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Chapter 16

The Relationship Between Patents and R& D Investment:
Biotechnology Patents as Incomplete Contracts

Marc Banik and Jay P. Kesart

|. Introduction
A. Patents as Contracts: Incentivesfor | nvestment in R&D

Biotechnology inventions, such as gendicdly-modified crops and hormones,
gynthesized through recombinant DNA technology are the products of large investments
in research and devedopment (R&D). By conferring rights to the inventor to exclude
others from making, usng or sdling a paeted invention (without a license), paents
provide incentives for invesment in costly and risky R&D. Patents dso encourage the
disssmination of information on new inventions, so as to alow competitors to build upon
or deveop improved versons of patented inventions.  While paents may create
incentives for invesment in R&D, they dso impose socid costs in the form of reduced
levels of competition or wasteful design-around efforts by competitors.  Efficient patent
systems, therefore, am to induce investment in R&D, while limiting losses due to market
power.

A view tha has largely influenced patent enforcement policy holds that market
power can be mitigated by limiting the scope of patent protection.  This can be
accomplished by granting narrowly defined patents as opposed to broad ones, and by
mantaning pod-issuance opportunities to invaidate patents that fal to meet the
dautory requirements of paentability such as novety, utility and nonobviousness.
While these drategies increase public welfare by cresting more competitive markets, they
adso create uncertain property rights which may make it more difficult for patent holders
to gppropriate the surplus of their inventions. Week intdlectua property rights may thus
have an effect of reducing incentives for invesment in high technology R&D.

Patent policy makers must therefore consder not only the digtortions to perfect
comptition, but dso a policy’s digortions to incentives for investment in R&D. In this
paper, we propose that viewing patents as incomplete contracts is a useful means to
explan the rdaionship between inditutions of patent enforcement and invesment in
R&D. To see why, condder first, why many view a patent as a contract: in exchange for
disclosure of the invention, the public's agent, the U.S. Paent & Trademark Office
(PTO), grants the paentee a limited right to exclude others from making sdling or using
the invention. Thus, the quid pro quo of the patent system provides the patentee with a
limited property right in exchange for an adequate disclosure about the invention.
Describing patents as contracts adso suggests that the Coase theorem may be applied to



propose an optimal patent policy. Patent policy that creastes well-defined property rights,
leads to efficient use of socid resources, such that new innovations will be introduced so
as to meet society’s demand for new technology. While this is attractive because it would
mean that patent policy could be andyzed in the same way other forms of property rights
are andyzed, patents differ from ordinary property rightsin a number of ways.

Patents, unlike other types of property rights, may be rescinded after they have
been granted, ether as a result of the patent being invdidated or the scope of patent
protection being modified in pog-issuance litigation. Thus, a patent may be viewed as a
contingent property right. Investors of R&D projects will view the patent in terms of a
probabiligic property right, where the probability of invdidation reduces the expected
reurn of an R&D investment project. Ancther important digtinction has to do with the
R&D process itsdf:  an investor must commit to R&D expenditure without knowing
whether the benefits of the project will accrue to the patentee or not (because the patent
may be invdidated). Such information may be cogly to obtain prior to investing because
not enough is known about the invention until it is made. The public cannot, therefore,
“contract” with the inventor to creste a new invention, but ingead must establish patent
enforcement rules by which a paent may be invaidated. Such rules may indeed be
difficult to specify in sufficient detall so as to work in the same manner as a property
right, as Coase envisoned.

We propose that patents are incomplete contracts because they create contingent
property rights, which in turn reduce incentives for invesment in R&D. Reduced leves
of R&D investment, retard the rate a which new technologies are ddivered to the public.
The literature on hold-up (Klan et al. 1978, Williamson 1979) has explained reductions
in invesment in specific capital in terms of opportunisic behavior, or informationa
asymmetry. We wish to ditinguish these losses (athough possble in the case of patents,
as we shdl see bdow) from the losses that occur as a result of the gap-filling of
incomplete contracts between the patentee and the PTO. The gap-filling rules or default
rules that we are referring to correspond to the subgtantive rules in patent law (e.g.,
Section 102 in Title 35 of the U.S. Code) that dlow opportunities for invdidatiing a
patent. In other words, these default rules confer broad resdud rights to the public to
invaidate a patent through post-issuance litigation.

Our theoreticd model, applies and builds on Grossman and Hart's (1986) model
of incomplete contracts to the case the invention and patenting process. We view the
inventor and PTO as verticd partners in a process of technology commercidization that
goans seps of R&D invesment to patent issuance. The decidon vaiables in such a
process are the amount of prior at disclosed during patent prosecution and the
presumption of validity accorded to the prior art disclosed by the patentee. The modd we
propose suggests that in the case of high technology patents, it may be optima for the
PTO to provide incentives to the patentee to produce a complete prior art disclosure, by
according a high presumption of vdidity to the disclosed prior art, which limits the use of
the disclosed prior art for invalidation purposes in subsequent litigation.
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We begin by defining incomplete contracts and then introduce the technology
commercidization process in Section Il.  In Section Il we define the modd and in
Section 1V, we gpply it to andyze the impact of different patent policies in high and low
technology fields of invention. Conclusions appear in the fina section.

B. Incomplete Contracts Defined

Economics and legd scholars have used the term  “incomplete contract”
differently. The legd appreciation for incomplete contracts has been in understanding
how the rights and obligations of each paty remain unspecified as a result gaps in the
literal language of a contract. A contract is “obligationdly” (Ayres and Gertner 1992) or
literdly incomplete if some of the detalls of the contract, such as price, ddivery time,
technicd specifications remain ungpecified for a st of circumdances in which the
contract is to apply. In this regard, much of the legd focus on incomplete contracts is in
determining the gap-filling role courts should play in specifying the default rules (such as
good faith rules) that apply to contracts.

Default rules diminate literd incompleteness by specifying the terms of a
contract that shal apply in the absence of their litera specification. Any contract is thus
made literdly complete as a result of default rules that attach to a contract that is literdly
incomplete. Default rules may take the form of generd terms that specify price, ddivery
date and other details outside specific terms of the contract.

On the other hand, the economist’s definition of incomplete contracts refers to the
ex pos efficiency of contractud outcomes. Does the contract dlow the joint surplus of
the parties to be maximized by taking into condderatiion the buyer's margind vauation
of the good and the sdler’s cost? A contract is economicdly incomplete if it fals to
induce Pareto-improving trade in dl of the reevant contractud contingencies.  Such
contracts are thus “state contingent” incomplete (Ayres and Gertner 1992) because the
immutable terms of the contract prevent paties from engaging in mutudly beneficid
trade. Economic incompleteness is viewed with reference to “dates of the world’
because it is these factors that determine buyer willingness to pay and sdler cods. For
indance, the vaue of a gdlon of water will be higher to the buyer during a drought than
during a flood. Yet, if a contract fixes the price of water (either through literd
gpecification or by default rules) at a price that does not vary with the westher, this
market will not dear, leaving some buyers unserved or credling a glut in dl but a very
sndl range of prices. These outcomes are not ex post efficient, because both parties
could be made better off (buyer could get water, seller could get a better price) if the
contract terms were to be renegotiated.  The contract is therefore economicaly
incomplete because it does not lead to an ex post efficient outcome.

It is only reativey recently that legd audiences have consdered this form of
incompleteness, that is the efficiency consderations of trading rules, in deciding the role
the courts should play in gap-filling or the interpretation of default rules Hadfidd (1994)
andlyzes, for example, the roles efficiency-minded courts should play in determining the



damages for breach when they are limitedly competent. She proposes tha even a
limitedly informed court can enhance wefae by enforcing a ligbility standard, as
opposed to a bright line rule, because the former induces changes in the contracting
partner's ex ante behavior, while the latter does not. In a similar vein, Ayres and Gertner
(1992) have argued, againg the conventiona wisdom that the gap filling role the courts
should assume is to enforce terms that maximize the joint surplus® of parties (Goetz and
Scott 1981). They contend that courts should maintain pendty defaults againgt the more
informed party to a contract, so as to induce the parties to reved information that woud
lead to ex post efficient contracts. These studies emphasize foremost that the terms of the
contract itsdf can have important effects on ex post efficiency as a result of the parties
means of deding with literal incompleteness.

The rddionship between literd incompleteness and economic  incompleteness,
therefore, depends on the role default rules play in filling the gaps of incomplete
contracts.  Contracts that avail themselves to many forms of literd incompleteness leave
many gaps to be filled by default rules. To the extent that the recourse to default rules
cregte inefficient outcomes (because thin markets are creeted), literd incompleteness
results in economic incompleteness.  Economic incompleteness may, however, result due
the court’s inability to verify whether certain actions have been performed as desired by
the contracting parties €.9., whether dl relevant prior art known to the patentee has been
disclosed during the course of patent prosecution to the PTO).

Non-verifigblity is the premise of Grossman and Hat's (1986) incomplete
contracts theory of ownership. In this modd, a literally incomplete contract results due to
the fact that some activities of the contract may be observable to the person undertaking
them, yet nonveifidble to the courts  These activiies are what they term “non
contractibles” Gaps of literd incompleteness are filled not by default rules, but rather
“reddud rights’ that enable one party to essentidly specify the default rules that goply in
contingencies outsde the literd terms of the contract. Problems of veifigbility ae
typicdly observed in the case of a two-stage production process, where optimal
production decisons of the second stage are contingent upon the outcome of the first
stage. A contract between the upstream and the downstream patner may be
economicaly incomplete if it fals to induce the updsream (dage-one) partner from
making invesments that maximize the joint surplus of the parties. If the contributions of
the upstream partner are observable but not verifidble to the courts, (because, for
ingance, the technology is not separable, or the task to be performed is not
programmable), the upstream partner will not have any basis to appropriate the benefits
from diligent peformance of his duties. This is viewed in the principd-agent modd as
not being incentive compatible  However, here the important distinction is that, the
upstream partner, anticipating that the benefits will be appropriated by the downstream
partner, will be reluctant to make surplus-enhancing investmentsin the first place.

Grossman and Hart suggest that the economic incompleteness of such outcomes
can be reduced through an alocation of resdud rights to the upstream partner. In the
following section, we huild on this approach of optima ownership, by proposing that the



R&D and patenting process can aso be viewed as a verticd reaionship between the
patentee (inventor) and the PTO (public).

C. Patents as | ncomplete Contracts

The R&D and patenting process includes many of the sources of economic
incompleteness described above. A patent may be viewed as a literdly incomplete
contract whose gaps are filled by rules of paent enforcement. These rules apply to
prosecution, infringement and invaidaion  Patents may be viewed as economicaly
incomplete contracts because the prosecution may not meke full use of the patentee's
information about, for example, the novety of the invention, because it does not provide
adequate incentives for the patentee to reved such information.

The R&D and patenting process may adso be consdered a joint production
problem, where the patenteg's investment in R&D and reaulting clams of novdty ae
non-verifigble.  One important diginction is, however, that the R&D investments a
patentee makes, do not necessarily improve the surplus (as in the case of the reationship-
gpecific capitd assumed in the models of hold-up) to be shared by the patentee and the
public. Such investments merely increase the chances of producing that surplus, since
the outcomes of R& D projects are not deterministic.

Although the formad mode we develop in this paper rdies substantidly on this
latter view of R&D and the patenting process as a joint production problem, the notions
of default rules and asymmetric information have dear applications to the patenting
process. We discussthesein further detail in Sections 11 and 111.

A paent is literdly incomplete, because wha qudifies as invdidding prior at
under the statutory bars specified in Section 102 of the patent act is subject to judicid
discretion.  Section 102 of Title 35 of the United States Code requires that an invention
be new in order for it to be patentable. If the invention has been described in a printed
publication anywhere in the world 12 months prior to the filing date of a patent, the
patent may be rendered invaid in pod-issuance litigation. Courts have ruled tha a
printed publication must be accessble to the public in order to qudify as invaidating
prior at under Section 102. However, the meaning of a “printed publication accessble to
the public’ is subject to judicid discretion. For example, in In Re Hall, 781 F.2d 897,
228 U.S.P.Q. 453 (Fed. Cir. 1986), the courts ruled that a doctoral dissertation that was
catdogued in library archives condituted a printed publication within the grasp of the
public's knowledge, despite the fact that it may not been actudly accessble to an
inventor or scientis.

A patent may be viewed as a incomplete contract because he courts can attach a
different legd sgnificance to the dams of a paent after it has been issued. In Amgen,
Inc. v. Chugai Pharmaceutical, 927 F.2d 1200, 18 U.S.P.Q.2d 1016 (Fed. Cir. 1991), the
court invaidated Amgen's cdam over any DNA segment that would encode for a
hormone (erythropoietin) that stimulates red blood cdl production, on the grounds that



the specification did not enable the broad scope of patent protection sought by Amgen.
In Enzo Biochem v. Calgene, 14 F.Supp.2d 536 (D. Del. 1998), the plaintiff asserted that
Cdgenes FLAVR SAVR tomatoes incorporated genetic antisense technology that was
covered in Enzo's patents.  However, the court hed that Enzo's clams of infringement
were not substantiated because the Enzo patent was limited to the use of antisense
technology in E. coli, snce it did not provide enabling information for use in plants and
animas.

Outcomes such as these can be viewed as cases where inditutions of patent
enforcement creste economicaly incomplete contracts because literd  incompleteness
causes the court to resort to default rules which dlow a patent to be invdidated by severd
different contingencies not anticipated during patent prosecution.  In the hypotheticd
gtuation of complete contracting, there would have been no uncertainty as to whether a
prior art reference would render a paent invalid. Reducing the extent of incompleteness
in the patent contract, would thus alow grester investment in R&D projects without
incurring risks of not being able to appropriate the benefits of the project. In contrast,
greater incompleteness in the patent contract creates opportunities for this type of ex post
hold up, reducing the ex ante incentives for investment in R&D.

A patent may be invaidated or the scope of a cam reduced as a result of
imperfect information about the gtate of the art. In our model, we suppose that in the case
of high technology fields of invention the patentee and the PTO ae asymmetricaly
informed. Concedment of prior art results in inefficient contracting between the patentee
and the PTO. This is because the PTO, not being aware of such prior art, may grant
overbroad clams for inventions dready within the grasp of the public. This information
asymmetry thus dlows the patentee to collect an information rent, in the form of a license
feefor apatent that isnot vaid.

Litigation codts to invalidate such unwarranted patents adso exacerbate welfare
loses due to imperfect or asymmetric information. A patentee holding a patent that
could be invdidated in pog-issuance litigation may decide to set a license fee that is
lower than the cost of litigation. A potentid infringer, not wishing to bear the risk and
cods of litigation may pay the license fee for an unenforcesble patent. So long as the
cods of litigation and information acquistion for other infringers ae dgnificat, a
patentee may continue to collect severa smdl license fees. Indeed, as Lanjouw and
Schankerman (1999) have shown, one of the determinants of the probability that a patent
will be chdlenged is the d9ze of the stakes — which, in this case, corresponds to the
license fee. High license fees will make the costs of litigation and information search
worthwhile for potentia infringers.  Low license fees in contrast, dlow the patentee to
escape invadidation by discouraging attempts to invalidate a patent.

Condderations like these form the bads of a firm's decison regarding whether to
inved in R&D. Modds of expected utility maximization, however, do not capture the
important effects of public policies such as rules of patent enforcement. Investing in an
R&D proect is different from an optimd lottery srategy because inditutions of patent
policy may dlow the inventor to have control over the probability of exploiting a vaid
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patent. The control we are referring to here is the information the patentee can provide to
the PTO during prosecution.  Thus we are concerned with how such policies might affect
the decison to invest in R&D. We describe this n the context of the overal R&D and
patenting process which we term the technology commerciaization process.

II. Patentsand the Technology Commer cialization Process

A new invention begins as an invetment project, the expected vaue of which
depends on the outcome of initid R&D efforts, the probability of obtaning vauable
property rights protecting the invention (a paent), and the probability of successfully
exploiting that property right (market success). This sequence is described in Fig. 1. At
time O the inventor evaduates the dternatives for investment in R&D projects, based on
their expected net profits given the publics specification of the terms of the patent
regime, a; (e.g., duration, eligible subject matter for patent protection) and makes an
R&D invetment, a;. If the results of R&D are successful (probability S;), the inventor
applies for a patent and obtains one with a probability S a time 2. Once a patent is
obtained, the invention crestes an expected revenue sream of monopoly rents or
licenang fees for the duration of the patent. However, the vdidity, enforcesbility and
scope of protection of a patent may be challenged in court [with probability (1-Sg)] after
it has been issued on a variety of grounds (e.g., inability to meet the requirements for
patentability) if such evidence is presented to the court in post-issuance litigetion. Two
factors that affect the vadidity of a patent, or its ability to generate benefit sreams, are the
disclosure of prior at during patent prosecution, and the presumption of vdidity
accorded disclosed prior at. Each of these may be consdered decison varigbles in the
technology commercidization process illustrated below.

FIGURE 1 Schematic Representation of the Technology Commer cialization Process

Patentee’ sex ante

assessment of S,
Abandon Patent Patent
R&D denied i ;\?
D la || S Time
d = >
Inventor observes Disclosure of prior art  Post-issuance devel opment Benefit sream
patent policy, a,, and and exploitation
investsa, and a,
S;: Probability of S,: Probability S;: Probability of
successinR&D of obtaininga exploiting an
patent enforceable patent
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A. Disclosure of Prior Art

The prior at is the bads for determining whether the invention sought to be
patented meets statutory requirements of novelty and nonobviousness. For example, if a
prior art reference, such as a scientific publication, or a printed document, demonstrates
that the invention has been used anywhere in the world 12 months prior to the patentee's
filing date, the invention is dautorily barred from being patented. Prior art disclosure
provides benefits for both the public and the PTO, dbet for different reasons. A
complete prior art disclosure reduces the probability (Ss) that a patent will be invaidated
in post-issuance litigetion snce it dlows the PTO to evduae a larger st of prior at
references that could be used to later invalidate the patent. A patent granted based on a
more complete disclosure of prior art is less likely to be invdidated, because it reduces
the number of references that will have not been previoudy considered by the PTO.

The public benefits of a complete prior art disclosure are that it dlows the PTO to
gant clams of proper scope that are commensurate with the extent of innovation,
because it is better informed regarding the date of the at. This can be paticularly
important in high technology sectors where the PTO may not have access to dl of the
prior art that is available to the inventor® The PTO, not being an expert in the field and
having limited resources, may not be able to access dl the relevant prior at compared to
the inventor, who is typicadly an expet in the fidd. This is egpecdly true when the
relevant prior art is non-patent art such as scientific publications or when relevant prior
at information is dready in the public domain, as in the case of computer software. In
the context of the quid pro quo, we may view this as creeting informaion asymmetry
between the trading parties, with the PTO being the lesser informed of the two. In
contragt, in the case of inventions in low technology or established technology aress, such
as the mechanicad arts, the PTO is better able to ascertain the date of the at. We
therefore assume that the PTO and the patentee would be symmetricaly informed in the
case of low technology or established technology inventions. These assumptions have
implications on the nature of the exchange between the PTO and the patentee. This will
become clearer, when we consder the presumption of vaidity accorded to the disclosed
prior art.

B. Presumption of Validity Accorded to Disclosed Prior Art

A paent will be difficult to invaidate if an extensve prior art disclosure is made
by the patentee at the time of patent prosecution and that prior art cannot be the badis for
patent invaidation by the courts in post-issuance litigation. While a more complete prior
at disclosure decreases the probability of invdidation, a high presumption of vaidity
aso reduces the probability of invalidation because it redtricts the opportunities for the
courts in post-issuance litigation to atach a different legd sSgnificance to the prior art.
For the patentee, a high presumption of validity accorded to disclosed prior art reduces
the chances tha a patent will be invalidated as a result of the disclosed prior art taking on
different legd gSgnificance.  Under a regime of low presumption of vdidity in contragt,
prior art disclosed during prosecution can be reexamined by the courts in a post-issuance
lavsuit (e.g., invaidation or infringement suit) in order to render the patent invdid.



Because it removes the possihility to reduce market power, the public may wish to accord
a high presumption of vdidity only in drcumsances where the resulting bendfits
outweigh digortions to competition and reductions in incentives for R&D investment.
One such advantage is the more certain property right a high presumption of vaidity
cregtes. This in turn dlows more risky R&D projects to be undertaken (because the
expected vaue of the project is not further reduced by uncertainty over patent rights).
This increese in invesment in R&D in such high technology projects can outweigh the
socid losses of market power, because high technology inventions often creaste sgnif-
icant pogdtive externdities tha spill over in other markets. In addition, under a regime
that accords a high presumption of vdidity for disclosed prior art, the PTO may capitdize
on a complete prior art disclosure and grant patent rights that are commensurate with the
new information in the patent disclosure and avoid the negative consequences brought
about by an overbroad grant of patent rights.

C. Characterizing Optimal Patent Policies

Optimd patent policy must weigh, among other things, the inducements provided
for investment in R&D againg the socia cods imposed by patents. The main socid cost
we are concerned with in this paper is diminished ability to develop new inventions as a
result of policy that discourages investment in R&D. Wrongly or improperly issued
patents create severd difficulties for inventors, which we may view as added socid codts.
These incdude the wasteful design-around activities of inventors who try to avoid
infringement. The cost of developing new inventions that incorporate patented inven:
tions increases if downgream inventors must pay upstream inventors license fees (Hdler
and Eisenberg 1998). Exiding paents may dso rase the financing costs for R&D
projects because they increase the posshbility that the new invention will infringe upon
exiging paents. Financiers view this as rasng the risk (or lowering the expected return)
of the investment project, and thus command a higher risk premium on loans to inventors.

We may view these as the cods of economicdly incomplete contracting: a
patentee may have access to information relevant to paentability that the PTO may
benefit from, but may not do so for lack of adeguate incentives. One means of correcting
this is through a policy that accords a high presumption of validity to disclosed prior art.
This would dlow the PTO to exploit the paenteg's private information by then granting
clams of proper scope.  In high technology fidds of invention, such as biotechnology
and computer software, the problem of asymmetric information is particularly acute for
reasons mentioned above in Section A. These may be viewed as consequences of
imperfect or asymmetric information between the patentee and the PTO.

To the extent that increased information alows proper patents of proper scope to
be granted and it reduces the probability of invdidation for the patentee, it reduces
economic incompleteness.  This is because both the public and the patentee are made
better off through a “contract” that dlows a high presumption of vdidity to atach to
disclosed prior at. We view this as a case where the objectives of the PTO and the



patentee are congruent and modd this disclosure and patenting process as a joint
production process or avertica relationship.

Such an andyss does not however account for the option vaue of being adle to
retain full rights to invdidate a paent in pod-issuance litigation. Because it may be
difficult to ascertain what a properly defined high technology patent should encompass,
the option of being able to easly invaidate a wrongly-issued patent, may not negligible.
If the PTO finds that a badc patent, on a gene sequence for example, should never have
been issued, the vadue of being adle to invdidate it, is that it removes what could be a
development obstacle for future inventions. For the case of high technology inventions,
this option vadue can be high, if wrongly-issued paents are sgnificant obstacles to the
development of important inventions. The public welfare benefits of such an option
vadue ae difficult to determine and most likely vary congderably from across different
fieds of invention. Acocounting for this option vaue in a model of incomplete contracts
with asymmetric information is a complex issue dnce it requires introducing additiond
assumptions about the information levels of each paty and the vaue of the information
through time. Our model does not atempt to do this. As a result we assume tha in
according a particular presumption of vaidity to disclosed prior at, the PTO is conscious
of the option value it gives up in exchange for information from the paentee and is
capable of appreciating the import of the prior art disclosed by the patentee.

[11. Modeling Patents as I ncomplete Contracts

Condder the three-period mode described in Figure 1, in which the inventor
(patentee) invests ap in R&D at time 0. The patentee aso invests a; prior to obsarving the
outcome of R&D, in order to asess the intdlectud property sStudion in the fidd in
which R&D activities are contemplated. Invesments a; alow the patentee to conduct a
complete search of prior art in order to determine if the R&D project could lead to an
infringing product but aso to be ale to support dams of novelty and nonobviousness in
a paent gpplication. Since the decision to invest in R&D depends on the expected
profits, ap is a function of a prior bdief about S, the probability of holding a vaid patent,
in the pogt-issuance sage. This depends on the regimes of patent enforcement employed
by the courts. Hence, we write ap=ap(Ss). In addition, a time O, the PTO invedts ay, in
bureaucratic infrastructure and commits to particular ingtitutions and practices of patent
examingtion.

The results of invesments ap in R&D initiated a time O are contingent upon the
success rate S;. If R&D is successful the patentee applies for a patent & time 1. In the
course of applying for a patent, the patentee discloses prior at g; ahd makes a dlam on
territory not within the prior art. If the patent is issued, then the patentee may exploit the
patent by producing the invention and sdling it (presumably a monopoly prices) or
licendang it. If a @tent does not issue (probability (1-S)), the patentee may choose to re-
apply with modifications, appea the PTO's decison or abandon the project. During the
patent application process, the cdlams may be negotiated in light of informaion made
avalable to the PTO ether from the patentee, or through its own search. Granting a



patent, however, does not ensure that the property right is fixed; it may be invaidated in
post-issuance litigation, depending on the presumption of vdidity, ¢, that the public
(PTO) has accorded to the cited prior art.

The process in Figure 1 can be thought of as a two-period production modd in
which each party (the patentee and the PTO) supplies appropriate levels of g; and g in
order to bring a new invention to the market. The disclosed prior at qi is nort
contractible in the sense tha it cannot be verified by the public snce the public cannot
determine whether the complete prior at known to the public has been disclosed to the
PTO. The presumption of vaidity accorded to the cited prior art by a court in post-
issuance litigetion is a paent policy choice that is known a time 0. The nont
contractibility of i crestes an opportunity to dlocate resdua rights of control over the
vaiadles g1 and gz. Hence, we can ask whether joint surplus could be incressed by
dlowing one party to control g; and @ through the choice of patent policy specified a
time 0. With this question, we define the benefit functions of each party.

Rents from successful patenting accrue to the inventor for the duration of the
patent, with probability S3. The net benefits of knowledge disseminated to the public
(which includes users, improvers and competitors) as a result of the patent disclosure are
captured with certainty. The benefit accruing to each paty can be expressed as
Bi[a0,a]) i(01,92)] , where i=1 for the inventor and i=2 for the public. We assume that B; is
increeang in j; for each paty. In the case of the patentee j 1 corresponds to the
probability S3 of having an enforcesble patent. B; is thus a redization of expected
benefits, given S The PTO dmilaly wishes to maximize j 2, which are the socid
benefits of patents issued with properly defined scope (e.g., providing enabling disclosure
to improvers and competitorsin addition to maintaining incentives for R&D).

The problem of the policy maker is, therefore, to decide how rights of control
over 1 and g need to be accorded in order to maximize joint surplus B; + B,. To
reiterate the problem being modeled, we have defined the following function representing
the joint surplus.

(@) Bi[ @, a1, J 1(01,02)] + B[ @0, a2, j 2(01,02)]
where the variables are defined as.

ao: ex anteinvestment in R&D by patentee

ai: ex ante investment in prior art search by patentee

ao: ex ante investment in patent system (sdaries and work-load of patent examiners)
O1: disclosure of known prior art

02 presumption of validity for cited prior art

Bi: patentee benefits (monopoly prices, licensing fees)

By: public benefits (knowledge disseminated, consumer benefits)

S

S

probability of successin R&D
probability of obtaining a patent



Ss: probability of holding an enforceable patent

j 1. patentee benefits as aresult of disclosure (g1) and presumption of vaidity (cp).
] 2 public benefits from disclosure (g;) and presumption of vaidity (cp)

For amplicity we assume that S=j 1, implying that patentee benefits of control over q;
and g2 are increased probability of capturing rent sreams.  Since the present anayss is
concerned only with cases where the patentee patents the product of a successful R&D
project, we assumethat S and S, are independent of control over g; and Q.

A. Specification of the Model Under High and Low Technology Environments

The respective benefit functions of the patentee and the PTO will be different for
the case of high technology (e.g., biotechnology or computer software) and low
technology or edtablished technology inventions, since the costs and the benefits of
operating in these environments differ. These differences are captured in the respective
] i functions which we define as linear combinations of g; and g, expressed below:

) J1=aiq+ bigp + eC  (patentee)
Q) j2= a0 + b +eC (PTO)

The functions are distinguished by the vaues for the coefficients an, b, * and &, which
are weghts on the rdative importance of non-contractibles (g;) and contractibles (C).
The magnitude of the coefficient indicates the reative importance of the factor (hence
degree to which control will metter), while the sign of the coefficient indicates whether
increases in the value of the varigble (g1 or gp) result in an incresse or decrease in
benefits. A negative coefficient indicates that control of the variable by party | adversay
affects the bendfit function ji. This is the case of incongruent objectives. The
differences in the coefficients for the high and low technology sectors are due to
information asymmetries and are explained below.

1. High Technology Sectors. In high technology sectors, R&D techniques
themsdves evolve rgpidly, such that an inventor, being an expet in the fidd has
relaively better knowledge of the date of the at, than the PTO with redtricted
information resources. Asymmetric information between the paentee and PTO is
therefore assumed. The benefits for the PTO in obtaining a more complete disclosure is
that it will be able to grant clams of proper scope. The coefficient a» will thus be large
and podtive.  Since ovely broad cams may prevent other inventors from creating
improved products or applying the knowledge disclosed in the patent in new aress, the
public vaues information about the prior at reatively more then its right to invdidate a
patent. The coefficient by, on the presumption of vdidity @) accorded to the patent will
therefore be small and positive.
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Because the costs of and risks of R&D in high technology are high, once a
patentee obtains a patent, it must be sable, in the sense of reducing the post-issuance
chances for invdidation. This will dlow the high costs of R&D to be offset by high
expected profits. The weight on ¢, bs, will thus be postive and large.  As the patentee
discloses more prior art information he increases his chances of obtaining a stable patent.
The weight on g; will thus depend on the degree to which complete prior art disclosure
can reduce the probability of invdidation. If there is a drong reationship, due to an
incentive provided by the PTO, aj will be large and pogdtive. This is one of the policy
optionsexamined in Section V.

2. Low Technology or Well-Established Technology Sectors. Inlow technology
sectors, we assume symmetric information between the patentee and the PTO. Since the
relevant prior at can be eadly identified by the PTO, it will be most concerned with not
giving up its right to invaidae the patent in exchange for information it could obtan
from sources other than the patentee.  Thus for parties with symmetric information,
disclosure of prior at will be rdaively unimportat for both the PTO and the patentee.
This is particulaly so snce the patentee does not recelve any incentives to conduct a
thorough prior art search and disclose it to the PTO. The coefficients a; and az will thus
be smdl and postive indicating that ether party would be indifferent to disclosure by the
PTO or the patentee. Since low technology inventions involve less cost and risk for the
inventor, the PTO would prefer to accord a higher presumption of vdidity only in cases
where it induces investment in risky high technology R&D that create large socid
benefits.  Granting a high presumption of vdidity therefore reduces j » by rdaivdy large
amounts, for the case of low technology inventions. Thus by islarge and negative.

Because the probability of success S, is generdly higher in the low technology
caxe, the expected profits from an R&D project may be higher for a low technology
project. The low technology inventor could thus afford to bear a higher probability of
invdidation tha would result from a policy of a low presumption of vdidity. The
coefficient b; is thus smal and postive. Given that both a; and b; are smdl, mos of the
weight will be on the contractibles (C), or factors such as brand names, marketing
channdl agreements — conditions not relying on patents or R&D. In this case e will be
large. The assumptions we make on the parameters of each of the j; functions are
summarized in Table 1.

In high technology sectors a more complete disclosure of prior at would be
Pareto-improving, snce both coefficients a; and a, are podtive and large. Since by is
gmadl, both parties could be made better off by a policy in which presumption of validity
is "traded” for a more complete disclosure of prior at, supplied by the reatively more
informed patentee. The objectives of the patentee and the PTO are thus congruent. For
low technology inventions, the objectives will be incongruent because by is a lage
negative coefficient, indicating granting stable property rights on low risk R&D would
pendize the public's benefit function.



Tablel

High Technology L ow Technology
Coefficient Description Magnitude Sign of Coeff. | Magnitude | Sign of Coeff.

a, Relative importance of Large + Smll +
prior art for patentee

az (i=1) and PTO (i=2) Large " Smal i

by Relative importance of Large + Smdl +
presumption of

b, validity Smdl - Large

e o Insignificant +- Large +-
Relativeimportance of

e contractibles Insignificant +/- Large +-

The tradeoff that the PTO must consder is how incresses in the presumption of
vaidity decrease public benefits B,, by reducing the opportunities for invdidation on the
one hand, and at the same time reduce the incentives for invesment in R&D on the other
hand. These effects are described in equation (4) below. For low technology inventions,
we have the following rdaionship:

(4) 1B: _ fB:
1‘“ 2 ﬂao LowTech

This is because the productivity benefits of low technology R&D are smdl in rdaion to
the welfare benefits of reducing market power. Since low technology® R&D produces
only smdl shifts of production frontiers, the wefare benefits of reducing market power
by maintaining a low presumption of validity® offsst any benefits that would result from
increased investment in low technology R&D. In contradt, for high technology R&D, we
have the following relationship:

® 18 _ 18

ﬂ J ) ﬂ qp HiohTen

The effect of increases in R&D can thus outweigh the socid losses due to market
power that occur as a result of a high presumption of vadidity that is granted to disclosed
prior at. This is because high technology patents disclose revolutionary teachings or
methods which the public may build upon or use. The public welfare losses from having
to pay license fees in this case, are believed to be reaivey smdl in comparison to the
benefits the new technology provides. It should be clear that equations (4) and () are
assumptions, and not results of our modd. These are consgent with the parameter
vaues of Table 1 in which it is assumed that each agent maximizes their respective j i
functions. It is based on these assumptions that we propose optima patent enforcement
policies for both high and low technologies.



IV. Analyzing Alternative Patent Policies

We consder two policies, which are distinguished by the incentives provided by
the PTO to the patentee to disclose dl rdevant prior at. Policy 1 "trades’ a high
presumption of vaidity for information on prior art that may not be avalable to the PTO.
Under this policy, prior at disclosed at the time of patent prosecution cannot be used in
subsequent litigation to invaidate the patent, except in very limited circumstances.” The
patentee can thus effectivdly reduce the opportunities for invdidaion by citing 4l
relevant prior art to the PTO. Since a high presumption of vaidity ataches to only the
prior at disclosed by the patentee, we write gp=02(01). The bendfit functions under
Policy 1 arethus.

(6) ji=aim + bip(qr)) + el

(7) Ji1=ax+ bop(qr) + el

Under Policy 1, the patentee discloses the rdevant prior at in reation to the
desired presumption of validity, which we assume to be high. We denote q; and gz under
this policy as (01,02)=(q%, g¢). Under Policy 2, there is no such exchange between the
patentee and the PTO. In this case the PTO conducts its own prior art search, and
information known only to the patentee is not accorded any specia legd sSgnificance. In
other words, the PTO maintains no presumption of vdidity with respect to the disclosed
prior at. The form of the j; functions is exactly as initidly specified, and are reproduced
below as:

(8) ji=aq+ bigp + eC
9 je=aqt+ by + eC

We denote the disclosure of prior art and presumption of vdidity as (01,02)=(0?1,022). The
effects of each palicy in both high and low technology scenarios are examined below.

A. Policy 1: High Technology

Given the relative importance of the high presumption d vdidity (o, is large), the
patentee maximizes j 1 by discloang as much as information as possble in order to
cgpitdize on the high presumption of vdidity. The patenteds disclosure and the high
presumption of vdidity (q& q¢) thus maximizes j i, but will adso gpproximatdy
maximize j 2, because both b, and j > are smdl. The result occurs because the patentee is
made better off by a policy in which a presumption of validity attaches to dl relevant
prior art disclosed to the PTO. The PTO is dso able to accord patent claims of proper
scope, in light of the additional information it recelves (that it might not have otherwise)
from the patentee. Policy 1 gpplied to the case of high technology thus leads to higher
joint surplus, due to coordination between the PTO and the patentee. Since j 1 is
increeang in q¢ and q¢ such coordination will lead to higher leves of ex ante invesment

310



in R&D by the patentee which increases both B; and B,. This is because increasing the
J 1 function, corresponds to increasing the expected vaue of the investment project,
because 3= S3(j 1).

B. Policy 1. Low or Well-Established Technology

Policy 1 gpplied to the case of low technology does not maximize public benefits
B, because the incentives provided by the PTO ae "wadted" in tha they do not lead to
much more information in order to offset the losses in j o caused by a high presumption
of vdidity. The patentee discloses dl prior at, yet the PTO is symmetricaly informed
(assumption of low technology), which implies that q&»g2;. Thus, j 2 is not maximized,
but ingtead gpproximatdy minimized, snce b, is large and negative in equation (7). The
increese in j 1, brought about by a high presumption of vaidity increases ag. However,
the resulting benefits are srdl and do not compensate for the loss in presumption of
vdidity.

C. Policy 2: High Technology

Policy 2 which sats a low presumption of validity for prior at removes incentives
for the patentee to disclose prior art. Since the PTO conducts its own prior art search, j »
is not maximized, because the PTO is necessxily less informed than the patentee.  Thus,
g¢ > g?1. Hence j 1 function is not maximized by ¢?1. Furthermore, given q¢ > g2, and a
andl negdive coefficdent by, j > is not maximized. Because the PTO “controls’ the
presumption of vdidity j 21 < j ¢, which implies that there will be less invesment in ag
under Policy 2, than under Policy 1. This is because, in our modd, the lower leve of j 1
corresponds to a lower probability of having a vdid patent (S3). Under a policy which
accords a low presumption of vadidity, the investor's ex ante assessment of the
probability of being invalidated, causes him to assgn a lower expected return to the
investment project. This makes investment in high risk (high technology) projects less
atractive than investment in other projects that have higher private returns, but lower
socid returns (e.g., low technology projects). Benefits B; + B, are thus not maximized
when the PTO relies on its own prior art search in the case of high technology inventions.

D. Policy 2: Low or Well-Established Technology

With no information asymmetry, a policy tha mantans a low presumption of
vaidity will gpproximaidy maximize j » Snce the coefficient b; is andl. Since a; and
b, ae both samdl, any policy affecting these variables directly or indirectly will have a
gndl effect on j 1. In this case Policy 2 is efficient in the sense that it does not “waste’
the privilege of according a high presumption of vaidity in order to induce R&D in on
low technology inventions. Even though this mantans a higher probability of
invdidation for the patentee, its effect in reducing incentives for R&D invesment is less
acute than the case of high technology because a higher probability of technical success
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(S1) compensates for a lower probability of owning a valid patent &). Policy 2 applied
to the case of low technology, therefore, approximatdy maximizes B; + By, because of the
public wefare benefits it maintains through alow presumption of validity.

V. Conclusons

We begin with a familiar concept that a patent can be viewed as a quid pro quo
between the patentee and the public, trading a limited right to exclude for an adequate
disclosure of the invention. Because of the lega regimes governing pod-issuance patent
litigation which dlow a patent to be invdidated by the courts after it has been issued, a
patent may be consdered an economicdly incomplete contract between the patentee and
the publicc. We use the incomplete contracts framework to understand the wefare
tradeoffs of market power and the timely development of new technologies.  Our
goproach in developing a model of patents as incomplete contracts is to ak whether the
joint surplus of a partnership can be increased if there is coordination achieved by one
paty teking control of the other's rights. The answer to this question is not obvious
because control of rights or assets reduces the bargaining power over ex post surplus,
while it can increase joint benefits if the objectives of both parties are digned. We apply
this modd to the technology commercidization process where the patentee and the public
(acting through its agent, the PTO) are seen as vertical partners. Our model thus adopts a
gystems gpproach by incorporating R&D decison making and public policy from the
perspective of each party.

Dexcribing patents as incomplete contracts adlows us to congder the efficiency
effects of aternative patent policies that alocate control over two variables (prior at and
presumption of vdidity) to one paty. We condder two specific patent policies. Under
Policy 1, prior at disclosed by the patentee to the PTO during patent prosecution is
accorded a strong presumption of vdidity in post-issuance litigation, limiting the use of
cited prior art to invadidate the patent. Under Policy 2, there is no presumption of vaidity
accorded to prior art cited by the patentee.

These two policies are then consdered in the context of low and high technology
environments, which are didinguished by the cods of invention and the levd of
information asymmetry between the patentee and the PTO. In high technology sectors,
such as biotechnology, the patentee is reatively more informed about the relevant prior
art with respect to an invention as compared to the PTO. The high technology sector is
further digtinguished by the benefits R&D procure to society, as wel as increased risks
associated with high-tech R&D projects.  Given the costs and benefits of innovation in
each scenario, we congder which patent policy could best maximize joint surplus.

For the case of high technology inventions, Policy 1 (high presumption of vdidity
accorded to disclosed prior art) induces higher levels of ex ante invesment in R&D. The
public efficiently trades a strong presumption of vdidity for information about the prior
at. Since prior at is vaued by both parties (adbeit for different reasons), Policy 1 tha
encourages its disclosure, could be viewed as a transfer of resdud rights that is wefare-
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enhancing. When the objectives of the patentee and the PTO are not digned as in the
case of low or wdl-established technologies, Policy 1 would not maximize public welfare
gnce the benefits of increases in invesment are ouweighed by the costs of reduced
opportunities for the public to invalidate the patent.

For the case of low technology inventions, Policy 2 (low or no presumption of
vaidity accorded to disclosed prior art) is optima, snce it dlows the public to curtal
loses due to market power by maintaining opportunities for invdidating a patent. In low
technology inventions, the increesed bargaining has only a smdl effect on reducing
incentives for investment, snce R&D proects of this type ae less expendve and
undertaken with limited regard to patent protection. The man reason why these policy
prescriptions goply is that it accounts for the podtive externdities that different
technologies cregte, while assuming that the benefits from high technology are a result of
public policy incentives. The incomplete contracting framework adlows us to view patent
policy problem of choosng agppropriate incentive schemes as a function of informationd
and technica (productivity) consderations.

The optimd policy for high technology inventions, such as in biotechnology
(Characterized by asymmetric information and high productivity effects) provides
incentives for wdl-informed patentees to reved information regarding the relevant prior
at to the PTO during patent prosecution. This is consonant with a body of contracting
literature (Ayres and Gertner 1992) that proposes that when parties are asymmetricaly
informed, default rules tha pendize the more informed paty will be wefare enhancing
sgnce the party that is more informed will be induced to reved information. However, in
our case we do not impose a pendty on the better informed party, the patentee. Rather,
we permit a transfer of ex post bargaining rights {.e., reduce the public's resdud right to
invalidate the patent) in order to induce the better informed paty to reduce the
informationd asymmetry between the patentee and the PTO. In this regad, the
objectives of the patentee and the public are mutudly digned since the reduction in ex
post bargaining aso creates incentives for higher R& D investment.

Our smple model assumes tha the costs and benefits of information and different
technologies are exogenoudy determined. In practice they are part of a larger problem in
which the policy environment and private Strategies evolve together. As new palicies are
implemented, decison-makers “update’ ther R&D invetment decison criteria
Developing dynamic models of this process would therefore be a worthy research
endeavor, but by no means easy — invesment planning in high technology incressingly
incorporates complex models of resource management. New models must view R&D
organizations not only as raiond decisonmekers, but dso as sources of new
capabilities, because the inventive process in itsef disseminates new knowledge through
enabling disclosures in patents.  These can be important factors to condder in high
technology R&D, in addition to the trade-off between market power and incentives to
invest congdered in our modd of the technology commercialization process.
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’In this case the surplus refers to the profits of the parties to the contract, given
that investments have aready been made. In our mode, we consder the case where joint
aurplus is increased as a result of incentives to invest in surplus-enhancing activities, such
asR&D.

3In this respect, the PTO held public hearings in June of 1999 on the subject on
identifying the sources of information for prior at references and the methods it should
use to gan access to prior at in emerging fieds, such as computer software and
biotechnology.

“We define contractibles as those elements of patentee or public (PTO) benefits
that are independent of g1 and ;. These include profits resulting from brand names or
other sources of market power.

By low technology inventions we have in mind smple mechanicd inventions
such as a new type of corkscrew. The socid benefits conferred by such devices is likely
to be smdler than those of a high technology invention such as a cure for cancer or
AIDS.

®Recall that j » ismaximized by minimizing gz, since b,<O.

"A threshold test for invoking disclosed prior art might be the following: A court
will not invaidate a paent based on disclosed prior at unless it is convinced that no
ressonable examiner would have alowed the patent in light of the disclosed prior art. In
other words, disagreement about what the disclosed prior art teaches would not suffice to
invaidate the patent.
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