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Abstract

The strengthening of the U.S. patent regime in the earlytigighvas followed by a sharp increase in
patenting and a rather small increase in the in R&D experglitusome industries in the U.S. This “patent
paradox” is prominently observed @aomplexindustries, like the semiconductor industry. Firmsomplex
industries have a greater need to access a large numberagftislsuccessfully develop a final product. In
this paper | examine the effects of a change in the patentneegin the patenting and R&D decisions of
firms in complex industries. To do that | develop a model o&éimion and product development and analyze
the model in two different licensing environments — one withlicensing and one with licensing. While
a stronger patent regime leads to higher patenting and hiR&E investments in both environments, the
strategic complementarity between patenting and R&D iatikadly weaker in the presence of licensing.
A change in the patent regime that strengthens intellegitaderty (IP) laws creates incentives for firms
to increase patenting. Whether that will lead to a similaréase in R&D investment will depend on the
licensing environment. Neither of the licensing enviromtsesucceed in generating the optimal level of

R&D investment. JEL LOO, L24, O34)
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1 Introduction

In 1982 the U.S. Congress established the Court of Appeiaikdd-ederal Circuit (CAFC),
a move seen as strengthening patent protection in the Uttds. The intention on the
part of the Government was to create a strong intellectuaqaty rights regime that will
create incentives for firms to invest in R&D. Researcheretdmsbated the pros and cons
of this changé. Hall and Ziedonis (2001) have observed that in the semioctodun-
dustry patenting activity has increased substantiallgraf©82 while R&D expenditure
has maintained the previous trehdThey and other researchers have suggested that the
strengthening of the patent regime has not changed thetine¢a perform R&D signifi-
cantly, but has provided incentives to create large patenttgdios for bargaining purposes.
These observations are particularly relevant for “comlieoduct” industries, such as the
semiconductor industry, where the development of the endymt is generally achieved
by using ideas and products owned by different fifms.

Some complex product industries, like electronics and senductors, have tradition-

ally relied on licensing and bilateral bargaining (calledss-licensing) to access the knowl-

2See Cohen, Nelson and Walsh (2000), Kortum and Lerner (1888pes and Nelson (1990).
3Hall and Ziedonis (2001) call this the “patent paradox”.
4The term “complex product” is used by Cohen, Nelson and WgB0) to describe “commercializable

product or process ... comprised of numerous separateiytadile elements.... In complex product indus-
tries, firms often do not have propriety control over all tlssential complementary components of at least

some of the technologies they are developing.”



edge owned by different firms. The number of patented (ormtiatky patentable) ideas or
inventions needed to develop the products produced by thdsstries is large and vari-
ous key patents are often owned by different firms. Grindley &eece (1997) note that
“with this degree of overlap of technology, companies prbteemselves against mutual
infringement by cross-licensing portfolios of all curramid future patents in a field-of-use,
without making specific reference to individual patentsésBarchers, who have surveyed
the intellectual property (IP) managers of some of the cderpelectronics and semicon-
ductor firms, report that after the strengthening of themqtatg regime licensing activities
in the industry have increased and firms’ patent portfolegsbecome important bargain-
ing chips in these agreements.

Does a stronger patent regime create incentives for firmeivose higher levels of
R&D? Or, does a stronger patent regime has a direct and ysitpact on the patenting
decision of firms and not so much of an impact on firms’ R&D decis? Do we get
different results on these questions if we consider diffelieensing environments? Are
there links between patenting, inventions and bilatecainsing in the context of a patent
regime change? This paper is an attempt to address thess.issu

A stylized model of basic invention, patenting and produstedopment is presented
here to study the effects of a stronger patent regime on padgeand R&D in a given li-
censing environment. One of the important features of thigep is that | consider the

process of acquiring basic inventions {dea9 and the process of developing a new prod-



uct as two separate activities. R&D expenditure determihesyumber of new in-house
ideas (in expected terms) acquired by each firm, but the uséddeas alone do not guar-
antee successful product developmertccess to additional ideas, that are developed by
rival firms, increase the probability of successful prodietelopment for each firm. An-
other important feature of the model is that the industryhigracterized by a complexity
parameter. A complex product industry is one where relBtieore ideas are needed to
successfully develop the final prodddtcompare the effects of a stronger patent regime on
firms’ decision to patent and invest in R&D without and witteihsing. The model predicts
that in complex industries the responsiveness of firms’s R&Bn increase in the strength
of the patent regime depends on the licensing environmeiel presence of licensing the
complementarity between R&D and patenting is weaker.

The results here show that, contrary to the conventionalaws for firms in complex
industries a stronger patenting regime may not result igelancrease in R&D. A larger
R&D increase might be expected if the firms are operating iaratironment where licens-
ing is not allowed. That kind of environment is not realistccomplex industries, like the
semiconductor industry. For such industries where licens widespread the effect of a
stronger patent regime on the level of R&D will be small, aligh the impact on the level

of patenting will be similar. The paper also shows that tivellef R&D chosen in either

5The two words “inventions” and “ideas” are used interchaugin this paper.
8In other words, for a firm in a complex industry, who has actessly a few ideas, the probability that

this firm will successfully develop a final product is small.



of the licensing environments will be smaller than the opfitavel of R&D.

The results can be understood by observing that in this papepnger patent regime
encourage patenting by lowering the cost of patenting. el®ed patenting activity de-
creases imitation and increases the returns to firms’ own R&Bstment in the margin.
This provides incentives for higher R&D investment becauiie increased patenting firms
now know that imitation activity will decrease which willlalv the owners of innovations
a better chance to be the only developer of the final produbis Greates the strategic
complementarity between firms’ decision to patent and ttedaision to invest in R&D.
The complementarity result hold in both kind of licensingiemnments considered in this
paper. In the absence of licensing, firms can improve theincé of developing the final
product either via in-house inventions or via imitation.tie presence of licensing, firms
have access to an additional way of obtaining others’ ingast— via licensing. In the
presence of the licensing each firm still engage in paterttrdgeter imitation but knows
that the rival firm can still access its inventions via licegs This reduces the comple-
mentarity between patenting and R&D investment made by &aoh A stronger patent
regime still provides incentive to engage in higher levélpaienting but the resulting in-
crease in R&D investment is smaller in the presence of licgn€Empirically, therefore, it
is possible to observe a stronger patent regime leadingubstantial increase in patenting

activity without observing a similar increase in R&D actyvi



1.1 Reated Literature

One strand of R&D literature that this paper relates to iditeeature on cumulative inno-
vation. There has been substantial theoretical work on tative innovation. Cumulative
innovation can be of various type. The model of innovatiothis paper has some similar-
ities with theresearch-tooproblem discussed by Green and Scotchmer (1995), Scotchmer
(1996), O’'Donoghue (1998) among othérd/hen second generation product development
depends on the a number of research tools developed by thgsfimsration innovator (who
is different from the second generation innovator), thereas to the first generation re-
search tools become crucial for the continuation of thevation process. This literature
mainly deals with the issue of optimal patent design in teofigatent length and breadth.
One conclusion that comes out of this literature is thankbeg plays a crucial role to en-
sure that the innovation process is continued. Ex-antaediog is found to be a better to
minimize the hold-up problem that second innovators migbéf

The innovation process modeled in this paper is cumulatvithé sense that many
research tools or ideas are needed to develop the final grodadwo-stage product de-
velopment process. However, in the literature cumulativevations generally refers to

unidirectional complementarity, often time-lagged. Thsib idea is that today’s inventions

"Research-tool problem refers to the models of cumulativevation where innovation takes place in
multiple stages. In the first stage research tools are dgedlby first-generation innovators. In the second
stage those research tools are used by second-generatawaiars to innovate new or improved products.

Access to the first generation research tool is, therefoueja for innovating the second generation product.



are not only valuable for the immediate benefits they provide also are valuable inputs
for future inventions. Complementarity exists betweeratoslinventions and tomorrow’s
inventions. In this paper all the firms are (potential) inaavs of the research tools and the
final product. Each firm’s access to the industry-wide agapemventions is crucial for the
development of any new product. The more access a firm has gtiregate pool of ideas
the higher are the chances that it would be able to developrtheproduct successfully.
Therefore, what matters for a firm to successfully developoact is the total number of
ideas and, in that sense, ideas are substitutes as inputs.

Bessen and Maskin (2000) address the effect of patent systéin@ innovation process
and their paper relates most closely to my work. They ingesti a firm’s incentive to
invest in R&D by comparing two scenarios, one without a pasgstem and another with
a patent system. Complementarity is modeled by assumirighteaexpected number of
inventions increase when both firms invest in R&D. In the atept case two firms make
the decision whether to invest or imitate. In the presence patent system there is no
imitation. Instead firms can invest in new innovation onlyhé patent-holders agree to
license their innovations. In the presence of a patent sydtee paper identify conditions
under which patent-holders will not license their innowat and will, therefore, lead to an
outcome that reduces social welfare.

This paper develops a model where imitation of inventiossnaBessen and Maskin

(2000), has a positive social value. In Bessen and Maskitgiion increases the expected



number of future innovations. In my paper imitation incessathe chance of successfully
developing a final product which is valuable to the consumers

The three-stage structure in my model is similar to that imzkeand Shapiro (1985).
They find that firms will license small innovations and effe€ticensing on research in-
centives is ambiguous. In this paper the inventions areenfdlhm of ideas and the two
types of licensing environments are taken as given. | oliteresult that the effect of a
strong patent regime on R&D in the presence licensing isgessounced than that in the
absence of licensing.

This paper is organized in the following way. In the next sectt describe some empir-
ical trends from the U.S. semiconductor industry, This patempts to address some of
those empirical findings. The baseline model is presentgd hdiscuss the no-licensing
equilibrium in section 4 and the licensing equilibrium irteen 5. The planner’s problem

is discussed in section 6. Section 7 concludes.

2 Datafrom the Semiconductor |ndustry (1979-2002)

Since this paper is about firms in complex-product industogk at some of the aggregate
data from the semiconductor industry. As mentioned befibre semiconductor industry
fits very closely to the notion of a complex-product industijhe development of any
final product by a firm in this industry requires access to gdarumber of potentially

patentable inventions, many of which are often patentediffgrent rival firms. Firms in



the semiconductor industry have a long history of accessact) others’ ideas via imitation
and cross licensing (Levin, 1982).

| look at the time series R&D and patenting data for this indusom 1979-2002. The
firm level R&D data are obtained from Compustat. After acamgnfor name changes,
mergers and exits, a sample of 164 publicly traded semiadndtirms are considered.

The patent data considered here is the patent applicatian dédis data is obtained
from two sources. The patent data for the sample of 164 firmgdmn 1979-1999 are
extracted from data file provided by the Hall, et al. Next, rdata is collected for these
firms from the USPTO website and the two are compiled togdthgive the patent data
set from 1979-2002.

To get an idea about the growth of patenting and R&D relatitbe size of the industry,
| look at the time series of patenting per employee and R&Depeployee. The strength-
ening of the U.S. patent regime occurred in the mid-1980%0k kt these two time-series
data gives us some ideas regarding the aggregate behawvibisiadustry before and after
the change in the patent regime. The series are shown in fgure

The size-adjusted data shows that both patenting per eegpkryd R&D per employee
have grown over time, but the growth rate of patenting perleyge is higher than that of
R&D per employee. Also the growth rate for patenting per eyeé have increased after
1982, while that for R&D per employee has slowed down afté&t519

[l nsert Figure 2 here]



Another way to look at the patenting phenomenon is to studyctianges in patenting
efficiency, i.e., the relative size of patenting relativeR&D. Figure 1 shows the number
patent(s) per real R&D $ data for the industry.

[l nsert Figure 1 here]

The data shows that after 1983 (and more prominently aft86)Léhe total patenting
for the industry has risen faster than the total R&D, so thatatio of the two has changed.
This is one more way of showing that after 1983 this indussrg avhole is patenting more
compared to its aggregate R&D.

The observations made above raise the question whetherifirthe semiconductor
industry consider patents as means to protect valuablatiloves, or do patenting strategies
correlate more strongly to other firm-level strategiess likensing strategy. If patents are
only meant to protect inventions then a strong patent regumald create incentives for
higher investment in R&D and, hence, we will observe higlelswof R&D followed by
high levels of patenting. On the other hand if a strong pategime leads to a high level
of patenting without a similar increase in R&D investmerdtthaises the possibility that
firms patenting decisions are weakly related to their R&Rtstyy and, hence, the increase
in patenting might be related to completely different firewdl strategies.

This paper presents a model which develops a framework tiieapts to provide some

understanding of the above mentioned data trends.
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3 Basic Moded

Consider an industry with two firms. This is a model with nplkistages. The consumers
care only about the new product and are represented by a defmaction, P = D(Q),
where() is the total quantity of the new product demanded at pHcé(.) is a downward
sloping, well-behaved demand function, with ! (0) < cc.

In this model firms make a profit if they have a new product atethe of the period.
Ideas are developed by firms at an earlier stage and are tlnigublocks of the new
product. The probability of successful product develophtgneach firm depends on the
total number of new ideas a firm has access to.

Each firm can acquire ideas in three different ways. It cameeiinvest in R&D and
generate in-house ideas, or it can imitate ideas, or it c@mée ideas generated by other
firms.

Firms can generate in-house ideas by investing in R&D. Firarsalso acquire ideas
via imitation. Imitation allows a firm to access the other fgrknowledge pool without
making a payment. The extent of successful imitation by airdetermined by the patent
strategy adopted by its rival firm. Specifically, patentiagriodeled in the following way :

If firm 1 chooses a patenting strategy, then firm 2 can successfully imitaté — ¢;) NV,
of firm 1’s ideas.0 < ¢; < 1is a measure of the strength of firm 1’s IP policy. It can be a
function of the total number of patents firm 1 receives ane@iigphasis on hiring lawyers

and IP managers to successfully defend its intellectuglguty. Similarly firm 2 chooses
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P2

Firms can also acquire ideas via licensing. As mentionedrbefwo separate environ-
ments will be considered in this paper — one where licengmpt allowed and one where
licensing is allowed. The details of the licensing arrangetwill be discussed later.

[l nsert Figure 3 here]

Firms’s R&D and patenting strategies are also affected byettternal patent policy
environment. The patent regime is parameterized by a ngative parameters. The
value of S is taken as given in this model. The cost of patenting for firrma denoted by
a monotonically increasing, convex function of, C' = C(¢;;.5), with ‘g—g < 0. Also
C(0) = 0 andC’(0) > 0. Firm 2 has an identical cost function.

Since¢ can take any value between 0 and 1, this model does not havedtnetion
that the number of ideas imitated by a firm must be an integee. assumption of perfect
divisibility of ideas simplifies the analysis considerabne way to interpret this is that
ideas are complex entities themselves. An idea might haxeraledifferent components
that work together to generate a particular form of usabtakedge. Usable knowledge
of a different form (or quality) may also be obtained by conihg some, but not all, of the
above mentioned components. Therefore an idea, when tit@dwia imitation, may not
represent the same unit of knowledge that is available tottigenal innovator. This model
assumes that the IP policy of the firm determines how mucheokittowledge content will

be transmitted to the imitator.
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Firms are ex-ante symmetric. The three stages of this mode&lescribed below.

Stage 1 (R& D and IP Protection Stage): Firms choose R&D strategie®; and Rs,
and patenting strategies, and¢,, by maximizing expected profit.

For firm 1, the choice of?; affects the expected number of in-house new idégs,
obtained. The choice af, determines firm 1's extent of patent protection. The cost of
choosing¢; is C(¢;). Firm 2 faces a similar problem. | assume th¥ét and N, are
independent random variables and no two ideas are alike.

At the end of this stage in-house ide¥s N, and imitated ideal — ¢,) No, (1 —¢1) Ny
are realized.

Stage 2 (Licensing Stage): Firms go into the licensing stage knowing, and N,.
| abstract from the discussion of optimal licensing meckianchoice and consider two
types of environments. In the first type, licensing is nothmigted. This extreme case is
used to understand the strategic interactions betweeereiilf firm-level decisions in an
environment where there are institutional or technolddgiopediments to licensing.

The other environment is one in which licensing is allowethe Ticensing process is
given. In this paper | consider two alternative licensinggagements. In the first arrange-
ment, each firm is a buyer with probabilifyand a seller with probability.? The buyer
firm offers to buy all the other firm’s un-imitated ideas by posing a payment that makes

the seller indifferent between selling and not-selling is the payment offered by firm

8Equal probability is considered so that the analysis carirbpliied by focussing on symmetric equilib-

rium.
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1 when firm 1 is the buyer anf! is the payment offered by firm 2 when firm 2 is the
buyer. NI denotes the number of ideas obtained by firm 1 (when firm 1 ibtiyer) after
successful licensing. The licensing process works in theesaay for firm 2.

| also consider an alternative licensing environment whmtiics the cross-licensing
arrangements observed in the semiconductor industry. igntype of licensing (in this
paper) firms share all their inventions and both firms go toptiegluct development stage
with the same number of total ideas. Each firm makes a payro¢me tother firm based on
the number of their in-house ideas and imitated ideas.

Firms start developing the new product at the end of the skstage.

Stage 3 (Product Development Stage): At the beginning of this stage firms have either
successfully completed the development of a new produdiey have failed. The prob-
ability of successful product development by firm 1 is givenfp = f(Ny, (1 — ¢2)Ns),
whereN; is the number of new ideas invented by firm 1 dthd- ¢2) N, is the number of
firm 2's ideas imitated by firm 1. Firm 2 faces a similar proble®nce the new product
is developed, profits are realized. The cost of productiaers. If only one firm is able
to develop the product then that firm gets the monopoly res@fic,, > 0.° If both firms
develop the product simultaneously, they engage in Battcaampetition and earns zero
profit. | assume that when the firms are indifferent betwe@wlyecing and not producing

they choose to produce the amount dictated by consumer dkertfarone of the firms are

9The monopoly profit is obtained in the usual way from the camsudemand functio®® = D(Q) and

the cost of production of the firm. The cost of production isoZgere.
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successful in developing the product then the revenue fur ebthem is zero.

3.1 Equilibrium

The equilibrium for this model is defined as follows :

DEFINITION : An industry equilibriumis a collection of R&D strategie§R;, R5}
and IP strategie§o;, ¢35} which are obtained as follows:
Firm 1 choose®; (Rs, ¢2) andg, (Rs, ¢o) by maximizing expected profit. The expectation
is over the number of ideas for each firm conditional on R&D patent protection. Firm
2 solves an identical problem and obtaiRg( R, ¢1) and¢a( Ry, ¢1). Ri, Rj, ¢ and ¢}
are the Nash equilibrium values of R&D and patent protection

| only look at the symmetric Nash equilibrium of the model &b the analysis simple,
i.e., Rf = Ry = R*and¢; = ¢5 = ¢*. In a symmetric Nash equilibrium, the equilibrium

solution can be expressed in terms Bf (¢*).

3.2 TheOptimal Solution

The optimal solution is given by the se{ R7, RS, ¢7F, 5T} such that in stage 1, the
planner chooseR;, R, and¢,, ¢, that maximize the expected total surplus.

The planner intervenes at the R&D and patenting stage ($dapet does not intervene
during the production stage. This assumption is maintdieeduse the focus of this model

is to understand the effects of the patent system on inravatid patenting only, and not
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on the market structure.
To make both the industry equilibrium and the planner’s f@wbmore tractable some

specific functional forms are introduced.

3.3 Functional Assumptions

The following functional assumptions are made for):
fi=f(NyN) =1— (1= NN Wi Ny N, 0< A< 1
N, takes the value ofl — ¢;)N;, Vi # j in the absence of licensing and takes the value
((1 — ¢;)N; + N}) in presence of licensing.

This particular functional assumption allows the prohabof success for a firm to be
a function of the sum of ideas that are accessible to the firhis implies that ideas are
non-rival in terms of the role they play in the product depeh@nt proces¥’

The parameteh is the probability of success for a firm which has access tg oné
new invention.\ is a constant for each industry. | céll — \) thecomplexity parameteof
the industry — for a firm that has access to only one idea in dngtry parameterized by

A the chance of success is given hyln other words, firms in aomplexproduct industry

101n the presence of this kind of non-rivalry it is expectedtthatronger patent system will be useful as
an instrument for exclusion and, hence, will raise the imigl firm’s incentive to invest in R&D. What
this paper demonstrates is that even when ideas are ndatribe@ product development stage, under certain
circumstances, the strengthening of the patent system @& Iess of an impact on an individual firm’s

incentive to invest in R&D.
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have a smaller value of than those in aimpleproduct industry!
The following functional form is chosen faf(.):

0 forOgRi<%

9i = 9(R;) =
In(6R;) for R; > 3,
wheref > 0 is a constant andl= 1, 2.

The following functional form is chosen faf(.): C(¢) = < (¢* + ¢), whereS > 0.
The value ofS is determined by the existing patent policy environment.ighkr value of
S implies a stronger patent regime in the sense that firms camnaihe same IP protection
(¢) at a lower cost.

The model is solved for three different cases : 1) the 3-gpagiglem without licensing,
2) the 3-stage problem with licensing, and 3) the plannablem, where the planner
makes R&D and patenting decisions,

The no-licensing case is used as a benchmark. This casexapptes an industry en-
vironment where licensing is not common due to either theohjsof development of the
industry, or technological factors. The case with licegssintroduced to study complex
product industries, like semiconductors, where crosaking and other multilateral ar-

rangements to share technical knowledge are very contfribine planner’s problem gives

1The semiconductor industry is an example @oaplexproduct industry, where new products typically

embody many new ideas.
2Cross-licensing, in particular, is very common among semeictor firms and has become more impor-

tant in the recent years. Rival firms competing for the samketaften share their technical know-how or

simply give broad right-of-use over a bunch of patented aotpmatented ideas. For example, competitors
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the optimal level of R&D and patenting.

4 Equilibrium With No Licensing

In this case there are only two stages — the stage where thediroose R&D expenditures
and patenting (stage 1), and the product development stdmgee is no licensing stage. |
start from the last stage of firm 1's problem. Firm 2 has id=ifproblems at each stage.

In the last stage the production takes place and profits afized. Firms do not take
any decisions at this stage.

In the first stage firm 1 chooses its R&D expenditdte and patenting strategy, .
Since there is no licensing in this case firm 1 has access jotbose ideas which it de-
velops in-house)Ny, and to those it imitatél — ¢,)N,. At this stage, however, botN;
and N, are random variables, whose distributions depen&pand R, respectively. The
number of imitated ideas firm 1 and firm 2 can get depends ompagestrategiesp, and
¢, respectively.

Firm 1 chooses?; and¢; by maximizing expected profit.

max E{7'} — C(¢1) — R, 1)

wheren?! stands for firm 1's revenue in the no-licensimd) case and is given by

Rl = muB{[L = (1= WM )N Ry Ry 6 00} (@)

like Intel and AMD engage in cross-licensing arrangemeegsiiarly.
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Given the distributional assumptions, firm 1's problem bees:

max 7TM{6—92>\€—91a(¢>1) _ e—g1b(¢1)e—g2b(¢2)} _ C(¢1) — R, (3)
Ry,¢1

st 0<¢; <1,
& Ry >1/p.
It can be shown that a unique global maxima exists only forllsvadues of \. That

means for a global maxima to exist we must consider relgtie@mplex industries.

The first order conditions of the above problem are:

da ob
. _ —(g22+g10a(¢1)) —(g1b(¢1)+92b(92)) 4
o1 Tvmgi|—e 8¢1+6 8¢1] 4)
oC
- a¢1 + H1 — H2 = 0
0
Ry : WMagll{_e—(gzk-i-gw(qﬁl (¢1) te —(g91b(¢1)+g2b(¢2)) (¢1)} (5)
— 1 + 91 - 0,

whereu, > 0, ue > 0, 6; > 0 are Lagrange multipliers, and
a(@) = 1— (1= 1)1, b(g) = 1 — (1 — 1)),
Firm 1 solves these two equations to obtajfip,, R2) and Ry (¢, Rs). Firm 2 solves
a similar problem to obtains (¢, R1) andRs(¢1, R1). In Nash equilibrium
¢7 = 193, B3), ¢35 = ¢2(0], Ry)
R} = Ri(¢5, R5), Rj5 = Ra(¢7, R])

For a symmetric Nash equilibrium the first order conditidd$,and (5), give

Targ(1 = A) T In(1 — \)[—e QTN g 3200012
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oC

T Tl (6)
7TMl[_e—g(AJrl—(l—A)“*‘z”)(1 — (1= N9 20000 () \)@9))]
—-1=0, (7

The first order condition identifies three distinct regiohspseparated by two cut-off
pointsS™ andS™, whereS™ > S™. Firms’ choice of; depend on the value &f relative

to the two cut-off points. These results are summarizedarfahowing proposition:

Proposition 1 For each industry\ and for each firm, there are two cut-off points™ and
S with S > S such that

i) forall S < S™, firmi will chooseg; = 0,

i) for all S™ < S < 8™, firmi will choosel < ¢; < 1, and

iii) for all S > S™, firmi will chooseg; = 1.

Proof: See Appendix A.

The above results are intuitive. If the IP regime is very wgalbelow a certain cut-
off value) then for each firm in a particular industry the miaad cost of enforcing IP will
exceed the marginal gain from enforcing IP rights. For tHosevalues ofS, firms will
choose no IP protection at all. Similarly, in a very strongré@ime the marginal gains

exceed marginal cost and hence firms choose the highestti&pom possiblé?

B3t can also be shown th@% <0 and‘g—;§ < 0 VA. This means that firms in more complex industries

will choose¢ = 0 for larger range of-values and will chooseé = 1 for a smaller range af-values.
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[l nsert Figure 4 here]
The above problem is now solved for three different pategimmes — strong patent
regime G > S™), weak patent regime5(< S™) and moderate patent regimg”"{ < S <

gnl)l

4.1 Casel: Strong patent regime

When firms choose, = ¢, = 1 from (7) it follows that
s )\ie_zgA =1 (8)
M R )
or, given the functional assumption gf)
1
WJVJ)\E(BR)_)\(BR)_)\ =1 9)

Therefore, the R&D expenditure of each firm under a very gtqoatent regime in the

no-licensing case is given by:

Ry, = Py 825 (10)

4.2 Case?2: Weak patent protection

When firms chooseé;, = ¢, = 0 equation (7) gives:

1
WN[AEe_ng[—l + (2= N)e AN = 1 (11)
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The expressiofi—1 + (2 — \)e~29*0=N] is denoted by. Since(2 — \)e 220N <
2 Vg, it must be that < 1.

Using the functional assumption @1.),
R?ézo} = [)\WMB‘”é]ﬁ where § < 1. (12)

nl nl
Therefore, RY;_,, < Rf,_,,.

4.3 Case3: Moderate patent regime

For this part the following approximations are made for thgressions: andb:
a=1—1-N"x1—(1-X1-9¢))=A1-09), (13)

b=1—-(1-NF =1 - (1-X2—-9)) =A2-9). (14)

Using the above approximations the first order conditiosatd (7), give:

(90— (9 oC  20+1
Taghe (2 <¢>)g>\[1 — e 2 ¢>)g>\] — 3 — ¢S 7 (15)
1
T e @I —(1 = ¢) + (2 - g)e” @I = 1. (16)

From these first order conditions the following results drtamed:

Proposition 2 For small values of\,

- 8R*
) 55 >0,

ii) 22 > 0.
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Proof: See Appendix A.

Proposition 2 shows that the patenting and R&D investmesnpasitively correlated.
When firms choose strong IP protection they also have lessado imitated ideas and,
hence, must also choose higher R&D to obtain a greater nuailieouse ideas. This is
because the probability of success for a firms depends ootddetimber of ideas available
to it. Strong patent protection restricts access to ideamiied by other firms and, hence,
increases the expected returns on in-house R&D in the mai@im the other hand the
relation between the strength of the patent regime and fitmagce of IP protection is
positive. Firms choose higher levels of patent protectitienvthe external patent regime

strengthens. These results can be combined to get the foigwoposition:

Corollary 1: A stronger patent regime in an industry with no licensind \ei&d to more
patent protection and more R&D.

This result is in tune with the most commonly cited reasorhfring the institution of
patent. When ideas are non-rival and can be imitated at d sosd) the resulting positive
externality provides incentives for individual firms to ést less in R&D to produce new
ideas. The institution of patents takes care of this by aimgrdwnership rights. Patents,
therefore, take care of the free rider problem and boossinvent in R&D.

Next | discuss the case where ex-post licensing of investi®allowed.
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5 Case?2: Equilibrium with Licensing

In this case there are three stages. In stage one firms détiaed R&D strategies. In-
ventions are realized and imitated at the end of the firsestbagstage two one firm offers
to be the licensee of the un-imitated ideas owned by other provided that licensing is
profitable for the license¥. Licensing gives a firm the opportunity to access the others
firm’s inventions. In stage three, firms develop products twedprofits are realized. The
firms do not make any decisions at this stage.

In this paper | have considered a very specific form of licegsiEach firm is a buyer
of ideas with probability% and a seller of ideas with probabiligy The buyer firm makes a
take-it-or-leave-iboffer to the other firm to acquire all of the other firm’s un-iaied ideas.
The offer includes a payment that makes the seller firm iacgffit between selling and not
selling.

It is important to note that the specific structure of therlgiag arrangement is such
that the seller always accept an offer and the buyer is bettdicensing as long as the
payoff to the buyer under the no-licensing regime is positlvhas been already discussed
that in the no-licensing case the expected payoff will batpesfor firms in more complex
industries. Hence the buyers and sellers in sufficientlyplemindustries will choose to
engage in licensing when they enter the licensing stagardegss of how many total ideas

they have acquired (even fof; = 0 or N, = 0).

YLicensees are referred to as the buyers and licensors aslides & this paper.
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The model is solved backwards, starting from stage thraartiwith firm 1's problem.
In stage three, profits are realized and the firms do not makeéecisions. In stage two,
given Ny, Ns, firm 1 is the buyer of ideas with probabilié/and seller with probability%.
As a buyer, firm 1 offers?} to acquire all of firm 2's ideas. Similarly as a seller firm 1
receives an offer o’ as a payment for selling all its ideas to firm 2.

When firm 1 is the buyer (which happens with probabil%t)/the expected revenue

conditional on the number of ideas of each firm is

mp = maf(N 4+ No)[1 = f(Na+ (1 — 1) N)] — PF (17)
st. PF <y f(No+ (1= ¢1)N)[f(N1 4 Na) — f(N1+ (1 — ¢2) Vo).

When firm 1 is the seller (which happens with probabil%t)/the expected revenue

conditional on the number of ideas of each firm is

ms = auf(Ni+ (1= ¢2)No)[1 — f(Na+ Ny)| + Py (18)
s.t. Py > my f(Ny 4 (1= ¢2) No)(f(Ny+ Ni) — f(Ny + (1 — ¢1)N1)).
Hence in stage one, given that firms decide to engage in liogins stage two, firm 1

solves for:

(Ri.01} = argmax [ +ms|Ry, b1, B, 5] — C(61) — Ry (19)
st. Pl=f(No+ (1= )N [f(Ny+ No) — f(N1 + (1 — ¢2) No)]
& Pf = f(Ni+(1—¢2)N2)(f(N2+ Ni) — f(No+ (1 — 1) V1))

& 0§¢1§17 R121/67
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wherer; 3 andm g are given by (17) and (18) respectively.

The first order conditions are:

- TMm Agra(e1)) da —(g1b(91) +292A oc =
L)) (922+9 - — — s =0 20
¢1 5 gi{—e” 8¢1+6 } 8¢1+M3 pa =0, (20)
9]
Ry - W;v[ 8JQ%I{ _9e— (922 +g10(41)) a(¢y) +26_(91b(¢1)+292>‘)b(¢1) + Ae~Pgrta(é2))21)
1

—Xe”@teAY ] 49, =0,

whereus > 0, uy > 0,605 > 0 are Lagrange multipliers.

For the symmetric equilibrium equations (20) and (21) give

C
maghe” TR — 7] — 3¢ T e =0, (22)
1
(20— e CIN 22— )enTIN — e — 16, — 0. (293)

The first order conditions again identify three distinciosg of theS-line, separated by
two cut-off pointsS' andS*. For all.S > S, firms choose the maximum patent protection
(61 = ¢ = 1). ForallS < S, firms choose the minimum patent protectign & ¢, = 0).

| again start by solving the model for three different pategiimes — a strong patent

regime, a weak patent regime and a moderate patent regime.

5.1 Casel: Strong patent regime

When the patent regime is very strong, firms chopse- ¢, = 1.
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From the first order condition:

v 1 —gA ~3gA —2gA
M= 2e730A _ 720N = 1. 24
2)\R[e + 2e e ] (24)

For small values of: it can be shown
Rig1y < Rig-y, (25)

that is, the R&D chosen by firms at the maximum level of IP prtta is lower in the

presence of licensing as compared to the no-licensing case.

5.2 Case2: Weak patent regime

When the patent regime is very weak, firms chogse- ¢, = 0.

From the first order condition:

0
WJV[A%e_zg)‘[Ze_zg)‘ —-1] =1 (26)

Comparing this with the no-licensing case | find that
[ nl
Ris—0y = Ry} (27)

that is, the R&D chosen by firms at the minimum level of IP petiten in the presence of
bargaining is equal to that of the no-bargaining case.

This is an expected result, because the licensing stagei#é twhen there are no ideas
(in expected terms) to license and, hence, the both theceading and the licensing cases
give identical results.

The most general case is considered next.

27



5.3 Case3: Moderate patent regime

For interior solution, the first order conditions for a syniriteequilibrium are

marghe” BTN — 7204 — oC =0, (28)
I
%%[(% — 1)e G 4 2(2 — g)e= (-9 _ =27 1 =), (29)

Analyzing the above equations the following results arainted for firms in complex in-

dustries:

Proposition 3 For small values of\,

N\ OR . OR OR H H

i) s 0, but8—¢\l < 8_¢‘”l’ wherenl stands for the no-licensing case ahstands for the
licensing case, and

ii) 22 ¢0.

Proof: See Appendix Al

This proposition states that although a strengthening @ptitent regime will always
lead to higher patenting and higher R&D, the complememntagtween R&D decision and
patenting decision of a firm is weakened in the presence efi$ing. Even if both types
of licensing environments generate the same increaseeéntag in response to a stronger
patent regime change, the R&D increment will be smaller imanstry where licensing is
widespread.
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Firms in complex industries rely heavily on licensing to taj other firm’s ideas. As
the surveys mentioned before suggest, licensing has beaomagy important for firms in
the semiconductor industry after the 1982-change in the pat@nt regime. The relatively
small increase in the aggregate R&D then may be due to thievedlaweak complementar-
ity between a firm’s R&D decisions and patenting decisionkimindustry. In the presence
of licensing, a firm in a complex industry has access to antiatdil mechanism for ob-
taining other firm’s inventions and will, therefore, havedeancentive to invest in R&D
to generate in-house inventions. A stronger patent regifiénarease patenting, but the
corresponding increase in R&D will be smaller in presencioeinsing than what would

have been in the absence of licensing.

54 A Numerical Experiment

As suggested by Grindley and Teece (1997), the change inatenforegime seems to
have increased licensing and cross-licensing activitiehé semiconductor industry. In
light of the above observation, | consider the pre-1982nkaeg environment as one that
approximates the no-licensing case described in this paperthe post-1982 licensing
environment approximates the with-licensing case. Themaegime has changed more
things than just the regime parameter; it has also changelicnsing environment.

In this section, | report a numerical exercise to understaedimpact on firm-level

patenting and research variables due a joint change in teatg@gime and the licensing
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environment. The parameter values chosen are reported.belo
The complexity parameter is chosen to)be: 0.005 so as to represent complex industries,
like semiconductor, electronics, éfc.The profit ¢r,,) is chosen to be 10 millio To
obtain values for thef parameter, the R&D is taken to be a fifth of the total profit. The
average number of patents in the semiconductor industi3d0e is aboub5. This gives a
parameter value of in the order ofl0'". For this exercise3, = 3, = 3 x 10'" are chosen.
The parametes relates to the cost of patenting. A parameter valug ef 2 x 10-% implies
that the cost of complete patent protectign£ 1) for a firm runs in the order of a million.
S =2 x 107 % is considered a weak patent regime. A 50% increase in theieegarameter
constitutes a stronger patent regime. The results obtaireesummarized in the following
table:
[l nsert Table 1 here]
The above exercise shows that a stronger patent regimelsuaaléers the licensing

environment will have a large positive impact on firm-levatgnting decision, but may

5The MPEG4  Visual Patent Portfolio contains approximately 801 patents
(http://mwvww.mpegla.com/m4v/index.cfm). This is not a finrgoduct for the consumers but a com-
pression technology that allows developers of web streguaninl videophone to develop their final products.
A firm in an industry withA = 0.005 that acquires all of these 180 patents will have 60% chance of

developing a final product.
18The general conclusion of this experiment remains sameidireh or lower values of profit. However,

keeping all other parameters the same, a very small profi¢sithe patenting parameter to zero, while a very

large profit makes the patenting parameter equal to 1.
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have only a small (and negative) impact on the researchidecid his tallies well with
the data from the semiconductor industry where the pos2188e increase in patenting
has not been matched by a similar large increase in reselaiisipossible that thpatent
paradoxis a product of the changed licensing environment that hewied the patent
regime change. A strong licensing environment coupled a/gtrong intellectual property
regime has enhanced the importance of patenting for firmsdimg the size of the patent
portfolio an important determinant of the terms of the lisi@g, but has not changed the
incentives to conduct R&D significantly.

Whether optimal R&D level is attained by firms in either in {i@sence of licensing
or the absence of licensing is another important questidharcontext of this paper. To

address that question the planner’s problem is discusdbe imext section.

6 ThePlanner’'sProblem

The consumers are represented by a linear demahd)) = a — bQ, with a,b > 0. The
planner maximizes the sum of the producer surplus (PS) andahsumer surplus (CS).
Three distinct cases can arise : i) only one firm successfigelops the product, ii)
both firms successfully develop the product, and iii) nontheffirms are successful. The
total surplus will be different in each of these three cases.
Case i) If one firm successfully develops the final productrethwill be a monopoly.

The probability that only firm will successfully develop tfieal product is{ f(Ny, (1 —
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$2)No)[1 — f(Na, (1 = ¢1)N1)] + f(Nz, (1 — ¢1)Ni)[1 — f(N1, (1 — ¢a)No)l}

Assuming zero production cost, the monopoly profit is oladihy

mgx(a —bQ)Q. (30)

In this case the PS equals the monopoly revenyg {ntroduced in the previous sec-
tions. Using the functional assumptions, in this case therdpSthe CS-;WM and the total
surplus is2my;.

Therefore, the total expected revenue in this case is

w = Sndf(Nt (L= g)NDL - (Mo + (1= )N @D)

+ f(N2+ (1= @) Ni)[1 = f(N1+ (1 — ¢2) Vo)l }

Case ii) When both firms successfully develop the final prgdbe firms will engage
in Bertrand type competition, that will result in the minimuproducer surplus and the
maximum consumer surplus. The probability that both firmis suiccessfully develop the
final product is given by (N7 + (1 — ¢2)Na) f(No + (1 — ¢1) Ny).

In this case the PSxthe CS=27,,, and the total surplus &r,.

Therefore, the total expected revenue in this case is
mnl = 2ma (N1 + (1= 62)No) f(Ny + (1= ¢1) V). (32)

Case iii) If both firms fail to develop the final product thertlio¢he producer surplus and
the consumer surplus, and hence the total surplus, will balegro. This will happen with
probability [1 — f(Ny + (1 — ¢2)No)|[1 — f(Na + (1 — ¢1)N7)].
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Therefore, the planner chooses :

{RYY RSP P 057y = argmaxE[r?” 4 77 (33)
— C(¢1) = C(¢2) — By — Ry
S.t. 0§¢1§17 O§¢2§17 R121/67 R221//6)
wherer?? andr:? are given by (31) and (32) respectively.

Solving the planner’s problem we get the following propiosit

Proposition 4 The planner will choose
i) ¢7F = ¢35 = 0, for all values ofS and

i) R°” > RiL, > RL_,.

Proof: See Appendix A.

The planner gets the maximum social surplus when there igpebtion, that is, when
both firms successfully develop the product. R&D investnigeah expenditure for the firm,
but in deciding the level of optimal R&D the planner take®iatcount both the producer
surplus and the consumer surplus. The consumer surplusnsraasing function of R&D
expenditure. The consumers derive surplus from R&D, buwy the not incur the R&D
expenditure. Therefore, the planner would want more R&Dhtiaat each firm would
choose on their own because the planner problem has thitamddiconsumer-surplus

component’

"Note that the planner’s decision is independent of the paggime. Hence a change in the patent regime

would not change anything in the planner’s problem.
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7 An alternativelicensing environment

As mentioned before, firms in semiconductor industry oftegage in cross-licensing to
access ideas that are owned by different firms. In this tygeefsing, firms allow each
other access to all ideas that are relevant for developingrécplar product. In some
of the cases, sharing of ideas do not involve any paymentie whbther cases there are
payments. Payments can be of different types — royalty payfiged fee or sharing parts
of the surplus. This type of bilateral licensing is broad#jerred to as cross-licensing. In
this section, a licensing structure similar to cross-Igieg is adopted. As before, firms
decide IP and R&D strategies in stage one. In stage two bethrths make simultaneous
offers to access each other’s ideas and make a payment egugdre-determined) fraction
of the total surplus generated by sharing. Both firms mus@tdbe offers simultaneously;
neither of the offers are valid individually. In stage thfems develop the new product and
profits are realized.

If both the firms accept to share their ideas at the licensagesthe total surplus general

is given by

S = mu{2f (N1 + No)[1 — f(N1+ No)] — f(N1+ (1 — ¢2)No) (34)

(1= f(No+ (1= @) N1)] = f(N2+ (1 — ¢1)N1)[1 — f(N1 + (1 — ¢2)No)]}
Firm 1's problem, then, becomes

g}ad?f W]V[f(Nl + Ng)[l — f(Nl + Ng)] + OéS — C((bl) — R1 (35)
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& Ry >1/8,

where0 < « < 0 is pre-determined number.

The first-order conditions for interior solution afe:

da 0b oC
—(92+91(1—¢1))_)\ -9 —(g1b(¢1)+g2b(p2) Z7 1 _ Z 36
mugiofe ok} ‘ 8¢1] 091 (36)
WML[—(I + 20)Ae” 1922 L 9N(1 4 20)e 292N 4 o \em91A—g20(02)
Ry
_‘_aa(gbl)e—gzk—gla(d)l)] _ 2ab(¢1)6—glb(¢1)—g2b(¢2) -1 (37)

To keep the analysis simple, the symmetric equilibrium mlyred witha = %

Proposition 5 In the above type of licensing arrangement and for inter@uson, if g\ >

%, theng—{jh < 0, where the subscriptrefers to the case with above described licensing
arrangement.

Proof: See Appendix A.

A cross-licensing arrangement that allows firms to sharglelis and share the result-
ing surplus equally presents a case where in equilibriura fidssible to have negative

correlation between firms’ R&D and patent protection. I&ibptimal for a firm to choose

8|t is worth noting that in order to get an interior solutiomyficularly¢; > 0, we need\ to be very small.
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a positive level of patent protection in the first place, thestronger patent regime will pro-
vide incentives for choosing higher levels of patent priddec But in some cases, higher
levels of patent protection may lead to a lower level of R&Restment. This is because
sharing of ideas and the surplus payment will encourage fionssibstitute their own re-
search efforts with the research efforts of others in somsesaln those cases a stronger
patent regime that leads to an increase in patenting witl kad to fall in R&D invest-

ment®

8 Conclusion

The strengthening of the U.S. patent regime after 1982 wissafed by a large increase
in the number of patents and by an unchanging R&D expenditenel, particularly in the
complex product industries. Whether these observatiombeaexplained by studying the
effects of a stronger patent regime on an industry envirgriweere bilateral licensing of
technologies is common, is the main focus of this paper. Théeaihpresented here shows
that for complex industries, where bilateral licensingaswenon, a stronger patent-regime
change will have a smaller impact on the firm-level R&D demistompared to that in other
industries where licensing is less important.

The impact of the licensing environment on firm-level R&D & is probably also a

191t might also lead to increased licensing activities. Moagemt protection will require sharing of more

ideas in the licensing stage (in the above mentioned case).
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function of the size of the firm in terms of its stock of patemtarger firms with an already
large patent portfolio might enjoy a better bargaining posimore frequently and, hence,
their firm-level R&D decision might be less sensitive to aradin the patent regime. The
patenting and R&D data for the semiconductor industry shinasthe four largest firms
(in the sample considered in Dey (2005)) in the semiconduottustry have increased
both their patenting activity as well as their R&D activitybstantially after the change in
the U.S. patent regime. The patent paradox does not seemhimldiag for this group of

firms, while it definitely holds for the medium and the smatles! firms. Since this model
considers homogenous firms, the size-effect is not captueeel This remains a project

for the future.
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Appendix A

Proposition 1

Proof. From equation (6) fop; = ¢» = 0 (i.e., uy = 0),

oC

Targ(1 = N)in(1—\)[—e 29 4 (1 = \)e 202 2=V] 901 +u1 =0, where u; > 0. (38)
oC 1 0 0

8751”,1:0 =35> g’ (1= N In(1 — A\)[—e 29 4 (1 — N)e 2 AN (39)

or, S < [mg®(1 = N In(1 — A)(—e 29" 4 (1 — \)e 2@y, (40)

whereg® = g|,—o. The right hand side of the above expression givés
Similarly, for S > 5™ given byS™ = 3[myg"' In(1 — \)(—e 92 + (1 — N)e 2],

whereg' = g|4-1, firms will choosep; = ¢ = 1.

Proposition 2

Proof. i) Equation (16) gives
—(2-¢)gA —(2-¢)gA 09
TArAE I (2 - ¢)e -1+ gb}a— =1 (41)

Differentiating w.r.t.¢, the following result is obtained for small values of

_%S%H+%2—¢M+w2—¢fﬂ+9M—ﬂ—¢%+%2—¢ﬂ:0 42)

OR (3— ¢)gAR

o 5 M TR 9B -9

(43)

Since¢ < 1 it must be tha%f; > 0.
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i) Differentiating equation (15) w.r.tS:

T he” (2O g;qb gﬁ’ (1 — e~ @9 (1 — gA(2 — ¢)) + ghe”C7992(2 — ¢)]
+§_?[7TM(9)\)26—(2—¢)9A(1 — 229Ny _ %] — _(%5731).

For small values oA, the following result is obtained from the above equation:

0¢ dg 2. 20+1
BYS = mrg (2 — (b))\@_gb —gA) — S] -T2 (44)

As A\ — 0, the negative term on the l.h.s. dominates the positive.teé8imce the

function is continuous, for small values afthe bracketed term on the I.h.s. is negative.

Since the r.h.s. is also negative, it must be g%b 0.1

Proof of Proposition 3

Proof. i) Differentiating (28) with respect to

7TM)\ B_R
2R2 ¢

—(20 — 1)(2 — p)Ae” B _2(2 — ) (4 — p)Ae” 17D 4 2\

[— (20 — 1)e” 79" — 2(2 — g)e~(1=9)9* 4 =29 (45)

A
— ”2”]1% [—2e7 7992 — (29 — 1)ghe™ @79 4 2e=(1=000% _ 9(2 — p)ghe™(29)9Y]

For small\ the exponential terms can be approximated by 1, which gives

OR 3g\R

B = 2+ TA2—¢) — 2\ (46)

Comparing this with the no-licensing case, it can be shown%ﬁh < a¢> R
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i) Differentiating equation (29) w.r.tS gives

8990 ~a0n[1 - 7 (2 - g)g(1 - ) 4 296 (4T)

M5605°
(2— _ 0 20 20+ 1
+7TM92)\26 (2 ¢)g)\(1 —e 2g)\>£ _ g% . ¢S2

A7y

¢ 209 2, 20+1
For smalk, 85{27ng)\ 96 5/ T g (48)

For small) the term inside the parenthesis on the left-hand side witidgative. There-

fore, it must be thags > 0. 1

Proof of Proposition 4
Proof. i) Note that the above objective function is a monotonicdlgreasing function
of ¢1, ¢.. Hence the planner will choosg” = ¢5F = 0.

i) The first order conditions foR; and R, are given by

091 [16_(>\92+91a(¢1))a(¢1) + 16—(Agl+gza(¢z)))\] (49)

RlZ WMa—R12 5

_l_e—(g1b(¢1 +92b(¢2)) (¢1)] —1= 0’

892 1
R, - —(Ag2tg1a(61)) \ —(Ag1+g2a(¢2))
2 Ty 8R2[ e + = 2 a(¢a)]

+€—(91b(¢1)+92b(¢>2))b((bz)] —1=0.
Therefore, in the symmetric equilibrium

1
wMAﬁe—w[l + (2= N)e 2AI=N] = 1, (50)

Definey = [1 + (2 — A)e~29*0=Y]. Now+ > 1 for all values ofy.
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Therefore, using the functional assumptions, the R&D e#jare chosen by the plan-

ner for each firm is given by:
RSP = [Amy B2 ] 5, where ¢ > 1. (51)
Therefore R°" > RjL,. 1

Proof of Proposition 5

Proof. The first order condition% = () for the symmetric case gives:

A
7T%[—(l +20)e ™29 £ 2(1 + 2a)e ™Y 4 (2 — p)e” @799

—20(2 — ¢)e 29N = 1

Differentiating the above equation with respect to R,

1 OR A

_ﬁa—gﬁ[ﬁ[_(l + 20[)6_29>\ + 2(1 + 20[)6_4g>\ + Oé(2 — ¢)6_(2_¢)g)\
1.2 OR 4 OR

—20(2 — $)e 2D L Z[ZA(1 + 2a)e A= — 2(1 + 2a) = e WA

a2 — ¢)e ]+R[R)\( +2a)e 9 (1+ a)R)\e 90

10R
e (2=8)gX _ _ —(2—-¢)gA _ A _
e a(2—¢)e {2-9)5 (%A g}
~2(2-¢)gA —2(2-¢)gA 1 IR _
+2ae +2a(2 — ¢)e {22—¢)=—=A—2gA}] =0
R 0¢
For small, %g—i[—l — 6\ — a¢] + [a — 6agA] =0 (52)

If gA > §, thengZ < 0. 1
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Figuresand Table
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Figure 1: Patent applications per million $ R&D
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Figure 2: Patents per employee and R&D per employee
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Figure 3: Ideas Accessible to Firms via Innovation and Itiata
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Figure 4: IP choice and Patent Regime
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Table 1: A Numeri

cal Exercise

Weak Patent Regim

eStronger Patent Regin

e

No ¢ (patenting) = 0.15
Licensing| g (research) =54.15%
With ¢ (patenting) = 0.69

Licensing

g (research) = 54.08
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