








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.

200



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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