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ABSTRACT

Patents are one of the most powerful forms of intellectual property protection and have

been used for the last 500 years as a mechanism to stimulate the production and enable

the dissemination of technological knowledge. Patents enable innovators to capture

innovation rents through the granting of exclusive rights on their innovations for a pre

specified time period. The degree of appropriability of innovation rents enabled by a

patent is determined, to a large extent, by the scopelbreadth of the patent protection. In

general, broad patent protection relaxes short-run competition in a market but it also

increases the likelihood of a patent challenge and/or invalidation.

Despite the' recognition that patent breadth has a negative effect on the likelihood

of a patent remaining valid after it is granted, the standard assumption in the economics

literature is that innovators attempt to maximize the returns from an innovation by

claiming the broadest scope of patent protection possible. However, given that patent

breadth is routinely challenged, the question arises as to whether the innovator, in an

attempt to maximize the returns from the innovation, will choose the maximum patent

breadth possible.

The purpose of this dissertation is to examine the optimal patent breadth strategy

that an innovator should employ when faced with the possibility that the patent breadth

claimed will be challenged. Specifically, the study argues that innovators of drastic

product or drastic process innovations will not always choose the maximum patent

breadth possible. Instead, in an effort to earn the maximum possible rents from the
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innovation, innovators will choose a patent breadth that is, in most cases, less than the

maximum possible.

The dissertation uses a game theoretic approach to explicitly model the

innovator's profit-maximizing patent breadth decision in two different situations - one

in which the innovator has discovered a drastic product innovation and one in which the

innovator has discovered a drastic process innovation. In both cases the innovator faces

the possibility of infringement and/or a direct patent validity challenge.

Analytical results show that, contrary to what is traditionally assumed, it is not

always optimal for the innovator to claim the broadest scope of patent protection.

Instead, the strategic determination of optimal patent breadth involves a trade off. On the

one hand, a broad patent protection increases the innovator's expected short-run returns

by making it harder for competitors to enter his market without infringing the patent. On

the other hand, a broad patent protection puts the viability of the patent at risk by

increasing the probability that the patent will be infringed, that its validity will be

challenged and that the courts will invalidate the patent or narrows its scope. Generally,

this trade off implies that the innovator will choose a patent breadth that is less than the

maximum possible. Under certain conditions, this less-than-maximum patent breadth

will deter entry - however, deterring entry might not always be a profit-maximizing

strategy for innovators.

The results of the game theoretic models are also used to develop the framework

for an empirical model that could be used to examine the patenting behavior of

innovators in different industries. While the empirical model is not estimated, the

discussion in the dissertation indicates that 'estimation of the determinants of the patent

breadth behavior is feasible and could be undertaken as a part of future research.
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Understanding the factors that, influence the detennination of the optimal breadth

of patent protection for the innovator and the effect of these factors on the profit

maximizing patent breadth may enable innovators to secure strong and viable patents.

Holding strong and viable patents is particularly important for research intensive and

innovative industries (i.e., biotechnology), where the ability to appropriate innovation

rents is crucial for covering high research costs and guaranteeing further investment in

the field.
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CHAPTER I

INTRODUCTION

Knowledge is expensive to produce, cheap to reproduce and difficult to profitfrom.

William D. Nordhaus

1.1 Problem Statement

Patents are an important mechanism for the generation and dissemination of

technological knowledge. The development and growth of the agribusiness sector, and

agricultural biotechnology in particular, has been enabled by the provision of patent

protection. The emerging industrialization of agriculture and changing consumer

preferences have made product differentiation and the development of cost reducing

and/or quality enhancing processes important strategies for agribusiness firms

(Drabenstott 1994, Boehlje 1996). The ability of innovating agribusiness firms to

capture the returns of their innovations (e.g., new products and/or cost reducing/quality

enhancing processes) is important for their economic performance and their incentive to

invest in R&D.

Patents enable innovators to appropriate innovation rents through the granting of

exclusive rights on their innovations. The limit of these exclusive rights is defined by
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two elements - patent length and patent breadth. Patent length is the time period during

which the innovator has exclusive rights on the innovation and is predetermined by law.

Patent breadth defines the technological territory claimed and protected by the patent

and is explicitly chosen by the innovator. The innovator determines the breadth of the

patent protection sought through the claims made in the patent application; the greater is

the number of claims and the more general they are, the broader is the patent protection

claimed.

The breadth of patent protection claimed is an important strategic variable for the

innovator. Patent breadth determines, to a large extent, the innovator's ability to

appropriate innovation rents. In general, the greater is the breadth of patent protection,

the harder it is for competitors to enter into the patentee's market with non-infringing

innovations and thus, the longer the innovator can enjoy the limited monopoly that the

patent grants. At the same time, however, the greater is the breadth of patent protection

claimed, the harder it is to secure a patent grant. In addition, even if a broad patent is

granted, the greater is patent breadth, the greater is the probability that the validity of the

patent will be challenged and that the courts will invalidate the patent or narrow its

scope (Merges and Nelson 1990, Lerner 1994, Lanjouw and Schankerman 2001). A

profit-maximizing innovator needs to consider both the marginal benefits and the

marginal costs of an increase in patent breadth to determine strategically the optimal

patent breadth claimed; the patent breadth that maximizes the innovator's ability to

appropriate innovation rents.

Existing economic studies of the patenting behavior of the innovator/patent

applicant have been limited to an analysis of the decision to either patent the innovation

or to keep it a secret (Horstmann et al. 1985, Waterson 1990, Gallini 1992). Lerner
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(1995) is the only study that empirically examines some other aspects of the innovator's

patenting decision, namely, the decision to patent in certain subclasses. The innovator's

role in the determination of the scope of protection covered by the patent (once the

decision to patent has been made) has not been explicitly modeled in the literature.

Instead, studies on patent policy and optimal patent breadth in particular explicitly or

implicitly assume that the innovator tries to maximize innovation rents by claiming the

broadest scope of patent protection possible (Gilbert and Shapiro 1990, Merges and

Nelson 1990, Scotchmer 1991). The decision-making process of the patent applicant is

thus assumed rather than-derived in the existing studies.

1.2 Objectives of the Study

The principal objective of this study is to develop an understanding of the patenting

behavior of an innovator who determines strategically the optimal breadth of patent

protection claimed i.e., the patent breadth that maximizes the appropriability of

innovation rents. The specific objectives are as follows:

• To examine/review the patent granting and patent challenge processes, as well as

the economic literature on patent breadth, in order to provide evidence on and an

understanding of the role ofpatent breadth as a strategic variable for the innovator.

• To explicitly model the determination of the optimal patent breadth for an innovator

who has developed either a drastic product or a drastic process innovation and has

decided to seek patent protection for this innovation.

• To identify the main determinants of the innovator's patent breadth decision and to

determine their effect on the optimal patent breadth.
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•

•

1.3

To explore the effect of patent infringement and patent validity attacks on the

innovator's patent breadth decision.

To use the results of the theoretical models developed in this study to develop an

empirical model that could be used, in a future study, to compare the observed

patenting behavior in various industries to the strategic patenting behavior suggested

by the theoretical models.

Methodology

The study develops two simple game theoretic models to examine the determination of

the optimal patent breadth claimed when patent protection is sought for a drastic product

and a drastic process innovation, respectively. In both models the patent breadth

decision is modeled as a sequential game of complete and perfect information between

an incumbent/patentee and a potential entrant. In both models the innovator acts

strategically; he takes into consideration the effect that the patent breadth claimed has on

the entrant and he realizes that the effort to safeguard his technological territory does not

conclude with the granting of the patent. The innovator thus chooses the patent breadth

that will induce the desired behavior from the entrant and he takes into consideration

potential legal costs incurred when he enforces or defends his patent rights.

In the strategic patent breadth model for drastic product innovations the

innovator moves first and decides on the breadth of patent protection claimed when he

faces a positive probability that his patent may be infringed by the entrant. The potential

entrant moves next and decides whether to enter the market and, if entry occurs, where

to locate in the product space (i.e., to infringe or not to infringe the patent). In the last
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stage of the game the incumbent and the entrant choose their relative prices and compete

in the market.

In the strategic patent breadth model for drastic process innovations the

innovator moves first choosing the breadth of patent protection when he faces a positive

probability that the validity of his patent will be directly challenged by a third party. The

entrant moves next, after observing whether the patent has been challenged and the

outcome of the challenge, if a challenge occurred. If the patent is challenged and

revoked the entrant enters using the incumbent's process. If the patent is not challenged,

or is challenged and upheld, the entrant decides how much to spend on research and

development to generate her own non-infringing process. In the last stage of the game

the players choose their respective quantities and compete in the market.

The study explores the innovator's patent breadth decision under different

assumptions with respect to the environment in which the innovator operates. Thus, the

patent breadth model for drastic product innovations assumes that the products produced

by the two players are vertically differentiated, that the R&D process is detenninistic

and that patent infringement is a threat to the innovator. The patent breadth model for

drastic process innovations, on the other hand, assumes that the processes produced by

the two players are equally efficient and generate a homogeneous product, that the R&D

process is stochastic, that a patent validity challenge is possible and that patent

infringement is never a threat to the innovator.

Both models are solved using backwards induction. Backwards induction

eliminates multiple Nash equilibria that do not represent credible threats that can exist in

a sequential game. The equilibrium associated with the backward induction outcome is

the only subgame perfect,Nash equilibrium of the game (Fudenberg and Tirole 1991).
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Finally, the theoretical findings of the two models, presented in the form of

propositions, are used to develop an empirical model that could be used, in a future

study, to examine the patenting behavior in various industries. The present study

describes the selection of the patent sample that satisfies the theoretical assumptions and

could thus be used in the empirical analysis, explores possible ways of approximating

the variables of interest and identifies various data sources for these variables.

1.4 Organization of the Study

The remaining chapters of the dissertation are organized as follows. Chapter II describes

the patent granting process, examines the possible ways a patent can be contested after it

has been granted and demonstrates the economic importance of patent breadth for the

innovator's ability to appropriate innovation rents. Chapter III reviews the patent

literature and describes how patent breadth has been treated in the existing studies.

Chapter IV develops a theoretical model to examine the patenting behavior of an

innovator who, having invented a drastic product innovation and having decided to seek

patent protection, determines the optimal patent breadth claimed. Chapter IV considers

the possibility of infringement and entry deterrence. Chapter V develops a theoretical

model to examine the patenting behavior of an innovator who, having developed a

drastic process innovation and having decided to seek patent protection, determines the

optimal patent breadth claimed. Chapter V considers the possibility of a direct patent

validity challenge. Chapter VI uses the findings of the models developed in chapters IV

and V to develop an empirical model that could be used to study the patenting behavior
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in various industries. Chapter VII summarizes the main findings and concludes the

dissertation.

7



CHAPTER II

PATENT GRANTING, PATENT LITIGATION AND THE ECONOMIC

IMPORTANCE OF PATENT BREADTH

2.1 Introduction

Patents are one of the most powerful forms of intellectual property protection and have

been used for the last 500 years as a mechanism to stimulate the production of

knowledge. They have played a crucial role in the development of research intensive and

innovative industries, where the ability to appropriate the benefits from innovation is

crucial for covering high research costs and guaranteeing further investment in the field.

Innovators seek patent protection as a means of safeguarding their technological

territory from infringement and of relaxing competition in their market. A patent grants

the innovator the right to exclude others from making, using, selling or importing the

innovation without his/her permission. Therefore, it provides the innovator with

monopoly rights on his/her innovation for a pre-specified time period. This time length

represents the statutory life of the patent.

In return for the protection granted by the patent, the innovator has to disclose all

information regarding the innovation. This information becomes publicly available and

provides the building blocks for future research. The patent system thus provides
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incentives to innovate and is a mechanism for knowledge dissemination.

The granting of exclusive rights by the patent does not automatically imply

protection and the ability to appropriate innovation rents, however. Instead, the main

determinant of the protection granted by the patent and consequently of the appropriable

rents is the patent scope or breadth. l Patent breadth determines the technological

territory claimed and protected by the patent - the area in the technological space in

which competitors cannot offer rival inventions without infringing the patent. The

breadth of protection granted by a patent is case specific. Thus, unlike patent length,

patent breadth Carulot be pre-specified, pre-announced or standardized. Patent breadth is

determined by the number and the nature (general/specific) of the claims that the

patentee requests in the patent application and that are subsequently upheld by the Patent

Office and/or the courts.

The innovator thus plays a crucial role in the patenting process and in the

determination of the protection granted by the patent. The innovator's claims determine

whether the patent will be granted and the breadth of patent protection. The breadth of

the patent, in turn, determines the effective patent life. As will be discussed in more

detail in the following sections, patent claims are often contested, either because the

patent is infringed or because its validity is challenged. Court rulings on patent

infringement and validity depend to a large extent on the claims that have been made.

Given the above, the innovator's effort to safeguard his/her technological territory may

not conclude with the granting of the patent.

The present chapter describes the workings of the patent system, examines the

1 The tenns width and height have also been used interchangeably with patent scope in the patent
literature.
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ways a patent can be contested after it is granted and demonstrates the economIC

importance of patent breadth for the innovator's ability to appropriate innovation rents.

In specific, the present chapter consists of three sections. Section 2.2 focuses on the

workings of the patent system. It begins with a short description of the evolution of the

patent system and of the movements and treaties that have played a defining role in its

establishment and expansion.' A presentation of the principal objectives of the patent

system and the requirements for patentability follows. Section 2.2 concludes with the

description of the patent granting process and the Patent Office's and the innovator's

role in the determination of the breadth of protection granted by the patent.

Section 2.3 examines the different ways a patent may be contested after it is

granted. It describes the grounds on which the patent can be invalidated, what constitutes

infringement, the different courses of action a patentee may take when his/her patent is

infringed or the validity of his/her patent is challenged and the doctrines used by the

courts when they rule on patent validity and infringement. Section 2.4 describes the

importance of patent breadth for the level of innovation rents a patentee can appropriate

with his/her patent. Finally, section 2.5 concludes the chapter.

2.2 Description of the Patent System

2.2.1 The Evolution of the Patent System

Economic historians trace the origin of intellectual property protection back to ancient

Greece. Monopoly rights as a reward for inventive activity were first granted in Sybalis,

an Italian town, as early as the third century Be. These monopoly rights were granted

for a year to cooks of new recipes and were aimed at rewarding the inventor and
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promoting further inventive activity (Van Dijk 2000). The first organized patent system

was instituted in the fifteenth century in Venice. In 1474, the Venetian Senate passed the

first patent law, which granted ten-year monopoly privileges to inventors ofnew arts and

machines (Cornish 1989). The practice of granting monopoly privileges to inventors of

useful inventions was extended in many parts of Europe in the sixteenth and seventeenth

centuries (Machlup and Penrose 1950).

The development of these early patent systems and their impact on the economy

depended heavily on the nature and the purpose of the privileges that they granted. Some

of the privileges that were granted offered protection from restrictive guild regulations

and were aimed at reducing existing monopolies and at increasing competition (Machlup

1958). Other privileges protected the inventor against imitation and enabled the creation

of monopolies. In other cases, the privileges granted had nothing to do with protecting

and rewarding the innovator or encouraging the development of an industry. Instead,

they served as a means of transferring profitable monopoly rights to favorites of the

monarch. Patents of the latter nature were numerous in England in the 1560s and

produced severe public criticism, which led in 1623 to the Statute of Monopolies

(McKeough 1992).

The Statute of Monopolies ended the unrestricted granting of monopolies by

forbidding the granting of exclusive rights to trade by the Crown, with the exception of

patent monopolies to the first and true inventor of a new manufacture (Mach1up 1958).

Even though the Statute of Monopolies was not the first patent system, Machlup (1958,

p. 3) refers to it as 'the Magna Carta of the rights of inventors' because it introduced the

principle that only the first and true inventor could be granted a monopoly patent.

Cornish (1989, p.73) on the other hand, argues that the objectives of the Statute were
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'the encouragement of industry, employment and growth, rather than justice to the

inventor for his effort.' Nevertheless, the law recognized the importance of inventive

activity and that the granting of monopoly rights was a means to increase technological

innovation.

The Statute of Monopolies formed the basis for the modern patent systems in

most countries. After England, France and the United States were among the first

countries to establish patent systems in 1791 and in 1793, respectively. Austria followed

by introducing a patent system in 1810, Russia in 1812, Belgium and the Netherlands in

1817, Spain in 1820, Sweden in 1834, Portugal in 1837 and Saxonia in 1843 (Machlup

and Penrose 1950).

The introduction and the expansion of the patent system did not occur without

controversy, however. A strong antipatent movement rose during the period 1850-1875

in most European countries and was particularly powerful in the Netherlands,

Switzerland, England and Germany. The antipatent advocates ~ndorsed free trade and

were opposed to anything that would hinder competition. Patent protection was linked to

the establishment ofmonopolies and was thus anathematized by the free trade advocates.

Machlup and Penrose (1950) make reference to four basic arguments that were

made by the patent system advocates in support of patent protection. The first argument

was that every person should have the property right for his/her own ideas and the

society should recognize and protect this right. The second argument held that it is only

fair to give a just reward to a person for his/her contribution to the society. Since an

inventor provided useful services (s)he should be 'appropriately' rewarded for them.

According to the third argument, the patent system was an efficient and a cheap way of

providing the necessary incentives for the generation and exploitation of innovations.
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Finally, the fourth argument held that patents enable the disclosure of information and

knowledge that would not have been publicly available in the absence of the patent

system.

The opponents of the patent system offered convincing counter arguments as to

why patent protection was undesirable. The main counter argument made with respect to

the property rights argument was that patents frequently deny inventors the right to use

their own inventions. This happens when many inventors come up with the same idea

independently. In this case, only the first comer (the one who manages to patent the

invention first) has the right to use it. Two counter arguments were made with respect to

the 'just reward' argument. The first stated that no protection was necessary for the

appropriation of innovation rents, while the second supported the idea of the reward but

stated that prizes or bonuses were more efficient than patents. With respect to the third

argument, opponents of the patent system claimed that the promise of a reward was not

necessary to stimulate inventive minds. In addition, they claimed that the patent system

was neither efficient nor cheap in providing research incentives. On the contrary, they

claimed that there were substantial costs associated with the functioning of the system,

legal costs of protecting and enforcing the patent right, as well as social costs from

establishing temporary monopolies and costs from depriving others of the use of the

invention. Finally, the main counter argument with respect to the 'secrecy argument'

was that, given the substantial patenting costs and the uncertainty regarding the

enforcement of the patent rights, inventors patent only when they cannot keep the

invention a secret. Thus, patents were not necessary, as the information concerning the

invention would have been disclosed anyway (Machlup and Penrose 1950).

The antipatent movement was initially successful and accomplished a reform of

13



the patent law in England,2 the extension of the delay of the introduction of a patent

system in Switzerland and the abolition of the patent system in the Netherlands in 1869.

But despite its initial strength, the antipatent movement did not survive. The severe

depression of 1873 weakened the free trade argument, which in combination with the

organized counterattack by the advocates of the patent system, led to the disappearance

of the antipatent movement. As a result of the success of the propatent movement,

England withdrew the patent reform of 1874 and Germany adopted a uniform patent law

in all its territories in 1877. Switzerland instituted its first patent system in 1882, mainly

to avoid the stigma of piracy attached to the nations that refused to introduce a patent

system, and the Netherlands re-established its patent system in 1912 (Machlup 1958).

The establishment of patent rights in the rest of the world was enabled by the

Paris Convention for the Protection of Industrial Property of 1883. The treaty, which

today has 140 signatories, provided that each member country guarantees to the citizens

of other countries the same treatment that it provides to its own citizens.3 If a country did

not have a patent system, its nationals could not seek patent protection in the countries

that granted protection (Van Dijk 2000). In addition, the treaty established a system of

patent priority. Under this system, an application in one of the member countries

allowed for a period of twelve months during which another application could be made

in any other member country that would bear the same priority date as the first

application (Cornish 1989).

Further expansion and improvement of the patent system was enabled by the

2 The patent law refonn of 1874 instituted compulsory licensing of all patents, required stricter
examination of patent applications, reduced patent life to seven years and nullified patents that were not
used for two years after grant (MacWup and Penrose 1950).
3 The Convention was revised in Brussels in 1900, in Washington in 1911, in Hague in 1925, in London in
1934, in Lisbon in 1958 and in Stockholm in 1967 (Cornish 1989).
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development of the World Intellectual Property Organization (WIPO), which today has

175 member states and administers 21 treaties on intellectual property protection.4

WIPO's objectives regarding patent protection are the harmonization of national patent

laws and procedures, the provision of international patent applications, the provision of

legal and technical assistance to countries, the exchange of intellectual property

information and the resolution of disputes among countries (WIPO 2001 a). Two of the

treaties administered by WIPO, the Patent Cooperation Treaty (PCT) and the Patent Law

Treaty (PLT), work towards the achievement of the above objectives.

The PCT that came into force in 1978 and today has 108 signatories established a

system of international patent cooperation. This system allows an applicant to initiate

patent protection procedures in several countries by filing one international application.

The PCT system has been very successful; the number of international patent

applications has grown from 2,600 in 1979 to 74,000 in 1999 (WIPO 200lb). The

international application has the same effect as the national ~ling in each member

country in which protection is sought.

The PCT allows for an international search and it optionally provides an

international preliminary examination. It provides the inventor with a twenty-month

period after the international filing (or a thirty month period if preliminary examination

is requested) to file a national application, a period that can be useful in assessing the

commercial possibilities of the invention in the countries of interest. The peT is only a

patent filing procedure, which does not grant an international patent. The granting of a

4 WIPO has its roots in the Paris and the Berne Conventions. In 1893 the international bureaus of the
above Conventions were united to fonn the United International Bureaus for the Protection of Intellectual
Property (BIRPI). In 1970 BIRPI underwent structural and administrative refonns and became WIPO
(WIPO 2001a).
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patent remains the responsibility of the national Patent Office of each country in which

protection is sought.

The PLT was established in June 2000 and it has 48 signatories. The treaty was

designed to harmonize national patent laws and procedures regarding the application, the

granting and the maintenance of patents. The PLT incorporates the requirements of the

PCT international applications in national and regional patent laws. The harmonization

of patent procedures will contribute to easier access to worldwide patent protection and

to a reduction in patenting costs. It is also expected to contribute to the efficient

operation and to a reduction in the administrative costs of the Patent Offices of the

member states (WIPO 2001c).

2.2.2 The Objectives and the Requirements of the Patent System

The main objectives of the modem patent system are to foster technical innovation, to

diffuse new technological knowledge by achieving early innovation disclosure and to

avoid R&D duplication (EPO 2000a). It is commonly believed and often claimed by

economists that rewarding inventive activity is another principal objective of the patent

system (Gilbert and Shapiro 1990). Cornish (1989), however, regards the idea that the

patent system is 'an instrument of justice to the inventor' as incorrect. Instead, he

considers that rewarding the innovator is 'an incidental consequence of modem patent

systems,' not a principal objective (Cornish 1989).

Nevertheless, rewarding the innovator is an important condition for stimulating

the production of technical knowledge and achieving early information disclosure. Thus,

through the provision of exclusive rights over the invention which generate a limited

monopoly, the patent system provides incentives for the undertaking of research and
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development. The patent system transfonns technical knowledge from a public good

(i.e., nonrival and nonexcludable) to a toll good (i.e., nonrival and excludable), thus

allowing the 'first and true' inventor to appropriate innovation rents that would have

been difficult or even impossible to appropriate in the absence of the system (Miller and

Davis 1990). In return for the protection granted by the patent, the innovator has to

disclose all infonnation relative to the innovation. A patent can be thus viewed as a

social contract between an inventor who agrees to disclose all infonnation regarding the

invention and the government who, in return for the infonnation supplied, agrees to offer

protection from competition (Machlup 1950).

The patent system is by no means an optimal mechanism of knowledge

generation however, as it leads to a price of knowledge higher than its marginal cost (of

zero) for as long as the patent is in effect. Therefore, even when infonnation disclosure

is perfect, there is a deadweight welfare loss generated by the limited monopoly that the

patent establishes. Nor is the patent system an optimal mechanism of safeguarding

intellectual property. Mansfield et al. (1981) have found that sixty percent of the

patented innovations that they studied were imitated within four years of their

introduction. The innovator must thus often protect or defend hislher patent right after

the patent grant.

Despite its inefficiencies, the patent system has managed to survive through the

years as a strong feasible alternative to other fonns of protection. In some industries

(i.e., biotechnology) it is a preferable alternative to the no intellectual property

protection outcome. As Lerner (1995) points out, trade secrecy is not a'good alternative

to patent protection for the biotechnology industry due to the strong academic roots of

the industry and to the high mobility of its human capital.
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The rights granted by a patent refer to a specific time period which represents the

statutory life of the patent. The statutory life of the patent is twenty years in most

countries. The patent rights extend only through the territory of the country (or the

region in the case of patents granted by the European Patent Office (EPO)) that granted

the patent and they have no effect in another country (or region). A patent is granted to

any person who, in the language of the statute, 'invents or discovers any new and useful

process, machine, manufacture, or composition of matter, or any new and useful

improvement subject to the conditions and requirements of the law' (USPTO 1999, EPO

2000a, CPO 1998g).

A process is a method of generating an existing or a new product; it is a means

to an end. Process innovations are cost reducing and/or increase the efficiency of

producing a given product. The other three categories, machine, manufacture and

composition of matter, are the ends of a process and they are all classified as products.

Product innovations are new products and/or improvements of existing products.

Essentially, there are only two categories of patentable subject matter, processes and

products (Miller and Davis 1990). If a process is patentable, it doesn't mean that the

product that it generates needs also to be patentable, and vice versa.

Non-patentable subject matter includes abstract ideas (even though the

application of an idea may be patented), mental steps, laws of nature, principles and

fundamental truths, printed media matter, business methods and naturally occurring

products. A combination of naturally occurring products may be patented, as long as it

results in a new non-naturally occurring product.

The fundamental patentability requirements according to the patent law are

novelty, utility (for most patents) and nonobviousness. Patents for which utility is a basic
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requirement are known as utility patents. For plant and design patents, the requirement

of utility is substituted by the requirement of distinctiveness and ornamentality,

respectively (USPTO 1999).

The requirement of novelty establishes that an invention cannot be patented if it

is not new, that is, if it forms part of the prior art (CPO 1998t). An invention is not

considered to be novel if it is anticipated. Anticipation of the invention occurs when. it

was in public use or on sale or when it was previously patented or described in printed

publications anywhere in the world prior to the claim date. The claim date of the patent

application is the filing date of the application. Prior publication will bar issuance only

when all features of the invention have been disclosed in a single prior publication. In

other words, references may not be combined to show lack of novelty, since this consist

an improper 'mosaic' of references (CPO 1998c).

The novelty requirement is also violated when certain events occur that raise

statutory bars. Statutory bars are raised when the invention was in the public use or on

sale in the country where the application was made or when it was patented or described

in a printed publication anywhere in the world for more than one year before the

application for a patent was made. The inventor is given a grace period of a year after

the occurrence of an event that raises the statutory bar during which (s)he may apply for

the patent. If (s)he fails to do so, and the grace period is over, the inventor loses hislher

application priority and the right to a patent (Miller and Davis 1990).

It is immaterial whether it is the innovator or another party who causes an event

that raises the statutory bar. The role of the statutory bar is to induce inventors to apply

for patent protection early so that they can protect their inventions from piracy and so

that early information di~closure can be achieved. Miller and Davis (1990) state that a
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patent will not be granted if the benefits of the invention have been disclosed to the

public, even when the secrets of the invention have not been disclosed. The patent

system does not favor the granting of protection to an invention whose benefits have

already been made public.

Utility is another requirement for patentability. Even if an invention is found to

be novel it will not be patented if it is not found to be useful. Utility related to inventions

usually means industrial value. The utility of the invention must be clearly demonstrated

in the patent specification. The purpose of the utility requirement is to avoid the

patenting of an illegal, immoral or detrimental invention (USPTO 1999, EPO 2000a). In

addition, the requirement of the demonstration of useful applications of an invention

helps to define the scope of the patent protection.

Similar to the novelty requirement, the nonobviousness requirement is decided

based on the prior art. There is a significant difference between the novelty and the

nonobviousness requirement, however. Novelty considers the entire prior art with

respect to substantial identity, while nonobviousness considers only the prior art that is

relevant to the invention with respect to what would have been the next obvious step

(Miller and Davis 1990). Thus, an invention such as a combination of chemical

compounds that have never being combined in this particular form before may be novel

but it may also be obvious. An invention is considered obvious when a person skilled in

the relevant art could have invented it with relative ease had he tried to do so (EPO

2000a).

The process of determining nonobviousness consists of three steps. The first step

consists of determining the prior art that is relevant to the invention. The second step

consists of the identification of the differences between the prior art and the invention.
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This second step will determine whether an inventive step has occurred. Finally, the

third step requires the determination of the level of skill of an ordinary practitioner in the

relevant art. Miller and Davis (1990) include a fourth step to the above process; the

secondary considerations. The existence of secondary considerations is an indication of

the nonobviousness of the invention. According to Miller and Davis (1990, p.87) 'the

secondary considerations include commercial success, long felt but unsolved needs, the

failure of others, the fact that experts express disbelief at a discovery's announcement,

the very existence of well established prior art and later improvements upon that

discovery. '

2.2.3 The Patent Granting Process

Having invented 'what the innovator believes to be a novel, nonobvious and useful

invention, the innovator may apply for a patent. Given that every country has its own

patent laws, a patent application should meet the requirements of the laws of the

particular country in which the application is made. Patent granting procedures that are

common to the Canadian Patent Office (CPO), the EPO and the United States Patent and

Trademark Office (USPTO) are presented in what follows. Differences in the practices

of these Patent Offices will be noted.

2.2.3.1 The Patent Application

A patent application consists of the following basic parts: an application transmittal

form; the title of invention; cross references to related applications (if any); background

of the invention; brief summary of the invention; brief description of the several views

of the drawing (if any); detailed description of the invention; claim or claims; abstract of
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the disclosure; drawings (if any); executed oath or declaration and sequence listing (if

any) (USPTO 1999, EPO 2000a). The most important part in the patent application is

the patent specification. The patent specification consists of the patent description and

the patent claims. The description discloses the invention while the claims mark out the

scope of the monopoly rights (Cornish 1989).

• The Patent Description

The patent description illustrates the problem faced by the innovator and the steps

followed towards its solution. The description consists of the title of the invention, a

description of the technical field to which the invention pertains and a description of the

relevant prior art. The description of the relevant prior art, including citations of all

previous patents related to the invention, is of great importance as it helps to distinguish

the invention from prior art and provides a better understanding of the invention

(Lanjouw and Schankerman 2001). A description also includes a complete explanation

of all embodiments of the invention and a description of at least one way for carrying

out the invention in the form of examples, drawings and figures, where appropriate

(CPO 1998b).

The description of the invention and of the manner and process of making and

using it must be clear, concise and exact. It should disclose the invention in its best

mode, so as to enable any person skilled in the relevant art to reproduce the invention

without further experimentation. The best mode requirement is an important, albeit

subjective, requirement since it means that the description need not provide the best

mode that is theoretically available, but r3;ther the best mode of which the inventor is
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aware (Miller and Davis 1990).5 The description should fulfill an important statutory

requirement, that ofproviding an enabling disclosure. If the description is broad, obscure

or ambiguous and further experimentation is required for the reproduction of the

invention by those skilled in the relevant art, then the disclosure is inadequate,

nonenabling and will be found to be invalid. Finally, the description should describe all

subject matter that the applicant intends to claim as his/her invention (CPO 1998b).

• The Patent Claims

The patent claims conclude the patent specification and are its most important element.

Not only do they define the subject matter that the innovator regards as the invention,

they also detennine the technological territory for which protection is sought. According

to Miller and Davis (1990), patent claims define the perimeter of the invention. The

claims must be drafted very carefully, since the wording of claims detennines to a large

extent whether a patent will be granted and the scopelbreadth of patent protection

(USPTO 2001 a, EPO 2000a, CPO 1998c). The claims continue to be important after the

patent has been granted, since courts rule on questions of validity and infringement on

the basis of claims (USPTO 1999, Merges and Nelson 1990).

Claims can be independent and/or dependent. The independent claims define the

technological territory claimed in a broad fonn, while the dependent claims are more

restricted and describe detailed features of the invention. According to the definition of

5 The importance of the best mode requirement is reflected in the following court ruling in the case of
Scripps Clinic & Research Found v. Genentech (666 F. Supp. 1379 3 U.S.P.Q. 1481 (N.D. Cal. 1987).
Scripps Clinic held a product patent on a purified blood clotting protein and accused Genentech for
infringement for producing the same protein with recombinant DNA techniques. Even though at a fITst
court ruling the Genentech product was found to infringe the patent at a later court ruling the accused
infringer succeeded in proving that the original patent was invalid on the grounds that the best mode of
operation was not revealed by the patent (Merges and Nelson 1990).
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the EPO (2000a), a claim is dependent if it includes all the features of any other claim.

Dependent claims are drafted with reference back to and further limiting other

independent claim or claims in the same application. Dependent claims should be

grouped together (USPTO 2001a). A patent specification must contain one or more

independent claims provided that they are sufficiently different from each other (USPTO

2001 a). 6 Dependent claims are' construed so that they become progressively narrower. In

other words, a succession of claims covers increasingly specific areas (Cornish 1989).

The smaller the number of independent claims and the greater the number of the

elements within a claim (the more specific is the claim), the narrower is the patent

protection. Miller and Davis (1990, p. 113) state that 'in a patent claim more means

less.' The view that more detailed claims imply less protection is known to patent law

practitioners as the more is less principle (Matutes et al. 1996). The justification for this

belief is that the more general are the claims upheld by the Patent Office, the greater is

the probability that another invention that incorporates the property described in the

claim will violate the patent.

Patent claims should be drafted so as to achieve two conflicting goals; they

should demonstrate patentability (i.e., how the invention meets the novelty, utility and

nonobviousness requirements) and they should define what would constitute

infringement (Miller and Davis 1990). To demonstrate patentability, the claims should

be clear, concise and they should be supported by the description (EPO 2000a). They

can be as narrow as the applicant wishes, but they should not be broader than the

6 Plant patent specifications should contain only one claim since a plant patent is granted on the entire
plant (USPTO 1999).

24



invention as described or supported by the description (CPO 1998c).7 The broader are

the claims, the harder it is to demonstrate that the invention is different from the prior. art

(i.e., that it is to show novelty and nonobviousness) and that the description is enabling

(Merges and Nelson 1990). At the same time, to offer protection from infringement the

claims should not be so narrow as to give up what should legitimately be the property of

the inventor (Miller and Davis 1990).

It is of great importance that the claims are supported by the description as 'the

specification is the dictionary to which the courts refer when the language of the claim is

questioned' (Miller and Davis 1990, p. 112). The requirement that the claims must be

supported by the description does not mean that the description must indicate precisely

how to make every product or process that would fall within its claims, however.

Merges and Nelson (1990, p. 846) state that '[d]isclosure of an inventive concept or

principle, whose precise contours are defined by the claims, is enough.' In other words,

at the time of the invention and of the application for a patent, the inventor cannot

possibly be aware of all the embodiments of his/her invention. Thus, (s)he should be

entitled to embodiments that fall within his/her claims but are not specifically described

in the specification.

The Patent Office may object to claims due to lack of support or nonenablement

only if it can show that a person skilled in the relevant art would be unable to reproduce

7 The EPO (2000a) in its "Guidelines for Examination in the EPO" gives examples of claims not justified
by the description. The EPO states that when this happens, the patent may be objected to either because of
lack of support or insufficient disclosure. An example given by the EPO (2000a, part C, Chapter III, p. 39)
is the following: 'A claim relates to a process for treating all kinds of "plant seedlings" by subjecting them
to a controlled cold shock so as to produce specified results, whereas the description discloses the process
applied to one kind of plant only. Since it is well known that plants vary widely in their properties, there
are well-founded reasons for believing that the process is not applicable to all plant seedlings. Unless the
applicant can provide convincing evidence that the process is nevertheless generally applicable, he must
restrict his claim to the particular kind of plant referred to in the description. A mere assertion that the
process is applicable to all plant seedlings is not sufficient.'
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the invention based on the infonnation disclosed in the application without undue

experimentation. The more pioneering/drastic is an innovation, the harder it is for the

Patent Office to object to broad claims, since the harder it is to find something in the

prior art to demonstrate that embodiments of the claimed invention would be impossible

to make without undue experimentation.8 Thus, for drastic innovations the burden falls

on the Patent Office who must disprove enablement (Merges and Nelson 1990). In

addition, according to the EPO (2000a, part C, chapter III, p. 38) 'an invention that

opens up a whole new field is entitled to more generality in the claims than an invention

that is concerned with advances in a known field of technology.' Thus, claims to drastic

inventions are often allowed to cover areas beyond the area that is examined and

disclosed by the inventor. The narrowing of the claims of pioneering/drastic inventions

is typically left to the courts (Nelson and Merges 1990).

The number and the nature of claims allowed by the Patent Office are case

specific and depend on the prior art. The Patent Office has. considerable room for

discretion when it decides which claims should be admitted, narrowed or rejected

(USPTO 1999, EPO 2000a, CPO 1998e).9 The patent examination and granting process

8 Drastic innovations are processes that reduce cost or products that generate new demand or meet demand
not previously met so that the innovator can exert monopoly power within the market. Merges and Nelson
(1990, p. 854) give a US Supreme Court defmition of a patent covering a pioneer invention. According to
this definition, a patent covering a pioneer invention is 'a patent covering a function never before
performed, a wholly novel device, or one of such novelty and importance as to mark a distinct step in the
~rogress of the art'.

An example demonstrating that there is room for discretion when examining patent applications is given
by the transgenic mouse patent (known as the Harvard mouse patent). The patent was granted in 1988 by
the USPTO (U.S. Patent No. 4,736,866) to doctors Phillip Leder and Timothy Stewart of the Harvard
Medical School. The innovators claimed protection not only for the process and the transgenic mice
variety that they produced but also for every non-human mammal that would be produced by their
method. The USPTO accepted the inventor's claims that their process could be used to engineer any non
human mammal. The EPO on the other hand, rejected the claims that claimed subject matter beyond mice
and rodents on the basis of being nonenabling. The EPO stated that '[a]nimals which have been used in
the prior art are mainly mice and no instructions are to be found in the specification as to how success
could be achieved with other mammalian animals' (Merges and Nelson 1990, p. 848).
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followed by the Patent Office when it decides on the nature (general/specific) and the

number of claims finally allowed, if any, is presented in the next subsection.

2.2.3.2 The Patent Examination and Granting Process

The patent examination and granting process is depicted in Figure 2.1. The formal

examination of the application by the Patent Office takes place as follows. The applicant

submits his application with a request for a search and a preliminary examination

(optional). Upon submission, a classification examiner classifies the application in

sections, classes and subclasses, groups and subgroups based on the national and the

international patent classification (Ipe) system, if they are different. 10 The proper

classification of each application is of great importance, since this classification

determines the examining group that will review the application and the area of prior art

that the examiner will search to determine the patentability of the invention (especially

novelty and nonobviousness). If the application is made to the EPO or it is an

international patent application, then the applicant must designate the countries in which

protection is sought. 11

10 The CPO and the EPa use the IPC system. The IPC system is industry and profession oriented. The
USPTO uses both the IPC and its own classification. The USPTO classification is structure and function
oriented (Lerner 1994). The CPO (l998d) in its 'Manual of Patent Office Practice' gives examples of the
IPC classification mode. According to the examples an IPC A6lK 31/025 is read as follows: "A" is the
Section,"61" is the Class, "K" is the Subclass, "31" is the Main Group, and "025" is the Subgroup.
11 The designated countries may be withdrawn later on but they cannot be added to (Cornish 1989).
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After a search has been conducted, an early publication of the application takes

place for the benefit of third parties at 18 months from priority date (CPO 1998a, EPO

2000a, USPTO 2001b). From this point onward, the Patent Office file is open to

inspection. During this stage a third party may communicate with the Patent Office to

raise issues regarding the patentability of the invention at issue or concerning prior art of

which the Patent Office might be unaware. A third party, however, does not have the

right to present a case in opposition to the grant at this stage. In addition, no information

regarding the action taken by the Patent Office will be given to a third party. Since,

during this stage of the process, a third party cannot make a case on how the provided

information should be used by the Patent Office, this strategy of interfering with the

granting of a patent is usually not attractive to competitors (Cornish 1989). Instead,

competitors prefer to oppose the patent after it has been granted, a process described in

subsection 2.3 .2.

After receiving the search report the applicant may amend his application on

his/her own initiative explaining the nature of the amendments and their purpose. The

applicant is not allowed to add to the original description, but (s)he is allowed to amend

his/her claims. A written request for examination must be submitted to the Patent Office

for the examination of the application to commence. The request may be submitted

along with the application or after the applicant receives the search report from the

Patent Office. If the latter option is chosen, the written request for examination must be

submitted within a pre-specified time period (usually within a six month period after the

search report has been published).

The EPO (2000a) recommends that the patent examiners conduct a second search

("topping-up" search) after studying the claims to determine the existence of conflicting
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applications. If, during examination, the patent examIner finds that there are other

patents currently pending or granted within the previous year that make the same (or

similar) claims, (s)he should initiate an interference proceeding (Miller and Davis 1990).

The interference proceeding will determine which of the applications should be given

priority. Priority for obtaining a patent is detennined in most countries by 'the first to

apply' rule. In the United States, the party that is the first to invent the innovation that is

given priority. 12

When all necessary searches have been completed the invention is examined in

light of the search reports to determine whether it meets the statutory patentability

requirements and whether the description and the claims are in line with the patent rules.

The Patent Office may, after examination, accept the application as filed, object to it and

make a request for amendments or it may find that the invention does not meet the

patentability requirements and may reject the application. In the case that the patent

examiner has no objections, a notice of allowance is issued to th~ applicant who then has

to pay a final fee to obtain his/her patent.

When the examiner has objections with respect to the compliance of the

application to the rules or (s)he finds the subject matter nonpatentable, (s)he issues a

report requesting the applicant to amend his/her application or explains the reasons for

rejection. The examiner has to point out which claims are objected to or rejected. The

examiner must also specify the time limits (usually six months) within which the

amendments should take place (Cornish 1989). The applicant must then request

12 A proof of priority in the conception of an invention may be established by submitting a disclosure
document to the USPTO. The disclosure document describes the invention and explains the way it is
produced and used. The disclosure document is usually submitted prior to the patent application. It will be
retained in confidence by the USPTO for a period of two years and it will be used to prove priority of
conception of the invention.
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reconsideration in writing. The applicant is expected to reply by a written statement to

every ground of objection and rejection. The applicant must explain the manner in which

the amendment overcomes each of the objections and/or rejections made by the

examiner or, when amendments are not made, to provide arguments as to why the

application in its original form does comply (Miller and Davis 1990, CPO 1998e). The

amendments may not introduce new subject matter. At this stage amendments on the

initiative of the patent applicant cannot be made without permission from the Patent

Office.

Amended applications are subject to further examination and the applicant will

be informed as to whether the claims are rejected, objected to, or allowed. If the

examiner has no further objections a notice of allowance will be issued. In some cases

an impasse is reached between the applicant and the examiner during the process of

amending the application. In this case, the application is rejected in a final action, which

terminates the prosecution of the application (USPTO 1999, CPO 1998h, EPO 2000a).

The final action report must clearly indicate which claims are allowable (if any) and

which are still objectionable. The applicant may then appeal the final decision to a Board

of Patent Appeals. When the Board's decision is still adverse, the applicant may further

appeal to the courts.

Statistics from the USPTO and the EPO show that patents are finally granted to

two-thirds of the applications (USPTO 1999, Van Dijk 2000). The EPO (2000b) states

that it takes on average four years for a European patent to be granted. After the patent

has been issued it is granted protection for the maximum of twenty years from the filing

date as long as the required renewal fee is paid. The fees charged are a function of the

length of protection; the closer the patent gets to its expiry date the higher is the fee. The
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patent will lapse as a result of non-payment of the renewal fees within a specified time

period (usually six months).

The granting of a patent does not guarantee that the patent will stay active for its

statutory life or that its scopelbreadth will stay unchanged. Jewkes et al. (1960) state that

nine out of ten patents do not remain active for the period that the patent is legally

protected. Data on patent renewals shows that more than fifty percent of patents are

voluntarily cancelled by non-payment after ten years of their application (Scotchmer

1999, Comelli and Schankerman 1999). Voluntary cancellation of the patent primarily

takes place when the patent ceases being profitable, as a superior technology has

rendered the patented one obsolete.

The effective patent life may also be shorter than the statutory patent life as a

result of non-voluntary cancellation of the patent. This happens when a patent is found

to be invalid and it is revoked in the course of a direct patent validity challenge and/or

during an infringement trial. Patent challenges and litigation also affect the breadth of

protection that the patent grants - this breadth may be narrowed even when a patent is

not invalidated. Section 2.3 that follows examines how a patent may be contested after it

has been granted.

2.3 Patent Validity Challenge and Patent Infringement

Innovators seek patent protection as a means of appropriating innovation rents. The

inventors' effort to safeguard their technological territory does not usually conclude with

the granting of the patent, however. Jewkes et al. (1960) state that the critics of the

patent system view the patent right solely as a right that must be defended in the courts,
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while Cornish (1989) claims that the precise scope of a valuable invention is likely to be

the subject of constant questioning.

A patent may be contested in different ways after it has been granted. A patent is

contested either when the patented subject matter is infringed or when its validity is

directly challenged (Cornish 1989). In the case of patent infringement, the patentee has

the option to try to enforce his/her patent rights by filing an infringement suit. 13 In the

course of the infringement trial the validity of the patent may be indirectly challenged; in

this case the challenge takes the form of a defensive counterclaim (see subsection 2.3.1).

The validity challenge may also take the form of an offensive action in which an

opposition is launched in either the Patent Office that granted the patent or in the courts

(i.e., direct validity challenge). Contesting a patent - both directly and indirectly - could

lead to the narrowing of the breadth of its protection or even to the elimination of

protection as a result of patent invalidation. The patent is found to be invalid when it is

not found to be novel, useful, nonobvious or enabling.

Patent oppositions and litigation have escalated during the last decades (Barton

2000, Hofer and Edmundson 1999, Lanjouw and Schankerman 2001). One of the main

reasons behind the increase in patent oppositions and litigation is considered to be the

quality and amount of resources available to the Patent Offices. Thus, while patent

applications have increased substantially, the resources of the Patent Offices are

limited. 14 Barton (2000) claims that a patent examiner spends on average only twenty

five to thirty hours examining an application. The limited time spend on examining a

13 The patentee may choose to not take this option if (s)he fears that his/her specification is 'weak' and
{s)he might loose in court.
4 Voss (1999) claims that the number of applications in the USPTO increases by more than 8°A> annually,

mainly due to software and biotechnology applications. Phillips and Dierker (2000) state that
biotechnology patent applications in Canada have increased by 12.9% annually during the last decade.
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patent adversely affects the ability of the examiner to conduct effective searches and to

evaluate the patent claims. In addition, the ex parte nature of the patent prosecution

process leads to the Patent Office often granting broad claims that cannot survive a

validity challenge. Lerner (1994) states that the USPTO often awards patents that appear

to overlap, leading to disputes that are either resolved through negotiations or litigation.

The introduction of intellectual property protection to new technology areas like

computer software and biotechnology has also contributed to the increase in patent

oppositions and litigation. The lack of prior art (given that these are new areas) where

the patent examiner could seek support to object to erroneous and broad claims and the

complexity of the claims in these areas combined with the limited resources at the Patent

Offices, intensify the problem. In addition, there is little legal precedence established in

new industries that could help disputants form realistic expectations with respect to the

outcome of the challenge and/or trial which leads to more oppositions and/or litigation

(Lanjouw and Schankerman 2001).

Section 2.2 established the importance of claims in determining the patentability

of the invention and in defining the scopelbreadth of the protection granted by the

patent. The present section demonstrates that claims continue to be important after the

granting of the patent since questions of infringement and validity are judged, to a large

measure, on the basis of claims.

The breadth of patent claims is basically determined by three doctrines, the

enablement doctrine, the doctrine of equivalents and the doctrine of reverse equivalents

(also known as the doctrine of literal overlap) (Merges and Nelson 1990). The

enablement doctrine, which has been examined in Section 2.2, is of importance when the

validity of the patent IS under scrutiny. The doctrines of equivalents and reverse
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equivalents are applied when infringement is examined. The application of the doctrine

of equivalents broadens the scope covered by the claims while the application of the

doctrine of reverse equivalents narrows it. The subsections that follow outline how the

above doctrines are used when questions of patent infringement and validity are

examined.

2.3.1 Patent Infringement

Direct infringement of a patent occurs when someone produces, uses or sells the

patented product or process without the permission of the patent owner. Anyone who

encourages an infringement of a patent is liable for indirect infringement, while anyone

who supplies or sells an item whose only or principal use is in connection with a patent

is liable for contributory infringement (Miller and Davis 1990).

A patentee that believes that his/her patent has been infringed may protect his/her

rights by suing or threatening to sue the alleged infringer. The threat of suing can be

very effective in some cases as it may cause the alleged infringer to terminate any

infringing action. To gain time, the patentee may ask the courts to grant a preliminary

injunction (also known as an interlocutory injunction). A preliminary injunction orders

the accused infringer to discontinue the allegedly infringing action until trial.

Preliminary injunctions are not very common, as it is very hard to prove before trial that

the patent is valid and it has been infringed. For a preliminary injunction to be granted

the patentee must also prove that in the case that (s)he losses at trial, (s)he will

compensate the alleged infringer for any damages that the latter may have suffered from

the injunction.

On the other hand, an alleged infringer who believes that (s)he has been
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wrongfully accused or maliciously attacked by a patentee has the right to protect

himself/herself by establishing 'freedom from liability' (Cornish 1989). In the case that

the alleged infringer has been threatened with a lawsuit, (s)he can ask the courts to

declare that the threats are unjustifiable, for an injunction against the continuance of the

threats and for damages for any losses that the threats have caused. Threats to sue for

infringement can cause considerable losses to the accused infringer due to loss of

customers to the threatener (Merges and Nelson 1990).

Patent infringement proceedings can be lengthy, uncertain and costly for all the

parties involved. The American Intellectual Property Law Association (AIPLA) in its

1999 Economic Report estimates average litigation costs to be 1.5 million dollars per

side (Barton 2000). The party who fails to prove its case at trial will be asked to pay for

any damages caused to the other party because of its actions and in some exceptional

cases to even pay the other party's attorneys' fees (Miller and Davis 1990).15

If the patentee wins at trial, the infringer will pay damages that may either

represent lost royalties/lost profits caused by the infringing action or profits realized by

the infringer. When the doctrine of lost profits/lost royalties is applied, the aim is to

compensate the patent holder by restoring his/her 'but for' the infringement position so

as to maintain his/her incentives to invest in R&D (Schankerman and Scotchmer 2001).

When damages are awarded based on the doctrine of unjust enrichment, the idea is to

15 Attorneys' fees may be granted when it is proven that the infringer has willfully infringed the patent (he
believed it to be both valid and infringed by his/her actions) or when the plaintiff has brought an
infringement suit even though (s)he did not believe his/her patent to be valid and infringed (Miller and
Davis 1990).
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enable the patentee to recover profits realized by the infringer's wrongdoing. 16

If the accused infringer wins at trial the patentee will pay damages for lost profits

caused by the infringement suit or for any harm caused by the threats to sue. Not all

lawsuits go to trial, however, since trial is an expensive way to resolve patent disputes.

The parties involved in a lawsuit may rather try to resolve their differences in a pretrial

settlement. Pretrial settlements can also be very costly. Hofer and Edmundson (1999)

claim that in some cases settlement costs have exceeded one hundred million dollars.

The validity of the patent often becomes an issue during an infringement trial. At

trial the patentee will try to prove that his/her patent is valid and that it has been

infringed. The alleged infringer on the other hand will try to first prove that the patent is

invalid and second that the alleged infringing device does not infringe the patent

(Merges and Nelson 1990). The accusation that the patent is invalid may be just a form

of defense or it can take the form of a counterclaim demanding the revocation of the

patent (Cornish 1989).

Establishing infringement can be a formidable task. Whether infringement will

be found depends on the way that the patent claims are interpreted. The test used by the

courts to determine whether a product or process infringes the patent is first to examine

the allegedly infringing product or process in the light of the patent claims to determine

whether the claims describe the product/process. If the claims describe the

product/process, meaning that the product/process falls exactly within the boundaries of

patent claims, then there is literal infringement of the patent (Merges and Nelson 1990).

16 An example of the award of damages based on the doctrine of unjust enrichment is given by the case of
Polaroid vs. Eastman Kodak. In this infringement lawsuit, Polaroid won the right to put Kodak out of the
instant camera business (with a permanent injunction) and was awarded damages of over 873 million
dollars (Hofer and Edmundsol) 1999).
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If literal infringement is not found, th~n the courts examine whether infringement occurs

under the doctrine of equivalents.

The doctrine of equivalents asserts that 'if two devices perform the same

functions in substantially the same way and accomplish substantially the same result,

they are the same, even when they differ in shape, name and form' (Merges and Nelson

1990, p. 853).17 The application of the doctrine of equivalents allows infringement to be

found even when the accused device does not fall within the patent claims. In other

words, it requires that the accused device is substantially equivalent and not absolutely

identical to the patented one for infringement to be found (Miller and Davis 1990). The

doctrine of equivalents narrows the possibilities of infringement and protects the patent

from minor improvements; it protects the patent from imitators that try to invent around

it. The greater is the number of equivalents assigned to a patent, the greater is the

breadth of protection granted to it. Pioneer/drastic innovations are usually granted a

greater range of equivalents than non-drastic ones (Merges and Nelson 1990, Miller and

Davis 1990). In this way, the innovator of a pioneering invention is adequately rewarded

with a broad patent.

The doctrine of equivalents is limited by the use of the doctrine of file wrapper

estoppel (also known as the doctrine of prosecution history estoppel) (Miller and Davis

1990). The doctrine of file wrapper estoppel binds the inventor to the decisions that are

made during the examination of the patent application. According to this doctrine, the

inventor cannot resurrect, by the use of the doctrine of equivalents, subject matter

surrendered during the patent examination. Thus, if the inventor agreed to amend his/her

17 As in Merges and Nelson (1990) the tenn device refers to a product, a process or a compound.
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claims (i.e., narrow them) in order to secure a grant (i.e., to avoid an objection by the

examiner or to further support nonobviousness and novelty) (s)he is not allowed later to

broaden the claims using the doctrine of equivalents. By broadening hislher claims the

innovator is in effect canceling the amendments made before the Patent Office (Cornish

1989).

The doctrine of equivalents, by broadening the scope of protection beyond the

boundaries of the claims, is a means of protection for the patentee against infringement.

The doctrine of reverse equivalents and blocking patents are means of protection for

alleged infringers (Merges and Nelson 1990).

The doctrine of reverse equivalents broadens the possibilities of infringement by

not finding infringement even when the allegedly infringing device falls within the

claims of the patent. If the accused infringer proves that hislher device is substantially

different to the patented one in function, in the result that it accomplishes and in the way

that it accomplishes the result, then infringement may not be found. The doctrine of

reverse equivalents protects inventors of substantial technological improvements from

infringement liability. The purpose of the doctrine of reverse equivalents, as it will

become evident below, is mainly to prevent the patentee from using hislher patent to

create a hold up problem.

In many cases the alleged infringer is a holder of a patent that represents an

improvement of a broad patent. In litigation, the court may find the alleged infringer's

patent to be valid (novel, useful and nonobvious and enabling) but also to infringe on the

broad patent. In this case, the court in effect makes the alleged infringer's patent
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subservient to the broad, dominant patent (Merges and Nelson 1990).18 This result leads

to blocking patents. The holder of the subservient patent cannot use the improvement

without a license from the holder of the dominant patent. At the same time, the holder of

the dominant patent cannot use the improvement without a license from the holder of the

subservient patent. Blocking patents usually result in cross licensing agreements

between the patent holders.

Even though an inventor would rather not have hislher patent characterized

subservient to a dominant patent, (s)he is better off with the patent being subservient

than with no patent at all. A subservient patent gives bargaining power to its holder

(Merges and Nelson 1990). The greater the value of the improvement, the greater the

bargaining power of the subservient patent holder since the greater is the incentive for

the dominant patent holder to cross license and use the improvement. On the other hand,

the greater is the value of the improvement introduced by the allegedly infringing patent,

the greater is the hold up power of the holder of the dominant patent. Since the

subservient patent is not operative without a license from the holder of the dominant

patent, the latter may use hislher advantage to extract as much innovation rent as

possible from the subservient patent. In cases where the value of the technological

improvement is substantial, the application of the doctrine of reverse equivalents can

remove the hold up problem.

Merges and Nelson (1990) state that the choice of the doctrine applied by the

courts should be based on the importance and the stand-alone value of the inventions

18 The Patent Office grants improvement patents that are subservient patents to a dominant patent to which
they represent an improvement. The claims in an improvement patent must be drafted in a 'Jepson claims'
format. The Jepson claims have the same effect as a court ruling that a patent is subservient to a dominant
patent (Merges and Nelson 1990). Inventors usually apply for 'independent' rather than for improvement
patents.
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that are litigated. 19 If the first patent protects a drastic innovation while the challenger's

patent or invention is a minor improvement, then the doctrine of equivalents should be

applied. I:f, however, the challenger's invention has a large stand-alone value as well,

then the doctrine ofblocking patents or reverse equivalents should be used. The doctrine

of reverse equivalence should be applied in cases where the incumbent's patent has

small stand alone value compared to the challenger's patent.

2.3.2 Patent Challenge and Invalidation

The validity of a patent may be challenged in two different ways - either directly by

launching an opposition in the responsible Patent Office and/or in the courts or indirectly

in the course of legal action against infringement. Attacking patent validity through the

Patent Office rather than the courts has the advantage of being a quicker and less

expensive way to oppose the granting of a patent. It should be viewed as an alternative,

rather than an intermediate, way to opposing through the courts (Cornish 1989). The

validity of a patent may also be challenged in the course of enforcing the patent holder's

rights either in the form of defense assumed by the accused infringer or by means of a

counterclaim for revocation. Irrespective of the way that patent validity is attacked the

outcome of the challenge is determined by the patent claims.

Any person has the right to oppose the granting of a patent to the responsible

19 Merges and Nelson (1990) provide excellent examples of litigated patents where the above doctrines
where applied.
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Patent Office within nine months of the grant in the case of the EPO and CP020 or

anytime during the statutory life of the patent in the case of USPTO. The challenger

does not have to establish a special interest to oppose (i.e., to be sued or to be threatened

with an infringement suit) (Cornish 1989). Opposition is a means used to obtain the

limitation or invalidation of a wrongly granted patent (EPO 2000a). The opposition is

examined by an examination committee formed by technically and legally qualified

examiners. If the opposition is filed before the granting of the patent, it will not be

treated as an opposition but rather as an observation made by a third party, which will be

taken into consideration by the patent examiner (see sub-section 2.2.3.2).

The opposition must clearly present the grounds for objection. These must fall in

the following three categories: unpatentable subject matter, inadequate disclosure and

unallowable amendments (Cornish 1989). The challenger may claim unpatentable

subject matter on the basis that the invention is not novel, is obvious, has no industrial

applicability (i.e., not useful) or is not regarded as an invention under the patent law. The

opposition claim for inadequate disclosure should demonstrate that the way the

invention is described in the specification does not enable a person skilled in the relevant

art to reproduce it.21 Finally, the challenger may claim that some of the rules were not

followed during patent examination including the way the claims were drafted and the

20 After the expiration of the nine-month period after the grant, any person who can prove that (s)he has
been threatened with an infringement suit by the patent holder or that (s)he has instituted proceedings for a
court ruling that (s)he is not infringing the patent may intervene in the opposition proceedings.
Intervention may take place as long as the opposition is pending. The intervention will then be treated as
an opposition (Cornish 1989).
21 The challenger may provide as a proof of nonenablement experiments that he conducted that suggest
that, based on the patent specification, he couldn't achieve the desired technical results (EPO 2000a). In
this case the burden ofproof falls to the patent holder who has to prove that the specification is enabling.
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amendments were made.22

If the request for opposition is granted by the Patent Office (i.e., the opposition

filed is found admissible) the patent will be reexamined. Reexamination usually

concerns only the grounds of opposition brought forward by the patent challenger. The

patent holder will be asked to file his/her observations with respect to the objections

raised by the challenger (EPO 2000a). The patent holder may amend his/her application

in reply to the grounds of opposition, or may try to provide convincing arguments as to

why the patent should be held valid as it stands. The challenger will be asked to

comment on the patent holder's response to the opposition. The examining committee,

in addition to the written arguments/observations of the parties involved in the

challenge, may request oral proceedings to clarify outstanding questions.

The reexamination of the challenged patent may result in the invalidation of the

patent, in the maintenance of the patent in an amended form or in the rejection of the

opposition. If the patent holder does not approve the amendments proposed by the Patent

Office and/or does not submit an amended text, the patent will be revoked. If the patent

holder provides amendments that do not satisfy the examining committee, the patent will

also be revoked. If the amendments made with respect to the opposition grounds are

found to be valid, then the patent will be maintained in the amended form. If the

reexamination of the patent does not find any grounds for objections then the opposition

will be rejected. The challenger cannot further appeal the Patent Office's decision to the

courts. The only party which is still entitled to an appeal is the defendant.

22 Amendments should not result in the extension of the subject matter beyond the content of the
application as originally filed or in the extension of the protection granted by the patent (EPO 2000a).
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Statistics from the EPO show that during the period 1978-1998, on average, 8.5

percent of the patents granted by the EPO were subject to opposition (Harhoff and

Reitzig 2000). Harhoff and Reitzig (2000) state that the opposition procedures take on

average 2.2 years if the patent is revoked and about 4 years if the scope of the patent is

amended. Statistics from the USPTO show that less than one quarter of the opposed

reexamined patents survive without any change (Barton 2000).

As mentioned above, direct validity challenges may also be launched in the

courts. Any person who regards the patent to be invalid and wants to use the patented

invention can directly ask the court for a declaratory judgment that the patent is invalid

(Miller and Davis 1990). When the validity of the patent is attacked in the courts, the

opponent must demonstrate that a controversy about the patent exists for the court to

allow the suit. During trial the opponent has to present his/her case and try to prove that

the patent is invalid to avoid liability, just as an alleged infringer would have to do

(Miller and Davis 1990). The grounds of objection are the sam~ as those on which an

attack is initiated in the Patent Office.23 The court may uphold the validity of the patent,

it may revoke it or it may narrow its scope (by eliminating the opposed claims).

The courts allow questions of infringement and validity to be tried together since

the defense of the accused infringer usually consists of claims that the patent is invalid

23 Merges and Nelson (1990) give an example of an attack on the validity of the patent to the courts on the
grounds of inadequate disclosure. They refer to a Supreme Court challenge brought by Thomas Edison in
1895 to a patent held by Sawyer and Mann for materials used in light bulb filaments. The patentees held a
very broad patent, which claimed all carbonized fibrous, or textile material as incandescing conductors.
Edison proved that the patentees had only proven that carbonized paper works as a conductor in light
bulbs not all the material they claimed. He showed that the patent specification was nonenabling, since it
did not specify which of the materials could be used as conductors and in which way. He showed that it
took a lot of experimentation to demonstrate that a variety of a bamboo plant worked well as a conductor,
a discovery that was not enabled by the patent specification. The court found the patent to be nonenabling
and invalidated it. The court stated that the patent would have been upheld if the patentees had claimed
only what they had invented.
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and that it should be revoked. The accused infringer may use the doctrine of undue

experimentation to prove nonenablement and thus noninfringement. The doctrine of

undue experimentation is used to prove that the challenger had to experiment to produce

the allegedly infringing device; thus the patent specification did not make it any easier to

produce hislher device. If the alleged infringer can prove that the desired technical

results of the patent could only be reached through experimentation then the

specification is proven to be nonenabling, infringement will not be found and the patent

will be revoked (for an example see footnote 24).

It is not unusual during an infringement lawsuit for a patent to be found invalid

and to be revoked. Miller and Davis (1990) claim that alleged infringers have been

successful in attacking patents, as US courts have found litigated patents invalid more

often than valid. Choi (1998) finds that only thirty per cent of the patents contested

during an infringement lawsuit during the period 1966 to 1971 where found to be valid.

It may take more than one court ruling to determine the technological territory

protected by the patent, if any. The courts have discretion when they judge questions on

patent infringement and validity. Thus, it is not unusual for a court decision to cancel

another court decision. Merges and Nelson (1990) provide examples of court rulings that

overruled previous court rulings (for an example see footnote 5).

The discretion allowed to both the Patent Office and the courts is due to the fact

that the claims cannot be pre-specified and standardized. The breadth of patent

protection, which is one of the most important parts of the patent, is often determined

after the patent is granted by the way the patent claims are interpreted during a patent

validity challenge and/or an infringement trial. Thus, the patentee needs to be careful

when (s)he drafts hislher claims. The claims must provide protection against those
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looking for ways of circumventing the patent and at the same time, they must not break

any of the validity rules. Thus, the claims should cover all possible embodiments of the

invention while avoiding to claim embodiments that are anticipated or obvious. Cornish

(1989) cautions patent applicants about the hazards of the patent system. He describes it

as a game in which only the very skilled can be successful and emphasizes the need of

getting everything right from the beginning.

2.4 Patent Breadth and Innovation Rents

The previous sections of this chapter examined the innovator's role in the patent

granting process and in the determination of the breadth of protection covered by hislher

patent. The various ways a patent may be contested after it is granted have also been

considered. The innovator's patent claims are crucial in determining the outcome of the

patent granting process (i.e., whether the patent will be granted and the breadth of patent

protection) and the ability of the innovator to safeguard and/or defend hislher patent

after it is granted. The present section examines the importance of patent breadth in

determining the level of innovation rents that the patentee can appropriate with hislher

patent.

Patent breadth determines the degree of competition allowed in the market and

the effective patent life, which in turn determine the reward to the innovator. The

standard argument in the economic literature on patent breadth is that the patent

applicant will try to maximize the rents appropriated with hislher innov&tion by claiming

the broadest scope of patent protection possible (Lanjouw and Schankerman 2001,

Merges and Nelson 1990, Gilbert and Shapiro 1990).
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The above argument is mainly based on two assumptions. The first assumption

holds that a positive linear relationship can be assigned between patent breadth and the

flow of profits to the innovator (Gilbert and Shapiro 1990, Gallini 1992). The second

assumption is that the Patent Office will prune back or reject broad claims and will

determine a socially optimal breadth of patent protection. If the first assumption holds,

then a profit-maximizing innovator should apply for the broadest protection possible. If

the second assumption is true, then the optimal patent breadth will always be determined

by the Patent Office. The innovator in this case should apply for the broadest protection,

since the breadth of protection granted cannot be greater than the breadth of protection

claimed. In other words, if the innovator applies for narrow protection the Patent Office

cannot extend his claims and grant him/her broad protection even if that would have

been optimal.

Regarding the first assumption, it is generally true that a patent with a very

narrow protection (zero breadth) can be of no use to the paten~ee as competitors with

almost identical inventions can enter his/her market.24 This is the type of protection

offered in the early days of the patent system. Klemperer (1990) refers to the example of

the cotton gin first patented by Eli Whitney in 1794 which offered the inve~tor

practically no protection since his competitors could get patents on almost identical

inventions.

It is also generally true that the broader the protection granted by the patent, the

harder it is, ceteris paribus, for a new technology to render the existing one obsolete

without infringing the patent. Thus, broader patents may be associated with a longer

24 In the present context zero breadth means protection only against duplication of the patented innovation.
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effective patent life. In addition, the broader is the patent protection, the less competitive

is the market expected to be, since the harder it is for a competitor to enter without

infringing the patent. Given that the longer is the effective patent life and the smaller is

the number of competitors that can successfully enter the patentee's market the greater

are the profits for the patentee, it is a reasonable conclusion that there is a positive

relationship between patent breadth and patent profits.

The above argument holds true as long as the patent, once granted, is not

challenged legally. This has not been the case, however. As it has been demonstrated in

Section 2.3, a patent may be contested either when the patented subject matter is

infringed or when its validity is directly challenged. The role of the courts in refining

patent scope has been crucial as they have often invalidated or made a ruling that

effectively narrowed the scope of a broad patent (Merges and Nelson 1990, Miller and

Davis 1990). In fact, the broader is the patent protection, the higher is the probability

that the patent will be challenged legally, that it will overlap another patent and/or that

the courts will invalidate it or narrow its scope (Lerner 1994, Lanjouw and Schankerman

2001). Given the above, a broader patent breadth may shorten the effective patent life,

which in tum means that a positive linear relationship between patent breadth and patent

profits cannot be assumed.

The assumption that the Patent Office will always eliminate broad claims and

will determine a socially optimal scope of protection is also not realistic. Barton (2000)

points to resource limitations at the USPTO generated by the increase in patent

applications over the last decade, which induce the patent examiner to often side with

the applicant and grant broad claims. The inefficiencies inherent in the operation of the

Patent Office can often ,result in the granting of broad patents that cannot survive a
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validity attack and to patents that overlap leading to disputes that have to be resolved

through costly litigation or settlement.

Despite the above-mentioned problems related to patent breadth, broad patents

are observed in practice, especially in biotechnology, which implies that the innovator

has applied for broad patent protection. This is mainly due to the fact that biotechnology

is an area that generates many drastic innovations, which as was previously mentioned

are usually granted broader protection. Lentz (1988, p.318) also refers to the myopic

behavior of the innovator when he concludes that broad biotechnology patents are

observed due to the 'inherent imprecision of the biological studies, overreaching and/or

naivete.' Another explanation could be that the innovator relies on the Patent Office to

structure his claims. Given the existing inefficiencies in the operation of the Patent

Office, which leads to the granting of broad patents and the fact that broad patents are

often overturned, patentees need to carefully consider the breadth of the patent

protection that they are claiming.

2.5 Concluding Remarks

This chapter examined the evolution of the patent system, the patent granting process,

the different ways a patent may be contested after it is granted and the economic

importance of patent breadth. The innovator's role in determining whether the patent

will be granted by the Patent Office and whether it will be viable after the grant was also

examined in this chapter.

The innovator through hislher claims in the patent application defines the

technological territory over which protection is sought. This territory represents the
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breadth ofpatent protection claimed. The Patent Office examines the claims made by the

innovator and decides on the breadth of patent protection granted to the patent, if any.

The greater the number of independent claims made (and upheld by the Patent Office)

and the more general are the claims, the greater is the breadth of patent protection

claimed (and granted).

The innovator would like to draft his/her claims so as to safeguard the broadest

protection possible for his/her innovation. At the same time, however, the claims must

satisfy the patentability requirements of novelty, nonobviousness, utility and

enablement. Thus, on the one hand, broad patent protection is desirable to the innovator

as the broader is the patent, the harder it is for competitors to enter the patentee's market

and the greater are the profits that the innovator can expect to appropriate with the

patent. On the other hand, the broader is the patent protection claimed, the harder it is for

the innovator to secure a patent grant, to protect the patent from infringement and to

defend the validity of the patent. That is, the broader is the patent protection claimed, the

harder it is to differentiate the innovation from the prior art (i.e., to show novelty), to

demonstrate that the innovation is not anticipated or obvious and to provide an enabling

disclosure. In addition, even when broad claims are granted by the Patent Office (which

is usually the case for drastic innovations), the broader is the patent protection, the

greater is the probability that the patent will be infringed, that it will overlap another

patent and that the courts or the Patent Office will invalidate it or narrow its scope.

This chapter has demonstrated that the innovator plays a crucial role in

determining both the patentability of his/her innovation and the viability of the patent

after the grant. It also became evident in this chapter that a strong and viable patent is

not necessarily a broad patent. The chapter that follows reviews the existing patent
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literature and explores how the patent breadth issue has been treated in the various

economic studies.
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CHAPTER III

THE ECONOMICS OF PATENT SCOPE

3.1 Introduction

The economic literature on the patent system is substantial. Early economic studies

focused on the welfare implications of patents and examined whether the patent system

should be retained or abolished. A large number of studies that followed dealt with

issues concerning the efficiency of the patent system as a second-best solution in

promoting the production of knowledge and rewarding the innovator. The durability of

the patent system as a feasible alternative to generate knowledge led economists to try to

fine tune its different aspects and reduce its inefficiencies. This work led to studies that

focused on the design of an optimal patent policy using a variety of policy tools. Initial

studies examined patent length and compulsory licensing, while recent studies have

focused on the economic importance of patent breadth and its use as a policy tool in

designing a socially optimal patent protection. The increase in litigation during the last

decades has initiated studies that empirically examined the factors that expose patents to

litigation risk.

This chapter reviews the economic literature on patents and focuses on studies

that examined the economic importance of patent breadth, its use as a policy tool and its
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effect on the pace of innovation. The rest of the chapter is organized as follows. Section

3.2 reviews the studies that focused on the welfare implications of the patent system and

its effectiveness in stimulating technical progress and in rewarding the innovator.

Section 3.3 discusses the findings of studies that examined the determination of an

optimal patent policy. The use of patent breadth as a policy tool in designing an optimal

patent policy is discussed in section 3.3. Section 3.4 reviews the studies that examined

patent litigation and patent opposition. Finally, section 3.5 discusses how the innovator's

patent breadth decision has been treated in existing studies and concludes the chapter.

3.2 The Impact of Patents on Welfare and Innovation Appropriability

Studies of the welfare effects ofpatents typically use one of two benchmarks to compare

the pre-patent to the post-patent outcome. One benchmark is that, in the absence of the

patent system, the innovation would not have taken place. The other benchmark is that,

in the absence of the patent system, the invention would have been provided by the

public sector at marginal cost. These two benchmarks generate very different welfare

outcomes. As Machlup (1958) notes, studies using the former benchmark concluded that

there is no loss in consumer surplus because of the patent system while studies that used

the latter benchmark typically concluded that the patent system generates deadweight

welfare losses. Both the above benchmarks have been used in the recent literature. For

instance, Nordhaus (1969) and Tandon (1982) have assumed that in the absence of the

patent system, the innovation would not have taken place, while Klemperer (1990)

assumed that public provision of the innovation would have occurred.
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A review of the early literature on the efficiency of patents in promoting

technical change shows that economists were rather agnostic on whether patents in· fact

promoted technical progress. Machlup (1958) indicates that he could neither prove nor

disprove that patents were promoting technical progress based on the then existing

empirical and theoretical findings. Jewkes et al. (1960) noted that the patent system

lacked logic, and was crude and inconsistent leading to extensive and costly litigation.

Despite these problems, however, they suggested that in the absence of a better

alternative the patent system should be retained as a system of stimulating the

production of knowledge. Nordhaus (1969) compared patents to subsidies with respect

to their effectiveness in promoting technical change and was unable to conclude that one

was superior to the other. He nevertheless found the patent system to be 'a remarkable

device' (Nordhaus 1969, p.90).

Empirical studies that followed shed some light on the role of patents in

stimulating the production of knowledge and on their efficiency in rewarding the

innovator. Mansfield et al. (1981) studied the relationship between patents and the rate

of innovation. They found that the effect of the patent system on knowledge generation

differed depending on the industry studied. Their results showed that twenty-five

(various industries) to fifty percent (drug industry) of the innovations would not have

taken place in the absence of the patent system. In this study they also examined the

influence of patents on imitation costs. They found that patents increase imitation costs

but do not make entry impossible or unlikely. They found that sixty per cent of the

patent innovations that they studied were imitated within four years of their introduction.

Levin et al. (1987) empirically studied the appropriability of the returns from

industrial R&D in more than one hundred manufacturing industries. They found that
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patent protection raised imitation co.sts by almost forty per cent for new drugs, about

thirty per cent for new chemical products and twenty five per cent for typical chemical

products. They also found that not all innovations were patented.

Schankerman (1998) empirically studied the effect of patents on the R&D

incentive by measuring the returns to R&D using patent renewal data in France for

different technology fields. He concluded that the patent system created valuable

property rights that were equivalent to an R&D cash subsidy rate of fifteen to twenty

five per cent (average across technology fields). He also found that R&D incentives

were shaped not only by the patent law but also by institutional constraints (i.e. price

regulations).

Trajtenberg (1990) used both patent counts and patent citations as instruments to

empirically determine the economic value of innovations. He concluded that patent

counts were highly correlated with concurrent R&D but they were not indicative of the

value of the innovation. He found a positive correlation between patent citations and the

social value of the innovations cited.1

Lerner (1994) provided an empirical analysis of the importance of patent scope

for the value of a firm. He studied biotechnology firms and used as a proxy for patent

scope the number of classes in the International Patent Classification system that the

patent examiner assigned to each patent. He found that broad patent protection increased

the value of the firm significantly and that the greater was the number of substitutes in a

product class, the greater was the impact of patent breadth on the value of the patent.

1 In this study, the social value of innovations is measured by ~Wt=W(St)-W(St-l) where W(-) is an
estimated social surplus function and St-l and St a set of products offered in two successive periods; the
period before (t-1) and after (t) the introduction of the innovation.
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Gilbert and Newbery (1982) theoretically examined the efficiency of preemptive

patenting (i.e., patenting innovations that are not used or licensed) as a tool used by an

existing monopoly to maintain its monopoly power. They found that under certain

conditions (e.g., under a perfect market for R&D inputs) preemptive patenting could

enable a firm to maintain a monopoly position despite the potential of entry.

Waterson (1990) theoretically examined the ways that a product patent could

change the nature of market entry behavior. He found that patents did not make entry

impossible, a result that supports the empirical findings of Levin et al. (1987) and

Mansfield et al. (1981). He also found that patents could lead to a better location of

products in the economic space and that under certain conditions social welfare could be

enhanced if patents could deter entry. In this study, Waterson also dealt with the

innovator's decision to patent the product or to keep it a secret when the innovator faces

possible court action. He concluded that not all innovations would be patented

(supporting the findings of Levin et al. (1987» even though the innovations that were

not patented would often be copied.

Horstmann et al. (1985) examined the patenting behavior of an innovating firm

(the decision to patent the innovation or to keep it a secret) when the patent reveals

information that is of importance to competitors. Their findings confirm Waterson's

findings that not all innovations will be patented. However, their model suggested that

the innovations that were not patented would be imitated rather than copied. They also

found that the innovator will always find it optimal to patent the innovation when

competitors find imitation unprofitable.

Other studies examined the use of price discrimination and licensing as means of

enhancing the appropriability of a patented innovation. Hausman and Mason (1988)
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analyzed the relationship between pnce discrimination and patent policy. They

suggested that price discrimination would allow innovators to appropriate more of. the

benefits from their innovation, thus leading to innovations that otherwise would not have

been produced. They concluded that third degree price discrimination by patent holders

could raise social welfare.

Kamien and Tauman (1986) studied the effect on the innovator's returns of

licensing a patented cost-reducing innovation in an oligopolistic market structure. They

compared licensing by means of a fixed fee to licensing by means of a per unit royalty.

They found that a fixed fee results in greater returns for the patentee and is preferred by

consumers because it results in lower prices compared to licensing by means of a per

unit royalty. They also found, however, that a fixed fee might affect the market structure

while a per unit royalty would not affect the final number of firms in the market.

Gallini and Wright (1990) studied licensing under asymmetric information and

determined the form of a licensing contract (exclusive versus non-exclusive and fixed

,fees versus output-based royalty) that would maximize the returns to the innovator. In

their model, the innovator has private information on the value of the innovation and the

transfer of information facilitates imitation. They found that low value innovations can

be fully exploited with an exclusive contract and a fixed fee. When the value of the

innovation is high, however, the innovator will offer an output-based royalty and the

degree of exclusivity of the contract will depend on the level of imitation costs.

Rockett (1990) demonstrated how licensing could be used by a patent holder as a

means of choosing the nature of competition (s)he would face when his/her patent

expired. She found that licensing the patent to 'weak' competitors (in terms of size or
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marginal costs) is an effective strategy that allows the patentee to prolong his/her

dominant position in the market after the patent expires.

3.3 Optimal Patent Policy and Patent Breadth

The economic studies considered so far focused on the welfare effects of the patent

system, or its efficiency in generating technical knowledge and in rewarding the

innovator. The studies examined in this section focus on correcting the inefficiencies

associated with the patent system through the determination of a socially optimal patent

policy. A variety of policy tools has been used in the optimal patent policy literature,

e.g., patent length, compulsory licensing and patent breadth. Patent length was the first

policy tool examined.

Nordhaus' (1969) pioneering work .examined the socially optimal patent length

for a cost reducing process innovation. He concluded that the socially optimal patent

length should be finite to reduce monopoly inefficiencies despite the fact that a shorter

patent life might hinder research. Scherer (1972) offered a geometric reinterpretation of

Nordhaus's optimal patent length work supporting his findings.

Tandon (1982) used both patent length and compulsory licensing as policy

instruments in designing a socially optimal patent protection. He suggested that the use

of compulsory licensing would combat the deadweight welfare losses of the patent

system.2 He found that with compulsory licensing the optimal patent life could be

infinite for both process and product innovations. Scherer (1980) suggested that the

2 For both Tandon (1982) and Nordhaus (1969) the deadweight welfare losses are associated with longer
versus shorter patents since as mentioned earlier both studies assumed that in the absence of patent
protection the innovation would not have take place.
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application of compulsory licensing to cases where patent-based monopoly power had

been abused would have no adverse impact on the rate of technological progress,

supporting the findings of Tandon (1982) that compulsory licensing could be welfare

enhancing. Merges and Nelson (1990) concluded, however, that despite the theoretical

proofs of the merits of compulsory licensing, this policy instrument has been rejected by

the intellectual property cOtnrllunity and thus its use as a tool to reduce the monopoly

inefficiencies of the patent system seems unlikely.

In the early 1990s, economists started using another dimension of the patent 

patent breadth - in designing optimal patent policy. Merges and Nelson (1990) provided

an excellent study of patent breadth and demonstrated, using patent cases, the

importance ofpatent breadth for the level of competition in the market, the returns to the

patentee and the viability of the patent after it is granted.

While patent length is easily defined and agreed upon, the meaning of patent

breadth is less clear-cut. Patent breadth has been defined in terms of the area in the

horizontally differentiated (Klemperer 1990) and/or in the vertically differentiated

(O'Donoghue et al. 1998, O'Donoghue 1998) product space that the patent protects.

These are areas in product space in which a competitor cannot offer a product without

infringing the patent. The terms lagging breadth and leading breadth have also been used

to denote the breadth of patent protection (O'Donoghue et al. 1998, O'Donoghue 1998).

Lagging breadth refers to a set of inferior products, for which no further innovation is

required for their production; however, if these products are produced they would

infringe a patent. Leading breadth refers to a set of products that require further

innovation to be produced; if produced they too would infringe a patent. Both lagging

and leading breadth can refer to either the horizontally or the vertically differentiated
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product space. Patent breadth has also been defined in economic studies in terms of how

strong the novelty requirement should be for a subsequent innovation not to infringe the

patent (Scotchmer and Green 1990, Van Dijk 1996). The difference in the economic

definitions of patent breadth is in part responsible for the conflicting findings of the

various studies regarding the optimal patent shape (i.e., patent breadth and patent

length). These findings will now be reviewed.

Gilbert and Shapiro (1990) and Klemperer (1990) were among the first studies to

use both patent length and patent breadth in the design of an optimal patent policy.

Gilbert and Shapiro (1990) studied a homogenous good market and determined the

optimal mix of patent breadth and patent length (using them as substitutes) that would

guarantee a given reward to the innovator at the minimum social costs. They defined

patent breadth in terms of the flow of profits that it confers to the innovator assuming a

positive linear relationship between the two. In their model, greater breadth leads to a

greater flow of profits but also to greater deadweight welfare losses. They concluded

that optimal patent policy calls for narrow but infinite lived patents.

Klemperer (1990) determined the optimal patent shape (patent breadth/width and

patent length) for a horizontally differentiated product innovation that would confer a

given reward to the innovator at the least social cost. He defined patent breadth in terms

of the area in the horizontally differentiated product space that the patent protects. He

assumed that patented varieties of a product are preferred to the non-patented ones by all

consumers, but consumers differ in their demands and costs of substituting to less

preferred varieties. In his model the design of optimal patent policy depends on

consumer characteristics. When all consumers face the same cost of switching to less

preferred varieties infinite lived and narrow patents were found to be optimal. If all
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consumers have the same cost of substituting outside the product class, however, broad

and short patents were found to be optimal.

Gallini (1992) determined optimal patent policy under costly imitation. She

suggested that the longer is the patent life, the greater the incentive to imitate the patent.

Defining patent breadth as the flow rate of profits for the innovator and using as

instruments of patent scope either the cost of imitation or the flow of profits to the

imitators she finds that optimal patents are short and broad. Her results contrast the

previous studies of Tandon (1982), Gilbert and Shapiro (1990) and in part KIemperer

(1990) which suggest that infinite lived and narrow patents are optimal.

The main reasons behind the difference in the results on the optimal shape of a

patent (i.e., broad and short versus narrow and long) are the way patent breadth is

defined and imitation costs are treated in these studies. Tandon (1982), Gilbert and

Shapiro (1990) and KIemperer (1990) assume that imitation is costless and therefore

always a threat to the innovator, while Gallini (1992) assumes th~t imitation is costly but

not prohibitively so.

Eswaran and Gallini (1996) examined the role of patent policy in directing

technological change by determining the socially efficient mix of process and product

innovations. They found that the private solution (i.e., absence of government

intervention) leads to too many product innovations (that relaxes competition through

product differentiation) relative to process innovations (that reinforces competition

through the reduction in production costs). To deal with this problem they proposed

broad process and narrow product breadths when the R&D costs of the pioneer are low

(Le., enhance competition by forcing the entrant to develop a more efficient process and

thus become a fiercer competitor), and broad product and narrow process breadths when
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the R&D costs of the pioneer are high (i.e., dampen competition by forcing the entrant to

develop a very different product).

The above studies examined patent breadth in a context of a single innovation

ignoring the effect of patent breadth on subsequent innovations. In addition, these

studies do not determine the magnitude of the return to the innovator; thus they do not

deal with the question of how to preserve the incentive to innovate by efficiently

dividing profits between sequential innovators. These questions are addressed by a

group of studies that is discussed below.

Scotchmer and Green (1990) studied how the novelty requirement affects the

pace of innovation. They defined patent breadth in terms of how strong the novelty

requirement must be for a subsequent innovation not to infringe the initial one. They

used a dynamic model of a patent race to describe how the strength of the novelty

requirement and the rule by which a patent is awarded (first to invent versus first to file)

determine the decisions to patent and to enter or exit a patent race. They found that a

weak novelty requirement allows for an intermediate patent increasing social welfare

from early information disclosure, while a strong novelty requirement allows only for a

final patent. They concluded that the stronger the novelty requirement (i.e., the greater

the patent breadth), the greater the profits for the innovator, the greater the loss in

welfare from limiting information disclosure and the higher the incentive for firms to

drop out ofa patent race when they fall behind technologically.

O'Donoghue et al. (1998) studied the effect of patent life, leading and lagging

patent breadth on the pace of technological progress. They found that patent breadth in

general and leading breadth in particular can increase the rate of innovation. In their

model, a given rate of innovation can be achieved either through a patent of infinite life
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and narrow leading breadth or through a patent of infinite leading breadth and short life.

They found that the former patent shape is more efficient in minimizing R&D costs and

the latter is more efficient in minimizing the costs of delayed diffusion.

Van Dijk (1996) studied the role of the novelty requirement once the patent is

granted on the competition for product improvements (i.e., vertical differentiations of a

basic product). He defined patent breadth (which he terms patent height) in terms of the

stringency of the novelty requirement that the patent examiners use. He found that low

patent protection does not affect the market equilibrium without a patent (i.e., low patent

protection does not affect the level of competition in the market). He also found that

intermediate patent protection might even hurt the patent holder of the basic innovation

as the non-patent holder may make a credible commitment to choose the most profitable

improvement (greater height/breadth). Finally, he concluded that broad patent protection

will benefit the patentee.

Scotchmer (1991) studied the division of profits between innovators when one

innovator's technology builds on another's. She did not determine an optimal patent

breadth; she rather described how patent breadth affects the incentive to innovate first

and second generation products. She found that cooperation among innovators (research

joint ventures) and patent breadth (that determines the bargaining power of the parties)

can protect the incentive to innovate by guaranteeing an efficient sharing of profits. She

suggested that when research joint ventures are not possible, courts should allow

collusive licensing between competing patentees to prevent erosion of their profits by

competing in the market.

Chang (1995) also studied the effect of patent breadth on cumulative innovation

determining the optimal court rulings that would lead to an efficient allocation of profits
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between first and second-generation innovators. He found that, as is suggested by

Merges and Nelson (1990), broad protection should be granted to innovations with large

stand-alone value relative to subsequent improvements. As well, he found that

innovations with very small stand-alone value relative to improvements, when the

former are building stones for the latter, should also be offered broad protection. This

kind of protection guarantees that there are enough incentives for the generation of the

first innovation. He suggested that collusive agreements between patentees could lead to

inefficient entry by imitators who invent around the original patent.

Green and Scotchmer (1995) showed that an efficient division ofprofits between

sequential innovators depends on patent breadth and the opportunity for cost sharing

through ex ante and/or ex post licensing. They used patent breadth and patent length as

complementary tools rather than substitutes. In their model, patent breadth determines

the relative bargaining power, while patent length determines the magnitude of joint

profits. They found a positive relationship between the breadth of the initial innovation

and the speed of disclosure. They also found that under certain licensing conditions a

narrow patent can leave the first innovator better off than can a broad one.

O'Donoghue (1998) studied sequential innovations where firms repeatedly

supersede each other. He identified four instruments of patent policy - the life of the

patent, lagging breadth, leading breadth, and the patentability requirement. He focused

on the latter and proposed the requirement of a minimum innovation size for patents. He

found that the requirement of larger innovations would stimulate R&D since doing so is

equivalent to requiring future innovators to achieve larger innovations thus extending the

effective patent life.
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Matutes et al. (1996) determined the optimal patent policy when the initial

innovation is fundamental and does not have a commercial value. They determined

breadth as the number of potential applications that can be granted to an innovator of a

fundamental idea or process. They found that the breadth of the initial innovation and

the speed of disclosure are positively related, a result that contradicts the findings of

Scotchmer and Green (1990). This different result, according to the authors, is due to the

different definition of the breadth of patent protection. In Matutes et al. (1996) model

patent breadth is defined in terms of the courts' interpretation of the patent claims, while

in Scotchmer and Green's (1990) model patent breadth is defined in terms of the courts'

interpretation of the novelty requirement.

Scotchmer (1996) also studied the protection of a fundamental innovation and

investigated whether second generation products and applications of the innovation

should be protected through exclusive licenses or through patents when they infringe the

fundamental innovation.3 She found that if ex ante exclusive licenses are permitted then

the applications or the improvements of the fundamental innovation that infringe it

should not be patentable. If the improvements are not patentable, the patent holder of the

fundamental innovation may appropriate more profits of the sequential innovations.

3.4 Patent Opposition and Litigation Risk

The escalation of patent oppositions and litigation over the last two decades initiated

studies that examine the factors that expose patents to opposition and litigation risk.

3 The status of improvements and applications (new uses) of an innovation regarding infringement and
patentability is ambiguous under the patent law (Scotchmer 1996).. Thus, an improvement or an
application of an innovation may infiinge the basic innovation but it may also be patentable (see
discussion on subservient patents in sub-section 2.3.1, chapter II).
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Harhoff and Reitzig (2000) empirical~y examined the determinants of opposition against

EPO patent grants. They used a data set covering all biotechnology and pharmaceutical

patents granted by the EPO during the period 1979-1996. They found that the perceived

value of the patent (measured by the number of backward and forward citations and by

the number of countries in which protection is sought) increased the probability of

opposition. They also found that the existence of information asymmetries between the

parties involved concerning the value of the invention and the outcome of the opposition

also increased the probability of opposition. They captured the above mentioned

information asymmetries by comparing patents in new biotechnology areas (e.g.,

microorganisms, enzymes, recombinant DNA processes) to a control group of patents

with low uncertainty (patenting ofmachinery).

Lanjouw and Schankerman (2001) empirically studied the factors that expose

patents to litigation risk. They used a data set covering all patent validity and patent

infringement suits involving patents granted by the USPTO during the period 1975

1991. They found the probability of litigation to vary significantly across patents

depending on the technological area. They observed very low litigation rates for patents

protecting chemical innovations and very high litigation rates for patents protecting

pharmaceutical innovations (one case filed for every fifty drug patents). Among the

main factors affecting the probability of litigation were, the type of ownership

(corporate/individual), the nationality (US/foreign) of the owners, the backward and

forward citations made and received by a patent, respectively, the forward self citations

and the number of claims in the patent. They found that the value of the patent

(measured by the number of forward and backward citations), the innovator's

engagement in subsequent improvement innovations (measured by the number of
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forward self citations) and the number of patent claims increase the probability of both

infringement and invalidity suits.

3.5 The Innovator's Patenting Decisions

The studies discussed above examined important aspects of patent protection as a means

of appropriating innovation rents. The innovator's role in the patenting process, his/her

choice of the breadth of patent protection claimed, once the decision to seek patent

protection has been made, has not been explicitly examined in the above studies,

however. Instead, it has been implicitly or explicitly assumed that the innovator has an

incentive to claim as much as possible (Merges and Nelson 1990, Gilbert and Shapiro

1990, Lanjouw and Schankerman 2001).

As discussed in detail in chapter II, the innovator determines whether the patent

will be granted and the viability of the patent after the grant through the patent claims

that (s)he makes. Thus, the innovator's patenting behavior is crucial in determining the

level of innovation rents that can be appropriated with the patent. The ability to

appropriate innovation rents is, in turn, crucial for the incentive to invest in R&D and to

generate the innovation.

Lerner (1995) is the only study - to the best of the author's knowledge - that

examined some aspects of the innovator's patenting behavior. Lerner (1995) empirically

examined the patenting behavior of 419 new biotechnology firms that differed with

respect to their litigation costs. He used as proxies for litigation costs the number of

previous patent suits in which the firm had been involved and the firm's financial

resources. He found that the firm's decision concerning the subclasses in which patent
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protection should be sought depended on the firm's litigation costs and the litigation

costs of the firm's rivals. He found that firms with high litigation costs were less likely

to patent in the same subclasses as their rivals, especially if their rivals were firms with

low litigation costs. He also found that firms with the highest litigation costs were twice

as likely as others to patent in subclasses with no rivals.

Even though Lerner's (1995) empirical study shed some light on how innovators

in the field of biotechnology choose certain characteristics of their patents, there is no

formal model of the innovator's patent breadth decision in the patent literature. The only

aspect of the innovator's patenting behavior that has been explicitly modeled is the

decision to patent the innovation or to keep it a secret (Waterson 1990, Gallini 1992,

Horstmann et a1. 1985).

The present study extends the patent literature by explicitly modeling the

patenting behavior of an innovator of a drastic product and a drastic process innovation.

In specific, the theoretical models developed in chapters IV and V model the patenting

behavior of an innovator who, having invented a patentable innovation and having

decided to seek patent protection, decides on the breadth of patent protection claimed.

The innovator in these models determines the optimal patent breadth claimed, that is, the

breadth of patent protection that maximizes his/her ability to appropriate innovation

rents when (s)he is faced with a positive probability of patent infringement and/or a

direct validity attack. The models developed should be seen as a first step towards the

study of the innovator's patent breadth decision.
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CHAPTER IV

STRATEGIC PATENT BREADTH FOR DRASTIC PRODUCT

INNOVATIONS

4.1 Introduction

This chapter models the patenting behavior of an innovator who, having invented a

drastic product innovation, determines strategically the optimal breadth of patent

protection. A strategically acting innovator takes into consideration the effect that patent

claims have on potential competitors and realizes that the effort of safeguarding his

technological territory does not conclude with the granting of the patent. The innovator

takes into consideration the possibility of having to enforce and/or defend his patent

rights when he determines the breadth of patent protection claimed. As a consequence,

the model explicitly examines the assumption that the patentee always applies for the

broadest scope ofpatent protection.

The chapter focuses on patents that involve drastic product innovations. Drastic

product innovations are innovations that generate new demand or meet demand not

previously met, thus enabling the innovator to exert monopoly power in the market. The

focus is on drastic innovations for two reasons. First, when drastic innovations are

introduced, the innovation rents that are at stake are substantial, thus increasing the
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probability of litigation. Second, according to the Patent Office's policy, drastic

innovations are usually granted broader protection (EPO 2000a, USPTO 1999). This is

mainly due to the fact that the patent examiner cannot find support from the prior act to

object to broad claims. Thus, claims to drastic inventions are often allowed to cover

areas beyond the area examined and disclosed by the inventor. Nelson and Merges

(1990) observe that the narrowing of the claims of pioneering!drastic inventions is left to

the courts. In addition, as discussed in chapter II, the greater is the breadth of patent

protection, the greater is the probability that the courts will invalidate the patent during a

patent infringement trial or a direct validity challenge. Thus, the patent applicant needs

to be more careful when he drafts his claims when drastic innovations are concerned,

since he cannot depend as much on the Patent Office for guidance in structuring his

claims.

The drastic product innovations that are considered in this chapter take place

within a vertically differentiated product space. Products are vertically differentiated

when one product is preferred to the rest by all consumers if offered at the same price

(Cremer and Thisse 1991). Consumers can thus rank the products in terms of a

characteristic, usually quality. Although consumers have the same most preferred

characteristic (quality), they have a different willingness to pay for the characteristic. 1

The rest of the chapter is organized as follows. Section 4.2 describes the

theoretical framework that is developed to examine the innovator's strategic patenting

behavior. This section analyses the conditions that prevail in the market and defines

1 In contrast, products are horizontally differentiated when consumers cannot rank them. That is, all
products would have positive market shares if offered in a market at the same price (Beathe and
Katsoulacos 1991). Under horizontal differentiation consumers have different most preferred varieties but
they all have the same willingness to pay for their most preferred variety.
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patent breadth. Section 4.3 presents the analytical solution to the strategic patent breadth

game. This section first describes the entrant's location decision under no patent

protection and under patent protection. Section 4.3 then examines the patentee's choice

of the optimal patent breadth. Section 4.4 concludes the chapter.

4.2 Theoretical Development of the Strategic Patent Breadth Model

The patenting process is modeled as a sequential game of complete and perfect

information. The agents involved in the game are an incumbent/patentee who applies for

a patent and decides on the breadth of patent protection claimed, and a potential entrant

who decides where to locate in the product space and who potentially competes with the

incumbent in the market. It is assumed that the incumbent has invented a product that

meets the patentability requirements and that the regulator (i.e., Patent Office) always

grants the patent as claimed; thus the regulator is not explicitly modeled. The latter

assumption is made to reflect the case under which the innovator has no help from the

Patent Office in determining the breadth of patent protection. The assumption that the

Patent Office grants the patent as claimed is a realistic assumption for drastic

innovations.

The game consists of three stages. At the first stage of the game the incumbent,

having invented a drastic product which will allow him to exert monopoly power in the

market and having decided that he wants to patent it, determines the breadth (b) of

protection that will be claimed. In the second stage an entrant observes the patentee's

product and the breadth of protection granted to it and chooses whether to enter the

market or not. If the entrant does not enter, the patentee operates as a monopolist in the
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third stage of the game. If the entrant decides to enter she does so by choosing the

characteristics of her product - i.e., her location in the product space. Once the entrant

enters, two cases may prevail in the third stage of the game. If the entrant does not locate

within the patentee's claims or if she locates within the patentee's claims and

infringement is not found then both the patentee and the entrant market their products

and compete in prices. However, if the entrant locates within the patentee's claims and

infringement is found then the entrant is not allowed to market her product and the

patentee operates as a monopolist at the third stage of the game. It is assumed that both

the patentee and the entrant are rational and foresighted. Thus, they both fully anticipate

the reaction of their opponent to each of their actions.

In this model, the patentee determines the breadth of protection that will allow

the maximum appropriation of innovation rents. The patentee acts strategically taking

into consideration the entrant's responses to his choice of patent breadth. He is aware

that the probability of the patent being attacked and/or invalid~ted increases with the

breadth of protection and that a broad patent could impede his ability to enforce his

rights if the patent is infringed and/or if its validity is directly challenged. In addition,

the innovator does not rely on the Patent Office for guidance in structuring his claims.

He is aware of the inefficiencies in the determination of patent breadth in the Patent

Office and of the fact that his effort to safeguard his technological territory does not

usually conclude with the granting of the patent.

The incumbent's decisions to invent (i.e., his choice of the innovation's

specifications) and to patent are not examined - these decisions are treated as exogenous

to this game. The only decision that the incumbent has to make involves the breadth of

protection that will be claimed - the length of protection is predetermined and is the
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same for all patents. It is assumed that the incumbent's patent does not infringe on any

previous product or process patent. It is also assumed that there is only one Patent Office

in which the incumbent can apply for patent protection (or equivalently that Patent

Offices do not differ with respect to the protection that they grant). In addition, it is

assumed that the patentee and the entrant produce only one product each and that the

entrant does not patent her product since further entry is not anticipated. It is also

assumed that the production process is deterministic; once the entrant chooses a location

she can produce the chosen product with certainty. Finally, it is assumed that there is no

time lag between making and realizing a decision.

4.2.1 Market Conditions and Determination of Patent Breadth

The market in which the patentee and the entrant operate is characterized by the

following conditions. The market can only sustain two products, that is, the market is a

natural duopoly. Every product i (i=l, 2) has an inherent quality represented by the

-
parameter qi. The quality parameter q i takes values in the interval [9...' q] where 9...

corresponds to the lowest quality that can be allowed in the market while q corresponds

to the highest quality that is technologically feasible. All consumers agree that higher

quality is preferred to lower quality. It is also assumed that every product can be

completely described by its quality alone (i.e., only one variety of the product can be

produced).

The market consists of differentiated consumers uniformly distributed in the

interval [0, 1], each buYing one unit of either product 1 or 2 but not both. The consumers

differ with respect to some attribute Auniformly distributed with unity density f(A) = 1
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in the interval Ae [0, 1]. The attribute A detennines a consumer's willingness to pay for

quality. Consumers differ in their willingness to pay due to differences in income, age,

education and/or other characteristics. The utility function for the consumption of

product i is given by:

Ui =V + Aqi - Pi (i =1,2) (4.1)

where Pi is the product price and V is a base level of utility. Product i will be

consumed as long as Ui ~°and U i > U j. It is assumed that V is large enough for

V ~ Pi Vi=1,2 to hold true so that the market is always served by at least one product.

It is assumed that the patentee's product is product 1 of quality ql and the entrant's

product is product 2 of quality q2. It is also assumed that the entrant enters with a better

quality product, such that q2=ql+e where ee(O, (q -ql)]. The parameter e represents the

difference between the entrant's and the patentee's quality or equivalently the distance

away from the patentee's product that the entrant locates in the quality space. The

consumer who is indifferent between products 1 and 2 has a A value denoted by i and

given by:

U
I

= U
2

=> i = (P2 - PI) = (P2 - PI)
(q2 -qI) 8

(4.2)

The marginal consumer i detennines the market shares of products ql and q2 as

depicted in Figure 4.1.
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o "A 1

Figure 4.1 Market Shares of Product 1 of Quality qI and Product 2 of Quality q2

Consumers with a A value such that AE [0, ..i] buy the patentee's product (the

lower quality product) while consumers with a A value such that Ae(..i, 1] buy the

entrant's product (the higher quality product). Given that every consumer buys only one

unit of the product of his choice, the demand the patentee and ~e entrant face for their

products are given by Yl =..i and Y2 = 1-..i , respectively.

The same production cost structure is assumed for both the patentee and the

entrant. The per unit production costs are assumed to be independent of the level of

quality and are equal to zero. The production of product 2 of a given quality q2 requires

the incurring of fixed sunk costs (R&D costs), however. These fixed costs, denoted by

FR (q), are an increasing function of quality: FR =P~ where P~ 4 .2 The parameter
2 9

~ represents the effectiveness of the R&D process. Low ~ values represent high R&D

2 See sub-section 4.3.1 for justification for the values of 13.
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effectiveness and imply low R&D costs while high ~ values represent low R&D

effectiveness and imply high R&D costs.

The market conditions described above imply that the Finiteness Property

introduced by Shaked and Sutton (1982) is satisfied. The Finiteness Property holds that a

market where products are vertically differentiated, where the burden of quality

improvements falls on fixed rather than variable costs and where the unit variable costs

increase in quality slower relative to the willingness to pay for quality will be

concentrated irrespective of its size and the level of fixed costs. Markets where the

above conditions are present are natural oligopolies. The number of products in markets

where the Finiteness Property holds is determined by the pattern of consumer tastes and

income distribution (i.e., factors that differentiate consumers with respect to their

willingness to pay for quality) (Shaked and Sutton 1982, 1983). In the present model, it

is assumed that consumers' tastes and/or income distribution are such that the market

can sustain only two products, that is, the market under consideration is a natural

duopoly.

An important assumption in the model is that reverse engineering is possible and

costless, which, in the absence of protection, enables the entrant to reproduce the

patented product without incurring the R&D costs. Costless reverse engineering implies

that FR (q1) =0 for the entrant. Since q2=ql+E the R&D costs incurred by the entrant for

2

the production of q2 are a function of E, namely: FR = P~. Given the above, it is
2

increasingly costly for the entrant to locate away from the patentee (i.e., to produce the

better quality product) in the quality product space. As will be shown below, the more

costly it is for the entrant to produce product 2, the smaller is the degree of
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differentiation between her product and the patentee's product.

The patentee and the entrant compete in the one-dimensional product space

presented in Figure 4.2 where quality is depicted on the vertical axes. In this product

space point A represents product 1 of quality ql. The breadth of protection claimed and

granted to product 1 when it is patented is denoted by the variable b. The breadth of

patent protection b takes values in the interval bE[O, q-ql]. To normalize the model, it

is assumed that d = q - ql = 1 which implies that bE[O, 1] and EE(O, 1]. When b takes

its minimum value of zero the protected area is just a point in the product space, point A.

This case represents the minimum breadth of protection granted by the patent, namely

zero breadth. With zero breadth of protection, the entrant can locate anywhere in the

product space except at point A. Thus, zero breadth protects the patented product only

against duplication.

q

N

d

I
b

I
E

E

I
A

.-
q

Figure 4.2 The Product Space and the Breadth of Patent Protection
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narrow patents and invalidate broad ones (Waterson 1990, Cornish 1989, Merges and

Nelson 1990). It is also assumed that when the maximum breadth is claimed (b=1), the

patent will always be found to be invalid. These assumptions are captured by assuming

that the probability that infringement is found, f.l, is equal to f.J = 1- b .5

The patent system being modeled is assumed to be that of the fencepost type, in

which claims define an exact border of protection. Under the fencepost system,

infringement will always be found when an entrant locates within the patentee's claims,

unless the entrant proves that the patent is invalid (Cornish 1989).6 In the fencepost

system the probability that infringement is found does not depend on how close the

entrant has located to the patentee. The implication of assuming a fencepost patent

system is that the probability that infringement will be found (given that the entrant has

located at & < b distance away from qt) is equal to the probability that the validity of the

patent will be upheld. Thus, the fencepost patent system implies that the events that the

patent is found to be infringed and that the patent is found to be invalid can be treated as

mutually exclusive and exhaustive.

A summary of the formal three stage strategic patent breadth determination game

is presented diagrammatically in Figure 4.3. In Stage one, the patentee chooses patent

breadth b. In Stage two, the entrant determines whether to enter in the patentee's market.

If the entrant decides not to enter, the patentee makes monopoly profits (IT m ) in Stage

three of the game and the entrant makes zero profits (see payoffs at A). If the entrant

decides to enter she chooses where to locate in the quality space by choosing the

5 To keep the model simple it is assumed that the patentee's and the entrant's trial costs do not affect the
probability that infringement will be found (or equivalently that the validity of the patent will be upheld).
6 In contrast, a signpost patent system implies that claims provide an indication of protection and the
claims are interpreted using the doctrines of equivalents and reverse equivalents.
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distance e away from qI. The choice of e detennines whether a trial occurs. The no trial

outcome occurs if the entrant chooses f, ~ b. In this case, in Stage three of the game, the

two competitors both produce their respective products and compete in the market by

choosing prices. The payoffs for the patentee and the entrant are rr~I and rr~I,

respectively (see payoffs at B). The trial outcome occurs if the entrant chooses f, < b. At

trial, there is a probability ~ that infringement is found and a probability I-IJ that

infringement is not found. If infringement is found during trial, the entrant is not allowed

to market her product in Stage three of the game. In this case, in Stage three, the

patentee operates as a monopolist while the entrant makes zero profits. If infringement is

not found during the trial, then the patentee and the entrant compete by choosing prices.

The entrant has no incentive to relocate within the quality space (i.e., the entrant has no

incentive to move from point I in Figure 4.2) as she has already incurred the R&D costs

which cannot be recovered. The payoffs for the patentee and the entrant when the entrant

chooses f, < b are E(rr~) and E(rr~), respectively (see payoffs at C).

80



After observing the quality of the patentee's product (qI) and the breadth of the

patent protection (b) granted to it, the entrant chooses whether or not to enter in the

patentee's market. If the entrant decides to enter she has two choices: to locate inside

(& < b - point I in Figure 4.2) or outside (& ~ b - point N in Figure 4.2) the patentee's

claims. The first choice corresponds to a decision to infringe the patent, while the second

corresponds to a decision not to infringe the patent. It is assumed that when the entrant

locates at a distance & < b away from qI, a trial always takes place, either because the

patentee files an infringement lawsuit or because the entrant directly challenges the

validity of the patent. It is further assumed that the filing of an infringement lawsuit is

always met with a counterclaim by the accused infringer that the patent is invalid.3 The

costs incurred during the infringement trial/validity attack by the patentee and the

entrant are denoted by Cp and CE' respectively. These costs are assumed to be

independent of the breadth ofprotection and of the entrant's location. The trial costs will

only be incurred if & < b and they are assumed to be sunk - once made they cannot be

recovered by either party.4

If the entrant locates within the patentee's claims the patent may not always be

found to be valid. Indeed, the greater is the breadth of the patent, the smaller is the

probability that the patent will be found to be valid or equivalently that infringement will

be found. This assumption follows in part because the broader is the protection claimed,

the harder it is to avoid obviousness, to differentiate the innovation from prior art (to

show novelty) and to demonstrate that the innovation is enabling. As well, this

assumption is in accordance with evidence from the literature that courts tend to uphold

3 As described in chapter II, this is a standard defence adopted by accused infringers (Cornish 1989).
4 With this assumption the possibility of the court awarding lawyers' fees to either party is excluded.
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Figure 4.3 The Strategic Patent Breadth Game
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4.3 The Analytical Solution of the Strategic Patent Breadth Game

The sub-game perfect Nash equilibrium of the sequential strategic patenting game is

found using backwards induction. The prices that the patentee and the entrant charge for

their products when they both operate in the market are detennined first. The entrant's

quality choice (her location on the quality product space) is derived next and the optimal

breadth of patent protection for the patentee is detennined last. The use of backwards

induction eliminates multiple equilibria that do not represent credible threats and yields

the only sub-game perfect Nash equilibrium of the game (Fudenberg and Tirole 1991).

The game is first solved under the assumption of no patent protection to

detennine where it is optimal for the entrant to locate when her choice is not constrained

by the breadth of patent protection. This represents the entrant's most preferred location

choice which is used as a benchmark for comparison with choices that are available to

the entrant when her location choices are constrained by the breadth ofpatent protection.

4.3.1 No Patent Protection

• The Entrant's Most Preferred Location Choice

The entrant's most preferred location is found using backwards induction. Since it is

assumed that there is no patent protection there are only two stages in this game. The

equilibrium prices of the incumbent's and the entrant's products are detennined first.

The equilibrium prices detennine the Bertrand profits for the two players. The entrant's

quality choice, her location on the quality product space is detennined last.

The Pricing Equilibrium. In this stage of the game the quality choice has been made and

fixed costs have been sunk. As shown in sub-section 4.2.1 the demand for the
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incumbent's and the entrant's product is given by YI =~ and Y2 =1- ~, respectively.

The incumbent and the entrant choose the prices for their products that maximize their

profits, given respectively by:

I: B P2 - PImax1Z"1 = PIYI = PI ~_..:...
PI G

(4.3)

Optimization of the objective functions in (4.3) yields the following first order

conditions (F.O.C.) for a maximum:

(4.4)

Simultaneously solving the equations tn (4.4) yields the equilibrium prices, the

quantities supplied and the profits in the final stage of the game, given by:

I:

E:

(4.5)

Since the entrant has the higher quality product, she charges the higher price. The

entrant serves two thirds of the market, while the incumbent serves one third of the

market. Profits are increasing in the distance e between the incumbent's and the

entrant's location. The greater is the difference in quality between the two products, the

less intense is competition at the final stage of the game and the greater are the profits
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for both the incumbent and the entrant.7

The Location Choice. The entrant chooses the distance s away from ql that will

maximize her profits at this stage of the game. The objective function of the entrant is

given by:

E: o B 4& &2
maxIT 2 ="2 -FR =--P-

& ·92
(4.6)

Optimization of equation (4.6) yields the following F.D.C. for a maximum:

The second order conditions (S.D.C.) for a maximum are satisfied since:

(4.7)

(4.8)

The mostpreferred location choice for the entrant is given by &0 in equation (4.7) which

4
holds for P~ - since se(O, 1]. The quality of the entrant's product IS given by:

9

The profits for the incumbent and the entrant under the no protection outcome

are obtained by substituting equation (4.7) into their respective profit functions. This

substitution yields the following payoffs:

I: ITO = &0 =~
1 9 8IP (4.9)

7 This is a well-established result in the product differentiation literature in simultaneous games. When
competitors frrst simultaneously choose their locations in the product space and then compete in prices
they choose maximum differentiation to relax competition in the pricing stage that would curtail their
profits (Lane 1980, Motta 1993, Shaked and Sutton 1982).
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E:

Proposition 4.1 Under no patent protection the less costly it is to produce the better

quality product (i.e., the smaller is f3), the further away from the incumbent the entrant

locates and the greater are profits for both the incumbent and the entrant.

Proof:

8£'0 4 4
- = -- ~ 0 'tj fJ 2. - .
8fJ 9fJ2 9'

8rr~ 4 4
8fJ = - 81fJ2 ~ 0 'tj fJ 2. "9;

8rr~ 8 4-- =--- ~ 0 'tj fJ 2. -. 0
8fJ 81fJ2 9

When the R&D costs are minimized - this happens when ~ takes its minimum

value (fJ = 4) - the entrant locates at the edge of the market (s=1) maximizing
9

differentiation between her product and the incumbent's product. The smaller are the

R&D costs the greater is the distance s away from the incumbent that the entrant locates

and the greater are the profits for both the incumbent and the entrant. Thus, maximum

possible product differentiation is desirable by both players.

4.3.2 Patent Protection be [0,1]

When the incumbent's product is protected ~y a patent, the entrant's location choices are

constrained. Given the assumption of complete information, the patentee knows the
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entrant's cost structure, her trial costs and can anticipate the entrant's reaction to his

choice of patent breadth. Since the entrant's location choice determines the level of the

patentee's profits, the patentee chooses the breadth of protection that induces the desired

behavior from the entrant.

The patentee knows that there is only one case in which the breadth of the patent

does not influence the entrant's location decision. This happens when the entrant's cost

structure is such that it is optimal for her to locate at the edge of the market (when

p = 4 then &0 =1). In this case, irrespective of the breadth of the patent (E is greater or
9

equal to b for all bE[O, 1]), the patent is never infringed and profits are maximized for

both players. The patentee is free to choose any patent breadth, even the maximum

breadth of protection, without triggering the trial outcome and having his patent

invalidated.

4
For any value of /3 > "9' the breadth of the patent m.ay affect the entrant's

location decision, which in turns affects the patentee's profits. If the patentee chooses

0< b ~ &0 it is always optimal for the entrant to enter and to locate at her most preferred

location, namely &0 =~ and no trial will occur. This outcome yields the same payoffs
9/3

as the no protection outcome analyzed above.8 However, if the patentee chooses

&0 < b ~ 1 the entrant must first decide, depending on the value of patent breadth,

whether to enter or not in the patentee's market. If she finds it profitable to enter, she

8 The entrant always fmds it optimal to enter since in this case her profits (given by equation (4.9» are
always positive.
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must further decide whether to infringe or not the patentee's product.

A key element in the patentee's decision making is whether there is a value of

patent breadth, b e(eo, 1], that can deter market entry. If b exists, the patentee can

choose this patent breadth and make monopoly profits. This outcome is illustrated in the

payoffs at A in Stage three in Figure 4.3. It is assumed that the entrant decides not to

enter when she is indifferent between entering and not entering the market. Thus, b is

defined as the patent breadth that makes the expected profits that the entrant realizes

when she infringes the patent (E(rr~» and the profits that she realizes when she does

not infringe the patent (II ~I) less than or equal to zero.

If there is no value of patent breadth that can deter entry in the patentee's market

the patentee must find whether there is a value of patent breadth, denoted by b e(eo, 1],

that makes the entrant indifferent between infringing and not infringing the patent. The

variable b thus makes the entrant's payoffs at B equal to the payoffs at C in Figure 4.3.

Formally, if b exists it should make Z E given in equation (4.10) equal to zero.

Z - E(III ) - rr N1
E - E E (4.10)

If b exists the patentee always chooses to deter entry. If b does not exist and b

exists, the patentee makes a decision of patent breadth by comparing his expected profits

when the patent is infringed (E(rr~» and his profits when the patent is not infringed

(II ~I ). The difference in the patentee's profits between those two scenarios is denoted

by Zp and is given by:

(4.11)

If Z p > 0 the patentee chooses a patent breadth that induces the entrant to
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infringe; a patent breadth that makes Z E > O. If Z p ~ 0 the patentee chooses a patent

breadth that results in non-infringement; a patent breadth that makes ZE ~ O. It is

assumed that the entrant chooses not to infringe when she is indifferent between

infringing and not infringing the patent.

Since the patentee's profits depend on the entrant's location on the quality

product space, the patentee must first solve the entrant's location problem to be able to

determine the breadth of protection claimed that maximizes his profits. In other words,

the patentee must first determine the values of b and b, if they exist. Note that both b

and b are such that, b,b e(so, 1]. As it has been discussed in sub-section 4.3.2 above,

the entrant may find it optimal not to enter or to enter and infringe the patent if and only

if &0 < b ~ 1; when b ~ &0 it is always optimal for the entrant to enter and to locate at

her most preferred location &0' infringement does not occur and a trial does not take

place. To determine the values b and b the patentee needs to determine the entrant's

expected profits when she infringes the patent and her profits when she does not infringe

the patent when &0 < b ~ 1. The case where the entrant finds it optimal to infringe the

patent is considered first.

4.3.2.1 The Entrant's Location Decision when &0 < b ~ 1

• The Entrant's Expected Profits when she Infringes the Patent (£, < b)

When the entrant infringes the patent the trial outcome is triggered. During trial it is

determined whether infringement has occurred (or equivalently whether the patent is

valid) or whether infringement has not occurred (or equivalently whether the patent is
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invalid).

The Pricing Equilibrium. If infringement is found during the trial, the entrant is not

allowed to market her product and makes zero profits in the final stage of the game,

while the patentee makes monopoly profits:

P:
(4.12)

If infringement is not found, the entrant is allowed to remain in the market and to

produce the quality of product that she has chosen. In this case, both the entrant and the

patentee market their products and compete in prices in the third stage of the game.

Their Bertrand profits are determined through the process described in the pricing

equilibrium in sub-section 4.3.1 and are given by:

P:

E: B 4er
1r =-

2 9

(4.13)

where Gr is the entrant's optimal location choice under the trial outcome.

The Location Choice. The location of the entrant is determined through the optimization

of her expected profits given by:

E: (4.14)

Recall that the probability of the patent being found valid is J.1, =1-b . Optimization of

the objective function in equation (4.12) yields the F.O.C. for a maximum:

(4.15)
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The S.O.C. for a maximum are satisfied Vp> 4 :
-9

(4.16)

Equation (4.15) shows that when the entrant infringes the patent she finds it

optimal to locate at a distance proportional to the breadth of the patent. Because there is

uncertainty with respect to whether the entrant will be able to continue in the market, she

'underlocates'. In order to reduce the R&D costs, which are incurred with certainty, the

entrant locates closer to the patentee than she would have done had infringement not

been a possibility. Note that when the patentee chooses the maximum patent breadth

(b=1) the entrant finds it optimal to locate at her most preferred location, GT = G • This
o

occurs because the entrant knows that she will win at trial with certainty since when

b =1 the patent is never found to be valid (i.e., f.J =1- b =0).

The entrant's expected profits when she infringes the patent are obtained by

substituting the entrant's optimal location under trial from equation (4.15) into her

expected profit function. The substitution yields the following payoffs:

E: E(IT!) = _8_b2 - C
E 81p E

(4.17)

Equation (4.1 7) shows that the greater is the breadth of the patent, the greater are

the expected profits for the entrant under the trial outcome. This result occurs because

the greater is the breadth of the patent, the greater is the probability that infringement

will not be found (or equivalently that the patent will be invalidated) and thus, the

greater is the probability that the entrant will be able to operate in the market. In

addition, the greater are the trial costs that the entrant must incur the smaller are her
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expected profits when she infringes the patent. Figure 4.4 depicts the relationship

between expected profits under infringement and the breadth of patent protection for

different R&D effectiveness and trial cost values.

o b 1

Figure 4.4 The Entrant's Expected Profits under Infringement

Equation (4.17) gives one set of conditions under which the entrant can be

deterred from entering the market. The entrant will enter into the patentee's market and

infringe the patent if and only if E(rr~) > o. Thus, the patentee can prevent entry (and

subsequently patent infringement) by choosing a patent breadth that makes E(rr~) ~ 0,

i.e., by choosing a patent breadth that satisfies:

b::;; ll~CE =b, (4.18)

Thus, bI denotes the breadth of patent protection that makes the entrant indifferent

between entering the market and infringing the patent on the one hand and not entering
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on the other hand. Whether bI E (Co ,1] exists depends on the values of ~ and CE·

Equation (4.18) shows that the greater are the costs of producing the better

quality product (i.e., the greater is ~) and the entrant's trial costs, the greater is the

breadth of the patent that would prevent entry under infringement. These insights are

depicted in Figure 4.4 and the intuition behind it them as follows. The greater are the

costs ofproducing the entrant's product, the closer to the patentee the entrant is forced to

locate and the smaller are the profits for the entrant. Similarly, the greater are the trial

costs, the less profitable infringement becomes. Under these conditions, infringement is

profitable only if patent breadth is relatively large. The greater is patent breadth the

larger is the probability that the patent will be invalidated during trial and the greater is

the probability that the entrant will be able to operate in the market.

• The Entrant's Profits when she Does Not Infringe the Patent (B ~ b)

The Pricing Equilibrium. When the entrant does not infringe the patent both the patentee

and the entrant market their products and compete in prices in the final stage of the

game. Their profits are determined through the process described in the pricing

equilibrium in sub-section 4.3.1 and are given by:

P:

E:
B 4Cn"2 =-

9

(4.19)

where & n is the optimal location choice when the entrant does not infringe the patent.

The Location Choice. The entrant's optimallocation choice under no infringement is

determined through the optimization of the profits given by:
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E:
(4.20)

S.t. C ~ b

The Lagrangean of the entrant's profit maximization problem is:

4 fJ 2
L =-e--e +A(e-b)

9 2

The Kuhn-Tucker conditions for a maximum are:

8L 4
-::;; O~ -- fJe+A::;; 0,
8e 9

8L
C ~ 0, and e - = 0ae

aL aL
-~O~e-b~O, A~O,and A-=O
aA 8A

. 0 8L 4SInce s* ~-=0~ -- fJe+ A =O.ae 9

C 1 If "i 0 h bOd aL 4 Thi I' . . dase. /\,= t en C - > an - =0~ 8 =- =8 0 , S so utlon IS reJecte
88 n 9fJ

since under this case c > b > Co .

8L 4
Case 2. If /...>0 then c 11 =b and - =0~ A = fJ . b - -. The profits for the entrantae 9

under this case are given by substituting the solution cn =b into the entrant's profit

function. This substitution yields the following profits:

(4.21)

Equation (4.21) shows that the greater are the costs of producing the higher

quality product (the greater is p) the smaller are the profits for the entrant when she

decides not to infringe the patent and locates outside the patentee's claims. Figure 4.5

depicts the entrant's profits when she does not infringe the patent under different levels
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of R&D effectiveness.
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Figure 4.5 The Entrant's Profits under No Infringement

Figure 4.5 shows that the entrant's profits under no infringement are constant for

breadth values less than or equal to the entrant's most preferred location (b~Eo) and they

are declining for breadth values greater than the entrant's most preferred location

(Eo<b~l). When patent breadth is less than or equal to the entrant's most preferred

location, the entrant always finds it optimal to locate at her most preferred location (Eo)

and makes maximum profits (IT~). However, when patent breadth is greater than the

entrant's most preferred location it becomes increasingly costly for the entrant to locate

outside the patentee's claims.

The entrant will choose to enter and not infringe the patent if and only if

IT ~l > O. The patent breadth that makes entry under no infringement non profitable for
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the entrant ( IT ~I ~ 0) must satisfy the condition given by:

(4.22)

Thus, bn denotes the breadth of patent protection that makes the entrant indifferent

between entering the market without infringing the patent on the one hand and not

entering on the other hand. Since bn E (£0,1] equation (4.22) implies that bn exists only

8
for ~ values such that f3 ~ - .

9

Equation (4.22) shows that the greater are the R&D costs (the greater is ~) that

need to be incurred for the production of the entrant's product, the smaller is the patent

breadth that prevents entry under no infringement. This result is depicted in Figure 4.5

and the intuition behind it is as follows. The entrant must locate outside the patentee's

patent breadth for infringement not to occur. If patent breadth is large it may not be .

profitable for the entrant to locate outside the patentee's claims because it becomes more

expensive to produce her product. The greater are the costs of producing the better

quality product, the closer to the patentee the entrant is forced to locate and thus the

smaller is the patent breadth that makes it unprofitable for the entrant to enter without

infringing the patent.

Equations (4.18) and (4.22) give the conditions for non-entry under infringement

and under no infringement, respectively. The breadth of patent protection that deters

entry in the patentee's market, b, if it exists, must simultaneously satisfy both

conditions for non-entry under infringement and under no infringement. Thus, the entry

deterrence condition is given by:
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(4.23)

Equation (4.23) shows that patent breadth b deters entry if and only ifboth the entrant's

expected profits under infringement and her profits under no infringement are less or

equal to zero; for b =b E(rr~) ~ 0 1\ rr~l ~ o.

Another important element in the patentee's decision making, besides the

existence of the patent breadth b that can deter entry, is whether there is a patent

"'"breadth b E (80 ,1] that makes the entrant indifferent between infringing and not

infringing the patent. If entry cannot be deterred (i.e., a b does not exist), before the

entrant enters she must decide whether to infringe or not infringe the patent. As

described in sub-section 4.3.2 patent breadth b, if it exists, makes the difference

between the entrant's expected profits when she infringes the patent and her profits

when she does not infringe the patent (denote by ZE ) equal to zero.

The determination of the entrant's expected profits under infringement and her

profits under no infringement allow the patentee to determine the value of ZE .

Substitution of the expressions for the expected profits under infringement and the

profits under no infringement given by equations (4.17) and (4.21), respectively, into the

expression for ZE' given by equation (4.10), yields:

8 f3 2 4
Z =(-+-)b --b-C

E 8113 2 9 E
(4.24)

Equation (4.24) shows that ZE is a function of the breadth of the patent (b), the

entrant's cost structure (~) and the entrant's' trial costs (CE). The entrant's cost structure

and the trial costs are exogenous to the game; these parameters are not affected by the
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decisions made by the patentee or the .entrant. Patent breadth, however, is determined by

the patentee. Thus, the breadth of patent protection claimed can determine whether the

entrant will find it profitable to infringe or not infringe the patent.

Proposition 4.2 When the entrant finds it optimal to enter the market (i.e., when entry

cannot be deterred) then:

(a) The greater is the breadth of patent protection the greater is the entrant's

incentive to infringe the patent.

(b) The more costly it is to produce the better quality product the greater is the

entrant's incentive to infringe the patent.

(c) The greater are the entrant's trial costs the smaller is the entrant's incentive to

infringe the patent.

Proofs:

BZ 16 4 4
(a) _E =(-+fJ)b--~O'\j fJ~- 1\ be(&o,1]

Bb 81fJ 9 9

The greater is the breadth of patent protection the more costly it becomes for the entrant

to locate outside the patentee's claims. In addition, the greater is the breadth of patent

protection the greater is the probability that the patent will be invalidated and that the

entrant will win at trial. Both the above outcomes increase the entrant's incentive to

infringe the patent.

BZE 8 1 2 4
(b)-=(--+-)b ~O'\j p~-l\be(&o1]

BfJ 81P 2 9 '

The greater are the costs that need to be incurred for the production of the better quality

product the less profitable it becomes for the entrant to locate outside the patentee's
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claims.

aZE(c) -=-1<0.0
aCE

The existence of a patent breadth that deters entry, b, is closely linked to the

existence of a patent breadth that makes the entrant indifferent between infringing and

not infringing the patent, b. Figures 4.6 and 4.7 depict different scenarios with respect

to the existence of band b. Figure 4.6 depicts two cases under which entry cannot be

deterred - abE (so, 1] does not exist. Figure 4.7 depicts three cases under which entry

can be deterred - abE (so, 1] exists.

$
$

1bo

noEI--------

(a) (b)

Figure 4.6 The Entrant's Profits under Infringement and No Infringement

when Entry cannot be Deterred - a be(80, 1] does not Exist

Panel (a) in Figure 4.6 represents the case where there is no patent breadth that
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can deter entry in the patentee's market and abE(eo, 1] does not exist. In this case non

infringement is always an optimal strategy for the entrant as the curve depicting' the

entrant's profits under no infringement is above the curve depicting the entrant's

expected profits under infringement for all patent breadth values (see Proposition 4.3 for

a formal proof). Panel (b) in Figure 4.6 represents the case where there is a b E(eo, 1],

but b does not satisfy the entry deterrence condition, thus implying that entry cannot be

deterred (see Proposition 4.6 for a formal proof). This result occurs because patent

breadth b results in positive profits for the entrant irrespective of whether she infringes

the patent or not. Neither bI nor b
ll

can deter entry since none of them satisfies the entry

deterrence condition.
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(c)

Figure 4.7 The Entrant's Profits under Infringement and No Infringement

when Entry can be Deterred - a be(£o, 1] Exists

Panel (a) in Figure 4.7 represents the case where entry can be deterred and there

is no b E (80 ,1]. Patent breadth b
ll

deters market entry since it satisfies the entry

deterrence condition. In fact, any value of patent breadth such that b E [b 11 ,1] can deter
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entry. Panel (b) in Figure 4.7 represents the case under which b is the only patent

breadth that can deter entry. Finally, panel (c) in Figure 4.7 represents the case where

there is abE (eo, 1] and b satisfies the entry deterrence condition. In this case, there is a

range of patent breadth values that can deter entry in the patentee's market. That is,

eitherb ,bI ,b
ll

or any b E [bn ,bI] can deter entry since all the above patent breadth

values satisfy the entry deterrence condition.

As it was mentioned above, patent breadth b, if it exists, should make ZE =0 .

To determine whether a b exists ZE =(_8_ +t )b 2
- 4 b - CE =0 is solved for b. This

81{3 2 9

9(4{3 ±.fiJP~16CE + 8{3 + 81CE{32)
solution yields the following two roots: bi 2 = 2.

, 16+81{3

9(4{3-.fiJP~16C +8{3+81C {32) 4
The root b2 = E 2 E ~ 0 'r;j {3 ~ - /\ C~O and it is thus

16+81{3 9

9(4{3 +.fiJP~16CE + 8{3 + 81CE{32)
rejected since£o < b ~ 1. The root b = ~ 0 \:f

I 16+81,82

{3 ~ 4 /\ C~O and it is accepted as a possible solution. Thus, if b exists it will be equal
9

The patent breadth b that makes the entrant indifferent between infringing and

not infringing the patent is a function of the entrant's cost structure (P) and her trial costs

(CE). Patent breadth b exists only if the values of pand CE are such that £0 < b~ 1. It is

easily verified that the condition b- £0 > 0 is satisfied for all pand CE values. That is,
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condition b ~ 1 is satisfied for certain combinations of f3 and CE values. To determine

the combinations of f3 and CE values which satisfy the condition b ~ 1, the pairs of f3 and

CE values which satisfy the above constraint as an equality (b =1) are determined first.

The solution of b -1 =0 with respect to CE yields: C =16 -72{3 + 81{32 . The
E 162{3

combination of f3 and CE values for which b-1 =0 is represented by the locus b =1 in

Figure 4.8. The area to the right of the locus b=1 represents all combinations of f3 and

CE for which b exists (b < 1); this area includes the dotted and vertically hatched areas

in Figure 4.8. This case is also depicted in panel (b) in Figure 4.6 and in panel (b) and

(c) in Figure 4.7. The area to the left of the locus b =1 represents all combinations of f3

and CE values for which b does not exist (b > 1); this area includes the non-shaded and

the horizontally hatched areas in Figure 4.8. This case is also depicted in panel (a) in

Figure 4.6 and panel (a) in Figure 4.7.
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I~E!ntry!c!an~b~e~III.'-:.1::::j<~:::~•••~••••~ b =I

deterred, 3 b

Entry cannot be
deterred

Entry cannot be
deterred, ~ b

Figure 4.8 Combinations ofCE and pValues for which b,b E (Eo,l] Exist

If 8 0 < b ~ I exists, it can deter entry if and only if it also satisfies the entry

deterrence condition ..!.. ~b~ ~81CEP . The entry deterrence condition is satisfied for
9P 8

P~ ~ and for certain combinations of 13 and CE values. To find the combinations of 13
9

and CE values that satisfy the entry deterrence condition, the locus that satisfies the

condition as an equality is determined first. The locus b= b in Figure 4.8 refers to the

pairs of 13 and CE values for which ..!.. = b= ~81CEP holds true. Solution of the above
9P 8

condition with respect to CE yields: CE = 512 3 • This case is also depicted in panel (b)
656lP

in Figure 4.7. All combinations of 13 and CE values above the locus b=b and below the
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locus b = 1 - the dotted area in Figure 4.8 - satisfy the entry deterrence condition. This

case is also depicted in panel (c) in Figure 4.7. The combinations of p and CE values

below the locus b=b and below the locus b=1 - the vertically hatched area in Figure

4.8 - do not satisfy the entry deterrence condition. This case is also depicted in panel (b)

in Figure 4.6.

The close relationship between the existence of a patent breadth bE (8'0,1] that

can deter entry and a patent breadth b E (8'0,1] that makes the entrant indifferent

between infringing and not infringing the patent is further demonstrated in the

propositions that follow.

Proposition 4.3 If b E (8'0,1] does not exist it is never optimal for the entrant to infringe

the patent.

Proof:

At the entrant's most preferred location 8 0 non infringement is always more profitable

than infringement for the entrant. That IS, for
4

b =8'0 =-
9[3

128 8 4 h b d· . . I h ·f
ZE =-CE + 3 --- < 0 'V [3 ~ - /\ CI2:0. Tea ove con It10ns Imp y t at la

6561[3 81[3 9

bE (8'0,1] does not exist (i.e., there is no patent breadth that makes ZE=O), then ZE<O

'VbE[O,I] which implies that rr~l > E(rr~). This result is depicted in panel (a) in Figure

4.6 and in panel (a) in Figure 4.7. 0
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Proposition 4.4 If b E (80 ,1] does not exist, the only patent breadth bE (80 ,1] that can

deter entry is the patent breadth that satisfies the non-entry condition under no

infringement.

Proof:

From Proposition 4.3 it is known that for b=eo ZE<O. If b that makes ZE=O does not

exist then 'db E [0, 1] ZE<O~ IT:1 > E(IT ~ ). If there is a patent breadth bn that satisfies

the non-entry condition under no infringement this implies that for b = bn IT:1 ~ O.

Given that IT:I > E(IT~), when b =bn the entry deterrence condition is also satisfied. In

this case, any bE [bll ,1] can deter entry. This case is depicted in panel (a) in Figure

4.7.0

Proposition 4.5 If b E (80 ,1] exists:

(a) The greater are the costs ofproducing the higher quality product, the smaller is

the breadth of the patent that makes the entrant indifferent between infringing

and not infringing the patent.

(b) The greater are the trial costs, the greater is the breadth of the patent that

makes the entrant indifferent between infringing and not infringing the patent.

Proofs:
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The more costly it is to produce the better quality product, the closer the entrant is forced

to locate to the patentee and the smaller is the breadth of patent protection that makes it

unprofitable for the entrant to locate above the patentee's patent breadth.

The greater are the trial costs the less appealing is infringement to the entrant. The

entrant in this case will infringe the patent only if the breadth is so large that her cost

structure does not allow her to locate outside the patentee's claims. 0

Proposition 4.6 If b E (80,1] exists and b cannot deter entry (i.e., b does not satisfy the

entry deterrence condition), then there is no bE (80 ,1] that can deter entry.

Proof:

If b exists, then for b =b ZE=O. Since b cannot deter entry it follows from equation

(4.10) that at b =b both E (II ~ ) > 0/\ II ~I > 0 must be satisfied. Assume that there is a

b> b that can deter entry in the market. Then at b =b both E (II~ ) < 0 1\ IT ~I < 0

should be satisfied. But aE(IT~) ~ 0 which, given that at b =b E(IT~) > 0, implies
ab

that Vb> b E (IT ~ ) > o. Thus, there is no patent breadth b> b that can deter entry..

Now assume that there is a b< b that can deter entry in the market. Then at b =b both

arr NI a2rr NI
E(rr~) < 0 /\rr~I < 0 must be satisfied. But rr~I is concave in b, -_£- ~ 0, 2£ ~ 0

ab ab

which, given that at b = b IT ~I > 0 , implies that Vb< b at b =b rr ~I > O. Thus, there
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is no patent breadth b< b that can deter entry in the market. This case is presented in

Figure 4.6, panel (b). D

Proposition 4.7 If b E (£0,1] exists and it satisfies the entry deterrence condition as an

equality then b is the only breadth ofpatent protection that can deter entry.

Proof:

The proof in this proposition is similar to the proof in Proposition 4.6. Since b is the

breadth of patent protection that makes ZE=O, if b makes E(II ~ ) = 0 it should also

make II~I = 0 (this follows from equation (4.10». Since 8E(II~) ~ 0 '\I b< b
8b

/ ,.. ,.....,., " ,.....,.,

E(II E ) < 0 and '\I b > b E(II ~) > O. Also, since II~I is concave in b, '\I b < b

II~I > 0 and '\I b> b II~I < O. Thus, there is no b"* b for which E(II~) < 0 /\

II ~I < 0 which implies that there is no b"* b that satisfies the entry deterrence

condition. This case is depicted in Figure 4.7, panel (b). D

Proposition 4.8 If b E (£0,1] exists and it satisfies the entry deterrence condition as a

" "
strict inequality then there is a range ofpatent breadth values in the interval [bn ,bI] or

in the interval [bn ,1] that can deter entry.

Proof:

If b exists, then for b = b ZE=O. If b can deter entry it follows from equation (4.10)

that at b = b both E (II ~ ) < 0/\ II ~I < 0 must be satisfied. Given that II ~I (b=O) > 0, II ~I
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is concave in b and at b =b n~1 < 0, there is a breadth of patent protection bll E (O,b)

h h n NI OS' 'I I . h 8E(IT ~ ) ° d b b E(IT I) °suc t at E (b-b ) = . tmt ar Y gIven t at ~ an at = E <
- 11 8b

" ,....,
there may exist a bl E (b ,1] such that E(IT~) . = 0. This case is represented

(b=b/)

graphically in Figure 4.7, panel (c). If bl E (&0,1] exists then any bE [bll,b l ] can deter

entry. If bl E (&0,1] does not exist then any bE [bll ,1] can deter entry in the market. 0

4.3.2.2 The Patentee's Strategic Patent Breadth Decision

In sub-section 4.3.2.1 it was shown that the existence of a patent breadth b that deters

market entry and!or a patent breadth b that makes the entrant indifferent between

infringing and not infringing the patent depends on the entrant's R&D effectiveness (~)

" '"
(i.e., her R&D cost structure) and her trial costs (CE). The existence of b and b

determines the patentee's optimal patent breadth choice and the profits that can be

realized. Different outcomes with respect to the patentee's patent breadth choice and

profits emerge under different scenarios regarding the existence of b and b. These

scenarios and the respective outcomes that emerge are presented in Figure 4.9.
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Figure 4.9 The Patentee's Strategic Patent Breadth Decision
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• Scenario One: There is a patent breadth h or a range ofpatent breadth values in

the interval [hll ,hI] or in the interval [h
ll

,1] that deter entry.

Under this scenario, irrespective of whether b exists or not, it is always optimal for the

patentee to claim the breadth ofpatent protection h or any breadth values in the interval

[hll , hI] or in [hll,l] that deter entry. By claiming h the patentee makes monopoly profits

• Scenario Two: There is no patent breadth h that can deter entry and there is no

patent breadth b that makes the entrant indifferent between infringing and not

infringing the patent.

Under this scenario, as described in Proposition 4.3, the patent is never infringed. The

patentee's profits under no infringement are rrpV.1 =n B =~, where Gil == b (see sub
1 9

section 4.3.2.1). The patentee chooses the breadth of patent protection that maximizes

his objective function given by equation (4.25):

b
P: maxrr NI =-

b P 9

S.t. 0 ~ b ~ 1

(4.25)

Equation (4.25) shows that the patentee's profits under no infringement are increasing

linearly in patent breadth. Given that patent breadth takes values in the interval 0 ~ b ~ 1

the patentee's profits under no infringement are maximized for b=1. The patentee's

profits when the patent is never infringed are depicted in Figure 4.10.
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Figure 4.10 The Patentee's Expected Profits when the Patent is Never Infringed

In Figure 4.10 the patentee's profits are increasing linearly in patent breadth and

are maximized for b=1. The above results show that when it is never optimal for the

entrant to infringe the patent (i.e., when there is no b or b) it is always optimal for the

patentee to claim the maximum breadth ofpatent protection, bmax =1.

The results in scenario two capture the standard assumption made in the patent

breadth literature with respect to the patentee's patent breadth decision. The assumption

in the patent literature is that the patentee claims the maximum breadth of patent

protection (Merges and Nelson 1990, Gilbert and Shapiro 1990, Lanjouw and

Schankerman 2001). The above result suggests claiming the maximum patent breadth is

an optimal strategy for the patentee only if non infringement is an optimal strategy for

the entrant.

• Scenario Three: There is a patent breadth b that makes the entrant indifferent

between infringing and not infringing the patent and b cannot deter entry.
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Under this scenario, as it has been shown in Proposition 4.6, if b cannot deter entry then

there is no other breadth of patent protection bE (&0,1] that can deter entry. In this case,

the patentee has to determine whether it is more profitable to induce infringement by

claiming a patent breadth b > b or not to induce infringement by claiming a patent

breadth b ~ b .The patentee under this scenario uses the value of Zp == E(IT ~) - IT ~l to

determine the optimal patent breadth. If Zp > 0 the patentee chooses a b >' b that

induces the entrant to infringe the patent. If Zp ~ 0 the patentee chooses a b ~ b that

induces non infringement. The optimal patent breadth value is determined through the

solution of the patentee's maximization of expected profits under infringement and

under no infringement.

• The Patentee's Expected Profits when he Induces Infringement (b > b)

When the patentee claims b > b he knows that the entrant's optimal strategy is to

infringe the patent. The patentee makes monopoly profits with probability J.L == 1-b if

his patent is found valid during trial (or equivalently if infringement is found) and

duopoly profits with probability 1- J.L == b if his patent is revoked (or eq?ivalently if

&'
infringement is not found). The patentee's duopoly profits are given by 1l"~ == t where

4
& T == - b is the entrant's optimal location when she infringes the patent (see sub-

9f3

section 4.3.2.1). The patentee also incurs trial costs denoted by Cp which are

independent of the breadth of patent protection claimed.

The patentee chooses the breadth of patent protection that maximizes his
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expected profits under infringement. 1)le patentee's objective function is given by:

P: (4.26)

s.t. b + e ~ b ~ 1 where e ~ 0

The Lagrangean of the patentee's profit maximization problem is given by:

The Kuhn-Tucker conditions for a maximum are:

aL 8b aL .
-~O=>-II +--~ +22 ~O, b20 and b-=O
ab m 81[3 ab

aL aL
-20=>1-b20 .11 20 and ~-=O
a~ , a~

. '- oL 8b
Since b + e ~ b ~ 1 => b *- 0 => - =0 => -II +--- ~ + 22 =0

ab m 81[3

'- aL 81fJIl
Case 1. If Al = ,,12 = 0 => b + e < b < 1 and from - = 0 => bI = m

ab 8

The S.O.C. for a maximum are not satisfied, a
2

~ =_8_ > 0 which implies that bI is a
ab 81[3

minimum not a maximum and bI is thus rejected as a solution. The above conditions

indicate that there is a comer solution to the expected profit maximization problem.

Thus, either b=1 or b = b+e is the breadth of patent protection that maximizes the

patentee's expected profits under infringement.

Case 2. If Al > 0 then b=1 and ,,12 =O. In this case, ~ =_8_ - II m and the patentee's
81[3
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expected profits are:

E(llI) =~-C
p b=l 81{3 P

(4.27)

-- . 8(b +e)
Case 3. If .,1,2 < 0 then b =b + e and Al = o. In thIS case, .,1,2 = ll rn - and the

81{3

patentee's expected profits are:

I -- 4 -- 2E(llp)b b- = (l-b -e)ll rn +-(b +e) -Cp
= +e 81{3

-- 4 --
limE(ll~) b- =ll rn -bll +-b 2 - Cp
e~O b= +e rn 81{3

h
-- 9(4{3 +.fifP~16CE + 8{3 + 81CE{32)

were b = ------------
16+81{32

(4.28)

Comparison of the patentee's expected profits when b=1 given by equation (4.27) to the

patentee's expected profits when b =b+e given by equation (4.28) yields the following

results. For monopoly profit values ll rn ~ 0.089, E(ll~)b=l ::; E(ll~) b=b+e. For

monopoly profit values ll rn <0.089, E(ll~)b=l >E(ll~)b=b+e. Note that, under

scenario three, all values of the entrant's R&D effectiveness (~) and trial costs (CE) are

such that both C < 16 -72{3 + 81{32 and C ::; 512 are satisfied (i.e., ~ and CE
E - 162{3 E 6561{33

values in the vertically hatched area in Figure 4.8).

The above results show that the smaller are the monopoly profits that the

patentee makes when his patent is found valid at trial, the greater is the patentee's

incentive to claim the maximum breadth of protection and have his patent revoked. This

happens because under infringement the entrant's location is proportional to the breadth
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of the patent (i.e., 8 T =~b ) so the greater is patent breadth the further away from the
9/3

patentee the entrant locates and the greater are the profits at the last stage of the game for

both players. In other words, in this case, the effect of the loss of monopoly profits due

to the large patent breadth is smaller than the effect of the increased profits brought by

the increased level of differentiation between the two products. However, when

monopoly profits are large the patentee does not want to risk having his patent revoked

by claiming the maximum breadth of patent protection and he claims b =b + e instead.

In this case, the effect of the decrease in expected profits due to the decrease in product

differentiation is smaller than the effect of the increase in expected profits due to the

increased probability that infringement will be found at trial and the patentee will realize

monopoly profits.

Given that the level of monopoly profits is unknown, two cases have to be

considered. Under the first case E(rr~)b=l > E(rr~)b=b+e' while under the second case

E(rr~)b-l ~E(rr~) - . The two graphs in Figure 4.11 depict the above two cases- b=b+e

~ ~

when bl E(b +e, 1) (panel (a)) and when bl f£(b +e, 1) (panel (b).
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Figure 4.11 The Patentee's Expected Profits when Infringement is Induced

As shown in Figure 4.11 when the patentee's expected profits under

infringement are represented by the curve AB the patentee maximizes his profits by

choosing the patent breadth b =b+e. When the curve CB reflects the patentee's

expected profits under infringement then the patentee maximizes his profits by choosing

the maximum breadth ofpatent protection bmax =1.

• The Patentee's Profits when he Induces Non Infringement (b ~ b)

When the patentee claims b ~ b he knows that the entrant's optimal strategy is to not

infringe the patent. The patentee chooses the breadth of patent protection that maximizes

his profits under no infringement given by:

P: NI B Gn b
maxil p ="1 =-=-

b 9 9
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'"s.t. 0 ~ b ~ b

Since the patentee's profits under no infringement are increasing linearly in patent

breadth the breadth of patent protection that maximizes equation (4.29) is b11 = b .

Substituting b
ll

=b in equation (4.29) yields the patentee's maximum profits under no

infringement:

NI b 4fJ+J2jp~16CE +8fJ+81CEfJ2
IT -- - -------:;",...-------

p -9- 16+81p2
(4.30)

Having determined the optimal patent breadth and the level of profits under

infringement and under no infringement the patentee can determine the value ofZp. Two

cases must be considered depending on whether b =1 or b =b+ e is the optimal patent

breadth under infringement.

Under this case Zp is redefined as Z~ = E (IT ~ )b=l - IT ~l •

Proposition 4.9 When b E (co,l] exists and it cannot deter entry, claiming the maximum

breadth ofpatent protection (bmax = 1) is never an optimal strategy for the patentee

unless b = 1.

Proof:

1 I NI 4 4fJ + J2jp~16CE + 8fJ + 81CEp2
Z =E(IT) -IT =----~~------

P P b=l P 81P 16 + 81P2
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Since Z~ < 0 the optimal strategy for the patentee under scenano three when

E (II~ ) b = I > E (II pI) - is to claim patent breadth b = b which does .not
b=b +e

induce infringement.

Under this case Zp is redefined as Z; = limE(II~) _ - II~I.
e~O b=b+e

Substituting equations (4.28) and (4.30) into Z; Yields:

2 "" 4 ""2 b
Z =fI -bfI +-b -C --

p m m 8113 p 9

h
"" 9(4f3+..fiJP~16CE +8f3+81CE f32)

were b =-------------
16+81132

The value of Z; cannot be determined without knowledge of the values of the

parameters II m , P, Cp and CE. When b E (&0,1] exists and it cannot deter entry the

optimal breadth of patent protection is either (b =b) or (b =b+e) depending on the

relative values of the parameters fI m , fJ , Cp and CE •

"Proposition 4.10 When the patentee cannot deter entry (a b does not exist) and there

exists a patent breadth b that makes the entrant indifferent between infringing and not

infringing the patent then:

(a) The greater are the patentee's monopoly profits (fI m) the greater is the

patentee's incentive to induce infringement.

(b) The greater are the patentee's trial costs (Cp) the smaller is the patentee's
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incentive to induce infringement.

(c) The greater are the entrant's costs ofproducing the better quality product the

greater is the patentee's incentive to induce infringement given that the

patentee's monopoly profits are different than zero.

Proofs:

(a)

C < 16-72P+81p2 C < 512
E - 162P A E - 6561p3 .

Since under this scenario the patentee cannot deter entry, the only case that he can earn

monopoly profits is if his patent is infringed and he wins at trial. Thus, the greater are

the monopoly profits that he anticipates to make the greater is his incentive to claim a

patent breadth that will induce infringement.

az 2

(b)-P=-I<Oacp

az~ =-A+162PB+8AB(16+81p2)- 1296B _ 4B
2

(16+81p2)2 +
(c) ap 16+81fJ2 fJ

II m (-9B(16+81p2) + 1458PB) ~ 0

16-72fJ+81fJ2 512
'v'~, CE such that, CE :::; ACE :::; 3 and II m > O.

162P 6561P

jP(8+162CEfJ) ~16CE +8fJ+81CEp2
4 + +-=-----=---=----

.fi~16CE+8fJ+81CEfJ2 .fijP
Where A =---...:..---------------- and

16+81fJ2

4P +.fijP~16CE + 8fJ +81CEp2
B =----~-------

(16+81fJ2)2 .
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The intuition behind this result is as follows. The greater are the entrant's R&D costs,

the closer the entrant is forced to locate to the patentee. In this case, the patentee has a

greater incentive to induce infringement because the closer to the patentee the entrant is

forced to locate, the smaller need be the patent breadth that will induce the entrant to

infringe and thus, the smaller is the probability that the patent will be invalidated at trial.

The effect that CE has on the patentee's incentive to infringe the patent is inconclusive, it

depends on the values of ~ and II m • 0

Figure 4.12 depicts the patentee's expected profits under infringement and his

profits under no infringement as a function ofpatent breadth.

$

A

b b +e b 1

Figure 4.12 The Patentee's Expected Profits under Infringement and his Profits·
under No Infringement under Scenario Three

In Figure 4.12 line KA represents the profits that the patentee makes when his

patent is not infringed. The curves AB and A'B refer to the expected profits that the
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patentee makes when his patent is infringed and E{IT1p)b_1 ~ E{IT pI ) ~ . The curve- b=b+e

CB refers to the expected profits that the patentee makes when his patent is infringed

and E{IT~)b=1 > E(IT~)b=b+e. When the patentee's expected profits under infringement

are depicted by the curve A'B or the curve CB, the profits for the patentee are

maximized at point A where the breadth of patent protection is b. When the patentee's

expected profits under infringement are depicted by the curve AB profits for the patentee

are maximized at point A where the breadth ofpatent protection is b+ e .

To summarize the findings of sub-section 4.3.2.2, the patentee's choice of the

optimal patent breadth depends on the entrant's R&D cost structure (f3) and her trial

costs (CE). When the combination of Band CE values is such that both conditions 13 ;;::: ~
9

and C > 512 are satisfied (A and CE values are in the dotted and horizontally
E - 656113 3 JJ

hatched areas in Figure 4.8), then there exists at least one patent breadth b that can deter

"
entry in the market. In this case, the patentee always chooses patent breadth b and

maximizes his profits (ITm) operating as a monopolist.

When the combination of B and CE values is such that both conditions

4 8 16-7213+8113 2
• •

- ~ 13 < - and CE > are sattsfied (B and CE values are In the non-
9 9 16213

shaded area in Figure 4.8), then there is no patent breadth that can deter entry or that can

make the entrant indifferent between infringing and not infringing ~he patent. The

patentee thus finds it optimal to claim the maximum patent breadth (bmax=1), since in

this case the patent is never infringed and a trial never occurs.
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Finally, when the combination of ~ and CE values is such that both conditions

C < 16-72/3+81/32 and C
E

< 512 3 are satisfied (~ and CE values are in the
E - 162/3 6561/3

vertically hatched area in Figure 4.8), then it is optimal for the patentee to choose either

patent breadth b and not induce infringement or b+ e and induce infringement. The

choice of the optimal patent breadth in this case depends on the patentee's trial costs

(Cp), the monopoly profits that the patentee will make ifhis patent is found valid at trial

(TIm) and the entrant's R&D cost structure (~) and trial costs (CE).

4.4 Concluding Remarks

In this chapter a simple game theoretic model is used to describe the patenting behavior

of an innovator who, having invented a drastic product innovation and having decided to

seek patent protection, determines the breadth of patent protection that maximizes the

appropriability of the rents from his innovation. To determine the optimal breadth of

patent protection claimed, the patentee acts strategically, choosing the breadth of

protection that induces the desired behavior by the entrant. The patentee is foresighted

and anticipates that he may have to incur costs to enforce his patent rights. The model

suggests that the strategic patent breadth, that is, the breadth of patent protection that

maximizes the innovators ability to appropriate innovation rents, depends on the

entrant's R&D cost structure and her trial costs.

Contrary to what it is traditionally assumed, the results show that it is not always

optimal for the patentee to claim the maximum patent breadth possible. In fact, only for

certain values of the entrant's R&D effectiveness and trial costs it is optimal for the
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patentee to claim the maximum breadth of patent protection. The patentee claims

maximum patent protection when he cannot deter entry and the entrant always finds it

optimal to not infringe the patent. The maximum breadth of protection is also claimed

when the only patent breadth that deters entry b=b is equal to one which occurs for a

specific combination of R&D and trial costs (i.e., for f3 =~ and CE =.!. ).
9 9

The results hold under the assumption of a fencepost patent system; which

implies that the events that the patent is infringed and the patent is invalid can be treated

as mutually exclusive and exhaustive. In addition, it has been assumed that the market

can only support two products, and that the R&D process is deterministic. Relaxing the

above assumptions is the focus of future research.
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CHAPTER V

STRATEGIC PATENT BREADTH FOR DRASTIC PROCESS

INNOVATIONS

5.1 Introduction

In chapter IV the patent breadth that maximizes the innovator's ability to appropriate

innovation rents was determined for drastic product innovations. This chapter examines

the strategic patenting behavior of an innovator who has invented a patentable process

innovation and uses patent protection to maximize the appropriability of this innovation.

Process innovations are new technologies that refer to the way or method of generating a

product (e.g., an example of a process innovation could be a new process that produces a

purified version of existing proteins). The product itself does not have to be new or

patentable for the process to be patentable (e.g., purified versions of existing proteins are

not patentable in some countries). Usually new processes are either cost reducing and/or

they improve the efficiency ofproducing a product (e.g., a process that generates a purer

form of a protein).

The distinction between product and process innovations is an important one as

the nature of competition in a market depends on whether the patent protects a product

or a process (Eswaran and Gallini 1996). Product patents usually grant greater protection
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than process patents (Merges and Nelson 1990). When the innovator holds a product

patent, rivals cannot produce the same product even if a different or a

more efficient process is used for its production. l However, when the innovator holds a

process patent for producing a given product, but not a patent on the product itself, rival

firms with non-infringing processes can produce the same product or different versions

of it.

An example used in the literature to underline the significance of the distinction

between product and process patents for the level of competition in the market is the t-

PA (Tissue Plaminogen Activator) drug. This is a clot dissolving heart attack drug,

which is the first commercially successful product derived using recombinant DNA

technology (Eswaran and Gallini 1996, Merges and Nelson 1990). This drug was

introduced by Genentech, which received a product and a process patent in the US but

only a process patent in the United Kingdom (in the United Kingdom the product was

found to be non-patentable). In the United Kingdom, fifteen other firms that were

working on the generation of the drug were free to purse non-infringing processes for

generating the non-patentable product. In the US, however, work by other firms on the

drug was blocked, mainly because the company held a product patent (Eswaran and

Gallini 1996).

The process innovations that are examined in this chapter are assumed to be

drastic innovations. Drastic process innovations are considered because these

innovations are usually granted broader protection by the Patent Office (EPO 2000a,

1 An example is the Scripps Clinic & Research Found v. Genentech court case. In this case the court found
that a blood clotting protein made with recombinant DNA techniques violated a product patent held by
Scripps Clinic who had purified the same protein from human blood. Even though Genentech's process
was more efficient, it could not be used because Scripps Clinic held a product patent (Merges and Nelson
1990).
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USPTO 1999), as has been explained in chapters II and IV. Given that broad patents are

challenged and invalidated more often than narrow ones (Waterson 1990, Lanjouw and

Schankerman 2001, Merges and Nelson 1990), the innovator ofa drastic process should

be more careful when he determines the breadth of patent protection claimed as he

cannot depend on the Patent Office to structure his claims. In addition, drastic process

innovations are associated with greater innovation rents, which increase the incentive of

other parties to challenge the validity of the patent and to litigate (Harhoff and Reitzig

2000, Lanjouw and Schankerman 2001).

The patent validity challenges can be either direct or indirect. Direct validity

challenges are launched in the Patent Office or in the courts and they usually take place

shortly after the issue of the patent. Indirect validity challenges are launched in the

courts during an infringement trial.2 This chapter considers only direct validity

challenges.3 This chapter examines the determination of the optimal patent breadth for

the innovator when he is faced with a positive probability that the validity of his patent

will be directly challenged. The assumption made in the patent literature (i.e., Merges

and Nelson 1990, Gilbert and Shapiro 1990, Lanjouw and Schankerman 2001) that the

patentee always applies for the broadest scope of patent protection is explicitly

examined in this chapter.

The rest of the chapter is organized as follows. Section 5.2 presents the theoretical

framework developed to examine the innovator's strategic patenting behavior. The main

2 As it has been explained in chapter II, it is a common practice of accused infringers to respond to
accusations of infringement with a counterclaim that the patent is invalid and it should be revoked.
3 Indirect validity challenges are not considered because, unlike chapter IV, this chapter does not examine
patent infringement.
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assumptions of the model are stated,in this section. Section 5.3 describes the analytical

solution of the strategic patent breadth model. Finally, section 5.4 concludes the chapter.

5.2 Theoretical Development of the Strategic Patent Breadth Model

The determination of the optimal patent breadth for a strategically behaving innovator

who has invented a process innovation and seeks patent protection is modeled as a

sequential game of complete information. The agents involved in the game are an

incumbent/patentee who is a holder of a process patent and an entrant who considers

entering into the incumbent's market. It is assumed that the process innovation that is

generated by the incumbent meets the patentability requirements and that the regulator

(i.e., Patent Office) always grants the patent as claimed. As in chapter IV the regulator is

not explicitly modeled. The model considers the determination of the strategically

optimal patent breadth when the innovator has no guidance from the Patent Office in

structuring his claims.

The game consists of two periods, period one, which takes place over the time

interval T0-To, and period two, which takes place over the time interval T0-00. The

expression To denotes the time that the patent is granted and the expression To (To=O)

the time that the incumbent markets the new product and the entrant enters the market.

During the first period of the game, the incumbent, having developed a process

innovation and having decided to seek patent protection, determines the breadth, b, of

patent protection claimed. During this period the validity of the patent may be directly

challenged. The outcome of the challenge determines whether the validity of the patent

is upheld or not. If the validity challenge is successful and the patent is revoked, the
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entrant enters the market at time To using the incumbent's process and the entrant and

the incumbent choose their respective output levels and compete in the market. If the

patent validity is not challenged or if it is challenged and the challenge is unsuccessful

(i.e., the patent is found to be valid), then the entrant, starting at time To, determines the

flow of R&D spending, x, that will enable her to generate a non-infringing process. The

incumbent operates as a monopolist for as long as the entrant is not successful in

generating the non-infringing process. Once the entrant succeeds in generating the non-

infringing process, however, the incumbent and the entrant choose their respective

output levels and compete in the market.

The single entrant assumption is made to simplify the analysis. The assumption

implies that either there is a minimum efficient scale requirement in this industry or that

large sunk costs not linked to the R&D process need to be incurred upon entry that

prevent the market from becoming competitive even when the incumbent's patent is

revoked. Thus, the sunk costs that need to be incurred by the players upon entry are

exogenous (the level of the sunk costs is not affected by the players' decisions, e.g.,

regulatory costS)4 and their level is such that I1(n:::2) ~ 0 while I1(n:::3) < 0 (n denotes the

number ofplayers).

The incumbent's decision to invest in R&D and patent his product is not

considered in this game. The above decisions are treated as exogenous. The only

decision the incumbent makes is to determine the breadth of patent protection for his

process. The length of patent protection is assumed to be fixed and for simplicity it is

also assumed to be infinite. Thus, the patent will stay active unless it is invalidated

4 In contrast, the level of endogenous sunk costs is determined by the players' decisions, e.g., advertising
or R&D expenditure.
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during a patent validity challenge and is thus revoked. It is also assumed that the

incumbent's patent does not infringe on any previous product or process patent and there

is only one Patent Office where the incumbent can apply for patent protection. Time is

modeled as being continuous and complete and perfect information are assumed. The

incumbent acts strategically taking into consideration the entrant's response to different

patent breadth choices when he determines the breadth ofpatent protection claimed.

A summary of the formal strategic patent breadth determination game is depicted

diagrammatically in Figure 5.1. In period one the incumbent determines the breadth of

patent protection claimed, b, and he is granted a process patent. The patent is then

challenged by a third party with probability 8 and during the challenge process the

viability of the patent is determined. The patent is upheld with probability Jl and it is

revoked with probability 1-Jl. The upholding or revoking of the patent marks the end of

period one. In period two the product is marketed by the incumbent. If the validity of the

patent is not challenged or if it is challenged and upheld, then at the beginning of period

two the entrant chooses the optimal flow of R&D spending, x. The incumbent operates

as a monopolist for as long as the entrant is not successful in generating her own non

infringing process. Once the entrant succeeds, however, the incumbent and the entrant

choose their respective output levels and they each earn duopoly profits. The payoffs for

the incumbent and the entrant when the patent is challenged and upheld are given by

E(Il/)~ and E(Il E)~' respectively (see payoffs at A). If the patent is not challenged,

the payoffs are given by E(Il/)NC and E(IlE)NC, respectively (see payoffs at C). If the

patent is revoked after it has been challenged, then starting at the beginning of period

two the entrant produces the new non-patentable product using the incumbent's process
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and the incumbent and the entrant receive payoffs E(IT f)~ and (IT E)~' respectively (see

payoffs at B).
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The Strategic Patent Breadth Game
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In this model the entrant knows (with certainty) the outcome of the patent

challenge when she decides on the level of R&D expenses to be incurred or when ·she

decides on whether to enter the market using the incumbent's process. The incumbent on

the other hand knows only the probability with which his patent will be challenged and

the probability with which his patent will be upheld when challenged when he

determines the breadth ofpatent protection claimed.

5.2.1 The Process Innovation Space, Patent Breadth and the R&D Process

It is assumed that the patentable process is used for the production of a new non

patentable product (e.g., the t-PA drug in U.K.). The potential entrant is thus free to

produce the new product by generating her own non-infringing process. This model

assumes that if the entrant enters the market she will do so without infringing the

incumbent's process. In addition, if the entrant is successful in generating her own

process, she does not have to patent it since further entry is not anticipated.

The model assumes that the patented process results in zero per unit production

costs and that if the entrant succeeds in generating her own non-infringing process, her

process will be equally efficient (i.e., the entrant's process also results in per unit

production costs of zero). Thus, the model is not a quality ladder model where one

innovator supersedes the other in producing a better innovation. Both the

incumbent/patentee and the potential entrant use their processes to produce the new non

patentable product, which is viewed by the consumers as a homogeneous product. In

other words, consumers are indifferent as to whether the new product was made with the

incumbent's or the entrant's process.
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It is also assumed that there are no close substitutes for the new product. The

above assumption implies that the incumbent will make monopoly profits for as long as

the entrant fails to generate a non-infringing process. Once the entrant succeeds in

generating her own non-infringing process, the incumbent and the entrant will share the

market, each making duopoly profits.

The process innovation space and the breadth of patent protection are depicted in

Figure 5.2. The line of unit length represents the process innovation space. Each point

within this space represents a process that is capable of producing the product in

question at the same production cost. Thus, different points on the unit length line refer

to the different processes that can be used to produce the non-patentable product at a per

unit cost of zero. The closer are two points in the process innovation space, the more

similar are the processes in terms of the way they work in generating the given product.

1b

A BIr-,..------..-r---ea---...,
°

Figure 5.2 The Process Innovation Space and the Breadth of Patent Protection

Point A in Figure 5.2 refers to the patented process generated by the incumbent.

Patent breadth refers to the area on the unit length line around point A which is protected

by the patent. Patent breadth includes all the processes that, if they were developed by

competitors, would infringe the patent. Patent breadth takes values in the interval

bE(O,l]. A patent breadth value close to zero (b~O) implies that the patent protects only
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against duplication of the patented process. On the other hand, a patent breadth value

equal to one (b=1) implies that there is no other process that can be used to produce the

non-patentable product without infringing the patent. As in chapter IV, it is assumed that

patent breadth defines an exact border ofprotection (i.e., fencepost patent system).

To simplify the model it is assumed that it is a third party and not the potential

entrant who directly challenges the validity of the patent.5 Thus, in this model, the

entrant benefits from the validity challenge without incurring the opposition costs. The

costs incurred by the incumbent during a validity challenge are denoted by CT and are

assumed to be independent of the breadth of patent protection. In addition, it is assumed

that the incumbent's opposition costs do not affect the probability that the patent will be

challenged and the probability that the validity of the patent will be upheld.

The probability that the validity of the patent will be directly challenged is

denoted by 8 and it is a function ofpatent breadth. Recent empirical studies have found a

positive relationship between the breadth of the patent, measured by the number of

claims made, and the probability of validity challenges (Lanjouw and Schankerman

2001). In addition, Lentz (1988) and Merges and Nelson (1990) observe that the greater

is the breadth of patent protection, the greater is the probability that the validity of the

patent will be challenged. Following the above studies, this model assumes a positive

relationship between patent breadth and the probability that the validity of the patent will

be challenged. For simplicity, it is further assumed that when the maximum patent

breadth is claimed (bmax=1), the validity of the patent is always challenged. These

5 Third parties are allowed to challenge the validity ofpatents in the Patent Office without having to prove
any special interest for doing so (see chapter II). Harhoff and Reitzig (2000) state that various interest
groups are trying to influence the European patenting practice by filing opposition cases especially against
biotechnology patents.

134



assumptions are captured by assuming that the probability that the validity of the patent

will be directly challenged, 8, is equal to £5 =b .

The patent may not always be found valid during the patent validity challenge.

There is a probability, denoted by ~, that the validity of the patent will be upheld during

the validity challenge, where ~ is given by J.-l = 1- b . Thus, the greater is the breadth of

patent protection, the smaller is the probability that the validity of the patent will be

upheld. As it has been discussed in chapter IV, the above assumption is justified by the

fact that the greater is patent breadth, the harder it is to show novelty, nonobviousness

and enablement. In addition, empirical evidence suggests that courts tend to uphold

narrow patents and revoke broad ones (Merges and Nelson 1990, Waterson 1990). As in

chapter IV, when patent breadth takes its maximum value (bmax=1), the patent is always

found to be invalid (~=O).

In statistical terms, the event that the patent will be challenged and the event that

the validity of the patent will be upheld are treated as independent.6 This assumption is

valid given that the patent validity challenger is not the one who rules on whether the

patent is valid. There is no evidence in the literature to suggest that there is a relationship

between the probability that the patent will be challenged and the way the courts and/or

the Patent Office rule on patent validity issues.

When the validity of the patent is not challenged, or when it is challenged and

upheld, the entrant must invest in R&D to generate her own non-infringing process to

produce the non-patentable product, if she wants to enter the market. To capture the

6 This assumption implies that the probability that the patent will be upheld given that is has been
challenged is equal to the probability that the patent will be upheld, i.e., prob[1l18]=prob[Il].
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uncertainty associated with the R&D process it is assumed that the innovation process is

stochastic. Innovation in this model occurs according to the Poisson process.7 The

research technology is 'memoryless'; that is, the probability that the entrant will succeed

in generating an innovation at any given point in time depends only on the current R&D

expenditure, not on past R&D experience (Tirole 1988). This is a common assumption

in the R&D literature and is made to simplify the analysis (Loury 1979, Lee and Wild

1980). The instantaneous probability of success is denoted by A and is constant. The

parameter A shows that if the entrant has not succeeded by time 't in generating a non-

infringing process then the probability of succeeding at the next instant, that is at 1 + dt ,

is Adt. The elapsed time, 't, before an innovation arrives has a probability density

function described by the exponential distributionf(r) = Ae-Ar for 'A>O and O~'t~OO and

a cumulative probability function F(r) = 1~e-Ar • The cumulative distribution gives the

probability that success will occur by time 't (i.e., F(1) = prob(t ~ 1]).

In this model it is assumed that the instantaneous probability of success A is a

function of the entrant's R&D spending per unit of time, denoted by x, and the breadth

of patent protection b, A = f(x,b). The flow rate of R&D spending, x, is assumed to be

constant and it is incurred by the entrant for as long as it takes to realize a success.

Following standard economic theory assumptions, it is assumed that the R&D spending

7 The Poisson distribution gives the probability of x occurrences of an event over a specified period of

time. The probability mass function is given by P(x) = e-
Il

AX for x=O,I,2 ....., and 1..>0 and by P(x) = °
x!

otherwise. The parameter A gives the mean rate of occurrences per unit of time and it also represents the
variance of the Poisson distribution.
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per unit of time increases the probability of success at a decreasing rate; Ax>O, Axx<O and

also Rim Ax = °and Ax(O)~oo (Loury 1979, Reinganum 1983).
x~<x)

The instantaneous probability of success A is also a function of the breadth of

patent protection since in this model success implies that the entrant will only be able to

enter with a non-infringing process. That is, the entrant must generate a process outside

the technological territory - i.e., the patent breadth - claimed by the incumbent. Given

that the entrant has not already succeeded, it is assumed that the greater is the patent

breadth, the smaller is the probability that the entrant will succeed at the next instant, in

generating a non-infringing process for producing the new non-patentable product. It is

thus assumed that the bread~ of patent protection decreases the probability of success at

an increasing rate; Ab<O, Abb>O. The justification for this assumption is that since the

entrant will enter with a non-infringing process, the greater is patent breadth the more

dissimilar will be the two processes - the further away from the patentee's process the

entrant's process will be in the process innovation space in Figure 5.2. This, in tum,

implies that the greater is patent breadth, the less useful is the information disclosed by

the patent for the entrant and thus the more difficult it becomes for the entrant to

generate her non-infringing process.

To completely describe the instantaneous probability of success, A, the

instantaneous probability of success is assumed to be either additively or

multiplicatively separable in the flow of R&D spending and in patent breadth, i.e.,

A = qJ(x) + ffJ (b) or A = qJ (x) . ffJ (b). The functions qJ (x) and ffJ (b) satisfy all theoretical

assumptions concerning the instantaneous probability of success, that is, qJ x >°,
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qJxx < 0, ljJ b < 0 and ljJ bb > o. With the additive1y separable formulation, the marginal

effect of R&D spending on the probability of success is independent of the breadth of

the patent, AXb = o. With the multiplicatively separable formulation the marginal effect

of R&D spending on the probability of success is inversely related to the breadth of the

patent, AXb < 0 (see Proposition 5.2 for a formal proof).

Given the above, when A =q;(x) + VJ (b) the incumbent's patent breadth choice

affects the entrant's probability of success, "A, only directly (Ab < 0). When

A = q;(x)· VJ (b) the incumbent's patent breadth choice affects the entrant's probability of

success, "A, both directly (Ab < 0) and indirectly (Axb < 0). In this case, as patent breadth

increases, the harder it becomes to generate a non-infringing process (i.e., direct effect)

and the less effective R&D spending becomes in increasing the probability of success

(i.e., indirect effect). An additively separable function and a multiplicatively separable

function that satisfy all theoretical assumptions regarding the instantaneous probability

of success are given by 1;. : A =x 8 +.!. and 12 : A =!..- respectively, where e E(O,l].
b b

5.3 The Analytical Solution of the Strategic Patent Breadth Game

Given the assumption of complete and perfect information, the incumbent knows when

he determines the breadth of patent protection claimed how patent breadth affects the

probability that the patent will be challenged, (), the probability that the validity of the

patent will be upheld after challenge, J,!, and the entrant's probability of succeeding at
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any given instant in generating a non-infringing process, A. The incumbent chooses the

breadth of patent protection that will induce the desired behavior from the entrant and

will allow him to maximize the rents that he can appropriate from his innovation.

The optimal breadth of patent protection for the innovator is determined using

backwards induction. Backwards induction yields the only subgame perfect Nash

equilibrium of this game by eliminating Nash equilibria that do not represent credible

threats (Fudenberg and Tirole 1991). The duopoly profits that are realized at the second

period of the game when both the incumbent and the entrant operate in the market are

determined first. The entrant's decision of the optimal R&D spending is determined next

and the incumbent's optimal patent breadth choice is determined last.

5.3.1 Determination of the Duopoly Profits

During the second period of the game (T0-(0) both the incumbent and the entrant

produce the product when either the entrant succeeds in generating the non-infringing

process or when the patent is revoked after being challenged. Since production costs

have been assumed to be zero, both players will produce the same output and will earn

the same rate of instantaneous profits. These instant profits are given by

IT / =IT E =IT d > 0 .8 Although the entrant earns the same level of instantaneous profits

the discounted profits will differ from those of the incumbent depending on the R&D

expenditures and on the exogenous sunk costs she has to incur.

8 Given that the incumbent and the entrant compete in quantities and not in prices and that the unit
production costs are zero the duopoly profits that they realize are positive. This is a standard result in the
literature when firms with the same cost structure engage in Cournot competition (Tirole 1988, Carlton
and Perloff 1999).
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5.3.2 The Entrant's Optimal R&D Spending Decision

Two cases emerge regarding the entrant's behavior depending on whether the patent is

challenged and revoked or on whether the patent is not challenged or is challenged and

upheld. The entrant's optimal decision when the patent is challenged and revoked is

examined first.

• The Patent is Challenged and Revoked

The entrant does not have to make an investment decision if the patent is revoked after

being challenged. Since generating a new process is costly for the entrant (i.e., positive

R&D costs are required), the entrant simply uses the incumbent's process to produce the

new product. When the entrant uses the incumbent's process to produce the new product

her discounted profits are given by:

(5.1)

where r is the discount rate and F are the exogenous sunk costs incurred by the entrant at

time zero (To).

The entrant finds it optimal to enter the market when the patent is challenged and

revoked if (IT E)R > 0 => IT d > F .
r

• The Patent is Not Challenged or is Challenged and Upheld

When the patent is not challenged, or is challenged and upheld, the entrant must decide

on the flow of R&D spending that will enable her to generate the non-infringing process

that will be used for the production of the new product. The entrant chooses the flow of

R&D spending, x, that m':lXimizes the present value of her expected profits. Note that the

140



entrant's expected profits are the same irrespective of whether the patent is not

challenged or challenged and upheld (E(I1E)~=E(I1E)NC) since it is not the entrant but

a third party that challenges the validity of the patent. The entrant's objective function is

given by:

00

m:xE(I1E)~ = E(I1 E)NC = f e-rte-A(x,b)t(A(X,b)IT
d

-x)dt-F
o

(5.2)

Equation (5.2) shows that if the entrant has not succeeded before time t in

generating the non-infringing process, she then receives I1 d if she succeeds at time t.

This event has probability density A(x,b)e-A(x,b)t. The entrant pays R&D costs of x so

long as no success has occurred. This event has probability e-A(x,b)t. Finally, the entrant

pays costs F at time zero irrespective ofwhether she succeeds in generating the process.

Performing the indicated integrations the entrant's objective function can be

expressed as:

(5.3)

The entrant chooses the flow of R&D spending that maximizes her objective

function given in equation (5.3). Optimization of equation (5.3) yields the following first

order conditions (F.O.C.) for a maximum:

aE(I1E)~ aE(fIE)NC r+A(x,b) *
= =0 => x- +rIld =0 => x =x(b,r,Il d )ax ax Ax

(5.4)

The F.O.C. yield the optimal flow of R&D spending expressed in terms of

known parameters; the breadth of patent protection, the duopoly profits and the discount
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rate. The F.D.C. implicitly define the entrant's best response function, which shows how

the entrant responds to different patent breadth choices.

To graphically characterize the optimal level of the flow of R&D spending let

() d h() r+A(x,b) Th h b .g x =x an x = rIT d • e F.D.C. can t en e wntten as:
Ax

r+A(x b)
g(x) -h(x) =0 => x = '-rITd

Ax
(5.5)

The second order conditions (S.D.C.) imply that for a maximum the condition

given in equation (5.6) must be satisfied.

(5.6)

Equation (5.6) shows that at the optimum the slope of h(x) must be greater than the

slope of g(x); h(x) must cut g(x) from below at the optimum. Given that gx =1 > 0

equation (5.6) implies that h(x) must be increasing in x and also that hx > 1. It is easily

verified that both the above conditions for the existence of an optimum are satisfied as

both the additive and the multiplicative formulations of the instantaneous probability of

success, 'A. Also, h(O) = -rITd since 'Ax(O)~oo which holds due to the theoretical

properties of the instantaneous probability of success.

The slope of h(x) is decreasing in the flow of R&D spending, x, for both the

additive and the multiplicative formulations of the instantaneous probability of success,

'A, that is, hxx =
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in the Appendix. Note that the detennination of the curvature of hex) is not important

for the results, it is necessary only for the graphical representation of the optimum.

Figure 5.3 depicts the graphical representation of the detennination of the

optimal flow of R&D spending. In Figure 5.3 the curve hex) cuts the curve g(x) at two

different points. From these two points only point A is an optimum because only at point

A is the slope of hex) greater than the slope of g(x) .

g(x) , hex)

o~--#---_...:..-_--------------.

x

Figure 5.3 Graphical Representation of the Determination of the Optimal Flow
of R&D Spending (x*).

The entrant's expected profits when the patent is not challenged or when it is

challenged and upheld are obtained by substituting the optimal flow of R&D spending

into the entrant's expected profit function. The substitution yields the payoffs given by

equation (5.7).
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E(IT )~ =E(Il )NC = ..i(X* ,b)ITd - X* _ F
E (, E r+..i(x*,b)

(5.7)

The entrant will enter the market only if she realizes positive profits, that IS, if

E(IlE)~ = E(IT E)NC > O. This condition can be expressed as:

..i(x* ,b)ITd -x* F 0 IT x* +(r+..i(x* ,b»F
----*"--- - > => d > *

r+..i(x ,b) A(x ,b)
(5.8)

Note that the entry condition in equation (5.8) is determined by the level of

duopoly profits, the discount rate, the exogenous sunk costs and the incumbent's patent

breadth decision. Equation (5.8) opens the possibility that a patent breadth value

bE (0,1] may exist such that the entry condition is not satisfied. If b exists and it is

chosen by the incumbent, then the entrant will not enter the market.

When entry is not deterred the entrant's optimal flow of R&D spending is given

by equation (5.4). This equation can be used to determine the effect of a change in the

breadth of patent protection, the level of duopoly profits and the discount rate, on the

optimal flow of R&D spending.

The effect of a change in patent breadth on the optimal flow of R&D spending is

determined by examining dx * . The expression for the term dx * is derived by totally
db db

differentiating the optimality condition g(x) =h(x) => x = r + A - rIT d (i.e., equation
Ax

(5.5», with respect to the optimal flow of R&D spending, x*, and patent breadth, b. The

result of this differentiation is:
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(5.9)

It is known from equation (5.6) that gx - hx < O. Also, gb =O. Thus, the sign of the

dx*
slope of the best response curve, -, depends on the sign of the term hb , where

db

h = AbAx - Axb(r + A)
b (A

x
)2 .

The nature of the instantaneous probability of success, 'A" must be specified

before the relationship between the optimal level of R&D spending, x*, and patent

breadth, b, can be determined. This is so because the term hb depends on the term Axb '

the sign of which depends on whether the instantaneous probability of success, 'A,, is

additively or multiplicatively separable in the flow of R&D spending, x, and in patent

breadth, b.

Proposition 5.1 When the instantaneous probability of success, A, is additively

separable in patent breadth, b, and in the flow of R&D spending, x, (i. e.,

A = <p (x) + 1/1 (b)), the effect ofa change in patent breadth on the optimal flow ofR&D

dx*
spending is positive, i. e., - > 0 .

db

Proof:
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When Ii =q;>(x) + If! (b) , then ~; = lixb =o. Given that lib < 0 and lix > 0,

h
AbAx -Axb(r+A) h . . b .

b = 2 <0. T e slope of the best response functIon, gIven y equatIon
(Ax)

(5.9), is thus positive, i.e., dx * > o. 0
db

The above result suggests that as patent breadth increases so does the flow of

R&D spending. The intuition behind this result is as follows. The entrant responds to an

increase in patent breadth with an increase in her flow of R&D spending trying to

counterbalance the negative effect that the increase in patent breadth has on the

probability of success.

Proposition 5.2 When the instantaneous probability of success, A, is multiplicatively

separable in the patent breadth, b, and in the flow of R&D spending, x, (i. e.,

A = <p(x)·1f! (b)) the effect of a change in patent breadth on the optimal flow of R&D

d·· .. dx* 0spen zng zs negatzve, z.e., - < .
db

Proof:

When A = <p(x) . If! (b), then AXb < 0 , SInce and

a:; = aZ = lixb =q;>x'"b < o. Thus, patent breadth affects the probability of success

both directly (Ab < 0) and indirectly (Axb < 0). The sign of the term hb is positive,
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and g x - hx < 0 , the slope of the best response function is negative, i.e., dx * < O. 0
db

The intuition behind the result presented in Proposition 5.2 is as follows. An

increase in patent breadth has two effects on the entrant. First, she knows that a change

in b means she will have to spend more to be able to succeed (to counterbalance the

negative effect that an increase in the patent breadth has on the probability of success).

Second, she also knows that the effect of the additional R&D spending on the

probability of success will now be smaller (due to AXb < 0). Since an increase in patent

breadth makes investment less efficient and more costly for the entrant, the entrant

responds with a reduction in the optimal flow of R&D spending.

Having determined how patent breadth affects the flow of R&D spending under

different assumptions about the relationship between the flow' of R&D spending and

patent breadth (i.e., AXb =0 and AXb < 0), the effect of a change in patent breadth on the

total expected R&D costs that the entrant must incur before a success is realized can be

determined. The total expected R&D costs to be incurred by the entrant are given by:

1
TECE =, X= x

e A(x,b)
(5.10)

In equation (5.10), 'e = 1 denotes the average elapsed time before success
A(x,b)

is realized; this is the mean of the exponential distribution f (,) = Ae -A.T • The average

elapsed time before success occurs is decreasing in the flow of the R&D spending,
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are = are a2 =__1 2 < 0 and' . In the breadth of patent protection,ax a2 ax 22 x IncreasIng

ar ar a2 1 .
_e =_e _ =--22b > o. Thus, on the one hand, the greater IS the flow of R&D
ab a2 ab 2

spending, the greater is the probability that success will be realized the next instant, and

the shorter is the time that elapses before success occurs. On the other hand, the greater

is patent breadth, the smaller is the probability that success will occur the next instant

and thus the longer is the period that elapses before success occurs. The propositions that

follow describe the relationship between patent breadth and the total expected R&D

costs when the instantaneous probability of success is additively and multiplicatively

separable in the flow of R&D spending and in patent breadth.

Proposition 5.3 The total expected R&D costs are increasing in patent breadth,

dTEC
__=-E > 0 , when the instantaneous probability ofsuccess, 2, is additively separable in

db

patent breadth, b, and in thejlow ofR&D spending, x.

Proof:

aTEC ar x 2-2 x .
When 2 = rn(x) + lIJ(b) , E = _e X +r x = b b > 0 SInce x > 0 as shown

"t' "t' 8b 8b e b 22 b

in Proposition 5.1 and2b < 0.0

The intuition behind the result presented in Proposition 5.3 is as follows. When

the instantaneous probability of success is additively separable in the flow of R&D

spending and in patent breadth, patent breadth affects the expected total R&D costs in

two ways. First, a higher patent breadth increases the elapsed time before success is
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realized (a r e > 0), and second, greater patent breadth increases the flow of R&D
ab

spending (xb > 0). Both outcomes imply that the expected total R&D costs to be

incurred by the entrant are rising in b.

Proposition 5.4 The effect ofan increase in patent breadth on the total expected R&D

costs when the instantaneous probability ofsuccess, A, is multiplicatively separable in

patent breadth, b, and in the flow ofR&D spending, x, depends on whether an increase

in patent breadth increqses the elapsed time before success is realized more than it

decreases the flow ofR&D spending.

Proof:

The effect of a change in patent breadth on the total expected R&D costs is given by

dTECEProposition 5.2 and Ab < o. Given the above, the sign of depends on the
db

relative magnitudes of the terms are x and 'exb' which are positive and negative
ab

respectively (or equivalently the terms XbA and AbX, which are both negative). When

ar dTEC. ar dTEC
'exb>_e X then E < 0 whtle when, Xb<_eX then E > 0.0

ab db e ab db

When the instantaneous probability of success is multiplicatively separable in the

flow of R&D spending and in patent breadth, patent breadth affects the expected total

R&D costs in two countervailing ways. On the one hand, an increase in patent breadth
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increases the elapsed time before success is realized; on the other hand, an increase in

. dTEC
patent breadth decreases the flow of R&D spendIng. When E > 0 then even

db

though the amount spend on R&D per unit of time decreases as patent breadth increases

this amount is now spread over a longer period making the total effect of the increase in

patent breadth positive. When dTECE < 0 then even though the period over which the
db

flow R&D costs are incurred increases as patent breadth increases, the decrease in the

flow of R&D spending (caused by the patent breadth increase) is greater in absolute

terms making the total effect of an increase in patent breadth on the total expected R&D

costs negative.

The effect of a change in the anticipated level of duopoly profits on the flow of

the R&D spending is determined by totally differentiating the optimality condition,

g(x) =h(x) ~ x = r + A - rTId, with respect to the optimal flow of R&D spending, x*
Ax .

and the anticipated duopoly profits, TId. The expression for dx* is given by:
dIT d

ag(x*) dx* ag(x*) dIl __ ah(x*) dx ah(x*) dl1
---:::......;-*...;.., + d * + d ~

ax and ax and

* h
( h )dx* -(h )dIl dx _ nd -gnd
gx - x - nd - gnd d~ dIl - ( _ h )

d gx x

(5.11)

Proposition 5.5 The optimal level of the flow of R&D spending is increasing in the

duopoly profits that the entrant anticipates to make ifshe succeeds in generating a non-
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dx*
infringing process, -- > 0 , for both the additive and the multiplicative formulations

dIT d

ofthe instantaneous probability ofsuccess, A.

Proof:

From the S.Q.C., gx - hx < O. Also, g nd =0 and hnd =-r < 0, which implies that

dx*
-- > O. Thus, as it would be expected, the entrant reacts to an increase in the
dIT d

anticipated duopoly profits by increasing the optimal flow of R&D spending. D

Proposition 5.6 The total expected R&D costs that are incurred by the entrant before a

success occurs are increasing in the duopoly profits that the entrant anticipates to make

ifshe succeeds in generating a non-infringing process, dTECE > 0 .
dIT d

Proof:

The change in the total expected R&D costs that follows a change in the anticipated

aE(TC) a1 aA ax ax - r A - A x
duopoly profits is given by E =(_e---)X+--Te =( )( 2 x ).

and aA ax and and g x - hx A

In this expression the tenn ( - r ) = dx* is positive as shown in Proposition 5.5.
gx -hx dIT d

A-AX A
The tenn x is also positive since - > Ax' To prove the last inequality the

A2 x

1 x(}
additively and multiplicatively separable functions It: A =x(} +- and f2: A =- ,

b b

respectively, are used. When
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All
->A =>X

O
-

1 +_>Ox°-1 =>l+->B which holds VbE(O,I], x~O since 8E(O,I).
x x bx bx

A X O- 1 Ox°-1

When A is described by '2 then - > A => -- >-- => 1> () which holds true
j.. x x b b

VbE(O,l], x~o since 8e(O,1). 0

The intuition behind the result presented in Proposition 5.6 is as follows. The

increase in the anticipated duopoly profits causes the entrant to increase her flow of

spending in R&D (see Proposition 5.5). The increase in the flow of R&D spending

affects the expected total R&D costs in two countervailing ways. A greater flow of R&D

spending directly obviously increases the expected total costs. It also indirectly

decreases the expected total R&D costs by decreasing the average elapsed time before

success is realized (a7: e < 0). However, the positive direct effect is stronger than theax

negative indirect effect. The result is that an increase in the anticipated duopoly profits

on the expected total R&D costs is positive.

The effect of a change in the discount rate on the optimal level of R&D spending

IS derived by totally differentiating the optimality condition

g(x) =hex) => x = r + A - rIT d , with respect to the optimal flow of R&D spending, x*,
Ax

and the discount rate, r. The expression for dx * is given in equation (5.12).
dr

(5.12)
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From the S.O.C. it is known that g x - hx < O. Also, g r = O. The sign of the tenn

1
hr =T - IT d cannot be detennined, however, without knowledge of the magnitude of

x

the parameters in the expression. For instance, note that the impact of the discount rate

on the optimal level of R&D spending depends on the magnitude of the anticipated

duopoly profits, Il d • When _1_ > ITd then an increase in the discount rate decreases the
Ax

optimal level of the flow of R&D spending dx < 0 while when _1_ < IT d an increase in
dr Ax

the discount rate results in an increase in the optimal level of the flow of R&D spending

dx > O. Finally, when _1_ =IT d a change in the discount rate causes no change in the
dr Ax

optimal level of R&D spending. Given that the effect of a change in the discount rate on

the optimal level of the flow of R&D spending is inconclusive, the effect of a change in

the discount rate on the expected total R&D costs is also inconclusive.

5.3.3 The Incumbent's Optimal Patent Breadth Decision

Given the assumption of complete infonnation, the incumbent knows how patent

breadth affects the entrant's optimal R&D spending decision. The incumbent can then

choose the breadth of patent protection that induces the desired behavior from the

entrant. This is the breadth of patent protection that maximizes the incumbent's

discounted expected returns.

The incumbent's expected returns are a function ofhis expected returns when the

patent is not challenged, E(IT I )NC, and the expected returns when the patent is
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challenged, E(Il I)C . Since the incumbent's patent is challenged with probability 8 and

it is not challenged with probability 1-8, the incumbent's discounted expected profits are

given by equation (5.13).

(5.13)

The incumbent's expected returns when the patent is challenged are a function of

the incumbent's expected returns when the patent is challenged and upheld, E(IlI)~'

and the expected returns when the patent is challenged and revoked, E(Il I)~. Given that

the patent is challenged and upheld with probability fl and it is challenged and revoked

with probability 1-fl, the incumbent's expected returns when the patent is challenged are

given by equation (5.14). In equation (5.14) CT denotes the legal costs incurred by the

incumbent during the patent challenge process.

(5.14)

The incumbent's expected returns when his patent is not challenged or when it is

challenged and upheld are the same (E(Il I )NC =E(Il/)~) because in both cases the

incumbent operates as a monopolist until the entrant succeeds in generating a non

infringing process. Once the entrant succeeds, the incumbent shares the market with the

entrant, each making duopoly profits. The incumbent's discounted expected profits

when his patent is not challenged or when it is challenged and upheld are given by

equation (5.15).

(5.15)
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Equation (5.15) shows that the incumbent receives monopoly profits IT m at t if

by time t the entrant has not yet succeeded in generating a non-infringing process. This

event has probability e-A(x·,b)t. The incumbent receives duopoly profits IT d at time t if,

at t, the entrant succeeds in generating a non-infringing process. This event has a

probability density function A(X· ,b)e-A(x·,b)t •

When the patent is challenged and revoked, the entrant enters uSIng the

incumbent's process and the incumbent shares the market with the entrant making

duopoly profits. The incumbent's discounted profits when his patent is challenged and

revoked are given by equation (5.16).

(IT )c JCXl -rtIT d IT d IT R
IR=e d f =-=

o r
(5.16)

It is assumed that the profits that the incumbent makes when his patent is not

challenged or is challenged and upheld (IT It
) are greater than the profits that he makes

when his patent is challenged and revoked (IT R), that is, IT It > I1 R. This assumption

guarantees that the incumbent is not indifferent between receiving and not receiving

patent protection for his process; the incumbent is better off when he receives patent

protection.

Substitution of equations (5.15) and (5.16) into equation (5.14) yields the

expression for the incumbent's discounted expected profits when the patent is

challenged:

(5.17)

Substitution of equations (5.15) and (5.17) into equation (5.13) yields the expression for

the incumbent's discounted profits when entry is not deterred. Recall that the probability

155



of the patent being challenged is l5 =b and the probability of the patent being found

valid is J.i = 1- b .

E(II I )ND =8 {J.iIIIl + (1- J.i)II R
- Cr } + (1- 8)II U = (8J.i + 1-8)IIIl +

(8 -8J.i)II R -8Cr = (l-b 2 )II" +b2II R -bCr
(5.18)

The analysis so far has proceeded assuming that the entrant will always find it

optimal to enter the market. It has been shown that the incumbent cannot deter entry

when the patent is challenged and revoked since in this case the entrant's profits upon

entry do not depend on the incumbent's patent breadth (see equation 5.1). Recall that the

exogenous sunk costs (F) were assumed to be such as to allow a duopolistic market

structure. It has also been shown that when the patent is not challenged, or is challenged

and upheld, there may exist a patent breadth value bE (0,1] such that the entry condition

* " * I'\. A.

is not satisfied, that is, II d S; x (b,r,II d) + ~r ~ A(X (b,~,I1d ),b))F . If b exists and it is
A(X (b,r,I1 d),b)

chosen by the incumbent, the entrant will not enter when the patent is not challenged or ,

is challenged and upheld and the incumbent will make monopoly profits. The

incumbent's profits when the patent is not challenged or is challenged and upheld and

the incumbent chooses patent breadth b are given by equation (5.19).

(5.19)

The incumbent's discounted expected profits when patent breadth b that deters entry is

chosen are given by substituting equations (5.14), (5.19) and (5.16) into equation (5.13).

The incumbent's discounted expected profits when entry is deterred are given by

equation (5.20).
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E(I1 / )D = 8{Jl 11 m + (1- Jl)I1 R
- CT}+ (1- 8) 11 m =

r r

(1- b2
) I1 m +b211 R

- bCT
r

(5.20)

It should be noted that if a b that deters entry exists it will be chosen by the

incumbent ifand only if the incumbent's expected discounted profits when b is chosen

are greater than or equal to his profits when entry is not deterred, E(I1 / )D ~ E(11 1)ND.

Thus, it may not always be optimal for the incumbent to deter entry in this model. To

keep the model simple, the analysis proceeds assuming that either there is no patent

breadth b that can deter entry or that if a patent breadth b exists, it is not optimal for

the incumbent to deter entry because b does not satisfy the condition

E(I1 I)D ~ E(11 1 )ND .

Given the assumption that entry will not be deterred the incumbent chooses the

patent breadth that maximizes the expected discounted profits given by equation (5.18).

His objective function is given by:

(5.21)

Optimization ofequation (5.21) yields the F.O.C. for a maximum. The F.O.C. are given

by equation (5.22).

BE(11 1 )ND = 0:::::> (-2b)I1" + (1-b 2) BI1" + 2bI1R _ C =0:::::>
Bb Bb T

b* =b(I1 m , IId , CT , r)

(5.22)

The F.O.C. for the incumbent's optimization problem yield the optimal choice of patent

breadth as a function of known parameters; the monopoly profits, the duopoly profits,

the legal costs of the challenge process and the discount rate.
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The interpretation of the E.a.C. gIven in equation (5.22) requIres the

determination of the sign of the term 8I1
u

• The term 8I1
u

shows how the expected
8b 8b

profits made by the incumbent when his patent is not challenged or when it is challenged

and upheld are affected by the breadth of patent protection. The affect of patent breadth

on I1 11 does not depend on the nature of the instantaneous probability of success, as

shown in the next proposition.

Proposition 5. 7 The expected profits made by the incumbent when his patent is not

challenged or when it is challenged and upheld are increasing in patent breadth

8I1 u

(-- > 0 ) for both the additive and the multiplicative formulations ofthe instantaneous
8b

probability ofsuccess, A.

Proof:

It is straight forward to prove that 8I1
U

> 0 when the instantaneous probability of
8b

success is multiplicatively separable in the flow of R&D spending and in the patent

breadth. In this case, an increase in patent breadth leads to a decrease in the flow of

R&D spending, xb < 0 (see Proposition 5.2). The term
8I1 u

8b
is equal to

8I1 u (A + A x )(rI1 - I1 ) . .
-- = b x b / m, where the term (rI1 d - I1m ) IS negatIve as duopoly

8b (r+A)

profits are always smaller than monopoly profits and where Ab < 0 and Ax > 0 from the

theoretical assumptions made about the instantaneous probability of success. The above
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8Il/l
conditions imply that -- > o. When the instantaneous probability of success is

8b

additively separable in the flow of R&D spending and in the patent breadth, an increase

in patent breadth leads to an increase in the flow of R&D spending, X b > 0 (see

Proposition 5.1). In this case, given that rIl d -Ilm < 0, Ab < 0 and Ax > 0, the sign of

the tenn a~U depends on the sign of the expression (Ab + AxXb ). To detennine the sign

of the tenn 8Il
ll

, the additively separable function It :A =x() +.!. is used. Using It the
~ b

8Il ll 8Illl Il Il..(:". •• m -r d h hexpreSSIon lor IS gIven by = whic is greater t an zero
8b 8b (1+b(r+x())2

VOe(O,l), be(O,l], x~O and re[O,l]. 0

The intuition behind the result presented in Proposition 5.7 is as follows. When

the instantaneous probability of success is multiplicatively separable in the flow of R&D

splending and in the patent breadth, an increase in patent breadth affects the

instantaneous probability of success both directly (Ab < 0) and indirectly (Axb < 0).

Since the entrant responds to an increase in patent breadth with a decrease in the flow of

R~~D spending (xb < 0), it becomes more difficult for the entrant to succeed in

generating the non-infringing process. The more difficult it is for the entrant to succeed, .

th(~ longer the incumbent can operate as a monopolist and the greater are his expected

profits (Il ll ). When the instantaneous probability of success is additively separable in

th(~ flow of R&D spending and in the patent breadth, an increase in patent breadth

affects the instantaneous probability of success only directly (Ab < 0 and AXb =0). In
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addition, the entrant responds to an increase in patent breadth with an increase in the

flow of R&D spending (Xb > 0). The increase in the flow of the R&D spending, in tum,

has a positive affect on the instantaneous probability of success (Ax > 0). The total

effect of an increase in patent breadth on the incumbent's expected profits (Il II
) is

positive because the decrease in the probability of success caused by an increase in

patent breadth is greater than the increase in the probability of success caused by the

increase in the flow of R&D spending (i.e., Ab > Ax)'

Having determined how patent breadth affects the incumbent's expected profits

when his patent is not challenged or when it is challenged and upheld (aIl
II

), the F.G.C.
ab

can be interpreted. The F.G.C. demonstrate the trade off that the incumbent faces when

h(;: determines the optimal breadth of patent protection. An increase in patent breadth

leads to an increase in the incumbent's expected returns by (l-b 2
) an

u

+2bn R
; this

ab

increase represents the marginal benefit to the incumbent from an increase in patent

breadth. At the same time, an increase in patent breadth leads to a decrease in the

incumbent's expected returns by 2bIl u +Cr ; this decrease represents the marginal cost

to the incumbent from an increase in patent breadth. Given that as patent breadth

increases so does the probability that the patent will be challenged and revoked, by

increasing patent breadth the incumbent increases the likelihood that he will realize

profits II R (i.e., profits earned when the patent is revoked) rather than II" (i.e., profits

earned when the patent is not challenged or is challenged and upheld). In addition, by

increasing patent breadth the incumbent increases the profits made when the patent is
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not challenged or is challenged and upheld (since aIT II > 0) but, at the same time, he
ab

increases the probability that the patent will be challenged and that he will have to incur

the legal costs CT. At the optimal patent breadth the marginal benefits will be equal to

the marginal costs.

To graphically characterize the determination of the optimal patent breadth let

aIT"
k(b) =Cr and feb) =(-2b)IT II +(l-b 2

)-+ 2bIT R
•
9 The F.Q.C. for a maximum can

ab

then be written as follows:

(5.23)

The S.Q.C. for a maximum imply that the following inequality must be satisfied

(5.24)

Given that the kb =0, the S.Q.C. imply that fb < 0 which means that fb must cut kb

from above at the optimum. It is easily verified that fb IS decreasing in b as

f(b ~ 0) '" a~' > 0 while f(b = I) = -2IT" + 2IT R < o. To guarantee the existence of

an optimum the increase in the incumbent's expected profits when the patent is not

aIT II

challenged or challenged and upheld, --, should be greater than the legal costs
Bb

9 Note that the functions k(b) and f(b) are not defined in terms of marginal benefits and marginal costs

because the slope and the curvature of the marginal benefit curve cannot be determined without
knowledge of the values of the parameters that affect it. The chosen formulation simplifies the analysis.
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incurred by the incumbent when the patent is challenged, CT' The requirement that

all"
~3b>CT guarantees that fb cuts kb from above.

Proposition 5.8 Claiming the maximum breadth ofpatent protection (i. e., b *=1) is never

an optimal strategyfor the incumbent in this model.

Proof:

At b=1 k(b =1) =CT ~ 0 and feb =1) =2(-II U +II R
) < O. The above imply that the

curves k(b) and feb) will never cross at b=l. The same result is of course derived

when the marginal benefits and the marginal costs are compared for b=1. When b=1 the

marginal costs are always greater than the marginal benefits, i.e., 2IIu +CT > 2II R
• Thus,

b==1 is not a profit maximizing patent breadth choice for the incumbent in this model. 0

The graphical representation of the determination of the optimal patent breadth is

depicted in Figure 5.4. In Figure 5.4 the slope of the curve feb) has been assumed to be

decreasing in patent breadth, hb < 0 .1
0

10 The curvature ofj{b) cannot be detennined without knowledge of the magnitude of the parameters that
affect it. Note that the detennination of the curvature ofj{b) in not important for the results, it is necessary
only for the graphical representation of the optimum.
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Figure 5.4 Graphical Representation of the Determination of the Optimal
Patent Breadth

As shown in equation (5.22) the optimal patent breadth is a function of the

following parameters, b* = (II m ,II d , Cr , r) . The effect of a change in the parameters

of interest on the optimal patent breadth choice is determined by the signs of the

. db * db * db * db *
followIng terms,--,-- -- and -.

dIT m dIT d dCr dr

The effect of a change in the monopoly profits on the optimal breadth is

db*
determined first. The expression for is derived by totally differentiating the

dIl m

optimality condition f(b)-k(b)=O=> (-2b)II U +(I_b2 )8rr
u

+2bIIR -Cr =0 with
8b .

respect to the optimal patent breadth, b*, and the monopoly profits, IIm :
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2b
From the S.O.C., f b - kb < 0. Since kn =°and fn =

m m (r+A)

the sign of the tenn db * depends on the sign of the tenn fn .
dIT m

m

(5.25)

(l-b 2 )(Ab + AxXb )

(r + A)2

Proposition 5.9 An increase in the monopoly profits leads to an increase in the optimal

db*
patent breadth (-- > 0), when b* e (0, b) and to a decrease in the optimal patent

dIT m

db*
breadth (-- < 0), when b* e (b,l]. The patent breadth b e (0,1] is the breadth of

dIl m

patent protection that makes the effect ofa change in monopoly profits on the optimal

d(b* =b) . -
patent breadth equal to zero, = 0. The patent breadth b exists for both the

dIT m

additive and multiplicativeformulations ofthe instantaneous probability ofsuccess.

Proof:

The additively and multiplicatively separable functions It :A =x() +.!. and f2 : A =~
b b

are used, respectively, to prove Proposition 5.9. The detailed proof is presented in the

Appendix. It is found that there exists a patent breadth b e (0,1] such that fn
m
(b) =°

for both It and f2. It is also found that fn is decreasing in patent breadth V'8e(0,1),
m

x~o and re[O,l]. The above imply that if patent breadth b* is such that b* e (O,b) then
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fIT. > 0 which implies that ::r' > 0 while if patent breadth b' is such that b' E (b.l]
m

then fIT < 0 which implies that db· < 0 (see equation (5.25)). 0
m df1

m

The intuition behind the results of Proposition 5.9 is as follows. There are two

countervailing effects that take place as patent breadth increases. On the one hand, a

larger patent breadth makes it harder for the entrant to succeed in generating a non-

infringing process, thus allowing the incumb~nt to make monopoly profits for a longer

period. On the other hand, the probability that the patent will be challenged and the

probability that it will be revoked increase, making it less likely for the incumbent to

realize monopoly profits. There is a critical patent breadth value b which makes the two

effects equal. When the breadth of patent protection is smaller than b, the danger of

having the patent challenged and revoked is relatively small and the incumbent tries to

capture the (increased) monopoly profits by making it harder for the entrant to succeed.

Thus, when b*< b , an increase in the anticipated monopoly profits results in an increase

in the optimal breadth of patent protection. However, when initially the patent breadth is

greater than b, the risk of having the patent revoked (due to the large patent breadth) is

now relatively large and the incumbent reduces the breadth of protection in order to

reduce the probability that the patent will be revoked and that he will not have a chance

to operate as a monopolist. Thus, when initially patent breadth is greater than b, the

incumbent responds to an increase in the anticipated monopoly profits with a decrease in

the optimal patent breadth level.
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The effect of a change in the duopoly profits on the optimal breadth of patent

db*
protection claimed, dIl ' is determined by totally differentiating the optimality

d

condition feb) - k(b) =0::::> (-2b)Il" +(l-b 2) aIl" +2bIl R
- cT =0 with respect to

ab

the optimal patent breadth, b*, and the duopoly profits, Il d • The expression for db * is
dIl d

given by equation (5.26).

(5.26)

From the S.D.C. the term h - kb < O. In addition, krrd = 0 and

2bA r(l-b2)(Ab + AxXb ) 2b
frrd = + +- which implies that the sign of the term

(r+A) (r+A)2 r

db * depends on the sign of the term J;rr . Given the above, if J;rr > 0 then db * > 0
dII d d dIl

d d

while if fn $; 0 then db* < O.
d dII

d

Proposition 5.10 An increase in the duopoly profits leads to a decrease in the optimal

db* * =
patent breadth (-- < 0), when b E (0, b) and to an increase in the optimal patent

dIl d

db* '" =
breadth (-- > 0), when b E (b ,1]. The patent breadth b E (0,1] is the breadth of

dIl d

patent protection that makes the effect of a change in duopoly profits on the optimal
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d0*=~) =
patent breadth equal to zero, = O. The patent breadth b exists for both the

dIl d

additive and multiplicativeformulations ofthe instantaneous probability ofsuccess.

Proof:

The additively and multiplicatively separable functions h :A = x(J +~ and f2 : A =~
b b

are used, respectively, to prove the above proposition. The detailed proof is presented in

the Appendix. It is found that there exists a patent breadth ~ e (0,1] such that

fnd (b * =~) = 0 for both h and f2' It is also found that the term fnd is increasing in

patent breadth, afnd > 0, 'V8e(0,1), x~O and re[O,I]. The above imply that if patent
Bb

breadth b' is such that b' E (0,b) then Ind < 0 which implies that db' < 0 and if
dIl d

patent breadth b* is such that b* e (~ ,I] then J;n > 0 which implies that db * > 0 (see
d dIl

d

equation (5.26». 0

The intuition behind the results of Proposition 5.10 is as follows. As discussed

above two countervailing effects take place as patent breadth increases. On the one hand,

it becomes harder for the entrant to succeed and on the other hand the probability that

the patent will be challenged and the probability that it will be revoked increase. If the

patent breadth is such that b e (0, ~), then the incumbent responds to an increase in

duopoly profits by decreasing patent breadth to make it easier for the entrant to succeed

and so that he can realize the duopoly profits. If the patent breadth is such that b e (b ,1] ,
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then the incumbent increases patent breadth to make it easier for his patent to be

challenged and revoked, thus again increasing the probability of realizing the increased

duopoly profits.

The effect of a change in the legal costs incurred by the incumbent on the

optimal level of patent breadth is determined by totally differentiating the optimality

condition f(b) - k(b) =0~ (-2b)Il" +(l-b2
) all

u

+ 2bIl R
- CT =0 with re~pect to

ab

the optimal patent breadth, b*, and the legal costs CT' The expression for db· is given
deT

by:

(5.27)

Proposition 5.11 The effect ofa change in the legal costs incurred by the incumbent on

db·
the optimal patent breadth is negative, -- < 0, for both the additive and the

dCT

multiplicative formulations ofthe instantaneous probability ofsuccess, A.

Proof:

From the S.O.C. the term f b - kb < O. In addition, k Cr =1 while fCr =0 which imply

db·
that --<0. 0

dCT

The results of Proposition 5.11 are as expected. The more expensive it becomes

for the incumbent to defend the patent during a patent validity challenge, the less willing
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is the incumbent to risk having the patent challenged. The incumbent decreases the

probability of having the patent challenged by decreasing the breadth of patent

protection.

Finally, the effect of a change in the discount rate on the optimal patent breadth

IS detennined by totally differentiating the optimality condition

f(b) - k(b) =0~ (-2b )11" +(1- b2) an" + 2bII R
- Cr =0 with respect to the optimal

ab

patent breadth, b*, and the discount rate, r. The expression for db * is given by:
dr

8!(b*)db* 8!(b*)d 8k(b*)db* 8k(b*)d+ r= + r~
8b* 8r 8b* 8r

(J; - k )db * =(k - I" )dr~ db * = kr - !r
b b r J r dr (!b - kb)

From the S.O.C. the tenn fb - kb < O. In addition, kr =0 while

1: = 2(-I+b
2

)(Ab+ Axxb)(rIId -fIm ) _ 2bfI d + 2b(AfI d +fIm ) +
r (r+A)3 r 2 (r+A)2

(l-b2)(Ab+ Axxb)fI d

(r + A)2

(5.28)

The sign of the tenn fr cannot be detennined without knowledge of the magnitude of

the parameters that affect it and thus the sign of the tenn db * is inconclusive.
dr

To summarize the main findings of sub-section 5.3.3, the incumbent's optimal

patent breadth choice depends on the level of monopoly profits that the incumbent

realizes for as long as the entrant does not succeed in generating a non-infringing

process, the level of duopoly profits realized by the incumbent once the entrant

succeeds, the legal costs incurred during the patent challenge process and the discount
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rate. Claiming the maximum breadth of patent protection (bmax= I) is not a profit

maximizing strategy for the entrant in this model. The effect of a change in the level of

monopoly and duopoly profits on the optimal patent breadth depends on the initial

optimal patent breadth value. The effect of a change in the legal costs incurred by the

incumbent during the patent challenge process on the optimal patent breadth choice is

always negative while the effect of a change in the discount rate on the optimal patent

breadth choice is inconclusive.

5.4 Concluding Remarks

The chapter uses a simple game theoretic model to model and to examine the

determination of. the optimal patent breadth for the innovator of a drastic process

innovation. The optimal patent breadth for the innovator is the breadth of patent

protection that maximizes the innovator's ability to appropriate innovation rents. The

game consists of two players, an incumbent innovator who having generated a drastic

process innovation and having decided to patent it determines the breadth of patent

protection and an entrant who decides how much to spend on R&D to generate her own

process.

The innovator in this model acts strategically and with foresight. That is, the

innovator takes into consideration the entrant's response to his choice of patent breadth

and the possibility that he may have to defend the validity of his patent when he

determines the optimal breadth of patent protection claimed. The model allows for the

probability that the patent will be challenged by a third party as soon as the patent is

granted. The probability that the patent will be challenged and the probability that the
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validity of the patent will be upheld depend on the breadth of patent protection. The

possibility of patent infringement is not considered in this model. It is thus assumed that

if the entrant enters, she will do so without infringing the patent.

In this model, the R&D process is stochastic and the instantaneous probability of

success is either additively or multiplicatively separable in the entrant's flow of R&D

spending and in the incumbent's patent breadth choice. It is assumed that when success

is realized by the entrant, her process is as efficient as the incumbent's process in

producing the non-patentable product. Both players use their processes for the

production of a new non-patentable product which is viewed as a homogenous product

by consumers.

The results show that when the patent is revoked the entrant enters the market

using the incumbent's process. When the patent is not challenged or is challenged and

upheld, the entrant's optimal flow of R&D spending depends on the breadth of patent

protection, the duopoly profits that the entrant will realize upon success and the discount

rate. The effect of patent breadth on the entrant's optimal flow of R&D spending is

positive or negative depending on whether the instantaneous probability of success is

additively or multiplicatively separable, respectively, on the flow of R&D spending and

on patent breadth. The duopoly profits have a positive effect on the optimal flow of

R&D spending while the effect of the discount rate on the optimal flow of R&D

spending is inconclusive.

The optimal breadth of patent protection depends on the level of monopoly

profits realized by the incumbent during the period that the entrant undertakes R&D, the

level of duopoly profits realized once the entrant succeeds, the legal costs incurred by

the incumbent during the patent challenge process and the discount rate. The effect of
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the monopoly and the duopoly profits on the optimal patent breadth choice depends on

the initial patent breadth value. The incumbent's legal costs have a negative effect on the

optimal patent breadth while the effect of the discount rate on the optimal patent breadth

is inconclusive.

The results show that there may exist a patent breadth that deters entry, but it

may not be optimal for the incumbent to choose this patent breadth and deter entry. The

results also show that claiming the maximum breadth of patent protection (bmax= 1) is

never an optimal strategy for the incumbent in this model. This result is not surprising,

however, since the model assumes that when the maximum patent breadth is claimed the

patent is always challenged and is revoked. Thus, since when the patent is revoked the

entrant always enters using the incumbent's process, the incumbent never finds it

optimal to claim the maximum patent breadth.

The results hold under the assumption of no patent infringement which implies

that patent breadth affects the entrant's probability of success. If infringement was an

option for the entrant then if the entrant found it optimal to infringe the patent, patent

breadth would not have a binding effect on the entrant's probability of generating an

infringing process. The results also depend on the assumption that the patent validity is

challenged only by a third party. If the model allowed for a validity challenge by the

entrant, as well as by a third party, then the optimal patent breadth might have been

narrower. In addition, it has been assumed that there is only one entrant, that the patent

life is infinite and that entry deterrence is either not possible or is not an optimal choice

for the incumbent. Relaxing the above assumptions is the focus of future research.
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CHAPTER VI

TOWARDS AN EMPIRICAL MODEL OF OPTIMAL PATENT

BREADTH

6.1 Introduction

The theoretical models developed in chapters IV and V examined the detennination of

the optimal patent breadth for drastic product and process innovations, respectively. The

theoretical models detennined the variables that influence the innovator's patent breadth

decision and described the effect of these variables on the optimal patent breadth.

The purpose of this chapter is to use the theoretical findings of chapters IV and V

to develop an econometric model that could be used to empirically test the validity of the

theoretical results/propositions. The theoretical findings of the two strategic patent

breadth models are combined in this chapter to derive a single empirical model.

The rest of the chapter is organized as follows. Section 6.2 explains how the

results of the theoretical models are used to derive the empirical model and an

estimation process for the econometric model developed is proposed. In section 6.3 the

selection of the patent sample that satisfies the theoretical assumptions and should thus

be used in the empirical analysis is explored. Possible ways for empirically

approximating the variables of interest are examined in section 6.3; this section also
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looks at possible data sources that could be used to obtain data for the variables of the

model. Section 6.4 concludes the chapter.

6.2 Empirical Model Development

The theoretical models developed in chapters IV and V assumed that the patent breadth

decision is made under complete and perfect information. This assumption implies that

when the patentee decides on the breadth of patent protection claimed he can foresee

who will be the potential competitors, the potential competitors' R&D effectiveness and

trial costs, the level of anticipated monopoly and/or duopoly profits, as well as his own

trial costs that will be incurred if the patent is infringed or challenged. The assumption

of perfect and complete information is satisfied by assuming perfect foresight in the

development of the empirical model.

The theoretical models suggest that, in determining patent breadth, the patentee

takes into consideration a number of variables. These variables are the potential

competitors' R&D effectiveness (~) and legal costs incurred during an infringement trial

(CE), the patentee's legal costs incurred during an infringement trial (Cp) and during a

direct validity challenge (CT), the level of monopoly profits (IIm) realized by the

patentee for as long as entry does not occur, the level of duopoly profits (fLI) realized by

the patentee and the entrant when entry occurs, and the discount rate (r).
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As described in Proposition 4.10, the individual effect of the entrant's R&D

effectiveness (~) on patent breadth is positive. I The individual effect of the entrant's trial

costs (CE) on patent breadth could not be detennined in the theoretical models without

additional knowledge about the values of certain parameters. The infringement trial (Cp)

and validity challenge (CT) legal costs incurred by the patentee have an expected

negative effect on patent breadth as described in Propositions 4.10 and 5.11.2 The

expected effect of the monopoly (ITm) and duopoly (U!) profits on patent breadth could

be negative or positive depending on the patent breadth value as described in

Propositions 5.5 and 5.9. Finally, the effect that the discount rate (r) has on patent

breadth could not be detennined in the theoretical models without additional knowledge

of the values of certain parameters.

The above variables are all exogenous; their values do not depend on the choice

of patent breadth. In addition to the exogenous variables, the detennination of patent

breadth depends on a number of endogenous variables. These endogenous variables are

the competitors' R&D spending (x = f(b,ITd,r», the probability that the patent will be

challenged (8=b) and/or infringed (see Proposition 4.2 below), as well as the probability

that the patent will be upheld (/l=I-b) and the probability (A. = f(x, b) ) that the entrant

will succeed in generating a competing innovation.

IThe greater are the entrant's R&D costs, the greater is the patentee's incentive to induce infringement,
which implies that the greater is the chosen patent breadth. This is so because according to Proposition
4.2, the greater is patent breadth, the greater is the entrant's incentive to infringe the patent.
2 According to Proposition 4.10, the greater are the patentee's trial costs, the smaller is the patentee's
incentive to induce infringement and thus, the smaller must be the chosen patent breadth. This last result
occurs because, as shown in Proposition 4.2, patent breadth is positively related to the entrant's incentive
to infringe the patent.
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These endogenous variables affect the detennination of optimal patent breadth

because, along with the exogenous variables pand CE, they detennine whether the legal

costs (Cp and CT) will be incurred by the patentee and whether the patentee will realize

monopoly (IIrn) or duopoly profits (IId). Recall that the infringement trial (Cp) and

validity challenge (CT) legal costs are incurred only when the patent is infringed and the

patentee files an infringement suit and/or when the validity of the patent is directly

challenged. In addition, the monopoly profits are realized by the patentee only when

entry in the market can be blocked and/or when infringement is found during trial and

the infringer is not allowed in the market and/or until the entrant succeeds in generating

a competing innovation. The duopoly profits are realized by the patentee when the

patentee cannot deter entry and the competitor succeeds in generating a competing

process and/or when the patent is invalidated or infringement is not found.

In addition, according to the theoretical models, an important detenninant of the

optimal patent breadth choice is the combination of the entrant's R&D effectiveness (P)

and trial cost (CE) values. The combination of the p and CE values detennines whether

• 8 • lIe f3there is a patent breadth, b, that can deter entry (i.e., - '5:. b '5:. E) and/or
9P 8

whether there is a patent breadth, b, that can make the entrant indifferent between

infringing and not infringing the patent

__ 9(4p+.fi..fii~16C +8P+81C p2) . . .
b = E 2 E). These combinations are depicted In Figure

16+81P

4.8 in chapter IV. The following propositions summarize the main results of the two

theoretical models that will be used in the development of the empirical model.
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Proposition 4.2 When the entrant finds it optimal to enter the market (i.e., when entry
cannot be deterred) then:

(a) The greater is the breadth of patent protection the greater is the entrant's
incentive to infringe the patent.

(b) The more costly it is to produce the better quality product the greater is the
entrant's incentive to infringe the patent.

(c) The greater are the entrant's trial costs the smaller is the entrant's incentive to
infringe the patent.

Proposition 4.10 When the patentee cannot deter entry (a b does not exist) and there

exists a patent breadth b that makes the entrant indifferent between infringing and not
infringing the patent then:

(a) The greater are the patentee's monopoly profits (IIm) the greater is the

patentee's incentive to induce infringement.
(b) The greater are the patentee's trial costs (ep) the smaller is the patentee's

incentive to induce infringement.
(c) The greater are the entrant's costs ofproducing the better quality product the

greater is the patentee's incentive to induce infringement given that the
patentee's monopoly profits are different than zero.

Proposition 5.1 When the instantaneous probability of success, A, is additively
separable in patent breadth, b, and in the flow of R&D spending, x, (i. e.,
A = q; (x) + IfJ (b») the effect ofa change in patent breadth on the optimal flow ofR&D

d·· .. . dx* 0spen Lng lS posltlve, l.e., - > .
db

Proposition 5.2 When the instantaneous probability of success, A, is multiplicatively
separable in the patent breadth, b, and in the flow of R&D spending, x, (i.e.,
A = q;(x) 'lfJ(b») the effect of a change in patent breadth on the optimal flow ofR&D

d·· " dx* 0spen Lng lS negatlve, l. e., - < .
db

Proposition 5.5 The optimal level of the flow of R&D spending is increasing in the
duopoly profits that the entrant anticipates to make ifshe succeeds in generating a non-

infringing process, dx* > 0, for both the additive and multiplicative formulations of
dII d

the instantaneous probability ofsuccess, A.

Proposition 5.9 An increase in the monopoly profits leads to an increase in the optimal
db*

patent breadth (-- > 0), when b * E (O,b) and to a decrease in the optimal patent
dII m
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~* * - -
breadth (-- < 0), when b E (b ,1]. The patent breadth b E (0,1] is the breadth of

dIl m

patent protection that makes the effect ofa change in monopoly profits on the optimal

d(b*=b) -
patent breadth equal to zero, =0. The patent breadth b exists for both the

dIl m

additive and multiplicative formulations ofthe instantaneous probability ofsuccess.

Proposition 5.10 An increase in the duopoly profits leads to a decrease in the optimal

patent breadth ( db * < 0), when b* E (0, b) and to an increase in the optimal patent
dII d

db* * = =
breadth (-- > 0), when b E (b ,1]. The patent breadth b E (0,1] is the breadth of

dII d

patent protection that makes the effect of a change in duopoly profits on the optimal

d0*=b) =
patent breadth equal to zero, = 0. The patent breadth b exists for both the

dII d

additive and multiplicativeformulations ofthe instantaneous probability ofsuccess.

Proposition 5.11 The effect ofa change in the legal costs incurred by the incumbent on

the optimal patent breadth is negative, db * < 0, for both the additive and multiplicative
dCr

formulations ofthe instantaneous probability ofsuccess, A..

The above results will be used for the development of the empirical model. The

econometric model should account for the endogeneity that is present in the theoretical

models. The following three binary (0/1) variables are defined for this purpose.
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{

1, if the patent is infringed

Yl=

0, otherwise

{

1, if entry occurs

Y3=

0, otherwise

{

1, if the patent is challenged

Y2=

0, otherwise

Given Propositions 4.2 and 4.10 the variable Yl (patent infringement), is a function of

the variables ~, CE, b, ITm and Cpo Specifically, Yl = f(f!; ~E' ~, l}.m' ~p). The

signs beneath the variables indicate the direction of the effect that these variables have

on variable Yl as described in Propositions 4.2 and 4.10. Thus, the more effective is the

R&D process (the smaller is ~), the smaller is the incentive to infringe the patent. The

greater are the entrant's (CE) and the patentee's (Cp) trial costs, the smaller is the

incentive to infringe the patent and induce infringement, respectively. The greater is the

breadth of the patent (b), the greater is the entrant's incentive to infringe it while the

greater are the anticipated monopoly profits (ITm), the greater is the patentee's incentive

to induce infringement when entry cannot be deterred.

The variable Y2 (patent challenge) is a function of the variables ~, CE and b.

Specifically, Y2 = f(~, ~E' !). This specification reflects the different processes at

work in the determination of optimal patent breadth in the product innovation and

process innovation cases. Chapter V (which looks at process innovations) explicitly

models the decision to challenge the validity of the patent. In the model of chapter V it is
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assumed that the probability that the patent will be challenged depends only on patent

breadth because of the assumption that a third party and not the potential competitor

challenges the validity of the patent. Chapter IV (which looks at product innovations)

implicitly models the decision to challenge the validity of the patent. The model of

chapter IV assumes that once the entrant locates within the patentee's Claims a trial takes

place either because the incumbent files an infringement lawsuit or because the validity

of the patent is directly challenged. Thus, in the model of chapter IV the probability that

the patent will be challenged (which is equivalent to whether the entrant will locate

within the patentee's claims) depends on the breadth of the patent but also on the

entrant's R&D effectiveness (~) and trial costs (CE). The greater are the entrant's R&D

costs (the greater is ~) and the greater is patent breadth, the greater is the incentive to

challenge the patent. The greater are the entrant's trial costs, the smaller is the incentive

to challenge the patent.

The variable Y3 (entry occurrence) depends on the variables ~CE, b and x.

Specifically, Y3 = f(fJfE' ~, :). Entry occurs when the entrant's R&D effectiveness

and trial costs (i.e., the combination of ~ and CE values) are such that entry cannot be

deterred by the patentee, when the patent is revoked and/or when the entrant succeeds in

generating a competing innovation. When the combination of ~ and CE values is such

that entry can be deterred (i.e., /3 ~ ~ and CE ~ 512 3 ), the effect of CE~ on Y3 is
9 6561/3

negative. When the combination of ~ and CEvalues is such that entry cannot be deterred

(i.e.,
4 8
-5:/3<
9 9

and C > 16-72/3+81/32
E 162/3
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CE < 512 3 ), the effect of CE~ on Y3 is positive. Patent breadth (b) affects Y3 in two
6561{3

different ways. On the one hand, the greater is patent breadth, the greater is the

probability (l-J.l=b) that the patent will be revoked and thus, the greater is the likelihood

that the entrant will enter. On the other hand, the greater is patent breadth the harder it is

for the entrant to succeed in developing a competing innovation and thus, the smaller is

the likelihood that the entrant will enter. The total effect of patent breadth on Y3 depends

on the relative magnitude of the above two effects. The effect of the flow of R&D

spending (x) on Y3 is positive because the greater is x, the greater is the probability (A)

that success will be realized and thus, the greater is the probability that the entrant will

enter.

The following structural form of the model captures the simultaneous

relationships outlined above:

b = ao +a\y\ +a2Y2 +a3Y3 +a4 /3 +aSCE +a6 (/3CE ) +a7 Cp +
agCr +a9I1 m + a lO I1 d +allr +u\

(6.1)

(6.2)

(6.3)

(6.4)

(6.5)

Equations (6.1) shows that when the patentee determines the optimal breadth of patent

protection he takes into account the exogenous variables ~ (the entrant's R&D

effectiveness), CE (the entrant's trial costs), r (the discount rate), I1rn (the monopoly

profits), Ui (the duopoly profits) and CT (his own trial costs). He also takes in to account
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the endogenous variables that determine the probability of occurrence of some of the

exogenous variables (i.e., Yl and Y2 determine whether CT and Cp will be incurred, while

Y3 determines whether rIm or rId will be realized). The term ~CE gives the joint effect of

the entrant's R&D effectiveness and trial costs on the patent breadth choice; note that it

is the combination of the ~ and CE values that determines whether there is a patent

breadth that deters entry and/or a patent breadth that can make the entrant indifferent

between infringing and not infringing the patent.

Equations (6.2), (6.3) and (6.4) are probit equations where the function cI>(.)

denotes the cumulative distribution function of the standard normal distribution and the

Ui'S are Ui -- iid N (0, cr2
), i=2,3,4. The relationship between the discrete choice

dependent variables Yl, Y2 and Y3 and the variables that influence them was described

earlier.

Finally, equation (6.5) shows how the entrant determines her optimal R&D

spending. Given Propositions 5.1 and 5.2, the effect that patent breadth has on R&D

spending is positive or negative depending on whether the instantaneous probability of

success is additively or multiplicatively separable in x and b, respectively (i.e., whether

patent breadth affects the marginal product of R&D spending or not). Proposition 5.5

shows that the effect of the duopoly profits on the R&D spending is positive. The effect

that the discount rate has on the R&D spending could not be determined in the

theoretical models without knowledge of the value of certain parameters.

The above econometric model is not a conventional simultaneous equations

model as some of the structural equations are non-linear probability equations. Given the

non-linearity of equations (6.2), (6.3) and (6.4), it is extremely difficult to solve the
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structural equations for the endogenous variables to derive the reduced fonn of the

model which is traditionally used to retrieve the structural parameters. In fact, there is no

assurance that the reduced fonn of the model exists in this case (Greene 1997). In

addition, even if the reduced fonn parameters were detenninable (i.e., equations (6.2),

(6.3) and (6.4) were not highly non-linear), the structural parameters of equation (6.1)

could not be retrieved since this equation is underidentified.

A different estimation strategy is required to circumvent the estimation problems

of the structural model. The estimation process that is developed involves two stages. In

the first stage, the endogenous variables Yl, Y2, Y3 and x are regressed on all the

exogenous variables of the system, i.e., 13, CE, pCE, CT, Cp, TIm, Ut and r. In the second

stage, the fitted values of the endogenous variables are substituted into equation (6.1)

and patent breadth is estimated.

More specifically, the estimation process takes place as follows. In the first stage,

equation (6.6) is estimated first and the fitted value of x, x, is obtained.

(6.6)

The fitted value of x, X, is substituted into equation (6.9) - see below. Then, the probit

equations (6.7), (6.8) and (6.9) are separately estimated and the fitted probability values

of the variables Yl, Y2, and Y3, are obtained, Yl' Y2 and Y3·
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The last stage in the estimation process involves substitution of the fitted values

YI 'Y2 and Y3 into equation (6.1). The substitution yields equation (6.10), which can

then be used to empirically estimate the determinants of the breadth ofpatent protection.

(6.1 0)

The estimation of equation (6.10) will allows a determination of the effect that the right

hand side variables have on observed patent breadth for the patent sample chosen and

for the period of study. The above estimation process is an application of the Two-Stage

Least Squares estimation process which is known to yield consistent estimates (Greene

1997). Thus, the estimation process described above leads to consistent estimates of the

parameters of the variables in equation (6.10).

This section described the development of an empirical model that could be used

to empirically estimate how certain variables affect the determination of the breadth of

patent protection. The empirical model was developed using the theoretical results of the

models developed in chapters IV and V. The estimation process that should be followed

to estimate the empirical model was also described in this section.

The next section describes the process that should be followed to select the

patent sample of interest (i.e., patents that satisfy the assumption of the theoretical

models) from the entire patent population. Section 6.3 also describes how the variables

of the empirical model given by equations (6.6) - (6.10) could be empirically measured

and identifies possible data sources for the variables of interest.
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6.3 Patent Sample Selection, Variable Approximation and Data Sources

The biotechnology and the phannaceutical industries will be considered for the selection

of the patent sample that will be used in the empirical analysis. As will become evident

below, patents in these two industries are more likely to satisfy the assumptions made in

the theoretical models. The patent sample could include patents issued by the USPTO

and the EPO whose owners are North-American finns. This selection is made because of

the availability of various data sources that document the financial and operating

perfonnance ofNorth-American finns.

The time period considered for the empirical study could cover the period

starting at the early 1970s (when the biotechnology industry was born) through to the

late 1990s. The selection of the patents in the empirical analysis should stop at the late

1990s to allow for the possibility of a direct validity challenge and/or infringement of

the patents in the sample. Note that direct validity challenges usually occur within a year

from patent grant (Harhoff and Reitzig 2000), while the majority of patents are imitated

within the first four years after grant (Mansfield et aI. 1981).

As mentioned above, the patents that should be examined in the empirical

analysis have to satisfy certain conditions/assumptions that are present in the theoretical

models. The main assumptions of the theoretical models are that the innovator has no

help from the Patent Office in detennining the optimal patent breadth, that the patent

protects a drastic innovation (product or process) and that the market in which the

patentee operates is concentrated. Thus, to empirically examine the patenting behavior

of innovators and to compare the observed behavior to that predicted by the theory, only

patents that satisfy the above conditions should be considered.
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The assumption that the patentee has no help from the Patent Office in

structuring his claims implies that only innovations that were granted as filed by the

Patent Office should be considered for the empirical analysis. The selection of patents

that were granted as filed by the Patent Office could also enable the identification of

patents that protect drastic innovations. This is so because when drastic innovations are

concerned the patent examiner cannot find support from prior art (since there is no

relevant prior art) to object to the claims (see discussion in chapter II).

The backward citations made in the patent and the forward citations that the

patent receives can also be used as indicators of whether the innovation protected by the

patent is drastic. Both the above measures have been used in empirical studies to

approximate the value of the patent (Trajenberg 1990, Harhoff and Reitzig 2000,

Lanjouw and Schankerman 2001). The justification for using the backward and forward

citations as indicators of whether the innovation protected by the patent is drastic is as

follows. A patentee must cite all relevant prior art in the patent specification, since

failure to cite relevant prior art is sufficient grounds for invalidating the patent (Merges

1997). Thus, the number of backward citations in a patent is an indicator of whether the

patented innovation breaks new ground (small number of citations due to limited or non

existent prior art) or whether it builds on previous innovations (large number of

citations). The number of forward citations reflects the innovation's contribution to the

development of subsequent innovations; the greater the number of forward citations a

patent receives the more path-breaking or drastic the innovation is considered to be

(Lanjouw and Schankerman 2001).

To determine the number of forward and backward citations that would be used

to separate drastic from non-drastic innovations, the range and the average number of
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forward and backward citations for all biotechnology and phannaceutical patents

granted during the period of study should be detennined.3 The above statistics could be

used to detennine which number of forward citations is considered to be large and which

number of backward citations is considered to be small for patents in the industries

under study.

Another important assumption of the theoretical models is that the markets

considered are concentrated and can support only a small number of products/processes.

Given the above assumptions, patents protecting innovations in industries that are

concentrated should be selected. Good candidates for the empirical analysis are patents

protecting innovations in the pharmaceutical industry and in the biotechnology industry.

Biotechnology and phannaceutical patents can be identified on the basis of the

International Patent Classification (IPC) assignments (Harhoff and Reitzig 2000).

The empirical model developed in section 6.2 assumed explicitly that the market

structure will be either a monopoly or a duopoly. This is a very restrictive assumption

and it is likely to be difficult to obtain a sufficient sample of patents that were granted as

filed, that protect drastic innovations and that possess this degree of concentration. The

above problem can be circumvented by allowing the patentee to face more than one

competitor. In this case, in the empirical model, the duopoly profits (TId) should be

approximated by the oligopoly profits made by the patentee when/if more than one

competitor enter his market during the period of study.

3 Harhoff and Reitzig (2000), in a study that examined what exposes patents to the risk of a direct validity
challenge using a sample of 13,389 European biotechnology and phannaceutical patents, found that the
number of forward citations received by a patent ranged from 0 to 36 with an average of 1 citation per
patent and the number of backward citations made by a patent ranged from 0 to 29 with an average of 2
citations per patent.
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Given the above, the patents used in the empirical analysis should have the

following characteristics: they should protect biotechnology and pharmaceutical

innovations, they should have been granted as filed by the Patent Office, and they should

have a 'large' number of forward citations and a 'small' number of backwards citations.

Data on the above mentioned patent characteristics can be obtained from the following

sources. Patent data on patents granted by the USPTO can be obtained from the

USPTO's two CD-ROM databases (these databases are marketed as the BIB and

ASSIST files of the CASSIS database) and by the BRS Information Technologies'

PATDATA database (Lerner 1995). Patent data on patents granted by the EPO can be

obtained by the ELPAC and the ESPACE databanks (Harhoff and Reitzig 2000). The

above databases provide information on the inventor and the patent owner (if different),

the designated states, IPC assignments, all information concerning the filing and

granting procedures (i.e., number of claims, forward and backward citations for every

patent, whether the patent was granted as filed) as well as information on oppositions

decisions (direct validity challenges to the Patent Office).

Having selected the patent sample that should be considered in the empirical

analysis, the next step in the estimation of the empirical model is the determination of

the empirical measurement of the variables in the model. Patent breadth has been

measured in empirical studies either by the number of claims in a patent application or

by the number of classes and subclasses in the IPC system assigned to the patent by the

patent examiner (Lanjouw and Schankerman 2001, Harhoff and Reitzig 2000, Lerner

1994). The number of classes and subclasses in the IPC system reflect the different

technological areas to which the innovation is relevant. In general, the greater is the

number of independent patent claims, the greater is the breadth of the patent. Likewise,
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the greater is the number of classes and subclasses assigned to the patent, the greater is

the breadth of the patent.

The appropriate measure of patent breadth, b, to be used in the empirical model

is the number of claims in the patent application. This is so because the theoretical

models examine the detennination of the patent breadth claimed by the patent applicant.

The number of classes and subclasses in the IPC system, however, reflects the breadth of

protection assigned to the patent by the patent examiner and not the breadth of

protection claimed by the innovator.

The variables YI (patent infringement), Y2 (patent challenge), Y3 (entry

occurrence), x (R&D spending), and r (discount rate) are all observable. Data on

litigated/infringed patents can be obtained by the Patent History CD-ROM produced by

Derwent (Lanjouw and Schankennan 2001). Lerner (1995) sites seven different data

sources for obtaining data on litigated patents. Among these sources are the LIT-REEX

data in LEXIS's PATENT/ALL database, the LIT-ALERT data provided by Research

Publications Inc., and the LEXIS's PATENT/FEDCTS database which contains

infonnation on all previous litigation involving any given finn. Data on direct validity

challenges can be obtained by the USPTO's and the EPO's patent databases and from

the ELPAC, ESPACE and REFI databanks (Harhoff and Reitzig 2000). The above

databases should be searched using the patent number and the name of the finn.

Data on the finns that are active in any given industry can be obtained by the

Venture Economics' Venture Intelligence Database which assigns a four-digit industry

classification number to each finn (e.g., 4000 class for biotechnology) and prepares a

profile of the company's activities (Lerner 1995). The Recombinant Capital Database

that specializes in collecting infonnation about biotechnology finns could also be used
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to identify operating firms when the biotechnology industry is examined (Lerner 1995).

Entry in any given market, as well as the number of firms/competitors, can be identified

using the above databases.

Data on R&D expenditure for US firms can be obtained from the Industry

Research and Development Information System (IRIS) database. This database provides

R&D expenditure data on all published industry R&D data since 1953. The data on

industry R&D expenditures is broken down by industry, size of company, size of R&D

program, type of cost (e.g., wages or materials), source of funds, and as percent of

company sales. Data on R&D expenditure for Canadian firms can be obtained from the

Canadian Corporate R&D database. This database contains information on the research

activities of 330 Canadian companies.

The reported discount rate, r, usually refers to the rates charged by Reserve

Banks when they extend credit to depository institutions. The real discount rate at the

time the patent application was filed should be used in the empirical analysis because

this discount rate would reflect the innovator's evaluation of anticipated returns and

costs at the time the patent breadth decision was made. Data on the market discount rates

at different time periods can be obtained from any Federal Reserve Bank and these rates

can be adjusted for inflation to obtain the real discount rates.

The variable ~ that refers to the rival firms' R&D effectiveness is not directly

observable. The Research on Research (ROR) Committee initiated an industrial R&D

database project with the Center for Innovation Management Studies (CIMS) where a

Technology Value Program (TVP) was developed to measure the effectiveness of the

R&D process. Some of the metrics used by the TVP to assess R&D effectiveness

included new product sales, cost savings, patents at the firm and business-segment level
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and the projected values of the R&D pipeline (Larson 1999, Bean et al. 2000). Given the

above, the variable ~ could be empirically measured by the ratio of the output of the

R&D process over R&D expenditures. The output of the R&D process could be

approximated by the number of patents granted to the company. This is an adequate

proxy when industries that rely heavily on patent protection as a means of appropriating

innovation rents are examined, like the biotechnology and the pharmaceutical industry.4

The variables Ilm (monopoly profits) and Ut (duopoly/oligopoly profits) could

be empirically measured as follows. The earnings of the given product line made by the

firm for as long as it was alone in the market could be used to approximate monopoly

profits while the earnings of the given product line made by the firm after entry (if entry

occurred) would account for oligopoly profits.s Various data sources can be combined to

get data on firms' earnings. When biotechnology patents are considered, data on

earnings can be obtained by the Recombinant Capital·Database.·Earnings data on public

firms can be received from the U.S. Securities and Exchange Co~ission (SEC)

Database. State records,6 the Venture Economics database, the COMPUSTAT database

and the Global Vantage database can be used to obtain earnings data on private firms.

The variables CE and Cp that denote litigation costs for the entrant and the

incumbent, respectively, and the variable CT, that denotes legal costs incurred by the

patentee during a direct validity challenge in the Patent Office, are not directly observed.

4 Trade secrecy is not a good alternative to patent protection for the biotechnology industry. As Lerner
(1995) points out, the lack of reliance on trade secrecy is due to the strong academic roots of the industry
and to the high mobility of its human capital. If industries where only a fraction of the innovations are
patented were considered, the output of the R&D process could be approximated by the number of new
products introduced by the company.
5 Earnings equal revenues minus costs of sales, operating expenses, and taxes.
6 As Lerner (1995) points out, private fIrms in many states have to make detailed fIlings reporting their
fInancial and operating performance. These fIlings are publicly available.
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Lerner (1995) used two proxies to empirically measure litigation costs; the number of

previous patent suits in which the finn has been involved and the firm's financial

resources measured by the paid-in capital (i.e., capital received from investors for

stocks). The greater the number of lawsuits in which the finn was previously involved,

the smaller are its litigation costs. According to Lerner (1995) this is so because 'there is

a substantial "learning curve" in patent litigation, as firms become more efficient in

managing internal and external counsel' (Lerner 1995, p. 475). Lerner (1995) uses the

finn's paid-in capital as a measure of the size of new biotechnology firms. The

justification for using the size of the firm as a proxy for litigation costs is that the larger

is the finn, the more able it is to employ internal corporate patent counsel and thus the

less costly is litigation for the finn. 7

The number of previous patent lawsuits in which the firm has been involved can

be used as a proxy for litigation costs in this model. Following Lerner (1995), firms can

be divided into different categories based on the number of previous lawsuits; zero

previous lawsuits, one to five previous lawsuits, six to ten previous lawsuits and so on.

As mentioned above, the LEXIS's PATENT/FEDCTS database can be used to obtain

information on all previous litigation involving any given firm.

Paid-in capital is not an adequate proxy for litigation costs in this model as the

present study does not distinguish between new and established firms. As Lerner (1995)

points out, paid-in capital is a less meaningful measure of the size of the firm when

7 Lerner (1995) cites previous studies that indicate that smaller fmns have higher litigation costs (i.e.,
Pashigian 1982).
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established finns are concerned.8 Instead, the market valuation of the finn could be used

as a proxy of the size of the finn and of the finn's litigation costs. Firms can be divided

into different categories based on their market valuation; low, medium and high, where

the medium may refer to the average of the sample under consideration. Data on the

finns' market valuation could be obtained from the SEC filings, the Venture Economics,

the Recombinant Capital and the Global Vantage databases (Lerner 1995).

A similar method could be used to approximate the legal costs incurred by the

patentee during an opposition process (direct validity attacks at the Patent Office). These

costs are denoted by the variable CT. Thus, the number of previous validity challenges in

which the finn has been involved and its market valuation could be used to empirically

approximate the legal costs incurred by the patentee during the direct patent validity

challenge. Data on the number of previous validity challenges in which the finn has

been involved, both as a challenger and as a challenged party, could be obtained from

the Patent Offices' databases mentioned earlier.

Having described the measures that could be used to empirically approximate the

variables in the model and having identified possible data sources for the variables of

interest, the econometric model given by equations (6.6) - (6.10) could be empirically

estimated. The resulting empirical estimates will depict the effect that the variables of

interest have on the patentee's patent breadth decision for patents protecting drastic

pharmaceutical and biotechnology innovations over the period of study. The empirical

results could then be compared to the predictions made by the theoretical models to

8 Established fmns are more likely to have raised external equity in their earlier stages of their
development and they may appear to have modest paid-in capital even though they may have substantial
financial resources (Lerner 1995).
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examine whether the observed!estimated patenting behavior of patentees in the

biotechnology and pharmaceutical industry resembles the strategic patenting behavior

described by the theoretical models.

6.4 Concluding Remarks

The results of the theoretical models developed in chapters IV and V were combined in

this chapter to enable the development of an empirical model. The empirical model

developed can be used to analyze the observed patenting behavior of innovators in

specific industries during a given period of study. The estimated patenting behavior can

then be compared to the strategic patenting behavior that is proposed by the theoretical

models as an optimal way to appropriate innovation rents.

The main findings of the theoretical models presented in the form of propositions

and the construction of three binary variables enabled the development of the empirical

model. The variables YI (patent infringement), Y2 (patent challenge), and Y3 (entry

occurrence) were introduced to capture the endogeneity that is present in the

determination of the optimal patent breadth decision.

The empirical model developed is a simultaneous equations model in which

some of the equations are non-linear probability equations. The non-linearity of some of

the equations in the model is unlikely to allow the derivation of the reduced form of the

model, the technique that is traditionally used to derive the structural parameters. A two

step process is developed instead to enable the estimation of the simult~eous equations

model. The estimation process is an application of the Two-Stage Least Squares

estimation process which is known to yield consistent estimates.
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The patent sample selected for the empirical estimation should satisfy the main

assumption of the theoretical models; the patent should protect a drastic innovation, the

patentee cannot rely on the Patent Office for help in structuring his claims and the

patentee operates in a concentrated market. Biotechnology and pharmaceutical patents

with a relatively large number of forward and a small number ofbackward citations, that

were granted as filed by the Patent Office, could be selected for the empirical analysis.

The different data sources that could be used to select data on the variables of the model

are described in this chapter.

The development of the theoretical models of chapters IV and V should be seen

as a first step towards the study of the determination of the patent breadth that would

maximize the innovator's ability to appropriate innovation rents. Although some of the

assumptions present in the theoretical model are restrictive, their purpose is to simplify

the theoretical analysis. Relaxing some of these restrictive assumptions will enable the

development of a more realistic empirical model.
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CHAPTER VII

SUMMARY AND CONCLUSIONS

7.1 Summary

Patent protection has been used as a mechanism for the generation and dissemination of

technological knowledge. The provision of patent protection has contributed to the

development and growth of research intensive and innovative industries, like the

biotechnology industry, by enabling innovators to better capture the returns from their

innovations. The degree of appropriability of innovation rents enabled by a patent is

mainly determined by patent length and patent breadth. Patent length, the time period

during which exclusive rights on the innovation are granted by the patent is

predetermined by law and cannot be influenced by the innovator's decisions. Patent

breadth defines the technological territory claimed and protected by the patent and is

explicitly chosen by the innovator, determined by the Patent Office and refined by the

Patent Office and/or the courts.

The innovator determines the breadth of patent protection sought through the

claims made in the patent application. In general, the greater the number of claims made

and the more general they are, the broader is the patent protection claimed. The

innovator's patent breadth decision is of great importance since claims determine both

the patentability of his/her innovation (claims must satisfy the patentability requirements
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of novelty, utility, nonobviousness an.d enablement) and the viability of his/her patent

after the grant (claims are routinely challenged in the Patent Office and/or the courts).

Existing studies of the innovator's patenting behavior have focused on the

analysis of the innovator's decision to either patent the innovation or to keep it a secret.

The innovator's patenting behavior once the decision to patent has been made - his/her

decision on the breadth of patent protection claimed - has not been explicitly modeled in

the literature. Instead, various studies have implicitly or explicitly assumed that the

innovator will attempt to maximize the appropriability of his/her innovation by claiming

the broadest patent protection possible.

The choice of maximum patent breadth may appear - on the surface - to be a

profit-maximizing strategy for the incumbent since, the greater is patent breadth, the

harder it is for competitors to enter the incumbent's market and thus the longer the

incumbent can enjoy the limited monopoly position. However, the broader is the patent

protection claimed, the harder it is to secure a patent grant. This occurs because the

greater is patent breadth, the harder it is to differentiate the innovation from prior art

(i.e., to show novelty), to demonstrate that the innovation is not obvious and to provide

an enabling disclosure. In addition, even if the Patent Office grants the broad claims, the

broader is the patent protection, the greater is the probability that the patent will be

infringed, that it will overlap another patent and that the Patent Office and/or the courts

will invalidate itor narrow its scope.

Given the above, a profit-maximizing innovator needs to take into consideration

both the marginal benefits and the marginal costs of an increase in patent breadth to

detennine the optimal breadth of patent protection claimed. The innovator needs to be

particularly concerned about patent breadth when (s)he seeks patent protection for a
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drastic innovation. When drastic innovations are concerned, the innovator cannot depend

as much on the Patent Office for help in structuring his/her claims. This occurs because

the more drastic is the innovation, the harder it is for the patent examiner to find support

in the relevant prior art (since there is no relevant prior art) to object to broad or

erroneous claims. Drastic innovations are thus usually granted broader protection by the

Patent Office. Broad patent protection, combined with the large innovation rents that are

. often associated with drastic innovations, result in patents that are more vulnerable to

validity attacks.

The main objective of this study is to examine the optimal patent breadth strategy

that an innovator should employ when faced with the possibility that the patent breadth

claimed will be challenged. In achieving this objective, the study first examines the

patent granting and the patent challenge processes, as well as the economic literature on

patent breadth, to provide evidence of the economic importance of the patent breadth

decision for the innovator's ability to capture innovation rents. Having demonstrated that

patent breadth is a strategic variable for the innovator, the study then models the

innovator's strategic patent breadth decision.

In specific, the study explicitly models the patenting behavior of an innovator

who determines the optimal breadth of patent protection claimed for a drastic product

and a drastic process innovation. Two different models are developed to study the

innovator's patent breadth decision. The first model, developed in chapter IV, examines

the patent breadth decision for a drastic product innovation, while the second model,

developed in chapter V, examines the patent breadth decision for a drastic process

innovation. The results of the above models are used to develop an empirical model that

could be used to study the patenting behavior of innovators in various industries.
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The study explores the innovator's patenting behavior under different

assumptions with respect to the environment in which the innovator operates. Thus, the

patent breadth model for drastic product innovations assumes that the products produced

by the incumbent and the entrant are vertically differentiated, while the patent breadth

model for drastic process innovations assumes that the processes developed by the

incumbent and by the entrant are equally efficient in producing a given product, which is

viewed as a homogeneous product by consumers. In addition, the former model assumes

that the R&D process is deterministic and that patent infringement is a threat to the

incumbent while the latter model allows for a stochastic R&D process and assumes that

patent infringement is never a threat to the incumbent.

Both models assume that the innovator has no help from the Patent Office in

structuring his claims. In both models the patent breadth decision is modeled as a

sequential game of complete and perfect information between an incumbent/patentee

and a potential entrant. The incumbent behaves strategically and with foresight, taking

into consideration the effect that his claims have on his potential competitor and the

possibility that he may have to defend or enforce his patent rights after the patent grant.

The model developed to study the innovator's strategic patent breadth decision

for drastic product innovations determines the optimal patent breadth for an innovator

who faces a positive probability of infringement and/or a validity challenge. The

incumbent anticipates entry of only one entrant who produces a better quality product.

The innovator moves first, deciding on the breadth of patent protection claimed, while

the entrant moves next deciding whether to enter the market and, if entry occurs, where

to locate in the quality product space (i.e., t6 infringe the patent or not). In the last stage

of the game the players choose their respective prices and compete in the market.
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In the drastic product innovation model, the entrant has an incentive to locate as

far as possible from the incumbent (i.e., to maximize the degree of differentiation

between her product and the incumbent's product), since this relaxes price competition

in the last stage of the game. Generating a better quality product is increasingly costly

for the entrant, however. The model predicts that for certain values of the entrant's trial

costs and R&D effectiveness there exists a patent breadth that can deter entry. If such a

patent breadth exists, then it is always optimal for the incumbent to choose this patent

breadth and deter entry. The results also suggest that claiming the maximum patent

breadth is not always a profit-maximizing strategy for the incumbent. Instead, only when

it is never optimal for the entrant to infringe the patent given her trial costs and R&D

effectiveness it is optimal for the incumbent to claim the maximum patent breadth.

The model developed to examine the innovator's patent breadth decision for

drastic process innovations determines the optimal patent breadth for the innovator when

he faces a positive probability of a direct validity challenge by a third party. The model

assumes that there is only one entrant who threatens the incumbent's monopoly position.

The incumbent moves first, determining the breadth of patent protection. The entrant

moves next deciding how much to spend on R&D to develop her own non-infringing

process. The entrant moves after observing whether the patent has been challenged and

the outcome of the challenge. In this model, the entrant has an incentive to locate as

close as possible to the patentee in the process space since the incumbent's process is the

most efficient way of generating the product and the products produced by the

incumbent's and the entrant's processes are viewed as homogenous by consumers. Thus,

when the patent is revoked the entrant enters the market using the incumbent's process.
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The model assumes that if the patent is not challenged, or is challenged and upheld, the

entrant enters the market only if she succeeds in developing a non-infringing process.

The drastic process innovation model predicts that the optimal patent breadth is a

function of the monopoly profits that the incumbent makes for as long as the entrant is

not successful in generating her own non-infringing process, the duopoly profits realized

once the entrant succeeds, the incumbent's trial costs and the discount rate. The results

also show that there may exist a patent breadth that deters entry, but it may not be

optimal for the incumbent to choose this patent breadth and deter entry. In addition, the

model predicts that the incumbent will never find it optimal to claim the maximum

breadth of patent protection. This result is not surprising, however, since the model is

built on the assumption that when the maximum breadth of protection is claimed the

patent is always challenged and revoked.

The results of the game theoretic models are also used to develop the framework

for an empirical model that could be used, in a future study, to examine the patenting

behavior of innovators in different industries. The present study describes the selection

of the patent sample that satisfies the theoretical assumption and could thus be used in

the empirical analysis, explores possible ways of approximating the variables of interest

and identifies various data sources for the variables of the empirical model.

The analysis conducted in this dissertation sheds some important light on the

innovator's patent breadth decision. Despite the stylized nature of the theoretical models,

some useful insights were provided. The innovator's profit-maximizing patent breadth

decision involves a trade off. On the one hand, a broad patent protection increases the

innovator's expected short-run returns by making it harder for competitors to enter

his/her market without infringing the patent. On the other hand, a broad patent protection
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puts the viability of the patent at risk by increasing the probability that the patent will be

infringed, that its validity will be challenged and that the courts will invalidate the patent

or narrows its scope. Generally this trade off implies that the innovator will choose a

patent breadth that is less than the maximum possible. In addition, under certain

circumstances, this less than maximum patent breadth will deter entry; however,

deterring entry might not always be a profit-maximizing strategy for the innovator.

7.2 Relaxing the Assumptions

The analysis conducted in this study considers a particular institutional setting. The

institutional setting is such that the innovator cannot look to the Patent Office for help in

structuring his claims, a fencepost patent system is in place and onIy one entrant can

potentially enter. Modifying the institutional setting is likely to change the results. The

remainder of this section examines the likely impact of relaxing some of the assumptions

that were made in the models developed in chapters IV and V. A more complete

analytical examination of the issues discussed below is the focus of future study.

In the development of both theoretical models it was assumed that there is only

one Patent Office where the incumbent could apply for a patent, or equivalently that all

Patent Offices are the same in terms of the protection that they grant. Patent Offices

differ with respect to the protection that they grant, however. For instance, the USPTO is

believed to grant broader patents than the EPO (Merges and Nelson 1990). In addition,

some patent systems favor the fencepost and others the signpost approach to claims

interpretation.
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When the assumption of a single Patent Office is relaxed, the innovator's

decision in which Patent Office to seek patent protection might affect his/her decision on

the patent breadth claimed. For instance, if patent protection is sought in a Patent Office

that is known to usually grant broad patent protection, the innovator might be better off

claiming a narrower patent breadth than if protection was sought in a Patent Office that

does not usually grant broad patents. This might occur because, in the former case, the

innovator (as was assumed in this study) cannot depend on the Patent Office for help in

narrowing broad claims that might not survive a validity challenge. The magnitude of

the effect of the innovator's decision in which Patent Office to apply for patent

protection on his/her decision regarding the patent breadth claimed depends on how

concerned the innovator is about having to defend and/or enforce his/her patent rights

after the grant.

The assumption of a fencepost patent system made in both theoretical models is a

valid assumption when patent protection is sought in the EP,O, since, according to

Cornish (1989), the fencepost approach has been preferred by the European patent

system. When patent systems that favor the signpost approach are considered, however,

a different model may be required to examine the innovator's patent breadth decision.

The assumption of a fencepost patent system implies that patent claims define an

exact border of protection. The implications of the assumption of a fencepost system for

the drastic product innovation model is that when the entrant locates within the

incumbent's claims, infringement will always be found unless the patent is found to be

invalid. The implication is that, under a fencepost system, the probability that the patent

is found to be infringed (once the entrant locates within the incumbent's patent claims)

and the probability that the patent is found to be invalid are mutually exclusive and
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exhaustive. In addition, the fencepost assumption implies that it is not important how

close to the patentee the entrant locates for infringement to be found.

The implications of the assumption of a fencepost patent system for the drastic

process innovation model is that since patent claims define an exact border ofprotection,

the entrant can determine whether her process infringes the patent or not. That is, as long

as the entrant locates outside of the incumbent's claims in the process space her process

will not infringe the patent. Patent breadth under a fencepost patent system is thus an

important determinant of, and has a binding effect on, the· entrant's probability of

generating a non-infringing process.

Relaxing the assumption of a fencepost patent system (i.e., assuming a signpost

patent system instead) has a number of implications for each model. First, assuming a

signpost system implies that patent infringement is not directly linked to patent validity.

That is, there could be a case where, even though the entrant locates within the

patentee's claims, infringement is not found and the validity of the patent is upheld at

the same time. This occurs because, in such a case, infringement is not found not

because the entrant proved that the patent is invalid but because, using the doctrine of

reverse equivalents, the entrant's product/process was found to be substantially different

from the incumbent's. In such a case, it is important how close to the patentee the

entrant locates because, the closer the entrant locates to the patentee, the greater is the

probability that infringement will be found (i.e., the harder it is to show non

infringement using the doctrine of reverse equivalents). Second, when the assumption of

a fencepost system is relaxed, infringement may be found even when the entrant locates

outside the patentee's claims (using the doctrine of equivalents). Thus, the entrant
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cannot detennine based on her location choice whether her product and/or her process

will infringe the patent or not.

Relaxing the assumption of a fencepost patent system may change the behavior

of both the incumbent and the entrant. Under a signpost system the probability that

infringement will be found depends on both the breadth of patent 'protection (which

affects the probability that the validity of the patent will be upheld) and on the distance

away from the incumbent that the entrant locates (which affects the doctrines used to

detennine infringement). In addition, patent breadth does not have the same binding

effect as under a fencepost system on the probability of success, in the sense that now

the entrant is not constrained to locate outside the incumbent's claims to not infringe the

patent and, at the same time, even if she locates outside the patentee's claims,

infringement may be found. In other words, there is uncertainty for both the incumbent

and the entrant with respect to what constitutes infringement. This uncertainty is likely

to change the way both the incumbent and the entrant behave. Thus, the incumbent

might claim a narrower patent protection under a signpost than under a fencepost system

in order to increase the probability that infringement will be found when the entrant

locates within his/her claims. This narrowing might occur because, the smaller is the

patent breadth claimed, the closer the entrant must locate to the incumbent to locate

within the incumbent's claims. However, the closer the entrant locates to the incumbent,

the harder it becomes to prove non infringement using the doctrine of reverse

equivalents. For the same reason, the entrant is more likely to infringe a broad rather

than a narrow patent under a signpost system.

Another assumption that is important for the results of the two models is the

assumption of a single entrant. Relaxing this assumption is expected to change the
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incumbent's optimal patent breadth choice. When more than one potential entrant is

anticipated by the incumbent, the probability that (s)he will have to defend his/her patent

or enforce his/her patent rights increases. In addition, the incumbent should be prepared

to incur greater legal costs since (s)he may have to defend his/her patent against

infringement more than once. The above may lead to a narrower patent protection

claimed by the incumbent. The same effect on the incumbent's patent breadth choice

could occur by relaxing the assumption that the patent is only challenged by a third

party.

The optimal patent breadth decision under multiple entries will be influenced by

the number of the potential competitors, their R&D costs, their legal costs and their

strategies with respect to the incumbent and with respect to each other. Thus, when there

is more than one potential competitor, the incumbent's patenting decision is more

complex since (s)he needs to take into consideration issues like the outcome of a patent

race between the potential entrants, whether the entrant who suc<;;eeds first will also seek

patent protection and how the entrants that have not succeeded will react to the new

patent and to the incumbent's patent (e.g., entrants that have not succeeded may decide

to challenge the incumbent's patent when an entrant succeeds and receives patent

protections, since there is less 'room' for them to enter the market).

As mentioned above, a narrower patent breadth claimed is more likely under

multiple entries than under a single entry. The incumbent might still find it optimal to

claim a broad patent protection under multiple entries, however. This might occur when

the potential entrants' legal costs are high, in which case infringement and/or validity

challenges by competitors are less probable. In addition, the incumbent may claim broad
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patent protection when his/her own legal costs are low and when the potential entrants'

R&D costs are low (i.e., to make it harder for the entrants to succeed).

Finally, it would be interesting to examine how the results of the theoretical

models developed in this study are affected by the assumptions made with respect to the

nature of the probabilities of infringement, direct validity challenge and patent

revocation. This study assumed that an infringement trial always takes place when the

entrant locates within the incumbent's claims. Relaxing this assumption implies that the

incumbent's decision whether to take the alleged infringer to court affects, and is

affected by, the incumbent's optimal patent breadth decision. Besides patent breadth, the

incumbent's decision to sue for infringement also depends on the incumbent's and the

infringer's legal costs. In this case, the incumbent has to consider that claiming a broad

patent protection might impede his/her ability to enforce his/her patent rights by taking

the alleged infringer to court. This occurs because, the greater is patent breadth, the less

likely it becomes that the patent will survive an indirect validity attack during the

infringement trial. Thus, it is more likely that the incumbent will claim a narrow patent

protection when (s)he is concerned about his/her patent being infringed.

In addition, it has been assumed that the probability that the patent will be

challenged and that it will be revoked are only a function of patent breadth and that their

relationship to patent breadth is linear. One would expect, however, that both the

entrant's and the incumbent's legal costs may play an important role in determining the

magnitude of these probabilities. 1 That is, the more the players spend on legal

representation, the greater are their chances of winning at trial given that the more

1 Note that in the model developed in chapter V the probability that the validity of the patent will be
challenged is not affected by the entrant's trial costs because it is assumed that a third party and not the
potential entrant challenges the validity of the patent.
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'capable' attorneys charge higher fees. In addition, as Lerner (1995) points out, litigation

can be less costly for large firms that can afford to employ internal corporate patent

counsel which gives them an advantage over smaller firms.

Relaxing the assumption that the probabilities of a validity attack and patent

invalidation depend only on patent breadth may result in broader patent protection

claimed by incumbents who can afford legal representation of a higher quality and/or by

incumbents with internal patent counsel. Relaxing the assumption that when the

maximum breadth of patent protection is claimed the patent is always challenged and

revoked may also result -in broader patent protection claimed. In general, the smaller the

effect of patent breadth on the above probabilities, the broader is expected to be the

patent breadth claimed.

The framework of analysis developed in this dissertation is of particular

importance for the agribusiness sector. Changing consumer preferences and the

emerging industrialization of agriculture have made product differentiation and the

development of cost reducing and quality enhancing processes important strategies for

agribusiness firms. Agribusiness firms need to invest in R&D to be able to develop new

products (create new markets), develop different versions of existing products (i.e.,

horizontally differentiated products), and/or develop processes that will reduce

production costs (i.e., process innovations) and/or allow them to generate improved

versions of existing products (i.e., vertically differentiated products). As agribusiness

firms undertake R&D they have to consider whether to patent the outcome of their

research. Firms will patent their innovations if patenting enables the firms to better

capture the rents from their innovations and cover their research costs. Since it is the

breadth of the patent protection that determines, to a large extent, the degree of
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appropriability of innovation rents enabled by the patent, the ability of innovating finns

to detennine the optimal scope of patent protection claimed is critical both for their

economic perfonnance and the development and growth of the agribusiness sector.
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APPENDIX

• The curvature of the function h(x) = r+A(x,b) -rIl
d

Ax
is negative,

multiplicative formulations ofthe instantaneous probability ofsuccess, A.

Proof:

To prove the above statement the additively separable function It :A = x() +..!.. and the
. b

()

multiplicatively separable function f2 : A =~ are used. Both functions satisfy all the
b

theoretical assumptions concerning the instantaneous probability of success A.

• Ais additively separable in x and b, It :A = x() +..!...
b

In this case,

Ll 1 -(l+() 1 () 1 1 r 1
hxx =(1-u){--x (-+r+x )}=(1-0){--( +--+-)}=

x b X bX(l+() x(l+() x

l+rb
(1- 0)( bx(l+())::; °

The above inequality holds '\j 8E(O,1), bE(O,l] and rE[O,l].

()

• Ais multiplicatively separable in x and b, f2 : A =~ .
b

In this case,

1 -(l+() x() 1 rb 1 Ll)( . rb ) 0
h.tx = (1-0){- -x b(r +-b)} = (l-O){-- «(i+8) +-)} = (l-u -(i+8) ::;

x x x x x

The above inequality holds '\j 8E(O,1), bE(O,l] and rE[O,l]. 0
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Proposition 5.9 An increase in the monopoly profits leads to an increase in the optimal

patent breadth (:::r' > 0). when b' E ( 0,b) and a decrease in the optimal patent
m

db* * -
breadth (-- < 0), when b e (b ,1]. The patent breadth b e (0,1] is the breadth of

dII m

patent protection that makes the effect of a change in monopoly profits on the optimal

d(b*=b) -
patent breadth equal to zero, = o. The patent breadth b exists for both the

dII m

additive and multiplicative formulations ofthe instantaneous probability ofsuccess.

Proof:

To prove the above proposition the additively and multiplicatively separable

functions h :A =x(J +.!-, f2 : A =~ are used, respectively. When the function h IS
b b

2b 2
-

----(J-. The patent breadth b that makes fIT = 0
1+b(r + x ) m

IS gIven by where,

A =(-54+108(r+x(J)2 +~-2916+(-54+108(r+x(J)2)2JI3. Performing simulations

it is found that there are combinations ofre[O,I], x~O and 8e(O,I) values such that there

exists a patent breadth b e (0,1]. The term fIT is decreasing in patent breadth,
m

re[O,I]. The above imply that if patent breadth b* is such that b* e (0, b) then fIT
m

> 0
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db·
which implies that -- > 0 while if patent breadth b* is such that b· E (b,l] then

dIT m

fn < 0 which implies that db· < 0 . When the multiplicatively separable function f2
m dIT

m

is used, f n =
m

(b 2 -I)xo 2b 2

----- ° . The patent breadth b that makes fn =0 is
(br + XO )

2 br + x m

gIven by
- XO x 20 B
b=--+-+

2r 2rB 2r
where

Performing simulations it is found that for certain rE[O,l], x~o and 8E(0,1) values

b E (0,1] . The term IS decreasing in patent breadth,

above imply that if patent breadth b* is such that b· E (O,b) then fn >°which implies
m

db·
that -- >° and if patent breadth b* is such that b· E (b,l] then fn <°whichdIT

m
m

. I· h db·Imp Ies t at -- < 0 . 0
dIl m

Proposition 5.10 An increase in the duopoly profits leads to a decrease in the optimal

db· • =
patent breadth (-- < 0), when b E (0, b) and to an increase in the optimal patent

dIl d

db· • =
breadth (-- > 0), when b E (b ,I]. The patent breadth b E (0,1] is the breadth of

dIl d

patent protection that makes the effect of a change in duopoly profits on the optimal
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d0*=~) =
patent breadth equal to zero, = 0. The patent breadth b exists for both the

dII d

additive and multiplicative formulations ofthe instantaneous probability ofsuccess.

Proof:

1 {'rr = 2b + r(-l +b2) _ 2b(1 +bxo)
When J;: A = XO +- is used Jl ° . The patent

b d r (1+b(r+xO»2 l+b(r+x)

~ = C (_(C2+12(-1+r)D) E l
/
3

breadth b that makes frr =°is given by b =--- 113+ 1/3
d 6D E 62 D

E =322/3D(-2C3) + 36(-1 + r)CD -1 08r2D 2+ F ) and

Performing

simulations it is found that for certain 8E(0,1), x~O and rE[0,1] values b E (0,1]. The

term frrd is increasing in patent breadth V bE(0,1], 8E(0,1), x~o and rE[0,1],

2((1 + bXO)3 - r(1 + bXO)2 (1 + b(-3 + xo» + r3(1- b3(-1 + xo» +) .

Bfrr
d

= r 2(xO -3b2(-1+xo)-b3x8(-3+2xo» > 0.

Bb r(l+b(r+xO»)
The

above imply that ifpatent breadth b* is such that b· E (0, ~) then frrd <°which implies

db· *. =
that -- < ° and for if patent breadth b such that b E (b ,1] then frrd >°which

dII d

implies that
db·
-- > 0 . When the function
dII d

IS used,

{'rr _- 2b + (-1 + b2 )rxo 2bxo -
J 1 ~--- - ° .The patent breadth b that makes frrd =0 is given

d r (br+xo)2 br+x
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by = (-4+r)x B

b =---~-
6r

where

is found that for certain SE(O,I), x~o and rE[O,I] values b E(0,1]. The tenn fnd IS

\f bE(O,I], SE(O,I), x~o and rE[O~I]. The above imply that if patent breadth b* is such

that b' E (0, b) then In
d

< 0 which implies that ::r' < 0 and for if patent breadth b'
d

such that b' E (b,I] then Ind > 0 which implies that ::r' > 0 . 0
d
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