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WHO WANTSTO BEA GENIUS?

Dmitri Fujii*

RESUMEN

En este articulo desarrollamos un modelo tedrico para una economia dual, en la
gue los dos tipos de individuos (empresas) escogen entre convertirge reo-

res y copiar las ideas desarrolladas por otros. Se analiza un caso especifico:
algunos individuos son genios y todos los genios se vuelven inventores mien-
tras los individuos ordinarios se convierten en piratas. El modelo est4 basado
en un trabajo previo de Grossman (2005), pero incluye dos nuevas aspectos,
una etapa previa en la que los individuos toman la decision de convertirse en
genios (mediante un pago fijo) y un analisis de bienestar para la economia. La
principal conclusién del articulo es que, a pesar de que una mayor proporcién
de genios en la economia representa un mayor biendatapoliticas
implementadas por las autoridades (en el caso de los derechos de propiedad,
entre otros instrumentos) para crear incentivos que incremen esta proporcion,
depende de las condiciones iniciales de la economia (en términos de la propor-
cién de genios).
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ABSTRACT

In this paper we present a theoretical model of a dual ecqgriammhich the

two groups of individuals (firms) choose between becoming inventors and
copying other individualsdeas A particular case, in which some individuals

are geniuses and all geniuses become inventors while all ordinary people become
pirates, is analyzed. The model is based on Grossman (2005), but considers
two main changes: a previous stage is revised (in which there is a fixed cost of
becoming a genius) and a wealth analysis for the economy is presented. The
main conclusion of the paper is that even when a higher proportion of geniuses
represent a higher welfare for the socjetye policy implemented by the
authorities (in terms of intellectual property rights, among other instruments) to
create incentives for such an increase depends on the initial conditions of the
economy (in terms of the proportion of geniuses itself).

Palabras clave Dual economyeconomic agents, initial conditions, property
rights, welfare

JEL classification:031, O34

1. INTRODUCTION

Recently many authors havegued that within the unbalanced development
of Mexican manufactures, two types of sectors have emergedutitessful
andunsuccessfudnes (Arjona and Unget996; Brown and Dominguez, 1999;
Cimoli, 2000) Also, there are several studies that propose a specific distinction
to identify these successful and unsuccessful sectors (CE3@3; Dussel,
1994; Fuijii, 2004).

The empirical evidence of a dual structure for the manufacturing industry
can be formalized by a theoretical mod€his is the aim of this papehA
producer-thief type of economy framework is used to analyze the dynamics
that arise when a firm has the choice to invest in knowledge and become an
innovator or remain as a copier of others’ ideas.
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In particular our model is based on a recent study by Grossman (2005) for
an economy with inventors and pirates, where the two groups share the value
of inventions obtained by the inventors. Extending this model, a previous stage
is analyzed: an individual (firm) faces a decision of investing and becoming an
inventor or remaining as a pirate.

The results of the theoretical model suggest that a policy of intellectual property
rights (IPRs) protection is not always effective, but depends on the initial conditions
of the industry (in terms of the existing inventors). Finalhe implications for
societys welfare in this framework are presented.

2. LITERATURE REVIEW

The roles of technology and innovation protection are central aspects in the
inventor-pirate dual structure literature. This line of research not only focuses
on the innovative side of the econarbyt also on a second type of individuals

(or firms): imitative or copying ones. The interaction between the inventors (or
producers) and this second type of individuals (pirates), the IPRs enforcement
and societys welfare are the main concerns of this approach in the economic
literature.

The pioneering work of Becker (1968) initiated an economic approach to
the analysis of crime on the socielfe implicit assumption behind the logic of
this approach is that, under some circumstances, being a criminal could be an
economically-rational activityn a subsequent studgecker and tigler (1974)
suggest that it would be useful to extend private enforcement mechanisms to
situations where the law is enforced publjchs public enforcement has
inefficiencies.

Later studies, such as Landes and Posner (1975) and Friedman (1984)
focus on the debate initiated by Becker works on the inefficiencies of private
enforcement institutions. These studies develop economic modeling for
privateand public enforcement institutions and the socially optimal amount of
enforcement.
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Neher (1978) conducts an economic analysis of muggery (wealth transfers
from muggees to muggers). The author develops a dynamic model that includes
cost and benefits of muggery in a society of free entry (or uncontrolled) for
muggers. Later on, he moves towards a model of controlled muydgessyd on
the assumption that a perfegttpmpetitive muggery environment will reduce
muggers’ profits to zero.

Another study that formalizes the producer-thief relationship is Usher (1987).
The paper analyzes the welfare cost of theft and formalizes several possible
ways of losing efficiency in this context: loss of labor of the thief, loss of labor
of the victim, destruction of product and underproduction of stealable good.

Based on the pioneering works described before, there have been several
studies on the inventors-pirates’ dual structure in recent years. The common
aspects of these studies are the individuelioice of becoming an inventor or
a pirate and the importance of protection of inventors’ ideas under these
circumstances.

Grossman and Kim (1995) present a general equilibrium model, in which
two individuals decide the allocation of their resources among productive and
appropriative activities, following the predator-pray relationship formalized in
Neher (1978) or Usher (1987). The results reveal that a minimum defensive
allocation of resources is needed and that with high protection of property the
cost of appropriation activities is higher

Grossman and Kim (1996) extend their previous model to focus on
equilibrium with pure predation (where an agent decides to allocate all his
initial endowments to predatory activitiedjccording to their model, this type
of equilibrium is possible if the initial endowment of the predator is small and if
the technology is such that the weapons are neither too effective, neither too
ineffective against fortifications.

Grossman (1998) develops another predator-prey model with a continuum
of people that are potential predators or preys, depending on their allocation of
initial endowments. In this model, the decision of resources’ allocation can be
taken either individually or collectivelpased on law enforcemefihis decision
depends on the consumption that each alternative (being a producer or a
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predator) yields. The results suggest that given the optimal amount of defensive
resources, a collective decision of resources’ allocation yields a larger
consumption than that of an individual decision, and that the social cost of
predation is smaller when the decision is taken collectively

Grossman and Kim (2002; 2003) develop similar models to the previous
ones: individuals split their resources between productive and appropriative
activities. In their first model, the distribution of consumption (following the
Rawlsian criterion of maximizing the consumption of the poorest individual) is
considered. Meanwhile, their second model focuses more on the decision of
egalitarian or elitist type of educational poliégg a model of well-endowed
(with human capital) and poorly endowed individuals.

3. THE INVENTOR-PIRATE FRAMEWORK

The most recent analysis of the inventor-pirate dual structure is Grossman
(2005). In his model, each potentially creative person chooses either to become
an inventor or a pirate, depending on which one yields more wéalthresult

of this decision, there is a proportion of the society that is piretesiiile the

rest are inventors (&), with a ratio of:

R=—— 1
1 )

Each inventor chooses the amount of creative actiwdgdicating a
proportion of their time to creating new ideasg)land the rest of the time to
guarding those ideag), with a ratio of:

! Cozzi (2001) presents a similar decision-based model. In his framework, similarly endowed
R&D engineers allocate their efforts in creation of new ideas or spying the ideas developed by
fellow engineersThe results of Cozza’model reveal that the fgar the skilled population, the
higher are the incentives to spy in this environment.
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_ 9
G=1" @)

There is a (exogenous) saleable value of iddasshich has a real value of (1-
g) U that is shared by inventors and pirates:

(-g)Q= (€)

1+G

This sharing means that the inventor retains a propogjaf the real (discounting

the guarding time) saleable value of the ideas created, while the rest qd)it, (1-

goes to pirates. This proportion depends negativelg@effectiveness of pirating

(&), which, in turn, depends on the IPRs protection (following an rise in IPRs

protection, it becomes more difficult to pirates. more protection = loweg)

and the proportion of pirateR), and positively on the time allocated to guarding

(G). Formally p is assumed to be: pQ

T 1+G
1
1+ R @)
G

p:

The decision to become an inventor or a pirate depends solely on which yields
more wealth. The wealth of an inventor is:

C=p@1-9)Q . ®)

Or

5)
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While a pirate receives a wealth of:

1-r

D =T(1_ p)(1-9)Q. 6)
Or
D:l_ip Q (6’)
R 1+G

Comparing the potential wealth under each case (pirate or inventor), and taking
the proportion of piratessjj as given, Grossman solves for the guarding time that
maximizes inventds wealth G*), which is:

G* =J/R @)

Then, comparing the inventsrwealth and the pirageivealth, takings as given,
he solves for the optimal proportion of pirates in the sockty, (vhich is:

R*=6 ®)
Therefore, equation (4) becomes:

©)

Hence, the main conclusions of this model are that when the environment for
pirating is betteri(e. a higher), the proportion of inventors is lower and more
time is allocated to guardirtg.

2 The results of this model suggest that there is a loss of efficiency (in the form of underproduction
of the stealable good, the ideas created) first stressed by Usher (1987). In general, Grossman
formalizes Ushés analysis in an environment in which an individual chooses between becoming
an inventor or a pirate, given the potential wealth of each choice.
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The model is then extended to consider two types of potential inventors:
ordinary people and geniuses. It is assumed that a proportion of the society is
geniusesd), while the rest are ordinary peopled)-with a ratio of:

E= (10)

To distinguish between a genius and an ordinary person, it is assumed that the
value of ideas created by a genitli)se)(is higher than the one created by an
ordinary person ). Thereaftey society is divided in three types of
individuals:ordinary inventors\(;), geniuses that are inventoxs)and pirates:

V+V, +r=1 (12)

Given this modified context, a genius (as well as an ordinary person) chooses
to become an inventor or a pirate. The decision depends on the wealth that
each alternative yields, which Grossman shows to be:

- pQ,
e_1+G 12)
- PQ,
o _1+G 13)
_1-p
D="—"+(1-9)(V.Q.+VQ,) (14)

r

8 Grossman assumes that the ability of pirating is exogenous and fixed, even with the presence of
geniuses in the economhphis means that if a genius chooses to become a pirate, his ability to
pirate will be the same as that of an ordinary pirate.
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5= (1-p) (Vo +VQ )
R1I+R 1+ G

14)

WhereC_, C, andD represent the wealth of a genius-inventbe wealth of an
ordinary inventor and the wealth of a pirate, respectively

As the equations for wealth of inventors in the extended model (12, 13)
are, in fact, similar to that of inventors wealth without geniuses in the economy
(equation 5), inventors solve for the optimal guarding ti@¥ {n the same
way as before, taking their wealth and the proportion of pir&eaq given. In
this case, the optimal guarding time will have the same value as before:

G*=/R (7)

However the optimal proportion of pirateRY) will depend on the relationship
betweenC_, C andD, as the choice of being a pirate or an inventor has to be
considered for two types of individuals now: ordinary ones and geniuses. In
this case, the author describes four possible equilibria:

1.C,>D >C, (all geniuses are inventors; all ordinary people are pirates),

2.C,>C,>D (everybody is an inventor),

3.C.,>C,=D (ordinary people are indifferent between inventing and
pirating),

4.C,=D>C, (geniuses are indifferent between inventing and pirating).

Grossmars subsequent analysis focuses on the first case: the separating
equilibrium. For this equilibrium several results are derived, as presented below
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Firstly, as the proportion of pirates) (s equivalent to that of ordinary people
(1-e) and the proportion of geniuses (s equivalent to that of inventors €)-

we can combine equations (1) and (10) to obtain the following relationship
between the proportion of geniuses and pirates:

1
R=— 15
£ (15)
Substituting (15) into (7):
6
G=.]=
E (16)

And substituting botiR andG in (4), the proportion of the value of ideas created
(p) that the inventor retains (in the separating equilibrium) is given by:

1

P= 1+ 9E (17

As there are no ordinary inventors, their benefits, given by equation (13), are
zero andonly the value of ideas created by a geniﬂg (s relevant for this
equilibrium. Therefore, the benefits of an (genius) inventor will be given by:

Q
C, =t (18)
1+G

4 Note that (15) applies only for the separating equilibrium, as the proportion of piatethé
same as the proportion of ordinary people)1Similarly, equations (16) and (17) apply only
for the separating equilibrium.
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Or, substituting (16) and (17) into (18):

O - (18)

(1+8] E)2

Meanwhile, the benefits of a (ordinary) pirate are given by:

> (19)

Or, substituting (15), (16) and (17) into (19):

JEEQ,

D:@+ 6E) 9

The results (optimab* and R*) of the separating equilibrium show that, in this
case, both the proportion of piratd?) @nd the guarding time3) are higher
with the presence of geniuses in the econaimgn with ordinary people only
Grossman concludes that for this equilibrium a larger fraction of people chooses
to be a pirate, and inventors allocate more time to guarding ideas than in the
simple version of the model.

Although the results of the extended Grossmanbdel are intriguing,
they are not very useful, unless some modeling of policy instruments to con-
trol the number of geniuses in the economy or the way geniuses are formed
is included. These aspects are crucial for the analysis conducted in the
following section.
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4. THE PREVIOUS STAGE: WHO WANTS TO BE A GENIUS?

In the framework described above, the proportion of geniuses ordinary people
is exogenously given. The main interest of this paper is to see how this
proportion is determined. This analysis will be useful in understanding how a
dual structure is created within an econgrhpw these sectors can be
characterized, th@ynamics of this division, and the effects of policy instruments

in this environment.

The present analysis focuses on the separating equilibriumasnityis the
case most relevant to an observation of a dual econbnyis case, those
individuals that choose to be a genius in the first stage will be inventors in the
second one, while those that prefer to remain ordinary will become pirates in
the second stage. In other words, once you have decided not to pay the
investment cost, you remain as a pirate. Hence, in our model there will be
some geniuses and some pirates in the second stage, which implies a “splitting”
economyAt the first stage, some people will invest to become geniuses while
some will remain ordinary and, at the second stage, all geniuses are inventors
and all ordinary people are pirat®¢ée refer to this as a “splitting then separating”
type of economy

To determine the choice of becoming a genius or remaining as an ordinary
person, leK be the fixed cost of investment in education or training. Consider
the benefits of becoming a genius as the difference between geniuses’ payoffs
and the investment cost, and the benefits of an ordinary person as those of a
pirate in the second stage.

In this case, there will be three possible situations, only one of which is compa-
tible with Grossmas' separating equilibrium: the one when an individual isfereint
between investing in becoming a genius and remaining an ordinary’pitaite.
situation is given by the following condition fof splitting” equilibrium:

® The other two situations ar€; - K > D (everybody prefers to become a genius) @naK <D
(everybody prefers to remain ordinary and be a pirate). For the first @rieand for the second,
e=0.As these cases are extreme, we will focus on the intermediate one, for which the individual is
indifferent between becoming a genius or remaining as an ordinary pirate, in which easé 0 <

18
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C -K=D (20)

In order to combine the results of a separating equilibrium with equation (20),
we substitute the values of the inventors’ and pirates’ wealth, given by (18)
and (19) respectivelynto (20):

1_
pQ, _ _(1-p) ©Q, o1
1+ G R 1+G
Or, using (18’) and (19’):
Q. JEEQ,

(1+ JeTE)Z (14 Q/E)Z 22)

Which, in turn, can be reduced to:

o)

_K
(1+ 9/E)2 Q,

(23)

It can be seen from equation (23) that a necessary condition for this
expression to hold when the value of ideas and the investment cost are
positive @e, K > 0) is-/0E < 1,i.e.the squared root of the product of the
effectiveness of pirating with the proportion of geniuses should be less
than one.Additionally, the value of ideas should be higher than the
investment cost, and both should be positive for a posiEYgsee
Appendix).
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We will specify this as a formal assumption in what follots:

JEE<1  And Q,>K>0 (A1)

The splitting economyrepresented by equation (23), can be solved for the
proportion of geniuses in equilibriunY). (23) Can be rewritten as a cubic
equation (seAppendix):

S S e e

There are three solutions to (24): one real and two imagiddry (real)
solution of (24) is positive for the parameter range described by (Al).
This implies that there does exist an interior solution for the splitting
equilibrium (.e.there is a positive proportion of geniuses in equilibrium,
E*).7

Once it has been proved that there is a positive (real) solutiog*for
the dynamics of geniuses can be described from the splitting equilibrium
equations. For instance, from equation (23), it is possible to determine
how the proportion of geniuses will vary when there is an increase in the
investment costK), the effectiveness of piratingg), or the value of
ideas createdU).

s If \JOE >1, then for any)e >K > 0 we have an equilibrium where all firms choose to remain
as pirates.

" The derivation of the solution f&* can be seen in thppendix.As the real solution of the
cubic equation (24) is not manageable (or easy to read), it is presented onlgppémalix
of the present chapteHowever the main conclusion of this exercise is that an interior
solution for the splitting economy does exist, and that it is possible to calculate a positive
proportion of geniuse<Ef) in equilibrium.
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As there is an interior solution for (23), we can use the implicit function
theorem (IFT) to find the impact of cost, protection, and value of ideas, on the
proportion of geniusesiE/dK, dE/dé anddEdUe. Using equation (23), if we
definef (-) as follows:

f(£6.9,.K)=(1-VEE)Q,- K(1+ O] E) = 0 (25)
f(s) = (1_ gv? E1/2)Qe K (1+ 9YE" 1/2)2 -0 25)

Then, the impacts discussed above are given by:

dE __9f/aK o0
dK  of JoE

dE __9f/a8

d6  of JoE @
dE _ o /90,

dQ.  ofJoE (28)

Using (25) as the implicit function, (26), (27) and (28) can be calculated from
the partial derivatives of the function with respecE{&, andUe:

Of JOE =162 E7Q_+ KOYE %2+ KOE * (29)

& According to the IFTgiven thaf (x,y) is a function on a ball about (¥,) in RZ and f (x, y,) =C,
if g—f(xo,yo) #0 then there exists a function y =y (x) such th&t,) :_% (Simon and
y

Blume, 1994).
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of /OE = °E™2( KOV?E **+ K/ E-Q, /2) (29)

of /oK = —(1+4/9/E)2 (30)
o /00 = G 2EPQ - KO VE H2- K/ E (31)
f /00, = (1-V/6E ) (32)

Clearly, equations (30) and (31) are always negative, while (32) is always
positive, given the parameter range described by (Al) (and for those ranges, a
real root to (24) exists). Howevyethe sign ofdf/dE depends on the RHS of
(29’), and, more preciselpn the sign of the dérence:

%(ﬁ +1)- 2 (33)

2

The sign of equation (33) depends on how & @’ if E is small, the expression
is always positive (for any finite valueslbg andK); if Eis large, the expression is

° It has to be said, however, that the sign of equation (33) could not only depend on how large
the initial proportion of geniuse€E) is, but also on the initial values of the other three
variables Oe, K ande). After all, the proportion of geniuses in equilibrium is a function of
these variables. One of the aspects to consider is the relative size of the value cﬁiel)deas (
with respect to the investment cok) (This is particularly relevant whdhis medium-sized.

Also, given equation (16), the proportion of geniud®sdepends on the size of effectiveness
of pirating @) and the guarding time3): So, it can be argued that when the effectiveness of
pirating is low and/or the guarding time is high, the initial proportion of geniuses (iBjtis|

low and, the equation (33) is positive.
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always negative. Therefore, the sign of the derivatf/fdE depends on
the initial conditions of the economin terms of the existing proportion of
geniuses:

of JOE>0 For small values of, and
of JOE<O For large values oOE™X

Proposition 1

The sign of the paial derivative of the implicit function withespect to
the poportion of geniuses in the economy (df/dE) depends on the initial
proportion of geniuses in the econonly there are few geniuses initially
the derivative is alwaygpositive for any finite values ofJe and K. On the
other hand, if thex are many geniuses in the econgrtiye derivative df/

dE will be alwaysnegative for any finite values of:Je and K. Moeover
there is a unique critical value for the gportion of geniuses such that
df/dE is zeo.

Therefore, the impact of the investment cost, IPRs protection, and value
of ideas, on the proportion of geniusd&/dK, dE/de anddE/dUe, will depend
on the initial value of the proportion of genius& igself. In this sense, two
different situations can arise: one for a positive RHS of (29) and the other
when the RHS of (29) is negative.

If (29) is positive (small values d&), and given the signs of (30), (31)
and (32):

10 The ambiguous comparative statics arise because the parameter ranges(d)efém)z Oand
JBE <1 are not enough to determine whether the expression in parenthesis of (29’) is positive
or negative. Notice, however, that when- 1/ (its largest value)C, - K> 0 andD > 0, so the
“large range” is consistent with (A1) and the splitting equilibrium condit@®n K = D). Also,
if E - 0 (its smallest valuel;_ - K> 0 andD > 0, so the “small range” is also consistent with
(A1) and the splitting equilibrium (sé@pendix).
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dE/dK>0
dE/d@ >0
dg/dQ, <0

However if (29) is negative (higk), and given the signs of (30), (31) and (32):

dE/dK <0
dE/d8<0
dE/dQ, >0

Lemma 1

The impact ofJe, K andé on the poportion of geniuses depends on how many
geniuses ther ar initially in the economyif there are many geniuses in the
economy a decease in the investment cost, a d&ge in the effectiveness
of pirating or an incease in the value of ideaseated will raise the
propottion of geniuses. But, if therare few geniuses initiallya deceasein

the investment cost, a dexase in the effectiveness of pirating or an
increase in the value of ideaseated willreducethe pioportion of geniuses.

There are two implications of Lemma 1. Firstyrossmars results of a
negative impact of the effectiveness of pirating and a positive impact of the
value of ideas created on the proportion of inventdEde < 0 anddE/o[Je >
0) are true only in some cases: these derivatives will have the signs predicted
by Grossmars model when the initial number of geniuses igéathigh values
of E). However if there are few geniuses around initiallige impacts of the
effectiveness of pirating and the value of ideas on the proportion of geniuses
work in the opposite direction. This means that including an investment cost in
Grossmars separating equilibrium creates an ambiguity in the results of the
impact of policy variables on the proportion of inventors.
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Secondlyan economy without geniuses starts always with a posifid&
(equation 33 is positive) whatever IeveIs&gfandK (satisfying parameter ranges
of Al). Then, when the proportion of geniuses in the economy ficigurtly
large, the derivativdf/dE changes signs and becomes negative (equation 33
is negative) for any finite values dife andK. Moreover the sign ofdf/dE
remains then negative for larger value€ptind never go back to a positive
df/dE.

This means, that when an economy begins with a small proportion of geniuses
(or with no geniuses at all),deceasein the investment cost,decreasein the
effectiveness of pirating or @ncreasein the value of ideas created widlduce
the proportion of geniuses. In this case, the proportion of pir&eis high
(equation 15), the guarding tim@&)(is high (equation 16) and the proportion of
the value of ideas in inventors’ hang3 is low (equation 17).

These conditions describe an economy where there are few ideas to be
copied (few inventors and too much time spent in guarding) and the pirates’
share of the value of ideas must be divided among many fellow pirates. Here,
if the investment coskK() increases, the effectiveness of piratiayjiicreases
and the value of ideas create}ﬂe)(decreases, there will be even less ideas to
be copied, so the share of each pirate (one of many fellow pirates in the economy)
is even smalleAdditionally, if we consider the proportion of the value of ideas
in inventors’ handsp):

1+ — (4)

Which can be rewritten as:

" G+6R )
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Or, from the results of the separating equilibrium:

1

PT1e JoE

If the proportion of geniuse&) begins to increase (from a situation in which
there are few geniuses around or no geniuses at all), the proportion of jates (
will be decreasing (by equation 15) and, therefore the proportion of the value of
ideas in inventors’ handp) will increase (by equation 4’). This is re-affirmed

by equation (17): whek is increasing, the proportion of the value of ideas in
inventors’ handsp) will increase as well. This situation means that when the
(initially small) proportion of geniuses begins to increase, there will be more
incentives to leave the pirates’ sector and invest to become a genius (as the
corresponding proportion of the value of ideas in that sector is increasing).

Then, when the proportion of geniuses is large enough (high valigs of
there is a change of signs and the impacts of these variables work in the opposite
direction: adecreasein the investment cost,decreasein the efectiveness of
piratingor anincreasein the value of ideas created widisethe proportion
of geniuses. In this case, the proportion of pira®sq low (equation 15), the
guarding time @) is low (equation 16) and the proportion of the value of ideas
in inventors’ handsp) is high (equation 17).

Here, the high share of the value of ideas in inventors’ hands is attractive
for inventors, while a low guarding time implies more ideas to be copied and
shared among few pirates (@s$s low). Therefore, we have an economy with
many incentives to become an inventor: there are few pirates, there is no need
to allocate resources to guarding and the proportion of value of ideas in inventors’
hands is high. Under these conditions, if the investment cost decreases and the
IPRs protection increases, more individuals will be interested in investing to
become geniuses.

Additionally, if we look at the proportion of the value of ideas in
inventors’ hands:

A7)
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G

TS

4)
Or, from the results of the separating equilibrium:

1

PT1e 6/E (7)

We can see that ong&sds increasing (Qigiven equation 15, the proportion of pirates

(R) is decreasing), both equations (4’) and (17) reveal that the proportion of the value
of ideas in inventors’ hands are rising. This means that once the proportion of
geniuses in the economy is large enough, as to change the sign of equation (33), it
will keep increasing as there are more incentives to leave the pirates’ sector and
invest tobecome a genius (the proportion of the value of ideas as a genius is higher)
and will never go back to a situation in which there are few geniuses around.

5. POLICY RECOMMENDATIONS

The impacts of the value of ideas, investment cost and effectiveness of pirating
on the proportion of geniuses in the econpdgscribed by Lemma 1, can be
used to formulate policy recommendations within the model presented here.
Specifically one could ague that the value of ideas creatéQ)(is not a
policy, but is given in any industry by market scientific conditions. Hence, let
andK be policy variablesAs ¢ is the efectiveness of pirating, a decrease in
its value represents higher protection. In this sehsegonsidered an instrument
for the authorities: a strong policy of IPRs protection will be translated into a
lower value o®. On the other hand, the investment cé9tdan be reduced by
better training or education of the labor force, or simply covered (subsidized)
by the authorities, so it can be considered as a second policy instrument.
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For a giverge, when the economy starts with a high proportion of geniuses
(Eis large), a reduction of the investment c&Stwill be effective to raise the
proportion of geniuses in the economy (for lafgedE/dK < 0, so aK
decreasesk will increase). In this case, a reduction in the investment cost
increases the incentives to invest in inventing; so more individuals (firms) will
choose to become geniuses.

However when the economy starts with a low proportion of geniusés (
small), a reduction dk will be ineffective to raise the proportion of geniuses
(for smallE: dE/dK > 0, so aK decreased: will decrease as well). In this
case, an increase in the investment cost actually encourages inventions because,
as there are few geniuses in the econotingre are too many fellow pirates
sharing a small value of ideas (few ideas to copy).

Similarly, for a given investment cost), when the economy starts with a
high proportion of geniuseg& (s large), a higher IPRs protection (lovégwill
be effective to raise the proportion of geniuses in the economy (for Earge
dE/dé < 0, so a® decreased: will increase). In this case, a stronger IPRs
protection will reduce the already small guarding time (equation 16) and increase
the already high proportion of ideas in inventors’ hands (equation 17), so it will
effectively raise the proportion of individuals (firms) that invest in inventing.

But, when the economy starts with a small proportion of geniuses (
small), a strong IPRs protection (lowe)y will not be effective to raise the
proportion of geniuses in the economy (for srkalE/dé > 0, so a& decreases,

E will decrease as well), so the best policy on property rights will be a less

protective one. In this second case, with few geniuses around, the proportion
of pirates in the economy is high (equation 15) and the guarding time is high

(equation 16), so there are few ideas to be copied. Even if the IPRs protection
becomes weaker (the effectiveness of pirating is increased), there are
more incentives to move out of the (less attractive) pirates’ sector towards
the inventors’sector

Summarizing the policy recommendations described above, the results of
the impacts of policy variables on the proportion of geniuses (stressed in Lemma
1) suggest that the effectiveness of policy instruments to raise the proportion
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of geniuses depends on the initial conditions of the economtgrms of the
existing proportion of geniuses itself.

When the economy starts with a high proportion of geniuses, a strong policy
on IPRs protection and a policy on reducing the investment cost will effectively
raise the proportion of geniuses in the econamyhis case, its already more
attractive to become an inventor (lower guarding time and higher proportion of
the ideas in inventors’ hands) and a reduction in the investment cost or a stronger
protection against pirating creates more incentives to become an inventor

However when the economy starts with few geniuses, the best policy of
IPRs protection is a less protective one. In this second case, there are too
many pirates around that have to share a proportion of the value of very few
ideas created® weaker IPRs protection will not create incentives to remain in
the piratessector: it helps to become a pirate, but an increase in the proportion
of pirates (sharing little value of ideas among many fellow pirates) create
incentives to move out of this sector and invest to become an inventor

6. WELFARE ANALYSIS

So far our model predicts that for some values of ideas created, costs of
investment and IPRs protection, the proportion of geniuses in the economy
will increase. In particularit has been suggested that for industries with a
large initial proportion of geniuses, the proportion of geniuses will increase
with the value of ideas created and with a stronger IPRs protection, while
it will decrease for higher values of the investment cost. Meanwhile, for
industries with a low initial proportion of geniuses, the impacts of these va-
riables will work in the opposite direction.

However nothing has been said about the advantages that an increase in
the proportion of geniuses represents for the sadietyalways in the interest
of the society to have a high proportion of geniuses or could it be that in some
cases there is more welfare for a small proportion of geniuses? These questions
are addressed in the present section.
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In the framework presented in the second section, there are two types of
individuals (firms) in the society: geniuses-inventors and ordinary people-
pirates. In order to construct a welfare function for this type of society
the benefits of each group will be added and the cost paid (in this tese,
investment cost paid by geniuses) must be deducted. In this sense, a simple
welfare function is proposed:

W=eG+(- 9 D ekK (34)

The first issue to be mentioned about this function is that the proportion of
geniuses in the economy can have two types of impacts on welfare: a direct
(by the change ie itself) and an indirect one (through the chang€ jor D).
According to equation (20), we must always keep the equ@lityk = D in
order to remain in the splitting equilibrium. This situation implies that the direct
impact ofe onW (on equation (34)) is not relevant, as the balance of wealth
for inventors-pirates always holds. In this sense, only the indirect effect should
be considered.

As our interest is to derive the welfare function for the splitting equilibrium
only, we can substitute the equal@y- K = D into equation (34). The wealth
function yields:

W=D (35)

Equation (35) suggests that for a split-then-separate type of ecosoonstys
welfare can be calculated using the wealth of only one of the two parties
involved; in this case, pirates’ wealtB). The logic behind this result is that
for a split-then-separate type of econgrhe wealth of both parties must be

't Equation (34) can be rewritten & = ¢(C_-K) + (1€)D, whereC-K = D for the splitting
equilibrium.
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always balanced, -K = D) to remain in equilibrium. In this sense, it is enough
to know the wealth of one of the parties, in order to calculate soxiwbalth.
Therefore, to obtain the sign of the increase in the proportion of geniuses
on societys welfare (.e. the indirect diect, the impact oE on D and the
subsequent impact @ on W) we can use equation (35) and deri¥ewith
respect tcE.
We know that for the separating equilibrium:

JEEQ,

D= m 19)

Then, the derivative dd with respect td is:

dD _ 1/201/2E—1lee (1+6’1/2E_ 1/2)2 _ 2( 1+ 0 V- 1/?(_ 19 Vi 3/)0 U 1@6

& 1+ JoTE)

(36)

Which can be reduced to:

dD _ Qe(\/ﬁ/_E) .\ Q. (6/E)
dE 2(1+\/9/7E)2 (1+J9/T;)3 (36)

And which is clearly positive.
Therefore, it can be seen, from the sign of (36’), that there is a positive
(indirect) impact oE onW: as the proportion of geniuses increases, the wealth
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of pirates (equivalent to inventors’ wealth in equilibrium) will increase, and so
will the welfare?!?

The intuition for this positive (indirect) impact can be obtained from
equation (19):

5007 o,

R 1+G

(19)

If there is an increase iR, there is a positive impact ob. There are
three effects (two positive and one negative) of the increase o
pirates’ wealth D). First, the pirates’ share of the value of ideasp)1-

will decrease a<€ increases (equation 17), but this negative effect is
cancelled out by a (larger) positive effecttbbn the proportion of pirates

(R): as the number of geniuses in the society increases, the number of
pirates will decrease in a one-to-one proportion (equationAdg)itionally,

there is a third (and positive) impact Bfon D: the guarding time )
decreases ak increases (equation 16): as there are fewer pirates, less
effort will be done on guarding.

The positive impact oE onW and equality ofC_- K =D imply that an
increase in the proportion of geniuses will be beneficial for both groups,
geniuses and pirates, and the society will be bettetioff.

Substituting (18’) for inventors’ wealth and (19’) for pirates’ wealth
in (34):

2 This result implies that whel increases, the (splitting equilibrium) equal@y - K = D still
holds, but for higher values @ andD. In other words, if the equality always holds, it should
not matter to welfare how many pirates or inventors there are in the economy (the payoff to
both is the same), unless such payoff is increased for both groups.

13 However, it has to be said that, while this result seems to be quite straightforward, it is a partial
one, as only the splitting equilibrium is analyzed here.
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JeEQ, |

W:eL2 +(1- ¢ 5
(1+VE/E)

(1+ 6/ E) ot

Rearranging terms in (37), the welfare function can be reduced to a more
manageable expression, for welfare in terms of the proportion of gen@)des (

aQe
W= 1+e 2 (1- & 6" -eK (38)

And, given that the optimal proportion of geniuses in (38) is a function of several
variables (Je, e andK), a more formal expression f@¥ would be:

W —_ e(Qelg7 K)Qe
T 1+e(Q, .0, Ky 2 [1- eQ, 0, K)Y 26

—e(Q,,6, K)K (38)

Once this reduced welfare expression has been found, comparatiee ctati
be obtained to determine the impact of an increase in the value of ideas created
(Ue), the efectiveness of piratingg) and the investment co) on societys
welfare.To do so, derivatives fodWdU_, dW/de, dW/dK are obtained from
(38’). Thesderivatives can be expressed as a sum of direct and indirect effects
on welfare.The direct efiect represents the impact 61;, e or K onW, while
the indirect effect measures the impactL]%f e or K on the proportion of
geniusesd) and the subsequent effect of this proportion on welfare (given that
the impact o onW s via a change i€, - K or D).

These comparative statics are relevant to know the impact of policy varia-
bles on welfareAs discussed before, there are several possible policy variables

14 The reduction of equation (37) and derivation of (38) are included izgphendix.
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in our model.The first one is the IPRs protectiof)( stressed bysrossmars
article. New laws on IPRs protection could be proposed based on the impact
of the efectiveness of piratingg) on welfare Additionally, an alternative (or
complementary) policy could be analyzed: a policy of subsidies on the cost of
investment K (in the form of education or training). These policies can be
discussed after the impact of these variables on welfare is known.

The impact of the value of idead f on welfare can be obtained from the
derivative:

dw _ aw {aw} de
= +
dQ, 0Q, [ de | dQ, (39)
dw _ e . Q, _K+%[‘/ﬁ+ H/E] de
dO, (1+6/E) |1+OE (tejoEf |d0 @

The first term of (39") reflects the direct effect of the value of id@g)sdn welfare,
while the second term considers the indirect effect: it combines the impact of the
value of ideasl‘ﬁe) on the proportion of geniuses and the impact of the fune(t!idJem
e andK) onW. The sign of the derivative (and, therefore, the total impad/pn
depends on the signs of these two effects, the direct and indirect ones.

The direct effect is positive, as the proportion of geniuses is always positive.
If you have more valuable ideas in the indusaty else equal, welfare would
rise. However as the indirect éct depends on the impact of the value of
ideas (Je) on the proportion of geniusedddUe), its sign is ambiguous. The
expression in parenthesidW/de) is always positive for all UE >K >0, and

15 The difference between the first two terms in the parenthesis is always positive given equation (21).
If the investment cosK( was larger than the first term, nobody would invest in becoming a genius.
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J6E < 1.As mentioned before, all else equal, the more geniuses in the egonomy
the higher the piratesiealth and, subsequentthrough the indirect &ct, the
higher the societg'welfare. Meanwhile, the sign of the derivative of the proportion
of geniuses with respect to the value of ideﬂd@e) depends on the initial
proportion of geniuses (as stressed before).

For industries characterized by a large initial proportion of geniuses, the
proportion of geniuses increases as the value of ideas incrieasdEdUe> 0.

In this case, both the first and second terms of (39’) are positive, so both the
direct and the indirect effects of the value of ideas on welfare are positive. In
other words, for industries with hidh an increase in the value of ideas will raise
societys welfare.

On the other hand, for industries characterized by a small initial proportion
of geniuses, the proportion of geniuses decreases as the value of ideas
increasesi.e. dEldUe< 0. In this case, the second term of (39’) is negative,
while the first term is positive: the direct and indirect effectaAdwork in
opposite directions. In other words, for industries with siathe effect of an
increase in the value of ideas on societyelfare depends on whichfedt
dominates.

The impact of the IPRs protectio®d)(on welfare can be obtained from the
derivative:

W _ oW [0 W] _de
e " 90 | 9e | @ (40)

Q 2 1/12pn-1/2 Qe
f(e“ (1- 209 o 7[\/e_a 6/ | de

L E N S

(40)

dw

e
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The first term of (40’) reflects the direct effect of the IPRs protectidn (
on welfare, while the second term considers the indirect effect: it combines the
impact of the IPRs protectiog)on the proportion of geniuses and the impact
of the functione (Ue, e andK) onW. The sign of the derivative (and, therefore,
the total impact o) depends, once again, on the signs of these two effects,
the direct and indirect ones.

The direct effect is negative for a]le >K >0 and-/0E < 1. If all else
equal, the tougher the IPRs proteatithe smaller the effectiveness of pirating,

e), the lower the guarding tim& (equation 16), the higher the inventors’ and
pirates'wealth (equations 18 and 19, respectively), and the higher the seciety’
welfare. Howeveras the indirect éct depends on the impact efon the
proportion of geniuseslE/de), its sign is ambiguous.

The expression in parenthesis is again always po¥ifiweall l‘JE >K >0
and-/0E < 1.All else equal, the more geniuses in the econdheyhigher the
pirates’wealth and, subsequentlhrough the indirect &ct, the higher the
societys welfare. Meanwhile, the sign of the derivative of the proportion of
geniuses with respect to the IPRs protectidB/de) depends on the initial
conditions of the industry (as stressed before).

For industries characterized by a large proportion of geniuses, the proportion
of geniuses increases as the IPRs protection is tougher (s@ller. dE/dé
< 0. In this case, whea increases (less protection), both, the first and the
second terms of (40’) are negative, so the direct and the indirect effects of
less IPRs protection on welfare are negative. In other words, for industries
with many geniuses, an increase in the IPRs protection will raise saciety’
welfare: a tougher IPRs protection will reduce the guarding time (equation 16)
and increase the proportion of the value of ideas in inventors’ hands (equation
17), so it will raise the proportion of people (firms) who invest in inventing,
which, in turn, improves pirates’ wealth too, by giving them more to copy (less

16 The expression in parenthesis is, in fact, the same as the one in equation (39’), so the same
intuition for this positive sign applies here.
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guarding time) and reducing the proportion of fellow pirates (equation 15) with
whom the value of ideas created is shared.

On the other hand, for industries characterized by a small proportion of
geniuses, the proportion of geniuses decreases as the protection is,toegher
dE/dé> 0. In this case, the second term of (40’) is positive, while the first term
is negative: once again, the direct and indirect effecté/evork in opposite
directions. In other words, for industries with few geniuses, the effect of an
increase in IPRs protection on socistyvelfare depends on whichfeft
dominates. Therefore, it could very well be the case that stronger IPRs
protection has the perversdezft of lowering the inventiveness of the society
As the initial proportion of geniuses is small, the guarding time is high (equation 16)
and the proportion of the value of ideas in inventors’ hands is low (equation 17), so
there are fewer incentives to invest in becoming an (genius) inventor

The impact of the investment cokt)(on welfare can be obtained from the
derivative:

dw :aw{aw} de

dk 9K | de | dK 4D
Q.
aw__| o _K+2[\/95+ 3 de
dK 1+/6/E (1+ g/E)Z dK (41)

The first term of (41’) reflects the direct effect of the investment dOsb(
welfare, while the second term considers the indirect effect: it combines the
impact of the investment cos€) on the proportion of geniuses and the impact
of the functione(Ue, e andK) onW. The sign of the derivative depends on the
signs of direct/indirect effects.

The direct effect is negative, as the proportion of geniugeis @lways
positive All else equal, raising the investment cost cannot raise sciegyfare.
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However as the indirect éfct depends on the impact iéfon the proportion

of geniusesdE/dK), its sign is ambiguous. The expression in parenthesis is
again always positive for al[le >K >0 and-/6E < 1.All else equal, the more
geniuses in the econorrthe higher the pirateg/ealth and, subsequenttiirough

the indirect efect, the higher the sociey/ivelfare. Meanwhile, the sign of the
derivative of the proportion of geniuses with respect to the investment cost
(dE/dK) depends on the initial conditions of the industry (as stressed before).

For industries characterized by a large proportion of geniuses, the proportion
of geniuses decreases as the investment cost incréasd&/dK < 0. In this
case, both the first and the second terms of (41’) are negative, so both the
direct and indirect effects of the investment cost on welfare are negative. In
other words, for industries with many geniuses, an increase in the investment
cost will decrease socieywelfare, as it reduces the incentives to invest in
inventing, which has a negative effect on pirates (less ideas to be copied and
more fellow pirates (equation 15) with whom you have to share the proportion
of the value of ideas) as well.

On the other hand, for industries characterized by a small proportion of
geniuses, the proportion of geniuses increases as the investment cost increases,
i.e.dE/dK > 0. In this case, the second term of (41’) is positive, while the first
term is negative: the direct and indirect effect$\dwork in opposite directions.

In other words, for industries with few geniuses, the impact of an increase in
the investment cost on societyelfare depends on whichfeét dominates.

Here, an increase in the investment cost actually encourages inventions because
there are too many fellow pirates sharing a small value of ideas (few ideas to
copy), and the increase in the investment cost leaks out, as the guarding time
decreases (equation 16) and the proportion of ideas in inventors’ hands increases
(equation 17) as soon as people (firms) move from pirates to inventofs (
increases).

The comparative statics described by derivatives (39"), (40’) and (41")
can be summarized ifable 1.

The results of the comparative statics suggest that, as in the previous section,
the impact of the policy variables on welfare depend on the initial proportion of
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TasLE 1
EFFECT ON WELFARE
INITIAL VALUE / VARIABLE
Direct Indirect Total
Large E
Qe + + +
0 - - -
K - - -
Small E
Qe + - ?
0 - + ?
K - + ?

geniuses. For industries characterized by a high initial proportion of geniuses,
the proportion of geniuses and socistwelfare will increase when the value
of ideas increases, when the investment cost decreases and when the
effectiveness of pirating decreases. In these industries, a tough IPRs protection
(low &), as well as a policy on the investment cd€}, will not only have a
positive impact on the proportion of geniuses in the econdunyit also will
raise societys welfare.

However for industries with a low initial proportion of geniuses, the results
are less straightforward. The impact of the independent varidbleeé (and
K) on the proportion of geniuses work on the opposite direction as in the other
type of industry (higtE): the proportion of geniuses increases with a lower
value of ideas, a higer value of the investment cost and a less tough IPRs

39



Dmitri Fuan

protection policyAdditionally, the impact of these variables on societyelfare

is ambiguous, as it depends on which effect dominates: the direct (the impact
of U, & andK onW) or the indirect oa (the impact ofJ,, & andK on the
proportion of geniuses and the subsequent impaef- pbnW).

7. CONCLUSIONS

The theoretical model presented in this paper provides insight for the particular
structure of a dual economén inventorpirate framework (in particulathe

model presented by Grossman, 2005) was used to observe a previous stage, in
which an individual (firm) has to decide whether to invest and become an inven-
tor (genius) or to remain as a pirate.

The model presented here focuses on only one of the four equilibria
proposed by Grossmanarticle: the separating equilibrium, in which all
geniuses are inventors and all ordinary people are pirates. This implies that in
equilibrium those that have chosen to invest and become geniuses will be
inventors, while those that have chosen to remain ordinary will become pirates
and will, thereaftercopy othersideas.This equilibrium is combined with a
splitting type of economy in the first stage, where some individuals (firms)
choose to become geniuses while some prefer to remain as ordinary ones.

There is a clear division in the society for this type of equilibrium: those
individuals that invest in education/training are able to develop their own inventions,
while the rest of the society is only able to imitate those inventions. Many
economies have this type of structure: there is a clear division between those
sectors closely related to advanced technology (that are continuously learning
how to develop new ideas) and those that are not familiar with this type of
technology (and remain as imitators of otkenventions).

The main result of the model presented here is that, even when a higher proportion
of geniuses represent a higher welfare for the sotietyolicy implemented by the
authorities to create incentives for such an increase depends on the initial conditions
of the economy (in terms of the proportion of geniuses itself).
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The results obtained here suggest that there are two contrasting situations in
this type of economyror industries with many geniuses, the proportion of geniuses
(and welfare) will increase with the value of ideas created and decrease with
the effectiveness of pirating and cost of investment, and a policy of strong IPRs
protection will be effective in increasing the proportion of geniuses and welfare.
With many geniuses there are many ideas (with high value) and the geniuses’
share is high; if a decrease in the effectiveness of pirating or the investment cost
is added, it is even more attractive to become a genius.

Meanwhile, for industries characterized by a low number of geniuses,
the proportion of geniuses will increase with the effectiveness of pirating
and the cost of investment, and decrease with the value of ideas created. In
this case, there are few ideas to be copied and pirates’ share is divided among
many fellow pirates. There are more incentives to move out of the pirate
sector even if the cost of investment increases or IPRs protection decreases.
Hence, the best IPRs protection policy is a less strongAaditionally, in
these industries, the impact of policy variables on welfare is ambiguous; as it
depends on which effect (direct or indirect one) dominates.

The ambiguous comparative statics could be explained by the fact that
different industries tend to have different innovative conditions, even in developed
economies. In particulapbne can think of contrasting industries in terms of
value of ideas and investment cost, as pharmaceuticals (high costs of investment
and low value of ideas created) and software (low costs of investment and
high value of ideas) ones.

Pharmaceutical industry is characterized by high costs of innovation (on a
trial-and-error basis), which have increased in recent yé#s. the other
hand, the possibility of copies for new products and the fact that the introduction
of those new products (due to new technologies at the global level) is slowing
lately makes it uncertain and difficult to have high rewards to innovation
(Matraves, 1999; Gonsen and Jasso, 2000).

17 A recent empirical study by DiMast al. (2002) has shown that R&D costs of new drugs have
increased at an annual rate of 7.4% above general price inflation.
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Meanwhile, the software industry is characterized by low marginal costs
and rapid technological change: after the cost of design and develop of a new
product, the marginal cost of producing another copy is minimal. The value of
the developed software is high, as there is a captive market of consumers, as
all software products are differentiated and the consumers prefer to acquire
products that are compatible with her existing software (Klempé&@g7;
Schmalensee, 2000). This type of analysis could be conducted in more detail in
future studies.

Finally, although it could be tempting to apply the present model to the
other equilibria proposed by Grossnmatticle (the pooling ones: not all geniuses
are inventors and not every ordinary person is a pirate), the (splitting-then-
separating) equilibrium analyzed here seems to be the one that best fits to
many developing economies as Mexico.
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WHO WANTS TO BE A GENIUS?

APPENDI X

A cubic equation foE* (equation 23):

Q.- JOEQ, )
(1+6/EY A+O/EY (2)
(1-VoE) _ K
1+ OE)? Q. @)

Q. (1-/BE)=K(1+,/6/EY
Q.(1-VJOE)= K(1+ 2/6/E+ 6/ E)
Q, -Q JOE"? = K+2KJOE 2+ KOE™
(Q, —K) =Q_JOEY? + 2K-[OE Y2+ KOE™*

Then, we can assume tHat>K > 0, for a non-negative solution Bf.
(Q.-K)=V8[Q E"*+2KE™?]|+ KOE
Q.E+2K ,
(Qe_ K) =\/§|:eETj|+ KEE !

(Q, -K) — e—llzK—lliQeE-l'ZK:l_'_ E-1

eK El/Z
E(Q.-K) _ QE K 2
EOK) gl S+ |
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We can express this formula as a cubic equatiofc¥ér

(—e%KjE”—(Q;;KJE{%j E’?+1=0 (24)

Or, to simplify the expression, we can s¥t:= EY?

Then,
(%}Xa‘(QE;KjXZ{%jXHZO (24)

An interior solution folE*:

E* can be obtained solving equation (24’) . Recall thatX = E*2,

There are 3 solutions to the cubic equation (24’), two imaginary and a real
one.As we are interested in the proportion of geniuses in equilibrium, we will
focus only on the last one. The (real) solutionXviis:

-0 +K
3Q 61/2

* —

_ (2°(6Q.6K - Q +K)’)
3Q,02(-27Q 9K + 1 FK (Q +K » 26Q +K §+ /3 ¥3

1

+W[(—27Q6202K +180 K Q,+K ) 26Q +K $+ 3/ 3/ 5’3]

Where:

J* = [(-4056°K + 80 /67K 2+ 30 0K + 2D B K~ D AK * @ AR ®
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By assumption, we know that:
Q.>K
Which, in turn, implies that:
(-Q, +K) <0
Additionally, as itis a real (not an imaginary) solution:
(-27Q K+ 18 K €Q +K )~ 26Q +K §+ 3/ 3/ ¥°>
And
V>0
Also, we know that the equilibrium proportion of geniudey (s positive as:
X*=(B)"?
Which means that:
E* = X?

So, even if the solution fof is negativei(e. X* < 0), E* will be positive.
Therefore,

E*>00Q_>K >0 and JOE<1 (A1)
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Parameter ranges for “Larg&:
The sign of the derivativéf/dE depends on the sign of the difference:

K Q,
E(JH/E +1)— > (33)
Then,

of JOE<O For large values df

The maximum value dE under (Al) is:

E_ =
6

“Large”

Substituting the maximum value Bf‘Large” into (33):

2K8(6+1)<Q, (33)
o)

6(6+1) <=2 "

(6+2) <=5 (33")

For the maximum rang& needs to satisfy:

(a) Equation (33)

Qe -K>0

(b) W (C.-K>0)
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(C) \/ﬁge > >0 (D S O)
(1+Jo/E)

For a large range @&, substituting “Large” into (b) and (c):

(a) Is satisfied for small values éf givenAl, if Eis laige,é has to
be small

Q

e

(b) (1+9)2 >K Is satisfied: give\1, if E is laige,é has to be

small, andJ_ > K
Q

e

(c) (1+6)2 >0 Is always satisfied for any positive valuel:bef

andeé

Parameter ranges for “Smale:
The sign of the derivativdf/dE depends on the condition:

%(\/e/iE +1)— %‘§O (33)

Then,

of /GE >0 For small values oE
The minimum value oE under (Al) is:

E-O
“Small”
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For the minimum rangds needs to satisfy:

@ £(JoE 1>

Qe
(b) z~K>0 (C.-K>0)
o7 e
C Je_EQe2>O s
(c) (1+\/6?/7E) (D>0)

For a large range &, substituting “Small” into (a), (b) and (c):

(@) s always satisfied, a$° > 76

(b) Is satisfied given (Al), iE is small,& has to be large arl}ﬂe >K
(c) Is satisfied for allU_> 0

In sum:
WhenE -, 1/e (its largest value)C_- K >0 andD > 0, so the “large range”
is consistent with (A1) and the splitting equilibrium conditi@){K =D).
WhenE - 0 (its smallest value}f;_- K> 0 andD > 0, so the “small range”
is also consistent with (A1) and the splitting equilibrium.
An expression fo¥V (equation 38):

W=eG+(1- ¢ D- ekK (34)

50



WHO WANTS TO BE A GENIUS?

SubstitutingC, from (18") andD from (19') in (34):

—_ Qe + — \/e_EQe —_
W E{(l+ B/E)ZJ @ 6)[—(1+ 7 E)ZJ ek (37)
" _eQe(l—\/eTE)me\/eTE_

> ek
[ e)
eQ (1_91/2 E1/2)+Q QY2EL?
W=— — -eK
(1+ H/E)

B @e(l_ gY2el2 /(1_ ellz) +Qe (91/261/2/(1_ 61/3
(1+JOE)

_ e£2e+ é/Z(l_ el/Zel/?g)e _

(1+JOTE) oK

eQe (1+ gl2 (1_ e)1/261/2)
W = i eK
(1+ e—1/z(1_ e)1/291/2)

dze
W= 1+e2 - e)1/ 29172 —eK (38)
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And, given that optimal proportion of geniusgepends oﬁJe, e andK:

We 0.6, K2,
1+e(Q,.0, Ky 2[1- eQ, 8, K)I 6"

-6(Q..0,K)K  (38)

Equation (39):

W — e(Qe,H, K)Qe
T 1+e(Q, .0, K) Y [1- eQ, .0, K)['?6Y?

-Q,,0,K)K (39)

“1/201_ a\l/i291/2 de _ Cpsl2 120 U2 _ 1312 17 de
_(1+e 1- oY% ){emedgj (@.)[-¥e™ (v ef"0¥:- v (2 &P }d—Qe
dQ, (1+e—y2(1_ e)mguz)z
de
-K
aQ

e

dw ) e(1+ e—1/2(1_ 91/201/2)
dQ, B (1+e—1/2 (- e)l/281/2)2

Q. ( 12 N U2Q12, 120 Aliog U
7(el(l 90"+ eV(1- ¢V V)

Q, de
+ -K+
(1 +eV2 (1- e)llze 1/2) (1+ o2 (1- e)1/29 1,2)2 dQ,
Qe[ JGE + [E |
dw _ e Q, 2 de

dQe_(1+ 9/E)+ 1+.,/6/E “ (1+ 9/5)2 dQ,  (39)
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Equation 40):

_ 0.6, K0, i
Y Tre@, 6. 0 - a0, 6, Ko 80,0, K)K (38)

_ de

1+el/2 1_e 1/291/2 Qei

aw_ (e a-9ener o
dg (1+ e—llZ (1_e) 11261/2)2

- (e£2 1/ 26—1/2 (1_ e)l/29—1/2 _ 1/ 2e—l/2 (1_ e)-l/ZgllZ E _1/ 2e—3/2 (1_ e) l/2gl/2 %
i do 4o

(l+ e—1/2 (l_ e) 11261/2)2

dw ) eQ, (1+ e—1/2 (1_ e)1/29-1/2)
dg (1+e—1/2(1_ e)1/291/2)2

Q. ( 12 _Aal2pl2, U204 Nl271)
7(el(le) 0%+ €11~ Y91 | 4,

Q. _
(1+ &2 (1- e)l/281/2) * (l+ &2 (1- V29" 2)2 dé
Q - Q
dW__?e(ellz(l_ )29 1/2)+ o, _K+28[\/H_E+ 6/ E} de
do (2+BE) 1+6/E (1+Jo'E) |%€

(40)
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Equation (41):

W= &Q..0, K)Q,
T 1+e(Q, .8, Ky - eQ, .8, K)]

1/26’1,2—8(526,9, K)K (38)

. de
1+e1/2 1-e 1/291/2 Qe—
aw_ (e 0-96" 0

dK (1+e—112 (1_e) 1/261/2)2

- (e()e)[—l/ze—lm (1_9)_1/291/2 _1/2e—3/2 (1_ e)1/291/2 Ccllli} i
“12 ;1 _ o 121i2n2 -K—-e
L+e™?(1-e) 6" 4K

Qe /2(1_ A-12pn1/24 s1/2(q_ Al U
Y o 7(e1(1e)9+e(1e)%92)Ole

W:—e‘* (l+e71/2(1_ee)1/291/2)— + (1+e’1’2(1— e)1/291/2)2 dK.
Q.
aw__ o o VENTE] e
oK 1+JB/E (e JorE) | -
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