the “all elements rule.”® In some instances, the “doctrine of equivalents”
allows a plaintiff to show infringement if some element of the patented product is missing
in the infringing product but the differences are insubstantial.”

3See https://www. justia.com/intellectual-property/patents

4See https://www.law.cornell.edu/uscode/text/35/154.

5See https://content.next.westlaw.com/practical-law/document/I0a46282fd1a®11e598dc8b®9%b
4f043e0/Patent-litigation-in-the-United-States-overview?viewType=FullText&transitionTyp
e=Default&contextData=(sc.Default).

6See https://definitions.uslegal.com/a/all-elements-rule/.

’See https://www.law.cornell.edu/wex/doctrine_of_equivalents.
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If the plaintiff wins the patent-infringement lawsuit, the judge will typically grant
a permanent injunction against the infringing defendant. The permanent injunction is
an order forcing the defendant to stop all activity that infringes on the patent. If the
injunction covers any step in the production of the defendant’s product, the defendant
must entirely shut down that product until a noninfringing process is developed. While
patent infringement itself is a tort and not a criminal offense, violating a permanent
injunction can lead to criminal penalties.?

Prior to 2006, permanent injunctions were essentially automatically granted after plain-
tiff victories. However, in 2006, the US Supreme Court clarified the criteria for granting
a permanent injunction. In eBay Inc v MercExchange L.L.C. (“eBay”),’ the Supreme Court
ruled that courts must apply a four-factor test to determine whether a permanent injunc-
tion is appropriate. In this test, the plaintiff must show (i) it suffered irreparable harm;
(ii) other remedies (e.g. monetary damages) are inadequate to compensate the plaintift;
(iii) comparing the resulting hardships for the plaintiff and defendant, equitable relief
(e.g., enforcing the patent) is warranted; and (iv) an injunction would not harm the public
interest.’® The rate at which successful plaintiffs obtained injunctions declined from 95%
before eBay to 75% after eBay (Seaman, 2015).

Anticipating the trial process described above, many plaintiffs and defendants settle
patent infringements out of court. In many instances, a plaintiff files a formal lawsuit that
is ultimately settled before trial. In other instances, the plaintiff sends a “demand letter”
asking the defendant to pay a license fee for the use of the patented technology. If the

defendant agrees, this is a form of out-of-court settlement.

2.2. Illustrative Model

This section provides a simple model to illustrate the role of the litigation system
in promoting efficient innovation. We first show that privately optimizing agents can
underinvest or overinvest in innovation relative to the socially efficient benchmark. We
then show that changing the litigation system to be more plaintiff-friendly can improve

8See https://www.mandourlaw.com/patent-injunction/.

9See https://www.law.cornell.edu/supct/cert/05-130.

0See https://content.next.westlaw.com/practical-law/document/I0a46282fd1a011e598dc8b0®9b
4f043e0/Patent-litigation-in-the-United-States-overview?viewType=FullText&transitionTyp
e=Default&contextData=(sc.Default).
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or lower welfare, depending on which types of innovating firms use the litigation system.

2.2.1. Ilustrative model

There are two technology classes ¢ = 1,2 and two product markets j = 1,2. We refer
to a firm by its pair (¢, j). In each pair (c, j), there is a continuum of identical firms with
measure 1. Every firm starts with one product line. Each firm chooses how much to spend
on innovation. Let x.; denote the innovation policy chosen by each firm in pair (c, j). The
cost of innovation for each firm is )(xgj for a parameter x > 0.

The probability of successful innovation by a firm in pair (c, j) is x.;. If a firm in (c, j)
successfully innovates, it has a chance of stealing the product line from a competitor in
market j. We call this competitor the “target firm.” All firms in pairs (c, j) and (¢, j) are
equally likely to be targets when a firm in (¢, j) innovates.

If the target firm shares the same technology class as the innovator, the target sues
to retain its product line with probability p.;. This parameter captures features of the
product market and technology class that allow for easier legal action. For example, in
some technology classes it might be particularly easy to write broad patents that relate to
many potential innovations. If the target firm that previously held the product line sues,
it wins the lawsuit and obtains an injunction with probability ¢ € (0,1). Importantly, we
assume that policy makers can vary ¢ but cannot vary p.;. They must take as given the
kind of firm that uses the legal system when deciding how to change the legal system.
Given this assumption, if a firm in pair (c, j) innovates, its probability of getting a new

product line is

1 1—pcj[ 2—pCjL
2 T T T 1
—— ~——

Target has ¢’ #¢  Target has c=c

If a firm keeps its original product line, it gets cashflow 7. If a firm with pair (c, j)
innovates and steals a product line, it gets cashflow 7 + A + ox, j» from the stolen product
line and the target firm losing the product line gets nothing from that line. The parameter
A¢ captures the efficacy of innovation in technology class c. The parameter o captures
the technology spillover: if firms in technology class ¢ all innovate more, then their

innovation is more impactful across product lines. Note that the parameter 7 drives the



business stealing incentive - the planner does not internalize who gets the cashflow 7, but
firms do. In contrast, firms do not internalize their technology spillovers. Specifically,
fixing the equilibrium strategies of other firms, firm (c, j)’s problem is

‘2 = pejt

T(n +Ac + ze]-,) _X(xcj)z- )

Steal product line

Note that each firm cannot take any action to help retain its original product line - the
optimization is thus only a choice over how much effort to exert to steal another product

line. Rearranging the first-order condition, the privately optimal innovation policy is:

*
T+ A + axc].,

x:j = (2= pejt) 3)

4x
The total equilibrium value of firms in the pair (c, j), which includes the value of the

original product line, is:

Xt x5 (1= pejt) 2 — peil
g __9 77 +x*‘i(n +Ac +o0x7;) —)((ij)z- (4)

Valuej(x*) =m | 1- > > o

Keep original product line Steal product line

We now compare the privately optimal policies (3) to the innovation policies that a
social planner would choose to maximize welfare. The social planner chooses a vector
innovation x° of innovation policies for all firms to optimize the sum of all firms” values
2c,j Valuecj(x®). Cancelling terms, this is:

2 = peil
sup Z Valuecj(x®) = 4m + sup Z xijTC](AC + Uxij,) - )((xij)z. (5)
X ¢, X ¢,

In words, the planner only cares about the resources spent on innovation, the gains A
from successful innovation, and the technology spillover. The planner does not care who
gets the original cashflow 7 from each product line, so it does not internalize business

stealing effects. Rearranging the first-order condition with respect to xij, we get:
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(6)

2.2.2. Ilustrative model intuition

The following lemma summarizes useful intuition from the illustrative model.
Lemma 1. Assume that 71 > 0, A > 0,and 0 < 0 < x. Then:

1. As 0 — 0, privately optimizing agents overinvest in innovation: Xej > X

. C. . . e s
2. Ast — (, przvately optimizing agents underinvest in innovation: xC]. < xc].. As Tt — oo,

privately optimizing agents overinvest in innovation: Xoj > Xgje

. Lo , . o s
3. As A, — 0, privately optimizing agents overinvest in innovation: X > X

Intuitively, private agents inefficiently internalize the transfer 7 they extract from other
agents when innovating to steal their product lines. When this transfer gets large, they
spend too much on innovation. Private agents do not internalize the positive externality
their innovation creates through technology spillovers. These technology spillovers grow
with the parameter 0. As 0 — 0, there is no positive externality from innovation, so the
business stealing again leads to overinvestment in innovation. As m — 0, the business
stealing incentive disappears, so there is no reason to overinvest, so the private agents
underinvest in innovation because they don’t internalize technology spillovers.

Finally, we see that A, matters for the social value of innovation. As A, — 0, the
main incentive to innovate is to steal business from others, since there is no marginal
improvement in technology. This means there is too much innovation relative to the
socially efficient benchmark. In summary, the parameters 7, 0, A, determine whether

there is too much or too little innovation relative to the socially efficient benchmark.

2.2.3. The role of litigation

We see from equation (3) that more injunctions (higher () tend to discourage innovation.
The extent of this effect depends on how likely firms in (c, j) are to use the litigation system
(pcj)- If litigation is primarily used by firms that underinvest in innovation, then further
discouraging their innovation through injunctions would harm welfare. If litigation is

primarily used by firms that overinvest in innovation, then discouraging their innovation
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through injunctions would improve welfare. From Lemma 1, we see that firms with low A,
are more likely to overinvest in innovation. This suggests that increasing the injunction rate
helps welfare if low A. firms primarily use the litigation system. Conversely, increasing
the injunction rate harms welfare if high A. firms primarily use the litigation system.

We now formalize this with a simple numerical example. Table 1 shows our parameter
value assumptions. We solve the model using equations (6) and (3). We assume one
technology class has A1 = 3 while the other technology class has A; = 0.1. Consistent with
lemma 1, we see from Table 1 that firms with ¢ = 1 underinvest in innovation, relative to the
socially efficient benchmark, while firms with ¢ = 2 overinvest in innovation. In our first
case (panel 2), we assume that only firms in technology class 1 access the litigation system.
In this situation, increasing ¢ will lead to less innovation for firms in technology class 1
while firms in class 2 are unaffected. This exacerbates the underinvestment in innovation
by firmsin class 1, harming welfare. In our second case (panel 3), we assume that only firms
in technology class 2 access the litigation system. In this situation, increasing ¢ will lead
to less innovation for firms in technology class 2. This ameliorates their overinvestment,

improving welfare.

2.2.4. Illustrative model limitations

This illustrative model demonstrates the key intuition behind our exercise. Firms can
innovate too much or too little, relative to the socially efficient benchmark, because of the
tradeoff between positive technology spillovers and negative business stealing incentives.
Changes in the litigation system can encourage or discourage innovation, and the welfare
effects of such changes depend on whether litigating firms are over-innovators or under-
innovators.

However, the illustrative model has many limitations. First, the litigation system is
extremely simple. It doesn’t account for how trial outcomes such as injunctions shape the
incentives for firms to settle out of court. This is critical since most lawsuits are settled out
of court. Second, the model does not capture the potential for incumbent innovation to
crowd out new entrants. Since innovation leads to monopolies through patents, itis critical
to understand how suppressing incumbents impacts welfare. Third, the model is static.
This severely limits its quantitative usefulness. For example, in the illustrative model,

potential innovators always expect to be defendants in patent infringement lawsuits. It
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follows that a defendant-friendly system always encourages innovation in this illustrative
model. In practice, however, firms know when they innovate that they might end up using
the litigation system to defend their patents in the future. Capturing the potential for an
innovator to be a current defendant and a future plaintiff is essential for understanding
how litigation shapes innovation.

We now overcome these limitations by introducing a dynamic general equilibrium
model. Our model features a realistic litigation system with asymmetric information and
endogenous out-of-court settlement. It includes monopolist incentives and new entrants.
And importantly, it includes the potential for innovating firms to be both defendants,
when they innovate, and future plaintiffs, when they protect their past innovation. These
realistic features allow us to more convincingly match the data generated by real-world
behavior. Calibrating this model, we can better understand how changing the litigation

system shapes innovation.

3. Model

3.1. Environment and preferences

Time is continuous and denoted by ¢ > 0. There is an infinitely-lived representative

household whose preferences are represented by the lifetime utility function

/ ¢! In C,dt (7)
0

where p > 0 is the discount rate, and C; denotes consumption of the final good at time ¢.
The household owns all assets A; in the economy, which deliver a rate of return equal to
r¢. The household supplies labor L = 1 inelastically to firms at the real wage rate w;.

3.2. Technology

3.2.1. Final good production

The final consumption good Y; is produced by a competitive firm that combines differ-
entiated goods from different industries indexed by j € {1, ..., J}. The production function

12



is expressed as

J
InY; = Z Wi lant (8)
j=1

where w; € (0,1) denotes the Cobb-Douglas weight of industry j’s output Yj; in produc-
tion, with Z§:1 w; = 1. The output of each industry j, in turn, is produced by combining a
continuum of differentiated goods in said industry according to the production function:

1
InY; = /0 In e di ©)

where y;; denotes the quantity of differentiated good i € [0, 1] in industry j at time t. The
price of the final consumption good is set as the numeraire, whereas the price of good i in
industry j at time ¢ is denoted as p;;;.

3.2.2. Differentiated good production

Each differentiated good in each industry can be produced by multiple firms who own
a blueprint to produce it, using labor as input with productivity 4. As is common in the
Schumpeterian growth literature, we assume Bertrand competition between firms such
that only the productivity leader produces a positive amount of the good in equilibrium.
Let g;j+ denote the productivity of the leader for good i in industry j at time t. Then the
production function for y;j; is written as:

Yijt = qijelijt (10)
where [;j; > 0 is the labor hired by the leader for production.

3.2.3. Firms, technology classes, and product markets

As in Klette and Kortum (2004), each firm owns a portfolio of blueprints to produce
various differentiated goods. They produce each good for which they are the technology
leader, which is called a “product line” of the firm. Ignoring the effects of litigation, a firm
can become the leader in a new product line by discovering a better technology than that

of the incumbent through innovation. Likewise, a firm can lose its status as the leader
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if a competitor discovers a technology that is better. In the absence of legal intervention,
this creative destruction leads the prior leader to cede its product line to the innovating
competitor. A firm with no product lines exits.

Different from the existing Schumpeterian growth literature, we introduce two further
dimensions of heterogeneity across firms. Firms fundamentally differ from each other in
terms of their innovation process (“technology class”) and the industry they operate in
(“product market”).

Each firm has a technology class ¢ € {1,...,C} which determines the productivity
improvement generated by their successful innovations, as well as the body of knowledge
they draw upon to come up with new blueprints. The body of knowledge they rely
on affects the knowledge spillovers their innovation activities benefit from, as well as
whether their new innovations can infringe upon the intellectual property of other firms.
The details are discussed in the following subsections.

The product market of a firm j € {1, ..., ]}, in turn, determines the industry in which
they can produce differentiated goods. This firm characteristic determines the returns
to successful innovation from taking over new product lines, as well as the creative

destruction risk from competitors in the same product market.

3.2.4. Incumbent innovation

Incumbent firms can engage in risky innovation to discover new blueprints and po-
tentially expand into new product lines. Conditional on successful innovation, the firm
improves upon one of the existing technology leaders’ blueprints to produce a differenti-
ated good, chosen at random among all possible goods in the innovating firm’s product
market. The productivity of the new blueprint is given by

qfﬁw =1+ /\c)ql.ojltd (11)
old
ijt
new innovation improves upon the previous one. The size of A hinges on the technology

where q¢/" is the productivity of the existing leader, and A, > 01is the step size by which the

class ¢ of the innovating firm.

Each owned product line provides the firm with a lab to generate a Poisson arrival rate

of successful innovation x;j; > 0. Coming up with new ideas is costly. To generate this
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arrival rate, the firm must spend final good on R&D given by the cost function

Celxije) = Tt oMy
C

(12)
where x. > 0 is a scale parameter, ¢ > 1 introduces convexity, ¥; ensures the R&D costs
scale up with aggregate output along a balanced growth path equilibrium, and o M.; with
o > 0 is the term that captures the knowledge spillovers from other firms in the same
technology class ¢ which will be discussed next.!!

Let I.j; denote the set of goods i in industry j for which the leader has technology class
c. Let u¢jt € [0, 1] denote the measure of the set Ij;. Then M; € [0, 1] is defined as

J
M = Z Wijllcijt (13)
=1

that is, the fraction of all product lines in the economy currently owned by firms with
technology class ¢, where different industries are weighted in proportion to their Cobb-
Douglas share in final good production. The higher the value of M is, the cheaper it is
for all firms in technology class c to discover new ideas. In other words, past successful
innovation by other firms in the same technology class increases a firm'’s research efficiency.
The strength of this technology-class-specific knowledge spillover is governed by the
parameter 0 > 0, where a higher value of o corresponds to stronger knowledge spillovers
within the same technology class.

3.2.5. Entrant innovation

There is a continuum of identical entrepreneurs of measure one. These entrepreneurs
choose the rate at which they found new businesses through successful entrant innovation.

To generate a Poisson arrival rate of successful innovation z; > 0, they must spend final

1 Note that this technology-class-specific knowledge spillover is in addition to the inherent Schumpeterian
knowledge spillovers from improving the productivity of the existing leader given in Equation (11). That
is, our model features within-industry knowledge spillovers that can be both within and across technology
classes, as well as within-technology-class spillovers that are both within and across industries.
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good on R&D according to the cost function
Cel(zt) =vz}Y; (14)

where v > 0 is a scale parameter. As was the case for incumbent innovation, ¢ > 1 is
the convexity parameter, and the Y; term ensures the R&D costs scale up with aggregate
output along a balanced growth path equilibrium.

Conditional on successful innovation, the probability that the new firm has technology
class c and industry j is denoted as 75¢; € [0, 1]. Forall c and j, .j are exogenous parameters
that satisfy chzl Z§=1 1cj = 1. The new firm with a single product line is immediately sold
off at fair market value by the successful entrepreneur, who remains an entrepreneur and

continues to found new businesses.

3.2.6. Patent infringement and litigation

When a firm successfully innovates, its new innovation might potentially infringe upon
the intellectual property of incumbents, which creates a risk of litigation. We model two
types of potential patent infringement:

1. Type 1: If a firm innovates on a product line owned by a firm with the same
technology class, then it infringes on the intellectual property of the incumbent with
probability xq € [0, 1].

2. Type 2: If a firm innovates on a product line owned by a firm with a different
technology class, then it does not infringe upon the intellectual property of the
incumbent due to the differences in technologies. However, with probability «, €
[0, 1], the firm infringes on the IP of another firm in the same technology class. This
reflects the fact that the new innovation is building upon existing patents in the same
technology class. The exact infringed patent is chosen at random across all product
lines owned by firms with the same technology class as the innovator, which can be

in other industries.

In the first scenario, the incumbent has a lot at stake. If the incumbent can successfully
litigate, it can avoid losing its product line to the innovating firm. The plaintiff and the
defendant are therefore fighting over the ownership of a product line in which patent

infringement occured.
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In the second scenario, the plaintiff is not the incumbent, and it has no direct stake
in whether the innovator or the incumbent ends up as the owner of the product line.
However, the plaintiff can extract rents by threatening to deny the innovator the chance to
capture the product line through an injunction.

We model the litigation subgame as follows. Conditional on patent infringement, the
plaintiff has to make a decision of whether to hire a legal team. A legal team is necessary for
making a settlement offer or going to court. The cost of hiring a legal team is yY;, where
y > 0 is a random variable drawn from the distribution I'(y), and the Y; term ensures
that litigation costs grow at the same rate as output in a balanced growth path (BGP)
equilibrium. If the plaintiff chooses to pay )Y; and hire a legal team, it then makes a take-
it-or-leave-it settlement offer to the defendant. The defendant has private information
about its chances of winning the trial. Let 7 € [0, 1] denote the probability that the
defendant wins the trial. This probability is drawn from the exogenous distributions T; (1)
and T(7) for type 1 and type 2 infringements, respectively. Given its private information
7, the defendant can accept the settlement or refuse. Refusal leads to a trial. With
probability 7, the defendant wins the trial and the product line takeover is realized. With
the complementary probability 1 — 7, the defendant loses. If the defendant loses, then
the court decides on whether to grant an injunction or not. With probability ¢ € [0, 1],
an injunction is granted and the product line takeover is blocked. With probability 1 — ¢,
there is no injunction and the defendant can still take over the product line. The parameter
L is a policy parameter that captures the inclination of a court to grant an injunction in
the case of a proven patent infringement. Figure 1 illustrates the timeline of the litigation

subgame.

3.3. Decision problems

3.3.1. Household’s problem

Given initial assets Ag > 0, the utility maximization problem of the representative

household is written as

max {/ e P'In Ctdt} , subject to (15)
(oA, |Jo
Ay =rAy+w; —Ci,VE> 0 (16)
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The Euler equation of this standard problem is

= ="h-p (17)

3.3.2. Final good producer’s problem
The static profit maximization problem of the competitive final good producer at time

t is written as

J

1 J 1
max - qexp Za)j (/ lnyijtdi) — Z (/ Pijtyz’jtdi) (18)
0 ~ 0
j=1

(Lol =1

For any good i in industry j, the first order condition delivers

(19)

which pins down the demand function for y;j;.

3.3.3. Differentiated good producer’s problem

Due to Bertrand competition, only the productivity leader for any differentiated good
produces a positive quantity. The final good production function assures that the leader
always chooses to follow a limit pricing strategy since the monopoly price tends to infinity.
For a leader with productivity g;;; and technology class ¢, the productivity of the most
productive competitor is g;jt /(1 + A.), and the limit price is therefore w;(1 + A¢)/qij:. Then
the static profit flow of the leader for good i in industry j at time t is written as

W
Tjt = (Pijt - Qz_]t) Yiijt
(wi@+A) we ) GijrwiY
B ( qiie qz_]t) wi(1+Ac)
A

c
/\C CL)]Yt ( O)
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which grows at the same rate as aggregate output Y;, is linearly related to the industry
j’s share wj, and is increasing in the technology class specific productivity step size A,
which is also the net markup. Note that this quantity is independent of the productivity
gijt- Therefore, the relevant state variable for an incumbent firm’s dynamic problem is not
the set of productivities of owned product lines, but simply its cardinality. This dynamic
problem will be discussed next.

3.3.4. Incumbent’s dynamic problem

The dynamic profit maximization problem of an incumbent firm with technology class
¢ in industry j who is the leader in n product lines at time f is stated as

" I n(1=sej)xex” Y,
. B Ac cj)rectmeje
reVejr(n) = Vejr(n) = max { ;‘1 TrA it "]Z;Rcf’t B ;‘1 1+ oM

n
xmcjt}m:l
n
+ Z Xmeijt

m=1

(V501 = Vesu(m)

+nd;, (Vc;t(n) - cht(n)) +5 (0= Veje(n) } 1)

V¢jt(n) is the firm’s value function. The first term in the maximization is the sum of static
profit flows from owned product lines. The second term is the expected rent flow from
type 2 patent infringements by other firms on our firm’s intellectual property which do
not directly contest its ownership of product lines. Such infringements can occur not only
due to innovations in the firm’s own industry, but also other industries j* # j, hence the
summation. R.j; stands for such rent flows for a single product line from all infringements
by firms in industry j, and is thus multiplied by n. The third term is the total R&D bill,
where s.; € [0,1] is the potentially industry- and technology-class specific incumbent
R&D subsidy rate. The fourth term is the Poisson arrival rate of a successful innovation
by the firm multiplied by the expected increase in firm value. The value function VJ (1)
stands for the expected value of the firm conditional on successful innovation, but before
potential patent infringement and consequent litigation outcomes are realized. The fifth
term is the Poisson arrival rate of a successful innovation by another firm on our firm'’s

product lines, ndj;, multiplied by the expected change in firm value. dj; > 0is the creative
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destruction rate in industry j at time ¢, and is determined by the innovation efforts of all
incumbent and entrant firms in the same industry. The value function VC; ,(1n) stands for
the expected value of the firm conditional on facing this event, once again before patent
infringement and litigation outcomes are realized. Finally, the sixth term stands for the
risk of exogenous firm exit at rate 6 > 0.12

In order to characterize the value function V,j;(n) in full, the three value functions
related to litigation — Rjy, V;}t(n), and Vc;t(n) — must be calculated. However, we can
make a few observations before moving on. First, the static profit flows from owned
product lines are the same, and therefore the total flow is linear in n. Second, the first

order condition with respect to the innovation rate x,.; for any m is given by

-1
(1= sepxeypxhy Vi

(V501 = V()

(cht(n) - cht(ﬂ)) 1+ oM\

Fmejt (1= se)xcdYs

= xcjt(n) (22)

showing that xcjr = xcjt(n),‘v’m, and the total R&D bill as well as the arrival rate of
successful innovation at the firm level are also linear in the number of product lines n. As
will be proven later, these properties ensure that the firm value function V,j(n) itself is

linear in n.

3.3.5. Entrepreneur’s problem

At any given time ¢, the static profit maximization problem of an entrepreneur is stated

as

c J
max{ —(1=s.vz Y +2¢ ) > 0eV35,(0) (23)

>0
= =1 j=1

The first term in the maximization is the R&D cost incurred by the entrepreneur, and

the second term is the expected return from entrant innovation. s, € [0, 1] is the entrant

2The exogenous exit rate 6 captures firm exit events due to reasons other than losing all product lines.
When a firm exogenously exits, it is replaced by an identical firm that inherits its product lines.
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R&D subsidy rate. The Poisson arrival rate of successful innovation is z;. Conditional on
successful innovation, the new firm has technology class c and industry j with probability
Nej-

If there were no litigation, the value of the new firm would simply be Vj; (1). However,
due to the risk of litigation, the new firm’s value is equal to the expected value of an
incumbent firm with zero existing product lines that succeeded in innovation, but before

potential patent infringement and consequent litigation outcomes are realized, denoted

V0.0

The first order condition with respect to entrant innovation z; pins down its optimal

value as

c ]
s = 3 Y a0

c=1 j=1

1
(2 BV ) N
T T A—sowy (24)

3.3.6. Litigation and settlements

We solve for the subgame perfect equilibrium of the litigation game by backward
induction. The expected payoff from going to court for a defendant firm with technology
class c innovating in industry j with n product lines is given by

[7+ (1 =)L = )] (Veje(n +1) = Veje(n)) (25)

where the first term is the total probability of taking over the product line (either by
winning the trial or the court deciding not to grant an injunction despite recognizing
the infringement) and the second term is the increase in firm value from increasing the
number of its product lines from n to n + 1. Facing an out-of-court settlement offer s to be
paid to the plaintiff, the defendant’s decision problem to accept or refuse the settlement

13Note that cht(O) = VCJ; +(0) = V¢ (0) since V¢j+(0) = 0.
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1s written as

max {1(Veja(1 +1) = Vju(n) =) + (1 =Dl + (1= 0)(1 = 0] (Ve + 1) = Veie ()} (26)
where I = 1 indicates acceptance and I = 0 indicates refusal. Then, the defendant strictly
accepts the offer if and only if

Veit(n +1) = Vejp(n) —=s > [t+ (1 -1) A = )] (Veje(n + 1) = Veje(n))
(1-1) (Veje(n +1) = Veje(n)) > s (27)

where (1 — 7)¢ is the probability of an injunction conditional on going to court. In other
words, the defendant strictly accepts the settlement offer only if the value of removing
the injunction risk is sufficiently high. Denote the threshold value of s which leaves the
defendant indifferent as 5.;:(n, 7).

Type 2 patent infringements:

We first consider the decision problem of a plaintiff facing a type 2 patent infringement
in which they don’t face any risk of losing product lines. They must choose a take-
it-or-leave-it settlement offer s without knowing the realization of 7 — the defendant’s

probability of winning at court. Their problem is written as
max {sE(s < 5,ji(n, 1)} (28)
S=

where the second term is the probability that the offer is accepted. Assume the distribution

é < ’l’él < 1. Assume

further that 1 + Té < 275’, which ensures the solution is always interior. Proposition 1

T>(7) is the continuous uniform distribution U(Té, Tél) with 0 < T

summarizes the equilibrium of this game.

Proposition 1. When successful innovation by a firm with technology class c in industry j with
n product lines leads to a type 2 patent infringement, the following are true in the subgame perfect
equilibrium of the litigation game:
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. The ex-ante probability that the plaintiff hires a legal team is

(1= Th)2e(Veje(n + 1) = Veje(n))

LT _
el NG
. The optimal settlement offer made by the plaintiff is
§ = (1 - Té)L(cht(n + 1) - cht(n)) (30)
2
1
. The defendant accepts the settlement if T < T° = 12#, and rejects otherwise. The ex-ante
L
acceptance probability is P(s* < 5.j¢(n, 1)) = %%
2 "2
. The expected payoff of the plaintiff is
(1= thR2e(Veje(n +1) = Ve () T
in - T Vejr(n — Vejit\n 4(’Th—‘[[ )Y;
2,cjt 2,cjt 4(1_;1 _ Té) 0
. The expected payoff of the defendant is
I I I
def  _ (1_T2)L 1 1_T2 1 1—T2
ity = [ sttoeotn | (1- 52 ) a0 -3
2~ 2~ D
12
L e 1+ 7) . _v.
+2(Tél _ Té) ((Tz) 4 (Vc]t(n +1) Vc]t(”)) (32)
Proof. See Section B.2 in the Theory Appendix. O

Type 1 patent infringements:
We now consider the decision problem of a plaintiff facing a type 1 patent infringement

which means they are the owner of the product line that is facing the risk of creative de-

struction. We further know that the plaintiff and the defendant share the same technology

class c¢. Unlike a type 2 infringement, this time the plaintiff cares about more than the

potential settlement they can extract from the defendant, since settling out of court also
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means they lose their product line for sure. Assume the distribution T;(7) is the continu-
ous uniform distribution U(Ti, T{l) with 0 < Ti < Tii < 1. Then the plaintiff’s problem is

written as

1—5/(1(cht(1’ld+1)—cht(nd)))
S0 /z (Veje(n = 1) = Veje(n) + s) dTi(7)
T

>0
h
1

+ / (t+ (1 =)A= ) (Vejr(n = 1) = cht(n))dTl(T)} (33)
1=5/((Vejt (n41)=Veje (n)))

where the first integral is the expected payoff from defendants who accept the settlement
and the second integral is the expected payoff from those who reject. The term V¢ j;(n—-1)—
V¢jt(n) is negative, and reflects the cost of losing the product line. In the cases when the
defendant accepts, the plaintiff is gives up their (1 — 7)t chance of retaining their product
line in exchange for a settlement amount s. Proposition 2 summarizes the equilibrium of

this game.

Proposition 2. Suppose Vji(n) is linear in n. When successful innovation by a firm with
technology class c in industry j with n product lines leads to a type 1 patent infringement on the
IP of an incumbent with n product lines, the following are true in the subgame perfect equilibrium

of the litigation game:
1. The ex-ante probability that the plaintiff hires a legal team is

h )
Tl +T1

Y, (34)

P%,zjt =P (7/ < (—l +1 (Veje(n —1) — VCJ't(”)))

2. Due to adverse selection, the plaintiff never chooses to settle out of court. That is, the plaintiff

offers s* = 0, and the defendant always rejects, independent of the realization of t.

3. The expected payoff of the plaintiff is

h, .l
ot \ (Ve (n=1)=V, it (n))
—1+1 - 1) i i

h 1
T, +T ( 2 Y,
1— 41— ! -Y;
2
0

(1= pre) (Veje(n = 1) = Ve (m)

i
what s = prcjt(cht(n - 1) = Vjt(n))
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4. The expected payoff of the defendant is

h l
Tl) (1= pET ) (Veje(n? +1) = Vi (n))(36)

de T
Wl c{t =P c]t(VC]t(n + 1) - c]t(n )) (1 -1+t

Proof. See Section B.3 in the Theory Appendix. O

3.3.7. Characterizing the value function

Having solved the subgame perfect equilibrium of the litigation game for both types of
patentinfringements, we are now ready to characterize the value function of an incumbent.
The rent flow for a single product line from type 2 patent infringements by others in

industry j, R, jt, 18 given by
I
Rejt = prittwy (37)

where p{< i

is the Poisson arrival rate of a type 2 patent infringement from firms in industry
J calculated in general equilibrium. This arrival rate depends on the innovation choices
of all other firms with the same technology class ¢ in industry j, as well as the share of
product lines that belong to firms with technology classs ¢ across all industries. pre"t
is increasing in the prior (since more firms innovating means there are more potentlaI
infringements) as well as the probability of a type 2 infringement x5, and it is decreasing
in the latter (since the same amount of infringements is spread over a larger mass of
potentially infringed product lines).

The value difference conditional on successful innovation, but before the litigation

subgame, denoted as VCJ; (n) = Vi (n), is given by

Vc-']_'t(n) - cht(n) = pc]thl 1 c]t + (1 - pc]tf) szdf:;t
[(PC] (1 Kl) + (1 - Pc] )(1 KZ)](Vc]t(n + 1) - Vc]t(n)) (38)

def
cjt
with the same technology class c in its industry, which is again determined in general

where p .7 is the probability that the firm innovates on the product line of another firm

equilibrium. The first term is the probability of a type 1 patent infringement times the
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associated defendant payoff, W, Cf ., calculated earlier. Likewise, the second term is the

probability of a type 2 patent infringement times the associated defendant payoff, W, C{ .
The last term is the probability that no infringement happens times the value change from
adding a new product line for certain.

The value difference conditional on being innovated on (i.e., value loss from creative

destruction), but before the litigation subgame, denoted as VC; (1) = V¢ji(n), is given by

plain

- ) )
Vc]'t(n) - cht(n) = pf];”” Wlpciin + (1 - pc]’t )KZPC (Vc]t(n) cjt(n))
1
+(1 - pf]t mK1 - (1 - pf]'fm)sz:;;lg)(cht(n - 1) - cht(”)) (39)

where pf;fin is the probability that the incoming innovation belongs to a firm with the
same technology class c, in which case a type 1 infringement is possible with probability
k1. The first term is this joint probability times the associated plaintiff payoff, Wlp Z;n
The second term is the probability that the incoming innovation belongs to a firm with a
different technology class, in which case a type 2 infringement is possible with probability
k2. In such an event, the innovating firm interacts with a third firm whose patent is
infringed, and the probability of an injunction being granted in the litigation subgame is
denoted as p t In this case, the incumbent retains its product line, and therefore there
is no value loss (i.e., the second term equals zero, and it is kept only for clarity). The last
term is the remaining probability times the value change from losing a product line for
certain.

Given these expressions, we are now ready to solve for the firm value function in a

BGP equilibrium in closed form.

Definition 1. A balanced growth path (BGP) equilibrium of this economy is an equilibrium in
which:

1. The aggregate variables Y;, Cy, Ay and the real wage rate w; grow at the constant rate g > 0.

2. The real interest rate r, the industry-specific creative destruction rates {df}§=1' the frac-
tion of product lines owned by technology class c firms {MC}E:]L and the probabilities

rent def plain m]] C . . .
{{Pc] ,Plc],}?zc],r]c] Pej C]} _1} oy are time-invariant.
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Theorem 1. In a BGP equilibrium, the value function of an incumbent firm with technology class

c in industry j who is the leader in n product lines at time t is given by
Vej(n) = vejnY (40)
where v¢j > 0 is an industry- and technology-class-specific time-invariant scalar given by

(1_56]’))(5353}]

1+/\ wj + Z T+oM,
Uej = ef plam (41)

In particular, xj is the time-invariant per product line incumbent innovation arrival rate given by

1
Lf;fUCj(l +oMc)\" ()
Xei =
“ (1- Scj))(ch

and R, i ijf , and L’Z ;m are time-invariant terms that summarize the implications of the litigation
subgame on firm value, defined in Equations (B.34), (B.37), and (B.40), respectively. Likewise, z

is the time-invariant entrant innovation arrival rate given by

1
_ St Zjey M Cvacf h (43)
z = (1—s.)vp

Proof. See Section B.4 in the Theory Appendix. m|

3.4. General equilibrium

To close the model, we need to derive the equations that pin down the values of
endogenous variables in a BGP equilibrium, such as the growth rate g, the stationary
product line distribution across industries and technology classes {{ yC]} el 1}] _,, and the
associated probabilities of various events discussed earlier. Proposition 3 provides the

values of these expressions.

Proposition 3. In a BGP equilibrium, the following are true:
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1. The industry-specific creative destruction rate d; in industry j is
C
di = ) (HejXej +1ej2) (44)

2. The probability for plaintiffs of type (c,j) that the incoming innovation belongs to a firm

with the same technology class, pp s

' Xei +Neiz
;Z;am _ HejXej T Tcj (45)

C
ZC':l(MC’ij’j + T[c’jz)

3. The probability for defendants of type (c, j) to innovate on the product line of another firm
with the same technology class c in its industry, p;f , 18

d
pe = e (46)

4. The Poisson arrival rate of a type 2 patent infringement for plaintiffs with technology class c

rent

from firms in industry j, P ]

rent _ (HejXej +1ej2)(1 — piej)2 @)

cj ] ,
Zj':l Hej!

5. The probability that an injunction is granted condztzonal on a type 2 infringement from the
perspective of the owner of the product line, pC]

wj ZesleieitneiDpa [ 141 () PLO+aR)
= T ju—
pc] Zc’#c(#c’jxc’j + nc’jz) 2 2 2 8 T

6. The time-invariant output growth rate g is given by

]
Z Wj Z Hejfej (49)

j=1 c=1
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where

In(1+ A¢)

h 1
T, +7T
fei = (ucjxcj +1cjz) [1 — KlplL,Y;j (1 S > 1) L

4 3 (o +1ey2) [1= ka2 [ 101+ 20) (50)

c’#c

7. Define P(®,®’) as the transition rate from product lines of type ® = (c,j) (origin) to
©’ = (c’, ') (destination). The stationary values of u.; are pinned down by the following
linear system of equations

Plu = u (51)
C
Dt = LY (52)
c=1
which consists of C] + ] equations.
Proof. See Section B.5 in the Theory Appendix. m|

While not needed to compute the balanced growth path equilibrium, we can also
compute the stationary firm size distributions ¢;(n) for firms of type (c, j). The details of
their derivation are relegated to Section B.6 of the Theory Appendix.

3.5. Output and welfare

We would like to compute social welfare in counterfactual economies and compare
them against the estimated equilibrium. To calculate welfare, we need to compute the
consumption stream of the representative household. From the utility function of the
representative household in equation (7), we have:

In Co

Ty (53)

W:/ e‘ptlnCtdt:/ e P In(e8'Cy)dt =
0 0 P

which shows how the welfare depends on the initial level of consumption Cy and the

growth rate of the economy g. To compute Cp, we need to calculate the initial output
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level, Yy, and the fraction of output spent on R&D by all firms in the economy. The details
are relegated to Section B.7 in the Theory Appendix.

For two economies A and B, we can define a consumption equivalent welfare change
measure (@) which corresponds to the percentage increase in lifetime consumption that
an agent in economy A would need to be indifferent between being in economy A or B:

In(Ci(1+ @) g4
=— "4

Wi - (54)
p p
Solving for @, we get:
I
@ = exp ((W — —2) p - ln(Cg‘)) -1 (55)
p

4. Calibration and Identification

4.1. Data

We use several datasets to inform our calibration: (i) Compustat North America Fun-
damentals Annual, which contains annual data from firm financial statements; (ii) the
Global Corporate Patent Dataset (GCPD) (Bena, Ferreira, Matos, and Pires, 2017), which
contains detailed information on patents linked to the patent-holding firms in Compustat;
(iii) the USPTO litigation database, which contains the universe of patent litigation over
the period 2003-2016, including identifiers for patents involved in each lawsuit, and (iv) the
Federal Judicial Center (FJC) civil-lawsuit database, which includes detailed information
on lawsuit outcomes for all patent lawsuits filed in federal courts.

We use this data to construct a firm-year panel over the period 2003-2016. Based on the
data, we categorize firms into nine technology classes and four primary industry groups.
We provide details regarding the classification procedure in the Online Appendix.

We use these datasets to construct 15 empirical moments. Using our model solution, we
can calculate model counterparts for each moment. In the following sections, we describe
how we calibrate our model parameters to make the model-implied moments match the
empirical counterparts. We provide details on the empirical moment construction in the

Online Appendix.
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4.2. Parameterizing the Model

To map the model to the data, we need to add a few parametric assumptions. First, we
assume the litigation cost y is drawn from an exponential distribution with parameter &:
the CDFis I'(y) = 1 — e™¢. Second, we draw A, from a uniform distribution with a mean
of u,) and a standard deviation of o). Finally, the R&D cost parameter y. is drawn from a
uniform distribution with a mean of y1;, and a standard deviation of o .

4.3. Parameter Values

4.3.1. Estimates from the Literature

We begin by calibrating a few parameters based on literature conventions. The discount
rate p is set to 0.04, which implies a real interest rate of 6% when the growth rate is 2%.
The R&D cost convexity parameter 1) is set to 2 following Bloom, Griffith, and Van Reenen
(2002). The R&D subsidy s.; is set to 8%, the implied tax subsidy rate on R&D expenditures
in the US from the OECD database. The exit rate 0 is set to 3% following Acemoglu et al.
(2018). Additionally, the injunction rate is pinned down by the observed injunction rate -
this was 95% before eBay ruling in 2006 and 75% after eBay (Seaman, 2015), leading to an

average injunction rate of 81% in our sample.

4.3.2. Directly measured parameters

Next, we use our firm-year panel to calibrate some parameters based on observable
proxies. We directly calibrate {w;} and {7.;} to match observed proxies. We provide
details in the Online Appendix.

4.3.3. Inferred Parameters

We infer the remaining parameters from the data. Specifically, we choose the following
parameters to make model-implied moments match their empirical counterparts: (i) the
mean p, and standard deviation o, of A; (ii) the mean u, and standard deviation o, of
R&D cost scale x.; (iii) the entrant R&D cost scale v; (iv) the knowledge spillovers o; (v)
the infringement probabilities k1, k; for type-1 and type-2 infringement, respectively; (vi)
the litigation cost-scale parameter &; (vii) the bounds Té, Tél determining the distribution
of defendant win rates in type-2 infringements; (viii) the single parameter (Ti + ’l'il) /2
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sufficient for summarizing defendant win rates in type-1 infringements. We thus infer the
values for 12 parameters by calibrating them jointly to match 15 empirical moments in the
data.

We now explain how the 15 empirical moments listed in Table 2 help us infer the values
of these 12 parameters.!* Technically, each model-implied moment depends jointly on all
12 parameters through the model solution. However, certain moments are more sensitive
to particular parameters, aiding our identification. We now go through each parameter
and explain which moments are particularly helpful in calibrating that parameter. Growth
in our model depends on the parameters ) and o, that determine the distribution of
Ac. We calibrate those two parameters using the (a) average GDP growth rate and (b)
standard deviation of sales growth across technology classes. Specifically, we calculate
these moments in the model and vary u,, o, until the model-implied moments match the
empirical counterparts.

Next, we choose the R&D cost parameters u,, 0, to make the model-implied distri-
bution of R&D spending across technology classes match related empirical statistics: the
mean and standard deviation of R&D intensity (R&D/sales) across technology classes.

The entrant R&D cost-scale parameter v is chosen to match the fraction of growth
attributable to new entrant’s innovation (Garcia-Macia, Hsieh, and Klenow, 2019). The
technology-spillover parameter o is chosen to match the regression coefficient of R&D
spending on sales shares of its technology class. If firms in technology classes with a large
body of knowledge (a high fraction of sales) spend more on R&D, that suggests the body
of knowledge produces spillovers for firms in the same technology class.

Next, we consider the litigation parameters. The observed probability of a firm being
a patent-litigation plaintiff in a given year, and the standard deviation of that probability
across technology classes and industries, provide valuable information about x1 and .
Intuitively, once we have pinned down innovation incentives, the probability of a firm
being a plaintiff depends on the probabilities of infringement x1, x>. If there is a wide
standard deviation across technology classes and industries, that suggests a wide gap
between x1 and k. Moreover, the observed fraction of lawsuits occurring between firms
in the same industry provides valuable information about x1: a type-1 infringement can
only occur between two firms in the same industry. We thus choose «1, k to match these

14We provide details on how we construct these moments in the Online Appendix.
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three empirical moments related to litigation.

To help pin down the defendant-win-rate parameters {T]l., ’C]}.Z }i=1,2, we use the observed
likelihood of a plaintiff winning a trial for lawsuits in which (i) the plaintiff is in the same
industry as the defendant and (ii) the plaintiff is in a different industry than the defendant.
We also use the overall fraction of lawsuits that settle, rather than going to trial, since the
extent of the asymmetric information determines the likelihood of a settlement. We choose
the litigation-cost parameter & to match the fact that a typical US firm spends 0.57% of its
revenue on litigation.

Finally, as an informal “overidentification test” we choose our parameters to match
the distribution of litigation across technology classes. Specifically, for each technology
class, we calculate (i) the average probability of a firm being a patent-litigation plaintiff
in a given year;' (ii) the average sales growth; and (iii) the average R&D intensity. We
match the across-technology-class correlation between R&D intensity and the likelihood of
being a plaintiff. We also match the corresponding correlation between sales growth and
litigation activity. These two correlations help further discipline the interactions between
innovation and litigation within the model, ensuring they align well with observed data
patterns. The latter correlation is key for our welfare implications. Recall from the
illustrative model that a plaintiff-friendly reform (increasing the injunction rate) lowers
welfare if high A, firms are frequent litigators. We find a positive correlation between sales
growth and litigation, suggesting that high A, technology classes (high-growth firms) are
more frequently involved in litigation. Based on our illustrative model, this implies that
increasing the injunction rate should lower innovation activity and harm welfare. The
following section shows that our full model delivers this same prediction.

Panel A of Table 2 reports the values of the parameters, whereas Panel B provides an
overview of the values of the targeted moments in the data and the estimated model. The
model tightly matches the data moments.

>Note that we focus on the probability of being a plaintiff because we can more precisely identify plaintiffs
in Compustat. However, technology classes with frequent plaintiffs will also be technology classes with
frequent defendants since lawsuits tend to occur within technology classes.
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5. Quantitative Analysis

5.1. Comparative Statics

Using the calibrated parameters (Table 2), we solve our model. We now examine how
our model equilibrium changes as we change parameters from the values listed in Table
2. To begin, we solve and simulate the model 20 times. For each of these 20 simulations,
we calculate many model moments of interest: social welfare, the output growth rate, the
distribution of firm value, and the innovation and litigation decisions of firms. We then
change one parameter at a time, holding every other parameter fixed at the values listed
in Table 2, and repeat this moment simulation process.

We first examine the impact of changing the injunction rate parameter (. The results
are shown in Figure 2. Based on our baseline parameter estimates, we find that increasing
the injunction rate ¢ tends to reduce firm innovation, output growth, and consumption-
equivalent welfare. Intuitively, a higher injunction rate increases the likelihood that value
from successful innovation will be lost due to infringement risks related to other firms’
intellectual property. This decrease in potential reward reduces the incentive for firms
to innovate, which in turn lowers the output growth rate. While the consumption ratio
slightly increases due to saved R&D expenses, this negative impact on growth outweighs
its positive effect on consumption, leading to a decrease in social welfare.

Regarding the variables related to litigation, despite the increasing probability of hiring
a legal team due to the higher potential gain from litigation, the reduction in disruptive
innovation (and the decrease in the number of product lines per firm, as will be shown
later) leads to a lower average probability of being a plaintiff.

The influence of the injunction rate on the average product line value is a bit more
nuanced. On the one hand, an elevated injunction rate amplifies the value loss risks
associated with legal actions when a firm’s new innovations potentially infringe upon
existing patents (risk channel). The left panel in the first row of Figure 2 illustrates that
a rise in the injunction rate results in an expanded proportion of value being forfeited
from successful innovations, owing to increased infringement risks. This, in turn, tends
to decrease the average value of a product line.

On the other hand, a higher injunction rate can act as a protective shield for a firm’s
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existing product lines (protection channel). As illustrated in the middle panel of the first
row of Figure 2, an increased injunction rate enhances the value to a product-line owner by
offering the opportunity to fend off new market entrants through patent litigation. This
protective mechanism empowers firms to maintain control over their current product
lines. Furthermore, the reduction in creative disruption further reinforces these existing
productive lines, thereby contributing to an increase in the average product line value.
Further taking into account the reduction in R&D expenses and increase in rent incomes
from type 2 infringements, the average product line value increases with the injunction
rate. As depicted in top left panel of Figure 3, in the estimated equilibrium, the protective
effects of higher injunction rates overshadow the associated risks, leading to a modest
overall increase in the average product line value.

The decreased innovation, however, diminishes the success rate of taking over product
lines, resulting in a decrease in the number of product lines owned by incumbents as
shown in top right panel of Figure 3. The decrease in the average number of product
lines owned by each firm dominates the increase in average product line value, leading
to a decline in the average incumbent value. For new entrants, the adverse effect of the
injunction rate (risk channel) dominates, resulting in a negative relationship between the
injunction rate and entrant value.

Next, we explore the effects of altering the litigation cost parameter £. A higher &
value signifies a lower average cost of litigation. Figure 4 illustrates the results. When the
costs associated with filing lawsuits and hiring legal teams are reduced, firms are more
likely to engage in litigation in cases of patent infringement. This heightened litigation
risk erodes the expected returns from successful innovations due to the fear of infringing
on other firms” intellectual property. Consequently, firms are less motivated to innovate,
which negatively affects growth and diminishes social welfare.

We further investigate the impact of lowering litigation costs on firm valuation. Fig-
ure 5 illustrates the results. In the estimated equilibrium model, the benefits of reduced
litigation expenses, coupled with the decline in creative destruction, outweigh the ac-
companying risks, resulting in a moderate increase in the value of the average product
line. The reduction in innovation leads to a decrease in the average number of product
lines. This reduction in the number of product lines dominates the effect of the increase in

average product line value when the litigation cost parameter is relatively low. However,
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as the litigation cost parameter increases, the latter effect dominates the former, leading to
a U-shaped average incumbent value. Regarding entrepreneur value, as shown in Figure
5, despite the increase in average product line value, the increased litigation risk reduces

the entrants” innovation incentive and consequently the entrepreneur value.

5.2. eBay-Ruling: Automatic Injunction to Case-by-case Injunction

In this subsection, we use the calibrated model to conduct an event study examining the
impact of the eBay ruling. This pivotal Supreme Court decision in the eBay v. MercExchange
case increased judicial flexibility in addressing patent disputes and effectively lowered the
injunction rate for future cases. The consequences of the eBay v. MercExchange decision are
ex ante ambiguous. While removing the automatic injunction might decrease deterrence
against violations, thereby lowering incentives for innovation, it could also positively
influence innovation by reducing the costs associated with patent litigation for innovative
companies. According to Chien and Lemley (2012), the rate at which courts have granted
injunctions has decreased from an estimated 95% pre-eBay to about 75% post-eBay. To
model the effects of the eBay ruling, we adjust the : parameter from 0.95 to 0.75, while
keeping other parameters unchanged. We then assess its impact on innovation, firm
values, litigation, growth, and social welfare.

As shown in Table 3, our analysis reveals that the decrease in injunction rates prompts
an increase in innovation among both incumbents and entrants, by 4.06% and 2.57%
respectively. This surge in innovation stems from a diminished value loss associated with
the risks of infringing on other firms’ intellectual property. Notably, incumbent firms
exhibit a greater increase in innovation compared to entrants, which in turn results in a
slight decline in the contribution of entrants to growth.

The ripple effects of these changes are multifaceted. Both incumbent and entrepreneur
values increase. Despite a 1.76% decline in average product line value attributed to
factors such as increased creative destruction, R&D expenses, and diminished litigation
protection and rent income, the bolstered innovation activity compensates for these losses
by driving a 3.04% increase in the average number of product lines per firm, thereby
elevating the value of incumbent firms by 1.23%. The reduction in potential value loss
due to IP infringement concerns also offsets the decrease in average product line value,

leading to enhanced incentives for entrant innovation and an increase in entrepreneur

36



value.

The higher innovation rate leads to a higher success rate of taking over product lines,
especially for firms with high research efficiency. Other firms innovate more as well, but
they tend to lose to the most efficient firms in the competition. High research efficiency
firms have a higher chance of becoming the leaders in product lines and end up holding
more product lines, while the number of product lines for other firms declines. This
dynamic leads to a wider dispersion in the number of product lines held by different
firms across the industry, whereas the average number product lines per firm increases.

Moreover, the eBay ruling affects the potential gain from litigation which in turn
influences firms’ legal strategies. Despite the decreasing probability of hiring a legal team
due to the lower potential gain from litigation, the increase in creative destruction leads
to a slight increase in the average plaintiff probability per product line. Together with
the increase in the number of product lines, the average probability of being a plaintiff
increases by 3.05%.

In terms of aggregate implications, the increase in incumbent and entrant innovation
boosts the output growth rate. The higher R&D cost crowds out consumption, leading to
a slightly lower consumption level. However, the growth effect dominates the level effect,
resulting in an overall increase in social welfare of 3.32%. This welfare improvement is
quite substantial. For comparison, recent quantitative evaluations estimate the welfare
costs of business cycles to be in the range of 0.1-1.8% (Krusell et al., 2009), the welfare costs
of inflation (Lucas, 2000) and managerial short-termism (Terry, 2023) close to 1%, and the
static benefits from trade around 2.5% (Melitz and Redding, 2015). These figures are of
a similar magnitude to the welfare improvements we have identified from reducing the
rate of injunctions in our analysis.

5.3. Increasing Plaintiff Filing Costs

Our model allows us to study other potential reforms as well. For example, one recent
proposed reform suggested increasing plaintiff pleading requirements (Gugliuzza, 2015).
This is analogous to increasing the costs of filing for plaintiffs. To examine its impact, we
vary the litigation cost parameter denoted as £. A lower & value corresponds to higher
average litigation costs for plaintiffs, making it more costly to file lawsuits. We set & at half
of its baseline value, thereby effectively doubling the average legal costs. The values of
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other parameters are kept unchanged at their baseline levels. Table 4 reports the impact
of increasing the costs of filing for plaintiffs.

In response to the higher litigation cost, the probability of hiring a legal team declines.
Both incumbents and entrants carry out more innovation due to the lower value loss
associated with the risk of infringing on other firms’ IP. Similar to the effect of reducing the
injunction rate, we note a larger increase in innovation among incumbents than entrants,
diminishing the latter’s growth contribution.

The average product line value declines by 1.91% due to the increase in creative destruc-
tion. This decline is overshadowed by the benefits stemming from reduced IP infringement
risks, culminating in a surge in innovation among entrants and, consequently, an uplift in
entrepreneur value. Similar to the effect of reduced injunction rates, the higher litigation
cost leads to higher innovation, resulting in an increase in the average and standard de-
viation of product lines. However, the increment in the average number of product lines
per firm is modest at 1.23%, failing to fully offset the 1.91% reduction in average product
line value, and resulting in a slight decrease in incumbent firm value by 0.71%.

The higher filing costs significantly influence litigation behavior. The higher filing
costs lead to a reduction in the average probability of a plaintiff filing a lawsuit, primarily
due to a decline in the per-product-line plaintiff probability. This decline stems from the
significantly reduced likelihood of engaging legal teams in the event of infringements,
attributed directly to the increased costs of filing.

The increase in filing costs also leads to aggregate implications that are comparable to
those observed with the reduction of injunction rates. The rise in innovation from both
incumbents and entrants propels the output growth rate. While the increased R&D ex-
penditure tempers consumption levels, the overarching growth effects surpass the adverse
level effects. Consequently, the social welfare experiences a sizeable uplift of 2.08%.

5.4. Increasing R&D Subsidies

Lastly, we examine the quantitative effects of increasing R&D subsidies for firms in
the calibrated economy. To simulate the influence of R&D subsidies, we conduct three
exercises. We double the subsidy parameter s.; from its baseline value for one of three
groups: (i) the whole sample, (ii) firms in the lowest tercile of research efficiency (measured
by Ac/xc), and (iii) firms in the highest tercile of research efficiency, respectively. The
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values of other parameters are kept unchanged at their baseline levels. We evaluate the
impact of these R&D subsidies on innovation, litigation, growth, and social welfare. Table
5 presents the implications of increasing R&D subsidies.

We find that doubling the R&D subsidy for all firms in the economy can potentially
increase innovation and the growth rate, which could lead to an increase in social welfare
by 2.84%. This suggests an overall underinvestment in innovation. However, the degree of
over-investment and under-investment is highly heterogeneous among firms with different
research efficiencies. We find that subsidizing firms in the lowest terciles of research
efficiency does not lead to much change in the average innovation and R&D spending.
However, the composition of R&D activities shifts, with research activities moving to
these relatively less efficient firms, which leads to a decline in the growth rate. As a
result, social welfare decreases by 0.087%. In contrast, doubling the R&D subsidy for
tirms in the highest terciles of research efficiency substantially increases innovation and
creative destruction, leading to a significant increase in the growth rate and social welfare.
This indicates that firms with low research efficiency tend to overinvest in innovation,
while firms with high research efficiency tend to underinvest in the estimated economy.
Our calibration suggests that defendant-friendly legal reforms stimulate innovation for
high-research-efficiency firms, improving welfare.

6. Conclusion

We develop a novel dynamic general equilibrium model with endogenous growth
to quantify the extent to which the litigation system influences innovation, firm value,
growth, and social welfare. This model features heterogeneous firms that innovate while
facing potential patent lawsuits. In our continuous-time equilibrium model, heteroge-
neous firms innovate to steal market share from competitors. Firms inefficiently internal-
ize the transfer they extract from competitors by innovating better products. This can lead
to an equilibrium level of innovation for some firms that exceeds the level a social planner
would choose to maximize welfare. However, innovation also creates positive externali-
ties, through technology spillovers, that firms do not internalize. This can lead some firms
to innovate less in equilibrium than the level that a social planner would choose.

We embed a realistic model of patent litigation in this dynamic general equilibrium
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framework. When firms innovate to steal a competitor’s product line, there is a chance
that they infringe on an existing patent. The patent holder’s decision to file a lawsuit and
the joint decision of whether to go to trial are both determined endogenously. In a trial,
there is a chance that the court grants an injunction, stopping the innovating firm from
taking over the incumbent firm’s product line.

By integrating this realistic patent litigation system into a dynamic general equilibrium
model with endogenous growth, we are able to assess how changes in the legal landscape
affect firm behaviors and social welfare. We calibrate our model to evaluate historical
patent-litigation reforms and proposed reforms. In both instances, we find that defendant-
friendly reforms increase both innovation and welfare. The 2006 Supreme Court “eBay
ruling,” which improved defendant rights by lowering injunction rates, improved welfare
by 3.32%. A proposed reform to increase plaintiff pleading requirements, making it more
difficult to file a lawsuit, would likewise improve welfare. The results of our analysis
underscore the significant impact that patent-litigation reforms can have on innovation,
firm value, economic growth, and social welfare. Our research adds to the discourse on
patent litigation reform, offering policymakers and stakeholders guidance on how to craft
reforms that help the patent system fulfill its original purpose of promoting technological

progress and economic well-being.
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Figure 1: Litigation Subgame Timeline

Notes: This figure illustrates the timeline of the litigation subgame. Conditional on patent infringement, the plaintiff has to make a
decision of whether to hire a legal team. A legal team is necessary for making a settlement offer or going to court. The cost of hiring
a legal team is yY;, where y > 0 is a random variable drawn from the distribution I'(y), and the Y; term ensures that litigation costs
grow at the same rate as output in a balanced growth path (BGP) equilibrium. If the plaintiff chooses to pay yY; and hire the legal
team, it then makes a take-it-or-leave-it settlement offer to the defendant. The defendant has private information about its chances of
winning the trial. Let 7 € [0, 1] denote the probability that the defendant wins the trial. This probability is drawn from the exogenous
distributions Ti(7) and T>(7) for type 1 and type 2 infringements, respectively. Given its private information 7, the defendant can
accept the settlement or refuse. Refusal leads to a trial. With probability 7, the defendant wins the trial and the product line takeover
is realized. With the complementary probability 1 — 7, the defendant loses. If the defendant loses, then the court decides on whether
to grant an injunction or not. With probability ¢ € [0, 1], an injunction is granted and the product line takeover is blocked. With
probability 1 — ¢, there is no injunction and the defendant can still take over the product line. The parameter ( is a policy parameter
that captures the inclination of a court to grant an injunction in the case of a proven patent infringement.
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Notes: This figure depicts comparative statics under different values of injunction rate :. For each panel, we solve and simulate the

model 20 times, each time corresponding to a different value of injunction rate while keeping other parameters unchanged.
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Figure 3: Injunction Rate: Impacts on Firm Values of Incumbents and Entrants

Notes: This figure depicts the impact of the injunction rate on the average value of produce lines, the number
of product lines, the incumbent value, and the entrepreneur value. For each panel, we solve and simulate
the model 20 times, each time corresponding to a different value of injunction rate while keeping other

parameters unchanged.
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Figure 5: Litigation Cost: Impacts on Firm Values of Incumbents and Entrants

Notes: This figure depicts the impact of litigation cost on the average value of produce lines, the number of
product lines, the incumbent value, and the entrepreneur value. A higher & value signifies a lower average
cost of litigation. For each panel, we solve and simulate the model 20 times, each time corresponding to a
different value of litigation cost parameter & while keeping other parameters unchanged.
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Table 1: Illustrative model

This table shows the results of a simple example from our illustrative model. The first panel shows our
assumed parameter values. In the second panel, we consider a case in which only efficient innovators
(c =1, A1 = 3) use the litigation system: p1; > 0 = p;. We display the gap between the private and socially
optimal levels of innovation, and display what happens if ¢ increases by 0.2 In the third panel, we repeat the
exercise assuming only inefficient innovators litigation: pz; > 0 = py;.

Parameters

X 4.5
o 2

L 0.75
i 1
A1 3
A2 0.1

Case 1: efficient innovators litigate

p1j 0.05
P2j 0
xij - xij -0.02
AxL. from ¢ T0.2 -0.0036
A Welfare from ¢ T 0.2 -0.02

Case 2: inefficient innovators litigate

P1j 0
P2; 0.05
X5 ;i x;]. 0.13
Axgj from ¢ 70.2 -0.001
A Welfare from ¢ T 0.2 0.0007
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Table 2: Model Calibration

Notes: The table reports calibration results. reports the values of the parameters, whereas Panel B provides
an overview of the values of the targeted moments in the data and the estimated model. See Section 4 and
Appendix A for the definition and construction of data moments.

Panel A: Parameter Values

Description Values
p discount rate 0.04
o exogenous exit rate 0.03
Y R&D cost convexity 2
L avg. injunction rate 81%
HA mean of innov. step size 0.294
oA stdv. of innov. step size 0.192
Uy mean of incumbent R&D cost scale 6.504
Oy stdv. of incumbent R&D cost scale 0.361
v entrant R&D cost scale 5.061
o knowledge spillover strength 0.100
K1 type 1 infringement prob. 0.831
KD type 2 infringement prob. 0.397
(th+ /2 type 1 def. win prob. Ib and ub 0.677
[Té, Té’] type 2 def. win prob. Ib and ub [0.044,0.659]
& litigation cost scale 10.915

Panel B: Moments
Data Model

output growth rate 2.03% 2.24%
stdv. of sales growth 1.79% 1.80%
mean of R&D intensity 6.43% 5.50%
stdv. of R&D intensity 3.60% 3.34%
entrant innovation’s contribution to growth 19.80% 18.45%
B(R&D spending, tech class sales share) 0.028 0.029
mean of the prob. of being a plaintiff 10.53% 9.39%
stdv. of the prob. of being a plaintiff 8.63% 9.15%
fraction of same industry lawsuits 78.22% 76.62%
prob(plaintiff win | same-industry lawsuits) 35.44% 33.58%
prob(plaintiff win | different-industry lawsuits) 40.91% 40.95%
prob(settlement | being a plaintiff) 58.32% 57.65%
mean of litigation costs/revenue 0.57% 0.61%
corr (litigation prob., sales growth) 0.713 0.712
corr (litigation prob., R&D intensity) 0.620 0.813
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Table 3: The Impact of 2006 eBay Ruling

Notes: This table reports the impact of 2006 eBay ruling. To model the effects of the eBay ruling, we adjust
the 1 parameter from 0.95 to 0.75, while keeping other parameters unchanged at their baseline values. We
assess its impact on innovation, firm values, litigation, growth, and social welfare.

Baseline Counterfactual % changes
Pre-eBay ruling: 1 =0.95  Post-eBay ruling: 1 = 0.75

incumbent innovation 0.0507 0.0527 4.065%
avg. R&D intensity 5.274% 5.588% 5.943%
entrant innovation 0.0446 0.0457 2.569%
contribution of entrants to growth 18.773% 18.313% -2.452%
creative destruction rate 6.180% 6.415% 3.795%
avg. incumbent value 0.5868 0.5940 1.230%
avg. entrepreneur value 0.0581 0.0611 5.209%
avg. product line value 0.1937 0.1903 -1.760%
avg. number of product lines 3.0296 3.1218 3.043%
stdv. number of product lines 5.6121 6.1589 9.743%
avg. plaintiff prob. 9.166% 9.445% 3.050%
per product line plaintiff prob. 3.025% 3.026% 0.007%
avg. prob of hiring a legal team 89.782% 84.645% -5.721%
output growth rate 2.130% 2.285% 7.300%
consumption 0.2277 0.2262 -0.623%
output 0.2513 0.2513 0.005%
CEWC - 3.316% -
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Table 4: The Impact of Increasing Plaintiff Filing Costs

Notes: This table presents the implications of increasing plaintiff filing costs. To simulate the influence,
we halve the £ parameter from its baseline value, effectively doubling the average expense associated with
hiring a legal team for the plaintiff. The values of other parameters are kept unchanged at their baseline
levels. We evaluate its effects on innovation, firm values, litigation, growth, and social welfare.

Baseline Counterfactual % changes
& =10.915 £E=05x¢&

incumbent innovation 0.0521 0.0533 2.242%
avg. R&D intensity 5.498% 5.716% 3.971%
entrant innovation 0.0454 0.0464 2.116%
contribution of entrants to growth 18.453% 18.237% -1.175%
creative destruction rate 6.347% 6.487% 2.219%
avg. incumbent value 0.5915 0.5873 -0.705%
avg. entrepreneur value 0.0603 0.0629 4.276%
avg. product line value 0.1912 0.1876 -1.907%
avg. number of product lines 3.0936 3.1315 1.225%
stdv. number of product lines 5.9896 6.2352 4.101%
avg. plaintiff prob. 9.391% 7.496% -20.179%
per product line plaintiff prob. 3.036% 2.394% -21.145%
avg. prob of hiring a legal team 86.408% 65.819% -23.827%
output growth rate 2.239% 2.340% 4.493%
consumption 0.2266 0.2256 -0.456%
output 0.2513 0.2513 0.0003%
CEWC - 2.080% -
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Table 5: The Impact of Increasing R&D Subsidies

Notes: This table presents the implications of increasing R&D subsidies. To simulate the influence of R&D subsidies, we conduct three exercises. We double
the subsidy parameter s.; from its baseline value for one of three groups: (i) the whole sample, (ii) firms in the lowest tercile of research efficiency (measured
by A/ x.), and (iii) firms in the highest tercile of research efficiency, respectively. The values of other parameters are kept unchanged at their baseline values.
We evaluate the impact of these R&D subsidies on innovation, litigation, growth, and social welfare.

Baseline Whole Sample Low A¢/x. Subsample High A./x. Subsample
Counterfactual % Changes Counterfactual % Changes Counterfactual % Changes
incumbent innovation 0.0521 0.0567 8.891% 0.0521 -0.004% 0.0568 8.939%
avg. R&D intensity 5.498% 6.383% 16.103% 5.508% 0.187% 6.205% 12.857%
entrant innovation 0.0454 0.0444 -2.238% 0.0454 0.069% 0.0441 -2.783%
contribution of entrants to growth 18.453% 17.004% -7.854% 18.453% -0.002% 17.005% -7.849%
creative destruction rate 6.347% 6.784% 6.901% 6.347% 0.009% 6.781% 0.522%
avg. incumbent value 0.5915 0.6350 7.354% 0.5883 -0.541% 0.6548 10.700%
avg. entrepreneur value 0.0603 0.0576 -4.395% 0.0604 0.130% 0.0570 -5.441%
avg. product line value 0.1912 0.1902 -0.510% 0.1908 -0.234% 0.1922 0.522%
avg. number of product lines 3.0936 3.3382 7.904% 3.0841 -0.308% 3.4069 10.125%
stdv. number of product lines 5.9896 6.8654 14.623% 5.9557 -0.565% 7.1630 19.590%
avg. plaintiff prob. 9.391% 11.138% 18.603% 9.335% -0.595% 11.596% 23.488%
per product line plaintiff prob. 3.036% 3.336% 9.915% 3.027% -0.288% 3.404% 12.134%
avg. prob of hiring a legal team 86.408% 86.445% 0.044% 86.315% -0.107% 86.680% 0.522%
output growth rate 2.239% 2.414% 7.809% 2.235% -0.170% 2.427% 8.413%
consumption 0.2266 0.2231 -1.555% 0.2267 0.008% 0.2230 -1.604%
output 0.2513 0.2513 0.0325% 0.2512 -0.0086% 0.2514 0.0494%

CEWC - 2.843% - -0.087% - 3.141% -




Online Appendices:
The Efficiency of Patent Litigation



A. Data and Empirical Moment Construction

A.1. Data

We use several datasets to inform our calibration. First, we download the Compustat
North America Fundamentals Annual dataset. We obtain a firm-year dataset with the
following variables: (i) total sales (revenue); (ii) R&D spending; (iii) industry (SIC code);
(iv) firm name.

Second, we download the Global Corporate Patent Dataset (GCPD) (Bena, Ferreira,
Matos, and Pires, 2017).! For the period 1980-2017, the GCPD provides a comprehensive
link between patents awarded by the U.S. Patent and Trademark Office (USPTO) and the
publicly listed Compustat firms that received those patents.

Third, we download the USPTO litigation database, which covers all patent lawsuits
tiled in Federal courts over the period 2003-2016. For each lawsuit, the dataset includes
identifiers for all of the infringed patents.

We merge these three datasets together. Our final sample is a firm-year panel over the
period 2003-2016. It includes all Compustat observations for all firms that hold at least
one patent in the GCPD.? We assign each firm a technology class ¢ and an industry j by the
following procedure. We use the first digit of the GCPD technology-class classification to
construct nine different potential technology classes. We assign each firm a time-invariant
technology class using the GCPD classification.> We use SIC codes from Compustat
to construct the Fama-French twelve industries. We exclude firms in Finance, Utilities,
or Other. We then aggregate the remaining nine industries into four industry groups.*
We thus have nine technology classes and four industry groups in our data. Since we

1Gee https://patents.darden.virginia.edu/.

2We exclude firm years with missing SIC codes, assets, sales or Compustat identifiers. We exclude firm
years with under $50 million in sales.

31f a firm has multiple patents, we take the modal technology class across its patents. If there is a tie, we
consider the firm’s technology class to be missing.

*Based on the Fama-French industry classification, our analysis focuses on four primary industry groups:
(i) Manufacturing: This encompasses Fama-French industry classifications 1 (Consumer NonDurables —
Food, Tobacco, Textiles, Apparel, Leather, Toys), 2 (Consumer Durables — Cars, TVs, Furniture, Household
Appliances), and 3 (Manufacturing — Machinery, Trucks, Planes, Office Furniture, Paper, Commercial Print-
ing); (i) Extraction and Chemicals: This group includes Fama-French industry classifications 4 (Oil, Gas, and
Coal Extraction and Products) and 5 (Chemicals and Allied Products); (iii) Information and Communication
Technology (ICT): Encompasses Fama-French industry classifications 6 (Business Equipment — Computers,
Software, and Electronic Equipment) and 7 (Telephone and Television Transmission); (iv) Services: This
group includes Fama-French industry classifications 9 (Wholesale, Retail, and Some Services such as Laun-
dries, Repair Shops) and 10 (Healthcare, Medical Equipment, and Drugs). We exclude firms categorized
under the ‘other” industry classification. Additionally, we exclude firms operating in the financial and utility
sectors due to their heavy regulation and distinct business models compared to other industries.


https://patents.darden.virginia.edu/

analogously solve our model assuming there are nine technology classes and four industry
groups, the reduction in the number of industry groups eases computation.

Our merge links each firm in our sample to all of its patents over the period 1980-2017.
It also links each patent to all of the lawsuits filed over that patent. We can thus construct
an indicator equal to one for firm i in year ¢ if firm i files a patent lawsuit in year ¢.

For a separate empirical moment, we download quarterly data on year-over-year US
GDP growth from the Federal Reserve Bank of St. Louis.

Finally, we construct some moments using a separate lawsuit-level dataset. To construct
this dataset, we begin with the Federal Judicial Center (FJC) database. This contains every
civil lawsuit filed in Federal courts. Using the FJC classification, we isolate patent lawsuits.
For each patent lawsuit, the FJC contains an indicator equal to one if a lawsuit is settled
out of court. It also contains an indicator equal to one if a lawsuit goes to trial. Further, it
contains a variable specifying whether the plaintiff or defendant won in trial. We merge
the FJC data with the USPTO litigation database to obtain identifiers for litigated patents.
Using the patent identifiers, Compustat, and the GCPD, we identify the name and industry
j of the plaintiff. Finally, we use defendant names in the FJC data to identify defendants
in Compustat.> Our final lawsuit-level dataset contains the industry of the plaintiff, the
industry of the defendant, the outcome of the lawsuit (settlement versus trial), and the
trial outcome (plaintiff or defendant victory) for lawsuits ending in trials.

A.2. Empirical Moments

We use the data described above to calculate 15 empirical moments. We calibrate our
model to match these moments, which are listed in Table 2. We first summarize these
moments, then describe how we use them to choose parameter values.

First, we calculate the average annual GDP growth rate in our sample period: it is
2.03%.

Second, we use our firm-year panel to calculate several moments. We calculate firm-
year level sales growth, take an average for each technology class, then take a standard
deviation across technology classes. The corresponding standard deviation, 1.79%, corre-
sponds to the variation in sales growth across technology classes. Next, we calculate R&D
intensity as the ratio of R&D spending to sales. We calculate a sample average of 6.43%.
We then take the average R&D intensity for each technology class and take a standard
deviation across technology classes: we find this standard deviation is 3.6%. Next, we
measure whether firms in technologies with a higher share of sales in the economy tend
to have higher R&D spending. For each technology class, we calculate the share of all
sales attributable to firms in that technology class. Regressing R&D spending on the sales

SWe verify name matches both algorithmically and manually. We only keep matches for which we are
highly confident of the accuracy.



share, controlling for year fixed effects, we get a regression coefficient of 0.028.

Next, we study our indicator for a firm being a plaintiff in a patent lawsuit in a given
year. The average for this indicator is 10.53% in our sample. We take an average for
each industry j and technology class c. Taking a standard deviation across industries and
technologies, we find the standard deviation is 8.63%. We then explore how high-litigation
technology classes differ from low-litigation technology classes. We take an average of our
litigation indicator for each technology class. We similarly take the average sales growth
and R&D intensity at the technology class level. Taking a correlation across technology
classes, we find a correlation between litigation and sales growth equal to 0.713. We find
a correlation between litigation and R&D intensity equal to 0.62.

We then turn to our lawsuit-level dataset. Conditional on a plaintiff having the same
industry as the defendant and a lawsuit going to trial, we find that 35.44% of plaintiffs
win in trial. Conditional on a plaintiff having a different industry than the defendant and
a lawsuit going to trial, we find that 40.91% of plaintiffs win in trial. Overall , we find that
58.32% of lawsuits end in settlement.

Finally, we use a couple of statistics from external sources. A US courts survey® indi-
cates that a typical US company spends roughly 0.57% of revenue on litigation costs an-
nually. Garcia-Macia, Hsieh, and Klenow (2019) show that 19.8% of growth is attributable
to innovation by new entrants.

We directly calibrate w; to match the share of all sales attributable to industry j.”
Likewise, we directly calibrate r;; to match the share of all new-entrant sales attributable
to industry j.8 Additionally, the injunction rate is pinned down by the observed injunction
rate - this was 95% before eBay ruling in 2006 and 75% after eBay (Seaman, 2015), leading
to an average injunction rate of 81% in our sample.

6See Figure 6 https://www.uscourts.gov/sites/default/files/litigation_cost_survey_of_maj
or_companies_0.pdf.

7In each industry j and year t, we calculate the fraction of all sales attributable to firms in industry j. For
each j, we average across years to calculate w;.

8We call a firm i a new entrant in year ¢ if it is the first year over the period 2003-2017 in which the firm
appears in Compustat. In each industry j and each year ¢, we calculate the fraction of new-entrant sales
attributable to industry j. We average across years to construct a share 1; of new-entrant sales. We then
divide by nine to construct ;.


https://www.uscourts.gov/sites/default/files/litigation_cost_survey_of_major_companies_0.pdf
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B. Theory Appendix

B.1. Illustrative Model Proof
Define the operator G that maps the vector [x°, x¢] to a vector Gx defined by

T+ A+ 0x]

zej = (2= pcjt) L (B.1)

4x

Gx®. = 2_chL '/Z—ch'L
“J 4x I4x

The private equilibrium and social optimum are given by a fixed point of G. Moreover,
if 0 < x, thisis clearly a contraction mapping, since each element of Gx — Gy is the product
of (i) another element of the vector x — y, and (ii) 0/x < 1, and (iii) either (2 — p.jt)/4 < 1
Pejltpejrt <1
—— <L

(Ac + axf:].,) +0x} . (B.2)

orl—
First, note thatas ¢ — 0,

) 2—pejt 2—pejt ;
Xy = I (m+Ag) > I /\C:xcj. (B.3)
Next, note thatas ® — 0,
Ac+ axzj,
X = 2- pch)T > 0. (B.4)
while
2—pch Z—ch’l
s _ S S
Xy = I (Ac+axc].,)+axcj, I > 0. (B.5)

Thus, as m — 0, G has the property that whenever the vector x has ij < xij, the same

holds for the corresponding elements of Gx. Since G is a contraction mapping, we can
start at any point and iteratively apply G to find the fixed point. It follows that xz]. < x

S
at the fixed point. From inspection of the above equations, we see that it cannot be that
S a* * S
X0 = Xy 80X < X[
As 1 — oo, we have xZ]‘ — oo while xij], is fixed, so xZ]‘ > x5

cj”



Next, note thatas A, — 0,

T(+/\C+ze

v 2= peil
N PCJ7I

xzj = (2= p¢jt) I > Iy >0, (B.6)
while
2_pC]L 2_pCj’L
S __ S IR
Xoj = Xy (—4)( o+o I , (B.7)
implying that
2= pejt 2= pejrt 2= pejrt 2= pejt
S __ S
xc].—xcj( I o+o0 I I o+o I , (B.8)

and thus x?. = 0 absent a knife edge case. This implies x*. =0 < x7 as A — 0.
] ] ]



B.2. Proof of Proposition 1

We consider the decision problem of a plaintiff facing a type 2 patent infringement in
which they don’t face any risk of losing product lines. They must choose a take-it-or-leave-
it settlement offer s without knowing the realization of 7 — the defendant’s probability of
winning at court. Their problem is written as

max {sP(s < 5cjt(n, T))} (B.9)

where the second term is the probability that the offer is accepted. We can rewrite this
probability as

P(s < 5t(n, 1)) P(s < (-1t (Veje(n+1) = Vejr(n)))

Plt<1- °
( L (cht(n +1) - cht(”))

1—S/(L(cht(i’l'f'l)_vcjt(n)))
= / dT(7)

(B.10)
which, under the distributional assumption, becomes
0 if 1 —5/((Veje(n + 1) = Vejr(n))) < 14
P(s < 3j¢(n, 1)) = 1 if 1—s/(t(Veje(n +1) = Vejr(n))) > Tél
15/ (1L(Vejr (n+1)=Veji (n))—7) .
— otherwise
)
(B.11)

Note that the optimal s must be such that Té <1-5s/(t(Vejr(n +1) = Vejr(n))) < 75.9 Then
we can rewrite the objective function over this range as

s(1 =) = 2/ (t(Veje(n + 1) = Veji(n))

h_
=T

(B.12)

9Below Té, the probability of acceptance is zero, and so are the extracted rents. Above Tg, the plaintiff is
asking for a smaller payment even though it does not increase the probability of acceptance, thus losing out
on rents. Both are suboptimal.



with the first order condition delivering

1o = 25
2 (Vej(n + 1) = Vejr(n))
1 . _ V..
. (1 Tz)l(VC]t(nz"‘ 1) = Veje(n)) = (B.13)

which pins down the optimal s if the solution is interior. Given this expression, the cut-off
7 for which the defendant is indifferent is given as

1+ Té
T = > (B.14)

Ifrt* < T;, then the solution is interior, and the optimal s is given by equation (30). If not,
then we have a corner solution:

s = (1= )i(Veji(n +1) = Veji(n) (B.15)

In the case of an interior solution, the identity for the acceptance probability becomes

1

- 1 1- Tz
P(s < 5¢jt(n, 1)) = 5 (B.16)
27 _ 4l
27 "2
which is independent of ¢, j, t, and n. The optimal expected rent is then
1—1)%u(Veje(n + 1) = Veju(n
SP(S < §cjt(7’l, T)) _ ( 2) ( c]t( ) c]t( )) (B.17)

4(’41 — Té)

In the case of a corner solution, the probability of acceptance is unity, and the optimal
expected rent is simply equal to equation (B.15). Given our assumption that 1 + Té < 213,
the solution is always interior.

Given the optimal expected rent expression, we can now turn to the plaintiff’s decision
to hire a legal team or not. The plaintiff will choose to hire a legal team if the expected rent
is higher than the cost yY; where y is drawn from the distribution I'(y). The probability



of hiring a legal team is given by

LT _
Preip =Py <

(1 - th2u(Veje(n +1) - cht(”))) (B.18)

4(’(5 — Té)Yt

and the expected rents conditional on a type 2 patent infringement minus legal team cost

is given as
A-tb)20(V i (n+1)=Vp (n)
1\2 2 ] ]
i (1-1) L(cht(” +1) - cht(”)) sl =)y,
Wi = Prep— =) v [ gy @19
2 2

Turning to the defendant’s side, conditional on a type 2 patent infringement, they will
receive a settlement offer only if the plaintiff chooses to hire a legal team, the probability
of which is péTC]. ;- Conditional on receiving a settlement offer, their expected payoff is

/T, (Veje(n +1) = Vejr(n) = s¥) dTo(7) + /T 2 [T+ 1= 1)1 = 0] (Veje(n +1) = Veje(n)) dTa(7)

2

(1-1h) 11-17
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2 2 h _ ol
20
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Lh—h
h
TZ T
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v T Th
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1\2
L h\2 (1 +T2)
_ — Vi 1) -V, B.20
+2(T§ —Té) ((Tz) 4 ( c]t(n+ ) c]t(n)) ( )

Therefore, the defendant’s expected payoff conditional on a type 2 patent infringement



and before learning whether they will receive a settlement offer can be written as

1-1! 1-1!
; 2)+(1—l)(1—%h 21)
72_72 =1

(Veje(n +1) = Veje(n)) (B.21)

l
def (1-1)
W2,cjt = ((1 ~ P2 c]t) +P2 c]tl (1 - 2

L e 1+ Té)2
2(’( 2) ((Tz) 1

Note that the whole expression is linear in the expected change in firm value if they take
over the product line, V¢j;(n + 1) — V,j;(n), which will be of use in deriving a closed-form
expression for the firm value function.

B.3. Proof of Proposition 2

We consider the decision problem of a plaintiff facing a type 1 patent infringement
which means they are the owner of the product line that is facing the risk of creative
destruction. We further know that the plaintiff and the defendant share the same tech-
nology class c¢. Unlike a type 2 infringement, this time the plaintiff cares about more
than the potential settlement they can extract from the defendant, since settling out of
court also means they lose their product line for sure. Assume the distribution Ti(7) is

the continuous uniform distribution U(Ti, T{l) with 0 < Ti < 1" < 1. Then the plaintiff’s

1
problem is written as

1=5/(1(Vejr(n?+1)=Vjr(n?)))
"0 /z (Veje(n = 1) = Vejs(n) +s) dTa (1)
T

5>0
h

+ /111 (t+ A -1)A =) (Veje(n —1) - cht(”))dTl(T)} (B.22)

=5/ (U(Vejt (n9+1)=Vjr(n?)))

where the first integral is the expected payoff from defendants who accept the settlement
and the second integral is the expected payoff from those who reject. The term V¢ j;(n—-1)—
V¢jt(n) is negative, and reflects the cost of losing the product line. In the cases when the
defendant accepts, the plaintiff is gives up their (1 — 1)t chance of retaining their product
line in exchange for a settlement amount s.

Note that there is an inherent adverse selection problem here: Conditional on a settle-
ment offer s, only firms with the lowest chance of winning the trial 7 will accept. From
the defendant’s problem, we know that a defendant strictly prefers the settlement offer if



and only if
(1-1)e(Vejr(n® +1) = Veje(n?) > s (B.23)

where n“ stands for the defendant’s number of product lines. On the other hand, the
difference in the plaintiff’s payoff in the case of acceptance is

(1= D)u(Veje(n = 1) = Vej(n)) + 5 (B.24)

Consider the defendant with the threshold 7* who is indifferent. Then the abovementioned
difference becomes

(1= T)(Veje(n — 1) = Vejr(n)) + (1 = T)u(Veje(n? + 1) = Vje(n)) (B.25)

which is exactly zero if Vji(n) — Vejr(n — 1) = cht(nd +1) - cht(nd), that is, if the value
change from having one more product line in industry j for firms with technology class c
is the same regardless of how many product lines the company owns, n. We will later on
show that this is exactly the case in a stationary equilibrium, since the value function of
the firm will turn out to be linear in n. But this highlights the adverse selection problem:
Even in the best case scenario, the plaintiff gains exactly zero from the firm with the
highest probability of winning the trial among those who accept. For all other firms who
accept that have a probability of winning the trial below the threshold firm with 7 < 77,
the abovementioned difference becomes

(1= D)u(Veje(n = 1) = Veje(n)) + (1 = T)(Veje(n? + 1) = Veje(n?)) (B.26)

which is strictly negative if Vijt(n) — V;ji(n — 1) = cht(nd +1) - cht(nd). This means the
plaintiff would be making no extra return from the threshold firm that accepts, and would
make an extra loss from every other firm that accepts. As a consequence, it is optimal for
a plaintiff to always make settlement offers that will be rejected by every defendant — the
adverse selection problem completely undermines any chance of out-of-court settlements
for type 1 patent infringements.!°

Having figured out that plaintiffs will always pick a high enough settlement amount s
such that every defendant will reject, we can calculate the expected payoffs for the agents.

19Note that this result owes to two facts: (1) The defendant and the plaintiff have the same technology
class c in type 1 patent infringements, and (2) the firm value function is linear in 7.
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The payoff of the plaintiff from going to court is:

[ @ =0 = 00Vt = 1) = Ve )ario)

(Veje(n = 1) = Vege(n) (1 e[ TdT1(T))

1
h

[
T, + 7T
12 1) (B.27)

(Veje(n —1) = Vg (n)) (1 -1+t

Given this expression, we can turn to the plaintiff’s decision to hire a legal team or not. If
the plaintiff does not hire a legal team, then their payoff is simply V.j;(n —1) - V¢j(n) since
they will lose their product line for certain. Therefore, they will strictly prefer to hire a
legal team if and only if

oyl
(Vc]'t(n - 1) - cht(n)) 1-1t+1 2

ol
-+

— th > (cht(n - 1) - Vc]'t(n))

5 (Vejr(n =1) = Veju(n)) > yY; (B.28)

Then the probability of hiring a legal team is given by

hoy ol

T+ 7T
LT _ 1"
Picjt =P()/§ (—l+L >

(B.29)

(Vc]'t(n - 1) - cht(n))
Y;

and the expected payoff of the plaintiff conditional on a type 1 patent infringement minus
legal team cost is given as

el ) (Vej(n=1)=Vjy (n)

T?+Ti (““ 2 Y;
11—+t -Y;
2 0

+(1 = pre) (Vejie(n = 1) = Veji(n) (B.30)

=
B
_
E
!

1,5]}' = p%;jt(vcjt(n - 1) - cht(n)) )/dr()/)

where the first term is the probability to hire a legal team times the expected returns to the
plaintiff not including legal team costs, the second term is the expected legal team costs,

11



and the third term is the probability not to hire a legal team times the expected returns,
which is simply the value change from losing a product line for certain.

Now, let’s turn to the payoff of the defendant. We know the settlement will always be
sufficiently high such that every defendant rejects. Then, given 7, the defendant’s payoff
from going to court is:

(T+ (1= 7)1 = 0))(Vejr(n? +1) = Veje(n)) (B.31)

and taking expectation over 7 before its realization, we have

E[(t+1-1)(1=-0))(Veje(n? +1) = Veje(n))]

(Veje(n? +1) = Vejo(n)) (1 it l/f ’CdTl(T))

h )
Tl +T1

(Vejr(n® +1) = Veje(n?)) (1 — L+ )(3.32)
Then, given the probability of the plaintiff hiring a legal team, the expected payoff of the
defendant conditional on a type 1 patent infringement is

h 1
T1+T

> 1) + (1= pi ) (Veji(n? +1) = Vejr(n))(B.33)

d
Wl,i]f»t = pf{jt(vcjt(nd +1) = Vejr(n)) (1 — 41

where the first term is the probability to hire a legal team times the expected returns to the
defendant, and the second term is the complementary probability times the value change
from adding a product line for certain.

B.4. Proof of Theorem 1

The guess-and-verify method will be used. Suppose the value function takes the
specified form. Then, we can plug it into the various terms that show up in Equation (21)
and recover the equations that pin down the values of the scalars v; for all technology
classes c and all industries j.

First, consider the expected rent flow from type 2 patent infringements by firms in

12



industry j on our firm’s IP, nRj;. Using Equations (31) and (37), we get:

(1- T I(VC n +1)—cht(nd))

(1 - Tl)zl(vc't(nd + 1) - Vc't(nd)) 4 —lyy,
R.., = rent | LT 2 J J —Y/ 27N dr
cjt pc] PZ,C] 4(1_;1 _ Té) t 0 V4 (7/)
(l—Tl)zt(va(nd+l)Yt —U. i Yt)
- LT‘(l — 1) 1(vej(n? + 1)Y; — vejntY) ~ Yt/ ; @uém ] VdT(7)
¢ 2] 4('(5 - Té) 0
(1- TZ)ZLUC]
(1- 7-'é)zwcj Al -
— prent péT— _ / dF(y) Yt
K 4t - 1h) 0
(1- TZ)ZIUC/
(1- Té)zwcj Al -
nRCjt — prent pLT _ / dr()/) nYt
TN A ) Jo
= Ry, (B.34)

where the last line implicitly defines the normalized term ﬁc i for convenience.
Second, consider the value difference conditional on successful innovation, but before
the litigation subgame, V;;t(n) — V¢jt(n). As gleaned from Equation (38), we must first

obtain the expected payoffs of the defendant conditional on type 1 and type 2 patent

infringements, denoted as Wld i{ , and Wzd i{ .- respectively. Plugging the guess in Equation
(36) yields:
def Th ”L’l
e
Wl,cjt = C](VC]t(n +1)— VC]t(n ) (1 — 141 > 1) +(1- P%,ch)(vcjt(nd +1) - cht(nd))
h )

7]
P C](Uc](i’l +1)Y; —vcjn 1y,) (1 -1+

Wy ool
T+ T
= (pi];]'(l—l+[ 12 1)+(1—plc]))vC]Yt

d
= W fj v Vi (B.35)

1)+u—pﬁp@qmd+nm—vwﬂn)

f

where the last line implicitly defines the normalized term W which depends on the
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probability plT Likewise, plugging the guess in Equation (32) yields:

_(1—Té)£ 11-71 ~ _11—75
- oo

’ (( e (1+T§>2)
2(72 2) 4

- W
cj

def  _
Wz,ijt - ((1 p2c1)+p2c]

chYt

Vej Yt (B.36)

f

where the last line implicitly defines the normalized term W
probability pZT Using Equations (38), (B.35), and (B.36), we get

which depends on the

d d
Vc?t(n) - cht(n) pc]ethlwl cjt + (1 - pc]f) 2VVZ i';t

Hpl (= 10) + (1= pi)A = 1) (Ve O +1) = Veje(n)

d d
- (pcjf W i{ +(1- pjf yica W, ‘z{

(Pl (=) + (1= pZH( = k)oY

Ldjf v Vi (B.37)

where the last line implicitly defines Lf;f . Notice that, in the absence of any patent
infringement — that is, k1 = k¥, = 0 —we have Lf;f = 1, and the whole expression simplifies

to v;Y; alone. Therefore, 1 — Lf;f captures the fraction of the value of a successful

innovation that is lost due to the risk of infringing on other firms’ IP.
Given Equation (B.37), we can calculate the optimal innovation rate x.j;(n) using
Equation (22) as:

( c]t(n) VC]t(n)) (1 + GMct)
(1- Scj)Xcl,bYt

xcjt(n)

1
ijf vej(1+aM)\"
(1=s¢)xcy

= x,j (B.38)
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Note that this optimal innovation rate is independent of both the number of product
lines owned by the firm, n, and time, t. The latter owes to the fact that the term M
must be time-invariant in a BGP equilibrium since the firm distribution across industries,
technology classes, and number of product lines is stationary.

Third, consider the value difference conditional on being innovated on (i.e., value loss
from creative destruction), but before the litigation subgame, denoted as VC; (1) = Veji(n).

As gleaned from Equation (39), we must first obtain the expected payoff of the plaintiff

conditional on type 1 patent infringement, denoted as Wp i Plugging the guess in
Equation (35) yields:
Veji(1=1)=Vjp(n)
plain T{l + Ti (_L'H 12 )V] 11/ =
Wl,cjt = P71 c](Vc]t(n 1) - cht(n)) 11—+ > -Y; A ydl"(y)
+(1 —P1 C])(VC]f(n -1) - VCjt(n))
Tl
ol (o5 ) -o
= p] C]( oY) [1—t+1 5 -Y, ydI'(y)
0
+l
h l S i (—ve)
_ |t (4 T4y, 1 / ( ) !
= (Pl,cj (1 L+i— + oy ydI'(y)
+(1 - pl c]))( UC]Yt)
I
= W (o) (B.39)

where the last line implicitly defines the normalized term Wlp <] which depends on the

probability p and v.j. Using Equations (39) and (B.39), we get:

— 1 lai I
cht(”) = Veje(n) = ppjam Wlpcjt +(1- pp "y -(1- pp am) 2PC )(VC]f(n = 1) = Vejr(n))
_ pf]lazn Wpluzn( Uc]Yt) n (1 pplazn (1 ppluzn) 2pm])( Uc]’Yt)

1,cj
I I I I
_ (pcp]azn Wlpczjzn +(1- pp azn - pp azn)K pcj]))( Uc]Yt)
= Lf]l.”’”(—vcjm) (B.40)
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where the last line implicitly defines Lgam. Notice that, in the absence of any patent

infringement — that is, ¥ = x2 = 0 — we have Lf ;am = 1, and the whole expression

simplifies to —v,;Y; alone. Therefore, 1 — Lf ;am captures the value gain to the owner of a
product line from the possibility of using a patent infringement case to fight off an entrant,
and by doing so, retain the ownership of their product line.

Before we move on to the HJB equation, there are a few additional expressions that
need to be computed. First, notice that the summation of the static profit flows from
owned product lines is simply:

n

Ac Ac
Y, = 2 oY, B.41
m:11+/\cwf EE T (B41)

Second, the time derivative of the value function is:

. d ayY;
Vejt(n) = E(vcant) = vcjnd—tt = gucinY; (B.42)

Third, the total R&D bill is given as:

no(1- Scj)ch:icjtYf B (1- SCJ')Xfof
1+ oM 14+ 0M.

nY; (B.43)
m=1

Given all the previous derivations, we are now ready to plug in all expressions to the
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HJB equation given in Equation (21). This yields:

n J
. A
Veje(n) = Veje(n) = max { D Tt n ) Ry
m=1 j’=1

xmcjt}mzl
Zn: (1 - SCj)Xanlp,leth N Zn:
— x .
Zi 1+ oMy .

m=1

(V50 = Vesu(m)

+nd;t (Vc;t(n) - cht(n)) +6(0—Vje(n)) }

(r — g)vejnY; wjnY; + Z RejnYs

j’=1

1+ /\

(1 Sc])Xc c
j def
T ivon, Mt Yeiky et

s plain ] _ '
d]Lcj vejnYy — O6veinYy

As canbe seen, all the terms are linear in nY;. Dividing both sides by nY; and reorganizing,
we get:

c de
(r—ge = wj + Z Rejp ——=—F—+ xchcjfvcj

/ (1-sc))x
_ _ def plam o Ac _ 5 cp/nc
(r g+06 xC]L] +djL_. )vC] = 1+Aca)]+ZRC], T oM
_ (=sej)xex)
1+/\ wj + Z Troh
Ucj = def plum (B'44)
p+06-x L .~ +diL_.

where the lastline uses r—¢ = p that must hold ina BGP equilibrium due to the Euler equa-
tion of the representative household. Given the probabilities p””t , pl L p2 L pf]ef , pf ]lam, :]1] ,

the growth rate g, the fraction of product lines owned by technology class c firms M., and
the creative destruction rate d;, Equation (B.44) pins down the exact values of the scalars
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v.;j for all ¢ and j, and thus concludes the proof for the incumbents.

Given the value function of incumbents, the optimal entrant innovation arrival rate z
chosen by the entrepreneurs can also be calculated in closed-form. Using Equation (24),
we get

See g 1ej(VE,(0) = Ve 0\
(1 - SE)V¢Yt

1
c <l def 7
PIpat} Z]‘=1 T?chc]- VY
(1 =s Yy

1
C ] def o1
2ic=1 Zj=1 anLcj Ucj
(1—s.)vyp

2 (B.45)

which is time-invariant and the same for all entrepreneurs.

To compute the full BGP equilibrium, the values of these endogenous probabilities
must also be calculated. Two of these, the litigation probabilities plej and p%ﬁj can be
computed without any reference to the stationary distribution of firms. Using Equation
(34), we have:

h l
t+ 1
LT _ _ 1 1
Piej = P()/S( L+t 5 Y,

e
= Ply<|-t+1 > (=0¢j) (B.46)

Likewise, using Equation (29), we have:

(Vejr(n = 1) = vcjf(n)>)

(1 - TZ)ZL(Vc't(n + 1) - Vc't(n))
LT _ 2 ] )
Pre = F (7/ = A(th - 1)y, )
(1- )20,
=P (V < W—Té)]) (B.47)

The remaining endogenous variables must be computed numerically, consistent with
the stationary firm distribution in the economy.
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B.5. Proof of Proposition 3

To close the model, we need to derive the equations that pin down the values of
endogenous variables in a BGP equilibrium, such as the growth rate g, the stationary

product line distribution across industries and technology classes {{ lucj}f:l};:l, and the

associated probabilities of various events discussed earlier.

Recall that y.j; € [0,1] denotes the measure of all product lines in industry j for which
the leader has technology class c at time t, with ZE=1 tcjt = 1. In a stationary equilibrium,
Lcjt are time-invariant, so time subscripts will be suppressed from here on. Under this
definition, total incumbent innovation by firms of technology class c in industry j is ucjx.;,
and the total entrant innovation for the same is 1;z.

The industry-specific creative destruction rate d; in industry j depends on total inno-
vation in that industry by both incumbents and entrants with any technology class. This
is given by

C
d]' = Z(‘ucjxcj + T]C]‘Z) (B.48)
c=1

The probability for plaintiffs of type (c, j) that the incoming innovation belongs to a
tirm with the same technology class, denoted pf ;um, can be calculated as

plain _ HC]'XC]' +17sz

cj C
J Zcle([ic’jxc’j + T]c’jz)

(B.49)

which is the fraction of total innovation in industry j originating from firms of type (c, )
to that of total innovation in industry j irrespective of technology class.
The probability for defendants of type (c, j) to innovate on the product line of another

tirm with the same technology class c in its industry, pf;f is simply
d
pel = e (B.50)

since chzl uej = 1.

To calculate the the Poisson arrival rate of a type 2 patent infringement for plaintiffs with
technology class c from firms in industry j, denoted pZ;’ ", we need to do an accounting of
the measure of type 2 patent infringements that happen in technology class ¢ in industry
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j, and the measure of eligible plaintiffs across all industries. The prior is calculated as

(ejxej +Mejz)(1 = phej)a (B.51)

where the first factor is the total innovation in industry j originating from firms of type
(c, ), the second factor is the probability that such innovation lands on a product line
with technology class ¢’ # ¢, and the third factor is the probability of a type 2 patent
infringement occuring under this scenario. The latter is simply the sum of all product

lines belonging to firms with technology class ¢ across all industries, i.e., Z§=1 pcj- Then

we can calculate pz;?”t as

ren (chxcj + 776]'2)(1 - HCj)K2
cj ‘= (B.52)

J
Z]"=1 Hej!

Recall that the probability that an injunction is granted conditional on a type 2 in-
fringement from the perspective of the owner of the product line was denoted pz';] . In

type 2 infringements, the technology class ¢’ of the innovating firm matters for the in-
junction probability, since it also influences the rents the third-party plaintiff can extract.

Define p?j].] ? as the probability of an injunction conditional on the innovating firm having
technology class ¢’ # c. Then, this probability is calculated as

* h
ini2 ’ 2
pc'f].] = péﬁ’j /rl Ode(T)+‘/T* (1—T)dT2(T))L
2

' (W2 (2] 1
_ LT h * 2
= Paj (72 I S 1|t

T, — T

2 2
1+ ()2 @+ 1
LT h 2 2 2
| - B.
p2,c] (TZ 2 2 + 8 Tg _ Té L ( 53)

where the first factor is the probability that the plaintiff hires a legal team, the second
factor is the probability that the defendant rejects the settlement offer and loses at court,
and the third factor is the probability that an injunction is granted. Given this, we can
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calculate p:;] as

inj Zc’ic(F‘C’jxc’j+T]cf]'z)p:,72
T Beslpejxe) +nejz)
evlpeps +e Ly (1ol 6P Geoff) s
) 2ezc(UerjXej +10jz) [(Tz_ ) )Tf—rél (B.54)

To calculate the growth rate of the economy, we must tally not only successful innova-
tions, but also the rate at which successful innovations convert to product line takeovers
(i.e., the fraction of successful innovations that are not blocked by an injunction), and the
technology classes of both the incumbent and the innovator, since the productivity gains
A¢ are heterogeneous, and so are the markups charged over marginal cost.

From the definition of the production technology, we have:

J 1
InY; = Za)]' (/ lnyijtdi)
0

=1

—

InYinr —InY; / o /1 Inyijrear — Inyije i
At L, At
j=1
J Ty —Iny;:
_ . ) yl]t+At n%]t .
o = dm N[ [ SR e

Hence, to figure out the output growth rate g;, we must focus on how log output in each
product line In y;; changes over time. From the incumbent firm’s static problem, we know

N A U
Jit = M wd Ay

Inw; +1n (%) +Ingij —In(1 + A) (B.56)
t

The first term is the function of a parameter, and thus constant. The second term is a
function of the relative wage w;/Y;, which is time-invariant in a BGP equilibrium. The
third term is log productivity, which increases upon successful innovation that is not
blocked. The fourth term is the markup distortion, which can change upon successful
innovation that is not blocked if the innovator has a different technology class ¢’ # c.
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Now, consider the case of some product line i in industry j owned by a firm with
technology class c. The probability that the product line is lost to a firm with the same
technology class ¢ over a small time interval At is

h [
T, +7T
1-xppl (1 S 1) L‘ (B.57)

(fejxej +Mejz)At 5

where the term outside the brackets is the probability of a successful innovation, whereas
the term inside the brackets is the probability that an injunction is not granted. An
injunction is only granted if there is an infringement (prob. 1), the plaintiff pays the legal

team cost (prob. prC].), the defendant loses (prob. 1 - (Ti’ + Ti) /2), and the court grants an

injunction (prob. t). In this scenario, since both firms have the same technology class, the
markup distortion is unchanged. However, log productivity increases by In(1 + A.).

For any technology class ¢’ # c, the probability that the product line is lost to a firm
with the technology class ¢’ over a small time interval At is

inj2
(e + ne2)At [ 1= oplT?| (B.58)

where the term outside the brackets is the probability of a successful innovation, whereas
the term inside the brackets is the probability that an injunction is not granted, which uses
the pzl].] ? defined in Equation (B.53). In this scenario, the markup distortion changes from
In(1 + A;) to In(1 + Ar). Log productivity also increases by In(1 + A.+). The net effect on
log output for the product line is therefore In(1+ A») +In(1+ A;) = In(1+ Ay) = In(1 + A,),
same as the previous scenario.

Given these observations, for some product line 7 in industry j owned by a firm with
technology class ¢, we can write:

Inyiirenr — Inyii h 4+ 7l
MBI g ) 1= (1= 25

In(1+ A.)

+ Z(yc/]-xc/]- +1¢j2) [1 — szi;’qu] In(1+A¢) = fo (B.59)

]
c’#c

which is called f.; for convenience. Then, we can plug in these expressions in Equation
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(B.55) to obtain

J C
§ = DL wi ) keif (B.60)

j=1 c=1

which pins down the output growth rate in a BGP equilibrium.

Finally, we need to pin down the equations that determine i, Yc, j. To this purpose,
define a joint product line type as ® = (¢, j), and define P(®, ®’) as the transition rate
from product lines of type ® = (c, j) (origin) to ® = (¢’, j’) (destination). First, note that
no event can change the industry of a product line. Therefore, we have

P((c,j),(c’,j)) =0,Yc,Vj, VY Vi # (B.61)

Second, if the innovating firm has the same technology class as the incumbent, the type
of the product line does not change even if ownership does, so it requires no explicit
accounting. So that leaves the third case to consider, with j = j” and ¢’ # c. In this case,
we have:

P((c,j), (", ) = (Uerjxerj + Nerjz) [1 — szi'f]jz] ,Ve,Vj, Ve’ # ¢ (B.62)

in agreement with Equation (B.58). Finally, we have the case j = j* and ¢ = ¢’ which is
implicitly defined as

P((c, ), (e, ) =1~ Y P((e, ), (¢, ))) (B.63)

c’#c

Using the transition matrix defined by P(®, ®’), we can pin down the stationary values
of uij by solving the linear system of equations

Plu = pu (B.64)
C
Zyc]- = 1,Yj (B.65)
c=1

which consists of CJ + | equations.
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B.6. Firm size distributions

To compute the firm size distributions, we need to calculate the product line takeover
probabilities conditional on successful innovation for every firm type. Define this takeover
probability for a firm with technology class c in industry j at time ¢ as ptake € [0,1]. This

probability is calculated as:

hoy ool
ke _ . def LT Tt LT
PZ?te = Pejr ¥1 [pl,cjt (1 —Llti 5 + (1 - pl,cjt)

11 11-1,
+(1 - K23 piL +(1-0)|1-=
| ’””f“{”“” (sz ) | )( 2)

(1+1l)?
+2(’[+—le) ((’CQ)2 - Tz) ] + (1 - péijt) }

+(p2 0=+ (- plHA - x2) (B.66)

where the first term is the probability of a type 1 infringement times the conditional
takeover probability, the second term is the same for type 2 infringements, and the third
term is the complementary event that no infringement occurs, in which case the takeover
is assured.

We also need to calculate the flow rate of losing a product line for incumbent firms.
Define the per product line product line loss flow rate for a firm with technology class c
in industry j at time f as ploss > 0. This flow rate is calculated as:

h 1
T, + 7T
P = (Wejiieje +neze) [1‘K1p%§jt (1— - 1)!‘

o
+ Z(Hc’jtxc’jt + nc’jzt) [1 - KZPZZJ,; ] (B.67)

c’#c

Define the mass of firms with technology class ¢ in industry j at time t that own n
product lines as ¢jt(n) > 0. Using previously-calculated expressions, we can write the
ordinary differential equations that govern the evolution of these expressions. Due to new
firm entry and endogenous firm exit, n = 1 is a special case, which is given by:

loss

Pejt(1) = zemej +2p 5" ejt(2) —(xcjtpﬁ;‘f“’ +p6]fs)(PC]t(1) (B.68)
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where the first term corresponds to new entrants with a single product line, the second
term corresponds to firms with two product lines losing one of them, and the third
term corresponds to outflows of firms with a single product line due to both successful
takeovers, as well as losses.

For all the other cases with n > 2, we have the general expression:

Gejr(n) = (n— 1)xcjtpé?feqocjt(n -1+ (n+ 1)pi‘;fsgocjt(n + 1)
—n(xcjip e + P ) peji(n) (B.69)

where the first term corresponds to firms with n — 1 product lines succeeding in taking
over a new product line, the second term corresponds to firms with n + 1 product lines
losing one of them, and the third term corresponds to outflows of firms with n product
lines due to both successful takeovers, as well as losses.

In a stationary equilibrium, we have ¢.j;(n) = 0,Vc,j,t,n. Therefore, the firm size
distributions are time-invariant; that is, ¢.j:(n) = ¢.j(n),Vc,j,t,n. Using the previous
equations, we can pin down these time-invariant firm size distributions. For any technol-
ogy class c and industry j, we have the following equations:

0 = zne+ 2pé‘;ss(pcj(2) - (xcjpi?ke + pé‘]’.ss)(pcj(l) (B.70)
0 = (n=Dxepli*pei(n = 1)+ (n + Dpls= pcj(n +1)
—n(xeipt* + plos)pej(n), Vi > 2 (B.71)
In addition, we also know
20ej = P Pei(1) (B.72)
D ingei(n) = (B.73)
n=1

where the first equation is due to firm entry being equal to firm exit in a stationary
equilibrium, and the second equation is an accounting identity that ensures that the total
number of product lines owned by firms with technology class ¢ in industry j equals ;.
Together, equations (B.70), (B.71), and (B.72) pin down ¢.j(n),Vn > 1.
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B.7. Computing output and welfare

We would like to compute social welfare in counterfactual economies and compare
them against the estimated equilibrium. To calculate welfare, we need to compute the
consumption stream of the representative household. In a BGP equilibrium, two com-
ponents must be known: the growth rate of consumption g, and the initial consumption
level Cp. This requires us to compute initial output Yy and aggregate spending on R&D.
In turn, computing initial output requires computing the (time-invariant) relative wage
rate w; /Y;. We will compute these in reverse order.

To calculate the relative wage rate, we will use the labor market clearing condition.
First, recall that the output y;j; of firm 7 in industry j at time ¢ is given by:

Yy wiYiqiji

L= — B.74
Yijt pijt w1+ Ac) (B74)
Then, the labor demand of this firm becomes
Yijt ;Y
lijt = R (B.75)

Jijt Cwi(1+Ac)

which is independent of the firm’s productivity g;;;. Since the representative household
supplies labor L = 1 inelastically, labor market clearing requires:

] 1
1 = Z/ Lijdi
=170
= —di
j:1 0 wt(1+AC)
J 1
Wi 1 .
— = ;i di
Y; ]Z; ]/o (1+Ac)
w / < Hei
t cj
— = Wi B.76
Y; ]Zl J;amc) (B.76)

which delivers the time-invariant relative wage rate.
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The level of output Y; at time ¢ is given by:
J 1

InY; = ij (/0 lnyijtdi)

J 1 wiYedi
_ ] ] tht .
= Za)] (./o In (—wt(l +/\C))dz)

1
dijt .

Wi (/0 ln((1+/\c))dz)

C

c=1

= —-In —+Za)]1n(a)])+

M- -

1
wj (A h’lqijtdi) (B.77)

where the last term is the log productivity level of the economy at time ¢, i.e., the
weighted sum of the log productivity level in each industry j, where the weights are the
Cobb-Douglas shares w;. In our counterfactual experiments, we shall hold the initial log
productivity level at time t = 0 fixed across economies. Without loss of generality, it is
normalized to zero.!!
Let L.; denote the normalized per product line expected litigation cost for product
lines owned by firms in industry j with technology class c:

—.
1l —
—_

L
—_

j

'[h +TI (1-7. ) j

plain (_H_[ 12 1)(—?%]‘) : ¢ (el )
Lej=djp;; 1 /0 ydl(y) [+ D [ pr /O * ydl(y)|  (B78)
/=1

Then the aggregate litigation spending in the whole economy is calculated as

e
DD tejLeYi (B.79)

j=1 c=1

From the goods market clearing, we can compute the time-invariant consumption to

"This is equivalent to setting all g0 = 1.
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output ratio C;/Y; as follows:

I C chlijt I C
Y, = Ct+ZZ‘uC]'TO_M:+VZ¢Yt+ZZMC]‘LC]'Yt
j=1 c=1 j=1 c=1
] ¢ v ] ¢
C; chcj
= — 7 ¥
R0 SR S

e, e v . e
TR I, e R IS (550

where the second and third terms are the total incumbent and entrant R&D spending to
output ratios, respectively, and the last term is the aggregate litigation spending to output
ratio. Then, the initial output level is simply Cy = Yo(Co/Y0).

We are now ready to compute social welfare in a BGP equilibrium. From the utility
function of the representative household in equation (7), we have:

W = / e~ P In Cpdt = / e P! ln(egtCO)dtzlan0+% (B.81)
0 0 P

which shows how the welfare depends on the initial level of consumption Cy and the
growth rate of the economy g.

For two economies A and B, we can define a consumption equivalent welfare change
measure (@) which corresponds to the percentage increase in lifetime consumption that
an agent in economy A would need to be indifferent between being in economy A or B:

In(C(1+ @) g4
- + -
p p?

B (B.82)

Solving for @, we get:

O = ex W—i —In(C4)| -
=exp || W Pz p—In(Cy)| -1 (B.83)
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