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Abstract

We develop a real options model to examine the determinants of patent dispute out-
comes between two producing firms. By focusing on the dynamic strategic interactions
between a patent-owning incumbent and an allegedly infringing challenger, we find that
competitive pressure from new market entry plays a crucial role in determining whether
firms settle their disputes, the timing of settlements, and the terms of any royalties. Greater
competition, higher market volatility, and a larger divergence in the firms’ willingness to
continue paying litigation costs reduce the likelihood of settlement. Our model provides in-
sights into litigation and settlement patterns and post-dispute market structures, illustrat-
ing how innovation-driven competition, market uncertainty, patent protection, and legal
frameworks collectively shape the landscape of patent disputes.
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1. Introduction

Patents are essential for protecting intellectual property (IP) generated through innovation,
granting patent holders the right to litigate against infringement. However, patent litigation is
both costly and time-consuming, often taking 2 to 5 years to resolve and costing firms millions
of dollars (Bessen and Meurer, 2012; Bessen et al., 2018).! Furthermore, litigation outcomes are
highly uncertain (Lemley and Shapiro, 2005), with patent holders facing only a 50% chance of
success when asserting their rights in court (Moore, 2000). Recent finance literature highlights
the importance of patent litigation, linking it to firms’ innovation incentives, financing deci-
sions, and firm value (e.g., Lerner, 2002; Claessens and Laeven, 2003; Galasso and Schanker-
man, 2018; Caskurlu, 2019; Lee, Oh, and Suh, 2021; Mezzanotti, 2021; Caskurlu, 2022; Acikalin
et al., 2023; Giebel, 2023; Suh, 2023). Despite these advances, a fundamental question remains
underexplored: how do firms resolve patent disputes? Specifically, what factors drive the out-
comes of patent disputes?

Patent disputes are not always resolved through litigation. Faced with the high financial
burden and uncertain of litigation, many patent-holding firms abandon patent lawsuits after
initiating them (Jeon, 2015), while some alleged infringers may even go out of business in the
process (Bessen and Meurer, 2012).2 Settlements are the most common means of resolving
patent disputes once litigation begins (Kesan and Ball, 2006), but firms also use royalty agree-
ments without litigation (Choi and Gerlach, 2017) or leverage the threat of legal action to force
competitors out of the market. These alternative dispute resolutions suggest the thousands of
patent lawsuits filed annually® represent only a fraction of all patent-related disputes (National
Research Council, 2003). Understanding firms’ trade-offs in patent disputes is essential to rec-
ognizing the limitations of relying solely on observed lawsuits for studying patent conflicts.

The dynamic and strategic nature of firms’ interactions in patent disputes makes this a com-
plex problem that benefits from a theoretical perspective. In this paper, we employ a real op-
tions model to examine the determinants of patent dispute outcomes between two operating
firms, taking into account the uncertainty of future profits and the irreversibility of decisions.
We explore the conditions under which value-maximizing firms choose to litigate, settle, or

1Bessen and Meurer (2012) report a mean loss of $75.9 million (2010 dollars) and a median loss of $6.5 million
for alleged public infringers between 1984 and 1999, while Bessen et al. (2018) document an aggregate loss of
$308 billion (2010 dollars) for publicly-traded alleged infringers from 1986 to 2009. A 2015 survey by the Ameri-
can Intellectual Property Law Association found that the median cost to litigate a single-patent infringement case
through trial was $5 million for cases with more than $25 million at risk. Litigation costs case can be prohibitively
high for many firms, especially small and medium enterprises, limiting their ability to benefit from patent protec-
tion (Lanjouw and Schankerman, 2001; Hu, Yoshioka-Kobayashi, and Watanabe, 2017).

2For example, Akimbo Systems, a startup providing video-on-demand services, faced a patent infringement
lawsuit from competitor ReplayTV, contributing to its shutdown. The legal expenses associated with the patent
dispute, combined with other business challenges, led to the company’s closure.

5Between 2000 and 2020, over 70,000 patent infringement lawsuits were filed in U.S. District Courts, involving
approximately 68,000 plaintiff firms and 105,000 defendants firms. Data source: Lex Machina. Majority litigants
mentioned were not non-practicing entities.



exit the market.

Patterns of patent lawsuits suggest that industry dynamics and market uncertainties can
play important roles in patent dispute resolution. The proportion of litigated patents (relative
to all granted ones) varies significantly across industries (Lanjouw and Schankerman, 2001;
Lemley and Shapiro, 2005).%. Patent-owning incumbents are more likely to initiate patent lit-
igation during favorable demand conditions (Schliessler, 2015), whereas firms are more likely
to seek settlement when market demand deteriorates (Shih et al., 2020). Higher litigation risks
are also associated with more volatile cash flows (Lowry and Shu, 2002). These findings indicate
that the tradeoffs in patent litigation are closely linked to market dynamics, where competition
and volatility play critical roles.

Our real options model considers a patent-holding incumbent firm (“I”) whose profits have
decreased from monopoly to duopoly levels due to the entry of a challenger firm (“C”) that po-
tentially uses IP protected by the patent. Both firms face uncertain future profits. If the incum-
bent exercises its option to sue the challenger (I-litigate), both firms incur ongoing litigation
costs; the court ruling happens at an exponentially-distributed random time 7. With proba-
bility p which is common knowledge, the ruling favors the incumbent, restoring its monopoly;
with probability 1 - p, the lawsuit is dismissed, and the duopoly persists. We allow for legal pro-
ceedings to end before a court ruling if the incumbent withdraws the lawsuit (I-withdraw) or
the challenger exits the market (C-exit). Firms can also settle without initiating litigation (ex-
ante settlement) or after litigation starts (ex-post settlement). Under settlement, the challenger
remains in the market but pays the incumbent a royalty rate on its future profits. Settlement is
less costly than litigation, and each firm maximizes its value by employing threshold strategies
based on market demand, factoring in its own and the competitor’s alternative strategies and
potential future decisions.

Central to our analysis is the idea that the option to abandon litigation is valuable, not
only for the firm that exercises it (the leaving firm), but even more so for the other remaining
firm. Abandonment occurs when it is no longer optimal for the leaving firm to continue bearing
litigation costs in pursuit of the expected court ruling payoff. By ceasing litigation, both firms
avoid further litigation costs and forego the expected judgement payoff, but the remaining
firm effectively secures a favorable court ruling immediately. Firms will settle their dispute
only if, for each, the value of settling exceeds their non-settlement value—the value associated
with the leaving firm’s abandonment option. These conditions place constraints on the range
of royalty rates that enable ex-post settlement. Consequently, factors that increase the non-
settlement value relative to the settlement value reduce the feasibility of ex-post settlement.
Additionally, we recognize the compound option feature of the I-litigate option, as exercising

4For example, among patents granted between 1980 and 1999, 0.53% in the field of drugs and medical technol-
ogy were litigated, compared to 0.25% in chemicals and 0.38% in mechanicals (Galasso and Schankerman, 2015)
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it activates subsequent options of non-settlement and ex-post settlement. By influencing the
option values and determining the identities of the leaving and remaining firms if litigation
proceeds, industry dynamics and market uncertainty also shape firms’ choice between I-litigate
and ex-ante settlement.

This leads to our first key result: the competition introduced by the challenger’s market
entry is a determining factor for patent dispute outcomes and settlement terms. Our model
generates a novel inverse measure of competition between two firms relying on the same in-
tellectual property, which we call the gain-to-loss ratio ®@: the ratio of the challenger’s profit
increase from market entry to the incumbent’s (patent holder’s) profit loss. Higher values of ®
correspond to lower competition.

The model demonstrates that as competition increases (or as ® decreases), the potential
dispute outcome?® shifts from ex-ante settlement to ex-post settlement, and ultimately to liti-
gation without settlement. In other words, settlement is feasible only if the competition from
the challenger’s entry is not overly severe, indicating that the challenger’s products are suffi-
ciently “complementary”. When competition is intense (low @), where the incumbent’s loss sig-
nificantly outweighs the challenger’s gain, the value of non-settlement outweighs each firm’s
settlement option. In such cases, abandoning litigation becomes more appealing, as it offers
complete litigation cost savings, rather than the partial savings from settlement. Consequently,
there exists a lower bound on ®, below which firms would not pursue settlement. As is standard
in the real options literature, the relative timing flexibility associated with ex-post settlement
compared to ex-ante settlement adds value to the ex-post settlement option and leads to a
greater scope for it. We find that ex-ante settlement is feasible over a narrower range of param-
eter values than ex-post settlement, generally only when ex-post settlement is likely to occur
immediately or shortly after litigation begins. This is more probably at high values of ®; as
@ increases, settlement option payoffs grow, making it worthwhile exercising across a broader
range of market demand levels. The ex-post settlement threshold rises, advancing the timing
of settlement and enhancing the feasibility of ex-ante settlement. The model also shows when
settlement is feasible, the royalty rate in ex-post settlement rises with increasing competition.

Furthermore, our model underscores the role of market uncertainty in shaping firms’ reso-
lution of patent disputes. We find that settlement becomes less likely as market demand volatil-
ity increases; specifically, the minimum gain-to-loss ratio required for feasible settlement rises
with volatility. This result stems from the standard real options effect, where volatility raises
option values, combined with the relative sensitivity of the alternative options in patent dis-
pute. Higher volatility has the greatest impact on increasing the non-settlement values, which
set constraints on settlement. While the option values of ex-post and ex-ante settlement also

5The model addresses the potential rather than realised outcome, as firms’ actions depend on whether market
demand reaches the action threshold.



increase, they do so to a lesser extent than the non-settlement values, primarily because they
are closer to being exercised.

Our second main finding is that patent dispute outcomes also depend on firms’ relative will-
ingness to finance (“WtF”) in the attrition game during litigation. We summarize each firm’s
abandonment incentive using its reservation threshold (Lambrecht, 2001), which captures the
lowest level of market demand, down to which a firm would be willing to continue financing
litigation, assuming the other firm abandons litigation first. The firm with the lower reserva-
tion threshold-indicating a stronger remaining incentive— wins the attrition game; we refer to
this firm as the remaining firm. Our model shows that when firms have similar WtF, the range
of competition levels under which settlement is feasible broadens. The identity of the remain-
ing firm determines each firm’s non-settlement value, thereby setting the bounds on feasible
settlement royalty rates. A wider gap in firms’ WtF raises the remaining firm’s non-settlement
value, reducing the scope for settlement. Consequently, as the difference in WtF between the
two firms increases, it is less likely for firms to settle as the minimum @ required for settlement
rises.

The identity of the remaining firm is particularly important in understanding how the patent
holder’s probability of winning the lawsuit or the strength of patent protection, p, influences
the outcomes of patent disputes. The probability p directly affect each firm’s incentive to con-
tinue paying the litigation costs. As p increases, the incumbent’s expected payoff from judge-
ment rises, while the challenger’s expected payoff decreases, thereby increasing the incum-
bent’s relative WtF. As a result, the incumbent is more likely to become the remaining firm,
and the impact of p depends on which firm remains in the attrition game: when the incumbent
is the remaining firm (C-exit), an increase in p widens the gap in firms’ WtF, reducing the like-
lihood of settlement. Otherwise, when the challenger is the remaining firm (I-withdraw), the
effect of p is muted.

In the model extension, we delve further into the role of firms’ WtF, as well as the influ-
ence of competition and market uncertainty, by examining patent dispute outcomes under the
English Rule-where the losing party covers both sides’ litigation costs—compared to the base-
line American Rule, in which each party pays its own costs. While most of the baseline model
results hold, the English Rule increases the incumbent’s effective litigation costs while decreas-
ing those of the challenger. This adjustment significantly raises the incumbent’s incentive to
abandon litigation, often shifting the remaining firm in the attrition game from the incum-
bent to the challenger across a range of realistic parameters. Under the English Rule, a higher
p increases the scope for settlement, making it feasible even in fiercely competitive market
environment (low ®). In contrast, under the American Rule, a higher p may decrease the likeli-
hood of settlement scope if the incumbent’s WtF is comparatively low. Additionally, our model
demonstrates that the ex-post settlement royalty rate is lower under the English Rule.



Overall, our model shows that patent dispute outcomes are driven by the combined effects
of the competitive impact of the potentially infringing challenger’s entry, market volatility,
and relative incentive to remain in the attrition game of litigation. Our model has wider im-
plications, particularly for post-dispute market structure: a reversion to monopoly after the
dispute is more likely if competition is intense (low @), market volatility is high, and the in-
cumbent’s incentive to continue bearing litigation costs outweighs the challenger’s- such as
when the challenger faces higher litigation costs and the likelihood of a favorable court rul-
ing for the patent holder is high. Conversely, stronger product complementarity, lower market
volatility and similar WtF lead to settlement and thus a duopoly market structure. Addition-
ally, our model generates testable implications for litigation and settlement rates, defined as
the probability of litigation or settlement occuring within a specified amount of time after the
challenger’s market entry, based on a set of model parameters.

Our study contributes to several strands of literature. Our work provides a complementary
explanation for settlement failure to the law and economics literature, particularly in general
lawsuits (e.g., Landes, 1971; Gould, 1973; Shavell, 1982; P’ng, 1983; Bebchuk, 1984; Nalebulff,
1987; Bebchuk, 1996). Traditional models explain settlement failures through factors such as
divergent beliefs or information asymmetries regarding conviction probability, as well as risk
aversion and different expectations of judgement amounts relative to legal costs. In contrast,
our model shows that settlement failure can occur even when both parties share identical in-
formation and views, expanding the scope of factors contributing to non-settlement.

Our research also relates to the specialized literature on patent litigation (e.g., Meurer,
1989; Choi, 1998; Hughes and Snyder, 1995; Aoki and Hu, 1999b; Bessen and Meurer, 2006;
Galasso and Schankerman, 2010; Spier, 2007). Patent litigation often involves firms with shared
uncertain market demand, and where judgement can significantly alter future industry cash
flows, so the value implications of the court-ruling are much more than an inter-party transfer,
as in general litigation. In particular, our paper highlights the role of product market compe-
tition based on the same new technology and firms’ willingness to bear litigation costs, both
of which are first-order factors in determining firms’ litigation strategies under market uncer-
tainty. This paper also adds to the recent discussion of how financing considerations affect
patent litigation (e.g. Aoki and Hu, 1999a; Cohen, Gurun, and Kominers, 2016; Choi and Spier,
2018; Antill et al., 2024; Emery and Woeppel, 2024).

Several studies have modeled either generic litigation and patent enforcement using real
options frameworks (e.g., Grundfest and Huang, 2005; Marco, 2005; Jeon, 2015). Distinctively,
our model incorporates the possibility of the defendant exiting litigation due to high ongoing
costs. While related to finance literature on litigation risk (e.g., Hassan, Houston, and Karim,
2021; Guan et al., 2021; Liu, Si, and Miao, 2022), we focus on the strategic interaction between
competing product firms. Although third-party litigation financing is not modeled (e.g., An-



till et al., 2024), our approach underscores the importance of financial constraints in shaping
litigation and settlement incentives.

This study is among the first to analyze strategic interactions in patent litigation from a
corporate finance perspective. Previous game theory models (e.g., Meurer, 1989; Crampes and
Langinier, 2002; Choi and Gerlach, 2015) often overlook market uncertainty and profit volatil-
ity. Using a real options framework allows us to capture decision-making under uncertainty
and to highlight the compound nature of litigation options, in contrast to prior models that
treat litigation as isolated decisions (e.g., Marco, 2005; Jeon, 2015). Our work integrates real
options and game theory (e.g., Grenadier, 2002; Lambrecht, 2004; Antill et al., 2024) and con-
tributes to the broader finance literature on real options (e.g., Bernile, Lyandres, and Zhdanov,
2012; Bustamante, 2012; Bolton, Chen, and Wang, 2013; Lambrecht, Pawlina, and Teixeira,
2016; Garlappi, Giammarino, and Lazrak, 2022) by applying it to patent litigation. In doing
so, we reveal new determinants of settlement failure, including market competition from the
challenger, product volatility, and differences in financial resilience. By uncovering the key
theoretical factors that determine whether and when firms choose to settle patent disputes,
our work also contributes to the recent literature on the intersection of finance and industrial
organization (e.g., Phillips and Zhdanov, 2013; Bustamante and Frésard, 2021; Lin, 2023).

This paper proceeds as follows. Section 2. introduces the model. Section 3. presents and
discusses the model solutions. In Section 4., we provide comparative statics on patent dispute
outcomes. Section 5. explores model extensions and implications. Section 6. concludes.

2. The model

We consider two value-maximizing firms, both of which are all-equity financed. The incumbent
firm (denoted as “I”) owns a patent uses its patented technology in production.® The market
demand for the product, denoted by x;, follows a geometric Brownian motion, where p repre-
sents the growth rate, o is the market demand volatility, and W; is a standard Wiener process:

dxt = yxtdt + axtth. (1)

The incumbent earns a monopoly profit flow of nll x;dt until a challenger (denoted by “C”) en-
ters the market with a product based on similar technology, potentially infringing the incum-
bent’s patent.” Once the challenger enters, the two firms earn duopoly profit flows of néxtdt
and ngxtdt, respectively.® Total market profit may increase or decrease after the alleged in-
fringement, with 7, = () + n$) 2 m; = nl. We denote the change in profit driven by the

®Industry leaders are often firms highly proficient in generating intangible assets (Crouzet and Eberly, 2018).

"Such infringements are typically inadvertent rather than deliberate, as unintentional patent infringement is
more common in practice (Bessen and Meurer, 2013).

8The term “duopoly” here broadly includes cases where the challenger derives profit from a product signifi-
cantly different from the incumbent’s, akin to Type 2 infringement described in Antill et al. (2024).
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challenger’s entry as Am:
Anlzné—n{ <0, A€ ET(%—O>O, At =1y — 11 = Al + A€ = 0. (2)

Figure 1 illustrates the sequence of potential events, starting with the market entry of the al-
legedly infringing challenger. The model is divided into two stages: pre-litigation and during lit-
igation. Firm strategies are represented as optimal timing decisions, which, under standard as-
sumptions, follow threshold strategies — meaning that firms act when market demand reaches
a specific level.

[Insert Figure 1 here]

Pre-litigation At this stage, the firms’ actions can be viewed as exercising a call option. Po-
tential strategic actions include: (1) I-litigate: The incumbent initiates an infringement law-
suit against the challenger once demand exceeds a litigation threshold x;, occurring at time
inf{t : x; > x;}. This action activates the real options associated with the subsequent during-
litigation stage. For simplicity, we assume negligible costs for initiating litigation. (2) Ex-ante
settlement: To avoid costly litigation, firms can settle by agreeing on a royalty license agree-
ment (Meurer, 1989). Following the negotiation framework in Lambrecht (2004) and Lukas and
Welling (2012), the incumbent proposes a royalty rate 6,, representing the fraction of the chal-
lenger’s future profit payable to the incumbent. The challenger sets a settlement threshold x,
and agrees to pay the royalty starting at time inf{t : x; > x,}.° Each firm incurs a one-time
settlement cost Cg, where j € {I, C}. The change in profit due to ex-ante settlement is denoted
by An{;, with the post-settlement profit flow for Firm j given by (né + An{z)xtdt.

Anl =0,mn5 >0, AnS=-0,n5 <O0. (3)

(3) forcing-out: the incumbent can issue a litigation threat when demand falls to a sufficiently
low level, making it unprofitable for the challenger to remain in the market. This threat forces
the challenger to exit, restoring the incumbent’s monopoly position. Upon the challenger’s
exit, profit flows return to (m1x;dt,0). This option, discussed in Section 3.2, is relevant only
if market demand follows trajectories that make staying in the market unsustainable for the
challenger.

9Several models exit for joint options, each with limitations (Lambrecht, 2004; Morellec and Zhdanov, 2005;
Lukas and Welling, 2012; Banerjee, Glichbilmez, and Pawlina, 2014): (1) One firm makes a take-it-or-leave-it offer
on both the sharing rule and threshold, but the credibility of committing to a fixed threshold is questionable.
(2) The firms negotiate the sharing rule and threshold via a Nash bargaining game, though bargaining power is
assumed exogenous. (3) Firms agree on a global action threshold and sharing rule, but this fails to capture the
non-cooperative dynamics of patent disputes.



During-litigation Once the incumbent initiates litigation, each firm incurs ongoing litiga-
tion costs of ¢/dt, where j € {I, C}.!° A court decision occurs at a random time 7, modeled as
the first arrival in a Poisson process with rate A (Antill and Grenadier, 2023). The expected total

litigation cost for Firm j is C{ = m, where j € {C,I}. The ratlo of the challenger’s litigation

cost to the incumbent’s is termed the relative litigation cost A = —-. With probability p, known
to both firms (Lemley and Shapiro, 2005), the court rules in favor of the incumbent, forcing the
challenger to exit and restoring the incumbent’s monopoly. !! With probability 1 - p, the court
rules no infringement, allowing the challenger to remain, thus preserving the duopoly.

Taking action to terminate the ongoing lawsuit is equivalent to exercising a put option. The
firms have three such options: (1) I-withdraw: The incumbent can withdraw from the litigation
when demand falls to the withdrawal threshold x,,, occurring at time inf{t : x; < x4}. This
allows the incumbent to avoid further litigation costs, and the market continues as a duopoly
thereafter. (2) C-exit: The challenger can exit the market at its exit threshold x,, occurring
at time inf{t : x; <

x.}. After the challenger exits, the incumbent’s monopoly is restored.
Practically, challengers may file for bankruptcy or propose settlement by leaving the market if
their expected payoff from continuing the litigation turns negative.'? (3) Ex-post settlement:
The firms may settle through a joint option, where the incumbent proposes a royalty rate 0,,
and the challenger sets a settlement threshold x,, leading to settlement at inf{t : x; < x,}.
The profit parameter changes post-settlement are:

Amy, = 0,m5, An, =-0,75. 4)

This results in new profit flows of ((nl + Anf,)xtdt (nc + Anc)xtdt) Given that litigation is
costlier than settlement (C] > Cé, where C] is the cost of either ex-ante or ex-post settlement),
the cost savings AC/ = C] C] > 0 incentive firms to settle rather than continue litigation.'>

Our model naturally generates a gain-to-loss ratio ®, capturing the competitive dynamics
between the incumbent (patent holder) and the challenger firm that enters the market with

10As noted by Bebchuk (1996), patent litigation costs accumulate over time, including both direct costs (e.g.,
attorney and administrative fees) and indirect costs (e.g., management time, business disruption) (Bessen and
Meurer, 2012). Litigation can strain relationships, hinder collaborations, and damage reputations. Financially
weak firms may also face higher credit costs due to bankruptcy risks, and alleged infringers might experience
production shutdowns or lose customers if injunctions are imposed. However, we assume that litigation costs do
not impact the probability of winning the case (Friedman, 1969).

1y reflects the probability that the court finds infringement or does not invalidate the patent, as discussed
by Choi and Gerlach (2015). Following Marco (2005), we do not distinguish between the two. After the America
Invents Act in 2011, U.S. Federal district courts are unlikely to grant permanent injunctions to non-practicing
entities but may do so if the claimant practices its invention, directly competes with the defendant, and relies on
the patented technology as core to its business.

12The challenger may exit due to financial strain, particularly if the incumbent seeks an injunction rather than
damages, as discussed by Bessen and Meurer (2012).

I31f ex-ante and ex-post settlement costs differ, the main results hold, though royalty rates would adjust.
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products based on the same intellectual property (IP). This ratio, defined as

. . Ar© g
The gain-to-loss ratio: = = > 0. (5)

| Am!| n{ -7

represents the challenger’s profit gain relative to the incumbent’s loss of profit due to the chal-
lenger’s entry. The ratio ®@ inversely reflects the intensity of competition induced by the chal-
lenger’s entry and use of innovative technology. A lower @ indicates stronger competition, as
the incumbent’s profit erosion outweighs the challenger’s profit increase. We focus on the non-
trivial case of profit or producer surplus contraction (7t < 71, or equivalently ® < 1) to analyze
patent dispute outcomes.'*

3. Model Solution

We solve the model using backward induction, first examining firms’ during-litigation strategies
(Section 3.1), and then analyzing their pre-litigation strategies (Section 3.2).

3.1 During-litigation Solutions

We begin by deriving the general form of firm values during litigation (Proposition 1). Next, we
examine the options of incumbent withdrawal (I-withdraw) and challenger exit (C-exit) (Corol-
laries 1 - 2) to identify the non-settlement outcome during litigation s,s (Lemma 2), as an alter-
native to ex-post settlement.!® Following this, we examine firms’ ex-post settlement strategies
(Corollary 3 and Theorem 1), and assess whether firms settle after the litigation begins (Theo-
rem 2).

To facilitate our propositions, we define ¢ as the deferred perpetual factor for the demand
stream starting at the court ruling time 7,'°® and w denotes the corresponding equivalent per-
petual cash flow rate:

1 1

S -
r—u r+A-u

, w=06(r—u)e(0,1). (6)

The present value of a perpetual stream {x;};° starting at the court ruling 7 is 6xo, where xg
is the current demand level. A perpetual stream {wx;};?, starting immediately has the same
present value of dxy.

4When @ < 1, we have At < 0: @ = _AAL; = Afg—ﬁ?' = 8% + 1. If @ > 1, market expands with the challenger’s
entry, making non-settlement outcomes less relevant, as firms have strong incentives to settle and maintain higher
total market profits through profit transfer. Our model does not directly apply to patent trolls, whose business
model depends on extracting settlement payments by threatening litigation (Cohen, Gurun, and Kominers, 2016):
in such cases, alleged infringement significantly boosts total market profits, implying ® > 1.

15The likely outcome during litigation refers to the refers to the anticipated outcome during the litigation process,

assuming no court ruling occurs before firms take action.
16_1_
T—p

tot =r1.

Pofromt =0tot = co. ﬁ is the annuity factor for {x:};_, from t = 0

[ee]

is the perpetuity factor for {x;};



The general form of during-litigation firm values The during-litigation firm value V/(x),

where j € {I, C}, satisfies the following ordinary differential equation (ODE), with E;dV/(x) =

(yx%—‘;j + %B;Jz/zszoz)dt and A7/ as defined in Equation (2):

né — pATU

E.dV7 + (néx — ch)dt + /\(
r—u

X - Vf)dt = yVidt, forje{I,C}. %
The first term on the left-hand side of Equation (7) captures the expected instantaneous change
in firm value due to market uncertainties. The next two terms represent the firm’s expected
net profit flow during litigation, and the final term reflects the expected change in firm value
due to a potential court ruling. A boundary condition for V7 is derived from the notion that
it is not optimal for firms to take any actions when demand is sufficiently high, expressed as
lim, e Vi(x) = (% - p(SAnf)x - C{, for j € {I, C}. We present V/ in Proposition 1, with the
proof in Appendix Al.

Proposition 1. After the litigation starts and before any further actions are taken or the court rules,
the during-litigation firm value V/(x) is
j

Vi(x) = (r_zy —péAnJ)x—C{ +BixP, je{l,C}, @)

where By = 3 -4 —\/(% -5+ @, C) = < the constants B' and B depend on the respective
strategies.

In Equation (8), the term B/xP! represents Firm j’s option value during litigation. The re-
j
maining terms describe the firm’s value if no further action is taken: z—zyx is the present value

of future profits under the duopoly status quo, and —pSA7/x is the present value of the ex-
pected payoff from judgement: only if the court rules in favor of the incumbent, Firm j’s profit
changes, and by —An/x from judgement onward. C{ represents the present value of litigation
costs. Provided that the challenger’s market entry leads to a decline in overall market prof-
its (A < 0), the present value of the two firms’ total judgement payoff (—pAnx) is positive
(—poAnx > 0) and increases with market demand, .

3.1.1 Non-settlement During Litigation (s,s)

Both firms have the option to abandon litigation, with each firm’s abandonment strategy tak-
ing into account the optimal abandonment strategy of its rival. In this attrition game during
litigation, the firm that abandons first is the leaving firm, while the remaining firm has a stronger
incentive to continue bearing litigation costs in order to obtain the expected judgement payoff.

10



We analyze two scenarios: when the incumbent is the leaving firm (I-withdraw) and when the
challenger is the leaving firm (C-exit). We denote the firms’ payoffs at I-withdraw as V.,(x), for
j € {I, C}, after which the market remains a duopoly, and their payoffs at C-exit as V!(x), after
which the incumbent’s monopoly is restored.

ol x N né — Ar

Vz{;(x)=rju, Vi) = ===, jedl.C) 9

Corollary 1. (I-withdraw) The firm value with the I-withdraw option, VJ,, follows Equation (8)
in Proposition 1, with B, = [C] + pSATx,|x’, j € {I,C}. The I-withdraw threshold is x,, =

B S
Br-1polAnl]"

Corollary 1 implies that the option value of I-withdraw for the incumbent (B xf) is the
product of the net present value of withdrawal and a stochastic discount factor, expressed as
(C/ + poAr! Xw)()P*. By withdrawing, the incumbent avoids all future litigation costs but
gives up the potential to revert to monopoly, resulting in the net payoff of ClI + pSdAT! x,. The
stochastic discount factor (ﬁ)m values these future payoffs at the time of I-withdraw, tak-
ing into account that a court ruling kills the I-withdraw option. Interestingly, the I-withdraw
option is even more valuable for the challenger (since A€ > 0 > An'), as reflected in the
challenger’s value associated with this option:

saved litigation cost + avoided profit loss from judgment

X

BCxfr = (CZC + péAncxw)( )i (10)

Xw

When the incumbent withdraws, the challenger not only saves on future litigation costs but
also prevents the potential loss in an adverse court ruling. Corollary 1 suggests that the incum-
bent delays withdraw until its cost of remaining in the litigation outweighs the benefits by a

_ . gl
1 _ pPA
sufficient margin ( 5 = 5

> 1 with 8, < 0), driven by the irreversibility of action and
market uncertainty.

Corollary 2. (C-exit) The firm value with the C-exit option, Vej , follows Equation (8) in Proposition

- . R _ . c¢
1, with B, = [C{ +(pd - #)Anfxe]xe ﬁA,] € {I, C}. The C-exit threshold is x, = ﬁffl (%_p’é)mc.

By exiting, the challenger saves on future litigation cost but forfeits its duopoly profits,

yielding a present value of C +(p5— #)Ancxg < Cf. This option is even more valuable for the
incumbent, who, in addition to saving litigation costs, regains monopoly profits immediately,

resulting in a present value of ClI +(po— %)Anl Xe > ClI . For both firms, the option values of C-

exit (B{;xﬁf‘) is the product of the aforementioned present value at the C-exit and the stochastic
discount factor ()P

11



Non-settlement: I-withdraw or C-exit? To determine the non-settlement outcome-either
I-withdraw or C-exit—we compare the firms’ reservation thresholds (Lambrecht, 2001), defined as
the lowest demand level at which a firm would continue paying litigation costs, assuming the
other firm abandons first. We argue that the leaving firm is the one with the higher reservation
threshold,!” and obtain the following results with proofs provided in Appendix A3:

. . . 1 (x\Bxr Br (-pw) x; _
Lemma 1. The reservation threshold of the incumbent x; satisfies W(ﬁ) e pTﬁ
1

The reservation threshold of the challenger xc satisfies W(%)m - ﬂffl (lf;’w)’;—f = 1. The non-

settlement outcome during litigation is s, s = {I-withdraw} if x; > xc, and s,s = {C-exit} if x; < xc.

Lemma 2. s,; = {I-withdraw} if pow > 0.5 and ® > %A. sns = {C-exit} if pw < 0.5 and
D < %A. If pw = 0.5, then s,,s = {I-withdraw} if ® > A and s,,s = {C-exit} if ® < A.

Lemma 2 relates to the economics and finance literature on exit order in duopolies, em-
phasizing the real options value of exiting when there is possibility of exogenous termination
(here, by the court). Instead of relying solely on the relative benefit and costs between the two
firms, the exit order also depends on the uncertainty of when and how the court will rule (via
the terms pw and 1 — pw). The incumbent may abandon litigation first, even when it receives
high cash flows from staying in the litigation (i.e., pw > 0.5), as long as the gain-to-loss ratio
® sufficiently exceeds the litigation cost ratio A (with a multiplier of % > 1).13 Similarly,
C-exit is the non-settlement outcome even if the incumbent has low cash flows in litigation
(i.e., pw < 0.5), as long as @ is sufficiently lower than T

Summary of non-settlement Based on Corollaries 1-2 and Equation (9), we summarize the
firm values V), payoffs V)., arbitrary constants in the option values B),,, and the thresholds
x},s, for j € {I, C}, all associated with non-settlement as follows:

/ i ) ‘ 4 ) Bj w ns = {I-with
(VI Vi (x), B, xns) = (V?(X)IY?;(x), jw/x ), sns ={ w1t' draw} fe(.C). a1
(Ve (x)/ Ve (X), Be/ xe); Sns = {C'eXIt}

The non-settlement value represents the value of optimally abandoning litigation for the leav-
ing firm, and the value given its rival’s optimal abandonment for the remaining firm.
3.1.2 Settlement During Litigation (Ex-post settlement)

An ex-post settlement occurs when the incumbent drops the patent infringement claim in
exchange for a royalty payment from the challenger. We model the ex-post settlement as a

17This subgame perfect equilibrium corresponds to the knife-edge case in Lambrecht (2001).

18The condition ® > %A is equivalent to $ = AC—”CC(‘é?I)_I .- ;’w, which is greater than 1 when pw > 0.5.
1 1
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Stackelberg leader-follower game (Lambrecht, 2004), where the incumbent proposes a licens-
ing agreement with the royalty rate 0,,. 19 The challenger then decides when to settle, effectively
choosing the settlement threshold x,. Equation (12) represents the ex-post settlement payoffs
V] (x; O0p), after the firms incur settlement costs C]

r i né +An; _
Vp(x; Qp) = ﬁx, ] € {I, C} (12)

Corollary 3. (Ex-post settlement) The firm values with the ex-post settlement option, VPI and VPC,

follow Equation (8). Given a royalty rate O,, the arbitrary constants are B,,(6)) = [ACT+ (poAr! +
Giézc)xr,]x;m and BS(6,) = [ACE + (p5 - )An xp|x, P, The settlement threshold is x,(6,) =
Ba ACC

Pl (2 —po)anc’

The option Value of settlement, B{jxlﬁ, is intuitive and can also be expressed as B;(Gp) =

[ACT + (poATT + — H) Xy ;ﬁ * where An; is defined in Equation (4). For each firm, the option
value of settlement equals its surplus from settlement multiplied by a stochastic discount factor
that values the future payoffs at the time of settlement, factoring in that the court ruling kills
the settlement option. Besides the cost savings (litigation cost minus settlement cost), valued
as AC/, the incumbent gives up potential recovery of monopoly profits but gains guaranteed
royalty payments, whilst the challenger avoids losing duopoly profits in an adverse court rules
and pays the royalty. Consistent with Banerjee, Giicbilmez, and Pawlina (2014), our model
shows that the incumbent trades off the benefit of higher royalty rates against the delay in

x ACC(r—p)
settlement (55- :—ﬁfﬁl o (Qp—lpw)z

< 0) when determining the optimal royalty rate 6, to

maximize V, (xp, 6,). Define the relative-cost-saving as:*
_ _ ACC  Cf-Cf
The relative-cost-saving: I = =] T (13)
ACT ~ I -]

Theorem 1 provides the subgame-perfect Nash equilibrium strategy in the ex-post settlement
negotiations, with proof in Appendix A5.

Theorem 1. In ex-post settlement, the incumbent proposes 6, = pw(l-g@)+ %‘)g(F) € (0,1),

and the challenger sets the settlement threshold x;, = ﬁff pégéiiAn), where g(T') = (ﬁfﬁl +4)7L

19We assume the incumbent makes the offer once litigation begins, as this timing is optimal for the incumbent;
the outcome remains unchanged as long as the offer precedes the challenger’s settlement acceptance threshold.

20When litigation costs greatly exceed settlement costs, or when settlement costs are proportional to litigation
costs, the relative-cost-saving approximates the relative litigation cost A. Appendix A5 provides conditions for a
higher settlement threshold than the non-settlement threshold (x, > x,;), which is always satisfied if settlement
costs are negligible compared to litigation costs.
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The optimal royalty rate 6 is a weighted average of two rates (pw and £ ) The rate pw

makes the challenger 1nd1fferent between settling and contmumg litigation w1thout consider-
. -n$0

ing costs: pw = {0 : :ny ) cp;
between settling (with a royalty stream) and continuing litigation (to gain a judgement payoff),
QAn X _

makes the incumbent indifferent

—pdArCx}. The second rate, &
expressed as <1> ={0: = —pdAn!x}. This rate decreases with the gain-to-loss ratio. The
weights (1 — ¢(I'), g(I)) ad]ust based on cost considerations. Upon settling, the two firms share
the overall settlement surplus (p OATX, + ACC + AC!, with A < 0), which includes the value

of the foregone judgement payoff and total cost savings. Theorem 1 implies this surplus is split

g()
1+g(T)

Corollary 4 presents the comparative statics for the ex-post settlement threshold and terms

proportionally: % for the incumbent and for the challenger.?!

(proof in Appendix A6), assuming feasibility as discussed in Section 3.1.3. Firms accelerate
ex-post settlement when cost savings are greater but delay as market uncertainty rises or the
incumbent’s winning probability increases. Notably, higher levels of competition from the
challenger’s entry (corresponding to a lower ®) raise the ex-post settlement royalty rates, as
stronger competition the means the incumbent can regain more profits from a favorable judge-
ment, relative to the challenger’s profits that are preserved in settlement. Consequently, the
incumbent demands a higher royalty rate to settle rather than await judgement.

X o 26; 26; 26;
>Ofor]e{IC} 2<O, >0,3—;<0.9—qf<0,8—0’2’>0,3—15“>0

20,

2
) > 0.

Corollary 4. — cx

3.1.3 During Litigation: Ex-post settlement or Non-settlement?

Non-settlement and settlement are alternative options during litigation. The firms only settle
(and at x,) if, for each firm, the value with the settlement option (discussed in Section 3.1.2) is
at least as high as the value with the non-settlement option (Section 3.1.1):

Vo(xp, 6p) = Vy(xp,6,) 2 Vis(x,) and  Vi(xp,6,) = Vi (xp,05) 2 Vig(x,).  (14)

The conditions in Expression (14) narrow down the range of royalty rates for feasible ex-post
settlement, resulting in both a lower bound (6{7’""”) and an upper bound (6{7’”“) on the royalty
rate from the incumbent’s consideration. The lower bound ensures the incumbent is compen-
sated for not continuing with the litigation, while the upper bound prevents excessive settle-
ment delay, which is suboptimal. At low levels of 6,, the positive effect of 0, on V;f (xp, 0p) (from
gaining a higher share of the challenger’s profits) dominates, whereas at high levels of 0,, the
negative effect (from settlement delay) becomes more pronounced. Expression (14) also im-

_ACSB)
sM(B1-1)
. [ (G5 —po(m-ml) + simplifvi [ 1-g(0) Ba c c.
is AC' + % , simplifying to AC <) Pi- 7—7AC%, and the challenger’s share is AC

which simplifies to AC¢ — AC€ ﬁ “+. Thus, the proportions thus follow.

2IThe total settlement surplus also equals AC¢ + AC! — “3; (using Theorem 1). The incumbent’s share

Ty (p(u 6’7) o
r—u p?
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plies an upper bound Gpc max for the challenger, above which its retained profits are insufficient
to make settlement worthwhile. With proof in Appendix A7:%2

Theorem 2. An ex-post settlement is the likely outcome during litigation, as opposed to non-
settlement, if and only if 6, € [6{,’""”, min{ 65", O1"1*} |, with 5™, 6,"™, and 0, specified
in Equations (A.6) and (A.7) in the appendix.

Summary of during-litigation values and strategies Based on Corollary 3, Theorem 1,
Equations (11) and (12), we summarize the firm values V/, payoffs after exercising an option V/,
the arbitrary constants in option values B/, j € {I, C}, and the lawsuit termination threshold X
during litigation as follows:

, N , (Vj (x), v »(x), B ,x,,) if the condition in Theorem 2 holds,
(ViEn, Vi), BT, x) =
(v,;s(x) V.(x),Bl,, x ) otherwise. e {I,C}.
(15)

3.2 Pre-litigation Solutions

We present the general form of firm values at this stage (Proposition 2) and briefly discuss the
incumbent’s option to force the challenger out of the market. Net, we examine the [-litigate
decision (Corollary 5), considering firm values during litigation (Equation (15)). We then ex-
plore firms’ ex-ante settlement (Corollary 6) before determining their strategies at this stage
(Theorem 3).

The general form of pre-litigation value functions After the challenger’s entry with the
alleged infringement, firms make duopoly profits. With the proof in Appendix A8, we show:

Proposition 2. After the challenger’s entry and before any actions are taken, the pre-litigation
firm value is given by

néx : . .
, =2+ Alx®, if sps = {I-withdraw
Vé = jx i"—[J ) f ’ { } 7 ] € {I/ C} (16)
2= 4 qaix® 4+ bixP.if s, = {C-exit}

r-p

where a,p = 5 — 5+ /(3 - 5)% + % (with a > 1 and B < 0). The constants AJ, a/, and b/ depend

on the respectzve options.

220ur numerical analysis suggests that 9[,’”‘”‘ < 65’"“ if s, = {C-exit}, but 9[,’”“ > 65’”’“‘ if 5,5 =
{I-withdraw}. The challenger’s strong willingness to finance the royalty fee when s,; = {C-exit}, as indicated by
glmax < GC’”” stems from the challenger’s motivation to avoid exiting. Conversely, when s,; = {I-withdraw}, the
cﬁallenger prefers the outcome over its own exit and is therfore unwilling to pay a royalty fee to avoid I-withdraw,
as reflected by 0" < 6"~
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The firm value Vg includes an additional term b/x# if s,,; = {C-exit}, reflecting the incum-
bent’s extra option to force the challenger out of the market (forcing-out). The incumbent ex-
ercises the forcing-out option optimally if market demand falls to the C-exit threshold x, after
the challenger’s entry but before reaching the I-litigate threshold. Recognizing the forcing-out
option is both economically important and technically necessary to solve the model.?> The
Forcing-out option is effective in driving the challenger to exit if s,,; = {C-exit}, as the chal-
lenger would optimally leave at x, after litigation starts. Meanwhile, the incumbent can cred-
ibly commit not to offer ex-post settlement if s,; = {C-exit}. By exercising the forcing-out
option at x., the incumbent immediately regains the monopoly profits without incurring liti-
gation costs.

3.2.1 Litigation by the Incumbent (I-litigate)

Once the incumbent initiates litigation, firm values transition to their during-litigation values
V7, as shown in Equation (15). With proof in Appendix A9, we have the following corollary:

Corollary 5. (I-litigate) The firm value with the I-litigate option, v/ , for j € {I, C}, follows Equa-
tion (16), with A} = | - C] — poAm/x; + folﬁA]xl“", and a) and b) specified in qutatiorll (A.12).
The litigation threshold x; satisfies (o« — 1)pdAr!x; + (Br — a)BleﬁA +aC + g—ixf” = 0if
sus = {I-withdraw}, where B! is defined in Equation (15). If s,s = {C-exit}, x; satisfies Equa-
tion (A.13).

By exercising the I-litigate option, the incumbent expects to incur litigation costs C { . How-
ever, with probability p, it restores the profit loss caused by the challenger’s entry, |An'x|,
through a court ruling, valued at —pdA7n!x;). Additionally, the incumbent gains follow-on op-
tions during litigation, worth B! i * where B! is defined in Equation (15). The challenger’s
option value for I-litigate can be interpreted similarly.

3.2.2 Settlement without Litigation (Ex-ante settlement)

Equation (17) shows the ex-ante settlement payoffs \7; (x; 0,), after firms pay the settlement
cost C/, with a given royalty rate 8,. Corollary 6 is presented below, with proof in Appendix A10.

~j T‘é + An{z(ea) . j . .
Vi(x;0,) = —==—x, je{l,C}, Amy,isdefinedin Equation (3) (17)

Corollary 6. (Ex-ante settlement) The firm value with the ex-ante settlement option, V; forj e

{I, C}, follows Equation (16), with A{l = (fff’l xa—Ci)x;“ and a£ and b£ expressed in Equation (A.14).

Z3Technically, the forcing-out option imposing value matching conditions for both firms at x, before any po-
tential litigation. See Equation (A.11) in the appendix.
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The ex-ante settlement threshold is x, = x;, where the I-litigate threshold x; is expressed in Corol-
lary 5.

The challenger’s value of ex-ante settlement option is negative because the incumbent’s
exercise of the option results in royalty payments and settlement fees, without generating pos-
itive cash flows for the challenger. Corollary 6 also reveals that ex-ante settlement offers less
flexibility in settlement timing compared to ex-post settlement. Firms settle ex-ante just before
the incumbent would otherwise initiate litigation. This occurs because, by settling ex-ante, the
challenger agrees to pay a portion of its future profits to the incumbent. This is a significant
cost, so the challenger will only agree if the alternative — facing litigation— proves at least as
costly, and if settlement cannot be delayed any further.

3.2.3 Pre-litigation: I-litigate or Ex-ante settlement?

Settlement can occur only if it is optimal for both firms. Specifically, firms will settle ex-ante if
each firm’s value from settling exceeds its value from litigation:

VE(0a,x4) = CE 2 VI (x4) = 0, < 05, VI(04,x2) = CL > V](x2) = 0, > 0™, (18)

Theorem 3. Following the challenger’s market entry, firms settle ex-ante with the royalty rate
0, = 05™ if and only if O™ < 0C™% where 01" and 0™ are specified in Equation (A.15).

Otherwise, the incumbent will proceed with I-litigate at x;, as specified in Corollary 5.

The challenger will prefer litigation over ex-ante settlement if the royalty rate exceeds its
maximum acceptable level 6¢%*. The incumbent’s minimum required rate 6" can be inter-
preted similarly. Unlike ex-post settlement, the incumbent does not set an upper bound on the
royalty rate in ex-ante settlement, as the timing inflexibility eliminates concerns about settle-
ment delays (see the discussion after Corollary 6). Given the alternative of the I-litigate option,
the incumbent proposes the highest royalty rate acceptable to the challenger, 0§,

Summary of pre-litigation strategies and values Based on Corollaries 5 and 6, we represent
the pre-litigation firm values Vé, the payoff functions Vé ,J € {I,C}, the relevant arbitrary
constants in the firm values, and the strategy threshold Xy as follows:

(V](x), V/(x), AL al b, xg) if 6Imin < Emax in Theorem 3,

(Vlj(x),Vlj(x),Aj,aj bl x;) otherwise.

(VI(x), Vi(x), Al al,bl, Xo) = {
ll ll

(19)
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3.3 An Example of Model Solution: Patent Dispute Outcome at the Benchmark

Figure 2 illustrates an example of a market demand path, showing the firms’ sequential actions
under benchmark parameter values (details in Section 4.). Following the steps outlined in Sec-
tions 3.1-3.2, we find that the likely outcome in this example is I-litigate (at x;) followed by
ex-post settlement (at x,) with x; = 1.72 > x, = 0.76. As shown in the figure, the incumbent
initiates litigation as market demand rises after the challenger’s entry, indicated by the red-
dot. Firms then settle ex-post as demand declines, marked by the green-dot, assuming a court
ruling has not yet occurred.

[Insert Figure 2 here.]

3.4 Discussion on Pre-litigation and During-litigation Thresholds

The pre-litigation call option is exercised as demand rises from below whilst the during-litigation
put option is exercised as demand drops from above. Typically, the pre-litigation threshold ex-
ceeds the during-litigation threshold, i.e., Xo = {x,, x;} > X = {x;s, x,}. However, new com-
plications arise if Xy < X. For instance, if the model solution indicates an I-litigate followed
by ex-post settlement, but x, > x;, this implies firms would settle immediately upon the start
of litigation, a scenario we refer to as “immediate settlement”. Recognizing the possibility of
immediate settlement, the firms re-optimize. Appendix A13 provides the technical details for
incorporating immediate settlement into our model solutions.?* With immediate settlement,
ex-ante settlement always occurs beforehand, as we assume equal costs for ex-ante and ex-post
settlement.

4. Quantitative Analysis on Patent Dispute Outcomes

We use quantitative analysis to examine the effects of competitive dynamics and market uncer-
tainty on patent dispute outcomes. The benchmark parameter values in Table 1 largely follow
the literature (e.g., Jeon, 2015). Market demand is characterized by u = 2% and ¢ = 30%. The
expected time to court ruling (% = 2.5 years) aligns with empirical evidence on U.S. patent
litigation cases, and the probability of the incumbent winning the infringement case is set at
p =0.5.

[Insert Table 1 here.]

24Technically, there are two types of immediate settlement. In a constrained immediate settlement, the optimal
ex-post settlement royalty rate exceeds the challenger’s maximum acceptable rate (6}, > 657””), so the royalty

rate is set at 6S™%*, In unconstrained immediate settlement, 0, < Qpc’””, allowing the royalty rate to be 6;. While
immediate settlement is rarely modeled in the literature, the practice of settling soon after patent litigation begins
is documented in empirical studies (Kessler, 1996; Spier, 1992; Fanning, 2016; Vasserman and Yildiz, 2019). We
apply the approach of Décamps, Mariotti, and Villeneuve (2006) to solve immediate settlement. Our findings show
that the ex-ante settlement royalty rate aligns with the rate in immediate settlement.
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Given the parameter values of the product market (u, o, 7}, 7}, ng), the legal system (p, A, c{ , clc,

Cl, C%), the risk free rate r, we solve the model numerically as outlined in Section 3.. This ap-
proachyields the likely outcome for resolving the patent dispute, assuming firms follow optimal
strategies and market demand reaches their action thresholds before the court ruling. We re-
peat the numerical procedure by varying one model parameter value at a time, mapping likely
patent dispute outcome to two factors suggested by Theorem 1: the gain-to-loss ratio @ (our
new measure of competition) and the relative-cost-saving I'.

4.1 Baseline Patent Dispute Outcomes

We use Figure 3 to illustrate the likely patent dispute outcomes around the benchmark param-
eter values. Consistent with Lemma 2, above (or below) this line, the incumbent (or the chal-
lenger) is the remaining firm during litigation, with the non-settlement outcome being C-exit
(or I-withdraw). The potential likely outcomes include ex-ante settlement (blue area), I-litigate
followed by ex-post settlement (green area), or I-litigate followed by non-settlement (I-withdraw
or C-exit), represented by the white area.2

[Insert Figure 3 here.]

Figure 3 (along with additional unreported analyses) highlights two primary determinants of
patent dispute outcomes: the competitive dynamics from the challenger’s entry and the firms’
relative willingness to finance (WtF). As competition intensifies (i.e., as ® decreases), disputes
are more likely to proceed from settlement (first ex-ante, then ex-post) to litigation without
settlement. Additionally, a smaller gap in firms’ WtF increases the likelihood of settling, as
indicated by the larger colored area near the dashed line.

We find that firms never settle their dispute when competition from the challenger is too
intense, meaning the gain-to-loss ratio @ is sufficiently low. For example, if the challenger in-
troduces substitute products based on the same new technology as the incumbent’s, the firms
are likely to engage in patent litigation and remain in legal proceedings until the end. This is
because settling would require forfeiting the possibility of a judgement, which could restore
overall market profits to pre-entry monopoly level with probability p. The total judgement pay-
off (discussed after Proposition 1), representing the incumbent’s expected gain minus the chal-
lenger’s expected loss from judgement, is thus positive and increases with market demand. In
settlement, the two firms would instead share the overall settlement surplus (discussed after
Theorem 1), which decreases with market demand, with the decline rate reflecting the (nega-
tive) impact on overall market profits. When product substitutability is high (low @), the im-
pact on market profits from the challenger’s entry is substantial, leading to a small settlement

25The challenger being forced out of the market without actual litigation is also a possible outcome. However,
since the forcing-out option depends on whether x, is reached before x;, we cannot plot this outcome directly in
the graphs. Forcing-out can potentially occur anywhere in the C-exit region, while court-ruling is only realized in
the non-blue area.

19



surplus, which is only positive when market demand is low. In such cases, each firm’s abandon-
ment option is more valuable than its settlement option at any royalty rate, making settlement
infeasible. As @ increases, the range of market demand levels for which the settlement option
payoffs are in-the-money increases at a much faster rate than for the abandonment options.2°
For high enough @, the value of settling thus exceeds the non-settlement value for both firms,
making settlement feasible. This suggests a lower bound for ® below which firms do not set-
tlement.

Furthermore, we find that lower levels of competition (higher ®) brings settlement forward:
shifting from ex-post settlement-when demand falls sufficiently after litigation begins but be-
fore a court ruling-to ex-ante settlement, which occurs just before litigation would otherwise
commence. This shift arises because, unlike ex-post settlement, ex-ante settlement offers less
flexibility in the option exercise timing. Once litigation begins, the challenger’s value declines
significantly due to litigation costs and potential loss of future profits in an advert court rul-
ing; however, these costs only apply once litigation starts. Before litigation begins, since royalty
payments would be an immediate cost, the challenger prefers to delay ex-ante settlement until
litigation is imminent. In contrast, the timing flexibility of the ex-post settlement option brings
additional value to settling and thus greater scope for ex-post settlement. Our computational
analysis indicates that feasible ex-ante settlement occurs only for a subset of feasible ex-post
settlement parameters, and typically when ex-post settlement would happen immediately or
shortly after litigation.?” This is relevant for high @, because it raises the settlement option
payoffs and ex-post settlement thresholds, which, in turn, brings forward the expected timing
of potential ex-post settlement and makes ex-ante settlement feasible.?8

Regarding the second determinant, settlement becomes feasible over a wider range of com-
petition levels (including lower ®) when firms have closer willingness to finance (WtF). The
identity of the remaining firm (the one with the greater WtF) not only establishes each firm’s
non-settlement value and hence the bounds of feasible settlement royalty rates, but it also af-
fects the relative sensitivity of settlement versus non-settlement option values to changes in
WtEF. Specifically, changes in the remaining firm’s WtF impact settlement values more strongly

26This is because settlement only requires covering a portion of the judgement payoff, whereas the abandon-
ment must cover the firm’s expected benefit of winning relative to losing the lawsuit, with payoffs equivalent to a
court ruling against them.

2Tntuitively, as long as ex-ante settlement costs do not exceed those of ex-post settlement, ex-ante settlement
(weakly) dominates ex-post settlement if ex-post settlement would occur immediately after litigation commences.
When the litigation threshold is significantly above the ex-post settlement threshold, there is substantial value in
waiting rather than settling immediately at the ex-post royalty rate 6;. Consequently, the incumbent’s minimum
ex-ante royalty rate exceeds 0;, whilst the challenger’s acceptable rate falls below 6}, making ex-ante settlement
infeasible if the expected time from litigation start to ex-post settlement is sufficiently long.

28For instance, as @ approaches 1, the incumbent’s profitability reduction from challenger’s entry is only
marginally larger than the challenger’s gains, the expected net payoff from judgement becomes small and is domi-
nated by the cost savings from settling, so the settlement option becomes sufficiently in-the-money for immediate
ex-post settlement to be optimal.
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than non-settlement values, whereas changes in the leaving firm’s WtF have the opposite ef-
fect. Because either firm’s option values decrease with higher WtF, a wider gap between the
firms’ WtF-whether from an increase in the remaining firm’s WtF or a decrease in the leav-
ing firm’s WtF-reduces the likelihood of settlement. To elaborate the intuition, suppose one
firm’s WtF increases due to reduced litigation costs. As a result, both settlement and non-
settlement option values decrease: the firm’s expected value from judgement (net of litigation
costs) increases, lowering its abandonment incentive. This also diminishes the payoff from
settling, reducing both firms’ settlement option values since the settlement surplus is shared
(see the discussion after Theorem 1). The effect on settlement feasibility then depends on the
identity of the firms: increases in the leaving firm’s WtF make settlement more likely, while
increases in the remaining firm’s WtF decrease settlement likelihood. Increases in the leaving
firm’s WtF reduce the non-settlement threshold, lowering both its own and the remaining firm’s
non-settlementment value. This reduction occurs partly because the remaining firm expects a
longer wait before its rival leaves, and partly due to the non-settlement payoff being positive
and linear in demand and thus has a lower value when the abandonment threshold is lower.
Overall, the reduction in non-settlement option values exceeds that in settlement option, fa-
cilitating settlement. Conversely, when the remaining firm’s WtF increases, the abandonment
threshold of the leaving firm remains unchanged, so its non-settlement value is unaffected.
Although the remaining firm’s non-settlement option value declines (due to a lower abandon-
ment payoff), this decrease is less than pronounced than the drop in settlement option value, as
the abandonment threshold is lower than the settlement threshold and has a reduced likelihood
of being triggered before judgement. Thus, the settlement option values are more sensitive to
changes in the remaining firm’s WtF, reducing the range of ®@ for which settlement is feasible.

Our analysis also shows that when the incumbent has a higher willingness to finance (WtF)
than the challenger (C-exit), making it the remaining firm, the range of competition levels
where ex-ante settlement is feasible narrows and shifting to higher ® values compared to the
I-withdraw scenario. This narrowing occurs because the incumbent decides whether to initiate
litigation or offer ex-ante settlement, and as the remaining firm, it also retains the valuable
option to push the challenger out of the market (as described after Equation (3)). Since this
forcing-out option holds considerable value but has to be given up once litigation begins, the
incumbent raises its litigation threshold, opting to delay litigation to preserve this option. This
delay reduces the likelihood of ex-ante settlement, which would otherwise occur just before lit-
igation.

4.2 The Impact of o, p, and A on Patent Dispute Outcomes

Figure 4 illustrates the representative impact of market uncertainty, the probability of the in-
cumbent wins the lawsuit, and the expected duration of litigation process on patent dispute
outcomes.
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[Insert Figure 4 here.]

Panel (a) shows that market uncertainty, represented by demand volatility (o), reduces the like-
lihood of patent disputes being resolved through settlement. As demand volatility increases,
the minimum gain-to-loss ratio ® required for settlement rises, and the settlement area shrinks.
This effect arises due to differing sensitivities of option values to volatility. As is standard in the
real options theory, increased volatility raises the value of options, making the non-settlement
particularly valuable because it is farther from being exercised compared to the alternatives.
Ex-post settlement option value follows, as it provides more flexibility in exercise timing, and
finally ex-ante settlement. Consequently, both the colored area (indicating settlement of any
type) and the blue area (indicating ex-ante settlement) shrink as market uncertainty rises. This
finding is consistent with empirical research showing that higher litigation risks are associated
with more volatile cash flows (Lowry and Shu, 2002).

Panel (b) demonstrates a negative impact of the incumbent’s winning probability, or patent
strength (p), on the likelihood of settlement: as p increases, the settlement area (both ex-ante
and ex-post) shrinks. This effect is driven by two forces. First, a higher p boosts the incumbent’s
relative willingness to finance (WtF): as p rises, the incumbent’s expected judgement payoff
increases, enhancing its willingness to continue litigation, while simultaneously reducing the
challenger’s WtF. As a result, the parameter range for C-exit expands relative to I-withdraw,
shifting the equal-WtF boundary downward. Second, increases in p affect the tradeoff between
settlement and non-settlement options. When the challenger is the leaving firm in the attri-
tion game (C-exit), higher p increases the non-settlement option value for both firms, while
decreasing their settlement values, making settlement less feasible. However, if the incumbent
is the leaving firm (I-withdraw), an increase in p reduces both settlement and non-settlement
option values, resulting in an ambiguous effect on settlement feasibility in I-withdraw. Overall,
a higher p tends to reduce the likelihood of settlement in many realistic parameter ranges.>
The finding contrasts with previous literature (Lemley, 2001; Lemley and Shapiro, 2005; Jeon,
2015), which suggests that a higher probability of patent validity encourages settlement by
strengthening the incumbent’s litigation position and thereby increasing its threat credibility,
which should theoretically prompt the challenger to accept an ex-ante settlement. Our model,
however, considers the value of non-settlement options and the compound feature of the I-
litigate option—elements not accounted for in prior studies. This perspective reveals that as p

21f the challenger is the leaving firm (C-exit), a higher p raises the exit threshold by reducing the challenger’s
expected judgment payoff, which increases its non-settlement option value and makes C-exit before judgment
more likely. This, in turn, boosts the incumbent’s non-settlement value. In contrast, if the incumbent is the
leaving firm (I-withdraw), a higher p lowers the withdrawal threshold by increasing the incumbent’s judgment
payoff, which reduces its abandonment option value and delays the challenger’s opportunity to have the litigation
threat lifted, thus decreasing the likelihood of I-withdraw before judgment. Overall, the increase in p narrows the
WLF gap for feasible settlement, especially by increasing the minimum @ required for feasible settlement in C-exit,
while having a minimal effect on I-withdraw.

22



increases, the value of the I-litigate option rises, leading the incumbent to demand a higher
royalty rate in ex-ante settlement, which reduces firms’ incentive to settle outside the legal
system as p grows.

5. A Model Extension and Discussions

5.1 Legal cost allocation rules: English Rule vs. American Rule

We extend the baseline model to examine how firms’ relative WtF influences patent dispute
outcomes under different legal cost allocation rules. In contrast to the American Rule where
each firm typically bears its own legal costs (as in our baseline model), the English Rule requires
the losing litigant to cover both parties’ legal expenses. The English Rule primarily increases
the incumbent’s effective litigation costs relative to the challenger, due to the asymmetry in
their financial capabilities to cover the opponent’s costs in the event of an adverse ruling. This
asymmetry provides the challenger with an advantage under the English Rule, as its litigation
costs are partially or fully covered if it wins the case, while limited liability protects it from pay-
ing the incumbent’s costs if it loses. Under the English Rule, the incumbent also faces the risk of
liquidation if its value falls below the required amount to cover the challenger’s litigation costs
in the event of a loss. In such cases, the challenger assumes the role of a new monopoly (and
earn nfxtdt thereafter. The risk of liquidation further reduces the incumbent’s WtF relative to
the challenger.

We separate the analysis into two cases: Case A where the incumbent remains a going-concern,
and Case B, where the incumbent may liquidate. The analysis for Case A parallels that in Sec-

. . . e s = CE(1-p)A .
tion 3., with generalized expected litigation costs defined as ClI = ClI + - 5 — Ap ) 1 for the in-
- CC(1-p)A . o .
cumbent and Cf- = Cf — %Ap)]lg for the challenger, where 1 is the indicator variable for the

English Rule. We define the generalized cost saving and relatively-cost-saving as AC/ = C“{ — Ci
and T = i—%f, respectively. Using Theorem 1 and the obviously relationship fEnglish < T American,
we derive Theorem 4.%°

Theorem 4. Ceteris paribus, if the incumbent remains a going-concern under the English Rule, the

ex-post settlement royalty rate 0, is lower than under the American Rule, i.e., Oy, nglish < Oy, American-

Case B, which applies only under the English Rule, introduces the incumbent’s liquidation
Cy(r=u)

threshold, defined as ¥ = ot This threshold represents the demand level at which the

incumbent’s firm value, in the2 event of losing the lawsuit, equals the challenger’s expected
I —

litigation costs (i.e., % = Clc). Due to the complexity of Case B, the detailed model derivation

is provided in Appendix A13.

308pecifically, ACC(1g = 1) < AC¢(1g = 0) and AC!(1g = 1) > AC!(1g = 0), leading to T(1g = 1) < [(1g = 0).
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Quantitative analysis Figure 5 illustrates potential patent dispute outcomes under the En-
glish Rule, with each panel depicting variations in ¢, p or A, and Plot 5 (a).ii serving as the
benchmark.

[Insert Figure 5 here.]

Most baseline findings from the American Rule hold under the English Rule, indicating con-
sistent effects of competition and market uncertainty on patent dispute outcomes across legal
systems. Under both rules, firms settle only if the gain-to-loss ratio @ is sufficiently high, a
wider gaps in their relative WtF and market uncertainty dampening settlement incentives.

Panel (b) reveals a positive impact of p on the likelihood of settlement under the English
Rule, in contrast to the negative effect observed under the American Rule. This divergence
arsies from two forces related to firms’ relative WtF. First, under the English Rule, the incum-
bent’s effective litigation costs increase while the challenger’s decrease, which reduces the in-
cumbent’s relative WtF. As a result, the English Rule often shifts the identity of the remaining
firm in litigation from the incumbent to the challenger, expanding the I-withdraw area in Fig-
ure 5 Plot a.(ii), compared to the American rule in Figure 3. This shift amplifies the influence
of p p in I-withdraw relative to C-exit. Second, beyond the effects of p under the American Rule
(see Page 22 in Section 4.2), the English Rule introduces an additional effect: as p increases,
the incumbent’s potential liability to pay the challenger’s litigation costs decreases, effectively
reducing its litigation costs and increasing those of the challenger. This change raises the in-
cumbent’s WtF while lowers the challenger’s, narrowing the WtF gap in I-withdraw (where the
challenger has a higher WtF) and making settlement more feasible. Our analysis builds on pre-
vious work examining the impact of cost allocation rules on settlement and litigation outcomes
(Bebchuk, 1984; Meurer, 1989; Bebchuk, 1996; Aoki and Hu, 1999b) by considering firms’ WtF.

5.2 Discussion on Model Assumptions

Our baseline model makes several simplifying assumptions, which we argue do not drive the
main results. One assumption is that firms’ cash flows - particularly the challenger’s—are based
solely on selling products associated with the patented technology, without the use of debt or
external litigation financing (Antill et al., 2024). Another assumption is the absence of dam-
age rulings in cases of convicted infringement, as modeled in Bebchuk (1984) and Lanjouw and
Lerner (1998).3! Relaxing either assumption individually does not alter the baseline findings,
because the challenger’s optimal decision would remain unchanged if it had additional cash
flows unrelated to profits from the patented technology. Similarly, if an adverse ruling were
issued, the challenger’s value would still be insufficient to cover damages without supplemen-
tary cash flows. Only when both assumptions are relaxed simultaneously might our results

31This assumption is justified by recognizing that patent litigation differs from other types of litigation: a court
ruling directly impacts firms’ future sales, which often have much larger stakes than any potential trial award,
including damages or compensation for lost profits.
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differ: in that scenario, the incumbent’s WtF would increase relative to the challenger’s, as the
challenger could then partially or fully cover damages. However, we expect this effect to be
the opposite to the impact of the English Rule discussed in Section 5.1, which increases the
challenger’s relative WtF.

5.3 Model Predictions on Litigation and Settlement Rates

Our model predicts patent litigation rates — the probability of litigation initiation within T years
after the challenger’s market entry—and settlement rates, defined as the probability that firms
settle by Year T, based on a set of parameters and the demand level at which the challenger
enters the market with infringement concerns. The online appendix provides these rates as
functions of model parameters. Our analysis shows that litigation rates increase with intensi-
fied competition from the challenger, greater market volatility, and shorter expected litigation
duration. Meanwhile, settlement rates decline with higher market uncertainty and larger WtF
gaps between firms, though they increase with litigation duration. With stronger patent pro-
tection, litigation rates decrease and settlement rates increase under the English Rule, whereas
these effects vary under the American Rule. Our model serves as a valuable tool for understand-
ing cross-country differences in the litigation and settlement patterns (Hughes and Snyder,
1995; Helmers and McDonagh, 2013; Cremers et al., 2017). Additionally, a patent with broader
scope implies that the patented technology can be applied across more diverse product lines,
making alleged infringement more likely to correspond with a higher ® value, as the incumbent
faces less profit erosion from the new, distinct products. Our model predicts a higher likelihood
for settlement in these cases. In contrast, alleged infringement on a narrow-scoped patent is
more likely to lead to litigation that proceeds to judgement.

5.4 Model implications on post-dispute market structure

Our model has implications for market structure following a patent dispute: IP-based compe-
tition can, counter-intuitively, result in sustained monopoly and higher market concentration.
The model suggests that intense competition from a challenger offering similar IP-based prod-
ucts to those of the patent-owning incumbent is more likely to trigger litigation that proceeds
to judgement. Consequently, the post-dispute market structure is more likely to revert back
from duopoly to monopoly, as the incumbent regains its dominant position either through a
favorable court-ruling, or through the challenger’s market exit, with or without actual litigation
(corresponding to the C-exit and forcing-out options). On the contrary, low competition levels
encourage firms to settle patent dispute, accommodating the new entrant. Our study connects
with the Hypothesis of Intangible Assets, which attributes rising market concentration in the
U.S. (Grullon, Larkin, and Michaely, 2019; Kwon, Ma, and Zimmermann, 2024) to the growth of
intangible assets. Prior research on this hypothesis suggests that intellectual property creates
entry barrier that confer market power, reduce competition, and increase concentration. We
offer a new perspective, demonstrating that high competition levels in innovation-driven mar-

25


https://www.dropbox.com/scl/fi/a7i1t6jc6bk3opsd6p41q/_online_appendix_latest_patent_litigation.pdf?rlkey=2m3yj35zrqbyvylirzx0u47yb&st=08bkl3ln&dl=0

kets can paradoxically lead to increased market concentration, especially when considering the
imperfect nature of IP protection and the strategic interaction between firms in patent dispute.

6. Concluding Remarks

In this paper, we analyze the strategic interactions between two firms engaged in a patent dis-
pute, and examine the likely outcomes of the resolution. Using a real options approach on a
sequential game with time-varying market demand, we find that the competitive pressure in-
troduced by the challenger’s entry significantly affect settlement feasibility, terms, and timing.
Our theoretical contribution includes showing that firms do not use settlement to resolve their
IP-based dispute if the gain-to-loss ratio— a new inverse measure of competition introduced in
our framework-is low. When this ratio is high, settlement not only becomes feasible but also
motivates early resolution without resorting to litigation. However, wider gaps in firms’ rela-
tive willingness to finance litigation and higher product market volatility reduces settlement
feasibility and increases the likelihood of litigation. An extended model demonstrates that the
English Rule (lose pays) shifts the relative WtF from the incumbent to the challenger, resulting
in a lower royalty rate in ex-post settlements compared to the American Rule (each party pays).

Our model generates testable implication regarding litigation rates, settlement rates, and
post-dispute market structure, given different characteristics of the product market, patented
technology, and legal environment. Several directions for future research appear promising.
One area of interest is firms’ market entry decisions and their innovation incentives. Another
potential extension is to study industry equilibrium with multiple entrants and to examine the
welfare implications of patent litigation.
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Figure 2: An example of a realized demand path and the strategies

This figure illustrates a scenario of the likely outcome being the incumbent litigates and the firms then
settle ex-post. The parameter values are set at the benchmark in Table 1. The blue line is a realized
demand path x; that starts at xo = 1 and follows a stochastic process specified in Equation (1). The
litigation threshold is x; = 1.76 and the ex-post settlement threshold is x, = 0.72. The red dot represents
the time of litigation, which is when the demand reaches x; from below for the first time. The green dot
represents the ex-post settlement time, which is when the demand reaches x, from above for the first
time, assuming the court has not yet ruled then.
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Figure 3: The likely outcome of a patent dispute

The graph describes the likely outcome of a patent dispute after the challenger’s market entry. The white
area marks I-litigate followed by C-exit (“C-e”) as x < x, or I-withdraw (“I-w”) as x < x,. The green area
marks I-litigate followed by ex-post settlement as x < x,. The blue area marks ex-ante settlement as
x > x,. The black dashed line represents situations in which firms have equal willingness to finance for
the litigation. ® = IAR T andT = AC 2~ We vary ® and I by changing n and cI ), respectively. Table 1 lists

the benchmark parameter values.
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Figure 4: The effect of o, p, or A on the likely outcome of a patent dispute

The graphs illustrate the likely litigation outcomes at the benchmark (Table 1), as we change ¢ in Panel
(a), p in Panel (b), or A in Panel (c). The white area marks I-litigate followed by C-exit or I-withdraw, the
green area marks the ex-post settlement and the blue area marks ex-ante settlement. The black dashed line

represents the situations in which firms have equal willingness to finance for the litigation. ® =
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Figure 5: Likely outcomes under the English Rule

This graph illustrates the likely patent dispute outcomes under the English Rule around the benchmark
(Table 1), as we change ¢ in Panel (a), or p in Panel (b). The white area marks I-litigate followed by C-exit
or I-withdraw, the green area marks ex-post settlement and the blue area marks ex-ante settlement. The
black dashed line marks the boundary of s,,; = (I-withdraw) vs. s,s = (C-exit). The dotted line separates

Case A (the incumbent remains a going-concern) and Case B (the incumbent may liquidate). ® = |A”
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Table 1: List of parameters and their benchmark values

Parameters Symbol and value
Basics

Risk-free rate r =0.05

Arrival rate of court ruling A= %

Arrival rate of R&D success e=1

Probability of patent validity p=0.5

Growth rate/volatility of the demand shock
Profit multipliers (profit = 7tx)
Flow(Expected total) litigation cost litigation cost

One-time settlement costs
Ratios
Gain-to-loss ratio

Relative-cost-saving

Relative litigation cost

Other Greeks

Deferred perpetual factor

Equivalent perpetual rate

Thresholds on demand x

Litigation/ex-ante/expost settlement thresholds
C-exit/I-withdraw thresholds
Reservation threshold for C/1

(extension) Liquidation threshold for I

u=0.02,0=0.73

ny =127 =0.7,75 =03
c{': 1(Cl =< =222)

Ccl =05

_ A€ _ Ty
= |ARI] 711—7112 =06
c L-ct
T = AC 2t R |
ACI i_cl
C r+A s

LG
=—=
Cl
_ 1 1 _
=L - =310

xi/x, =1.76, x, =0.72
x. =031, x,=0.21
xc=0.17, x;=0.12

=1

Clp_
= # = 0.095

2
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Table 2: Notations for model solutions

Notation Interpretation (I - incumbent; C - challenger)
Thresholds
X1/ Xg I-litigate / ex-ante settlement threshold
Xe / Xw/ Xp C-exit / I-withdraw / ex-post settlement threshold
Royalty rates
0./ 0y ex-ante / ex-post settlement royalty rate
Value functions
Vo before-litigation firm value that includes option values
Vi/V, with I-litigate / ex-ante settlement option
\% during-litigation firm value which includes option values
Vy / Vs with /without the ex-post settlement option
V. /Vy with C-exit / I-withdraw option
1% payoff after option exercising
Other
ATt change in 7t due to C’s entry (An = 7}, — 7}, An© = n§)
An; change in 7 due to ex-post settlement (Ar}, = 6,75, ATt = —0,75)
Art/ change in 7t due to ex-ante settlement (A7), = 6,75, ATt§ = —0,75)
AC/ saved litigation cost by settling (AC/ = C{ - Cg > 0)
IV used in extension (IT' = pr!, I1€ = (1 - p)n)

37



Appendices

Appendix A Proofs

Al Proof of Proposition 1
Proof. The general solution of the ODE Equation (7) is as follows:

Vi(x) = Alx® + BixPr + V],

where

u 1 u 2(r + A7) 1 1 u 2(r+A)
‘—z‘\/(a‘ﬁ)“T“)' wEyma NG T T !

are the solutions to %x(x —1)0? + ux — (r + A) = 0. As mentioned in the main text, a boundary condition
is .
1

lim VJ(x):( 2 —péAnJ)x—c{.

X—00

Tt

Thus A/ = 0and V/(x) = B/xPr + V;. A linear particular solution for V]Z(x) is V;Z = (—12 - péAnf)x - C{,

r-u

from which we obtain Equation (8) in the proposition. O

A2 Proof of Corollaries 1 and 2

Proof. s,s = {l-withdraw}: The incumbent maximizes its firm value by choosing x,,. We apply the
value-matching conditions (VM) on both firms’ value functions during litigation with respect to their
payoff upon I-withdraw, and the smooth-pasting condition (SP) on the incumbent’s value function at
xy. Thatis, for j € {I,C}:

i j

j 5 i - iypi B T2 :
VM: Vi(xw) = Vi (xw) = ( - p(SAnf)xw - C, +Byxy = xw, J€{I,C}.
r—u r—u
VI (x VL (x ue _ il
SP: o) _Vald)] ) T —poAn! + BuBLAE T = 2
ox |y, ox |y, r—u r—u

We solve the three unknowns B!, BS and x,,, as expressed in Corollary 1 from the above three equations.

sus = {C-exit}: The challenger maximizes its firm value during litigation by choosing x,. Similar to
I-withdraw, we use the following condition to get the expressions of B}, BS and x, in Corollary 2.

j 5 i j P i T =AW .
VM: Vi(xe) = Vi(x,) = (m — pOAT )xe —C, +Bex," = ———%, JE€ {I,C}.
AVE (x IVE(x n$ _ n$
SP: e (%) == *) =2 — pdARC© +ﬁABer§/‘ S
ox |, ox |, r—u r—u
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A3 Proofs of Lemmas 1 and 2

Both firms act strategically knowing the other firm also has the option to leave the litigation, so a direct
comparison of the two firms’ leaving thresholds x,, vs. x, from Corollaries 1 and 2 is not appropriate
to determine s,s. Instead, we compare the two firms’ reservation thresholds (Lambrecht, 2001) during
litigation, that is, the demand level for which a firm is “indifferent between leaving first at their optimal
exit/withdrawal threshold and waiting until the rival leaves”. The incumbent’s reservation threshold
x1, is the demand level at which its during-litigation firm value including the option to withdraw at x,
equals its firm value if the challenger exits the market earlier, in which case the incumbent would lose its
withdrawal option but restore its monopoly. Likewise, the challenger’s reservation threshold x¢ is the
demand level at which its during-litigation firm value including its exit option at x, equals its firm value
if the incumbent withdraws earlier and the challenger loses its exit option but remains in a duopoly. As
the text after Lemma 1 argues, s,s = {I-withdraw} if x; > x¢ and s,,s = {C-exit} otherwise.

Proof. For the incumbent, the condition of its reservation threshold x;, with w = p6(r — u) < 1 defined,
can be written and rearranged as

I

A Tt X7 \B X
Vol = x15000) = V] (x = x1) = ( 2 _P(SAT(I)XI—CZI+(C{+P5An1xw)(_1)A: =
r—u Xw r—u
1 X1 \B
= Anl(—— —pd)xs + (_I) \_CZI:O
r—=u 1_ﬁ)\ Xw

.. X X1 . . . .
Divide by C!, replace x; by x; - == = z; = — satisfies the following condition, as shown in the lemma:

Xw Xw
1 1-
Zf’\ N Br (1-pw)
1 —ﬁ/\ ﬁ)[ -1 pw

yi(z1) =1~

Note that g, < 0, pw € (0,p) and (I;Z IS 0, thus the first-order derivative of y;(z;) with respect to z;
is negative, and the solution of y;(z1) = 0 is unique, which means there is one and only one solution of

x1. For the challenger, the condition of its reservation threshold x¢ can be written and rearranged as

C

N Tt 1 xXc\A
Vec(x = X0y Xe) = sz(x =xc) = ( 2 _ péAnC)xc — ClC + (CZC + Ancxe(pé - —))(—C) '
— r—u/\x,
CC /xc\p
= —AnCpdxc + ! (—C) . ClC =0
1- ﬁ/\ Xe
X X
Divide by CS, replace xc by xc - 2o gy = Z€ is the unique solution of the following condition:
.Xe x@
A @
ya(z2) = 1- py P P

z," + z9=0
1_ﬁ}t ﬁ,\—l(l—pa))

Equations (A.1) and (A.2) are equilvalent to the conditions in Lemma 1. They can be written more gen-
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z1 = 0. (A.1)

TiaXc

r—p

(A.2)



erally, that is, z; and z; are the solutions to y(z; M) = 0 where

1-pow
1 8 , forz;
y=1- P4 P Mz withM = ZZ (A.3)
1-Ba pr-1 , for zy
l-pw
Iy Ba -1 Ba . . . .
Because ) < 0, > = mzm + ﬁA—’_lM > 0, lim;_,0 y(z) = —o0, and lim,_,; y(z) > 0, a unique solution
z

of z < 1is guaranteed. Thus ;C—Z’L < 1land ’;—f < 1, which implies x; < x,, and x¢ < x.. Apply the implicit
function theorem on Equation (A.3), we get

dy
5 -7
ZE_ M _ 2
oM fﬁ{ zPr-1 4+ M

0z

Next, we compare z; and zy in order to compare x¢ vs. x;. There are three possibilities:

1. If pw > 1/2,then M(z1) < 1 < M(z3). This means ;‘—; > fc—f = ;‘—(’: > ’;—: = %%. With an added
l—pwg

condition of o A 1, we can have x; > x¢, and s,s = {I-withdraw}.
2. If pw < 1/2,then M(z1) > 1 > M(z3). This means ;‘—qu < chc_f = ;‘—é < % With an added condition

Xe
1- )
of%% < 1, we can have x; < xc, and s,,s = {C-exit}.

3. If pw = 1/2, then M(z1) = M(z2) = 1. This means 3> = 3¢ = 7L = 3.

Xe Xc Xe

(@) If 2 < 1,then x; < xc,and s,,s = {C-exit}.
(b) If $ > 1,then x; > x¢, and s,s = {I-withdraw}.
(c) If 2 =1, then x; = xc.

A4  Proof of Corollary 3

Proof. Given any proposed royalty rate 0,, the challenger chooses the settlement threshold x, to max-
imize its value with the settlement option. Thus, we use the value-matching conditions on both firms’
values and the smooth-pasting condition on the challenger’s firm value at x,. That is, for j € {I, C}:

j

7t o, + Amt

VM: Vi) =) -l = (- _Zy - poAT )x, - C] + By’ = %upxp e W)
IVE(x) IVE(x) - CS) n§ n$ + An§
SP: P =—F ° L poARC +pBhap = 22— (A.5)
x|, dx % r—u r—u
We can then solve x;, and the arbitrary constants BI{, as shown in the corollary. ]
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A5 Proof of Theorem 1

dx -X
Proof. From Corollary 3, the first-order derivative y Lo P . The first-order condition for

0, 6, —po(r—p)
the incumbent’s optimal royalty rate is
I I I I
% _ dB, _ JB, .\ dB, dx, _
d6, do, 70, Jx,db,

That is, B1(AC! +
threshold is hlgher than the ex-post settlement threshold), the challenger optimally accepts the ex-post

péxp(An + Art!(1 - B,)) = 0. For the simple case of x; > x,, (the litigation

settlement offer at x,, and the royalty rate choosen by the incumbent is the one that maximizes VF{ .
Thus,

. _polr- WIACH(B) — 1) + ACC(1 + £
¢ ACI(By — 1) + BAACE :
Simplification leads to the expression in the theorem. 6}, > 0 is guaranteed under ® < 1 and 6, < 1

leads to the condition of the model parameters: pw[1 + g(l“)(% -1] < 1.

Ba ACC
1 0p
ﬁ/\ E)Anc

get the expression of xj, in the theorem. The sufficient condltlons for x, > x,, are (i) x, > x, and (ii)

We can plug the expression of 0, = 0, in xp(0p) = (implied by Corollary 3), and

Xp > xw Using the expressions of x, from the theorem and x, from Corollary 2, x, > x. is equivalent

to 2 g(r) s G pw(q) 1), which is further equivalent to % > 61”__;5. If we have negligible settlement
cost, thus & cC — 1, then the condition is guaranteed to be satisfied. Similarly, x, > x, is equivalent to
A > o(T)(1 - @) or A [F X g‘ + 1] > 1 — @, and if we have negligible settlement cost, which indicates
% — 1,thenitis always satisfied. O
A6 Proof of Corollary 4
4 LB Ay (L _ B2 20412 I (-sr+22) ™"
PrOOfﬁ:‘LlO' X(l_(i_?__)((i_ﬁ)"'T) )>O'W:_ 021 < 0.
ag(r) = (ﬁAl" +1)72 >0, agﬁ(r) (B + BA= 1) 2 > 0. Using the expression of 6;, from Theorem 1 with ® < 1
and g(T) > 0:
a0 a0,
p _ pwg(D) p 1
=— <0, —=wll+g)(=-1))>0,
= >, w(1+gm(z-1)
90, 90,  9gT 1 T _
PP x 8():pw(__1)x(5A +1)7% >0,
ar  dg(I) ar D pr—1
20,  d0;,  9¢(T) o 1 ag(l) o
p_ %% 980 9B _ a)(——l)g() ®r_,

= X = X
Jo2  agD) . apr a0 To Vg, " 902
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. ‘s « _ P -ACC  _ _Br . _ACC (_Pa 1 B C I

We can write x;, in Theorem 1 as x), = ﬁ)\il'pég(F)An = ﬁ,xll'—péAn(ﬁA +1) = e - _pMn(ﬁAAlAC +ACT).
Thus,

ox* 1 2 Jox:  dxt 9

P__ PLpcCinct)<om 22 -T2 PL
opr polAml(Br—1)* pa—1 9o Py o’
Ix; ox;

And 2= > ,ap”<0,(9A(’;>0 O

A7 Proof of Theorem 2

Proof. From Equation (14), we use Corollary 3 for the expression of v/ , use Corollaries 1 and 2 and
Expression (11) for the expressions of V. If s,s = {I-withdraw}:

GpAnC _ ClI _
V>Vl = B>B., = [AC+ (poan! + - )xp]x, "t > 1_ﬁAxw’”
1—5)[_ Aep—pw/®> ACC)ﬁA_l( pa) )ﬁ/\
r 0, — pw C/ O(0, — pw)

= the implicit expression for 6{, € [6;,’”1'”, erjmax]

C
Ve>Ve = BS>By= — P> (CC + poanCxy)x
(1-BA i ACC L
e e SR R
1
If sys = {C-exit}:
I I I I I I QPAHC —Ba I —Ba
V, >V = B,>B,= [AC'+ (poAr' + p—y )xp|x,"" > [C +(p6——H)An Xelx,

1- B, Op —pw/®  ACC 4 1, 1-pw 1-B1 Ba

= -B > (==Y ) -—)

T "o, -pow ce 6,—pw’ A D

= the implicit expression for 0, € [6,"", 0,""]

C C C C
Vy>Vy = B, >B; =

C . 1_
= 0,< Sym 1(1— W)+ pw = O™

We summarize 65", 6", 6,"* as follows:

1
(1-B)A Ba 1—5 +1 (T
—Lo pw, Sps = {I-withdraw}
QCmax — [( @ ) ( CII ) ] (A6)

1-L
(CL) "(1-pw)+pw,  sps = {C-exit}.
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I Imin plmax :
0, € [6,""", 6,""*] satisfies

£(6,) = A, - pay 1 — 2P g G TPOIT

<0, (A.7)
T Op —pw
where c\pa-1
A (%)ﬁ/\_ (i%’)ﬁA’ Sns = {I-Withdraw}
e b -pon, o= e

The first-order derivative can be represented as

pa

f’(ep) = Qp ~pw

M)‘ (A.8)

1- A0, —pw) Pt -
(1-40, —per® -2

A8 Proof of Proposition 2

Proof. After the challenger’s market entry with the alleged infringement and before firms take any ac-
tion(s), the firm value Vé follows the ODE:

o . . V] 192V 2 )
Forje {I,C): EdV)+njxdt = rVjdt, where EdV) = (ux—0 + - —22xa®)dt  (A9)
X X

The general form of the solutions of the ODE is as follows, with a and g specified in Proposition 2:

j
. T . .
Vé(x) =—2% x +A]1x“ + Ajzxﬁ.

If s, = {I-withdraw}, firms take no action when the market demand is low provided that any action is
equivalent to exercising a call option, so we can impose the boundary conditions at zero demand:

liir(l)vg(x):O:Afz' =0 (A.10)

With s,,; = {C-exit}, if the market demand decreases to exit threshold x, before the incumbent starts
litigation, then the incumbent forces the challenger to exit at time inf{¢ : x; < x.}. Thus, we use the

value-matching conditions at x, as follows

T(1X
Vo(xe) = ——, V5 (x) = 0
reu

from which Aé # 0. To separate from I-withdraw, we use @/ and b/ to represent the arbitrary constants
in C-exit.
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A9 Proof of Corollary 5

Proof. s,s = {I-withdraw}: We apply (1) the value matching and smooth-pasting conditions on the
incumbent’s firm value at x;, and (2) the challenger’s value matching condition at x;, where Vl] (x) is
specified in Equation (16) of Proposition 2 and V/(x) is specified in Equation (8) of Proposition 1:

] i
VM: V) =vien) =2 Tt ; Lt Alxe = (r_ —péAn])xl —cl+ B, jelcy.
V! (x aV!l(x ’ ) _; B!
SP: () = *) — +aAxt ! = 2 —p(SAnI+ﬁABIfo 1+—xlﬁA.
Ix |y, ox |y, r—u r—y x|

We can then solve the arbitrary constants AI AC and the litigation threshold x;, as expressed in the
corollary.

sus = {C-exit}: Besides the two VM and one SP conditions as follows

j i

j ‘ Tt . 70 ' Iy BixP,
VM: Vi(xr) = VI(x) = r—y+a xl +bx (m—pémﬂ)xl C, +B'x,", je{l,C}
V] (x V! (x : : _, OB
SP: () = *) 2+ aalx®1 + gblx] o1 2 —péAnI+ﬁABIx‘lgA 1+—fo,
x|y, ox |y, r— x|

there is one additional value-matching condition for each firm, due to the incumbent’s forcing-out op-
tion:

1
I _ mx Ty Xe I 1.8 _ mx .
V(Xe)—rl—;:>2—[u+axg+bxe—r+{ue i« i B A1 x,
P —_—" (A1)
r —
VC(xe)—0:> y+alx +bC =0 H

With the five equations, the arbitrary constants can be solved as:

—p(SAnjxll 5+A—”]xe R Bixf"_ﬁ—C{xl_ﬁ P —pOATUx ] + Al yl-a 4 Biy ’3" ¢ C{xl_“

4= B . ks ’
: x;l ﬁ—x? p ! xlﬁ_a_X§ o
(A.12)
and the litigation threshold x; satisfies
Xe Xe Xe Xe
[(0( - 1)(_)ﬁ - (,8 - 1)(—)a]p6An1x1 + [(ﬁ/\ — a)(_)ﬁ — (ﬁ/\ _ ﬁ)(_)a]BIxf/\
X1 X1 X1 X]
ATt X, Xe Xe Xe . 4g, OBl
= (@)~ (a(F =pC)Cl - [P - T @a)
r= X1 X1 x| x| ox
m]

A10 Proof of Corollary 6

Proof. s,s = {I-withdraw}: We first list the value-matching conditions for both firms at x,:

j
. o . - X .
VM:  V(x,) = Vl(x,) - Cl = 22— : + Alx® =
r—u r—u

j j
T, + ATt .
2 x,-Cl, je{cy,
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Qan
FC

Oty _

%Aac(xd 0a) = (@ —1)-= ; *+aCClx;%"! > 0 indicates the challenger waits as long as possible before

settling ex-ante (or higher x,). However, ex-ante settlement has to happen, if ever, before I-litigate.

Thus, x, = x].
sus = {C-exit}:

Thus, AS(x,, 0,) = ~(5=xa + CS)x;* < 0. We know x < x, before firms possibly settle ex-ante, and

- j j
i 2Xa ; T, + ATt ;
VMatx,: Vl(x,) = V](xa) C] +a]x“ +b£xf =2 "y, ~-Cl, je{1cy,
r—u r—u
X ; ; ~Am/x
VMat x,:  Vix,) = » 1_; and VE(x,) =0 = alx% + bfle = Tye

From the three equations above, we get the arbitrary constants a£ and b{;.

I 1- i 1- i -
L R o P b xlra g Ay - —Clxz
b=t e I (A.14)
a, = a— a—p ’ a — p—a ﬁ o .
X, — Xe X, - X,
For economically meaningful parameters, our numerical method always show that x, = x;. m|

A1l Proof of Theorem 3

Proof. For ex-ante settlement to be feasible, both firms must have higher values with the ex-ante set-
tlement option than with the I-litigation option. Thus, if s, = {I-withdraw}:

I I I
U, X i
ViV = i alxv> 2y Al = Al > Al = (— Ly, - Chxg > Al
r—u r—u r—
Qung ; ; (Afxg‘+C£)(r—y) i
( X, —CHx;“ > A =0, > =0;""
s)ta 1 C a
r—u Tty X
c C c
Ty X T, X Am
VE2VE = 2 4 ASxY 2 2 + ACxY = AS 2 AC = (—Zx, — COx;% 2 AC
r—u r—u r—
—-0,n$ (ASx% + CS)(r - )
= (— 22— COx* 2 Af = 0, < ————— = gmax
r—u T3 Xg
If 5,5 = {C-exit}:
I ol c
T Xy 9 %a 0,m
V,IIZVZI = X talxe4p! ﬁ_ +a1x"‘+bl ﬁ zxa—C£2alIxfj+bllx§
r— r—u r—u
I I B _ oimi
= ng(alel"+blx§+Cs)ncx =0,""
a
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C C C

T Xg T Xy —-0,m
VE2VE = 2 aCxd 408 > 2 4 aCxl 4+ bCxf = —Ex, —CC > aCxl + b i
r—u r—y r—u
= 6, < (@Fx§ +bfxf + CO) - = pgm

Together, the feasible range of ex-ante settlement can be written as

I.a IN(p C.a C\(y—
[(Alxa+CS)(r W (AfxE+CE)(r u)], sus = {I-withdraw}

9(1 c [elmin GCM{ZX] ngxa ! gxa
a 7 >a —
[nrc—f(alle} + bI ﬁ +Ch, ——”(a x§ + bcxﬁ + CC)] sns = {C-exit}.
2 a
(A.15)
o
Regarding 6,, we have ‘;‘2 = a(”a—etbl) = ae Lyt 4 ae 9 2B if s, =
C
{C-exit}. Because gg‘; = 0 as proved in Appendix A10, we can show that g_gh:xu = —yxa > 0. Hence,

0; = 0™ regardless of the s,s. When s,,; = {I-withdraw}, we have

(Alcxfj+C§:)(r—y) _(-ponxi + Byx Pr_ ACC)(r - )

0, = —
! ngxa Zcxl
X
= polr = (1 = (=) =L ACE (L= (S + 05 (!
Xp g x| Xp Xp
— (XL
1 r—u C 1 (xp)

The last expression is equivalent to the time value at x; of the option to settle ex-post that is exercised
at x,, which is greater than zero. Thus, 6, > 0,. O

A12 Proof of Theorem 4

Proof. From Theorem 1, the incumbent’s optimal royalty rate in an ex-post settlement is 6, = pw(l -
g(D)) + K g(I), where g(T') = (ﬁ)\ -+ 1)71 > 0. Because I'(1g = 1) < T(Lg = 0), we then have g([(1g =
1)) < ¢(T(1g = 0)). Given @ < 1 in ex-post settlement, we get 9;(]1E =1)< 9;(]1]3 =0). O

A13 Model analyses for immediate settlement

Immediate settlement is relevant if the baseline module solution suggests x, > x;. Then we examine all
scenarios of ex-post settlement by splitting the possible x; into four regions, depending on the approach
we use to derive the royalty rate. We need to resolve the litigation threshold given ex-post settlement
should occur immediately (x, = x;), and check the modified feasibility conditions for ex-post settlement.
Intuitively, because we assume zero-cost of starting the litigation, immediate settlement all fall into
cases of ex-ante settlement. See the online appendix here for the full details.

A14 Model analyses for the English Rule

Under the English Rule, the analysis of Case A (I remains a going-concern) resembles Section 3., with
C1—
modified litigation costs of (C/,CF): C] = C] + M]1]; and C- = Cf - G i-pn

r+A
indicator for the English Rule. The expression of C{ can be derlved from Cl + A[(1 - p)CZC - Cl[ ] = rClI ,

1g, where 1 is the
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https://www.dropbox.com/scl/fi/gmne16j7k3m20vn5i6j7e/_online_appendix_latest_patent_litigation.pdf?rlkey=s55wz37d3x315kb0fco9oleuo&st=8z1t2d73&dl=0

and c© — A[(1 - p)C- — CF] = rCf. More generally, we can use a cost parameter to capture two realistic
considerations: (1) some other cost allocation rules (Bebchuk, 1984), (2) the indirect cost of diverting
internal resources to deal with litigation is not paid for by the losing party under the English Rule. Our
results should not be affected qualitatively.

Case B (I may liquidate) is more complex, depending on whether the market demand is higher or
lower than the incumbent’s liquidation threshold at the time of having the relevant options. We have to
solve the extended model using backward induction step-by-step. See the online appendix here for the
full details.

The condition for Case A is x; > %, where d = {w, ¢, p} represents I-withdraw, C-exit, and ex-post
settlement, whichever is the likely outcome during litigation, and the condition for Case B is x; < x. The
court rules either (1) before firms take actions (t < t;) or (2) after (1t > t;). x4 > i is the condition
for Case A, because it implies x; > x; > ¥ in (2), that is, the incumbent’s value at court ruling is high
enough to cover the challenger’s litigation cost. It implies in (2) that the lawsuit ends before court rules
and liquidation is thus irrelevant. x; < ¥ is the condition for Case B, as (1) is further split into (1).i at
a demand lower than the liquidation cutoff ( t < t; and x; < ), or (1).ii at a demand higher than the
liquidation cutoff ( 7 < t; and x; > X). With x; < %, the incumbent liquidates in Scenario (1).i if the

court rules against the incumbent. Note the incumbent still remains a going-concern in the other two
scenarios during litigation.
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