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Abstract

The strengthening of the U.S. patent regime in the earlytigighvas followed by a sharp in-
crease in patenting and a rather small increase in the in R§@raliture in some industries in the
U.S. This “patent paradox” is prominently observed in coemphdustries, like the semiconductor
industry. In this paper | develop a model of invention andduat development to examine the
effects of a change in the patent regime on the patenting &l dcisions of firms in complex
industries. Firms in these industries have a greater neadd®ss a large number of ideas to suc-
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and one with licensing. While a stronger patent regime l¢adhiégher patenting and higher R&D
investments in both environments, the strategic compleanign between patenting and R&D is
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1 Introduction

In 1982 the U.S. Congress established the Court of Appeatkdd-ederal Circuit
(CAFC), a move seen as strengthening patent protectioribtiited States. The
intention on the part of the Government was to create a siragaliectual property
regime that will create incentives for firms to conduct R&[2dearchers have de-
bated the pros and cons of this chaddeall and Ziedonis (2001) have observed
that in the semiconductor industry patenting activity hageased substantially
after 1982 while R&D expenditure has maintained the previmend. They and
other researchers have suggested that the strengtheniing patent regime has
not changed the incentive to perform R&D significantly, bas Iprovided incen-
tives to create large patent portfolios for bargaining psgs. This observation is
particularly relevant for “complex product” industriesich as the semiconductor
industry, where the development of the end product is gdgerehieved by using
ideas and products owned by different firfns.

Some complex product industries, like electronics and sentductors, have
traditionally relied on licensing and bilateral bargamifctalled cross-licensing)
to access the knowledge owned by different firms. The numbpatnted (or
potentially patentable) ideas or inventions needed toldpvihe products pro-
duced by these industries is large and various key pateatsftgn owned by

different firms. Grindley and Teece (1997) note that “witistlegree of over-

2See Cohen, Nelson and Walsh (2000), Kortum and Lerner (1888pes and Nelson (1990).
3The term “complex product” is used by Cohen, Nelson and W2680) to describe “com-

mercializable product or process ... comprised of numeseparately patentable elements.... In
complex product industries, firms often do not have proprientrol over all the essential com-

plementary components of at least some of the technolduggsare developing.”



lap of technology, companies protect themselves againgtahunfringement by
cross-licensing portfolios of all current and future pasen a field-of-use, without
making specific reference to individual patents.” Resean;iwho have surveyed
the intellectual property (IP) managers of some of the cderpelectronics and
semiconductor firms, report that after the strengthenirtg@patenting regime li-
censing activities in the industry have increased and fipagent portfolios have
become important bargaining chips in these agreements.

As mentioned before, the reason for strengthening the @t8npregime was
to create an incentive system that rewards R&D and, thecebgies incentive for
firms to invest more in R&D activities. The “patent paradax’term used by Hall
and Ziedonis (2001), refers to the previously mentionedigogh observation
that the change in the U.S. patent regime was followed bytanbal increase in
patenting activity and only a small increase in R&D activityhe patent paradox
raises important questions regarding the role played bingtgution of patenting
in firms’ decision making process.

No one so far, to my knowledge, has attempted to theoreticaalyze the
link between patenting, inventions and bilateral licegsimthe context of a patent
regime change. My paper is an attempt in that direction.

This paper presents a stylized model of basic inventioreretg and prod-
uct development to study the effects of a stronger pateineegn patenting and

R&D in a given licensing environment. | treat the processafuaring basic in-

ventions (orideas) and the process of developing a new product as two separate

activities. R&D expenditure determines the number of nelonse ideas (in ex-

pected terms) acquired by each firm, but the in-house ideag alo not guarantee



successful product developménficcess to additional ideas, that are developed
by rival firms, increase the probability of successful pretdievelopment for each
firm. Another feature of the model is that the industry is eleterized by a com-
plexity parameter. A complex product industry is one whetatively more ideas
are needed to successfully develop the final product. Irr etbeds, for a firm in
a complex industry, who has access to only a few ideas, tHeapiiity that this
firm will successfully develop a final product is small. | coang the effects of
a stronger patent regime on firms’ decision to patent andstriveR&D without
and with licensing. The model predicts that in complex iridas the responsive-
ness of a firm’s R&D decision to an increase in the strengtihefpatent regime
depends on the licensing environment. | consider two diffeenvironments —
one with no-licensing and the other with licensing. In thegance of licensing
the strategic complementarity between R&D and patentingeiaker. Therefore
in response to a strengthening of the patent regime, even wigincrease in
patenting predicted by both the licensing environmentstiagesame, the R&D
expenditure will be less affected in the presence of ligenais compared to the
case without licensing.

The result can be understood by observing that in this papgpager patent
regime encourage patenting by lowering the cost of patgnticreased patenting
activity decreases imitation and increases the returnsmnsfiown R&D invest-
ment in the margin. This provides incentives for higher R&dstment because
with increased patenting firms now know that imitation atiwill decrease
which will allow the owners of innovations a better chanceb&the only de-

veloper of the final product. This creates the strategic dementarity between

4The two words “inventions” and “ideas” are used interchadygin this paper.



firms’ decision to patent and their decision to invest in R&De complementar-
ity result hold in both kind of licensing environments cafesied in this paper. In
the absence of licensing, firms can improve their chance wéldping the final
product either via in-house inventions or via imitation.tte presence of licens-
ing, firms have access to an additional way of obtaining stheventions — via
licensing. In the presence of the licensing each firm stijjage in patenting to
deter imitation but knows that the rival firm can still accéssnventions via li-
censing. This reduces the complementarity between patedécision and R&D
investment decision made by each firm. A stronger patenimegitill provides
incentive to engage in higher levels of patenting but theltiesg) increase in R&D
investment is smaller in the presence of licensing. Emgligictherefore, it is
possible to observe a stronger patent regime leading to stastkal increase in

patenting activity without observing a similar increas&ifD activity.

1.1 Reated Literature

There has been substantial theoretical work on cumulativevation. The inno-
vation process modeled in this paper is not cumulative inutheal sense of the
term. In the literature cumulative innovations generaéifers to unidirectional
complementarity, often time-lagged. The basic idea istib@dy’s inventions are
not only valuable for the immediate benefits they providd,diso are valuable
inputs for future inventions. For cumulative inventionsrggdementarity exists
between today’s inventions and tomorrow’s inventions.hiis paper each firm’s
access to the industry-wide aggregate inventions is drizithe development of
any new product. The more access a firm has to the aggregdtefpgdeas the

higher are the chances that it would be able to develop thedinduct success-



fully.

Bessen and Maskin (2000) address the issue of complemeéntaryations
and their paper relates most closely to my work. They ingasti a firm’s incen-
tive to invest in R&D by comparing two scenarios, one withaygatent system
and another with a patent system. Complementarity is mddsteassuming that
the expected number of inventions increase when both fimesiin R&D. In the
no-patent case two firms make the decision whether to investitate. In the
presence of a patent system there is no imitation. Insteag fian invest in new
innovation only if the patent-holders agree to licenserthr@iovations. Bessen
and Maskin identify conditions under which patent-holdsii not license their
innovations and will, therefore, lead to an outcome thaticed social welfare.

This paper develops a model where imitation of inventiossnaBessen and
Maskin (2000), has a positive social value. In Bessen andckiasnitation in-
creases the expected number of future innovations. In megrpaptation in-
creases the chance of successfully developing a final prachich is valuable
to the consumers. The patent system plays an important yodétdring the cost
of patenting and, thus, altering firm’s choice between indeR&D and outside
R&D (obtained either by imitation or licensing).

The three-stage structure in my model is similar to that itzkeand Shapiro
(1985). Katz and Shapiro, however, focus on process infan&and do not con-
sider cumulative innovations. They find that firms will lisensmall innovations
and effect of licensing on research incentives is ambigubuthis paper the in-
ventions are in the form of ideas and the two types of licemsimvironments are
taken as given. | obtain the result that the effect of a stpaignt regime on R&D

in the presence licensing is less pronounced than that ialikence of licensing.



This paper is organized in the following way. In the next gett describe
some empirical trends from the U.S. semiconductor industme of which this
model attempts to address. The baseline model is preseaktd Im section 4
| discuss the no-licensing equilibrium. In section 5 thenplker’s problem is de-
scribed while in section 6 the licensing equilibrium is dissed. Section 7 con-

cludes.

2 Datafromthe Semiconductor I ndustry (1979-2002)

Since this paper is about firms in complex-product indu$tgok at some of the
aggregate data from the semiconductor industry. As meadidrefore, the semi-
conductor industry fits very closely to the notion of a compgbeoduct industry.
The development of any final product by a firm in this industegas access to
a lot of potentially patentable inventions, many of whick aften patented by
different rival firms. Firms in the semiconductor industigsha long history of
accessing each others’ ideas via imitation and cross liegrisevin, 1982).

Grindley and Teece (1997) have noted that the strengthenihg U.S. patent
regime after 1982 had an impact on firms’ patenting strasegiehis industry.
They observe that “Coincident with the increased impomarfgatents is the in-
creased importance of licensing and cross-licensing. €Eliosnsing has become
a significant dimension of competition.” The importance afgnts have magni-
fied because of their strategic importance in licensing. Assalt, semiconductor
firms are now patenting more aggressively.

| look at the time series R&D and patenting data for this indusom 1979-
2002. The firm level R&D data are obtained from Compustatediccounting
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Figure 1: Patents per employee and R&D per employee

for name changes, mergers and exit sample of 164 publiadgtraemiconductor
firms are considered.

The patent data considered here is the patent applicatian dais data is
obtained from two sources. The patent data for the samplé4fiims between
1979-1999 are extracted from data file provided by the Ha#l].eNext, new data
is collected for these firms from the USPTO website and thedmocompiled
together to give the patent data set from 1979-2002.

To get an ideas about the growth of patenting and R&D relativbe size of
the industry, | look at the patenting per employee and R&Dgraployee time
series. The strengthening of the U.S. patent regime oatumréhe mid-1980s.
A look at these two time-series data gives us some ideasdiegaihe aggregate
behaviors of this industry before and after the change irp#ient regime. The

series are shown in figure 1. The size-adjusted data showisdtiapatenting per
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employee and R&D per employee have grown over time, but thevthrrate of
patenting per employee is higher than that of R&D per empoydso the growth
rate for patenting per employee have increased after 198 that for R&D per
employee has slowed down after 1985.

Another way to look at the patenting phenomenon is to studyctianges in
patenting efficiency, i.e., what is the relative size of ptitey relative to R&D.
Figure 2 shows the number patent(s) per real R&D $ data fomithestry. The
data shows that after 1983 (and more prominently after 1886)otal patenting
for the industry has risen faster than the total R&D, so thatratio of the two
has changed. This is one more way of showing that after 1983ntiustry as a
whole is patenting more compared to its aggregate R&D.

The observations made above raise the question whether ifirthe semi-
conductor industry consider patents as means to protegai@ inventions, or
do patenting strategies correlate more strongly to other-figvel strategies, like

licensing strategy. If patents are only meant to protec¢mtons then a strong



patent regime would create incentives for higher investimeR&D and, hence,
we will observe high levels of R&D followed by high levels oafenting. On the
other hand if a strong patent regime leads to a high level t#rpi;ag without a
similar increase in R&D investment that raises the posgitthat firms patent-
ing decisions are weakly related to their R&D strategy amahde, the increase in
patenting might be related to completely different firmdkestrategies.

This paper presents a model which develops a framework thahpts to

provide some understanding of the some of the above mentideta trends.

3 Basic Mode€

| focus on an industry with two firms. This is one period modéhwnultiple
stages. The consumers care only about the new product anelpaesented by a
demand functionP = D(Q), whereQ is the total quantity of the new product de-
manded at pricé’. D(.) is a downward sloping, well-behaved demand function,
with D~1(0) < oo.

In this model, therefore, firms make a profit if they have a neadpct at
the end of the period. Ideas are developed by firms at an eatdge and are
the building blocks of the new product. The probability otsessful product
development by each firm depends on the total number of neas iddirm has
access to.

The number of ideas that a firm gets is a random variable. Eathctn
acquire ideas in two different ways. It can either invest &alRand generate
in-house ideas or can imitate ideas that have been gendratater firms.

To generate in-house ideas each firchooses R&D expenditurd?;, which
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affects the distribution of the number of new idea§, developed by firm. |
assume thafV; ~ Poissofig;), whereg; = ¢g(R;) andg(.) is a monotonically
increasing function oR;. | also assume tha¥; and N, are independent random
variables and no two ideas are alike.

Firms can also acquire ideas via imitation. Imitation abafirm to access the
other firm’s knowledge pool without making a payment. Theeakbf successful
imitation by a firm is determined by the patent strategy agldty its rival firm.
Firms patent to protect their ideas. By protecting ideasmdimake it harder for
other firms to imitate. Therefore in this paper patenting fsra-level decision
that reduces imitation. Specifically, patenting is modefethe following way :
firm 1 chooses a patenting strategy, such tha) < ¢; < 1. ¢, is a measure
of the strength of firm 1's IP policy. It can be a function of timeal number of
patents firm 1 receives and its emphasis on hiring lawyersiRndanagers to
successfully defend its intellectual property. Simildityn 2 choose®.

Firm 1's patenting choice);, determines how many ideas firm 2 can success-
fully imitate. | assume that when firm 1 chooggdirm 2 can successfully imitate
(1 — ¢1)N; of firm 1's ideas. If firm 1 chooses; = 0 then firm 2 will be able to
imitate all of firm 1's ideas. If firm 1 chooses = 1, firm 2 will not be able to
imitate any ideas. 10 < ¢; < 1 then firm 2 will be able to imitate some ideas of
firm 1’s idea but not all. Similarly firm 2’s patenting strajeg-, determines the

number of ideas that can be imitated by firm 1.
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Ideas accesible | N + 1-0.)N
to firm 1 ! (-0,N,

Id i -
eésaccemble (1 4)1)N1 + N2
to firm 2

Since¢ can take any value between 0 and 1, this model does not have the
restriction that the number of ideas imitated by a firm musahénteger. The as-
sumption of perfect divisibility of ideas simplifies the d&yss considerably. One
way to interpret this is that ideas are complex entities geues. An idea might
have several different components that work together tegee a particular form
of usable knowledge. Usable knowledge of a different forng(ality) may also
be obtained by combining some, but not all, of the above raeati components.
Therefore an idea, when transmitted via imitation, may epresent the same
unit of knowledge that is available to the original innovatbhis model assumes
that the IP policy of the firm determines how much of the knalglke content will
be transmitted to the imitator.

Firms’s R&D and patenting strategies are also affected byettiernal patent
policy environment. The patent regime is parameterized bpranegative pa-
rameter,S. This parameter is taken as given in this model. The pategnne
directly affects the cost of patenting. A higher value$Buggests a stronger

patent regime, in the sense that it lowers the cost of paigrtnd, thereby, re-
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duces the cost of enforcing IP rights. A lower valueSowill have the opposite
effect.

The cost of firm 1's patenting strategy is denoted by a monoatly increas-
ing, convex function((.), of ¢1. S > 0 is a parameter of the cost function, with
9¢ < 0. Also C(0) = 0 andC’(0) > 0. Firm 2 has an identical cost function for
patenting.

Firms are ex-ante symmetric. Each firm chooses R&D and patgstrate-
gies, engages in licensing (only when licensing is allowaed) introduces a new

finished product with some probability. There are threeestdg the process.

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

For firm 1, the choice oR, affects the expected number of in-house new ideas,
N,, obtained. The choice af; determines firm 1’s extent of patent protection.
The cost of choosing; is C'(¢;). Firm 2 faces a similar problem.

At the end of this stage in-house idesis N, and imitated ideal — ;) N, (1—
¢1) N, are realized.

Stage 2 (Licensing Stage): Firms go into the licensing stage knowing,
and N,. To abstract from the discussion of optimal licensing megdra choice,
| assume a licensing structure where each firm is either adme(one who gives
the license) or licensee (one to whom a license is given)edsdA licensor firm
permits a licensee firm to use the ideas developed by the fotaelicensing
does not preclude the licensor firm from using its own ide&sersing, therefore,
allows firms to access the same ideas simultaneously. Thiffésent from the

generally accepted notion of buying and selling goods, wlikee buyer of the
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good can exclude the seller from using the good. In this pdpmwever, | am
going to use the words buyer and seller to indicate the leemsd the licenser
respectively.

Two types of environments are considered in this model. &first type,
licensing is not permitted. This extreme case is used torstaled the strategic
interactions between different firm-level decisions in ami@nment where there
are institutional or technological impediments to licewsi

The other environment is one in which licensing is allowede Ticensing
process is given. Each firm is a buyer with probabiﬁty\nd a seller with prob-
ability % The buyer firm offers to buy all the other firm’s un-imitatetbas by
proposing a payment that makes the seller indifferent batvwselling and not-
selling. P! is the payment offered by firm 1 when firm 1 is the buyer @dis
the payment offered by firm 2 when firm 2 is the buyAt denotes the number
of ideas obtained by firm 1 (when firm 1 is the buyer) after sssfié licensing.
The licensing process works in the same way for firm 2.

| also consider an alternative licensing environment whgiics the cross-
licensing arrangements observed in the semiconductosinduln this type of
licensing (in this paper) firms share all their inventionsl &oth firms go to the
product development stage with the same number of totadideach firm makes a
payment to the other firm based on the number of their in-holeses 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 gonesluct or they have

fail. The probability of successful product developmentfiogn 1 is given by
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fi = f(Ny, (1 — ¢2)Ns), whereN; is the number of new ideas invented by firm
1 and(1 — ¢2) N, is the number of firm 2's ideas imitated by firm 1. Firm 2 faces
a similar problem. Once the new product is developed, prafésrealized. The
cost of production is zero. If only one firm is able to develop product then that
firm gets the monopoly revenue of, > 0.° If both firms develop the product
simultaneously, they engage in Bertrand competition, wimiaplies that each of
them charges a price of zero for the product and earns zefib. drassume that
when the firms are indifferent between producing and notyciody they choose
to produce the amount dictated by consumer demand. If nonieedfirms are

successful in developing the product then the revenue fdr ebthem is zero.

3.1 Equilibrium

An equilibrium is defined here.

In stage 1, firms choose their R&D and patenting strategits d@ventions
are actually realized. Firms at this stage, therefore, mepa expected profit by
taking into account that there will be a licensing stageratte inventions are
realized.

If there is no licensing, firm 1's expected revenue conddlan the number

of ideas of each firm is given by

it = marf(N1, (1= ¢2)Na)[L — f(Na, (1 — 1) V1)), (1)

wherenl stands for the no-licensing case. The expected revenuatigtefor firm

2 is similar.

5The 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 productfozero in this case.
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If there is licensing and firm 1 is the buyer (which happenin\pibbability%)
then firm 1 offers to buyV} ideas by making a paymeft”. Pl is a function of
(N1, No, NLI), and is chosen in accordance with the given licensing enwient.
An offer (NE, PE) is always accepted by the seller because of the structure of
the offer. However, the buyer firm will make an offer onlysfz > 0. For
firm 1 that means the unconditional probability of succegbovit licensing must
be less than}. For a highly complex industry this condition will be satesfi
Hence for this paper the industry in question is assumed tomlex enough so
that this condition is always satisfied. After licensingpfil now has access to
(N7 + (1—¢9) No+ NI) ideas, while firm 2 has access to the same ideas as before,
which is (N, + (1 — ¢1)N1). The probability that firm 1 succeeds in developing
the final product and firm 2 fails i§(Vy, (1 — ¢o) No, NH[1— f(No, (1= 1) N1)).
Firm 1’'s expected revenue as a buyer, conditional on the ruwitideas of each

firm, is
mp = T f (N1, (1= ¢2) Ny, NP1 — f (N, (1—¢1)N1)]— P{ (N1, No, NY) (2)

such that
N >0.

When firm 1 is the seller (which happens with probabig)yfirm 1 is offered
(N}, PYy— a payment of?;, for licensingV! ideas to firm 2. Her&V} > 0 andP} is
a function of( Ny, Ny, Ni). The offer is such that firm 1 always accepts. Therefore
after licensing firm 1 has access to the same ideas as bEforél — ¢,)N,),
while firm 2 has now has access (., (1 — ¢;)N;, N}) ideas. Hence, firm 1's

expected revenue as a seller conditional on the number a$ iofleeach firm is

mis =T f (N1, (1= ¢2)N2)[1 = f(Naz, (1= ¢1) N1, N3)| + Py (N1, Na, N3) (3)
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such that
N >o0.

The equilibrium for this model is defined as follows :

DEFINITION : An industry equilibrium is a collection of R&D strategies
{R7, R}} and IP strategie§o?, ¢} which are obtained as follows:
Firm 1 choosesk; (R», ¢2) and o (Rs, ¢2) by maximizing expected profit. The
expectation is over the number of ideas for each firm contilion R&D and
patent protection. Firm 2 solves an identical problem artdiob R, (R;, ¢1) and
¢2(Ry, 01). RY, R;, ¢ andg} are the Nash equilibrium values of R&D and patent
protection.

| only look at the symmetric Nash equilibrium of the model &ep the anal-
ysis simple, i.e.,R; = R; = R* and¢; = ¢5 = ¢*. In a symmetric Nash

equilibrium, the equilibrium solution can be expresseceimts of (R*, ¢*).

3.2 TheOptimal Solution

The optimal choice problem is formulated in the followingywa the planner
choosesk;, R, and¢, ¢, in stage 2 to maximize the expected sum of consumer
surplus (CS) and producer surplus (PS). The planner imessat the R&D and
patenting stages, but does not intervene in the productenaifiis assumption

is maintained because the focus of this model is to undetstemeffects of the
patent system on innovation and patenting only, and notemtirket structure.

In the production stage there is no intervention. If only dn@ innovates

then the innovating firm gets the monopoly profit;, the rival firm gets zero and
the consumer surplus is small. If both firms innovate, theth fioms engage in

Bertrand competition, each get a revenue of zero and theuomerssurplus is the
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maximum. If none of the firms innovate then both producer argsuamer surplus
are zero.

Therefore, theoptimal solution is given by the se{ R77, R5F, ¢7F 457}
such that in stage 2, the planner chooggsR, and ¢, ¢, that maximize the
expected total surplus.

To make both the industry equilibrium and the planner’s fgotmore tractable

some specific functional forms are introduced.

3.3 Functional Assumptions

The following functional assumptions are made :

fi=f(N,N) = f(N;+ N) =1— (1= N+ i NN/, 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 f@(.) is useful because it allows the
probability of success for a firm to be a function of the sumdwas that are
accessible to the firm. This implies that ideas are non-rivaérms of the role
they play in the product development process. In the presefitis kind of non-
rivalry it is expected that a stronger patent system will beful as an instrument
for exclusion and, hence, will raise the individual firm’'samtive to invest in
R&D. What this model demonstrates is that even when ideasareival at the
product development stage, under certain circumstartoesitengthening of the
patent system may have less of an impact on an individualdiincentive to
invest in R&D.

The parametek can be interpreted as follows\:is the probability of success

for a firm which has access to only one new inventians a constant for each
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industry. | call(1 — \) the complexity parameter of the industry — for a firm
that has access to only one idea in an industry parametdrgzadhe chance of
success is given by. In other words, firms in @aomplex product industry have a
smaller value of\ than those in aimple product industry. For firms to succeed in
complex product industries itis, therefore, more impdrtanthem to have access
to as many ideas as possible (compared to firms in simpledptaadustries).
The following functional form is chosen faf(.):

0 for 0< R; < %

g
In(BR;) for R; > %,
wheref > 0 is a constant and= 1, 2.

9i = g(R;) =

The following functional form is chosen f@¥(.): C(¢) = +(¢*+ ¢), where
S is a strictly positive parameter that represents the stheoigghe patent regime.
A higher value ofS implies a stronger patent regime in the sense that firms can
obtain the same IP protection)(at a lower cost. The value ¢fis determined by
the existing patent policy environment and is given in thce.

The model is solved for three different cases : 1) the 3-gpaglelem without
licensing, 2) the planner’s problem, where the planner m&&D and patenting
decisions, and 3) the 3-stage problem with licensing.

The no-licensing case is used as a benchmark. This casexapptes an in-
dustry environment where licensing is not common due teeeitie history of de-
velopment of the industry, or technological factors. Thenpler's problem gives
the optimal level of R&D and patenting. The case with licegsis introduced
to study complex product industries, like semiconductatsgre cross-licensing

and other multilateral arrangements to share technicalleuge are very com-

5The semiconductor industry is an example abmplex product industry, where new products

typically embody many new ideas.
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mon. Cross-licensing, in particular, is very common amaggisonductor firms
and has become more important in the recent years. Rival iongeting for
the same market often share their technical know-how orlgigipe broad right-
of-use over a bunch of patented and non-patented fdédter talking to the IP
managers of some of the firms in complex industries, Cohelsodeand Walsh
(2000) have suggested that the recent surge in patentiteg (#82) may be the
result of strategic consideration by firms who want to havetseb bargaining po-
sition in their cross-licensing arrangements. The reaspsttidying the licensing
case is to understand how, in the presence of ex-post lrgr&ims in complex
product industries choose their R&D and patenting strategnd how the strate-

gies change when the patent regime becomes more strong.

4 Equilibrium With No Licensing

In this case there are only two stages — the stage where the ¢inoose R&D
expenditures and patenting strategies, and the produetagevent stage. There
is no licensing stage. To solve this model | start from thé $ésge with firm 1's
problem. Firm 2 has identical problems at each stage.

In the last stage the profits are realized. Firms do not takelacisions at this
stage.

In the first stage firm 1 chooses its R&D expenditieand patenting strategy
¢1. Since there is no licensing in this case firm 1 has accesslyalorse ideas

which it develops in-houséy;, and to those it imitatél — ¢,)N,. At this stage,

"For example, competitors like Intel and AMD engage in criissasing arrangements regu-

larly.
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however, bothV; andV; are random variables. The distribution/gf depends on
the R&D expenditureR;, while the distribution ofV, depends on firm 2’'s R&D
expenditure,R;. The number of imitated ideas firm 1 can get depends on firm
2’s patenting strategys,. Firm 1 similarly affects the number of ideas firm 2 can
imitate by choosing patenting strategy,

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

max E{r"} — C(¢y) — Ry, (4)

R1,¢1

wheren?! stands for firm 1’s revenue in the no-licensing (nl) case.

Since the revenue is a function 8f and N,, which are random variables at
this stage, firm 1 calculates expected revenue. A firm getisiymsevenue only
when it successfully develops the new product and the othmerféils to develop
the new product. The probability that firm 1 succeeds With + (1 — ¢5)N»)
ideas and firm 2 fails wit Ny + (1 — ¢1)N;) ideas isf(Ny + (1 — ¢2)Ny)[1 —
f(Na+ (1 — ¢1)Ny)]. Therefore, expected revenue of firm 1 is

T E{m Ry, Ra, ¢1, 62}, (5)

wherer" is given by (1). The above expectation is over the numberedsdor
each firm conditional on R&D and patent protection.
Given the assumptions about the functional formf¢f) and distribution of

N1, Ny, the expected revenue becomes:

Ty E{[L — (1 — )M =02y )Nt (=0UN By Ry ¢y, 60} (6)

= Ty BE{(1 = \)NFIoON (1 \)CmoONAEmeIN By Ry g, ).
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Now given the distributional assumptions,

E{(l — )\)N2+(1—¢1)N1} — E{(l _ )\)NQ}E'{(:[ _ )\)(1—¢1)N1} (7)
B oo (1-— )\)Nze—!mgévz oo (1— )\)(1—(1)1)]\/16—919{\71
_ []\/22::0 N ][g::(] N ]

— 6—92)\6—9“1((1’1)7
wherea(¢;) = 1 — (1 — X)(1=20),
Similarly it can be shown that

E{(1 - )\)(2—¢1)N1+(2—¢2)N2} — o 91b6(¢1) o —92b(¢2) (8)

whereb(¢) =1 — (1 — \)@=9),

Therefore, firm 1's maximization problem is

—g2X —g1a(d1) _ ,—g1b(d1) ,—g2b(¢2) - C — R 9

max mu{e e e e }—=C()— R (9)
s.t. 0 S (bl S 17
& Ri>1/8.

The Lagrangian for the above problem is:
L = 7TM{€—92>\€—91€L(¢1) _ e—glb(¢1)e—g2b(¢2)} _ C(¢1) — R, (10)

11 + po(1 — ¢1) + 01 (R —
whereu; > 0, us > 0, 6; > 0 are Lagrange rgultlpllers
It can be shown that a unique global maxima exists only forllsralues of \.
Therefore for this analysis | choose a relatively more caxphdustry such that

the global maxima exists for the above problem.

The first order conditions of the above problem are:
oL 0 0b
5. margi[—e~ @A ralo0) T o—(arblon+aab(e2) T (1)
1

0o, I1

— 8C+ =0
96, My — M2
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oL 0
8_R1: 7TM&—211 _e—(g2>\+gla(¢1))a(¢1)_|_e—(glb(dn)+g2b(¢2))b(¢1)} (12)

- 14+6,=0,
wherey; > 0, pp > 0, 6, > 0.
Firm 1 solves these two equations to obtaiti¢s, Ry) and Ry (¢po, Rs). Firm
2 solves a similar problem to obtai(¢;, R1) and Rz(¢1, Ry). In Nash equilib-
rium
¢7 = 0193, R3), 95 = d2(97, RY)
R} = Ri(93, R3), R3 = Ra(¢7, By).

The functional forms ofi(.) andb(.) are
a(@)=1-(1-N"7, (13)

b(p) =1— (1 — N9, (14)

For a symmetric Nash equilibrium the first order conditiofis) and (12),

give
7TM9(1 — )\)(1—¢) 1n(1 _ )\)[_6—9()\4-1_(1_)\)(17@) (15)
- oC
(1= N 9 T H2=0,
1 —_
T R R A (16)

420000 (1 (1 — N9 — 1 =0,

wherep; > 0, o > 0.
The first order condition identifies three distinct regiohs'pseparated by two
cut-off pointsS™ andS™, with 5™ > S™. If the regime parametet < S™, then

firm 1 will choose¢, = 0. For S™ < S < 5™, firm 1 will chooseg,, such that
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0 < ¢ < 1. ForS > S™, firm 1 will choosep;, = 1. Similar results are obtained
for firm 2. These results are summarized in the following psaon:

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

i) for all S < S™, firm i will chooseg; = 0,

i) for all S™ < S < S, firm i will choose0 < ¢; < 1, and

iii) for all .S > 5™, firm i will choose¢; = 1.

Proof: See Appendix A.

The above results are intuitive. If the IP regime is very wéakbelow a
certain cut-off value) then for each firm in a particular istiy the marginal cost
of enforcing IP will exceed the marginal gain from enforciRgrights. For those
low values ofS, firms will choose no IP protection at all. Similarly, in a yer
strong IP regime the marginal gains exceed marginal coshande firms choose

the highest IP protection possible.

Relationship between IP choice

< and patent regime
)

c

g :

g Full Patenting
v S

£

m . .
2 Partial Patenting
2 S

g

©

(a8

No Patenting
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The above problem is now solved for three different pategitmes — strong
patent regime{ > S™), weak patent regimeS( < S™) and moderate patent

regime 6™ < S < S™).

4.1 Casel: Strong patent regime

When firms choose; = ¢, = 1 from (16) it follows that
mmie—w =1 (17)
R )

or, (given the functional assumption gf1))
A= 7 (BR)” MBR) T =1 (18)

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

in the no-licensing case is given by:

R, = Py 5w (19)

4.2 Case?2: Weak patent protection

When firms choosé; = ¢, = 0 equation (16) gives:
1
7TM)\E6_29’\[—1 + (2= N)e AN = 1, (20)

The expressiof-1-+(2—\)e~2921=V] is denoted by. Since(2—\)e~292 10— <
2, it must be that < 1.

25



Therefore, using the functional assumptiongdn,

T A(BR) 8 = 1, (21)
or,
RY_q) = [\ B223] 7 where § < 1. (22)
Therefore R} _, < RY!_,,.

4.3 Case3: Moderate patent regime

| discuss the most general case here. For this part the fioipapproximations

for a andb are made: for small
a=1-(1-N)"=1-(1-\N1-¢)=A1-09¢), (23)

b=1—-(1-NCP =1 - (1-A2-0)) =A2-0). (24)

Using the above approximations the first order conditiohs) &nd (16), give:

(o (o oC  20+1
TagAe (@ ¢)9A[1 —e @ ¢)g)\] = —&b = (bS ) (25)
1
T e @I —(1 = ¢) + (2 - g)e” @I = 1. (26)

From these first order conditions the following results értamed:

Proposition 2. For small values oA,
o OR:
)] 8¢>%
i) 9% > 0.

> 0,
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Proof: See Appendix A

From proposition 2 we get that the patenting strategy of a éina its R&D
strategy are strategic complements. When firms choosegstiroprotection they
also have less access to imitated ideas and, hence, mushalsse higher R&D
to obtain a greater number of in-house ideas. This is bedhesprobability of
success for a firms depends on the total number of ideas bheattait. Strong
patent protection restricts access to ideas invented t®r éitims and, hence, in-
creases the expected returns on in-house R&D in the margirth©other hand
the relation between the strength of the patent regime amg fthoice of IP pro-
tection is positive. Firms choose higher levels of pateatgution when the exter-
nal patent regime strengthens. These results can be caoartbiget the following

proposition:

Corollary 1. A stronger patent regime in an industry with no licensing iehd
to more patent protection and more R&D.

This result is in tune with what economists have presentédeasain reason
for having the institution of patent. When ideas are noatrand can be imitated
at a small cost, the resulting positive externality prosigeentives for individual
firms to invest less in R&D to produce new ideas. The institudf patents takes
care of this by awarding ownership rights. Patents, theegtake care of the free
rider problem and boost investment in R&D.

In addition the following results are also obtained:

Proposition 3.

i) % < 0 for all A, i.e., firms in more complex industries will chooge= 0 for a
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larger range of S-values, and
1)) g—f < Oforall A, i.e., firms in more complex industries will chooge-= 1 for a
smaller range of S-values.

Proof: See Appendix A.

The intuition is that firms in smallek industries produce complex products
that require using a relatively large number of ideas. Tlfiess would, therefore,
choose the weakest IP protection & 0) for a wider range of IP regimes as
compared to firms in highey industries.

In the case with no licensing firms in complex industries arahle to capture
all of the positive externality of the knowledge pool crebéd the industry level.

Next | consider the social planner’s problem.

5 ThePlanner’'sProblem

The consumers are represented by a linear dem&id)) = a — bQ, with a, b >
0. The planner maximizes the sum of the producer surplus amdahsumer
surplus.

Three distinct cases can arise : i) only one firm successtlgielops the
product, ii) both firms successfully develop the product éifnone of the firms
are successful. The total surplus will be different in eaicthese three cases.

Case i) If one firm successfully develops the final productrehwill be a
monopoly. The probability that only firm will successfullgweklop the final prod-
uct is {f (N1, (1 — ¢2)N2)[1 — f(No, (1 — ¢1)N1)] + f(Na, (1 = ¢1)N1)[1 —
SN, (1= ¢2)N2)]}
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Assuming zero production cost, the monopoly profit is oladihy

mgx(a —bQ)Q. (27)

Using the functional assumptions, the above maximizatieesga producer sur-
plus ofj—z and a consumer surplus ng The producer surplus is denoted by,
which also denotes the monopoly revenue following the mmantroduced in the
previous section. In this case the producer surplugisthe consumer surplus is
smy and the total surplus imy,.

Therefore the total expected revenue in this case is

7 = Srnlf(N (L= )N~ F(Na (1 - 6)M)] (29)
+ SN2+ (1= ¢1)Ni)[L = f(N1+ (1= ¢2)N2)]}

Case ii) When both firms successfully develop the final pradbe firms will
engage in Bertrand type competition, that will result in theaimum producer
surplus and the maximum consumer surplus. The probalfilitl/ioth firms will
successfully develop the final product is givenfgy; + (1 — ¢2) No) f(Na+ (1 —
¢1)N1).

In this case the producer surpluslisthe consumer surplus &r,,, and the
total surplus i2m,.

Therefore the total expected revenue in this case is
mil = 2my f(N1 + (1= ¢2)Na) f(Na + (1 — ¢1)V1). (29)

Case iii) If both firms fail to develop the final product therntlbthe producer
surplus and the consumer surplus, and hence the total suvplube equal zero.
This will happen with probabilityl — f (N +(1—¢2) N2)|[1— f (Na+(1—¢p1) N1)].
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Therefore the planner chooses :
{RY7,R3", 077, 05"} = argmaxBmi” + ;"] (30)
— C(¢1) = C(¢2) — B1 — Ry
st. 0< ¢ <1, 0<¢o<1, Ry >1/8, Ry >1/p,

wherer?? andz;”" are given by (28) and (29).

The maximization problem can be rewritten as

3
E{Z01 — (1 = \)Vit(1=62)N27 1 _ )\ N2+ (1=¢1) N1 31
e, T E R = (=) =4 D)

_|_§[1 _ (1 _ )\>N2+(1—¢>1)N1](1 _ )\)N1+(1—¢2)N2
2

H2[1 = (1= MO (1 ey

—C(¢1) — C(¢2) — Ry — Ry.

Now the expected revenue part can be simplified as follows:

WM[—%(l _ )\)N2+(1—¢>1)N1 _ 1(1 _ )\)N1+(1—¢>2)N2 _ (1 _ )\)(2—¢1)N1+(2—¢>2)N2
— WM[_%Q—(QzA-Fgla(fbl)) _ %e—(gl>\+gza(¢2)) _ e—(glb(¢>1)+gzb(¢2))]_

The Lagrangian for this problem is

L = mayl—seOortna) _ Lo-Ootpa@) _ ~oibon oo

2 2
— C(¢1) —C(¢n) — By — Ry

+ mor+ (1 — d1) + 612 + 02(1 — ¢2) + 71 (R — %) +72(Re — %),

wheren; > 0,1, > 0,0, > 0,5, > 0,7, > 0,7, > 0 are Lagrange multipliers.

The planner’s problem gives the following proposition.
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Proposition 4. The planner will choose

i) ¢77 = ¢35 =0, for all values ofS and
i)y RSP > Rglzl.

Proof: See Appendix A.

The above results are intuitive. The planner gets the maxisacial surplus
when there is competition, that is, when both firms succégsfavelop the prod-
uct. Therefore, the planner would favor the minimum IP prbte that would
allow firms to tap into each others’ knowledge pool and inseetine probability
of successful product development. R&D investment is areedjture for the
firm, but in deciding the level of optimal R&D the planner taketo account both
the producer surplus and the consumer surplus. The consur@us is an in-
creasing function of R&D expenditure. The consumers desiwrplus from R&D,
but they do not incur the R&D expenditure. Therefore, thenp& would want
more R&D than what each firm would choose on their own becaus@lanner
problem has this additional consumer-surplus compohent.

Next | discuss the case where ex-post licensing of inveati®allowed.

6 Case?2: Equilibrium with Licensing

In this case there are three stages. In stage one firms deciohelIR&D strategies.
Inventions are realized and imitated at the end of the fiegest In stage two
one firm offers to be the licensee of the un-imitated ideasenlMoy other firm,

provided that licensing is profitable for the licenSekicensing gives a firm the

8Note that the planner’s decision is independent of the paégime. Hence a change in the

patent regime would not change anything in the planner’slpro.
SLicensees are referred to as the buyers and licensors asligrs & this paper.
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opportunity to access the others firm’s inventions. In sthgee, firms develop
products and the profits are realized. The firms do not makelacigions at this
stage.

A very specific form of licensing is considered here. Aftez thvention and
imitation stage the firms go to the licensing stage. Each firia lbuyer of ideas
with probability% and a seller of ideas with probabiligz The buyer firm makes
a take-it-or-leave-it offer to the other firm to acquire all of the other firm’s un-
imitated ideas. The offer includes a payment that makesater $irm indifferent
between selling and not selling. This licensing structuas been chosen for its
simplicity. | do not address the issue of firms’ choice of fiseng mechanism
since that is not the focus of this paper.

It is important to note that the specific structure of therigiag arrangement
is such that the seller always accept an offer and the buymstier off licensing
as long as the payoff to the buyer under the no-licensingnmedgg positive. It has
been already discussed that in the no-licensing case trecedpayoff will be
positive for firms in industries with small values ®fHence the buyers and sellers
in sufficiently complex industries will choose to engageiaehsing when they
enter the licensing stage, regardless of how many totakittesy have acquired
(even forN; = 0 or N, = 0).

The model is solved backwards, starting from stage threstalge three firms
undertake production and profits are realized. At the beggof stage two,
either firm 1 or 2 makes take-it-or-leave-it offer to the other firm. The licensing
mechanism is such that an offer, once made, is always acteftaew product
is developed (or not) at the end of this period. In stage omesfithoose their

patenting and licensing strategies.
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| start with firm 1's problem. In stage three, profits are =i and the firms
do not make any decisions. In stage two, givén N,, firm 1 is the buyer of ideas
with probability% and seller with probabilit;é. As a buyer, firm 1 offers?! to
acquire all of firm 2’s ideas. Similarly as a seller firm 1 reesi an offer of? as
a payment for selling all its ideas to firm 2.

When firm 1 is the buyer (which happens with probabigtjythe expected

revenue conditional on the number of ideas of each firm is

T1B = W]V[f(N1+N2)[1—f(N2+(1 _(bl)Nl)] —PlL (32)

st. P <muf(Na+ (1= @) N)[f (N1 4 Na) — f(Ni + (1 — ¢2) No)].

When firm 1 is the seller (which happens with probabi%i)yhe expected revenue

conditional on the number of ideas of each firm is

s > Tuf(Ni+ (1 — ¢2)No)[1 — f(No + Ny)| + Pf (33)

st. Py =maf(N 4 (1= ¢2)No)(f (N2 + Np) — f(No+ (1 — ¢1)Ny)).

Hence in stage one, given that firms decide to engage in lingms stage two,

firm 1 solves for :

(R, 6} = argmax Elmys+mslRi 60, B3]~ Clo) ~ B (39)
st Pl = f(Na+ (1= @) N)[f (N1 + Nao) — f(Ni + (1 — ¢2) No)]
& Py = f(Ni+ (1= d2)No)(f(No+ Ni) — f(No+ (1= ¢1)N1))
& 0<¢1 <1, Ri>1/8.

33



The expectation in (34) is over the number of ideas of each d¢wnditional on

R&D and patenting. The expected revenue part of the abovatiequgives

1
§E[7T13 + WIS] = %E{Q(l _ )\)(1—¢1)N1+N2 _ 2(1 _ )\)(2—¢1)N1+2N2
—(1— )\)Nl+(1—¢2)N2 (1= NNty

_ W_M{Qe—gzke—gla(%) _ 26—glb(¢>1)6_292)\

— e~ N1 Ap—g20(42) + 6—91>\e—g2)\}7

wherea(¢) =1 — (1 — A= andb(¢) = 1 — (1 — \)Z=9),

The Lagrangian of the above equation is given by:

L = WTM{Qe—gzke—gla(%) — 27 910(¢1) =292 __ =91} ,—g2a(¢2) + e—(g1+gz)@5)
1
—C(¢1) — Ry + pady + pa(l — ¢1) + O2(Ry — B),

whereus > 0, ug > 0,60, > 0 are Lagrange multipliers.

The first order conditions are:

Ty _ ) da _ ob
. 2 (922+g1a(41)) (916(¢1)+2922) Z~ 36
o1 5 gi{—e 8¢1+e 8¢1} (36)
B oC o 0.
8¢ M3 — pa =

Ry : Wé” gjgl{ 9~ (922 +g10(61)) (¢1)+26 (glb(¢1)+292)\)b(¢1) (37)
1

4+  de” (Ag1+g2a(#2)) )\6(91-‘1-92 >\} —146,=0.
For the symmetric equilibrium equations (36) and (37) give

C
e + p3 — pa = 0, (38)
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P26 — 1) 4 2(2 - g)e IR — Y 1, =0, (39)

The first order conditions again identify three distinctiosg of theS-line,
separated by two cut-off points’ and S'. For all S > S, firms choose the
maximum patent protectiony( = ¢, = 1). For all S < S', firms choose the
minimum patent protectionyf = ¢, = 0).

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

patent regime, a weak patent regime and a moderate patéamereg

6.1 Casel: Strong patent regime

When the patent regime is very strong, firms chopse- ¢, = 1.

From the first order condition:

1
WTM)\E[e_gA 4 2e739 — 729 =1, (40)

For small values oA it can be shown
[ nl
Ripy < Big=y, (41)
that is, the R&D chosen by firms at the maximum level of IP prota is lower

in the presence of licensing as compared to the no-licertsisg.

6.2 Case2: Weak patent regime

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

From the first order condition:

@6_2!])\[26_29)\ -1 =1 (42)

A
TMAGR
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Comparing this with the no-licensing case | find that
[ nl
Ris—oy = Ris—o}, (43)

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

Thus, so far it has been shown that when firms choose the IdR/@sbtection
(¢ = 0), their R&D expenditure choice remains the same in both thkaensing
and licensing equilibrium. This is not surprising, becatislicensing stage is
trivial when there are no ideas (in expected terms) to lieersd, hence, the two
cases give identical results.

The most general case is considered next.

6.3 Case3: Moderate patent regime

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

marghe” BTN — 7202 9 _ 0, (44)
01
T2 (2 — 1o 4 22— ) eI 1 (as)

Analyzing the above equations the following results areimted for firms in

complex industries:

Proposition 5.
i) For small values of\, g—{; will be positive, bulg’—fjh < %\nz, wherenl stands for
the no-licensing case aridtands for the licensing case, and
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ii) 22 will be positive.

Proof: See Appendix A.

This proposition states that although a strengtheningepttent regime will
always lead to higher patenting and higher R&D, the strategmplementarity
between R&D decision and patenting decision of a firm is weallén the pres-
ence of licensing. Even if both types of licensing environtseyenerate the same
increase in patenting in response to a stronger patent eegirange, the R&D
increment will be smaller in an industry where licensing idespread.

Firms in complex industries rely heavily on licensing to taf other firm’s
ideas. As the surveys mentioned before suggest, licengisgohcome a very
important for firms in the semiconductor industry after tf882-change in the
U.S. patent regime. The relatively small increase in theeggie R&D in this
industry then may be due to the relatively weak compleménptaetween a firm’s
R&D decisions and patenting decision. In the presence ehsmg, a firm in a
complex industry has access to an additional mechanisnbfairong other firm’s
inventions and will, therefore, have less incentive to gtvie R&D to generate
in-house inventions. A stronger patent regime will inceeg@stenting, but the
corresponding increase in R&D will be smaller in presende&cehsing than what

would have been in the absence of licensing.

6.4 A Numerical Experiment

As suggested by Grindley and Teece (1997), the U.S. patgimeschange had an

impact on the licensing environment of the semiconductdustry. The change in
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the patent regime seems to have increased licensing arstl@essing activities
in the semiconductor industry. In light of the above obsgove | consider the
pre-1982 licensing environment as one that approximatéeetno-licensing case
described in this paper and the post-1982 licensing enwiemm approximates to
the with-licensing case. The patent regime has changed thioigs than just the
regime parameter; it has also changed the licensing emaiean

In this section, | report a numerical exercise to understhadmpact on firm-
level patenting and research variables due a joint chantieipatent regime and
the licensing environment. The parameter values choserpogted below.
The complexity parameter is chosen tobe- 0.005 so as to represent complex
industries, like semiconductor, electronics, ¥t@he profit ¢r);) is chosen to be
10 million.!! To obtain values for thg parameter, the R&D is taken to be a fifth
of the total profit. The average number of patents in the semdigctor industry
for 2002 is aboub5. This gives a parameter value @fin the order ofl0'". For
this exercise3, = 3, = 3 x 10! are chosen. The parametg¢relates to the cost
of patenting. A parameter value §f= 2 x 10~% implies that the cost of complete
patent protectiong = 1) for a firm runs in the order of a millionS = 2 x 10~¢
is considered a weak patent regime. A 50% increase in theneegarameter

constitutes a stronger patent regime. The results obtareedummarized in the

0The MPEG4 \Visual Patent Portfolio contains approximately80 1 patents
(http://www.mpegla.com/m4v/index.cfm). This is not a firoduct for the consumers but
a compression technology that allows developers of welasiireg and videophone to develop
their final products. A firm in an industry with = 0.005 that acquires all of these 180 patents

will have 60% chance of developing a final product.
The general conclusion of this experiment remains sameidweln or lower values of profit.

However, keeping all other parameters the same, a very gnudilf drives the patenting parameter

to zero, while a very large profit makes the patenting paranesjual to 1.
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following table:

Weak Patent RegimgeStronger Patent Regime

No ¢ (patenting) = 0.15
Licensing| g (research) = 54.15
With ¢ (patenting) = 0.69
Licensing g (research) = 54.08

The above exercise shows that a change towards a stronggt pagime
change that also alters the licensing environment will hevarge positive im-
pact on firm-level patenting decision, but may have only alls(aad negative)
impact on the research decision. This tallies well with theadrom the semi-
conductor industry where the post-1982 large increasetentiag has not been
matched by a similar large increase in research. It is plesgiat thepatent para-
doxis a product of the changed licensing environment that Hamsfed the patent
regime change. A strong licensing environment coupled ailtrong intellectual
property regime has enhanced the importance of patentirigrfes by making the
size of the patent portfolio an important determinant oftdrens of the licensing,

but has not changed the incentives to conduct R&D signifigant

7 Conclusion

The strengthening of the U.S. patent regime after 1982 wisned by a large
increase in the number of patents and by an unchanging R&Brehure trend,
particularly in the complex product industries. Whethezsi observations can

be explained by studying the effects of a stronger pateninegn an industry
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environment where bilateral licensing of technologiesasmmon, is that main

focus of this paper. The model presented here shows thabfoplex product

industries, where bilateral licensing is common, a stropgéent-regime change
will have a smaller impact on the firm-level R&D decision caamgd to that in

other industries where licensing is less important.

The impact of the licensing environment on firm-level R&D @ém is prob-
ably also a function of the size of the firm in terms of its stoflpatents. Larger
firms with an already large patent portfolio might enjoy até&ebargaining po-
sition more frequently and, hence, their firm-level R&D dga@n might be less
sensitive to a change in the patent regime. The patentindgR&fal data for the
semiconductor industry shows that the four largest firmgh@sample considered
in Dey (2005)) in the semiconductor industry have increds#t their patenting
activity as well as their R&D activity substantially aftdret 1982-change in the
U.S. patent regim& The patent paradox does not seem to be holding for this
group of firms, while it definitely holds for the medium and #mall-sized firms.
Since this model considers homogenous firms, the sizeteffemt captured in

the model. This remains a project for the future.
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Appendix A
Proof of Proposition 1

From equation (15) fot; = ¢, = 0 (i.e., us = 0),
oC

Targ(1 — N)in(1 — X)[—e 29 4 (1 — \)e 2@V - D0r 4+ =0, (46)
wherep; > 0.
Therefore,
oC 1 0 —2¢°X —2g9A(2-2)
8751”’1:0 =3 > g (1 —A)In(l — A)[—e +(1—=MNe |, (47)
or,

S < [marg®(1 = AN In(1 = A)(—e 2" 4 (1 = N)e 271 (48)

whereg® = g|,—o. The right hand side of the above expression givés
Similarly, for S > S given by 5™ = 3[mp¢' In(1 — A)(—e 9> + (1 —
A)e 20|71, whereg!' = g|4—1, firms will choosep; = ¢, = 1.1

Expressions foy! andg® are solved in the next 4.1 and 4.2 respectively.

Proof of Proposition 2
i) Equation (26) gives
~(2-¢)gA ~(2-¢)g) 09
TymAe IM(2—d)e g —1+¢}@:1. (49)

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

‘2_2%[1 (2= A+ (20PN +gA-(1-9) +2(2~9¢)] =0  (50)
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or,

96 "1+ A2 - 0)(3—0)

Since¢ < 1 it must be thalg’% > 0.

(51)

i) Differentiating equation (25) w.r.tS:

_(a—i)gr 09 09 (o (o

2-¢)gr I ¥ _ —(2—9¢)gX _ _ (2=9)gr(o _

made GO EI(1 N1~ gA(2 - ) + ghe (2 — )
99 2 @ DA (| _ go—@-dgry _ 21 _(20+1)

+8S [Tar(gA)“e (1—2e ) S] = SE

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

99 ragM (2 — 6)A

dg \ 2, 2041
oS

As A — 0, the negative term on the |.h.s. dominates the positive.t&imce
the function is continuous, for small values)othe bracketed term on the |.h.s. is

negative. Since the r.h.s. is also negative, it must beghat 0.1

Proof of Proposition 3

) S = [marg®A(1 — e 20"V )e 20N -1,

Now, R® = [Ay;3~2*6]777, wheres < 1. Therefore

9° = In(BR°) (53)
= hl[)\ﬂ']v[ﬁé]ﬁ

1
== 1 +2)\ln()\77']\/[ﬂ(5)
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Therefore,

99" In(Amuf39) 1 (54)
O (14202 (1+2)0))
11,
R ET e
Differentiating,S w.r.t. A gives
oS —2g0)\ 89 —2g%A 0 —2g°A
2 - - 55
N Tme <8)\ A gl —e +2g°\(2e 1)] (55)
0 1 1 0 0
= — 20N (= _ ~20°% 4 9,03 (9-2¢°X _ |
mee (T (S PN+ gL — e 4+ 29N (2¢ )]
1 1
_ —2g%A - —2g%A 209\(2 —2g%X 1
mee (T (3 PN+ g1 — e 429N (2¢ )]
Now, (55(5 — 92X +¢°) =1+ ¢° 4+ ¢°A > 0. For A — 0, it can be shown
that[1 — 29" 4+ 2¢9\(2¢=2"* — 1)] > 0. Hence for small values of, 22 < 0.1

Proof of Proposition 4

i) Note that the above objective function is a monotonicdkgreasing function
of ¢1, ¢o. Hence the planner will choogg” = ¢5* = 0.
i) The first order conditions foR?; and R, are given by

R, dg 1 [ o~ (artagra(1) (1) + Ag1+g2a(¢>2)))\] (56)
0R1

te~ (91b($1)+g2b(d2)) (¢1)]

1
. dg 1 [ o—~Ogtaa(on) y 4 _e_(Ag1+gza(¢z))a(¢2)] (57)
MR, 2 2

+e~ (glb(¢1)+g2b(¢2))b(¢2)] —1=0.
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Therefore, in the symmetric equilibrium
WMA%e-Wu + (2= N)e AN = 1, (58)

| definey = [1 4 (2 — A)e 29*(0=Y]. Now ) > 1 for all values ofg.
Therefore, using the functional assumptions, the R&D egjiare chosen by

the planner for each firm is given by:
RSP = [Amy B2 ] 5, where ¢ > 1. (59)

Therefore R°" > Ry |.A

Proof of Proposition 5

i) Differentiating (44) with respect to
7TM)\ O_R
2R? 0¢
—(2¢ — 1)(2 — @) he” B _2(2 — ¢)(4 — ¢)Ae” (1799 1 2)em 2]

[—(20 — 1)e™799% —2(2 — g)e”17D9A 4 o720 (60)

- -ﬁ—;?[—%—(z—qs)gk — (20 — 1)ghe” BP9 4 27 (1799% _ 9(2 — g)ghe™ -9

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

0_R|_ 39AR
96 " 24 T2 — ¢) — 2\

(61)

Comparing this with the no-licensing case, it can be shown%%\l < 3—;?\”1.

i) Differentiating equation (45) w.r.tS gives

22 99 a¢e (2=¢) N1 — 722 — (2 — ¢)g(1 — e72*) + 2ge™ %] (62)

™36 S
(o o 00 200 20+1
(2=9)gr(1 _ 29X\ - = _
+mgi N %e (1—e )05 339 o
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For small),

0p 209 2, 20+1
o5 L2mmgA 96 ST g2

For small)\ the term inside the parenthesis on the left-hand side wilidga-

tive. Therefore, it must be thg¢ > 0.1

(63)
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