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Abstract

We use a compound option model to investigate firms’ decisions in patent litigation. The
model incorporates settlement before and after filing of the lawsuit, the challenger’s exit option
and the incumbent’s option to withdraw from litigation. We find that the challenger’s profit
relative to the incumbent’s loss of profit (gain-to-loss ratio) is a key determinant of whether
settlement occurs. The timing of settlement also depends on the relative costs of litigation
and settlement. Overall, settlement is less likely for low gain-to-loss ratios, high probability of
patent validity, and in more volatile product markets.
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1 Introduction

Patent infringement lawsuits are economically significant and have become more prevalent in re-

cent years. The largest patent infringement verdict ever granted in the U.S. was over 2.5 billion

dollars, when Gilead Sciences, Inc. was found to have wilfully infringed the patent rights of Merck

in 2016. Not only are judgement amounts large, patent infringement cases also induce high on-

going litigation costs for the parties involved. The median cost of U.S. patent infringement cases

in 2017 was $1.7 million1. Moreover, the total costs of litigation are much greater than the legal

fees alone. Costs are large even for lawsuits that settle. Patent litigation lawsuits cost alleged

infringers about $28.7 million in the mean and $2.9 million in the median (Bessen and Meurer,

2008). From 2000 to 2018, there were around 67 thousand patent infringement cases filed in the

U.S. District Courts, and the number of companies that were plaintiffs and defendants reached 66

thousand and 100 thousand respectively2. The occurrence and the outcomes of patent infringe-

ment lawsuits thus reshape product markets and industry composition, and change the incentives

for innovation.

The economics of litigation and settlements were investigated in the early literature (e.g., Lan-

des, 1971; Ordover, Rubinstein et al., 1983; Bebchuk, 1984; Bebchuk, 1996). More recently, patent

litigation has caught the attention of the economics literature, especially after the Leahy-Smith

America Invents Act was enacted in 2012 (e.g., Bessen and Meurer, 2006; Choi and Spier, 2018;

Lee, Oh, and Suh, 2018). Nevertheless, little is known regarding the impacts of product market

characteristics on firms’ strategies in patent infringement cases. Our goal is to fill that gap and

provide baseline understanding of the following questions: how does the relationship between the

infringed and the infringing products, in terms of market sizes and shares, affect firms’ settlement

decisions before litigation and their strategies during litigation? How do the two parties’ relative

cost savings from settlement affect case outcomes?

To answer these questions, we build a real options model of two all-equity firms with symmet-

ric information. Both firms face demand uncertainty and have ongoing profits based on certain

technologies, and one of them is endowed with patent rights. Settlement between the two firms
1Source:the American Intellectual Property Law Association’s 2017 Economic Survey Report
2Source: Lex Machina
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can occur before a patent infringement lawsuit is filed (“ex-ante settlement”) as well as after filing

the case (“ex-post settlement”). When settled, royalty payment is demanded by the patent holding

firm, and paid by the alleged infringing firm proportional to its ongoing profit. New to the litera-

ture, we allow both the infringed firm (or the “incumbent” ) to withdraw from the litigation and

the infringing firm (or the “challenger”) to exit the market during litigation. Such modification

is relevant both in practice and for the theory. Litigants compare the option values of different

strategies when making decisions, taking consideration of any later options.

We obtain the following main results. First, the challenger’s profit relative to the incumbent’s

loss of profit (the “ gain-to-loss ratio”) has a significant impact on the settlement decision. If the

product market is such that the gain-to-loss ratio is below a critical level, for example when the two

products are close substitutes and they have the same customers, then the two parties always re-

nounce the possibility of settlement and wait for the court ruling. If the gain-to-loss ratio exceeds

this level, for example when the two products are complements or their customers are located in

different geographical areas, then settlement occurs when the demand level drops to a settlement

threshold. Intuitively, when the gain-to-loss ratio is low, the challenger’s cash flow capacity to

pay for any royalty and litigation cost is restrictive. The incumbent thus optimally proceeds with

the litigation in order to exhaust the challenger’s resources and restore its monopolistic market

power when the challenger is forced to exit.

Second, provided that the gain-to-loss ratio exceeds a critical level which makes the settlement

possible, the relative cost of litigation and settlement is a key factor that determines the timing

of settlement, that is whether settlement occurs before or after filing the case. When litigation

is relatively more expensive, the incumbent’s incentive to settle shifts from after filing to before

filing. This result implies that policies which affect legal expenses and settlement cost impact how

firms settle in patent infringement litigation.

Third, both the probability of patent validity and the product market demand volatility play

an important role in the litigation outcomes. A high probability of patent validity increases the

incumbent’s winning probability at trial, and a high demand uncertainty increases the incum-

bent’s value of not settling. Both forces reduce the incumbent’s incentive to settle before or after

litigation. The volatility result can be used to explain variations in the distribution of litigation

outcomes cross industries or over time.
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Our paper is one of the first studies to examine the effect of product market characteristics

on firms’ strategies in litigation and the litigation outcomes. We contribute to this literature by

establishing the importance of the relationship between the plaintiff’s and the defendant’s prod-

uct markets and re-examining the role of market volatility in the context of patent litigation. We

believe that the gain-to-loss ratio is a first-order factor in determining firms’ litigation strategies,

similar to the previously argued judgment amount, litigation cost, and information asymmetry

(e.g. Spier (2007); Hughes and Snyder (1995); Bebchuk (1984)).

Our paper adds to the recent discussion of how financing considerations affect litigation (e.g.,

Cohen et al. (2016); Choi and Spier (2018)). A number of papers have modeled both generic litiga-

tion and patent enforcement using litigation in real options models (e.g., Grundfest and Huang,

2005; Marco, 2005; Jeon, 2015). New to this literature, our model incorporates the possibility that

the defendant may exit during litigation due to its inability to pay for the litigation cost. As Lee

et al. (2018) find, defendants in patent litigation become much more financially constrained.

The paper proceeds as follows. In section 2, we provide an overview of the background and

related literature on patent litigation. In section 3, we describe the model. In section 4, we develop

and solve the real options model and obtain the values of the two firms under different strategies.

Section 5 presents comparative statics of case outcomes and optimal strategies before and during

the patent litigation. Section 6 concludes and discusses potential extensions of the model.

2 Background and the Related Literature

Empirical studies show that patent litigations are typically complex, time-consuming, expensive

and are often difficult to win (e.g., Lanjouw and Schankerman, 1997; Bessen and Meurer, 2005). In

the US, the average time from filing a case to judgment, based upon a jury trial, is 33 months. The

total duration of the litigation process is expected to be 2 to 6 years. In addition, the litigation cost

in a patent infringement case may be too high for firms to afford (e.g., Meurer, 1989; Elleman, 1996;

Lanjouw and Schankerman, 2001; Chien, 2008). Lanjouw and Schankerman (2001) show that the

cost of litigation diminishes the value of litigated intellectual property in the U.S.. Hu et al. (2017)

find that small and medium enterprises face difficulties in trying to benefit from patent litigation.

Moreover, on average, plaintiffs only have a 50% chance of winning a patent infringement case
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as the patent may be found to be invalid in court (e.g., Allison and Lemley, 1998; Moore, 2000).

Due to the above characteristics of patent litigation, rather than litigating directly, the incumbent

may prefer to settle or eventually abandon the lawsuit (Crampes and Langinier, 2002). A challenger

faces a heavy burden of litigation cost can result in significant losses and even bankruptcy (Bessen

and Meurer, 2008).

Settlement is the most common way for both parties to resolve the patent dispute and avoid the

high litigation costs (e.g., Burton, 1980; Kesan and Ball, 2006). The rate of settlement in patent

infringement cases is over 90 per cent and most settlement occurs soon after the suit is filed,

or often before the pre-trial hearing is held (e.g., Cohen and Merrill, 2003; Cotropia, Kesan, and

Schwartz, 2018). Besides the ex-post settlement, another kind of of settlement is pointed out by

Choi and Gerlach (2017): ex-ante settlement that happens before the complaint is filed. Of the

remaining 10% of patent infringement cases conditional on filing, two-thirds are abandoned or

adjudicated on summary judgment of non-infringement before trial, as reported by Lex Machine.

A number of studies have focused on different aspects of firm’s reactions in patent litigation,

especially the timing of infringement by the challenger. Crampes and Langinier (2002) consider

litigation and settlement in patent infringement cases in a static framework. They focus the sit-

uation when a firm is already a patent owner and investigate how intensively patent-protected

markets should be watched and what the best reaction to infringement is. They show that these

options also affect the challenger’s entry, since licensing and threat of litigation can potentially

deter the challenger’s infringement. This finding is consistent with Aoki and Hu (1999), who in-

vestigated a cooperative approach to litigation and settlement, and found that a trial can be Pareto

efficient and the threat of litigation can deter entry. In contrast, Meurer (1989) proposed that in

a non-cooperative game approach, the litigation process can be seen as an opportunity to engage

in a strategic behaviour when the validity of the patent can be challenged in court. In this case, a

trial is just a failure to settle and not a deliberate choice.

Our paper is not the first to use a real options model to study litigation or patent value. Schwartz

(2004) studies the value of patents and patent protected R&D projects. Marco (2005) investigates

patent values when enforcement is costly and the winning probability is uncertain in patent liti-

gation. Grundfest and Huang (2005) propose a two-stage real options model of with information

revelation to explore the value of litigation. Jeon (2015) models the litigants’ strategies in patent
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infringement cases as options and studies the circumstances in which settlement occurs.

We contribute to the literature by modeling the strategies of settlements and litigation with

options as a whole. In particular, we incorporate the option value of the ex-post settlement into the

value of litigation. We also consider the possibility of the challenger’s exit during litigation. These

two additional options make a significant impact on the outcome of patent litigation. We also build

on the existing literature by investigating how the characteristics of firms and patent litigation

affect the interaction between firms’ decisions. We find an opposite result of firms’ propensity to

settle ex-ante regarding the possibility of patent validity and volatility from Jeon (2015). This is

because the value of additional options we model increases the value of litigation, thus decreasing

the likelihood of ex-ante settlement.

3 Model Setup

As in Jeon (2015), two risk-neutral all-equity firms operate in the same product market. An incum-

bent (“I”) holds a patent, and a challenger (“C”) has infringed the patent. Each firm generates a

random net operating income of Πx, where Π is a positive constant, and x represents the demand

shock which follows a geometric Brownian motion

dxt = µxtdt+ σxtdWt (1)

µ < r, σ > 0, µ < σ2

2 , and Wt is the standard Brownian motion.

We assume the monopoly profit for the incumbent before infringement is Π1x. After infringe-

ment, this profit level will decrease to the duopoly profit ΠI
2x for the incumbent whilst the chal-

lenger will receive a duopoly profit of ΠC
2 x. If the challenger sells a highly differentiated product,

it is possible to have Π1 < Π2 = ΠI
2 + ΠC

2 . On the other hand, with a challenger selling a close

substitute in the same market, it is more likely that Π1 > Π2 = ΠI
2 + ΠC

2 (Crampes and Langinier,

2002).

The game tree of our model is presented in Figure 1. At the initial stage, the incumbent can

offer an ex-ante settlement, which the challenger may or may not accept, or sue the infringer.

Then after litigation starts there are four possible strategies for the two parties: (1) the incumbent

offers an ex-post settlement; (2) the challenger is unable to afford the cost and exits the market;
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(3) the incumbent withdraws the lawsuit; (4) both wait for the court ruling.

[Insert Figure 1 here.]

Whilst the incumbent has the right to sue the challenger, it is not guaranteed that the judgment

will be in favour of the incumbent. We assume that the patent is valid with probability p which

is common knowledge. If the incumbent wins, the challenger is required to leave the market,

while if the challenger wins, the two firms still share the market with duopoly profit ΠI
2x and

ΠC
2 x for the incumbent and the challenger respectively. We model the lengthy litigation process

by assuming it takes an exponential time τ to reach the court’s judgment. τ is assumed to be a

Poisson process with rate parameterλ and which is independent of (Wt)t≥0. The expected duration

of the litigation process is λ−1. Litigation incurs ongoing costs CIL and CCL for the incumbent

and challenger respectively for the duration of litigation process. We use HI
L and HC

L to denote

the expected discounted values of litigation costs for the incumbent and challenger respectively,

where

HI
L = Et

∫ τ

0
e−rtCILdt =

CIL
r + λ

HC
L = Et

∫ τ

0
e−rtCCL dt =

CCL
r + λ

(2)

The ongoing litigation cost is a heavy burden for both parties. The challenger faces the risk of

bankruptcy and may exit the market if it can no longer pay the litigation cost. The litigation cost

may also force the incumbent to withdraw the lawsuit.

Alternatively, the dispute can be resolved by settlement. In a settlement, the challenger agrees

to pay a fraction of its profit as a royalty payment to the incumbent. In ex-ante settlement which

occurs before filing the lawsuit, this fraction is denoted by θA, while in ex-post settlement this

fraction is denoted by θP . Negotiating a settlement incurs costs. Suppose ex-ante settlement

costs the incumbent a constant CISA and the challenger CCSA. Ex-post settlement costs are CISP

and CCSP respectively. The settlement can only succeed when the two parties reach an agreement

on the settlement timing and the royalty level. To determine the settlement threshold and royalty

rate, we follow the method proposed by Lukas et al. (2012) and assume the incumbent offers the

settlement contract and determines the level of royalty (θA or θP ), whilst the challenger chooses

6



the timing of settlement, i.e. when to accept the incumbent’s settlement offer.

We let F denote the value functions of the incumbent andG denote the value functions of the

challenger. For the party who makes the decision, a value-matching condition and an optimality

condition are applied since this party will maximize his value function. For the reacting party,

only the value-matching condition is applied to determine his value function.

4 Model Solutions

4.1 During Litigation

Using backward induction, we first investigate the stage when litigation has already started and

litigants are waiting for the court’s ruling.

We assume the probability of winning the trial p, is agreed by both parties. Before the final

judgment at τ , the incumbent earns a flow profit of ΠI
2x. With probability p, he wins the trial and

gets the monopoly profit Π1x from then on. We use FM to denote the incumbent’s value function

when he earns monopoly profit and FM = Π1x
r−µ . With probability 1 − p, the patent is found to be

invalid and the incumbent loses. He then keeps sharing the profit with the challenger and gets

ΠI
2x. The value function for the incumbent in this case is FD =

ΠI2x
r−µ . Thus, during litigation, the

value function of the incumbent (FDL) satisfies the following equation for any x:

1

2

∂2FDL
∂x2

x2σ2 + µx
∂FDL
∂x

− CIL + ΠI
2x+ λ(pFM + (1− p)FD − FDL) = rFDL. (3)

For the challenger, he earns a flow duopoly profit ΠC
2 x before the trial. If he wins the trial with

probability 1−p, he continues its operation and shares the duopoly profit. His value function thus

is GD =
ΠC2 x
r−µ . If he loses with probability p, he has to leave the market and gets nothing. The

challenger’s value function (GDL) satisfies the following equation at all times during litigation:

1

2

∂2GDL
∂x2

x2σ2 + µx
∂GDL
∂x

− CCL + ΠC
2 x+ λ((1− p)GD −GDL) = rGDL. (4)
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We can obtain the value functions during the litigation as follows

FDL(x) = [
ΠI

2

r − µ
+ pδ(Π1 −ΠI

2)]x+BDL
I xβλ +ADLI xαλ −HI

L, (5)

GDL(x) = (
1

r − µ
− pδ)ΠC

2 x+BDL
C xβλ +ADLI xαλ −HC

L , (6)

where

δ =
λ

(r − µ)(r + λ− µ)
,

αλ =
1

2
− µ

σ2
+

√
(
1

2
− µ

σ2
)2 +

2(r + µ)

σ2
> 1,

βλ =
1

2
− µ

σ2
−
√

(
1

2
− µ

σ2
)2 +

2(r + µ)

σ2
< 0,

HI
L =

CIL
r + λ

, HC
L =

CCL
r + λ

.

There are two possibilities for the firm values of the incumbent FDL(x): the value of settling

denoted by FDLSP (x) and the value of not settling denoted by FDLNS(x). The incumbent is the

party who makes a decision about whether to offer settlement, so he compares the value of the

two possibilities (FDLSP (x) and FDLNS(x)) to determine whether to offer settlement or not. That

is, the firm value of the incumbent during litigation is

FDL(x) = max{FDLSP (x), FDLNS(x)} (7)

Depending on the incumbent’s strategy, the firm value of the challenger during litigation is

GDL(x) =

 GDLSP (x), if FDL(x) = FDLSP (x)

GDLNS(x). if FDL(x) = FDLNS(x)
(8)

Next, we use FDLW (x) to denote the incumbent’s firm value who has to withdraw if the de-

mand shock x falls below a threshold and GDLW (x) is the corresponding firm value of the chal-

lenger. Similarly, we use GDLE(x) to denote the firm value of the challenger who has to exit if

the demand shock x decreases to some threshold and FDLE(x) is the firm value of the incumbent

in these cases. If the demand shock reaches the threshold of the former case first, the firm value
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of not settling is the firm value when the incumbent withdraws, while if the demand shock first

reaches the threshold of the latter case, the firm value of not settling is the firm value when the

challenger exits. We follow Lambrecht (2001) in determining the order of withdrawal or exit and

the calculation of these thresholds. Here, we use “the incumbent withdraws first” to represent

the case if the incumbent first withdraws before the challenger exits. “The challenger exits first”

stands for the case when the challenger exits before the incumbent withdraws the litigation.

The arbitrary constantsBDL
I andBDL

C in Equation (5) can only be determined after considering

the possible values for all different scenarios: (1) The incumbent withdraws before settlement or

challenger exits. We use BW
I and BW

C to denote the arbitrary constants in such cases. (2) The

challenger exits before settlement or incumbent withdraws. We use BE
I and BE

C as the notations.

(3) Ex-post settlement occurs before either withdrawal by the incumbent or exit by the challenger,

the arbitrary constants are denoted by BSP
I and BSP

C . When settlement does not occur during

litigation. BNS
I and BNS

C denote such arbitrary constants.

According to Décamps et al. (2006), the decision maker will select the project which generates

the highest net expected discounted profit that can be represented by the value of BI .

Thus, the arbitrary constants are

BDL
I = max{BSP

I (θ∗p), B
NS
I }, (9)

BDL
C =

 BSP
C (θ∗p), if BNS

I ≤ BSP
I ,

BNS
C , if BNS

I > BSP
I .

(10)

Note that the arbitrary constants under settlement BSP
I (θ∗p) and BSP

C (θ∗p) depend on θ∗p, and

θ∗p is an optimal royalty level maximizing the incumbent’s value during litigation including the

option to settle.

In the following sections, we calculate these arbitrary constants and the corresponding thresh-

olds of the demand shock to obtain the value functions of all outcomes during litigation for the

two parties.
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4.1.1 Withdrawal by the Incumbent

If the incumbent withdraws first, there are still two firms in the market, and both parties will share

the market with profits at the same level as before. In this case, the firm value of incumbent and

challenger are

FW (x) = FD(x) =
ΠI

2x

r − µ

GW (x) = GD(x) =
ΠC

2 x

r − µ

(11)

The value functions with an option to withdraw by the incumbent for two parties are

FDLW (x) = [
ΠI

2

r − µ
+ pδ(Π1 −ΠI

2)]x+BW
I x

βλ −HI
L (12)

GDLW (x) = (
1

r − µ
− pδ)ΠC

2 x+BW
C x

βλ −HC
L (13)

Applying the value matching and smooth pasting conditions on the incumbent’s value function

and value matching condition on the challenger’s value function, we derive the withdrawal trigger

and arbitrary constants as follows:

xw =
βλH

I
L

(βλ − 1)pδ(Π1 −ΠI
2)

(14)

BW
I = {HI

L − p(Π1 −ΠI
2)δxw}x−βλw (15)

BW
C = {HC

L + pΠC
2 δxw}x−βλw (16)

4.1.2 Exit by the Challenger

If the challenger can no longer afford the litigation cost and goes bankrupt, the incumbent is in a

monopolistic situation. The firm values of both parties that are given by

FE(x) = FM (x) =
Π1x

r − µ
(17)

GE(x) = 0 (18)
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The value functions assuming that the trial proceeds to judgment while the challenger exits

first for the two parties are

FDLE(x) = [
ΠI

2

r − µ
+ pδ(Π1 −ΠI

2)]x+BE
I x

βλ −HI
L (19)

GDLE(x) = (
1

r − µ
− pδ)ΠC

2 x+BE
Cx

βλ −HC
L (20)

At the exit trigger xe, applying the value matching and the smooth pasting conditions on the

challenger’s value functions and value matching condition on incumbent’s value functions, we

have

xe =
βλH

C
L

(βλ − 1)( 1
r−µ − pδ)Π

C
2

(21)

BE
I = {HI

L + (
1

r − µ
− pδ)(Π1 −ΠI

2)xe}x−βλe (22)

BE
C = {HC

L − (
1

r − µ
− pδ)ΠC

2 xe}x−βλe (23)

The thresholds of withdrawal (xe) and exit (xw) are not the thresholds that determine the order

of withdrawal or exit we discussed above. However, in most cases, the litigation process will stop

when demand shock reaches xs = max{xe, xw}, in the absence of the ex-post settlement. For ease

of notation we use xe ≷ xw to distinguish the order of withdrawal or exit below.

Therefore,

FDLNS(x) = [
ΠI

2

r − µ
+ pδ(Π1 −ΠI

2)]x+BNS
I xβλ −HI

L, (24)

GDLNS(x) = (
1

r − µ
− pδ)ΠC

2 x+BNS
C xβλ −HC

L , (25)

where

BNS
I =

 BW
I , if xe ≤ xw

BE
I . if xe > xw

BNS
C =

 BW
C , if xe ≤ xw

BE
C . if xe > xw

(26)
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4.1.3 Ex-post Settlement

However, the incumbent still has an option instead of withdrawing the lawsuit. He can offer an

ex-post settlement with required royalty θP . In this case, the incumbent can recoup some of his

losses by collecting a fraction of the challenger’s ongoing profit θPΠC
2 x. Thus, the value functions

of both parties after ex-post settlement can be obtained as follows,

FSP (x) =
ΠI

2 + θPΠC
2

r − µ
x− CISP ,

GSP (x) =
(1− θP )ΠC

2

r − µ
x− CCSP ,

(27)

The value functions during litigation for the two parties assuming the incumbent may offer a

ex-post settlement are

FDLSP (x) = [
ΠI

2

r − µ
+ pδ(Π1 −ΠI

2)]x+BSP
I xβλ −HI

L, (28)

GDLSP (x) = (
1

r − µ
− pδ)ΠC

2 x+BSP
C xβλ −HC

L , (29)

To determine the optimal royalty level θP and the ex-post settlement threshold xsp, we assume

the challenger can choose the threshold of xsp(θP ) at which he accepts the settlement offered

by the incumbent, given the royalty level offered by the incumbent (θP ), while the incumbent

determines this royalty θP by maximizing the value of option to settle taking account of the fact

that the settlement threshold varies with the royalty level. The success of settlement depends on

the consensus of both parties with the required royalty and settlement timing.

Applying the value matching and smooth pasting conditions on the challenger’s value func-

tions and value matching condition on the incumbent’s value functions we derive the ex-post
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settlement trigger and coefficients for both parties for an arbitrary royalty level θp:3

xsp(θP ) =
βλ(HC

L − CCSP )

(βλ − 1)( θP
r−µ − pδ)Π

C
2

(30)

BSP
I (θP ) = {HI

L − CISP + (
θPΠC

2

r − µ
− pδ(Π1 −ΠI

2))xsp}x−βλsp (31)

BSP
C (θP ) = {HC

L − CCSP + (pδ − θP
r − µ

)ΠC
2 xsp}x−βλsp (32)

Note that the threshold and value functions of both parties vary with the settlement royalty rate

θP . Maximizing BSP
I with respect to θP , the incumbent can obtain a optimal θP represented by

θ∗P that maximizes the incumbent’s value during litigation including the option to settle (i.e.,

FDLSP (xsp, θ
∗
P )).

θ∗P =
pδ(r − µ)[(HI

L − CISP )ΠC
2 (βλ − 1) + (HC

L − CCSP )(ΠC
2 + (βλ − 1)(Π1 −ΠI

2))]

ΠC
2 [(HI

L − CISP )(βλ − 1) + βλ(HC
L − CCSP )]

(33)

In order to ensure xsp ≥ 0, θ∗P ≥ pδ(r−µ), thus we have Π1 > Π2. Although this royalty level θ∗P

can maximize the FDLSP (xsp), each parties will agree to the ex-post settlement only if their value

including the option to settle is higher than the value to them of not settling during litigation.

The challenger will accept the offer only when his firm value of accepting the incumbent’s

settlement is higher than the value of not settling during litigation, that is

GDLSP (x, θP ) ≥ GDLNS(x) (34)

This implies, θ∗P should be lower than a maximum θP denoted as θCmaxP which satisfies equation

(34), i.e.,

θCmaxP =

 pδ(r − µ){1 + (hLγc/Φ)
1− 1

βλ [hL(1− βλ)/Φ− βλ]
1
βλ }, if BNS

C = BW
C

(1− pδ(r − µ))γ
1− 1

βλ
c + pδ(r − µ), if BNS

C = BE
C

(35)

and

Φ =
ΠC

2

Π1 −ΠI
2

, hL =
HC
L

HI
L

, γc =
HC
L − CCSP
HC
L

. (36)

3We only consider the case when xsp ≤ xl.
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Similarly, the incumbent will offer ex-post settlement only if his value including this ex-post

settlement is higher than the value of not settling during litigation, that is

FDLSP (x, θP ) ≥ FDLNS(x) (37)

There is a range of θP denoted as θIP satisfies the above equation (37) and we define the mini-

mum royalty as θIminP and the maximum royalty as θImaxP .

When the incumbent withdraws first (i.eBNS
I = BW

I ), we simplify the equation (37) and obtain

[hc(1− βλ)(
θIP
r − µ

− pδ)− βλ(
θIP
r − µ

− pδ/Φ)](
θIP
r − µ

− pδ)βλ−1 − (γchL)βλ−1(pδ/Φ)βλ ≥ 0, (38)

where hc =
HI
L−C

I
SP

HC
L−C

C
SP

.

When the challenger exits first (i.e BNS
I = BE

I ), we simplify the equation (37) and obtain

[
hc
( θIP
r − µ

−pδ
)
+

βλ
βλ − 1

( θIP
r − µ

−pδ
Φ

)]( θIP
r − µ

−pδ
)βλ−1−(γc)

βλ−1
( 1

r − µ
−pδ

)βλ( 1

hL
+

βλ
(βλ − 1)Φ

)
≥ 0.

(39)

We define the maximum royalty in ex-post settlement as θmaxP , which is determined by the

challenger or the incumbent, that is

θmaxP = min{θCmaxP , θImaxP } (40)

Therefore, the two parties can reach an agreement of ex-post settlement if θIminP ≤ θ∗P ≤ θmaxP

and the royalty required by the incumbent is θ∗P , but ex-post settlement may will not occur if

θmaxP < θIminP or if there is no solution for equation (38) or (39), which means θIminP and θImaxP do

not exist.

4.2 Before Litigation

After the challenger infringes the incumbent’ patent, he earns a duopoly profit ΠC
2 x while the in-

cumbent’s profit decreases to ΠI
2x. When the incumbent has identified the infringement, they can

choose to litigate. We denote the demand level x when the incumbent chooses to start litigation

by xl and use FBL(x) and GBL(x) to denote the values for incumbent and challenger before the
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litigation. The value function before litigation for two parties have general solutions

FBL(x) =
ΠI

2x

r − µ
+ABLI xα +BBL

I xβ,

HBL(x) =
ΠC

2 x

r − µ
+ABLC xα +BBL

C xβ,

(41)

where

α =
1

2
− µ

σ2
+

√
(
1

2
− µ

σ2
)2 +

2r

σ2
> 1,

β =
1

2
− µ

σ2
−
√

(
1

2
− µ

σ2
)2 +

2r

σ2
< 0,

When the demand shock decreases to zero, both parties earn zero profit, so we have the bound-

ary conditions

FBL(0) = GBL(0)

Then, we have BBL
I = BBL

C = 0. Thus, the value functions for both parties before litigation are

FBL(x) =
ΠI

2x

r − µ
+ABLI xα,

GBL(x) =
ΠC

2 x

r − µ
+ABLC xα.

(42)

Similar to the during litigation case in section 4.1, the arbitrary constants ABLI and ABLC can

only be determined after deriving the value functions for the two possible outcomes, i.e. litigation

and ex-ante settlement. Here, we denote by ALI and ALC are arbitrary constants of the incumbent

and the challenger when litigation is the outcome (i.e. when the incumbent chooses to litigate

rather than settle ex-ante), and FBLL(x) andGBLL(x) are the corresponding value functions. ASAI

and ASAC are the arbitrary constants of the incumbent and the challenger when the outcome is

ex-ante settlement and FBLSA(x) and GBLSA(x) are the corresponding value functions.

The incumbent is the party who decides to litigate or offer an ex-ante settlement. Following

the same method as discussed above, we obtain the arbitrary constants of the value functions

before litigation
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ABLI = max{ALI , ASAI }

ABLC =

 ALC , if ABLI = ALI

ASAC . if ABLI = ASAI

(43)

4.2.1 Litigation

During litigation, the value functions of two parties are

FDL(x) = [
ΠI

2

r − µ
+ pδ(Π1 −ΠI

2)]x+BDL
I xβλ −HI

L,

GDL(x) = (
1

r − µ
− pδ)ΠC

2 x+BDL
C xβλ −HC

L ,

(44)

Before litigation, the value functions with the option to litigate of the two parties are

FBLL(x) =
ΠI

2x

r − µ
+ALI x

α,

GBLL(x) =
ΠC

2 x

r − µ
+ALCx

α.

(45)

Applying value matching and smooth-pasting conditions on the incumbent’s value functions

and value-matching on the challenger’s value functions, we have that xl satisfies the following

equation,

(α− 1)xlp(Π1 −ΠI
2)δ + (α− βλ)BDL

I xβλl − αH
I
L = 0, (46)

and the values of the arbitrary constants for the two parties

ALI = {p(Π1 −ΠI
2)δxl +BDL

I xβλl −H
I
L}x−αl ,

ALC = {−pδΠC
2 xl +BDL

C xβλl −H
C
L }x−αl .

(47)
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4.2.2 Ex-ante Settlement

Instead of litigation, the incumbent can also offer an ex-ante settlement to the challenger. In this

case, the value functions of the two parties are

GSA(x, θA) =
(1− θA)ΠC

2

r − µ
x− CCSA,

FSA(x, θA) =
ΠI

2 + θAΠC
2

r − µ
x− CISA.

(48)

The value function with the option to settle before litigation of two parties are

FBLSA(x) =
ΠI

2x

r − µ
+ASAI xα,

GBLSA(x) =
ΠC

2 x

r − µ
+ASAC xα.

(49)

Based on the same method as ex-post settlement, we assume the challenger chooses the opti-

mal threshold given the incumbent’s royalty level offered θA. The challenger’s value function then

satisfies the value matching condition

GBLSA(x) = GSA(x, θA).

which gives

ASAC (xsa, θA) = −(
θAΠC

2

r − µ
xsa + CCSA)x−αsa < 0. (50)

This indicates the challenger’s value incorporating the possibility of ex-ante settlementGBLSA

is smaller than the ongoing duopoly value Πc2x
r−µ . SinceASAC is negative, the challenger’s value func-

tion is concave and cannot be maximized by the smooth-pasting condition.

Maximizing this constant ASAC (xsa, θA) with respect to xsa given the royalty level θA, we have

∂

∂xsa
ASAC (xsa|θA) = (α− 1)

θAΠC
2

r − µ
x−αsa + αCCSAx

−α−1
sa > 0

This implies that the gap between the duopoly value Πc2x
r−µ and value including the ex-ante set-

tlement optionGBLSA narrows when xsa increases. The challenger prefers to wait as long as possi-
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ble before agreeing to settle ex-ante. however, ex-ante settlement must be agreed before litigation

commenced. This imposes an upper bound on ex-ante settlement threshold xsa ≤ xl. Together

implies the challenger will wait until xl before accepting ex-ante settlement .

In addition, the challenger will accept ex-ante settlement offer when his firm value assuming

ex-ante settlement is higher than his value if he rejects and the incumbent proceeds to litigation,

that is

GBLSA(θA, x) ≥ GBLL(x) (51)

From which we can obtain a maximum royalty level that the challenger will be willing to accept

θCmaxA = − r − µ
xsaΠC

2

(ALCx
α
sa + CCSA) (52)

On the other hand, the incumbent will offer ex-ante settlement only when his value including

the option to settle ex-ante is higher than his value incorporating the option to litigate, that is

FBLSA(θA, x) ≥ FBLL(x) (53)

which gives the minimum royalty level that the incumbent requires

θIminA =
r − µ
xsaΠC

2

(ALI x
α
sa + CISA) (54)

The incumbent’s value function satisfies the value-matching conditionFBLSA(xsa) = FSA(θA|xsa),

which gives

ASAI (θA|xsa) = (
θAΠC

2

r − µ
xsa − CCSA)x−αsa . (55)

The incumbent will choose the optimal θ∗A by maximizing ASAI (θA|xsa) at xsa = xl. We have

∂

∂θA
ASAI (θA|xl) =

ΠC
2

r − µ
x1−α
l > 0,

which indicates that incumbent’s value with ex-ante settlement option increases with θA. The
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incumbent thus chooses the maximum royalty level which the challenger will accept (i.e θ∗A =

θCmaxA ).

In sum, there is the possibility of ex-ante settlement if θIminA ≤ θCmaxA , in which case royalty

level chosen by the incumbent is θ∗A = θCmaxA , but the there is no settlement if θIminA > θCmaxA .

5 Comparative Statics and their discussions

In this section, we investigate the possible outcomes arising from the model above and study the

impact of different parameters on these outcomes.

Our base case parameter values are shown in Table 1. Here, we assume a moderate market sce-

nario with the risk-free rate r = 0.05, the growth rate µ = 0.02, and the volatility σ = 0.3. Consis-

tent with the US patent legal system, we assume the average duration of litigation is 2.5 years and

the probability of patent validity p is 0.5. We assume the costs of litigation and settlement are equal

for both parties, but that competition reduces the overall market profit, so Π1(= 1.2) > Π2(= 1)

and the duopoly profits are asymmetric with ΠC
2 = 0.3 and ΠI

2 = 0.7. This represents an infringe-

ment where the challenger’s product is a close substitute.

We measure the relative impact of the infringement on the challenger’s and incumbent’s prof-

its via the gain-to-loss ratio defined as Φ =
ΠC2

Π1−ΠI2
, which measures the challenger’s value from

sales of the substitute product as a proportion of the loss to the incumbent due to reduced sales.

We assume competition reduces overall income, so Φ ≤ 1. Note in Jeon (2015), Π1 = Π2 which in-

dicates no overall loss in market value from infringement. In contrast, we find that the gain-to-loss

ratio is a key determinant of whether settlement occurs. We vary the gain-to-loss ratio by keeping

fixed the duopoly profits of the two parties after infringement and varying the monopoly profit

before infringement Π1. Low gain-to-loss ratios thus correspond to situations where the overall

profitability of the industry declined significantly after entry by a competitor, Π2 � Π1, due to

stiff competition and/or close substitute products, whereas high gain-to-loss ratios suggest the

competitor’s entry into the market had relatively little impact on the incumbent’s profits, perhaps

because of greater differentiation between the competing products. Low gain-to-loss ratios limit

the capacity for settlement, since the lower the gain-to-loss ratio, the less likely the challenger

will be able to recompense the incumbent for his loss due to infringement by paying royalties.
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The second key determinant of settlement feasibility is the potential for cost savings from

settlement. Litigation incurs a continuing cost, which in present value terms is greater then the

overall costs of settlement, both for each party and overall. We allow the cost saving from set-

tlement (HL − CS) to differ between incumbent and challenger, and measure the relative cost

savings as rcs =
HC
L−C

C
S

HI
L−C

I
S

. We find this is an important determinant of the timing of settlement,

i.e. before or after commencement of litigation proceedings. Costs of settlement and litigation for

both parties were assumed symmetric in Jeon (2015). We vary the relative cost savings by fixing

the settlement costs of the two parties and the challenger’s litigation cost HC
L and changing the

incumbent’s litigation cost HI
L. Thus low relative cost savings correspond to high litigation costs

for the incumbent and therefore also high overall cost savings from settlement. Higher relative

cost savings increase the challenger’s incentive to settle but decrease the incumbent’s incentive to

settle. Due to these opposing effects, settlements are likely to occur when the relative cost savings

are around 1.

[Insert Table 1 here.]

5.1 Royalties in Settlement

In this section, we investigate how the characteristics of patent litigation affect the capacity for

settlement, i.e. whether the two parties will reach a settlement; the timing of settlement, i.e.

whether such a settlement will occur before or after litigation has commenced (ex-ante or ex-post

settlement); and the royalty payment if a settlement is feasible.

Recall the range of the royalty levels for ex-post settlement discussed in section 4.1.3. A min-

imum ex-post royalty level is required by the incumbent to compensate them for giving up the

option of continuing with the litigation. There is also a maximum feasible ex-post royalty level

which can in principle be determined by either the incumbent or the challenger because of the two

possibilities as to why settlement may not occur. When the challenger exits first, the maximum

royalty determined by the incumbent is always lower than the maximum royalty the challenger is

willing to pay because in this case, the challenger is willing to pay more in order to avoid exit. On

the other hand, when the incumbent withdraws first, the maximum royalty of the challenger will

be lower than the maximum royalty determined by the incumbent as the challenger is in a better
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position to pay less.

Therefore,

θmaxP =

 θCmaxP , if the incumbent withdraws first

θImaxP , if the challenger exits first.
(56)

Ex-post settlement is thus feasible if θminP ≤ θmaxP ; otherwise litigation will proceed until either

the challenger exits, the incumbent withdraws from the litigation or judgment occurs.

Figure 2 shows how the minimum, maximum and optimal ex-post royalty levels change with

the relative cost savings when the gain-to-loss ratio is 0.6. The red dotted line denotes the max-

imal royalty required by the incumbent and the red dashed line represents the maximal royalty

determined by the challenger. The solid red line = min(θCmaxP , θImaxP ) is the maximum royalty for

ex-post settlement. The jump in the maximal royalty occurs because of the switching of the order

of leaving the market. We use ’W’ to denote the case when the incumbent withdraws first and ’Exit’

to represent the case when the challenger exits first. The blue line is the minimum royalty deter-

mined by the incumbent and the green line is the optimal royalty that maximizes the incumbent’s

firm value.

The figure shows that ex-post settlement is likely to happen when the relative cost savings is

around 1 as suggested before. In this region, the optimal royalty is in between the maximum and

minimum royalty that are both determined by the incumbent. When the relative cost savings are

too high, i.e. the challenger’s cost savings are much greater than the incumbent’s, the incumbent

has lower cost savings from settlement and there is no royalty for which his value of settling is

higher than the value of not settling (equation (39) has no solution). Therefore, there is no offer

in this area. When the relative cost savings are low, although the incumbent can save a lot through

settlement and is thus willing to make an offer, the challenger’s cost savings from settlement are

relatively low. The maximum royalty that the challenger is willing to pay is thus much lower than

the minimum royalty required by the incumbent, so the offer is rejected by the challenger. Hence,

although we have two regions where the agreement of ex-post settlement cannot be reached, the

reasons are different.

[Insert Figure 2 here.]
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Figure 3 shows how the ex-post royalties vary with the gain-to-loss ratio when the relative

cost savings equal 1. We use a black dashed line to represent the change in the order of firms

exiting the market (i.e either the incumbent withdraws first or the challenger exits first). When

the gain-to-loss ratio is high, which indicates the challenger’s increase in value is a relatively

high proportion of the loss to the incumbent due to infringement, both the incumbent and the

challenger have the incentive to settle because of the high litigation cost, and the challenger’s

profits are sufficiently high that a settlement can be reached which is beneficial to both parties.

However, when the gain-to-loss ratio is low, i.e. the challenger’s profit from infringement is a

small proportion of the incumbent’s loss from infringement, the incumbent’s value of continuing

with litigation to recover that loss is relatively high. Thus the capacity of the challenger to pay

sufficiently high royalties to compensate the incumbent for giving up the option of continuing to

judgment is limited: it is not worthwhile for the incumbent to make a settlement offer.

[Insert Figure 3 here.]

We also examine ex-ante royalties. We focus on the area of ex-post settlement in Figure 3, and

find ex-ante settlement arises in the middle of this parameter region as shown in Figure 4. In this

case, there is a maximum royalty that the challenger is willing to pay and a minimum royalty that

the incumbent is willing to offer. We show that when the gain-to-loss ratio is high, which implies

the challenger’s profit from infringement is a relatively high proportion of the incumbent’s loss

from infringement, both parties are willing to settle ex-ante to avoid the high litigation cost and

share the market profit. However, when the gain-to-loss ratio is close to 1, the challenger’s profit

is of a similar magnitude to the incumbent’s loss. For these parameter values the incumbent will

withdraw before the challenger would exit. In this case, ex-ante settlement will be rejected by the

challenger, even though the incumbent is willing to offer. This case can occur when the challenger

sells a highly differentiated product, making the overall profit after infringement Π2 very close to

the monopoly profit earned by the incumbent before infringement Π1.

[Insert Figure 4 here.]
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5.2 Outcomes: Settlement vs Continuing to litigate

5.2.1 Gain-to-loss Ratio and Relative Cost Savings

Figure 5 shows outcomes arising from different combinations of the gain-to-loss ratio Φ and rel-

ative cost savings rcs. Above the dashed line, the challenger exits first. Below the dashed line,

the incumbent withdraws first. The green line is the incumbent’s decision line to make an ex-post

settlement: on the left-hand side of the green line, there is no offer; whereas on the right-hand

side of the green line, the incumbent is willing to offer ex-post settlement. The red line is the

challenger’s decision line to accept the ex-post settlement: below the red line, ex-post settlement

offered by the incumbent is rejected by the challenger; and above the red line, the ex-post offer

made by the incumbent is accepted by the challenger. Finally, the blue line is the incumbent’s

decision line to make an ex-ante settlement: Inside the region that surrounded by the blue line,

ex-ante settlement rather than litigation will occur. As the challenger will always accept if the in-

cumbent offers, there is no decision line of ex-ante settlement for the challenger. This is because

the incumbent will only offer the ex-ante settlement when his value of litigation is lower than

his value of settling. For the challenger ALC = ASAC for all cases, so the challenger is indifferent

between accepting the offer or rejecting the offer.

[Insert Figure 5 here.]

To understand the impact of the gain-to-loss ratio, consider the impact of changing the monopoly

profit on the gain-to-loss ratio and the incumbent’s and challenger’s incentives to settle vs con-

tinuing to litigate respectively. Increasing the monopoly profit increases the incumbent’s loss

from infringement, which decreases the gain-to-loss ratio. It also increases the incumbent’s ex-

pected payoff from litigation and thus increases the incumbent’s value of not settling. Since the

incumbent will only choose to settle if the value of settling exceeds the value of continuing to

litigate, this increases the minimum royalty required to induce the incumbent to make an ex-post

settlement offer, but also decreases the incumbent’s maximum feasible royalty offer (See Figure

3).

The incumbent’s maximum feasible royalty level arises because increasing the royalty level

decreases the threshold at which the challenger agrees to the settlement. A higher royalty level
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thus has two opposing effects: it increases the value of settlement to the incumbent once agreed,

but delays the timing of the challenger’s agreement to settle, which decreases the incumbent’s pre-

settlement value. The incumbent will only offer ex-post settlement if the value from settlement

exceeds the value from continuing with the litigation. For too high royalty levels the timing of

ex-post settlement, which is determined by the challenger, is sufficiently late (the threshold is

sufficiently low) that settlement is no longer worthwhile for the incumbent. As the gain-to-loss

ratio decreases, the range of feasible royalties shrinks, and for sufficiently low gain-to-loss ratios,

ceases to exist. Then there is no ex-post royalty level which would give the incumbent a higher

expected value than continuing to litigate, despite the higher costs involved.

Figure 5 also shows that the range of gain-to-loss ratios for which ex-post settlement is fea-

sible depends on the cost savings. Recall low relative cost savings correspond to high incumbent

litigation costs and hence high overall cost savings from settlement. In Figure 5, the greater the

incumbent’s cost savings from settlement (the lower the relative cost savings), the wider the range

of gain-to-loss ratios for which the incumbent is willing to offer settlement. However, when the

incumbent’s litigation cost is high (relative cost savings are low), the challenger may reject the

incumbent’s offer. This is because the higher the incumbent’s litigation cost, the greater the like-

lihood that they will be unable to continue to pay the costs and will thus withdraw the litigation.

This increases the challenger’s value of continuing, i.e. not settling, and hence decreases the like-

lihood of settlement. Nevertheless for sufficiently high gain-to-loss ratios, settlement, either ex-

ante or ex-post, will occur. For ex-ante settlement, as we analyzed in section 5.1, both parties are

willing to settle when the gain-to-loss ratio is high, but the two parties may not be able to reach

an agreement when Φ is close to 1.

In summary, Figure 5 shows that the gain-to-loss ratio is an important determinant of the

possible outcomes of patent infringement. When the gain-to-loss ratio is sufficiently low, there is

no settlement, and when the gain-to-loss ratio is high, the dispute is resolved through settlement.

Whether the settlement occurs ex-post or ex-ante depends on the relative cost savings.

The gain-to-loss ratio represents the change in the overall profit of the market before and after

the entry by the challenger. If infringement by the challenger reduces the overall profit dramat-

ically, which implies a low gain-to-loss ratio, the incumbent will continue to litigate rather than

offering a settlement. On the other hand, if the reduction of overall profit is lower (i.e gain-to-
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loss ratio is high), the patent conflict can be settled. Product similarity is a key determinant of

the decrease in overall market profit. This means if the challenger sells a product which is a close

substitute, the conflict cannot be resolved through settlement.

The settlement outcome also depends on the relative cost savings. The relative cost savings

affect the timing of the settlement if the two parties choose to settle. Higher relative cost savings

increase the range of ex-ante settlement but decreases the range of ex-post settlement. High rela-

tive cost savings decreases the incumbent’s incentive to settle ex-post as explained in section 5.1,

thus it decreases the value of the ex-post settlement, lowering the litigation value and increasing

the likelihood of settlement ex-ante.

5.2.2 Probability of Patent Validity

As well as the two key parameter combinations of the gain-to-loss ratio and relative cost savings,

we also consider the impact of the probability of patent validity. This changes the outcomes of

patent litigation significantly as shown in Figure 6. An increase in this probability, which means

that the incumbent is more likely to win in the final judgment, has two effects. Firstly it decreases

the challenger value during litigation, which means the “challenger exit” scenario (occurring be-

fore withdrawal from litigation by the incumbent) becomes relevant for a wider range of relative

cost savings (for a given gain-to-loss ratio). This in turn implies that the incumbent’s decision

about whether to offer ex-post settlement becomes more important. Secondly, it increases the

incumbent’s expected value from the judgment. The resulting increase in the incumbent’s value

of not settling decreases the range of gain-to-loss ratios for which ex-post settlement is feasible.

Overall, settlement, both ex-ante and ex-post, is feasible over a wider range of gain-to-loss ratios

(e.g. closer substitute products) when the probability of patent validity is lower.

[Insert Figure 6 here.]

However, this result is in contrast with Jeon (2015) who concludes that the high probability

of patent validity increases the incentive for both parties to settle ex-ante. He declares that the

incumbent can use litigation as a threat to encourage the challenger to accept ex-ante settlement,

causing the mutually beneficial settlement before litigation. There are two reasons causing the

different result. First, in Jeon’s model, the value of litigation does not include the value of the op-

25



tion to settle ex-post. This decreases the value of litigation. In his model, the ex-ante settlement

value that the incumbent requires will be lower, so ex-ante settlement is more likely. In our model,

however, we consider the option to settle ex-post when calculating the litigation value. This in-

creases the litigation value and thus also increases the value required to settle ex-ante, making

mutually beneficial ex-ante settlement more difficult to achieve. Second, Jeon did not include the

exit option by the challenger during litigation. This option increases the challenger’s incentive

to settle ex-post, and thus increases the value of ex-post settlement. As we analyzed above, the

litigation value in our model incorporates the ex-post settlement value, meaning the likelihood of

ex-ante settlement is negatively affected by the likelihood of ex-post settlement, so ex-ante set-

tlement will be more difficult to achieve if we include the possibility of the challenger’s exit. This

effect is even more significant when the probability of patent validity is high as shown in Figure

6, because the parameter range for the challenger’s exit is larger in this case.

5.3 Product Market Volatility

Finally, we consider the effect of product market volatility on patent litigation outcomes. Figure

7 presents a comparison of the outcomes from high versus low uncertainty of demand shocks.

When the volatility increases, the likelihood of settlement decreases. This is because the value of

not settling during litigation increases with volatility, which is consistent with Dixit et al. (1994).

Furthermore, the decrease in the likelihood of ex-post settlement is more significant than that of

ex-ante settlement. A high volatility makes it less likely for the litigants to settle ex-post, but the

likelihood of the ex-ante settlement changes only slightly.

[Insert Figure 7 here.]

6 Conclusion

In this paper, we develop a real options model that analyses firms’ strategies and the outcomes in

patent infringement by comparing the option value of each outcome. We consider the interaction

between firms’ decisions in resolving the litigation (i.e being forced to leave or agreeing to settle)

and incorporate the option values of both ex-post settlement and outcomes when settlement is

not offered into the value of litigation, enhancing the modeling of the incumbent’s decision about
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whether to offer ex-ante settlement.

By focusing on the impact of parameters on the possible outcomes in patent infringement,

we find the gain-to-loss ratio significantly influences firms’ strategies. A minimum gain-to-loss

ratio is required for firms to reach an agreement to settle. When the gain-to-loss ratio is below

this level, which means that infringement significantly reduces the overall market profit, the in-

cumbent will continue with the litigation knowing the challenger may exit the market before the

incumbent would optimally choose to withdraw. Even when the incumbent would withdraw be-

fore the challenger would exit, the incumbent and the challenger will be unable to settle because

the challenger’s low profit from infringement means the challenger cannot afford the minimum

royalty payment the incumbent would require. In general, product similarity will reduce the over-

all profit after infringement because of price competition. Therefore, infringement which reduces

market profits significantly, for example with a close substitute product and intensive price com-

petition, has a small possibility of settlement before the final judgment.

However, other parameters like the relative cost savings, the probability of patent validity and

volatility also affect the likelihood of settlement. We find that both higher probability of patent

validity and volatility decrease the likelihood of settlement both ex-ante and ex-post, while higher

relative cost savings for the challenger decreases the likelihood of ex-post settlement but increases

the likelihood of ex-ante settlement.

Whilst our models assumptions currently reflect the US legal system, where litigation costs

are borne by each party, our model could be extended to compare outcomes with those under the

English system, where the winning partys litigation costs are borne by the losing party in the trial.

Different studies in the law and economics literature find contradictory results regarding the effect

of cost allocation rules on litigants’ strategies and litigation outcomes, but none of the existing

models have been able to incorporate each party’s (in)ability to pay costs awarded against them.

Our model has the potential to provide such a new angle of public policy interest.

This model can also analyze the case when there is more than one challenger in the market.

The incumbent will have an additional decision of which challenger is the best one to litigate

against in order to maximize firm value, taking account of the fact that other parameters such as

the probability of patent validity in follow-up cases may be affected.

27



References

Allison, J. R., and M. A. Lemley. 1998. Empirical evidence on the validity of litigated patents. American
Intellectual Property Law Association Quarterly Journal 26:185.

Aoki, R., and J. Hu. 1999. A cooperative game approach to patent litigation, settlement, and allocation of
legal costs .

Bebchuk, L. A. 1984. Litigation and settlement under imperfect information. The RAND Journal of Economics
15:404–415.

Bebchuk, L. A. 1996. A new theory concerning the credibility and success of threats to sue. The Journal of
Legal Studies 25:1–25.

Bessen, J., and M. J. Meurer. 2005. Lessons for patent policy from empirical research on patent litigation.
Lewis & Clark L. Rev. 9:1.

Bessen, J. E., and M. J. Meurer. 2006. Patent litigation with endogenous disputes. American Economic Review
96:77–81.

Bessen, J. E., and M. J. Meurer. 2008. The private costs of patent litigation. Boston University School of Law
Working Paper .

Burton, D. 1980. Reducing the High Costs of Patent Litigation: A Practical Guide. DePaul L. Rev. 30:857.

Chien, C. V. 2008. Of Trolls, Davids, Goliaths, and Kings: narratives and evidence in the litigation of high-
tech patents. NCL Rev. 87:1571.

Choi, A. H., and K. E. Spier. 2018. Taking a Financial Position in Your Opponent in Litigation. American
Economic Review 108:3626–3650.

Choi, J. P., and H. Gerlach. 2017. A theory of patent portfolios. American Economic Journal: Microeconomics
9:315–51.

Cohen, L., U. G. Gurun, and S. D. Kominers. 2016. The growing problem of patent trolling. Science 352:521–
522.

Cohen, W., and S. Merrill. 2003. Patents in the knowledge-based economy. Washington, D.C.: National
Academies Press.

Cotropia, C. A., J. P. Kesan, and D. L. Schwartz. 2018. Heterogeneity Among Patent Plaintiffs: An Empirical
Analysis of Patent Case Progression, Settlement, and Adjudication. Journal of Empirical Legal Studies
15:80–125.

Crampes, C., and C. Langinier. 2002. Litigation and settlement in patent infringement cases. RAND Journal
of Economics 33:258–274.

Décamps, J.-P., T. Mariotti, and S. Villeneuve. 2006. Irreversible investment in alternative projects. Economic
Theory 28:425–448.

Dixit, A. K., R. K. Dixit, R. S. Pindyck, and R. Pindyck. 1994. Investment under uncertainty. Princeton university
press.

Elleman, S. J. 1996. Problems in patent litigation: mandatory mediation may provide settlements and so-
lutions. Ohio State Journal on Dispute Resolution 12:759.

Grundfest, J. A., and P. H. Huang. 2005. The unexpected value of litigation: A real options perspective.
Stanford Law Review 58:1267.

28



Hu, W., T. Yoshioka-Kobayashi, and T. Watanabe. 2017. Impact of patent litigation on the subsequent patent-
ing behavior of the plaintiff small and medium enterprises in Japan. International Review of Law and
Economics 51:23–28.

Hughes, J. W., and E. A. Snyder. 1995. Litigation and settlement under the English and American rules:
theory and evidence. The Journal of Law and Economics 38:225–250.

Jeon, H. 2015. Patent infringement, litigation, and settlement. Economic Modelling 51:99–111.

Kesan, J. P., and G. G. Ball. 2006. How Are Patent Cases Resolved-An Empirical Examination of the Adjudi-
cation and Settlement of Patent Disputes. Washington University Law Review 84:237.

Lambrecht, B. M. 2001. The impact of debt financing on entry and exit in a duopoly. The Review of Financial
Studies 14:765–804.

Landes, W. M. 1971. An economic analysis of the courts. The Journal of Law and Economics 14:61–107.

Lanjouw, J. O., and M. Schankerman. 1997. Stylized facts of patent litigation: Value, scope and ownership.
Tech. rep., National Bureau of Economic Research.

Lanjouw, J. O., and M. Schankerman. 2001. Characteristics of patent litigation: a window on competition.
RAND Journal of Economics pp. 129–151.

Lee, J., S. Oh, and P. Suh. 2018. Inter-firm Patent Litigation and Innovation Competition. SSRN working
paper .

Lukas, E., J. J. Reuer, and A. Welling. 2012. Earnouts in mergers and acquisitions: A game-theoretic option
pricing approach. European Journal of Operational Research 223:256–263.

Marco, A. C. 2005. The option value of patent litigation: Theory and evidence. Review of Financial Economics
14:323–351.

Meurer, M. J. 1989. The settlement of patent litigation. The RAND Journal of Economics 20:77–91.

Moore, K. A. 2000. Judges, Juries, and Patent Cases-An Empirical Peek Inside the Black Box. Michigan Law
Review 99:365.

Ordover, J. A., A. Rubinstein, et al. 1983. On Bargaining, Settling, and Litigating: A Problem in Multistage
Games with Imperfect Information. CV Starr Center for Applied Economics, New York University, Faculty
of Arts and Science, Department of Economics.

Schwartz, E. S. 2004. Patents and R&D as real options. Economic Notes 33:23–54.

Spier, K. E. 2007. Litigation. Handbook of law and economics 1:259–342.

29



Figure 1: Strategies and payoffs of the incumbent (“I”) and the challenger (“C”)
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Figure 2: Ex-post royalties with relative cost savings

The blue line represents the minimal royalties required by the incumbent and green line is the optimal royalties deter-
mined by the incumbent. The red lines are the maximum feasible royalties for the incumbent or the challenger, where
the dotted line is the one determined by the incumbent and the dashed line is the one determined by the challenger.
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Figure 3: Ex-post royalties with gain-to-loss ratio

The blue line represents the minimal royalties required by the incumbent and green line is the optimal royalties deter-
mined by the incumbent. The red lines are the maximum feasible royalties for the incumbent or the challenger, where
the dotted line is the one determined by the incumbent and the dashed line is the one determined by the challenger.
The vertical black dashed line represents the boundary between regions where the challenger exits first and where the
incumbent withdraws first.
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Figure 4: Ex-ante royalties with gain-to-loss ratio

The solid line is the challenger’s maximum royalties and the dashed line is the incumbent’s minimum royalties. The
vertical black dashed line represents the boundary between regions where the challenger exits first and where the
incumbent withdraws first.
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Figure 5: Possible outcomes in patent infringement

The green line is the threshold for the incumbent’s decision whether or not to make an an ex-post settlement offer and
the red line is the threshold for the challenger’s decision whether or not to accept the ex-post settlement offer. The blue
line is the boundary of the ex-ante settlement region. The black dashed line represents the boundary between regions
where the challenger exits first and where the incumbent withdraws first.

34



Figure 6: Possible outcomes with probability of patent validity

The green line is the threshold for the incumbent’s decision whether or not to make an an ex-post settlement offer and
the red line is the threshold for the challenger’s decision whether or not to accept the ex-post settlement offer. The blue
line is the boundary of the ex-ante settlement region. The black dashed line represents the boundary between regions
where the challenger exits first and where the incumbent withdraws first.
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Figure 7: Possible outcomes with volatility

The green line is the threshold for the incumbent’s decision whether or not to make an an ex-post settlement offer and
the red line is the threshold for the challenger’s decision whether or not to accept the ex-post settlement offer. The blue
line is the boundary of the ex-ante settlement region. The black dashed line represents the boundary between regions
where the challenger exits first and where the incumbent withdraws first.
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Table 1: Parameters in the benchmark case

We define the gain-to-loss ratio as Φ =
ΠC

2

Π1 −ΠI
2

and the relative cost savings as rcs =
HC

L − CC
S

HI
L − CI

S

.

parameter r µ λ ΠI
2 ΠC

2 Π1 Φ

value 0.05 0.02 1
2.5 0.7 0.3 1.2 0.6

parameter p σ CI
L CC

L CI
S CC

S rcs

value 0.5 0.03 1 1 0.5 0.5 1
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