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Abstract 

This paper introduces a new approach to stucly patent enforccrncnt uncler private 
information . By explicitly mocleling the litigation teclmology, a more realistic concept of 
patent protection is obtained. This protection decreases on the quality of the competitor's 
future innovations. It is prcciscly the cxistence of competition what leacls a firm to disclose 
the information learned about its own invention. As a result, a revelation mechanism can 
be implemented to increase social welfare. Interestingly enough, this mechanism resembles 
the interpretation that courts make of patent legislation. 

1 Introduction 

Patents and their effect on social welfare have been a concern in cconomics for a long time. 
Their use stimulates innovation by granting monopoly power to patentholders, yet this same 
power creates potential distortions that decrease social welfare. 

This paper analyzes what are the effects of litigation - or the threat of using it - as a way 
to enforce patents. Vve claim that this is an integral part of the patent system, with relevant 
consequences in the design of better institutions. 

Litigation is also an important source of welfare loss and recent changes in legislation have 
affected considerably its characteristics. 

vVe also propase a positive way to define the breadth of patents. Rathcr than thinking about 
which should be the implications of the breadth of a patent, we focus on the way in which it 
is actually enforced. The existence of courts and their rulings can be interpreted as a way to 

*E-mail: glbt@troi.cc.rochester.edu. I thank Hugo Hopenhayn for his help and advicc. I also benefited from 
conversations with Susanna Esteban ancl comments by l\fatt Mitchell and Andrzej Skrzypacz. As usual, all 
errors are mine. 
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aggregate the relevant features of a patent. Therefore, if a court decides that an innovation 
infringes a.n existing patent, this mea.ns that the invention was in fact inside the breadth covered 
by it. 

A patent is a contract with many rclevant dimensions that the literature has tried to ap
proach in severa! ways1 . There is sorne consensus, though, about most of its important features: 
its length - or period of time for which the patent is valid -, the fees paid, and its scope, mea
sured as vert·ical scope - or protection against successive improvements - and horizontal scope 
- or protection against substitute goods.2 \i\Thile the length of the pa.tent and the fees paid 
are elements quite easy to identify and regula.te, the scope has proved to be more problema.tic. 
There is no general formulation, and thc concepts used are difficult to translate into real insti
tutions. These shortcomings limit the recommendations that we can usually make in the design 
of better ways to reward innovators. 

Most of the previous models, with a few exceptions such as vVaterson (1990), consider the 
scope of a patent as being clearly distinguishable, making infringement evident. This setup 
makes the existence of litigation irrelevant. In rea.lity, boundaries are rather blurry, being this 
the reason why courts are needed to assess whether inventions infringe or notan existing patent. 

Due to this legal system, when a firrn decides to produce an invention in an a.rea where 
some patents are already in place, it has sorne idea about how likely it is to infringe them, and 
in this case, to succeed in court. It will also consider the incentives that the patentholder has 
to settle a.nd litiga.te the infringement. So, it will decide to enter if the total expected profits, 
net of litigation costs are positive. 

Firms hold prívate information about their innovations. Legal proceclures are also used as 
a mechanism to revea! this information. For this reason, when firms bchave optimally, there is 
sorne litigation, even though this is a.n inefficient wa.y to sol ve disagreements. If this process were 
free we would like to use it to disclose all information a.nd decide in a case by case basis. Being 
this an expensive process3, it deters entry of some competitors that would produce otherwise, 
while in other cases it a.lso gives incentives to reach a settlement between the patentholder a.nd 
the potential infringer. 

In order to see if this model is a good representation of the legal system, we study how it 
matches sorne of the characteristics of patent litigation highlighted by recent empírica! papers. 
Lanjouw a.nd Schankerman (1997) construct a data.base that allows them to obtain sorne stylized 
facts. One of their most surprising findings is that broader patents are litigated less often 
than narrower ones. \i\Te cla.im that one of the reasons why this m.ight be the case is that 
broader patents are in fact deterrent for potential entrants, and so this decreases the amount 
of infringement and litigation we see. 

Vle also design mechanisms that can improve upon the current patent system even in the 
presence of asymmetric information. This feature is not new, and sorne other recent papers, 

1 Gilbert ancl Shapiro (1990) and Klemperer (1990) are classical examples. 
2The terminology is not standard, allCI ot.her terms, such as breadth and width are used. vVe will use vertical 

scope and breadth indistinctly. 
3Lerner (1994) estimates that in t.hc biotechnology sector around 6% of the patents are litigated, with a cost 

of up to 25% of the total expenditure in basic research. 
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such as Cornelli and Schankerman (1996) and Scotchmer (1997), have studied the role of these 
asymmetries. vVhile there they focus on how fees and patent length can be used to screen 
different inventions, here we use the combination of breadth and fees as a revelation mechanism. 

In fact, it is precisely the existence of litigation what allows us to screen among inventions. 
So, the optimal mechanism must take into account not only the distortion that broader patents 
create but also the corresponding litigation costs. Our results show that under most circum
stances, the patent system should encourage settlement by means of licensing and grant more 
protection to patents for which this is not possible. This is done by conceding larger breadth 
to better inventions. Remarkably enough, this result coincides with the interpretation that 
courts make of patent legislation. Therefore, we propose extending this mechanism, by offering 
ex-ante different patent breadths at different prices. The mechanism obtained decreases the 
distortion that patents create by weakening the monopoly power that patentholders have and 
minimizing litigation costs. 

\iVhen screening is not possible, we give conditions under which bread or narrow patents are 
optimal, depending on whether the existence of new firms decreases or increases competition. 
·we also relate this results with papers such as Gallini (1992), where litigation is not explicitly 
considered. 

The model is presented in section 2. Section 3 explores our concept of patent breadth and 
its implications. In section 4 and 5, the optimal mechanism in this framework is characterized, 
and section 6 concludes. 

2 The Model 

Consider a market in which all firms are a priori identical. They obtain ideas of quality 0, 
according toan exponential distribution with parameter 1 .'1 This distribution function depends 
on the level achieved by the previous ideas, in the following way: 

The parametcr fl. is the current state of knowledge and o: E [O, 1] represents the importance 
of spillovers created by previous inventions. Clearly, for o: = O the distribution of ideas will be 
indcpendent of the current state of knowledge, and for o: = 1 they will build completely on pre
vious notions. This represents a generalization of models, such as Green and Scotchmer(1995) 
where it is implicitly assumed that o: = l. Because the exponential distribution is memoryless 
it is easy to see that: 

<P(B/0 ~ o:fl.) = 1 - exp [-,(0 - o:fl.)] = <1>(0 - o:fl.). 

The first firm to obtain an idea will be denoted as the patentholder ( or patentee), p, while 
we will call i the potential infringer, that is, a firm with an alternative idea. \"!\Te normalize the 

~Estimates of patent values in Germany reportecl by Lanjouw (1993) seem to conform quite reasonably with 
this kincl of clistribution. 
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initial state of knowledge fl = O. Hence> thc patentholder obtains ideas OP from a distribution 
<I>(0p) while the infringer builds on this idea, and therefore> it draws from <I>(0i - a0p)· 

A firm can invest in order to turn this idea into an invention. Hence> obtaining an idea is free> 
while the subsequent invention requires an expense. Call 1rp(ap, O) the profits that the patentee 
will obtain without infringement, where aP is the level - or size - of invention achieved. A second 
firm will come up, with probability >. E [O, 1], with an idea that generates an invention of qua.lity 
ª i· The quality of the idea will be drawn from the distribution function <I>(0d0i 2:: a.0p). The 
value of the invention is prívate information. If this firm decides to produce it> the profits for 
the patentee and the infringer will be 1r p(aP> ai) and 1ri( aP> ai), respectively. vVe will denote 
1r(ap> ai) the sum of both. 

V\Te assume that the size of the invention that a firm achieves is increasing in the quality of 
the idea. Call the size of the invention a8 (0s) where a5 (O) = O and a~(0s) > O for s = {p> i}. 5 

Therefore we can refer from now on to the parameter 0 instead of a as the invention> as a way 
to simplify notation. 

The patent system is modelled in the following way: The patent is granted to the first 
inventor. After that, if the potential infringer produces an innovation> the patentholder can 
decide whether to litigate it or try to reach a settlement. The result of thc litigation ,vill depend 
on the quality of the first invention 0p, the quality of the infringing one, 0i, and the propensity 
of the courts to settle in favor of the patentholder, b. 6 

In order to study this problem we will analyze two aspects: the litigation process and the 
decision of the patentholder of whether to go to court or settle with the infringer. vVe start 
with the first. 

2.1 The Litigation Process 

vVhen the second inventor obtains the idea> she knows the quality of the patented invention. 
Afterwards> she has to decide whether to produce the innovation, and take the risk of infringe
ment or not. Once alleged infringement occurs> it is in the patentee's hands to decide whether 
to prosecute or settle the case.7 

The Patent Office <loes not lmow the quality of the invention> 0p, when the patent is filed. 
However> this becomes public befare the infringer decides to produce the alternative invention.8 

5This is somehow restrictive, since in many cases it might be reasonable to think that firrns can choose what 
size of innovation a E [O,a 5 (0s)] to implement. 

6This parameter is related to the concept of patent breadth cornmon in the literature. In section 3 we explore 
sorne of its implications. 

7This setup is in some respects similar to Nalebuff (1987). This differs in the choice that the inventor has 
in this model to decide beforehand whether to infringe or not. Sorne authors have suggested that the existence 
and scope of patcnts tends to distort incentives of firms. In particular, potential infringers take into account 
not only the profits from their invention but also t.he cxpected behavior of the incumbent. See Waterson(1990), 
for an example. 

8 It could be the case that the first inventor tried to deter entry of competitors by claiming an outstanding 
leve! of invention, and therefore almost sme infringement. :tviemer (1989) works along these lines. He claims 
that even though patents irnply disclosure of all thc relevant information about the invention, some features or 
the prcvious related art can rernain prívate infonnation. 
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The game proceeds as follows: The infringer obtains an idea with probability ,\ E [O, 1] of 
size 0i, which is private information. This innovator can decide whether to implement it or not. 
In case she <loes, a cost e will be incurred, inclependent of 0i. 

If the alternative innovation has been implementecl, the patentee can make a take-it-or-leave
it offer of an amount x in order to settle the case. The infringer can accept or reject it. If she 
accepts, the payoffs will be 1r(0p, 0i ) - x for the patentee and x - e for the infringer. Otherwise, 
they will go to court. The litigation process implies constant legal costs for both parts of Lp 
and Li respectively, and after that, the expected profit will be 1rt(0p, 01) for the patentee and 
1rH 0p, 0i) for the infringer. The infringer will succeed in court with a probability q( 0p, 0i, b), 
keeping ali her profits of the production, 7íi(0p, 0i), and she will obtain nothing otherwise. So, 
expected profits will take the following form: 

1r~(0p, 0i) - 1rp(0p, 0i) + (1 - q(0p, 0i, b))1ri(0p, 0i) - LP 

1r~(0p, 0i) q(0p, 0.¡, b)1r;(0p, 0i) - e - Li 

That is, the infringer in case oflitigation will keep her total profits with probability q( 0p, 0i, b) 
and will incur in a sure cost of e+ Li, as a result of the cost of inventing ancl going to court. 9 

The patentee will keep the rest of the profits from production net of litigation costs. Therefore, 
the expected revenue for the infringer of going to court - that we call B1 - will be, 

(1) 

Notice that x can be interpreted as how much profit does the patentee allows the infringer 
to make. Also, this can be considered as a license. That is, we definecl 1r(0p, 0i) = 1íp(0p, 0i) + 
1r;(0p, 0i), and so, the profits of a license l will be 1íp(0p, 0i )+l for the patentholcler and 1ri(0p, 01) 

l - e far the licensee. Therefore, l = 7í;(0p, 0;) - x.10 

Figure 1 represents the structure and timing of the game. 
In arder to solve this game, we restrict ourselves to credible litigation threats. Conceivably 

the patentee could threat to go to court every time infringement occurrcd in arder to deter 
potential entrants. However, once infringement happens, she rnight have incentives to settle in 
order to avoid costly litigation. 

vVe make the following assumptions, 

Assumption 1 7í; (0p, 0;) = 1r1 (~) and 7íp (0p, 0,i) = 1íp (~), where ~ = 0; - 0P. Both functions 
are twice continuously differentiable with 1r~ (~) :::; O if 0P > 01. 

9Here we assume that after the decision in court, each party pays her own expenses, L; and Lp. In a more 
general setup the alleged infringer would paya proportion T(0p, 0;, b) of the total litigation cost L = Lp + L; 
that could include compensations and other penalties. 

1ºThis structure is equivalent to the model presented by :Meurer (1989). As pointed out befare, one of the 
main differenccs is where the w1certainty is placed. In his case Br remains unknown. Here we assume that 0; 
is the only private information once the first invention has been patented. \1/e will see that this difference has 
dramatic effect.s on the implications from both models. 
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Figure 1: The Entry Game 

Assumption 2 q(0p, 0i, b) = q(6., b). q is a twice co11ti11uously differentiable functio11 in all its 
arguments with ~ < O and, for all 6. and b, O ::::; ~ ::::; exp (,0i). 

The first assumption, (A.l), implies that profits only depe11d 011 thc difference in quality 
among inventions. Also, profits for the patentee are increasing in the quality of her invention 
when she has the technological lead, and hence they are obviously decreasing as the second 
firms increases her quality. This structure is consistent with a variety of vertical differentiation 
models that fit rather well in a market with successive innovations. 

Assumption (A.2) means that the probability that the infringer has to obtain a favorable 
verdict in court is decreasing in the propensity of courts to rule in favor of the patentee, b. 
Also, whether an invention infringes a patent or not depends essentially on 6.. Sorne evide11ce, 
reported by Chang (1995), tends to support this assumption. Courts seem to rely 011 the 
difference between innovations as a criterium to consider infringement. Finally, the expected 
revenue for the infringer is higher when her innovation differs more from the mere spillovers of 
the original invention. 

Even though inventions are distributed in the [O, oo) interval, not all of them will be pate11ted. 
The reason is that small ideas might not be worth to be developed, because they will be very 
easily supersedecl, and so the profits obtained from them will not compensate the litigation 
and development costs involved. Vve will call 0min the thresholcl level above which it will be 
profitable to patent an invention. 

\Ve require the following additional assumption: 

Assumption 3 np(- 0p) 2: np(0i - 0p) + n¡(0¡ - 0P) - e for all 0i. Moreover, for all 01 and 0p, 
1r

1(01 - 0p) ::::; exp (,01) and 
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Clearly, if the first part of (A.3) did not hold, litigation would most likely not occur, since 
there still would be room for profitable ex-post negotiation, once infringement had occurred. 
i\foreover, because renegotiation would be expected, any offer made by the patentee would be 
non-informative and irrelevant. The last condition also imposes an upper bound, but in this 
case in the ex-ante joint profits accrued by the entrance of the new firm. This bound insures 
that the expected revenue obtained by the patentee is increasing in the quality of her own 
invention. 

Once infringement occurs, what will be the amount chosen by the patentee to settle? If x 2: e 

ali potential infringers will enter, since by staying out they will obtain a profit of O ~ x - c. 
On the other hand if x < e nobody will accept the offer and so, sorne inventions might not be 
implemented.11 Hence, we need to consider both cases. 

An infringer will accept an offer x 2: e if the expected profits from litigation are smaller than 
the amount offered to settle. From (A.l) and (A.2) it is clear that only for the best alternative 
inventions, the infringer will not accept the settlement and take her chances of going to court, 
since the expected profits from doing it are higher12

. Hence, the best invention accepting the 
settlement, 08 will satisfy, 

(2) 

By a similar argument, if sorne firms do not enter - in the case when x < e-, they will be 
the ones with the smallest inventions. Call the best of those inventions 00. Therefore, 

(3) 

From (A.l), (A.2) and the definition of both 0s and 00 it is clear that 0s 2: 0o if and only if 
X 2: C. 

lf x 2: e the profits for the patentee liVx?::c will be, 

max r00 

1r(0¡ - 0p)</)(0i - o.0p)d0i - x<I>(0s - o:Bp) 
x?::c loop 

- r00 

(Lp + Li + B¡(0; - 0p, b))</>(0; - o:0p)d0; 
Jo. 

s.t. (2) 

(4) 

That is, the patentholder will make an offer x and all infringers below 08 will accept. Firms 
with better inventions will rely on litigation to solve the dispute.13 In spite of having to pay 

11 To be precise, if x = e the equilibrium is undetermined, since some infringers will be indifferent between 
entering and settleling or staying out. In arder to keep things simple, we assume that firms will enter unless 
they make strictly negative profits. This simplification has no effect 011 the final result. 

12vVe do not allow the patentee to choose whether to go to court or not once the offer is made and rejected. 
In Appendix B we provide a set of conditions under which this option will keep the sec¡uential equilibrium of 
the game unaffected. 

13\·Valdfogel (1993) estimates the probability of winning of the patentholcler befare filing the case. He obtains 
that it is much higher than the probability of inventions that are finally litigatecl. This restriction suggests that, 

7 



an amount x to all inventors below 0s , this offer might be desirable if it allows to avoid some 
litigation costs. This will usually be the case for small inventions. 

However, if the patentee offers an amount x < e, firms with inventions worse than 00 will 
not enter, while the rest will always choose to litigate. Therefore Hlx<c will be, 

f
00 

[1r(0i - 0P) - LP - Li - Bi(0¡ - Bp, b)] </>(0¡ - o:0p)d0i 
leo 
+q>(0o - o:0p)7íp(-0p) 

s .t. (3) 

So the patentee will maximize the following function, 

vV(0p, b, Li, Lp) = max {1ilfx~c(0v, b, L¡, Lp), 1ilfx<c(0v, b, L¡, LP)} 

We make the following additional assumption: 

A t . 4 a2 B · > O a2 B · O ssump 10n w-;- _ , mfa6 > . 

(5) 

(6) 

The meaning of (A.4) is clear. The marginal gain that the infringer expects to get from 
litigation is non-decreasing in the size of 0i and increasing in b. The first conclition is related to 
the fact that as 0; raises, it becomes increasingly easy for courts to rule that no infringement 
occurs. This condition greatly limits the cleterrence effect that the patentee can obtain when 
facing large alternative inventions. The second condition states that the negative effect of b in 
the profits from litigation dampens as 0i increases. 

The values of 00 , 08 and x depend on 0p, b, Lv and Li.The next lemma shows how we expect 
00(0p, b, L¡), 0s(0p, b, Lp) and x(0v, b, L;, Lp) to move according to changes in those variables. 

Lemma 1 Under (A.1) to (A.4), 
{i) When there ·is no settlement, 00(0p, b, Li) is increasing in 0p, L¡ and b. Moreover, f/f¡- = 1. 

p 

{ii} When there is settlement, 08 (0v, b, Lp, L;) is increasing in Bv, Lv and L¡ and decreasing 
in b. M oreover, a: :::; ;:; :::; l. 

(iii) When x ~ e, x(0p, b, L¡, Lp) is a decreasing function of 0v ancl b. 

Proof. See the Appendix. ■ 

It is interesting to notice that the offer is decreasing in b. This result is similar to the 
one obtained by Green and Scotchmer (1995). In their case, bigger breadth improves, also 
unambiguously, the bargaining power of the patentee, allowing her to obtain a higher share of 
the total profits. 14 

as in the model, low value innovations are sett.lecl, while only the more confident infringcrs will take the risk of 
going to court. 

1·1However, our results come from using a different conccpt of patent breadth. Here patents do not guarantee 
absolute protection, because the final outcome depends on a random component relatecl to t.he size of the 
improvement. The interpretation that comts makc of patent claims is sometimes substantially different to the 
one intented by the Patent Office. 

8 



The previous lemma <loes not allow us to conclude if it will ever be worth to deter potential 
infringers. The following two results characterize for a: sufficiently large, when settlement will 
take place. 

In the following lemma we characterize the function vV(0p, b, L; , Lp). As a matter of design, 
it is important to know how profits are affected by the breadth of the patent. The patentee 
will be better off when the protection granted by the patent increases. Also, l,V increases when 
L; raises. The reason is that an increase in the litigation costs faced by the infringer weakens 
her position, allowing the patentee to deter entry more effectively. 

Lemma 2 The function W(Bp, b, L;, Lp) is increasing in Bp, L; ancl b ancl clecreasing in LP. 

Proof. See the Appendix. ■ 

The next lemma, shows that when a: is large, settlement will be offered only when the 
innovation obtained by the patentee is small. 

Lemma 3 There exists same a:* < 1 such that for all a: 2:: a:*, if there is a value 0; < oo far 
which Wx"2c(0;, b, L;, Lp) = l1Vx<c(B;, b, L;, Lp), it is unique. Mareaver, the amount offerecl to 
settle, x, will be greater than e anly far 0P ~ 0;. 

Proof. See the Appendix. ■ 

According to Lemnias 2 and 3 the patentee will be able to credibly commit to litigate any 
infringement when the invention has a quality higher than a certain level 0;. If 0; < oo for all 
b, deterrence will be preferred for Bp sufficiently large. That is, 

x( oo, b, L;, Lp) < e for all b E (O, oo) 

It is important to notice that the patentholder will never offer an amount x = c. To see it 
we solve for l,Vx"2c when x = e from equation (4). 

Due to (A.3) this expression is smaller than ltVx<c, since np(-Bp) 2:: 1r(B1 - Bp) - c. This 
suggests that because the patentee offers a settlement to all inventions below 0s, the cost of 
deterring entry is much lower than the price that the patentee is paying to avoid litigation 
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costs. This settlement involves giving up an amount e for inventions that otherwise will not be 
produced.15 

In the remaining part of the paper, we will assume that 0min < e; < oo since this is the more 
general case. Notice, however, that if 0; < 0min settlement will never be offered, and similarly, 
if 0; = oo entry-deterrence will never be optima!. 

Lemma 4 For o: sufficiently large, the ma.ximum invention for which it is profit-maxirnizing 
to settle, e;, is increasing in LP and decreasing in b. 

Proof. See the Appendix. ■ 

The intuition for this result is that inventions with higher quality are going to be more 
successful in court. Hence when comparing the sure cost from licensing with the expected loss 
from litigation, for better inventions it is more likely that it pays off to cleter infringement 
as b increases. On the other hand, higher litigation costs for the patentee will induce more 
settlement, making the entry-deterrence strategy lose sorne of its appeal. 16 

Figure 2 shows the relationship between 00(0p, b, Lp, Li), 0s(0p, b, Lp) ancl e;(b, Li, Lp). The 
point in which 00 and 0 s intercept corresponds to the case where x = c. Vve have seen that such 
an offer will never be made, and therefore, e;(b, Li, Lp) must be to the left of this point. 

This model also offers some predictions about the rates of infringement, settlement and 
trial. \Ve sunm1arize them in the next proposition. 

Proposition 5 Uncler {A.1} to (A.4), 
{i} The Infringement rate, clefinecl as 

I (0 b L·) = { 1 - <I>(0o - o:0p) 
n p, ' ' I 

if ep > e; 
otherwise 

is weakly clecreasing in L1 ancl b ancl non-increasing in 0P. 
{ii) The Settlernent rate, clefinecl as 

if ep ~ e; 
other'wise 

is increasing in 0p, Lp ancl L1 for 0P ~ e; ancl zero elsewhere. It is non-increasing in b. 
{iii} The Thal rate, clefinecl as 

if ep ~ e; 
if ep > 0; 

is strictly decreasing in 0P ancl non-increasing in Li ancl Lp everywhere except where 0P = 0;. 
It is increasing ·in b when there is settlement and clecreasing otherwise. 

15This provides answcr to footnote ll. Regardless of what assumption we macle on infringers' behavior when 
x = e the result will not change, since such an offer will never be made. 

16Notice that the trade-off between entry-cleterrence and settlement clepencls greatly on Lp. The first strategy 
avoicls payment.s to small invent.ions at a cost of lit.igating more of them, since 0o < 0s. 
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0¡ 

0mill 

Figure 2: Changes in 0o and 08 as a function of 0p for a fixecl b. 

Proof. All (i) to (iii) come directly from the previous lemmas and the definition of 00 and 08 • ■ 

A very surprising result is the fact that when there is no settlement, broader patents are 
expected to be litigated less often. This finding is broadly consistent with the evidence presented 
by Lanjouw and Schankerman (1997). They also obtain that after controlling for variables 
affecting the value of the invention, the relationship between litigation and breadth is negative. 
The explanation thcy give is that it is more difficult to detect infringement in patents with 
breadth that extends to larger areas. Here, we give an alternative justification. That is, 
broader patents are litigated less often because infringers see more unlikely to win in court and 
so, more of them decide not to enter. 

This model also predicts that better inventions are litigated less often. To be precise, we 
observe that the trial rate is decreasing in 0P everywhere but in the point 0;(b, Li, Lp)· For 
innovations smaller than 0; this is dueto the increase in settlement, while in the case of better 
innovations it is the entry-deterrence effect what plays a role. 

This relationship is apparently counterfactual. It has been reported in other studies such 
as Lanjouw and Lerner (1997) that the size of the stakes - estimated using future citations 
of a patent - has a positive influence in the probability of trial. Nevertheless, sorne other 
factors absent in this model are very likely to play an important role. For example, building 
up a reputation of being tough on infringement is more appealing for better innovations, since 
competing inventions are more likely to appear. 

Other reasons involve for example, the effect of litigation costs. vVhile we have assumed that 
they are constant, in general they affect the outcome of the trial, and so they are a strategic 
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variable. It is reasonable to think that firms with higher size innovations - and specially big 
corporations - will have lower litigation costs , and so, might decide to litigate more often. 

A third reason is that we have supposed that inventions are somehow correlated, and hence, 
better innovators will most likely face better infringers. However, the relationship might be 
stronger than the one modelled here, ancl might more than compensate the deterrence effect 
which is here predominant. 

Finally, and as we discuss in Section 3, it is common practice of courts to assign bigger 
breadth to better inventions, making it easier to prove infringement. Therefore, the parameter 
b seems to be somehow correlated with 01J , affecting the relationship between entry and size of 
invention. 

Other implications of this model are that settlement is only used for small inventions. On 
one hand any increase in 0P improves the bargaining position of the patentee. This allows her 
to offer smaller amounts to settle with infringers. Moreover, as 0P increases, it is more in the 
infringer's interest to settle, because it has less chances in court. Therefare, when the quahty of 
the original invention raises, we see an increase in the amount of innovations settled far lower 
amounts, up to a point , 0;, above which it is not profitable far the pa.tentee to settle anymore. 

As we would expect, litigation decreases when Li or Lp increase, although far different 
reasons. An increase in Lp gives more incentives to the patentholder to settle, while higher Li 
deters more entry. Far this last reason, the rate of infringement is also clecreasing in Li. 

Finally, we obtain the reasonable result that the probability of settlement is increasing in the 
costs incurred by the infringer in litigation, at least far small innovations, which is consistent 
with the empirical finclings. It is worth emphasizing that sorne of the previous models in the 
literature -see !vieurer (1989)- obtain the opposite implication. 

2.2 The Decision of the Patentholder 

In the first stage, when a firm comes up with an idea, it can decide whether to invest in the 
production of the invention and go to the Patent Office ar not to enter. The patent, by paying 
an amount f, will offer a certain coverage, interpreted as a probability of succeeding in case of 
infringement. 

The expression far W(0p, b, L1 , Lp) in the previous section, represents the expected a priori 
profits that the pa.tentholder will obtain in the case that an alternative invention might be 
implemented. Therefare, when a firm decides to patent, it takes into account that profits will 
be 1rp(-0p) with probability 1 - >., but with probability >., potential infringement will occur. In 
any case, it will incur a cost of e+ f, due t.o the expense needed to invent and the price charged 
far the patent. 

(7) 

Notice that all inventions might not be patented. vVe have called befare 0min the level far 
which Vp(0p) = O. Obviously, if 1~(0) > O, 0min = O. Moreover, due to Lenima 2, V is strictly 
increasing in 0p, implying that 0min is unique. 

From the previous results, a natural implication is stated in the following lemma: 
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Lemma 6 Higher protection and lower litigation costs incu1'recl by the patentee will increase 
the amount of patentecl inventions. That is, ªZtº ~ O and ª~¡,;º ~ O. 

p 

Proof. See the Appendix. ■ 

The fact that in recent years we have seen an increase in legal costs together with a decrease 
in the number of patented inventions tends to support this result. 

Remark 1 We i1nplicitly assmne that if the inventor does not patent her invention, other firms 
can produce and sell the sam,e good - without incurring in any cost -, until profits go to zero, 
and therefore they do not cover the inventfon costs. Theref ore, without patents, the firm will 
not ·invest in turning her idea into an invention. Alternatively, we c01Lld th:ink that the patentee 
could produce the good without the protect·ion of a patent, but any other firm could obtain an 
idea and turn it into an invention without wonying about litigat-ion. In this case, profits would 
be 1rp(01 - 0p) if the potential infringer with quality 0i enters ancl 1rp(-0p) othenuise. It is easy 
to prove that as long as 1r~(0i - 0p) ~ exp (,0i) the previo11s lemma still holds. 

3 Discussion: The Concept of Patent Breadth 

This model differs from the previous literature in the concept of patent breadth used. \i\Thile 
most of the models assumc that the scope of a patent is exogenous and absolute, here we 
introduce an endogerwus concept of breadth. This means that the proiection that patents 
concede is partial and in general depends on the quality of the alternative invention considered. 

The judicial doctrine on Infringement is based in severa! concepts. 17 An invention can 
infringe literally the text of a patent, ancl in this case direct infringement is called. However, 
most of the cases do not fall in this category. In those situations, courts rely essentially on 
two concepts: the Doctrine of Equivalents and the Legitimate Design-Aro·uncl. The first states 
that infringement also applies to inventions that a.lthough are different in sorne respects to the 
origina.! one, accomplish essentially the same result. The second concept is embedded in the 
very essence of patents: to give incentives to innovators to find different - potentially better -
ways to atta.in the same goal. As the next paragraph explains, the combination of both defines 
whether there is infringement or not. 

"A court has to measure infringem.ent by a yardst-ick with the doctrine aj equ-iv
alents on the near encl of the stick ancl the doctrine of legitimate design-arouncl on 
the far end of the stick. The length of the yardst·ick taken up by the doctrine of 
equivalents depends on the partic11lar patented invention. A pioneer ar basic patent 
may be entitled to a very long portion of the st·ick; a small improvement in a crowded 
art may be ent·itled to only a short distance on the near encl of the st-ick" (Kintner 
and Lahr{1975), pp.77-78). 

17This part is inspired in I<intner and Lahr (1975). 
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Along this paper, we have used the parameter b to denote the propensity of courts to settle in 
favor of the patentholder. This can be interpreted, now from a legal viewpoint, as the portion of 
the stick that is covered by the Doctrine of the Equivalents. There is sorne systematic empirical 
evidence that courts use a narrower range of equivalents in very crowded areas, that here are 
represented by small improvements with respect to the previous knowledge. Therefore, courts 
seem to use different values of b, at least to a certain extent. 

Because the concept of patent breadth used in this paper is substantially different from the 
one common in thc literature, we need a comparable measure on which we can rely in order to 
confront them. ,~re introduce next a concept that we call ejJective breadth of patent, involving 
both the profits that the infringer obtains with and without patents. 

Definition 1 Call lhe ejfective breadth of a patent to the ratio 

Notice that this ratio must be between O and l. The value f3 measures what share of 
profits obtained by the infringer when no patents are enforced, 1ri(0i - 0v) , is conceded to the 
patentholder. 

In previous models of sequential innovation, as for example O'Donoghue, Scotchmer and 
Thisse (1995) it is assumed that an invention with quality 0P will have a total lagging breadth 
- that is, protection against worse inventions - of 6..1agging, and a total leading breadth - or with 
respect to improvements - of 6.1eading· In this case, f3 will take values, 

if 01 E [0p - 6.1agging, 0p + 6..1eading] 

otherwise. 

In contrast, the next lemma shows the form of the function f3 in this model: 

Lemma 7 Uncler (A .1} ancl (A.2}, the function f3 is characte·rized by: 

(i) f3 = l if 0i < 0o, 
(ii) {J = l - 1r;(Ot-Op) ::; 1 if 0i = 0o. 
(ii) f3 will be decreasing in 0i if 0i > 0o. 

Proof. Part (i) and (ii) are direct implications from the definition of 00 . For the last part, we 
can compute using the definition of B1 in equation (1): 

éJ{J 

é)0i 

Since %1J; 2: O we can verify that, 
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(a) 

1 
1 
1 
1 
1 

-----~º~º~'----------,~-------=====:::::::::::==+ .. ei 
lagging breaclth leacling breaclth 

(b) 

-------'-------1-:-------------'----+- O¡ 

lagging breadth 
Op leading breadth 

Figure 3: Effective Breadth of a Patent: (a) The concept usecl in this paper, (b) the concept in 
O'Donoghue, Scotchmer and Thisse (1995). 

And therefore, 

8(3 < _ 8q + Li -fJq/fJ0i = _ fJq [1 _ Li l < o 
801 - fJ0i 1r¡(0i - 0P) q(01 - 0,n b) 80i Bi(0i - 0p, b) + L¡ 

■ 

Figure 3 shows an example of this function. Notice, however, that it <loes not need to be 
convex, although it will always be clecreasing. \Ve observe that forwarcl breadth is unlimited 
but weakening as the quality of the alternative invention improves. The reason is that any 
litigation process induces a cost L¡, part of which will be paicl by the infringer, ancl so, it will 
always be the case that B¡(01 - 0p, b) < 1r;(0p, 0i ) even when 01 - 0P tends to infinity. 

4 An Implementable Mechanism 

In this model the Patent Office has two mechanisms to regulate inventions: the propensity of 
courts to settle in favor of the patentee, measured by the parameter b, and the fees charged, 
f. \Ve want to stucly if a mechanism consisting in the pairs {b(0p), J(0p)} can be implemented. 
That is, to offer different breadths of patent or protection at different prices. 

vVe will see that as long as the spillover from previous inventions is important enough, a 
revelation mechanism will be implementable. In the next section we will explore under which 
circumstances this will be optimal from a social viewpoint. 
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Figure 4: l1V(0p, b, L;, Lp) as a function of b for two values of 0P: O and 0' where 0' > 0. Since both 

a;~~'ó>c > O and 8~~~0<c > O, the function is steeper when evaluated at 0'. Therefore, a sufficient 
p p 

condition for the maximum of both functions to be steeper is b*(0, Li, Lp) 2'. b*(0', Li, Lp)-

Proposition 8 Under (A.1} to (A .4), Far o: clase enough to l, in any implementable mecha
nísm {b(0p), f(0p)}, b and f are non-decreasing in 0p. 

Proof. See the Appendix for the whole proof. Here we only provide a sketch. vVe need to 
a2v a2 w éPW show that ~ 2: O. In order to do it, we prove that both abaé:c 2'. O and abaO!c 2'. O, and 

F. ' 4 l 'f BH'z<c > 8\,Vz>c d b*(0 L L ) tl . tl . . f 0*(b L L ) . as igU?e s 1ows, 1 ab _ ---a- an p, i, P - iat 1s, 1e mverse o P , i , P - 1s 
decreasing in 0p, this becomes a sufficient condition. Lem,ma 4 shows that this will be the case 
for a lar ge o:. ■ 

The interpretation of this result is that in order to distinguish among clifferent inventions, 
the patent scheme has to give higher protection to better inventions. The reason is that firms 
with higher inventions can make a better use of their protection and so, they are willing to pay 
a higher price for it. On the other hand, firms with smaller inventions will be unable to deter 
most infringers and when facing entry, they will offer higher settlement amounts, clecreasing the 
profitability of their patent. A higher o: tencls to accentuate this effect, by making settlement 
more and more likely to occur. 
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5 The Optima! Mechanism 

In order to describe the optimal mechanism, we need to characterize the social welfare obtained 
from the inventions and the patent system. \Ve use the consumer surplus and producer surplus 
as a measure of this welfare. \i\Thile in this case, the producer surplus is the sum of the profits 
of the patentee and the infringer - when there is entry -, sorne assumptions about the consumer 
surplus need to be made. This surplus, cs(0, 1r), depends only on the level of improvement 
achieved and the total profits. 

In particular, we assume that consumers obtain a level of welfare that is increasing in the 
size of the invention. The reason is that better innovations, keeping constant the level of profits, 
will never harm the agents. An important simplification that we will make is the assumption 
that consumer surplus is increasing in the highest available innovation - or technological frontier 
-, independently of whether it belongs to the patentholder or the infringer. 

Also, the higher the profits that firms obtain from the innovation, the lower will be the 
welfare of the consumers. Nioreover, the decrease is more than proportional. This assumption 
implies not only that the consumer surplus is decreasing in the profits obtained by the firms, but 
also that the total surplus, defined as ts( 0, 1r) = es( 0, 1r) +1r, is decreasing in 1r. The consequence 
is quite standard: the Dead vVeight Loss is non-decreasing in the amount of profits. 

The next assumption summarizes the previous ideas: 

Assumption 5 cs(0,1r) = cs(max08 ,1r) , g~s ~ O and t': :S -l. 
s p 

Notice that the consumer surplus can be affected in different ways by the arrival of a second 
innovation, depending on whether total profits increase or not. In the next section we will 
impose additional conclitions to sce how they affect the optimal patent. 

vVhen infringement occurs but the patentee does not offer settlement - and therefore 00 > O 
-, the total welfare from a patent of quality 0P becomes: 

Here 00 is as defined in equation (3) and L = Li + LP. That is, the total surplus obtained will 
be resulting from the monopoly of the patcntholder with probability (1 - >.(1 - <P(00 - o:0p))) 
while in the other cases the infringer will implement her idea and hence there will be litigation, 
with the corresponding cost L, plus the cost of inventing 01. Changes in the litigation parameters 
will affect this function indirectly through changes in 00 . 

vVhen there is settlement, that is x ~ e, the welfare function can be obtained as, 

17 



In thís case any alternatíve ínnovatíons wíll be ímplemented, regardless of its quality. Wíth 
probabilíty (1-,\) the patentee will rctaín a monopoly power, whíle ín th_e rest of the occasions, 
both ínventions will coexíst. Notice that in this case 0s is the only element that can be affected 
by changes in b. 

\Ve will study the choice of the optimal b in two stages. First, we will derive what is the 
optimal b when we restrict it to be constant. Afterwards, we will characterize which is the 
optimal implementable mechanism. 

5 .1 Opthnal Mechan is in wi th a fixed b 

The best that we could achieve whcn thc spillover from one invention to the next is not very 
important is a constant choice of b. The spillover a might not be sufficiently large to even 
guarantee that there will be only one cutoff value 0; so that all innovators with inventions above 
that quality decide to deter entry, as shown in Lemma 3. Therefore, we define Dx;:,,:c E ~+ as 
the size of innovations for which it is optimal for the patentee to settle with sorne infringers. In 
a similar way, nx<c E V?+ will correspond to innovators that avoid any settlem.ent. 

The planner's program to be maximized will be the following18 : 

S(L) max_ 1 S'x?.c(01n b, L)</>(0p)d0P + 1 S'x<c(Bp, b, L)cp(0p) 
b,Omin,O Dx:,:c flx<c 

(8) 

+<P ( emin)✓\ /400 

[1r( s) + es( s, 1r( s)) l <!>( s )cls 

Therefore, the optímal b wíll result from maxímizing the social surplus given the individual 
rationality constraínt. 

The value 0 represents the mínimum invention allowed to be patented once the first one has 
been rejected.19 Since we ha.ve assumed that the infringer is the last to achieve an invention, 0 
will be set so that the marginal increase in total welfare is O. 

vVhat will be the optimal b? It is difficult to answer this question without additional 
assumptions. In the remaining of this section, we wíll add sorne conditions uncler which b will 
be either O or oo. This will give us sorne intuition on how b clepcnds on the parameters of the 
model. First , we can obtain thc corresponcling first order condition for the problem ín (8) as, 

18The choice variables in this problem will be b, 0111; 11 and 0. The paramcter f could have becn used instead, 
but it is easy to scc that the choice of b and Brniu already determines it. 

19 \Ve have not explicitly defined thc cont.inuat.ion game. \Ve assume that ali inventions are patentable. In 
fact, an invention infringing a patent can itself be patentable. 
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(9) 

Together, this expression and Lenirna 1 imply that thc first term in equation (9) will be 
non-positive. The second part is more involved. We obtain that, 

Sx<c (0 b* L) 
800 p, ' 

>-</>(0o - o:0p) [1rp(-0p) - 1r(00 - 0p) +e+ L + cs(0p, 1rp(-0p)) 

-cs(max (00 , 0p), 1r(0o - 0p))] 

\Ve will make two different sets of assumptions, 6(a) and 6(b): 

Under Assumption 6 (a), the existence of an infringer increases the total profits from in
novations. This case will arise far example if the competition between the infringer and the 
patentee is rather weak and the innovation created by the infringer is a lower quality substitute 
of the original one, allowing to discriminate among consumers. 

The next proposition provides us with an intuition about when it will be optima! far courts 
to allow far imitation, and to which extent. It also helps us to compare this model with the 
existing literature. 

Proposition 9 If 'Ín the optúnal rnechanisrn with a fixed b there is no settlernent ancl A.6{a) 
holds, then either b = oo or 00 ~ 0P Jor all 0P. 

Proof. Suppose towards a contradiction that the optima1 mechanism b* < oo is such that far 
a certain 0p, 00(0p, b*) :; 0P. Sincc f/¡- = 1, this will be true far any other level of 0p.The first 

p 

arder condition corresponding to the problem in equation (8) now becomes, 

By assumption (A.3), 

where the last inequality comes from A.6 (a) . Therefare, the first arder condition will be 
positive, meaning that the social welfare can be increased by raising b. And this contradicts b* 
being optima! in the first place. ■ 

19 



The interpretation of the previous proposition is quite straightforward. The only reason 
for which courts should allow imitation woulcl be in the case where the entry of a new firm 
increases competition, making joint profits clecrease ancl thcrefore increase the total surplus. If 
this is not the case, to allow imitators decreases social welfare because resources are wasted in 
developing products of inferior quality, and litigation costs are incurrecl. This result is similar to 
Gallini (1992) whcrc broad patents granted for a short time are optimal because they cliscourage 
imitation, and competitors wait for the patent to expire in orcler to introduce ncw inventions. 

Alternatively, one would think that if the cost of innovation e is not very big, the optima! 
mechanism should encourage ali innovations, even in the case they infringe an existing patent. 
The reason, is that the lower are these costs, the more difficult it is for a patentee to deter 
entry, and in this case settlement nmst be encouraged. To provc this intuition, we will need an 
alternative assumption: 

Proposition 10 In the optirnal mechanism with a fixed b, ·if A.6' (b) holds, then b = O far e 
sufficiently srnall. 

Proof. In arder to prove this proposition, we only need to show that the equation (9) is 
negative for all b. \Ve already know that this will be the case for x ~ c. In the other case, 
notice that making use of (A.5) ancl (A.6 (6)) , ancl after a Taylor expansion, 

&es 
cs(0p, 1rp(- 0p)) < cs(0p, 1r(00 - 0p)) + &1r [1rp(-0p) - 1r(01 - 0p)] 

< cs(max(0p, 00 ), 1r(00 - 0p)) - 1rp(-0p) + 1r(0i - 0p) 

Therefore, we obtain that, 

Finally, notice that the set Dx~c increases as e approaches O, and so, for e sufficiently srnall, 

And the First Order Conclition becomes negative. ■ 
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5.2 Optimal Revelation Mechanism 

If spillovers are important enough, - that is, a: is clase enough to 1 - we can in general do 
better than to choose a constant b. In particular, the planner will be able to choose a profile 
{b(0p) , f (0p)} in arder to maximize social welfare. 

Using the Revelation Principle, we only need to facus on revelation mechanisms. Applying 
Lemma 3 the social planner's program will be as fallows, 

S(L) 

s.t. 
fJb 

> o 
éJ0p 

V(0p) > O far ali 0P ~ 0min 

(10) 

\i\Tith the choice of b, the planner can affect through the values of 05 and 00 the offer 
that a certain patentholder will make in arder to settle. The first restriction corresponds to the 
Incentive Compatibility constraint. As obtained in Proposition 8, in arder to provide incentives, 
the breadth of the patent has to be non-decreasing in the quality of the invention. The second 
condition states that all innovators should obtain at least as much as they would get by not 
producing the invention. 

In the case wherc there is settlement, the best that the planner can do ( contingent on x ~ e) 
is 

The optimal b(0p) will be in this case the maximum b such that the constraint is satisfied. 
According to Lemma 4, the constraint will be tighten far smaller b. 

This leads to the fallowing proposition: 

Proposition 11 Jf o: < 1, ancl if in the optimal mechanism b > O, b rrmst be an increasing 
function of 0p, at least when there is settlement. 

Proof. Assume towards a contradiction that the optimal mechanism involves a constant b = b. 
vVe could actually consicler the case in which b is decreasing in 0P but we have seen in Proposition 
8 that this will never be implementable. 
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Given this level b all patentholders with innovations below o;(b, L¡, Lp) will settle, offering 
values of x above c. For the rest, all entrants will be litigated. 

From the previous analysis, we can construct another mechanism {b(Op), J(Op)} such that 
for all 0P > o;(b, L1, Lp) we have b(0p) = b and for lower 0p, b(0p) < b. Because b is still available, 
the cutoff value of 0; and 0min will not increase. It is easy to see that with the appropriate 
choice of J(0p) increasing in 0p, 0min will remain unchangecl. Clearly, this mechanism improves 
social welfare with respect to the original one, whenever settlement was optimal, leaving the 
rest unchanged. Therefore, b coulcl not be optimal in the first place. ■ 

This result is somehow clifferent to the recommenclations made by Chang (1995). He claims 
that small inventions should have a broacler coverage, and bis argument relics 011 the fact that 
this allows the patentcc to have a better bargaining position and therefore to internalize part 
of the welfare increase created by the invention. 

In this case, there are two reasons why thc opposite sort of mechanism is optimal. On one 
hand, the existence of settlement is preferred to deterrence for most of the inventions below 
0p, since this increases competition among firms. 20 On the other hand narrower breadth makes 
inventions of smaller size more vulnerable to infringement, and therefore it gives them more 
incentives to settle, avoiding costly litigation. 

Clearly, we can achieve the optimal level of R&D through the right choice of fees f(0p)· 
In particular, and if b is very low for small inventions, the fees required could be negative, 
subsidiazing then, part of the research cost. In comparison, currently these fees are very low, 
and are mainly used to cover the cxpedition cost and other bureaucratic charges. 

Remarkably enough, the mechanism proposed here is precisely the way in which courts 
handle infringement suits. As we pointed ouL befare, courts require the patentholder to prove 
imitation to a higher extcnt for srnaller inventions in order to rule that the patent has been in
fringed. The present moclel woulcl also suggest that such a cliscretion should be used beforehand 
in arder to screen among inventions. 

6 Conclusion 

The goal of this paper was to prescnt a model of patent design that could take explicitly 
into account the effect of litigation, or the threat of using it. ,Ve have shown that with private 
information on the quality of the innovation there is in equilibrium a certain amount of litigation, 
together with the settlement of low quality inventions. 

,Ve also proposed a new way of analyzing the protection that a patent concedes, that we 
call the effective breadth of a patent. This concept differs from the previous approaches on 

2ºTo be specific, inventions below 0µ such that 

will increase social welfare. 
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patents in the consideration that the breadth is notan absolute conccpt. In fact , it depends on 
institutions, in this case courts, that enforce this notion in ways somehow different to the one 
intended by the Patcnt Office. 

The structure matches sorne of the stylized facts regarding patent litigation. Most remark
ably it is able to reproduce sorne recent findings by Lanjouw and Schankerman (1997), who 
show that the breadth of the patent is negatively related with the probability of litigation. They 
speculate with the possibility that with broader patents it is more difficult to detect infringe
ment, since the applications might extend to a diversity of areas. According to this model, 
though, this fact might also be due to the entry-deterrence effect that broad patents have on 
bad inventions. 

The model, as in Nalebuff (1987) , predicts that bad inventions will be settlecl, while only 
good quality infringers will go to court. This explains why, according to "\i\Talclfogel (1993), the 
probability that the patentee wins an infringement suit is smaller when we conclition on having 
filed the case. 

However, the moclel fails to reproduce the empírica! result that goocl inventions are litigated 
more often. This might be due to scvcral reasons. First, this rnoclel <loes not take into account 
effects such as reputation, which have proved to be relevant. Second, the assumption that the 
quality of the patentecl invention is known to the infringer might also be driving this result. 
Finally even though we have assumed that infringers build up to a certain extend on the quality 
achieved by previous inventors, the structure we have used is somehow restrictive. Changing it 
could help reconcile thc model with this empirical fact. 

Vve also study the combination of patent breadth and fees paid by innovators that maximizes 
social welfare. Vve find that thc optimal patent should have a smaller breadth for patents with 
low qua.lity, and this protection should be increasing as quality raises. The reason is that for 
small inventions it is very likely to have infringement, and in this case, the optima! mechanism 
should be designecl in order to maximize the possibility of settlement. 

This sort of models could be used to address some questions regarding policy, and in partic
ular how changes in the legal cnvironment could affect the allocation of resources in research. 

One such a question is the effect of preliminary injunction on social welfare. According to 
Lanjouw and Lerner (1996) this legal motion is becoming popular in recent years. Clearly this 
changes the structure of the game studied in this paper and can affect the incentives of both 
the patentee and the potential infringer to settle or litigate. 

Also, sorne literature has focusscd in the a.llocation of litigation costs and their effect on 
inventions. This model takes explicitly into account the legal costs that both the patentholder 
and the infringer bear, making easy to compare different allocation systcms. Preliminary results 
show that in sorne cases, the way in which costs are allocated has similar effects as our para.meter 
b. "\i\Thether a revelation mechanism concerning those costs can be implemented or not remains 
to be explored. 
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A Appendix 

Hcre we reproduce the proofs of most of the results in thc paper. 

Proof to Lem,ma 1: 

For (i) it is enough to notice that ~ = -ft > O ~ < O ancl !J/P; = - 1. Therefore, by 

standard use of the lmplicit Function Theorem on equation (3) we obtain ªk 2 O, ~ 2 O and 
{§_ -1 
80p - ' 

For the second part, notice that in order to have settlement, x 2 e a.nd so, we only need to 
consider the last case. From equation ( 4) we can obtain the first order condition regarding x. 
However, dueto the one-to-one relationship between x ancl 0s, we can instead solve for 0s which 
turns out to be easicr. It can be shown that given (A.4) the following first order condition 
defines the solution to the problem. 

where f(z) = :~:~-
From this condition, ancl using again the lmplicit Function Thcorem, it we obtain the 

following results: 

éJ0s 
[)0p 

[)0s 
éJb 

[)0s 
éJLi 

From these ex¡xessions one can observe that a:< !2!b. < 1 t!!b. < O a.ncl ~ = ~>O. - 80p - ' Db DLp ÜL¡ 

Finally, for part (iii), x(0p, b, L; , Lp) is defined as 

Therefore, 

éJx 
a0,, 
éJx 
[)b 

éJBi ¡aes _ 1] < O 
éJ0i éJBp 
éJBi éJBi éJ0s O 

- éJb + éJ0, 8b < 
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Proof to Lermna 2: 

From equation (6) we only need to prove that this is true for \iVi:<c and H1x::::c· That is, they 
are increasing in 0p , b and Li and clccreasing in LP. 

In the first case, when x ~ e, and after integrating by parts, we obtain, 

(1 - o:) { (Lp + L,¡ ) 4>(0s - a:0p) - lo~ [B,¡ (0,¡ - Bp, b) - B,¡ (0s - 0p, b)] <l>'(0i - a:0p)d0i 

+ f
00 

[7r(0; - Bp) - 71( - (1 - o:)0p) ] </>'(0; - o:0p)d0i } 
Jnop 

This is positive using assumption (A.2) for the second term ancl (A.3) for the last one. 
Notice that in this final term we use the fact that 4>'(x) = - ,cp(x). 

For the case where x < e, and again after sorne manipulation, 

(1 - 0:) {lo~ [1r(B1 - 0P) - 1fp(-0p) - B1(01 - 0p) - Lp - L1] cp1(01 - o:0P)d0i} 

-7r~(-0p)<P(00 - a:0JJ) 

And this expression is positive given (A.l) and (A.3). 
In a. similar way, we compute the effect of b as, 

DWx>c 8B; . !e00 oB; --- = --<I>(O - o:0 ) - _ ,1..(0 - o:0 )cl0- > O 
é)b é)b s p º· é)b <¡, 1 p l -

and 

Again, this is positive due to (A.l), (A.3) and Lemrna 1. 
The effect of L; is positive, as shown below. 

Finally, the derivative with respect to Lp is computed as, 
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Proof to Lernrna 3: 

DltVx::C::c 
BLP 

8TtVx<c 
BLP 

In order for the functions l,Vx>c and vVx<c to cross only once, it is sufficient to show that 
ª'~;:c(0p,b,Li,Lp) < m;o,:c(0p,b,L¡ , Lp), vVith that ancl the continuity of both functions we 
obtain the desirecl result. v..,re can compute, using thc expressions in Lemnia 2, the following: 

This expression is positive for o: big enough or alternatively, if Lp is big enough. 

Proof to Lernma 4: 

\i\1e define 0; = g(b, Li, Lp) as the level of 0P such that ltVx2:c(Bp, b, L; , Lp) = Wx<c(0p, b, Li, Lp) . 
Therefore, 

éJW:z:<c _ é!Wx>c 
é!Lp {)Lp 

OW:z:>c _ {)Wx<c 
üOp {)Op 

{)Wx<c _ {)Wx>c 
üb {)b 

ÜH1x>c _ {)l\lx<c 
üOp {)Op 

The denominator in both expressions is negative when Lp or o: are big enough, using Lernrna 
3. For the numerator, 

ovVx<c ltVx2c _ ,T,.(B e ) <I (B e ) O BL - -¡¡¡;- - '±' o - a P - ) s - o: P > 
p p 

So, we obtain directly that -!-l;, < O. For the other case, 
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The second equality comes from the clefinition ~ in Lemma 1. Finally, the last inequality 
results from using (A.4) ancl the first arder condition obtained for lVx;:,:_c in Lemrna 1. 

Proof to Lemrna 6: 

The amount of patented inventions is given by 1 - <I>(0min) since ideas appear with an 
exogenous probability. Therefore, to prove that the amount of inventions is increasing in b and 
decreasing in Lp we only need to check that ª~tº < O and ªg't" > O. 

p 

From the definition of 0rnin, 

And by use of the Implicit Function Theorem and Lemma 2, 

Proof to Proposition 8: 

éJ0min 
éJb 

We only need to check that the Spence-Mirlees condition holds. In this case, that 

a2 1,v ( ) . a21,v > \1/e first check that abao 0p, b, L ~ O. In arder to do that we w1ll prove that abao e ~ O and 
p p a;~~,lc ~ O and wc will show that the composition of both functions inherits this single-crossing 

p 

property. From equation ( 4) it follows that, 

27 



021tlfx>c 
8b80¡, 

This expression is positive, given the assumptions ancl Lemma 1. To show that this is also 
true when x < e, we use equation (5), obtaining: 

(1 - a) {[1r¡,(-0¡,) - 1r(00 - 0¡,) +e+ (Lp + L;)] </>'(00 - a0¡,) 

-fo~º!; <i/(0; - o:0p)cl0; } - 1r;(-0p)</>(00 - o:0¡,) 

Clearly, since the last term is positive, the whole expression will also be positive for a clase 
enough to l. 

As we know, second arder properties are not directly inherited by the use of the maximum 
operator. However, as can be seen in Figure 4, a sufficient condition for g:~-:; 2: O, is º~~b<c 2: 

p 

a1-~b>c and 0*(b, L;, L¡,) being clecreasing in b. As has been proven in Lemma 4 the first is 
always true. For the seconcl, Lemma 4 also shows that the crossing point of ltVx<c and Wx;::,:c, 
0*(b, L;, L¡,) is decreasing in b for a sufficiently large. 

It is clear from the definition of \~ that for 0 other than 0*, 

and similarly, 

Therefore, the condition necessary for a mechanism to be implementable is b'(0p) > O. 
Obviously, this implies that f'(0¡,) 2: O. 

B Appendix 

In the structure of the game so far we have assumed that once the infringer rejects the offer 
macle, x, the patentholder has no other choice but going to court to salve the matter. However, 
at first sight, this action cloes not need to be optimal, ancl in particular, the patentee might 
prefer to accommodate the entrant. The purpose of this section is to provide a set of conditions 
uncler which this will never be true. "\Ve will show that thc equilibrium of such a game would 
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in general be equivalent to the one considered in the rest of the paper21
. Therefore, there is no 

much loss of generality in assuming that the patentee will ahvays go to court when the offer is 
rejected. 

First, we need to define the payoffs for both players in case they do not go to court. It is 
natural to assume that they will be 1íp(0i - 0p) for the patentholder, and 1ri(01 - Bp) - e for the 
infringer, since in this case the existence of patents is vacuous. 

We will next use a concept defined by Nalebuff (1987) and adapted to this cnvironment: 

Definition 2 A case has nierit ·if the patentholder's e;1,-pected vahte of litigation is higher than 
the value of not going to co'llrt, given the prior distrib'llt'ion of infringers. 

This condition implies that thc unconditional value of going to court is higher than the 
value of not exercising this right. 

If we define the function J(0, 0p) as, 

J(0, 0P) = 1o= [(1 - q(0i - 0p, b))1ri(0i - 0P) - Lp] <f;(0i - a0p)d01 

a case has merit if 

(11) 

(12) 

In this new gamc, the patentholdcr has to choose for cach level of 0P not only a settlement 
offer x, but also a potentially mixccl strategy, in case thc offer is rejectcd, between going to court 
or not. We define the function s(0p, 0) as the probability that a patentee with an invention of 
size 0p will go to court when the worne infringer that decides to reject the settlement has quality 
0 (in particular 0s if there is settlement, and 00 otherwise) . The patentee will go to court if 

or, using equation (11), if 1(0, 0p) ~ O. 
Therefore, a patentce behaving optimally will choose: 

{ 

= 1 if 
s(0p, 0) E [O, 1] if 

= o if 

V-./e make the following assumption: 

J(O, Bp) > O 
J(O , Bp) = O 
J(0 , Bp) < O 

Assumption 7 For every 0P thcre is a unique value 0 such that J(0, 0p) > O if 0 < 0 and 

J(0,0p) < o if 0 > 0. 

21This part is a gencralization of Nalebuff (1987) from which we borrow some of the concepts used. 
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If a case has merit and Assumption 7 holds> it is immecliate that> the optimal strategy for 
a patentholder is: 

{ 

= 1 if 
s(01)) 0) E [O> 1] if 

= o if 
(13) 

Two values of 0 are relevant: 0s when x ~ e and 00 when x < c. The next lemma will 
show that in ali sequential equilibria of this enhanced garne> whenevcr x ~ e, litigating will be 
preferred to not exercising this right. 

Lemma 12 If a case has merit ancl ( A. 7) is satisfiecl, there is no sequent'ial equilibrhtm in 
which x 2'. e ancl lit-igation is not 11secl. 

Proof. Suppose towards a contradiction that this is the case. Thcrefore, thcrc ex.ist sorne 0P 
for which s(0p, 0s) = O. The worse inventor not accepting the settlement, 0s, will be such that> 

The optimal levcl of x will be obtained by max.imizing the following function: 

vVith First Order Condition: 

éHV 
- = - <I>(0s - o:0 ) < O éJx P 

Therefore> the solution to this problem is x = c. \Ve will now show that this choice is 
dominated by offering x < e ancl not litigating any infringer. 

Because infringers do not facc any litigation when they enter > the leve! 00 will be defined as, 

And therefore, 00 = 08 • However, profits are in this case, 

And so, 

where the last inequality comes from (A.3).Thus> settlement was not optima! in the first 
place. ■ 
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The previous lenuna shows that an acceptable settlement and litigation go together. Hence, 
there is no loss of generality in assuming that when an offer x ?: e is macle and rejected, 
litigation is the only possible choice. When x < e clifferent cases might arise. 

Call, to be consistent with the rest of the papei\ the worse entrant 00 . If 00 < 0 the patentee 
will litigate all infringements, and t.herefore, the level of 00 , that we will call 0{;, will be defined 
as usual - see equation (3)-: 

Bi(0f; - 0p, b) = e 

If, on the other hancl, 00 > 0 , the level of 00 is definecl as 0bv, whcre 

1ri(0t' - 0p) = e 

Two important consequences of the previous definitions are tha.t (i) 0{; ?: 0f and (ii) 0fj 
and 0/; are increasing in 0P a.t a one to one rate. 

According to those clefinitions, for every level of 0P three cases might arise: 
Case 1: 0 < 0N < 0[, - o - o 
In this case the patentee will never be able to credibly conunit to litigate the infringers. 

Therefore, in the corresponding sequential equilibrium, all innovations with size larger than 0fj 
will be implemented, and litigation will not be used. 

Case 2: 0N < 0L < 0 o - o -
The patentholder can credibly commit to fight any infringement. Thcrefore, in the sequential 

equilibrium of the game, only infringers above 0/{ will enter. 
Case 3: 0N < 0 < 0L o - - o 
In this case, in the only sequential equilibrium of the game, the patcntee will randomize 

between litigating and not. That is, O < s(0p, 0) < l. 
The next lemma gives a sufficient condition for Case 2 - litigating any infringer - to arise: 

Lemma 13 If a case has m,erit and ( A.1) holds, there is a sequential eq-uilibriwn of this game 
in which the patentee will choose to litigate the infringer if, 

B;(0(0min) - 0min, b) ?: C 

Proof. 0(0p) is dcfined as 1(0, OP) = O. By a standard use of the implicit function theorem, we 
obtain that, 

where the denominator is positive because 1(0, 0P) = O, and 1(0, 0µ) < O for all 0 > 0. 
Therefore, we only need O{¡(Omin) :S 0(0min), beca.use this would irnply 0ó'(0p) :S 0(0p) for all 

0p > 0min· By definition of et, this means that, 

~ L 
Bi(0(0min ) - Omin, b) ?: Bi(0o (0min) - 0min, b) = C 

■ 
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