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The patent authority eventually faces either an adverse selection problem
ot a moral hazard problem that asymmetric information causes when 1t has
imperfect information about the attributes of mnovations This paper ana-
lyzes whether the current patent system with uniform patent life can still
be an effective incentive scheme of R&D investments i cumulative in-
novations with inventor privately informed on innovation cost.

This paper looks into the nature of inventors’ sequential arrivals and bi-
lateral private information nherent in cumulative innovations, specifically
research tools and its commercialization Under the current patent system,
the inventor of a research tool (nventor A) can collect profit either by
self-development or by forming an R&D jont venture with the subsequent
mventor {(nventor B) since revenues accrie only to commerciat product
Due to the inventor’s private information, however, a negotiation over an
R&D joint venture between seguential inventors is not always reached.
That leads to patent race for cormnmercialization between A and B, which
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[ . Introduction

The patent system is an incentive scheme to encourage innovation by grant-
g an exclusive property right to an inventor for a limuted period of timel).
However, patent system has been challenged that current span of patent life
may not be suitable for optimal innovation encouragement and that the profit
civision through patent rights in cumulative mmmnovation may not function
properly. A serious impediment to the mmplementation of the optimal patent
system is that only the inventors can pnvately observe the characteristics of
the innovations such as the mmovation value or the innovation cost. This paper
is intended to analyze the patent system for cumulative innovations under
information asymmetry?3),

Most mnovations in modern industries can be regarded as cumulative in-
novations for which the earlier innovation provides a building foundation for the
late technical progresses(Scotchmer 1991). Cumulative innovations are categorized
into at feast four manifestations that are i} improvements of previous products;
ii) cost reductions for producing earlier products; i) applications of earlier
basic technologies and iv) enabling technologies such as research tools(Sco-
tchmer 1991, 1999h)

Some literature contend that the current patent policy, that sequentially
provides a uniform patent life for each sequential innovation, exhibits a limi-

tation 1n dealing with cumulative innovation processes. They argue that patent

1) A patent appheation comprises two parts, a specification of the innovation and a
set of claims A spectfication requires that the mmventor bnefly describes the
problem and the steps to solve it Claims define the scope of the mnovation that
is a technological terntory agamst infringement(Merges and Nelson, 1994).

2) The object of the theory of mechamsm design is to explore the means(institu-
tional setting as a contract) of implementing a specific allocatton of avalable re-
sources through a device of principal-agent model, when the relevant information
is dhspersed in the economy(Salanic 1998).

3) As the informed party and the umnformed party create a lateral monopoly sit-
uabion, we need to specify how the parties can bargan over the terms of
exchange, The Principal-Agent model 1s a simplifying device to avoid complex
bargaiming under asymmetric mformation by allocation all bargaming power to
one of the parties{Salanie 1998).
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policy for cumulative innovations should be two-fold depending on the ability of
an mventor of the first innovation(hereafter referred to as AY. If A lacks
technology of developing subsequent innovations, an optimal patent policy is to
transfer full surplus from the subsequent inventor{hereafter referred to as B) to
A. Insufficient transfer discourages A’s incentive for R&D, which may in turn
stifle the whole line of innovations. On the other hand, if A is capable of
developing the second-generation innovation but inefficiently, the patent policy
should address an additional challenge of the efficient innovation® A socially
optimal patent system should induce the participation of efficient mventors for
the continuation of further innovations and the improvement of the social
welfare

In the following, we restrict our attention to research tools in this paper.
Specifically, A invents a research tool that can be commercialized by himself or
B. Each inventors are privately informed about their respective costs of
commercialization. Research tools are technologies that have no commercial
value and their subsequent commercial innovations capture all market profits®?,

Schankerman and Scotchmer(1999) searches for a policy instrument that
helps the current patent system to achieve the efficient commerciafization of
research tools when the inventors' costs are observable, Patent protects the

patentee by either excluding competitors ex ante or imposmg remedes for

4) Arora and Fosfun(1998) analyze the role of specialized engineerng-construction
firms(henceforth SEFs) on the technology diffusion in the chemical mdustry
Licensing is the main way that SEFs extract profits from their innovations They
found SEFs hased towards small firms in licensing Put differently, SEFS
were more mportant sources of technology for firms that lacked the technological
capabihity to develop the technology m-house, small chemcal companies and third
world firms. Technological diffusion led by SEFs, therefore, contributes less con-
centrated market In contrast, big producers mnovated their own technologies and
create competitors through hicensmg

5) An optimal patent system should (1) mumuruze a deadweight loss associated with
a patent system, (2) help inventor A collect maximum surplus from the following
applications, and (3) assign the application to the more efficient inventor.

6) Examples of research tools include Cohen-Boyer patent on the gene-msertion
technology, the Genetech patent on a gene-expression technology, and Cornelf
umversity's gene guns{Scotchmer 1991, Schankerman and Scotchmer 1999).
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infringement ex post?. A natural way of remedying infringement is to impose
money damages® The doctrine of damages determines the inventors’ bargain-
ing shares in the case of infringement which, m turm, establishes their bargaining
positions 1n an ex ante agreement® Schankerman and Scotchmer shows that
the inventors reach an agreement to achieve efficient commercialization if
appropriate measures are taken to figure damages from infringement{urjust
enrichment). However, this charming result does not survive information as-
ymmetry. Private mformation on the inventors’ costs hides threat points
resulting in a breakdown of the negotiation processl®

This paper shows the cwrrent patent systems cannot be the efficient
mechanism for research tool by analyzing how nature of sequential innovations
and asymmetric information cripple patent system It also sheds a few useful
implications on how research should go on to design an optimal patent system
for research tools.

The rest of paper is organized as follows. Section 2 introduces the model and

the key assutnptions as the foundation of this paper. Section 3 examines a

7) Courts judge allowable patent scope when a dispute anses The accused device
is ruled mnfringmg if 1t fall within the allowed claims: doctrine of equivalents. On
the other hand, there are three ways m which an accused device 1s ruled not m-
fringing’ 1) the claims are nvahd(lack of requisite requirements, fraudulent con-
duct, extant public use), ii) the device is outside the claims, 11i) the device repre-
sents major advances over the origmal(docirine of reverse equivalents). See
Merges and Nelson(1994) for more details. The doctrine of laches reqtures that
a timely effort should be made to stop mfnngement Otherwise, the right to re-
cover damages or to enjoin mfrnngement will be nullfied

2) An alternative remedy for infringement 1s the injunction rule to stop sellng the
infringing product, which also involves money damages through a negotiation
after all(Schankerman and Scotchmer 1999). To be precise, however, the in-
junction rule should be distinguished from the damage rule. See merges(1996)
for details.

9) Two doctrines of damages, ‘unjust-enrichment' and ‘lost profit/lost royalty’
{Schankerman and Scotchmer 1999)° “The objective of the unjust-enrichment
doctrine is to deprive the mfringer of the frunts of hus illegal act The objective
of the lost profit/lost Toyalty doctrine is to restore to the patentee the benefits
which A would have depnved without the infrmgement ”

10) Schankerman and Scotchmer(1999) also address that the patentee’s counter-—
factual damages 1s difficult for the court to discern when the costs are private
information
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benchmark case to cobtain the basic shape of optimal mechanism. Section 4
shows that the current patent system cannot be the optimal mechanism in the
world of hilateral hidden information. Section 5 concludes this paper with

several suggestions for extending our resuit.

I. Model

1. Notations

Consider a situation where A developed a new research tool by investing

verifiable cost ¢, and applies for a patent grantll). Given a time span{a number

of years of patent life, for instance) T ER+,2=17(1—2"T) represents the

discounted length, where r denotes the interest rate (ie "}j 15 discount rate).

With a slight abuse of terminology, we refer to the discounted length as the
patent length hereafter,

‘7’ is the per-period monopoly profit by selling the commercial productl?), ‘o’
denotes the per-period deadweight loss associated with monopoly production.
Hence, ‘nz’ and ‘dz’ are the present discounted profits and the present

discounted deadweight loss respectively when a monopolist suppiies the

11) Providing research incentive through patent life prior to the first investment 1s
close to the environment of (albert and & Riordan’s study(1995), although they
do not the discuss the patent policy expleitly. The patent version of therr study
contrasts with our model in several respects. They examine the structural effi-
clency to provide a sufficient mcentive for research tool and its application. A
research tool 15 not developed vet. Two inventors are capable of developing full
innovations separately. Integrated development by a single inventor is socially
preferred to joint developments by two inventors, The reason 1s that joint devel-
opments raise mformation rents to prevent the mventors from overstating thewr
costs of mnovations.

12) The stze of profit subsumes the marginal cost of producing the commercial
product. Alternatively, we can assume the marginal cost of production 1s ‘0
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commercial product for the length of time span z We also define ‘w’ as the
per-period social welfare from the commercial product sold by a monopolist
The per-period social welfare rises to ‘b” where 6= w+ d in the competitive
market(after a patent expires, for instance), since the deadweight loss of
monopoly pricing disappears. Thus, the present discounted social welfare in

gross term that the research tool and its commercial product generates 1s,

fﬂmw - e di+ f:a’ e” dt

Or equivalently, %— dz, where the first term is gross social benefit from

the commercial product and the second term denotes the total deadweight loss
for the life of monopoaly.

We will denote A and B by subscripts i=1 and =2 respectively. We also
use the subscript ‘-1 7 to denote inventor i’s competitor by following traditional
notation. Let s,={0, 1} indicate whether the inventor i develops the commercial
product from the research tool or not. ‘s, = 1" denotes that the inventor i develops
the commercial product by investing e, Alternatively the mventor i’s R&D
cost function of commercialization is represented by s, e, that is increasing in

62
ds,dc,

both s, and ¢,. s,c, also shows that (s,c,) is non—negative and weakly

increasing in ¢,, which is called as ‘single cross property’1®. ‘s;+s;=1'
should hold to avoid the duplicative efforts for commercialization. We restrict
attention to a set of assignment rules {s,,s,} that mcludes the efficient one

from a social perspective.

2. Assumptions

Assumption 1} The research tool enables both A and B to develop the

13) With single cross property and mverse hazard rate, a mechanism that satisfies
the local incentive compatibility constramts 1s sufficiently globally incentive
compatible For mverse hazard rate, see assumption 3.
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commmercial product!®  Put differently, the inventors’ R&D efforts are

substitutes to develop the commercial productl.

Assumption 2) B can access the research tool only when it is patented, and
therefore is known to the public. For simplicity, there 1s no time lapse between

the research tool's patent grant and the commercial product’'s arrivall6).

Hence, we 1gnore the case where two inventors coordinate research before
the research tool 15 patentedi?.

Assumption 3) To invent the commercial product, the inventor i could
invest R&D cost ¢,. The inventors observe their own costs but the patent
office does not!®), But the patent office knows ¢, is drawn from the
distribution function F, defined over the interval @, with density £,. From the
patent office’s perspective, two inventors are ex anfe symmetric, ie,

1
(c—e)

pendently. For a simple notation, we use @=&,x@, and Ac= c— c.

c,—¢ . .
, Fle,)=—— for i =1, 2, inde-
c—c

0, = @25[5,_6] and f(e¢,)=

f

The assumption about the distribution function imples that =¢,—C i$

14) Green and Scotchmer(19895), Scotchmer(1996) consider a case where A cannot
develop applications and analyzes licensing arrangement among successive
inventors Although the existence of multiple followers may strengthen A's bar-
gaining position, licensing ex post is dominated by ex ante agreement for
RJVifor related work, see Scotchmer 1996, Denicolo 2000). On the other hand,
Schankermanand Scotchmer{1999) assume that the patent holder of the research
tool and the potential infringer are capable of developing the commercial product

15) For the case where two mnovations are perfect complements, see Merges and
Nelson(1994), Giibert and Riordan{1985)

16) If 1t takes time to develop multiple commercial applications, A may not apply for
the patent grant due to the nsk of preemption. See Matutes et al (1996) for mui-
tiple applications and timing of patent grants

17) We may assume that the idea of research tool without a patent 1s copied
costlessly Anton and Yao(1993)'s scheme to extract a positive surplus even
without a patent may not apply for this case in the respect that there is only
one follower

18) Schankerman and Scotchmer(1999) assume R&D costs, ¢, and ¢, are observable.
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increasing 1n ¢, for { = 1, 2, which is referred to as ‘the mnverse hazard rate’,

The maximum net profits generated by both innovations during the time span

z is equal to #z— c,— ¢, when an inventor i develops the commercial

. . . b w .
application!?. Since w= r yields S dz= > > xz for a given 2z R, in our

model, an inventor has no incentive to invest in a research tool and its
commercial product if they are socially undesirable?®. However, a fixed patent
life may fal to provide a sufficient R&D incentives for socially desirable
cumulative innovations if R&D costs are high enough2b), This case illuminates
why differentiated patent lives can be socially optumal.

. w - , . ,
Assumption 4) - =¢y+ ¢! That is, we consider the special environment

where production of commercial product is improving social welfare regardless

of innovation costs?2),

Accordingly, the only concern of the patent authority is the production of
commercial product at minimum social cost. The task for the patent authority 1s
the decision of production assignments between the two inventors.

With the assumptions 1 through 3, the setting is well depicted by a team
commercialization that includes the patent office and two inventors. However,
the efficient commercialization is challenged by the sequential innovations under
asymmetric information where each inventor's commercialization cost is known

only to that inventor.

19) If A does both mmovations, his net profits 1s zz — ¢,— ¢;. In contrast, when B
commerciabzes the research tool, 7z — c¢,— ¢; 1s the net profits that two in-
ventors will share

203 %—dz( ¢+ ¢, implies 7z<{ cy+ ¢,.

2D %—dch‘fF ¢, 2

22) This assumption 1s strong because it 1s always socially preferable to commerci-
alize the research tool that creates any positive social benefit by using differ-
entiated patent lives A harder problem 1s to figure out ex ante whether 1t 15 so—
cially preferable to invest in research tool in a more general setting.
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3. Socially Efficient Commercialization under Full Infor-

mation

As a benchmark performance, we first characterize the socially optimal
commercialization under the patent system23, Suppose the patent office
identifies both inventors and their commercialization costs when A comes up
with the research tool for a patent grant. Note that it is not socially optimal
that both inventors race for the commercial product since their commercializing
efforts are perfect substitutes as we assume. Since we study the case where
the patent office uses patents to provide R&D incentives, we consider a case
where the patent office assigns the commercialization to one of the inventors
with a patent.

For a given patent life Z, the present discounted consumer surplus is equal
b
to 7—dz+:rrz. The last term represents the payments to the monopolist

(assignee) during the patent life?4), Accordingly, the net social welfare that is
the sum of consumer surplus and the inventors’ revenues minus the costs

associated is represented by,

b

7 - dz —cC PR )
when the inventor 1 develops the commercial product?), Hence, the patent office
achieves the efficient commercialization by choosing the more cost efficient

inventor. Put differently, for the ex post efficient commercialization, the as-

23} If the patent office observes costs, it could enforce the optimal commerciahzation
without resort to patents Patent would be suboptimal incentive scheme if costs
and values of innovation are not private information. Patent authority can simply
choose the most efficient inventor for R&D by providing sufficient ncentives.

24) If B develops the commercial product and collects revenues, two inventors share
it ex post. Since the commercial product infringes the patent right of the research
tool, the patent office need to establish the damage rules to provide a maximum
surplus for A

25) We mplicitly assume that zz=c,+ ¢, holds for this analysis.
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signment functions si,s; ©,x 8,— {0, 1} should satisfy,

sep, ) =1, s3{c;, c)=0 1f ¢;<c,
2.1
siley,c) =1, si{ep, e) =1 1f eDcy.

. R&D Procurements for Sequential Innovations

via An Optimal Revelation Mechanism

The nature of research tool and its commercial product is captured by the
structure of sequential innovations. It should be remunded that research tools
are technologies with no commercial value, but it fosters profit-generating
commercial innovations. This section demonstrates that the structure of
sequential innovations may be more critical impediment to the implemen-
tation of the socially optimal commercialization than private information.
We show that the ex post efficient commercialization is truthfully implemen-—
table so long as B is known to the patent office before issuing a patent for
the research tool, even when R&D costs are private information.

For the purpose of this section specified above, we introduce two-tier
muitilateral mechanism. First, the patent authonty grants a patent right to
A for his research tool so that A can claim his patent right is infringed and can
seek monetary compensation 1f someone else develops the commercial product.
Put differently, the patent breadth for the research tool is infinite Second, we
can consider a mechanism in a two-tier hierarchy where both inventors{second
tiers) report their cost information simultaneously but separately to the patent
office(first tier)26), The patent office grants the cost-efficient inventor a patent
whose life is long enough to induce truth-tefling about their cost information
and to compensate the actual cost of R&D. This rmudtilateral mechanism

26) This mechanism of multilateral patent grants in a two-tier hierarchy is virtually
an auction mechanism
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assigns the inventor commercial development and specifies the patent lives
as rewards/compensation for the inventors’ reports on their true cost types of
commercializing the research tool2?,

The second part of multilateral mechanism needs more explanation. It
seems to be unrealistic that two competing inventors submit simultaneously
their plans of commercialization to the patent office However, we may take an
example such as licensing wireless service provider with spectrum allocation.
The providers apply for license with submitting plans of service provision to
the licensing office at the same time, who designates providers among the
applicants and assigns them spectrum by selecting mechanism such as beauty
contest or auction.

Formally, a rudtilateral mechanism(the superscript ‘ML’ denotes this

mechanism hereafter) is a menu of patent lives taking the form of where

sl = (M MLy, ZML = (2 7MY and for i=1, 2.

We use [T¥ (e, c))=Eylsi (e, ;) - (aZ¥(¢) ¢;) — ¢;~¢p)] to denote
the profit for A who reports his type as ¢, given a menu of patent lives
{Z(¢,, ¢3), s¥(cy, ¢;)} for i=1, 2 offered by the patent authority?®.

ﬁ ML( Gy, c)= E [s¥ (c), Ty) + nZ3(c), T3) — ¢y — ¢p)] is symmetrically de-

fined for B. We also define IJ¥(e))=[1%c,,c;) and T[] ¥ cy)=

[1%(c,, c,). The patent authority chooses {8,s"",Z*} to solve the

minimization program that

27) The revelation principle implies that an optimal revelation mechamsm provides
an upperbound for the performance that any other organizational arrangement
can attam(Melumad, Mookherjee and Reichelstein 1992).

28) We can assume that B is enforced to transfer ¢, to A if B obtains the patent for the

commercial product. Otherwise, le[ ML (%, ¢;) should be defined as E;[ s} (%, ¢,) -

7ZM(F,, ¢,) — ¢;)]— ¢, because A cannot withdraw ¢, when A 1s not chosen
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si“ss“nnZ?Lz;u E{s{(cr,e0) - Zi ey, cp) +577(ey, ¢3) - Z37(ey, 00))
subject to for all ¢,€®,,1=1,2 (3.1
(Rp II 1*(¢,)=0,
(Re) I §*(e;)20,

(ICI) c Earg max H {JL(Z‘D cl)l

31

(IC3) ¢,= arg max ﬁ MLy, C3),

L2
s (e, )+ 54 (e, ) =1.

‘sML( ., -)=1 denotes that the inventor i develops the commercial product

by investing c,29. Here Z*L(¢,, ¢,) is the patent life granted to the inventor
i, IRi and IC{ represent the participation constraint and the incentive com-
patibility constraints respectively for the inventor {39. For IRz, the courts can
enforce the monetary transfer ¢, to A when B turns out to be cost efficient in
developing the commercial product and therefore obtains a patent grant3l),
The proposition 1 show that we can design a direct revelation mechanism

with multilateral patent grant that implements the socially efficient commer-
cialization described by (2.1) and minimizes patent lives.

29) We use the notation that E[-]=j f( Y a—deya—dey and EJl - l—f () de,

30) Alternative representations of the participation constramts and the incentive
compatibility constraints for two inventors are
(IR1) 7Z,(c;, cp) —s1{cy, c3)ey—p= 0 for all ¢,=8,,
(IR2) nZ,(c,, ;) —s3{c), ) cy— gp20 for all =8,
(IC1) ¢ arg max [ #Z, (€}, ¢y) ~ 5;(€), ca)€;] for all c,€8,,
[

(ICy) cy=argmax[xZ,(c,, T) ~5,{c,, Tyle;] for all ¢,=6,.
&y

However, according to Mookherjee and Reichelstein’s result{1992), the stronger
constraints (IRi') and (IC:’) can replace (IRt} and (IC{) without changing the
expected value of the principal’s(the patent authority’s) objective.

31) ¢, is observable and verthable as we assumed Since A has patent right on the
research tool, A can collect ¢, through a patent suit agamnst the commercial
product developed by B.
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Proposition 1) [Efficient multilateral patent grants]
Suppose that B is known to the patent authority at the time of granting a
patent for research tool. The multilateral mechanism {s*, Z¥'} with s* = (s}, s3)

defined in (2.1) and ZM=(Z¥, Z¥) defined 1 (3.2) 1s incentive compatible
and individually rational.

l . * *
Zi’”‘(cl,cz)=;-(cz+c0),Z‘g’L(cl,cz)=0 if s7(ey, 00 =1,53(¢c;, ) =10
1 e .
Z?L(CI,CZ)EO, Z?L(Cl,62)=;(cl+cl}) if 51(01,02)=0, 32(01,02)=l
3.2)

Proof} Global incentive compatibility for A requires that for all ¢,€@,,
1% (e))2 Eylsy% (), ©) - (2Z¥(Ty, ) — ¢, — ).

By the defintion of TT #() == — [Tsy*(c 1, 0 - (201, D — = el &

the inequality reduces to,

J it a) (ot eplaez [ T(e+@—(erteolds,
or equivalently,
S temclaz=0

For any &,>c¢,, the argument in the square bracket is positive for each

tele¢,,e,], which proves that the inequality holds. Similarly, the same
argument applies to the global incentive compatibility for B.

1 1

A simple computation yields T #:(¢,) = —Al—c _f:[é’— ¢, ld¢ =+ (c—¢y)?

2 Ac

=0, which shows that the individual rationality for A holds, The similar step
establishes the individual rationality B inventor Q.E.D.

In effect, the mechanism in the proposition 1 is a second-price sealed-bid

auction where each inventor is allowed to submit a sealed bid and the lowest-

cost inventor obtains a patent whose life long enough to compensate the



132 Weonseek Kim

second-lowest cost. In the setting of a second-price sealed-hid auction, reporting
true cost is a weakly dominant strategy for each inventor and therefore it

implements the socially optimal assignment of commercialization.

Corollary 1) (2} The expected patent life to implement the multilateral

mechanism is

» 1 {1, —
E{Sl*(cly Cz) * Z?L(Cl,CZ)"'Sz(Cl,Cz) ' Z‘gL(Cl, 62)}:?[3_(20+£)+cﬂ‘

(b) Hence, the expected revenues for the inventors during the expected patent
life under the multilateral mechanism is equal to [;—(2?-5— )+ ¢l

We can decompose the expected revenues into
¢yt E[s}(c1 , Co)eyt+ f:si( £, cz)dé.‘] + E[ s3(cy, )y + f:sa( e, L’)dC] (3.3)

where s}, s; are the assignment functions sought in (21). The expected

reverues associated with the multilateral patent grants figures the expected
span of the patent life to procure socially optimal R&Ds for research tool and
its commercialization. The socially optimal patent life should be minimal but
long enough to generate sufficient revenues that can cover all costs including
informational rents borne by the inventors The optimal life should be longer
than to compensate the true costs in order to induce the inventors' revelation of
their types. That is, additional years of protection allow the inventors to capture
informational rents. Therefore, total marketing revenues with the commercial

products during the patent life need to compensate the true costs and to provide
the informational rents. ELZ[ [ “se, cz)dé.'] and El,z[ | ccs5(01,§)d§] are the

amounts of informational rents to each inventor in exchange for their re-

velations of private information32),

32) This multilateral mechamism in a two-tier hierarchy is contrasted with Gandal
and Scotchmer’s mechamsm(1993), because the former 1s not restricted by the-
constraint of budget balance Gandal and Scotchmer also address that the first
best outcome can be implemented even when a moral hazard is involved if there
18 no restriction on contracting, for instance, budget balance
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IV. Private Information and Current Patent Policy
for Cumulative Innovation

Section 3 shows that private information does not hinder socially efficient
commercialization even though it requires additional patent life to by
mformational rents. This section adds the structure of sequential in—
novatiens, which cripples working of patent system with uniform life.

How do patents work for curmulative innovations? Basically, patent grants
exclusive property right to an inventor for a limited peried of time so that the
patentee extracts the social benefit that he creates. For isolated innovations,
patent right provides incentives by securing the patentee against any
intervention by competitors. In contrast, in cumative innovations where earlier
innovations provide a building foundation for atl technical progress, the role of
patent right is to establish bargaining positions for inventors, not to exclude
competitors. With these established bargaining positions, inventors can
coordinate their investments by dividing profits appropriately through a
negotiation. Accordingly, hidden bargaining positions impede the proper working
of patent rights. For instance, private information about innovation value or its
cost blurs bargaining positions and each inventor cannot observe counterpart’s
position.

This section proves that two separated patents with uniform life for
individual innovations(the research tool and its commercialization) may not
resolve the two inefficiencies. These inefficiencies are unavoidable since the
relation among the patent authority and two inventors under the current patent
system does not fit two—tier multilateral hierarchy or three-tier hierarchy either
in an organizational context. In other words, nor is B known to the patent authority
in advance, neither does A have all the bargaining power in a negotiation with
B. Nonetheless, three~tier hierarchical organization is much close to the nature

of sequential patent grants in cumulative innovations.

Assumption 5) B is not known either to the patent office or to A at the
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time of granting a patent to A33,

The structure of granting multi patents for sequential innovations whose
R&D costs are private information hinders the patent office from inducing the
efficient commercialization At the time of granting the patent for the research
tool, the patent office may not know who 1s going to be B, or her cost of
commercialization either. To motivate the need of an optimal patent policy for
research tools, we show why the current patent system 1s suboptimal under the

circumstances we consider.,
. 1 _
Suppose the patent office grants uniform patent hfe zY= 7(1_6 %Y for

the research tool and its commercial product separately. If the right measure
of damages is established, a negotiation between two sequential inventors can
lead to the efficient commercialization as long as the costs are observable34),
However, privately informed inventors would not reveal their true costs of
commercialization willingly, which is & challenging issue and motivates our
paper. Proposition 2 shows why we cannot expect the efficlent commer-

cialization under current patent system, when costs are private infortnatior35,

33) If the patent office 1dentifies B before the patent issue, it can use a mechanism
with multilateral contracts to induce an efficient commerciahzation, We can also
assume that the discovery of commercial product 1s so serendipitous that no m-
tegration between mventors 1s possible before the first innovation 1s made, al-
though A knows who will be the second(Scotchmer 1991). If they are ready for
an integration before the first patent application, they can use a mechanism to
coordinate their R&D efforts for efficient commercialization(for related study, see
Gandal and Scotchmer 1993}

34) Schankerman and Scotchmer{1999) show that the legal doctrine of uryust-enrichment
rephcates an ex post efficient assignment when costs are observable

35) For a mechamsm to implement a decision function, the decision function must
satisfy not only incentive compatibihty but also participation constraint.
Otherwise, voluntary trade cannot be expected to arise However, The partic—
ipation constraint Lmits the set of implementable deasion functions(Myerson
and Satterthwaite, 1983). Myerson and Satterthwaite theorem shows under very
general conditions, 1t 15 impossible to achieve ex post efficiency in ilateral trade
settings when agents have pnivate information and trade 1s voluntary(Mas-colell,
Whinston, and Green, 1995)
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Proposition 2) Suppose the patent office grants the patents with uni-
form life zY= -};(1 — e~ """ for the research tool and the commercial product

separately. Then we cannot expect the efficient commercialization regardless of
the leading breadth and the damage rules.

Proof) A has two options for the research tool: apply for a patent grant or

keep it secrecy until he self-develops the commmercial product.

Casel) Alternatively, A may keep the research tool under secrecy until he
completes the commercial product38). Unless A applies for a patent grant in the
first place, there is no chance for B to arrive, which may break the efficient

commercialization, End of story.

Case 2) Alternatively, suppose A applies for the patent for the research tool
and obtains it. The expected profits from marketing the commercial product
provides threat points for ex ante a RJV agreement between the inventors. Let
@ represent the probability that A obtains a patent right for the commercial

product in a race.

First, suppose the leading breadth setfor the research tool is not high encugh
that the commercial product does not infringe the patent for the research tool.
For a given patent length zY, therefore, A would collect the expected profit
enzU— ¢, in the race3. The expected profit for B is given by (1—a) m2¥— ¢,
These threat points privately informed form a bilateral trade setting.

Second, suppose the leading breadth for the research tool is high enough, for

36) Matutes et al(1996) study the case where theinventor of research tool develops
multiple applications one at a time They show that adjusting scope dommates
length protection because the former provides more flexibihty for the patent
holder(time of exercise) and induces nival's early application There 1s a delay in
introducing the first application or research tool wathout effective protection for A

37} If Ais able to keep his research tool under secrecy until A succeeds m develop-
ing the commercial application, A would not apply for the patent grant for the
research tool i the first place Alpha = 1,
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instance, infinite breadth If B obtains the patent right for the commercial
product, B should compensate A's damages by her illegal use of the research

tool. The damage should be a value within [#zY— ¢, 72— c]. Let prz" where
g (0, 1) represent the size of damage. Therefore, the expected profit for A
from the race is given by [a+(1—a)81xz¥—¢c, By contrast, the expected
profit for B in the race is [(1—a&)(1— AInz¥— c;. We encounter a bilateral

trade setting again where private information on the commercialization costs

cannot establish threat points.

The rest of the proof below shows an inefficient trade(no voluntary trading)
under bilateral asymmetric information, which is an application of Myerson and
Satterthwaite theorem.

The expected profits from the commercial product provide basis of threat
points for ex ante agreement. For a general proof, we assume y represents A's

share of the profits from marketing the commercial product3®. For a given
patent period zY, therefore, A would collect the expected profit ymz”—e¢, ina

patent race. Let v denote the size of payment that B pays to A in exchange for
commercialization. And let X indicate whether a trade occurs or not, ie X

takes ‘1’ if a trade occurs and 'O otherwise. Then the expected trade swrplus
for A during a given patent period 2V is y— (yxz¥— ¢)X. The expected trade

surplus for B is given by —y+{(1—nxz¥—cy}X.

The expected trade surplus for A with ¢, can be written as,

[1.(c)) = Eyls(c, ) — {?”TZU— Cl}X(Cp o)l

= Y,(¢;)—{rme¥— ¢ }X,(¢)

where Y (¢, )=E(c,, ¢c3), Xi{c)=E;X ¢y, cy).

38) For instance, y=[e+{1—a)Al
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In contrast, the expected trade surplus for B with ¢, is,

IT2(c0) = B[ = 3ey, ) +{(1— Naz= e} X(ey, ¢))]
=—Yy(cp) +{ (1 — NV~ ¢} X5(c;)

where Yy(c;)=E ¥(c, ¢)), Xy(e))=E X(c,, c,).
Let define @,(%,, ¢))= Y1(e) —{raz¥— ¢} X,(%,) where %, denotes the
reported cost.

By using the local incentive compatibility condition in the envelope theorem,

we derive,

L (Dl(C 1» Cl) = XI(CI) =9.

].-.[ (Cl)_ (D (cl'cl)l c‘1=‘-'!: dCl

Hence, the expected surplus for A including the informational rent is given
by,

H 1(01) = H 1(_C)+ f:]XI(T)dT.

d d
Likewise ][], (cz)— @z(cz,cz)l Ao gg —— 0y(c,y, ¢)=—X,(c;,) <0,
2

and

ITa(e) =TT () + [ Xy(Ddr

If X is ex post efficient social choice function, the following two equalities
should hold since the social welfare is maximized when the lower cost inventor

commercializes the research tool

X,(e)= B XCep, el = [ 1 5 —deyp— (o) and

Age
1

1
e a’clA (c—cy).

X,(c,)=E|[X(cy, )] = fcjl

With the ex post efficient social choice function, the expected swplus for
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each inventor now reduces to

Me)=M )+ [ = =—dr =TT () + 5~ 5(er — ) and

I o(e) =TT+ [ G de =TT (@ + 3 5 (e = e

Therefore, total expected profits for both inventors to participate voluntarily
in trading should be equal to,
1_

EII () +E I (e) =TI () +TT.(a+ é—

E I ey =11: (C)-l' L

where EHI(CL)_H (C)+ c 6"

ACG

With non-negative conditions that IT ;(¢)=0, IT,(¢) =0, we derive

E Tl (et E ]l ()= Al ;’

However, the expected surplus that a voluntary trading can generate 1s only

1 1 1
f f (c]—-cz)X(cl,cz) dCZAc dey = — R

Therefore, we cannot find a Bayesian incentive compatible social choice
function that is ex post efficient and gives two inventors non—negative expected
surplus from participation. Put differently, no voluntary trading can have a
Bayesian Nash Equilibrium that leads to an ex post efficient commercialization.
QED.

Proposition 2 is crucially conditioned on the assumption that costs are lump-
sum and the timing of innovation does not depend on the unobservable cost
parameters. If however, efficient rates of investment and the timing of investments
depend on the unchservable cost parameters, there may be no conflict between
efficiency, budget balance, mcentive constraints and individual rationality39.

When an RJV contract is not agreed, one of the following cases occurs. First,
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no inventor develops the commercial product, which 15 the worst case from a
social perspective. Second, only one mventor develops the commercial product,
which does not always lead to efficient commercialization. The developer might
have higher cost than the non-developer. Third, two inventors may race to
obtain the patent grant for the commercial product. Although A is the patentee
for the research tool, A shares the commercial profits if the commercial product
is patentable and B obtains the patent for the commercial product4®. B always
has an option to ignore an RJV contract with A and to pursue the commercial
product independently. If her expected profit from the patent race is greater
than her cost to do 1t, B would choose to race?!), Hence, when B is sigmficantly
efficient enough, the patent race results in duplicative R&D efforts and lowers
the social welfare4?) One of burdens associated with patent system is the
common pool problem that results in excessive duplicative innovations?
Rewards for a success under a competitive race causes excesstve allocation of

resources to R&D effortsd),

39) Gandal and Scotchmer(1993) show that RJV's can achieve the first best with all
these constramts in a R&D model with the Poisson distribution.

40) The example of Metallocene catalyst shows a case of successful research jomnt
venture to develop commercial products Metallocene catalysts m chemical m-
dustry is the most sigmficant process mnovation in tecent years Dow and
Exxon, two leaders in this area formed research jomt ventures with BP and
Unton Carbide respectively to develop commercial products

41) When B obtains the patent for the commercial product, we can assume that the
first patentee and B share total revenue equally withont loss of generality

42) The mteresting case from biotechnology industry is Bacillus thuringiensis patent
disputes between Mycogen and Monsanto. They develop the gene manipulating
technology that provides insect-resistant crops{potato, cotton} and obtained sep-
arate patent grants They both wanted to seek out-of-courts settlements butin
vam. They have exchanged patent miringement swits regarding unautherized use
of gene-manipulating technology and the commercial products based on this
technology Courts ruled that no one infringed the other’s patent right The liti~
gation cost them more than 10 mullion dollars. By contrast, the mventors can re-
solve confhicts 1n patent nghts through contracting such as R&D jont ven-
ture(hereafter referred to as RJV) or licensing.

43) The source of common pool problems hes in free use of common property For
mnstance, no one has property night to the fish until they are caught More fish-
ermen have an ncentive to catch more fish than if access to the fishery were
restrncted(Carlton & Perloff 1994)
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In general, the cuwrrent patent policy that sequentially grants patents with a
uniform life to the innovations causes two types of nefficiencies when the
pnivately informed inventors fail to coordinate thewr conflicting incentives for
commercialization (Schankerman and Scotchmer, 1999)45) The first mnefficiency
comes from the possibiity that the mefficient first mnventor would com-
mercialize the research tool(referred to as ‘control loss')4) The second
inefficiency results from a patent race between the mventors for the commercial
product{’duplicative efforts’) Spht bargaining powers by the current patent
system with granting multi patents hardly reach an agreement, nor do within
proper time under bilateral hidden information,

V. Concluding Remarks and Extensions

With earlier innovations are basis for late technological progress, R&D

ncentives for successive inventors crucially depend on the way to divide profits

44) To avord common pool problem, reward should be reduced to a fraction
adjustable Wright(1983} mtroduced a yardstick concept of the marginal patent
In contrast, no common pool problem anses with governmental contracts

45) They show that the current patent system with the appropriate measure of
damages induces the mventors to achieve efficient commercialization 1if the -
ventors’ costs are known to each other

46) Melumad, Mookherjee and Retchelsten(1992, 1995) use the term ‘control loss for
the situation where a muddle-agent resists yielding the production to the sub-
agent with a lower cost ;n a hierarchy. Merges(1999) examines the default rules
of employee-innovation and the ways of compensating employee—mnventors
‘Implicit exit option’ strengthens the employed mventors hargaimng power An
ex-employee can start his own busmess with backing of venture capital 1if the
bargaming does not lead to an agreement Irom a social perspective, however,
an efficient agreement ex post between employer and employee 18 better He
suggests that the law may remedy the anticommons problem not by restricting
the grant of rnights but by permitting ex ante contractsthat pre-mtegrate rights
Although emplover ownership does not seem unfar with mternal reward plans
or exat options for employee, there 1s a concern of anticommons caused by
granting many discrete nghts The benefits of many discrete nghts are pre-
served without incurring excessive €x post transaction costs under the proper
conftracts
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that entire mnnovations create. The Iterature on patent pohcy for cumulative
innovation has long searched for profit-division tools that can provide sufficient
R&D incentives for every inventor in the mnnovation process. Under certain
conditions, appropriate patent breadth and ex ante RJV agreement together is
sufficient enough to achieve the efficient mvestments even with uniform patent
lifed?)

However, the problem of profit division in cumulative innovation becomes
profoundly complicated with asymmetric information. Since patent breadth sets
bargaining positions for a negotiation over surplus, private information is a
great impediment to the use of patent breadth as an effective tool. We showed
any patent policy that resorts to a hilateral trade between the inventors is not
optimal if the inventors are privately informed about their own costs(proposition
2). Sequential nature of patent grants in cumulative innovations causes at least
two problems: a problem of collecting the cost information on more than one
inventor and a problem of choosing which inventor should invest. In these
respects, the efficient commercialization of research tool 1s not likely to happen
under the current patent system that grants uniform patent life for each
innovation separately

This paper does have several hmitations. First, the value of application that
the research tool facilitates is assumed to be public knowledge. If two inventors
are differentiated by the application ideas, it 15 socially optimal when the patent
policy induces the inventor with a better ability to commercialize the research
tool. Second, a single research tool conceives a single application. A richer
model should handle the profit division problem between successive mventors
when a research tool provides the basis for multiple applications. Third, this
paper does not consider multiple second inventors The more the second
mventors, the better bargaiung position for A(Scotchmer 1995). Fourth, private
information known to inventors is possibly multi-dimensional. Two-dimensional
private information 1n two inventors complicates environment enough to impede

mechanism approach Fifth, this paper does not address R&D race for the

47) See Green and Scotchmer(1995)
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research tool Demcolo(2000) shows that strong protection may have ambiguous
effects on social welfare for overinvestment in basic innovation and
underinvestment 1n 1ts application results.

It 1s the main research guestion how the patent authority provides economic
incentives for both inventors to participate i such contracts and therefore
resolve two efficiency issues first, the development should be undertaken by
the lower-cost inventor, second, a race should be avoided since the race
duplicates costs. Stated differently, the goal of an optimal patent policy for
research tools 1s to let A share profits with the more efficient second inventor
by cooperation, for instance, forming an RJV to develop commercial product

For the future research, we may introduce a three-tier hierarchy with a
single patent to research tool only, which sumplifies inefficiencies one dimension,
‘control loss'. An approach with a three-tier hierarchy is strengthened by the
feasibility that licensing can be a better solution than patent. The higher
probability of winning a patent race encourages B not to accept unattractive
negotiation terms offered by A, the patentee of research tool. One way of
weakening B's power over an RJV negotiation is to deny a patent for
commercial product so that the cowrt judges that B's commercialization is
subservient to the research tool4®,

To avod control loss, the patent office should consider A's incentive in an
RJV contract when it grants a patent for the research tool. As the commercial
product 15 developed after the patent 15 granted to A, the patent authority
canmot ex anle observe the inventorsiindividual contribution to the
commercialization. The key to the designng an optimal mechanism for a
research tool ishow the patent authority can observe the terms of profit division
ex post mn order to use them to correct A's biased incentive toward
self-development. We may call 1t as the contingent patent life Contingency
means that patent life should mark down the magnitude of the cost that A
considers in offering an RJV to B. From A's prospective, the cost of

commmercialization with B through an RJV dominates his cost of self-commer-

48) mfinite leading breadth or full forward protection
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cialization due to informational rent to induce truthful report of cost, which
leads to the control loss.

To design delegation mechanism with the contingent patent life, we can
resort to Melumad, Mookherjee and Reichelstein's works(1992, 1995)(hereafter,
referred to as MMR) delved into a delegation mechanism that can be immune
from the problem of control loss even in a hierarchy and proposed a solution
under certain circumstances. MMR(1992, 1995) designed a mechanism in a
three-tier hierarchy that is immune from the problem of control loss. They
introduce a variable that enables the principal to monitor whether the
intermediate agent assigns the production optimally even without observing the
subcontract. The principal allows the intermediate agent to authorize the
payment to the end-agent with the principal's blank check, and rewards the
intermediate agent by monitoring his accountd9). Their mechanism induces the
intermediate agent to internalize the principal’s objective so as to achieve the
principal’s goal, unless the subcontract is executed before the prime contract®0,

(References)

Arora, A and A. Fosfuri(1998), “Licensing in the Chemical Industry,” Conference
paper on Intellectual Property and Industry Competitive Standards, Stan-
ford Unmiversity, April.

Chang, H(1995), “Patent scope, antitrust policy and cumudative irmovation,”
RAND Journal of Economics, 26(1), Spring, 34-57.

de Laat, E A A(1998), “Patents or Prizes: monopolistic R&D and asymmetric
information,” International Journal of Industrial Organization, 15(3),
369-390.

49} This contractual form is referted to as cost center(MMR 1992)

50) This condition is satisfied in a patent system because B can access the research
tool only if 1t is patented We 1gnore the case where both inventors collude be-
fore the research tool 18 patent-granted Without a patent protection, A runs the
risk that Bexpropriates the research tool Or we may assume that discovery of
commercial product is serendipitous



144 Weonseek Kim

Denicolo, Vincenzo(1996), “Patent Races and Optimal patent breadth and

length,” Journal of Industrial Econorcs, 44, 249-256.
(1999), “Patents, Prizes, and Optimal Innovation Polcy,” Economica.

Gallini, N(1992), “Patent policy and costly imutation,” RAND Journal of Economics,
23(1}, 52-63, Spning.

Gandal, N. and S. Scotchmer(1993), “Coordinating research through research
joint venture,” Journal of Public Economucs, 51, 173-193.

Gilbert, R. and C., Shapiro(1990), “Optimal patent breadth and length,” The
RAND Journal of Economics, 21, 106-112.

Green, J. R. and S. Scotchmer(1995), “On the division of profit in sequential
innovation,” RAND Journal of Economics, 26(1), 20-33, Spring.

Guesnerie, R and Laffont, J.-J(1984), “A complete solution to a class of prin-
cipal-agent problems with an application to the control of a self-managed
firm,” Journal of Public Econormcs, 25, 329-369.

Heller, M. A. and R. S. Fisenberg(1998), “Can Patents Deter innovation? The
Anticommons in Biomedical Research,” Science, 280, 698-701, May.
Hopenhayn, H and M Mitchell(1998), “Innovation Fertility and Patent Design,”

Conference Paper W7070, NBER.
Klemperer, P(1990), “How broad should the scope of patent protection be?”
RAND Journgl of Economucs, 21(1), 113-130, Spring.

McAfee, R. P. and McMillan, J(1988), “Multidimensional Incentive-compatibility
and Mechanism Design,” Journal of Economic Theory, 46, 335-354
Matutes, C., K E. Rockett, and P Regibeau(1996), “Optimal Patent Protection

and the Diffusion of Innovation,” RAND Journal of Econorucs, 27, 60-83,
Spring.
Melumad, N., Mookherjee, D. and Reichelstein, S(1995) “Hierarchical decentrali~
zation of incentive contracts,” RAND Journal of Econorucs, 26, 6564-672
Merges, R(1996), “Contracting into Liability Rules: Intellectual Property Rights
and Collective Rights Orgamzation,” Califorman Law Review, B84(5),
October.
and R. R Nelson(1994), “On limiting or encouraging rivalry n
technical progress The effect of patent scope decisions,” Journal of



Sequential Patent Grants for Cumulative Innovations and Inefficiency Problem 145

Econorue Behavior and Organization, 25, 1-24.
and (1990), “On the Complex Fconomics of Patent Scope,”
Columbia Law Review, 90(4), May.

Mawer, S. and S Scotchmer(2004), “Profit Neutrality in Licensing- The Boundary
between Antitrust Law and Patent Law,” Working paper CPC (4-43.

O'Donoghue, T., S Scotchmer and J.-F Thisse(1998), “Patent Breadth, Patent
Life, and the Pace of Technological Progress,” Journal of Economics &
Marnagement Strategy, 7(1), 1- 32, spring.

Ordover, J. A.(1991), “A Patent system for Both diffusion and Exclusion,”
Journal of Economic Perspectives, 5(1), 43-60, Winter.

Salanie, B.(1998), The economics of Contracts, The MIT Press.

Schankerman, M. and S Scotchmer(1999), “Damages and Injunctions in the
Protection of Propretary Research Tools,” John M. Olin Working Paper
Series 99-2.

Scotchmer, $.(1999a), “On the optimality of the patent renewal System,” RAND
Journal of Economics, 30(2), 181-196, Sumrmer.

(1999h), “Cumulative Innovation in Theory and Practice,” mimeo, 1359b.

(1998), “R&D Joint Ventures and Other Cooperative Arrangements,”
Competition Policy and Intellectual Property Rights in the Knowledge-
Based Economy, The Industry Canada Research Series, Ch. 7.

(1996), “Protecting early inventors should second-generation products
be patentable?,” RAND Journal of Economics, 27(2), 322-331, Summer.

(1995), “On the division of profit in sequential innovation,” RAND
Journal of Economics, 26(1), 20-33, Spring.

(1991), “Standing on the Shoulders of Giants' Cumulative Research and
the Patent Law,” Journal of Economic Perspective, 5(1), 29-41, Winter.

Waterson, M.(1990), “the Economics of Product Patents,” The American
Economic Review, 80(4), 860-869, September.

Wright, B.(1983), “The Economics of Invention Incentive! Patents, Prizes and
Research Contracts,” The American Economic Review, 73(4), 691-707.




146

Weonseek Kim

E244 Q0] e S HEEA

2 QA

TE A AEE R HA44E] o5 dde YL FHaHe
3%} W 48 EHAE7 k2 Qe HEEY EAE £ g )
2ty galolg drigte T a9 dAe] AAE T4 & FSoE
EFFFE 2710 7 ol (second-price sealed bid auction)st F53 HAUS

2839 i AT Foigezd & HUE AEY £ g
o 3y 34 {49 24 B4 dd SAAEE 3y Ao o
d B4 5@ FAstA "o 53], £ AR EHPE o] A
HE 24 gAAEC] E/32 e AAHAR & AdAdu| Ao &
At ol g BAGME SHAA e AL FA4E 5 49 443
€ 7Idigtr] Efteddng 2 d7dAE 24 49 @ 438U #MA
€9 MEn A48 A4S dHes g3 EHARs E453E Rod o
8 MAEA S EYsgo. &3 {9 Aty EAe 18d 9 B3
23 M gaz, & FARe dATZ FolA He we EIHARE B
EEY 48 #2317 AdME A9 ESoEA Y sldde) aFE.

ml’.". rl'n:

m]o _|m e Ry

Ao - A YA, fAA §, AEARARIA, A&, AdushE



	Sequential Patent Grants for Cumulative Innovations and Inefficiency Problem
	Abstract
	Ⅰ. Introduction
	Ⅱ. Model
	Ⅲ. R&D Procurements for Sequential Innovations via An Optimal Revelation Mechanism
	Ⅳ. Private Information and Current Patent Policy for Cumulative Innovation
	Ⅴ. Concluding Remarks and Extensions
	[References]
	[국문초록]


