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Abstract

The strengthening of the U.S. patent regime in the earlytigighvas followed by a sharp in-
crease in patenting but did not change the R&D expenditgrafgiantly in some industries in the
U.S. This “patent paradox” is prominently observed in cosmghdustries, like the semiconduc-
tor industry. In this paper | develop a model of invention gmdduct development to examine
the effects of a patent regime change on the patenting and &&disions of firms in complex
industries. Firms in these industries have a greater neadcss a large number of ideas to suc-
cessfully develop an end product. | consider two differemtirenment — one without licensing
and one with licensing. While a stronger patent regime leadiégher patenting and R&D activi-
ties in both environments, the strategic complementagtywben patenting and R&D is relatively
weaker in the presence of licensing. A stronger patent regihange that creates incentives for
firms to increase patenting activity, therefore, may nodl fema similar increase in R&D activity.
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1 Introduction

In 1982 the U.S. Congress established the Court of AppealfiéoFéderal Cir-
cuit (CAFC), a move seen as strengthening the level of patetégtion in the
United States. The intention on the part of the Governmesttoareate a strong
intellectual property regime that will create incentives firms to conduct R&D.
Researchers have debated the pros and cons of this chaxgeng them, Hall
and Ziedonis (2001) have pointed out that in the semicomdudustry patenting
increased substantially after 1982 while R&D expendituréntazned the previ-
ous trend. They and other researchers have suggesteddlisatehgthening of the
patent regime has not changed the incentive to perform R&ifgigntly, but has
provided incentives to create large patent portfolios fmghining purposes. This
observation is particularly relevant for “complex produadustries, such as the
semiconductor industry, where the development of the endyat is generally
achieved by using ideas and products owned by different firms

Some complex product industries, like electronics and sentiuctors, have
traditionally relied on licensing and bilateral bargampicalled cross-licensing) to
access the knowledge owned by different firms. The numbeatefyped (or poten-
tially patentable) ideas or inventions needed to develegtioduct produced by
these industries is large and the patents are often owneiffésedt firms. Grind-

ley and Teece (1997) note that “with this degree of overlaedfinology, compa-

2See Cohen, Nelson and Walsh (2000), Kortum and Lerner (1888pes and Nelson (1990).
3The term “complex product” is used by Cohen, Nelson and W600) to describe “com-

mercializable product or process ... comprised of numesepsrately 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 technoldggysare developing.”



nies protect themselves against mutual infringement bgselicensing portfolios
of all current and future patents in a field-of-use, withowtking specific ref-
erence to individual patents.” Researchers, who have sedviye intellectual
property (IP) managers of some of the computer, electramdssemiconductor
firms, report that after the strengthening of the patenteggme licensing activi-
ties in the industry have increased and patents have becareimportant as a
bargaining chip in these agreements.

As mentioned before, the reason for strengthening the @t®npregime was
to create an incentive system that rewards innovationigictind, thereby, creates
incentive for firms to invest more in R&D activities. The “patgparadox”, a term
used by Hall and Ziedonis (2001), refers to the empiricaleolsion that the
change in the U.S. patent regime was followed by substapdganting activity
by firms, which was not matched by firms’ R&D activity. On an aggate level
the growth of R&D expenditure remained constant, while tlengin of patenting
increased substantially. The patent paradox raises iapioguestions regarding
the role played by the institution of patenting in firms’ d@oh making process.

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

This paper presents a stylized model of basic inventior ety and product
development to study the effects of a stronger patent regmpatenting and R&D
in a given licensing environment. | treat the process of asgyubasic inventions
(or ideas) and the process of developing a new product as two sepatatiies.
R&D expenditure determines the number of new in-house ideqsiteed by each

firm, but the in-house ideas alone do not guarantee suctessfiuct develop-



ment. Access to additional ideas, that are developed byfivas, increase the
probability of successful product development for each .fiknother feature of
the model is that each industry is characterized by a corniplearameter. A
complex product industry is one where relatively more id@esneeded to suc-
cessfully develop the final product. In other words for firmshis industry, who
have access to only a few ideas, the probability of succgssiduct development
is small. | compare the effects of a stronger patent regimiroms’ decision to
patent and invest in R&D without and with licensing. The magpledicts that in
complex industries the responsiveness of a firm’'s R&D decigioresponse to
the strengthening of the patent regime depends on the inggesivironment. |
consider two different environments — one with no-licegsamd the other with
licensing. In the presence of licensing the strategic cemphtarity between
R&D and patenting is weaker. Therefore in response to a dtrengng of the
patent regime, even when the increase in patenting predigt®oth the environ-
ments are the same, the R&D expenditure will be less affeatéuki presence of
licensing as 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 patgniimcreased patent-
ing activity, in turn, provides incentives for higher R&D estment because with
increased patenting firms now know that imitation activityl wecrease which
will allow the owners of innovations a better chance to depdhe final product.
This creates the strategic complementarity between firmsistbn to patent and
their decision to invest in R&D. The complementarity resullchin both kind of
licensing environments considered in this paper. In themdrs of licensing, firms

can improve their chance of developing the final producteeithia innovation or



via imitation. In the presence of licensing, firms have antaaithl source of ob-
taining innovations — via licensing. The presence of therlging option reduces
the complementarity between patenting and R&D investmecisiigs made by
each firm. Although a stronger patent regime provides ineerib engage in
higher levels of patenting, that increase in patentingtsle smaller increase in
R&D investment in the presence of licensing. Empiricallgrefore, it is possible
to observe a stronger patent regime leading to a substamtiglase in patenting

activity without observing a similar increase in R&D actyit

1.1 Reated Literature

There has been substantial theoretical work on cumulativevation. This paper
also deals with cumulative innovation, but the notion of clative innovation
used here is slightly different than that found in the litara. In the literature
cumulative innovations generally refers to the notion oigilagged complemen-
tarity. The basic idea is that today’s innovations are ndy emaluable for the
immediate benefits they provide, but also valuable inputdufture innovations.
For cumulative innovations complementarity exists betwielay’s innovations
and tomorrow’s innovations. In that sense, cumulative vations refer to time-
lagged, unidirectional complementarity. In complex pratdimdustries like the
semiconductor industry innovations are not only cumuéativthe above sense
but they also show temporal and bi-directional complenrgniae., the mutual
exchange of innovations at the same period of time enhaheeshtance of suc-
cess for all parties concerned.

Bessen and Maskin (2000) address the issue of complementaoyations

and their paper relates most closely to my work. They ingas#i a firm’s incen-



tive to invest in R&D by comparing two scenarios, one withoydagent system
and another with a patent system. Complementarity is modsiegsuming that
the expected number of innovations increases when both ifivast in R&D. In
the no-patent case two firms make the decision whether tstiovemitate. In the
presence of a patent system there is no imitation. Instemag ian invest in new
innovation only if the patent-holders agree to licenserth@iovations. Bessen
and Maskin identify conditions under which patent-holdeil not license their
innovations and will, therefore, lead to an outcome thaticeg social welfare.

This paper develops a model where imitation of innovati@ssjn Bessen
and Maskin (2000), has a positive social value. In Bessen aaekid, imitation
increases the expected number of future innovations. In apepimitation in-
creases the chance of successfully developing a final pradhich is valuable
to the consumers. The patent system plays an important yoddtdring the cost
of patenting and, thus, altering firm’s choice of in-house R&ml 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 infangand do not con-
sider cumulative innovations. They find that firms will lisensmall innovations
and effect of licensing on research incentives is ambigudughough, | model
cumulative innovation and take the licensing environmengigen, | obtain the
result that the effect of a strong patent regime on R&D in thesence licensing
is less pronounced than that in the absence of licensing.

This paper is organized in the following way. In the next gect describe the
baseline model. In section 3, | discuss the no-licensinglibqum. In section 4

the planner’s problem is described while in section 5 thengng equilibrium is



discussed. Section 6 concludes.

2 Basic Model

| focus on an industry with two firms in an economy. This is oeeiqd model
with multiple stages. The consumers care only about the medugt and are
represented by a demand functidh,= D(Q), where( is the total quantity of
the new product demanded at pri€e D(.) is a downward sloping, well-behaved
demand function, wittD~1(0) < occ.

In this model, therefore, firms make a profit only if they havesa product at
the end of the period.deas (also called innovations in this paper) are developed
by firms at an earlier stage and are the building blocks of t#ve product. The
probability of successful product development by each fiepehds on the total
number of new ideas a firm 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 inR&nd generate
in-house ideas or can imitate ideas that have been gendratatier firms.

To generate in-house ideas each firchooses R&D expenditurd?;, which
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. The act of inotats an attempt
to access the other firm’s knowledge pool without making aypayt. The extent

of successful imitation by a firm is determined by the patémttegy adopted by



its rival firm. Higher patenting negatively affects the nuanbf ideas that can be
imitated by rival firms. Firms patent to protect their ide&sy. protecting ideas,
firms make it harder for other firms to imitate. Therefore iis {paper patenting is
a firm-level decision that reduces imitation. Specificgigtenting is modeled in
the following way : firm 1 chooses a patenting strategy,such that < ¢; < 1.
¢1 is a measure of the strength of firm 1's IP policy. It can be afiom of the
total number of patents firm 1 receives and its emphasis amgHawyers and IP
managers to successfully defend its intellectual prop&ityilarly firm 2 chooses
bo.

If firm 1 chooses); then the firm 2 can only successfully imitdte— ¢, )N, of
firm 1's ideas. Similarly firm 2’s patenting strateg@y, determines the number of
ideas that can be imitated by firm 1. Therefore, by choosiag#tenting strategy,
firms decide (deterministically) the fraction of ideas thait be imitated by the

other firm.

Ideas accesible N, + (1 —(1)2)N2

to firm 1
(o) (oRg)s,

Ideas accesible| (1 —q)1)N1 + N,
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 musabenteger. The
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assumption of perfect divisibility of ideas simplifies theadysis considerably,
although it may not be realistic. One way to interpret thih&t ideas are complex
entities themselves. An idea might have several differemmonents that work
together to generate a particular form of usable knowledgsable knowledge
of a different form (or quality) may also be obtained by conmibg some, but not
all, of the above mentioned components. Therefore an ideanwransmitted via
imitation, may not represent the same unit of knowledge ihatailable to the
original innovator. This model assumes that the IP polictheffirm determines
how much of the knowledge content will be transmitted to thiator.

Firms’s R&D and patenting strategies are also affected bexternal patent
policy environment. The patent regime is parameterized bpranegative pa-
rameter,S. This parameter is taken as given in this model. The pateitne
directly affects the cost of patenting. A higher value8Buggests a stronger
patent regime, in the sense that it lowers the cost of paigrind, thereby, re-
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 moncadig increas-
ing, convex function((.), of ¢;. 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 that option is avhgladnd introduces a

new finished product with some probability. There are thtages to the process.

Stage 1 (R&D and I P Protection Stage): Firms choose R&D strategie®;



andR,, and patenting strategies, andg,, by maximizing expected profit.

For firm 1, the choice of?; affects the number of in-house new idegs,
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 ide¥sis N, and imitated ideaSl —¢,) N, (1—
¢1)N; are realized.

Stage 2 (Licensing Stage): The firms go into the licensing stage knowing,
and N,. To abstract from the discussion of optimal licensing medra 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)edsd A licensor firm
permits a licensee firm to use the ideas developed by the fptme licensing
does not preclude the licensor firm from using its own ide&sensing, therefore,
allows all firms to access the same ideas simultaneouslys i$tdifferent from
the generally accepted notion of buying and selling goodere/the buyer of the
good can exclude the seller from using the good. In this pdpmvever, | am
going to use the words buyer and seller to indicate the leemd the licenser
respectively. This is done for simplicity.

Two types of environments are considered in this model. &fitst type,
licensing is not permitted. This extreme case is used tornstated the strategic
interactions between different firm-level decisions in ani®nment where there
are institutional or technological impediments to licegsi

The other environment is one in which licensing is allowede Ticensing
process is given. Each firm is a buyer with probabigtand a seller with prob-
ability % The buyer firm offers to buy all the other firm’s un-imitatettas by

proposing a payment that makes the seller indifferent beveelling and not-
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selling. Pl 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 sasfté licensing.
The licensing process works in the same way for firm 2.

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

Stage 3 (Product Development Stage): At the beginning of this stage firms
either successfully complete the development of a new mtoaiuthey fail. The
probability of successful product development by firm 1iggiby f; = f(NVy, (1—
¢2) N2, whereN; is the number of new ideas invented by firm 1 gnd- ¢,) N,
is the number of firm 2’s ideas imitated by firm 1. Firm 2 facesalar problem.
Once the new product is developed, profits are realized. ©beaf production
is zero. If only one firm is able to develop the product thert fiven gets the
monopoly revenue af;;, > 0.* If both firms develop the product simultaneously,
they engage in Bertrand competition, which implies that ezfdlhem charges a
price of zero for the product and earns zero profit. | assumaevhen the firms
are indifferent between producing and not producing theyosk to produce the
amount dictated by consumer demand. If none of the firms areessful in de-

veloping the product, then the revenue for each of them . zer

2.1 Equilibrium

An equilibrium is defined here.
In stage 1, firms choose their R&D and patenting strategiex®d&inovations

are actually realized. Firms at this stage, therefore, mepg expected profit by

4The monopoly profit is obtained in the usual way from the comsudemand functio®® =

D(Q) and the cost of production of the firm. The cost of product®rero in this case.
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taking into account that there will be a licensing stagerdfte innovations are
realized.
If there is no licensing, firm 1's expected revenue conddlan the number

of ideas of each firm is given by

Tt = Tarf (N1, (1= d2) Na)[1 — f(Na, (1 — ¢1)N1)] (1)

The expected revenue structure for firm 2 is similar.

If there is licensing and firm 1 is the buyer (which happen:tsl\p'rbbability%)
then firm 1 offers to buyV} ideas by making a paymet”. P! is a function of
(N1, Ny, NI, and is chosen in accordance with the given licensing enient.

An offer (N, PL) is always accepted by the seller because the structuresof th
offer. However, the buyer firm will make an offer only4fiz > 0. For firm 1
that means the unconditional probability of success withoensing must be less
than%. | assume\ to be small enough so that this condition is always satisfied.
After licensing, firm 1 now has access to id€a§ + (1 — ¢2) N, + NF), while

firm 2 has access to the same ideas as before, whigkis (1 — ¢;)N;). The
probability that firm 1 succeeds in developing the final pcidind firm 2 fails is
F(Ny, (1 — ¢9) Ny, NEY[1 — f(No, (1 — ¢1)Ny)]. Firm 1's expected revenue as a

buyer, conditional on the number of ideas of each firm, is
mp = Tarf (N1, (1= @) N, N )[1— f(Na, (1= ¢1)N1)] = P (N1, Ny, NY) (2)

such that
N{ > 0.

When firm 1 is the seller (which happens with probabiﬁ)yfirm 1 is offered

(NE, PF)— a payment ofP; for licensing N} ideas to firm 2. HereV) > 0 and
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Pf is a function of( Ny, Ny, NF). The offer is such that firm 1 always accepts.
Therefore after licensing firm 1 has access to the same idelasfare( Ny, (1 —
®2) N,), while firm 2 has now has access to idéas, (1 — ¢;1) N, NI). Hence,
firm 1's expected revenue as a seller conditional on the nuwibdeas of each

firm is
m1s = marf (N1, (1= 62) No)[1 = f (Ne, (1= 61) Ni, Ny)|+ P (N1, N2, Ny) (3)

such that

N >o.

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?, ¢5} which are obtained as follows:
Firm 1 choosesk, (Rs, ¢2) and o, ( Rz, ¢2) by maximizing expected profit. The
expectation is over the number of ideas for each firm contlion R&D and
patent protection. Firm 2 solves an identical problem artdiob R (R;, ¢1) and
o2(R1, ¢1). 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 expressecknnts of R, ¢*), which

makes the analysis a lot easier.

2.2 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
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surplus (CS) and producer surplus (PS). The planner intesvahthe R&D and
patenting stages, but does not intervene in the productenafiis assumption
is maintained because the focus of this model is to undetstemneffects of the
patent system on innovation and patenting only, and not@midwket structure.

In the production stage there is no intervention. If only én@ innovates
then the innovating firm gets the monopoly profit,, the rival firm gets) and
the consumer surplus is small. If both firms innovate, theth fioms engage in
Bertrand competition, each get a revenueé)and the consumer surplus is the
maximum. If none of the firms innovate then both producer am$umer surplus
are zero.

Therefore, theoptimal solution is given by the se{ R77, R5F ¢7F 457}
such that in stage 2, the planner choosgsR, and ¢;, ¢, that maximize the
expected sum of the producers’ and the consumers’ surplus.

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

some specific functional forms are introduced.

2.3 Functional Assumptions

The following functional assumptions are made :
fi=f(Ni,N)) = f(N; + N)) =1 — (1 = N)N+ND i N, N/, 0<\< L.
N; takes the value oft — ¢;)N;, Vi # j in the absence of licensing and takes the
value 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 sumdwdas that are
accessible to the firm. This implies that ideas are non-iivaérms of the role

they play in the product development process. In the presefihis kind of non-
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rivalry, it is expected that a stronger patent system willibeful as an instrument
for exclusion and, hence, will raise the individual firm'sémtive to invest in
R&D. What this model demonstrates is that even when ideas areival at the
product development stage, under certain circumstarntoesitengthening of the
patent system may not always positively influence an indi@idirm’s incentive
to do R&D.

The parametek can be interpreted as follows\:is the probability of success
that a firm with access to only one new idea faces in this imglustis a constant
for each industry. | cal{1 — \) thecomplexity parameter of the industry — for a
firm that has access to only one idea in an industry parameteby)\ the 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 it is, therefore, more impottfor them to have
access to as many ideas as possible (compared to firms irtriegusith smaller
values of(1 — X)).

The following functional form fory(.) is chosen for this analysis:

0 for 0 < R; < %
gi = Q(Ri) =
ln(ﬁRz) for R, > %

wheref > 0 is a constant anél= 1, 2.
The following functional form foiC(.) is chosen: C(¢) = 4(¢* + ¢) where
S is a strictly positive parameter that represents the stheoiggthe patent regime.
A larger 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 thosel.

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

typically embody many new ideas.
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The model is solved for three different cases : 1) the 3-gbaglelem 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
industry environment where licensing is not common due ttoeeithe history of
development of the industry, or technological factors. pla@ner’s problem gives
the optimal level of R&D and patenting. The case with liceggmintroduced to
study complex product industries, like semiconductorsnetihere are instances
of cross-licensing and other multilateral arrangementshi@re technical knowl-
edge. Cross-licensing, in particular, is very common amamgisonductor firms
and has become more important in the recent years. Rival fiormpeting for
the same market often share their technical know-how orlgigipe broad right-
of-use over a bunch of patented and non-patented fRiédter talking to the IP
managers of some of the firms in complex industries, Cohersddednd Walsh
(2000) suggest that the recent surge in patenting (afte2)®8y be the result of
strategic consideration by firms who want to have a bettegaiaing position in
their cross-licensing arrangements. The reason for stgdyie licensing case is
to understand how, in the presence of ex-post licensingsfimtomplex prod-
uct industries choose their R&D and patenting strategieshamdthe strategies

change when the patent regime becomes more strong.

5For example, competing firms like Intel and AMD engage in s#isensing arrangements

regularly.
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3 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 produetageuent stage. There
is no licensing stage. To solve this model | start from thé d¢éage with firm 1's
problem. Firm 2 has identical problems at each stage.

In the last stage the profits are realized. Firms do not takelaaisions 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 accesslyaloose ideas
which it can develop)V;, and those which it can imitaté — ¢ ) N». At this stage,
however, bothV; and N, 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 strategyy,. Firm 1 similarly affects the number of imitated ideas firm
2 can have by choosing patenting strategy,

Firm 1 chooses?; and¢, by maximizing expected profit.
max E{R} — C(é1) — By, (4)

whereR stands for revenue.

Since the revenue is a function 8% and N,, which are random variables at
this stage, firm 1 calculates expected revenue. A firm gets\ymeevenuer,, >
0 only when it successfully develops the new product and therdirm fails to
develop the product. The probability that firm 1 succeedb Wi, + (1 — ¢2) Vo)
ideas and firm 2 fails withiNy + (1 — ¢1)Ny) ideas isf (Ny + (1 — ¢2)No)[1 —
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f(Ny + (1 — ¢1)Ny)]. Therefore, expected revenue of firm 1 is

WME{'/Tlnl’RlaR2>¢1a¢2]}a (5)

wherery,,; 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

Ni, N, the expected revenue becomes:

marE{[L — (1 — )MHUme] (1 ) VHtUeOM R Ry 61,62} (6)

=y B{(1 = )N (] \)@moNH@me)N o) Ry o).

Now given the distributional assumptions

E{(l - )\)N2+(1—¢1)N1} _ E{(l . )\)NQ}E{(l N )\)(1—¢1)N1} 7)
> - N2 ,—g2 éV2 o —\ (1—¢1)N1 ,—g1 {Vl
No=0 2: N1=0 1:

— 6_92>‘6_91a(¢1),

wherea(¢,) =1 — (1 — \)1—90),
Similarly it can be shown that
E{(l _ /\)(2—¢1)N1+(2—¢2)N2} _ e—glb(dn)e—ggb(d)g)7 (8)

whereb(¢) =1 — (1 — \)2=9),

Therefore, firm 1's maximization problem is

Max ﬂ.M{e—ggAe—gm(m) _ e—glb(¢1)€—92b(¢2)} _ C(¢1) ~ R, (9)
Ry,¢1

s.t. 0< ¢1 <1,

& R; > 1/ﬁ
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The Lagrangian for the above problem is:

I = ﬂ-M{efgz/\efgla(Gh) _ efglb(¢1)e*92b(¢2)} _ C’(¢1) - R (10)

Fpr¢r + pa(1 — ¢1) + 01(Ry — %),

wherep; > 0, us > 0, 6; > 0 are Lagrange multipliers.

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 da ob
. —(g2M+g1a(¢1)) —(91b(¢1)+92b(2))
—_— T +e 11
o6, mole Do P
_ o + =0
agbl lu‘l /’[‘2 -
oL 0
o WMa_}‘;ll — e (0A 01060 () 4 e~ (@M@ (5 )Y (12)
— 146,=0,

wherepu; > 0, uy > 0,6, > 0.

Firm 1 solves these two equations to obtaili¢s, Ry) and Ry (¢po, Rs). Firm
2 solves a similar problem to obtaia(¢;, R1) and R2(¢1, R1). In Nash equilib-
rium
¢7 = ¢1(03, R3), 95 = d2(97, RY)
R} = Ri(¢5, R5), R5 = Ra(¢7, R]).

The functional forms ofi(.) andb(.) are
a(¢) =1—(1-X1)07, (13)

19



b(g) =1 — (1 -1, (14)

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

give
mvg(l — )\)(17@ In(1 — )\)[_e*g(z\ﬂf(lf)\)(l—m) (15)
- oC
+(1— )\)6—29(1—(1—>\)(2 ¢))] - = =0,
1 —
mar (e STV (1 — (1 0)) (16)

200N () (1 N2 — 1 =,

whereg; > 0, pg > 0.

The first order condition identifies three distinct regiorisSo separated by
two cut-off pointsS™ and S™, with S > S and the superscript! denoting the
no-license case. If the regime paramefer S™, then firm 1 will choose);, = 0.
For S™ < S < S7, firm 1 will choose0 < ¢, < 1. ForS > S, firm 1
will choose¢; = 1. Similar results are obtained for firm 2. These results are
summarized in the following proposition:

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

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

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

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

Proof: From equation (15) fop; = ¢, = 0 (i.e., uz = 0) | get
g1 — Nin(l = N)[—e 2 + (1 = N)e 22N — 4y =0, (17)
wherep; > 0.
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Therefore,

1

g%ymzo =<> g’ (1= A) In(1 = A)[—e 29 4 (1 — N)e 22N (18)
1

or,

S < g’ (1= A (1 = \)(=e 2" + (1 = N)e @M1 (19)
whereg® = g|4—o. The right hand side of the above expression givés

Similarly, for S > 5™ given by 5™ = 3[myg'In(1 — A\)(—e 9 + (1 —

/\)e—ZglA)]—l, whereg! = g|4s—1, firms will choosep; = ¢, = 1.1

Expressions fog! andg® are solved in the next two subsections in cases 1 and

2 respectively.

The above results are intuitive. If the IP regime is very wéakbelow a
certain cut-off value) then for each firm in a particular istty the marginal cost
of enforcing IP will exceed the marginal gain from enforciRyrights. For those
low values ofS, firms will choose not to enforce patents at all. Similantyaivery
strong IP regime the marginal gains exceed marginal coshande firms choose

the highest IP protection possible.
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Relationship between IP choice

< and patent regime
s)

c

g :

g . Full Patenting
U S

£

m . .
& Partial Patenting
2 2

)

& No Patenting

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™).

3.1 Casel: Strong patent regime

When firms choose; = ¢, = 1 from (16) it follows that
wMAle*W =1 (20)
R )

or, (given the functional assumption gf))

mA g (BR) A (BR) A = 1 (21)
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Therefore, the R&D expenditure of each firm under a very stpaignt regime

in the no-licensing case is given by:

R\, = [y 82w (22)

3.2 Case2: Weak patent protection

When firms choose, = ¢, = 0 equation (16) gives:

WMA}%N%H + (2= N)e A=V = 1, (23)

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

Therefore, using the functional assumptiongdn,
TuA(BR) 26 = 1, (24)

or,
Ry = A8 228] % where § < 1. (25)

nl nl
Therefore Ry < Ry

3.3 Case3: Moderate patent regime

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

for a andb are made: for small
a=1-(1-N"P 21— (1-AM1-9)=A1-0).  (26)
b=1-(1-NFD =1 - (1-A2-¢))=\2-09). (27)
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Using the above approximations the first order conditiots) &nd (16), give:

Taghe IR _ =200 _ g_i _ 2¢; L (28)
1
7TM)\§6_(2_¢)9>‘[—(1 — )+ (2= ¢)e DN = 1. (29)
From these first order conditions the following results dsamed:
Proposition 2. For small values oA,
i) g% >0,
i) 9% > 0.
Proof: i) Equation (29) gives
—(2-)ox ~(2-d)gr 09
7TM/\€ g {(2—¢)6 9% — 1+¢}ﬁ =1. (30)

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

ORI - ON RO A -9 22 -0 =0 @D

or,

96 " 1+ A2-0)(3—9)

(32)

Since¢ < 1 it must be thatg—fj > 0.

i) Differentiating equation (28) w.r.tS:

mahe GO EA(1 (1= g2 9)) + ghe P I — )]

0¢ 0S
99 2 —@-B)A(1 _ on—-dgry _ 27 _ _(20+1)
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For small values of, the following result is obtained from the above equation:

06 dg 2 2p+1
5gmmgA(2 — ¢)>\a—¢ —9N - gl= e

As A — 0, the negative term on the |.h.s. dominates the positive.t&imce

(33)

the function is continuous, for small values, othe bracketed term on the l.h.s. is

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

Proposition 2 implies that patenting strategies and R&[Oiexfjias are strategic
complements. When firms choose strong IP protection theyhalge less access
to imitated ideas and, hence, must also choose higher R&D t&iroh greater
number of in-house ideas. Also firms choose higher levelsatéri protection
when the external patent policy regime changes in favorrohger IP rights .

These results can be combined to get the following proositi

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

The above corollary directly from Proposition 2. This reésslin tune with
what economists have presented as the main reason for hitas@ngstitution of
patent. When ideas are non-rival and can be imitated at a sosd|lthe resulting
positive externality provides incentives for individuahfis to invest less in R&D
to produce new ideas. The institution of patents takes chtei®by awarding
ownership rights. Patents, therefore, take care of theritee 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
ii) 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 large number of ideas. These firms wtddefore, choose
the weakest IP protectiom (= 0) for a wider range of IP regimes as compared to
firms in higher) industries.

In the case with no licensing it is observed that firms in carphdustries are
unable to capture all of the positive externality of the kiemige pool created at

the industry level. Next | consider the social planner'sipea.

4 ThePlanner’'s Problem

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

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

Case i) With only one firm succeeding in developing the finatlpad, there
will be a monopoly. The probability that only firm will succdslly develop the
final productis{ f (N, (1—¢2) No)[1—f(No, (1—¢1) Ny )|+ f(No, (1—¢p1 )Ny )[1—
F(NL (1= 62) V)]
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The monopoly profit is obtained by
mgx(a —bQ)Q. (34)
Using the functional assumptions, the above maximizatieesga producer sur-
plus of% and a consumer surplus gﬁf The producer surplus is denoted by,
which also denotes the monopoly revenue following the matantroduced in the
previous section. Then the producer surplus,is consumer surplus i%;wM and

total surplus it my,.

Therefore the total expected revenue when only one firm haessfully de-

veloped a product is

w5 = Sl f(NL (1= 6N~ F(Vo, (L= 9)N)] (35)

+ f(Noy (1= @) Ni)[1 = f(N1, (1 — ¢2)No)l}.

Case ii) When both firms successfully develop the final prodbetfirms will
engage in Bertrand type competition, producing the minimuadpcer surplus
and maximum consumer surplus. The probability that bothsfinfl successfully
develop the final product is given By Ny, (1 — ¢2)No) f(Na, (1 — ¢1)N1).

In this case producer surplus (s consumer surplus i87,,;, and the total
surplus i2m,.

Therefore the total expected revenue when both firms hawessfully devel-

oped a product is
" = 2ma f(Ny, (1= ¢2)Na) f(Na, (1 = 61) V). (36)
Case iii) If no firm is successful then both producer surplud eonsumer

surplus, and hence total surplus equal 0. This will happeh priobability [1 —
(N1, (1= ¢2)N2)J[1 — f(Na, (1 = ¢1)N1)].
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Therefore the planner chooses :

{RI" BT, 677,657} = argmaxB[m" + ;"] (37)

— C(¢1) = C(¢2) — 1 — Ry

st. 0<¢1 <1, 0<¢p<1, Ry >1/8, Ry>1/p5,
wherer?f and7” are given by (35) and (36).
The maximization problem can be rewritten as

3
E{Z[1— (1 — A)MHimeyq — y)Netli=eoh (38
ppax  myE{G[l—(1-}) J =) (38)

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

4201 = (L= NI (1 )Ny

—C(¢1) — C¢2) — R1 — Ry.

Now the expected revenue part can be simplified as follows:

1

[_1(1 _ /\)N2+(1—¢1)N1 _ _(1 N /\)N1+(1—¢2)N2 o (1 _ )\)(2—¢1)N1+(2—¢2)N2

TM

— 7I-M[_1e*(gz)ﬂr“flla(dﬁl)) _ 16*(91/\+92a(¢>2)) _ e*(glb(¢>1)+92b(¢2))]_

The Lagrangian for this problem is

L = myleseOorman) _ Lo-Oaiteaen)  o—@bon+oben)

2 2
— C(¢1) = Cl¢1) = By — R

+ mor+m2(1 — d1) + 612 + 02(1 — ¢2) + 71 (R — %) +72(Re — %),

wheren; > 0,1m9 > 0,0, > 0,5 > 0,7 > 0,7, > 0 are Lagrange multipliers.
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The results of the planner’s problem is summarized in thieviohg proposi-

tion.

Proposition 4. The planner will choose

i) p7F = ¢5F =0, for all values ofS and

i) RSP > RIL .

Proof: i) Note that the above objective function is a monotonicalécreasing
function of ¢, ¢,. Hence the planner will choogg” = ¢35 = 0.

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

. 891 1
Rl . Wﬂja—}%l[é

+6*(91b(¢1)+92b(¢2))b(¢1)] —1=0,

6_(A92+gla(¢1))a(¢1) + %e—(Agl-&-gza(@))/\] (39)

dgo 1 1
Re: w2 [ceVortaa@n) ) | —o=Oaitoea() ()] (40)
ORy 2

_|_€—(glb(¢1)+92b(¢2))b(¢2)] —1=0.
Therefore, in the symmetric equilibrium
1
WMAEe*QQAu + (2= N)e WA=V = 1, (41)

| define) = [1 4 (2 — \)e™292(1=V]. Now+/ > 1 for all values ofg.
Therefore, using the functional assumptions, the R&D exjperedchosen by

the planner for each firm is given by:
RSP = [Amy B2 ¢] 55, where ¢ > 1. (42)

Therefore R°” > RyL | W
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The above results are intuitive. The planner gets the maxisacial surplus
when there is competition, i.e., when both firms succegsfigvelop the prod-
uct. Therefore, the planner would favor the minimum IP pecbts that would
allow firms to tap into each others’ knowledge pool and inseetine probability
of successful product development. R&D costs money, but awdiey the level
of optimal R&D the planner takes into account both the prodsoeplus and the
consumer surplus. The consumer surplus is an increasimagidanof R&D ex-
penditure. The consumers derive surplus from R&D, but theyaloincur the
R&D expenditure. Therefore, the planner would want more R&anttvhat each
firm would choose on their own because the planner problenthmadditional
consumer-surplus component.

Next | discuss the case where ex-post licensing of ideatowedl.

5 Case?2: Equilibrium with Licensing

In this case there are three non-trivial stages. In stagdione decide IP and

R&D strategies. Ideas are realized and imitated at the enbeofitst stage. In

stage 2 one firm offers to be the licensee of the un-imitatedscwned by other
firms, provided that licensing is profitable for the buyercensing gives a firm

the opportunity to access the others firm’s patented ided$rtiprove the chances
of successful product development. In stage three, firmsldp\yproducts and the
profits are realized. The firms do not make any decision asthige.

A very specific form of licensing is considered here. Aftez thvention and

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

patent regime would not change anything in the planner’slpro.
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imitation stage the firms go to the licensing stage. Each firia buyer 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 dlltbe other firm’s un-
imitated ideas. The offer includes a payment that makesather $irm indifferent
between selling and not selling. This licensing structareansidered for its sim-
plicity. |1 do not address the issue of firms’ choice of licergsmechanism since
that is not the focus of this paper.

It is important to note that the specific structure of licegsarrangement is
such that the seller always accept an offer and the buyetttisrkodf licensing as
long as the payoff to the buyer under the no-licensing regsrpositive. It has
been already discussed that in the no-licensing case tlee®dpayoff must be
positive for firms in industries with small values ®f Hence 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 Ny = 0).

The model is solved backwards, starting from stage 3. InesBdirms un-
dertake production and profits are realized. At the begmhstage 2, either
firm 1 or 2 makes a “take-it-or-leave-it” offer to the othemiir The licensing
mechanism is such that an offer, once made, is always actepteew product is
developed (or not) at the end of this period. In stage 1 firno®sh their patenting
and licensing strategies.

| start with firm 1’s problem. In stage 3, profits are realized #he firms do
not make any decisions. In stage 2, givdp N, firm 1 is the buyer of ideas
with probability 2 and seller with probability. As a buyer, firm 1 offers®” to

acquire all of firm 2's ideas. Similarly as a seller firm 1 reesian offer of?/ as
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a payment for giving all its ideas to firm 2.
When firm 1 is the buyer (which happens with probabil%tythe expected

revenue conditional on the number of ideas of each firm is

mp = Tuf(N1+ No)[L = f(Ny+ (1 — 1) Ny)] — P (43)
st PE<muf(No+ (1= 1)) N)[F(N1+ No) — fF(Ny + (1 — o) No)l.

When firm 1 is the seller (which happens with probabifjithe expected revenue

conditional on the number of ideas of each firm is

s > muf(Ni+ (1= ¢2)No)[1 — f(No+ Ny)| + Py (44)

s.t. PQL = f(N1 + (1 — ¢2)No) (f(No + Ni) — fF(No+ (1 — 1) Nv)).

Hence in stage 1, given that firms decide to engage in licgnsistage two, firm

1 solves for :

(Ri. 6} = argmaxFlnys+ms|Ri 60, B 5]~ Clo) ~ B (45)
st PF= f(Na+ (1= ¢1)N)[f(N1 + Na) = f(N1+ (1 = ¢2)No)]
Py = f(Ni + (1 = ¢2)No) (f(N2 + N1) = f(No + (1 = ¢1) V1))

& 0<o <1, R >1/p5.

The expectation in (45) is over the number of ideas of each d¢wnditional on

R&D and patenting. The expected revenue part of the abovdiequgves
1
§E[7T13 +ms] = 7TTME{Q(l _ A (OONENs (1 \)(2=01) V12N
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_ W_M{Qe—gzke—gla(%) _ 2€_glb(¢l)€_292)‘

_ e~ N1Ap—g20(¢2) + 6—91>\6—g2/\}7

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

The Lagrangian of the above equation is given by:

L = WTM{Qe—gﬁ\e—gla(%) — 27 910(¢1) =292 _ =912 ,—g2a(¢2) + e—(91+92)cz}6)
1
—C(¢1) — Ri+ p3r + pa(l — ¢1) + 02(Ry — 3)7

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

The first order conditions are:

T _ da _ ob
. 2 _ —(g2A+g1a(¢1)) (916(d1)+2g27) 47
ol 5 gi{—e a¢1+€ 8¢1} (47)
oC
_ 9% =0
a¢1 + J2%; Ha )
. T O (@A tgra(é1)) (g1b(61)+2g22)
Ry : 5 OR {—2e a(¢1) + 2e b(¢1) (48)
1

4+ e (Pgrtgza(¢2)) _ )\6(91+gz)/\} —14+6,=0.

For the symmetric equilibrium equations (47) and (48) give

WMgAe_(Q_‘b)g)‘[l — 6_29’\] — % + pg — pa =0, (49)
1
(20— e O 1 2(2 — g)e I — e — 16, = 0. (50)

The first order conditions again identify three distinctioeg of theS-line,

separated by two cut-off points’ and S!. For all S > S', firms choose the
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maximum patent protections( = ¢, = 1). For allS < S', firms choose the
minimum patent protectiony{ = ¢, = 0).
| again start by solving the model for three different pategimes — a strong

patent regime, a weak patent regime and a moderate patéanereg

5.1 Casel: Strong patent regime

When the patent regime is very strong, firms chopse- ¢, = 1.
From the first order condition:
1
WTMAE[e’g’\ 42739 — 72N = 1. (51)

For small values oA it can be shown
Risory < Rigoy, (52)

i.e., the R&D chosen by firms at the maximum level of IP protatis lower in

the presence of licensing as compared to the no-licenssgy ca

5.2 Case2: Weak patent regime

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

From the first order condition:

@6729)‘[2672%\ —1] =1 (53)

A
TMASR

Comparing this with the no-licensing case | find that

[ nl
Rig—oy = Ris-1y, (54)
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that is, the R&D chosen by firms at the minimum level of IP protecin 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 thkcensing
and licensing equilibrium. This is not surprising, becatigelicensing stage is
trivial when there is nothing to license and, hence, the tages give identical
results.

The most general case is considered next.

5.3 Case3: Moderate patent regime

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

Targhe” BmPIN[] — 7292 — 9L 0, (55)
01
2126 = e 4 2(2 - )0 — - =1 (56)

TE
Analyzing the above equations the following results areioted for firms in

complex industries:

Proposition 5.

i) For small values of\, 22 will be positive, but Il <2 |nl, wherenl stands for

’ 8¢
the no-licensing case ardtands for the licensing case, and

ii) 92 will be positive.

Proof: i) Differentiating (55) with respect to

3 g |20 — DI g(z  gle-ti-am 4 o &7
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—(20 —1)(2 — d)))\e’@"b)“ —2(2 = ¢)(4 — p)he U9 L o) 2]
7TM>\

2R
For small\ the exponential terms can be approximated by 1, which gives

@‘_ 39 AR
9o " 24 TA2—¢) —2X°

(58)

Comparing this with the no-licensing case, it can be showngfia < 3%,

i) Differentiating equation (56) w.r.tS gives

8g O
N 8; aﬁ (N1 — e — (2 — ¢)g(1 — ) + 2ge~ 9] (59)
(- Lo 09 200 20 +1
(2—9)gA 29\
g Ae (=55 =505 ~ 32

For small),
} 2941
op S S2
For small)X the term inside the parenthesis on the left-hand side willdga-
tive. Therefore, it must be thd¢ > 0.1

{2 Targ A2 (60)

This proposition states that although a strengtheningepttent regime will
lead to higher patenting and higher R&D both in the absenceensing and in
the presence of licensing, the strategic complementaetywéen R&D decision
and patenting decision of a firm is weakened in the presentieanfsing. Even
if both kind of licensing environment generate the sameease in patenting in
response to a stronger patent regime change, the R&D inctesilebhe smaller
in an industry where licensing is widespread.

Firms in complex industries rely heavily on licensing to tafp other firm’'s
ideas. As the surveys mentioned before suggest, licensis@pécome a very im-

portant for firms in the semiconductor industry after theZ@8ange in the U.S.
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patent regime. The relatively small increase in the aggedg&D in this industry
then may be due to the relatively weak complementarity betvwaefirm’'s R&D
decisions and patenting decision. In presence of licensifign in a complex in-
dustry has access to an additional mechanism for obtairtivey irm’s ideas and
will, therefore, rely less on in-house R&D to generate ideAsstronger patent
regime will increase patenting, but the correspondinggase in R&D will be
smaller in presence of licensing than what would have bedhanabsence of

licensing.

54 A Numerical Experiment

As noted earlier, the U.S. patent regime change had an impébe licensing en-

vironment of the semiconductor industry. The change in et regime seems
to have increased licensing and cross-licensing actsviti¢he semiconductor in-
dustry. In the light of the above observation, the pre-19&2sing environment
in this industry can be compared to the no-licensing caseritbes! in this paper

and the post-1982 licensing environment to the with-licegpgsase. In the con-
text of this model the patent regime has changed more thiragsjtist the regime

parameter; it has also changed the licensing environment.

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 chosemrepogted below.

The complexity parameter is chosen tobe- 0.005 so as to represent complex

industries, like semiconductor, electronics, &fthe profit ¢r);) is chosen to be

8The MPEG4 \Visual Patent Portfolio contains approximately80 1 patents

(http://Iwww.mpegla.com/m4v/index.cfm). This is not a figmoduct for the consumers but
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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 serdioctor industry for
2002 is aboub5. This gives a parameter value 6fin the order ofl0'?. For this
exercise3; = 3, = 3 x 107 are chosen. The parametgrelates to the cost of
patenting. A parameter value §f= 2 x 10~ signifies 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 obtaireedummarized in the

following table.

Weak Patent RegimeStronger 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 strong patent regime chlaagal$o alters
the licensing environment will have a large positive impactfirm-level patent-
ing decision, but may have only a small (and negative) impacthe research
decision. This tallies well with the data from the semicactdu industry where

the post-1982 large increase in patenting has not been athlisha similar large

a compression technology that allows developers of welarsireg 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.
9The general conclusion of this experiment remains sameidiweh or lower values of profit.

However, keeping all other parameters the same, much lowgét grives the patenting parameter

to zero, while much higher profit makes the patenting paranegjual to 1.
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increase in research. Thatent paradox might be a product of the changed licens-
ing environment that has followed the patent regime chaigstrong licensing
environment coupled with a strong intellectual propertyimee has enhanced the
importance of patenting for firms by making the size of theepaportfolio an
important determinant of the licensing process, but hasimatged the incentives

to conduct R&D significantly.

6 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&Dnelikpee trend,
particularly in the complex product industries. Whethersthebservations can
be explained by studying the effects of a stronger patenteg@n an industry
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 stropge¢ent-regime change
will have a smaller positive effect on the firm-level R&D decis compared to
that in other industries where licensing is less important.

The impact of the licensing environment on firm-level R&D déa is prob-
ably also a function of the size of the firm in terms of the stotkatents. Larger
firms with a already large patent portfolio might always gngobetter bargain-
ing position and, hence, their firm-level R&D decision migktlbss sensitive to
a change in the patent regime. The patenting and R&D data éosdmicon-
ductor industry shows that the four largest firms in the semdcictor industry

have increased both their patenting activity as well ag fR&D activity substan-

39



tially after the 1982-change in the U.S. patent regifh&he patent paradox does
not seem to be holding for this group of firms, while it defilitbolds for the
medium and small-sized firms. Since this model considersogemous firms, the

size-effect is not captured in the model. This remains aggtdpr the future.
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Appendix A
Proof of Proposition 3

i) S = [marg®A(1 — e~20")e=20°A] -1,
Now, R® = [Ary;3-226]7775, wheres < 1. Therefore
¢ = In(BR") (61)
= ln[)mMﬁﬂﬁ

= s

142X\
Therefore,
0
9g” _ _In(AmpB9) 1 (62)
o\ (1+2)\)2 (1+2M)A
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1 1

- m[x ~9']
Differentiating.S w.r.t. A gives
Z—‘f = —WMGQ“”’OA(%—Q;A + "1 — €72 4 26N (2672 — 1)) (63)
= —WMe‘QQOA(H%(i — OO+ )1 — e 4 260027 — 1))
= —WMGQ“"OA(H;QA(% — A+ g")[1 — e+ 20°N(2e72 — 1)]

Now, (1755 (5 — ¢°)A +¢°) = 14+ ¢° + ¢°A > 0. ForA — 0, it can be shown

that[1 — e~29"2 4+ 2¢9\(2¢=2"* — 1)] > 0. Hence for small values of, 22 < 0.1
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