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Abstract This article develops an evolutionary model of industry dynamics in
order to carry out a richer theoretical analysis of the consequences of a stronger
patent system. The first results obtained in our article are rather consistent with
the anti-patent arguments and do not favor the case for a stronger patent system:
higher social welfare and technical progress are observed in our model in industries
with milder patent systems (lower patent height and patent life).
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1 Introduction

The demand for a stronger patenting system has become in the recent period a
major source of tension between the U.S. government and the E.U. (see the recent
debate on software patents). The US demand is generally motivated by the
conventional economic wisdom affirming that a strong patenting system yields
convenient incentives for the private investment in Research and Development
(R&D) and hence for technical progress in society. This rather mechanistic
approach of technological dynamics and of the role of the patenting is mainly based
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on the neoclassical theory of technical progress that strongly focuses on the agents’
incentives rather than on the dynamics of the existing technological systems.

1.1 What is a patent?

The US Patent and Trademarks Office (USPTO) gives the following definition on
its web site:

A patent for an invention is the grant of a property right to the inventor, issued
by the United States Patent and Trademarks Office. Generally, the term of a
new patent is 20 years from the date on which the application for the patent
was filed in the United States or, in special cases, from the date an earlier
related application was filed, subject to the payment of maintenance fees(...).
The right conferred by the patent grant is, in the language of the statute and
of the grant itself, “the right to exclude others from making, using, offering
for sale, or selling” the invention in the United States or “importing” the
invention into the United States. (...) Once a patent is issued, the patentee must
enforce the patent without aid of the USPTO. [US Patent and Trademarks
Office legal web site1]

This definition puts a particular stress on the role of a patent as a certificate of
private ownership of an invention. This ownership gives to the inventor the right to
exclude anyone from the provision of this invention in the US. From the point of
view of the inventor, the benefits of this exclusivity (the monopoly rent) should be
opposed to the costs of filing and maintaining a patent. These dimensions of the
patent system directly follow from the theoretical arguments that have been used
to defend the establishment of patent systems during the 19th century patent
controversy.

1.2 Arguments for a patent system

Following the arguments that have been developed by the defendants of a patent
system during the patent controversy of the 19th century (see van Dijk 1994),
a patent is

– the natural property right in ideas;
– the just reward for the inventor;
– the best incentive to invent;
– the best incentive to disclose secret information.

These arguments are based on the assumption that the main motivation of an
intentional innovation is the monopoly rent that can be obtained using a superior
technology or product.

Modern theoretical arguments emphasize the particularities of new technical
knowledge for justifying the necessity of protecting intellectual property rights.

1 http://www.uspto.gov/
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Following these arguments,

– knowledge has two important characteristics: nonrivalry and nonexcludability;
– technical knowledge is a source of externalities in R&D.

These two dimensions may induce an underprovision of this public good. As
a consequence, the correct incentives must be established through a temporary
monopoly position and the public disclosure of private information. These ar-
guments have regularly been questioned by the opponents of a strong patent
system. This is quite natural given that patent systems concern the reallocation of
rents in society and possess, as such, a political dimension.

1.3 Some stylized facts about patenting

Following van Dijk (1994), Cohen et al. (2000), Gallini and Scotchmer (2002),
Hall (2002), and Mansfield (1986), we can specify some stylized facts about
patenting:

– most patentable innovations are patented (the exact proportion is industry-
specific);

– inventing around a patent occurs (with an average cost advantage of 35%);
– most innovations combine elements from existing products;
– the effective lifetime of a patent is generally shorter than the legal lifetime (less

than 8 years for the 50% of the patents in the UK and France);
– patents are useful to impede imitation (the supplementary imitation cost due to

the existence of a patent is industry-specific, with weights from 7% to 30%);
– the propensity of patenting has heavily increased in the last decade. This

propensity is industry-specific and it is higher for larger firms.

There are more than four million patents in force in the world today, and every
year applications are filed for a further 700000 inventions. In 2002, the European
Patent Office (EPO) received over 160000 patent applications. Figure 1 clearly
shows the explosion of the number of patent applications and of effectively granted
patents in Europe.

1.4 Behind the incentives

Is patenting the only tool for protecting an innovation? The results of the 1994
Carnegie Mellon Survey of the U.S. manufacturing sector are summarized in
Cohen et al. (2000). Following these results, firms declare that they have at their
disposal a variety of tools, and they do not necessarily prefer patents to other means
for protecting their innovations. In fact, firms’ declarations imply the following
ordering of these mechanisms with decreasing protective effectiveness:

1. Secrecy;
2. Lead time;
3. Complementary sales/services;
4. Complementary manufacturing;
5. Patenting
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Secrecy is considered by the firms as the most effective mechanism for pro-
tecting process innovations, while lead time is considered to be slightly more
effective for product innovations. This survey clearly shows that the main mo-
tivation for patenting does not correspond to the theoretical argument used in
defense of a stronger patenting policy (better incentives for R&D). This obser-
vation, combined with the recent surge in patenting gives rise to what is called
today the patent paradox (low effectiveness but high patenting).2

Patenting is mainly used by firms for strategic reasons: constructing patent
fences around discrete inventions; building negotiation power through a patent
portfolio in complex industries, especially for cross-licensing issues, etc. This
strategic use of the patent system must be taken into account in the evaluation of
its social costs and benefits. Patent systems are promoted on the basis that they are
the least expensive means to provide incentives for innovation. The anti-patent
movement argues that patents are inefficient and expensive: the costs of bureau-
cracy (strongly increased during the recent patent surge– see Fig. 1), court per-
sonnel and lawyers make the patent system very costly and unattractive. These
costs add to the welfare lost due to monopoly granted by the patent system. Even
worse, building patent fences around discrete innovations can constitute patent
thickets implying strong dynamical inefficiencies in innovation systems.

The social cost of defensive patenting (Cohen et al. 2000) follows from the fact
that, in these cases, patenting does not foster inventions. Merges and Nelson (1990)
and Mazzoleni and Nelson (1998) emphasize the complex nature of the dynamics
of technology in many industries. Merges and Nelson (1990) show that a stronger
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2 See Hall and Ziedonis (2001) for electronics firms.
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patent system can have very different effects on different industries. They
distinguish four classes of technologies in which the role of patents can be strongly
contrasted: discrete inventions (new pharmaceuticals), cumulative technologies
(aircraft), chemical technologies and science-based technologies (biotechnology).

A “one size fits all” system of intellectual property rights seems quite illu-
sionary and can sometimes generate strong social dynamic costs by blocking the
development of complementary innovations or of better substitutes. The diversity-
reduction effect of broad patents on prospect opening inventions can generate high
social costs. As a consequence, models of innovation and of patenting must take
into account the complexity of different technological regimes while evaluating the
global impact of a stronger patent system and of its dimensions (mainly scope and
length). An agent based approach to the industrial system, composed of boundedly
rational firms, can help us to locate main issues in this debate. Moreover, at the
more specific level of the patent race models, the main results are generally too
strongly sensitive to the rational expectations (or perfect foresight) assumption
and to the assumed homogeneity of the firms.3 The main results of this literature
should be tested against more realistic assumptions before using them in the anal-
ysis of intellectual property regimes. This article develops an evolutionary model
of industry dynamics, aiming to enhance our theoretical understanding of the
consequences of a stronger patent system. The next section will briefly present
the main characteristics of our model. The third section will be dedicated to the
presentation of our simulation protocol and of the first results of the basic model.
The last section will conclude the presentation.

2 The model

This model concerns an industry producing a homogenous good and facing a
decreasing market demand. The only production factor is physical capital, and
technology has constant returns to scale (it is linear). In each period, each firm
shares its gross profits between different investment outlets: R&D, physical capital,
patent budget, saving (equity) and distribution of dividends. R&D investment is
necessary for the imitative and innovative activity of the firm, and these are the
only sources of productivity gains in the model. Technical progress is disembodied
and corresponds to the increase of the productivity of the firm’s capital stock.

The industry is initially populated by firms with random characteristics (drawn
following a normal distribution centered around common averages). The short-
period market equilibrium fixes the price at which the consumers agree to buy this
product, given their demand in each period. Market price determines the firm’s
gross profits, and these profits are used for investing in different assets (strategies):
innovation and imitation follow from the R&D investment; physical capital in-
creases as a consequence of the investment; the patent budget is used to finance
new patents or to renew the patent portfolio of the firm; dividends are distributed to
the consumers and they can increase demand; the equity is used as saving and can
provide supplementary revenues for investing in future periods (see Fig. 2). In this
model, we dedicate particular attention to the patenting strategies of the firms.

3 See Silverberg and Yildizoglu (2002) for a discussion of this problem in the context of the
Aghion and Howitt (1992) model.
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In the rest of this section we will briefly present the main components of the
model.

2.1 Strategies and learning processes of firms

At the beginning of each period, the firm must decide how to spend the gross
profits and the savings from the previous periods. In our model, these revenues can
be allocated between five alternative assets (see Fig. 2):

Investment in physical capital The firms expands its capital stock in order to
increase its market share. IKRATE is the initial average value of this investment rate
around which the strategies of the firms are created.

R&D investment R&D allows the firm to create new technologies, or to imitate the
technology of a successful competitor. The obsolescence cost of the R&D stock,
for a given firm, depends on its relative productivity, compared to the maximum
level of productivity in the industry. Hence, if a firm’s productivity is low com-
pared to the maximum level of productivity in the industry, its R&D stock will be
subject to a high degree of obsolescence. As a consequence, the firm with the
highest productivity in the industry faces no obsolescence cost. Thus, even without
any new specific investment, a leading firm will be able to keep constant its R&D
stock. IRDRATE is the initial average value of this investment rate around which
the strategies of the firms are created.

Patent budget In order to prevent other firms from benefiting from its own
technological investments, a company can decide to protect an innovation. We
assume that a technology may only be patented if it is sufficiently distinct from an
already patented technology. The patent office can be more or less indulgent and
this dimension of the patent system is measured in our model by the variable
PATENTHEIGHT. A patented technology can be protected for a maximum of

Fig. 2 The main connections in the model
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PATENTLIFE periods. A new patent costs NEWPATENTCOST, and renewing
a patent for a period necessitates the payment of RENEWPATENCOST. PAT-
ENTRATE is the initial average value of this investment rate around which the
strategies of the firms are created.

Dividends Companies can redistribute a part of their profits to shareholders and
thus to households. In this simplified model, this is the only way by which the total
demand increases. The coefficient that transforms the distributed dividends into
demand increases is γ. DIVIDENDRATE is the initial average value of this in-
vestment rate around which the strategies of the firms are created.

Savings Companies can save voluntarily and/or involuntary, part of their profits.
Involuntary savings arise when one of the budget lines is not spent in its totality.
This saving is precautionary, since it enables a company to offset certain con-
sequences of unforeseen events (e.g. negative profits). In our model, if a company
experiences negative profits and does not have any more saving, it quits the
industry. EQUITY RATE is the initial average value of this investment rate around
which the strategies of the firms are created.

In each period, the learning of the firms is represented through an evolutionary
algorithm: firms learn through imitation of the strategies of others and through
random experimenting (mutations). In our model, imitation is based on the market
size of the opponents, rather than on their profits (as in Silverberg and Verspagen
1994). As a consequence, a bigger competitor will have a higher probability of
being imitated. These two mechanisms are, respectively, commanded by the
probabilities PROBMIMITATE and PROBMUTATE.

2.2 Technical progress and patenting

Technical progress is a result of the innovation or imitation processes of firms. The
success of these processes is an increasing function of the R&D investment of the
firms. Firms may file patents in order to protect their technologies from imitation
by competitors.

2.2.1 Productivity gains: innovation and imitation

In our model, innovation is a two-stage stochastic process. A first draw determines
if the firm has been successful to innovate. The probability of this success increases
with the R&D investment. A second draw then gives the effective new productivity
that results from the innovation.

It should be noted that a new technology may only be used and patented if it
is not covered by an existing patent.

A firm can also benefit from imitating a successful competitor’s technology.
Imitation is rather rare and the probability of success again increases with the
R&D investment of the firm. Only unpatented technologies can be imitated. When
the imitation happens, each competitor has a probability of being imitated that
increases with its market share.
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2.2.2 Patenting

The management of the patent portfolio is very crucial in our model. In this version
we do not allow any sleeping patents. Hence, when a new technology is found, the
inventor can choose to protect it by filing a patent. If the firm does not protect it, the
technology may be imitated or invented around by the competitors. A firm will
only desire to patent a technology if (a) the technology is seen as sufficiently
interesting to patent, and (b) the firms has a sufficient budget. More specifically,
the probability of adopting (or keeping) a particular patent is given by a normal
distribution that depends on the relative efficiency of the technology. Efficiency
of a given technology is measured by the number of firms with a productivity
lower than the productivity of this technology: the higher the number of such
firms, the more efficient the patenting. We assume that firms cannot perfectly
observe the efficiency of their innovation and they are prone to errors.

2.2.3 Management of the patent budget

In the beginning of each period, the firm will try to reserve a budget for patenting.
This budget should cover two kinds of expenses: (a) the cost of maintaining
previously filed patents, (b) the possible cost of filing a patent for a new innovation.
This budget will result from the investment strategy of the firm on patenting.

2.3 Entry and exit

In this model, the size of the industry, in terms of active firms, is allowed to change
at each period. Nevertheless, an upper bound is fixed, which is the initial size N.

Even with negative profits, a firm may stay in the industry as long as it holds
some positive savings that offset the loss. When this is no longer the case, the firm
exists the industry (the case of bankruptcy). If the number of active firms is lower
than N at the beginning of a period, some new firms may enter the industry. For
example, persistent high profits or increases of the level of profits in an industry
may be an attractive signal for new entry. When entry occurs, the characteristics of
the new firms are drawn from values around the industry-averages. If a potential
new entrant is not profitable at the current market price, and/or if the technology
found by it is patented, the potential firm will not be able to enter. The probability
of entry is ENTRY PROB. The entry is also limited, in our model, by the inverse
Herfindhal concentration index.

2.4 The pseudo-code of the model

We start with a population of N firms in the industry. We assume that each firm
is initialized with random strategies that are drawn from the same normal
distributions.
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The algorithm of the model runs the following steps in each period t:

1. Populating the industry:

– if t=1: creation of an industry composed of N firms
– if t>1: death and birth process

2. For each period t, until t=T:

(a) Computation of the production levels: Qt
i and the total supply Qt

(b) if t>1 evolution of the demand Dt (depends on past dividend strategies)
(c) Computation of the intra-period price (as a function of the inverse demand

function): pt
(d)Randomize the order of play of firms in the current period t
(e) Computation of the gross profits
(f) Definition of the different budget levels for R&D, investment, patenting,

savings and dividends
(g)Computation of the list of all patented productivities in the industry
(h) Imitation of technologies
(i) Innovation of firms
(j) Management of the patent portfolio and patenting
(k)Diffusion of the best strategies in the industry (depends on the market shares

of the firms)
(l) Mutation of strategies: possible change of the individual set of strategy rates

3 Simulation protocol and first results

3.1 Simulation protocol

Given the complexity of the interactions that we model, we adopt a methodology
that allows quite a systematic exploration of the parameter space of the model. This
methodology is close to the Monte Carlo method. We run 1,000 series of 500
periods4 each, where the results from each period have a probability of 2% of
being saved. So, for each run we obtain an average number of ten randomly chosen
observations for all the measured variables. The simulations are initialized with a
randomly drawn vector of values for the main parameters of the model. As a result,
we obtain a set of 10000 observations covering quite a diversified subset of the
parameter space. The values from which different parameters are drawn can be read
in Appendix A. We do not necessarily discuss in the text all the parameters that
appear in this appendix, but only the most significant ones. We analyze the obser-
vations sampled from the last half of each run, for dates higher than the second
quartile of the saved periods (t≥Q2

t=254). We use for this analysis box plots (giving
the four quartiles of the distributions of the variables), Wilcoxon–Mann–Whitney

4 Running 1,000 simulations is sufficiently robust and secure in our case since �2=x becomes
stable after 500 runs for any variable x in our model.
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tests between subsets, and regression trees. The statistical analysis is conducted
using R (see R Development Core Team 2003).

3.2 First results on patents and social welfare

Table 1 shows the influence of the dimensions of the patent system on some of our
aggregate indicators (market price, productivities, number of firms...). We only
present here the influences that are statistically significant at a unilateral test level
higher than 5% in linear regressions computed between each of the dependent
variables and the indicated four dimensions of the patent system.

Table 1 indicates that a stronger patent system (with a longer PATENTLIFE,
and a more indulgent patent office corresponding to a stronger PATENTHEIGHT)
would imply higher concentration, market prices and profits. These benefits for the
firms in the economy would also have a social cost in terms of technical progress,
since the average and maximal productivity would be lower under such a system.
This phenomenon would also be concomitant with longer effective patent lives
and fewer innovations. The influence of the cost dimensions is rather obvious
and marginal.

Would these influences necessarily yield a lower social welfare? Answering
this question using only the market price is not very straightforward in our model
since, when distributed as dividends, the profits increase the revenues of the
consumers and yield a higher consumers’ surplus. As a consequence, a higher price
does not automatically imply in our model a lower consumer’ surplus. This is even
more likely given the increasing relationship between the PATENTLIFE and the

Table 1 The role of characteristics of the patent system (t≥Q2
t=254)

Variable PL PH NPC RNPC

price + +
maxprod − − +
averprod − − +
activeN − − −
invCI − −
log (averprofit) + +
nbinnov − −
nbpat + − −
cumnbpat + − −
maxpatage + + + −
nbpatfirms + − + −
Behaviors
avpatrate + − −
avirdrate − − + +
avikrate + −
avequitrate − + −
avdivrate + −

PL PATENTLIFE; PN PATENTHEIGTH; NPC NEWPATENTCOST;
RNPC RENEWPATENTCOST
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average dividend rate of the firms (see the last line of Table 1). So, we must take a
better look at the social welfare for judging its evolution under a stronger patent
system.

Figure 3 gives the distribution of the social welfare (consumers’ surplus and
total social surplus5) for different patent systems: for each of the dimensions
(PATENTLIFE and PATENTHEIGHT) we call low the value of this dimension if it
is lower than the second quantile of this variable and we call it high otherwise. The
configuration hl corresponds, for example, to a situation where the PATENTLIFE
is high and the PATENTHEIGHT is low. As is shown by the boxplot,6 the highest
social surplus is observed when both dimensions are low and, hence, the patent
system is mild. Non-parametric Wilcoxon–Mann–Whitney tests7 confirm this
graphical result. As a consequence, the positive impact of a stronger patent system
on the profits of the firms does not finally outweigh the negative impact on con-
sumer welfare. This result casts a shadow on the admitted social efficiency of
strong intellectual property rights. Moreover, the similarity between the config-
urations hh and lh, on the one hand, and between hl and ll on the other, indicates
that PATENTHEIGHT dominates the impact of the patent system on social surplus.
This point calls for a more detailed analysis of the determinants of social welfare
in our model.

We analyze the role of different parameters of the model using regression trees.
A regression tree establishes a hierarchy between independent variables using their
contributions to the overall fit (R2) of the regression. More exactly, it splits the set
of observations in sub-classes characterized by their value in terms of their
contribution to the overall fit and of their predictions for the dependent variables
(all parameters that are modified by the Monte Carlo procedure are included as
explanatory variables in each of the following regressions). This value is validated

Fig. 3 Patent strength and social welfare

5 Social suplus=consumers’ surplus+total profits of the firms.
6 These boxplots show four quartiles of the distributions of our indicators: the statistically
significant minimum and the maximum correspond to the extreme end of the whiskers, while Q1
and Q3 correspond to the edges of the central box and the median corresponds to the horizontal
line inside the box.
7 The statistical appendix may be obtained from the following address: http://beagle.u-bordeaux4.
fr/yildi/files/tvmy1appendix.pdf.
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against a fraction (10%) of the sample that is not used during the estimation.
Regression trees are very flexible and powerful in the clarification of the structure
of the observations. The tree gives a hierarchical sequence of conditions on the
variables of the model: the higher the role of a condition in the classification of the
observed cases, the higher its status on the tree. For each condition, the left branch
gives the cases for which the condition is true and the right branch gives the cases
that are compatible with the complementary condition. We give now a step-by-step
interpretation of the main elements of the regression tree exposed in Fig. 4.

Figure 4 shows that the main determinant of the social welfare in this model is
the demand effect of the distributed dividends. γ is the coefficient through which
dividends are transformed into supplementary demand by the consumers. The top
first branching of Fig. 4 shows that the social surplus is the lowest (log(SS)=
10.47)⇒SS=35242.22) when this coefficient is very small (the left branch: γ<
0.008993). In our model, 2703 observations correspond to this case. When γ is
higher, the second component of this demand effect enters onto the scene: the
initial average dividend rate (DIVIDENDRATE) around which the firms are ini-
tialized during the creation of the industry. The highest social welfare is obtained in
the model when this value is very high (DIVIDENDRATE≥0.8674 – the highest
result corresponding to log(SS)=19.06 can only be obtained in the right branch of
this test). If the dividend rate is more reasonable (DIVIDENDRATE<0.8674 – the
right branch), distinguishes again two sets of cases: on the left, we have the cases
where γ<0.01686 and, on the right the ones with γ≥0.01686. The first set of cases
confirms again the preponderant role played by the demand effect in our model.

We should also note an interesting result that concerns the role played by the
cost of new patents: the highest welfare in this case is obtained when firms dis-
tribute large dividends and when the NEWPATENTCOST is higher (so that they
issue fewer patents given the lower resources dedicated to patenting and the higher
cost of each patent). The second set of cases (corresponding to γ≥0.01686 and
DIVIDENDRATE<0.8674) is more interesting. Here the highest social welfare
(log (SS)=17.31)⇒SS=32933469) is observed when (i) initially firms invest
sufficiently in physical capital (IKRATE≥0.21), (ii) the height of the granted
patents is not too high or too low (PATENTHEIGHT∈[1.138, 2.124]) and (iii) the
depreciation of technological knowledge is not too strong (α<0.1207). When

Fig. 4 Determinants of social surplus
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PATENTHEIGHT<1.318, the highest welfare is obtained when the official patent
life is nil and thus patents do not play any positive role in the profits of the firms
(PATENTLIFE<0.5⇔PATENTLIFE=0). These results show that, under each set of
conditions concerning other variables, welfare is higher when the patent system is
milder.

We summarize in the following proposition our main conclusions concerning
the welfare effects of a stronger patent system.

Proposition 1 (Welfare effects) A stronger patent system implies a lower social
welfare even if it implies higher profits for the firms. The indulgence of the patent
office on the height of the accepted patents is the main determinant of this negative
social effect. As a consequence, a more demanding and restrictive patent office that
attributes very tightly defined protection with each patent would be beneficial to
social welfare.

What about the technological effects of the patent system? Figure 5 shows the
distribution of the average productivity and of the maximal productivity, both
conditioned by the dimensions of the patent system: the officially allowed patent
life (patlife) and the patent height (patheight) that also corresponds to the patent
breadth in our one-dimensional technological system. As before, the qualifications
high (h) and low (l) result from the comparison with the second quantile (Q2)
of each variable. We again observe here the predominant role played by the
PATENTHEIGHT: the technical progress is stronger when this dimension of the
patent system is lower and hence, when the protection accorded to each patent
is narrower in the technology space. The weakest technical progress is observed
when both dimensions are high, and hence the patent system is strong. A
contrario, a weak patent system yields the strongest technical progress.

We use a regression tree for a more detailed analysis of these results. Figure 7
exposes the determinants of technical progress measured by the average produc-
tivity in the industry during the second half of its life. This figure first shows that
technical progress is the lowest when the PATENTHEIGHT is very high (>2.734),

Fig. 5 Patent strength and technical progress
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and hence the patent office is very indulgent. The predominant role played by this
dimension of the patent system confirms the result of Fig. 3.

For lower heights, the role played by the PATENTLIFE variable is more am-
biguous: its value (PATENTLIFE⪌1.5) does not really have a consequence on
technical progress itself but on the nature of the model, since two different di-
mensions of learning play an important and distinct role in each of these two sets
of cases. When the patent life is very low, random exploration of strategies rep-
resented by the mutation operator must remain very weak (PROBMUMATE<
0.0285%) in order for the industry to attain the highest productivities. When the
allowed maximal life of the patents is longer, some significant entry (ENTRY
PROB>0.726%) and learning through imitation (PROBIMITATE≥0.45%) are nec-
essary for transforming lower investments rates on physical capital (IKRATE<
0.1568) to the highest productivities for the industry. Moreover, Fig. 6 shows that
the firms rarely maintain their patents during the full legal patent life, and thus
confirms the stylized fact that we have underlined in the introduction. As a con-
sequence, the variable PATENTLIFE only plays a role when its value is very low. A
contrario, when the patent life allows a significant role for the patents, the learning
of strategies, and the budget constraint that binds together all strategies, become
crucial for technical progress.

We can also check that these results comply with the main result of the Fig. 3,
that is, the highest average productivity (2877) is compatible with the configuration
(hl) (high PATENTLIFE and low PATENTHEIGHT). Figure 3 shows that this
configuration provides a higher consumer surplus than configuration (ll): the
higher the average productivity, the lower the price, and, the higher the consumer
surplus.

Figure 7 also demonstrates the role of learning and diversity in technical
progress: in both cases (with low or high PATENTLIFE), a lower ENTRY PROB

Fig. 6 Patent strength and effective patent life
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decreases the average productivity. This result is quite normal, since a lower value
of this variable implies a lower degree of diversity of the strategies and the
technologies of the firms and, hence, a possibly higher degree of market con-
centration. The latter can, of course, lead to fewer innovations and, consequently, to
a lower average productivity in the industry.

Proposition 2 (Technical progress) A stronger patent system implies weaker
technical progress even if the firms do not fully exploit the officially permitted
patent life. The height/breadth of the granted patents play a major role in this result
and the weakest technical progress is observed when this height is very strong.
When the allowed maximal life of the patents is longer, some significant entry and
some intraindustry communications that allow learning through imitation are
necessary for transforming lower investments rates on physical capital to the
highest productivities for the industry.

4 Conclusion

“If we did not have a patent system, it would be irresponsible, on the basis
of our present knowledge of its economic consequences, to recommend
instituting one. But since we have had a patent system for a long time, it
would be irresponsible, on the basis of our present knowledge, to recom-
mend abolishing it.” (Machlup 1958 – cited by Hall 2002).
This article develops an evolutionary model of industry dynamics in order to

carry out a richer theoretical analysis of the consequences of a stronger patent
system. Even if we agree with Machlup that the question of abandoning the ex-
isting patent system cannot be easily posed, the necessity for a stronger patent
system, as it is defended by the North-American authorities, must be questioned.
The first results obtained in our article are rather consistent with the anti-patent
arguments and they do not favor the case for a stronger patent system: higher social
welfare and technical progress are observed in our model in industries with milder
patent systems (lower patent height and patent life). Even if the firms’ profits are
higher with a stronger patent system, the global effects are negative, since they

Fig. 7 Determinants of average productivity
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correspond to lower social welfare and weaker technical progress. If the actual
patent system is to be reformed, the system should be limited in scope instead of
strengthened as demanded by American authorities. We do not have any evidence
in this model for advising the generalization of patent systems to areas where
innovations are not actually protected through this type of IPR.

But we must now refine and improve this analysis in two directions. First, we
must carry out a more detailed analysis of individual results in order to understand
the mechanisms that are behind our results. Second, we must develop a richer
technology space in order to include in the analysis different technological regimes
as stressed by Merges and Nelson (1990). Moreover, by adopting a multidimen-
sional technology space, we can distinguish the length and the breadth of the
patents and have a more subtle and more realistic apprehension of the conse-
quences of a stronger patent system. On a complementary level, we should also
study the possible role of more forward-looking behavior on behalf of the firms.8

Appendix

1. Initialisation of the main parameters of the model

1.1 Exogenous variables

N=50: Number of firms
T=500: Number of periods
PROBIMITATE ∈ [10, 0.005]: Probability of imitation
PROBMUTATE ∈ [0, 0.005]: Probability of mutation
SIGMA_IN ∈ [0.1, 5]: Standard deviation of the innovative draws
DIVIDENDRATE ∈ [0, 1]: Initial average share of the distributed dividends in the
gross profits
PATENTRATE ∈ [0, 1]: Initial average share of the patent budget in the gross profits
EQUITY RATE ∈ [0, 1]: Initial average share of the savings in the gross profits
IKRATE ∈ [0, 1]: Initial average share of the investment in physical capital in the
gross profits
IRDRATE ∈ [0, 1]: Initial average share of the R&D budget in the gross profits
ENTRY PROB ∈ [0, 0.01]: Probability of new entry
ALPHA ∈ [0, 1]: Depreciation rate of the technological knowledge of the firm
GAMMA ∈ [0, 0.02]: Transformation rate of dividends into supplementary demand
NEWPATENTCOST ∈ [0, 5]: Cost of filing a new patent
RENEWPATENTCOST ∈ [0, 1]: Cost of renewing an existing patent
PATENTHEIGHT ∈ [0, 5]: The height of the granted patents. If the patent
correspond to the productivity A0 , all productivities in [A0−PATENTHEIGHT,
A0+PATENTHEIGHT] are protected from the competitors.
PATENTLIFE ∈ [0, 30]: Legal maximal life of patents

8 See Yildizoglu (2001) for a possible modelling strategy.
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EQUITY ∈ [10, 50]: Initial equity of the firms
CF ∈ [0, 2]: Fixed costs of the firms
K ∈ [10, 50]: Initial average capital stock of the firms
PROD ∈ [0.2, 1.2]: Initial average productivity of the firms
COST ∈ [0, 1]: Initial average unit using cost of the capital
DEM ∈ [300, 1000]: Initial demand coefficient
ETA ∈ 0.9: Elasticity of demand

1.2 Endogenous variables

price: Market price
max prod: Maximal productivity of the period
averprod: Average productivity of the period
activeN: Number of active firms in the industry
invCI: Inverse Herfindal index of the period
averprofit: Average profits
nbinnov: Number of innovations in the period
nbpat: Total number of active patents in the period
cumbpat: Cumulated number of the patents in the industry history
max patage: Age of the oldest active patent
nbpatfirms: Number of patenting firms in the period
avpatrate: Average percentage of the patent budget in the gross profits
avirdrate: Average percentage of the R&D budget in the gross profits
avikrate: Average percentage of the capital investment budget in the gross profits
avequitrate: Average percentage of the savings in the gross profits
avdivrate: Average percentage of the distributed dividends in the gross profits

References

Aghion P, Howitt P (1992) A model of growth through creative destruction. Econometrica
60:323–351

Cohen WM, Nelson R, Walsh J (2000) Protecting their intellectual assets: appropriability
conditions and why U.S. manufacturing firms patent (or not). Working paper series 7552,
NBER, Cambridge, MA

Gallini N, Scotchmer S (2002) Intellectual property: when is it the best incentive system? In: Jaffé
A, Lerner J, Stern S (eds) Innovation policy and the economy, Vol. 2. MIT, Cambridge: MA,
pp 51–78

Hall B (2002) Current issues and trends in the economics of patents. Lecture to the ESSID
Summer School in Industrial Dynamics, http://emlab.berkeley.edu/users/bhhall/papers/BHH

Hall BH, Ziedonis RH (2001) The patent paradox revisited: an empirical study of patenting in the
U.S. semiconductor industry, 1979–1995. Rand J Econ 32(1):101–128

Machlup F (1958) An economic review of the patent system. Study No. 15 of Commission on
Judiciary, Sub comm. on Patents, Trademarks, and Copyrights, 85th Congress, 2nd Session

Mansfield E (1986) Patents and innovation: an empirical study. Manage Sci 32:173–181
Mazzoleni R, Nelson RR (1998) The benefits and costs of strong patent protection: a contribution

to the current debate. Res Policy 27:273–284
Merges R, Nelson RR (1990) On the complex economics of patent scope. Columbia Law Rev

90:839–916

Social and technological efficiency of patent systems 205

http://emlab.berkeley.edu/users/bhhall/papers/BHH


R Development Core Team (2003) R: A language and environment for statistical computing. Vol.
http://www.r-project.org/, R Foundation for Statistical Computing, Vienna

Silverberg G, Verspagen B (1994) Learning, innovation and economic growth: a long run model
of industrial dynamics. Industrial and Corporate Change 3

Silverberg G, Yildizoglu M (2002) An evolutionary interpretation of the Aghion & Howitt (1992)
model. Working Paper 2202-3, IFReDE-E3i, Univ. Montesquieu Bordeaux IV

van Dijk TWP (1994) The limits of patent protection. Essays on the Economics of Intellectual
Property Rights, Universitaire Pers Maastricht

Yildizoglu M (2001) Connecting adaptive behaviour and expectations in models of innovation:
the potential role of artificial neural networks. Eur J Econ Soc Syst 15(3):203–220

206 T. Vallée and M. Yıldızoglu

http://www.r-project.org/

	Social and technological efficiency of patent systems
	Abstract
	Introduction
	What is a patent?
	Arguments for a patent system
	Some stylized facts about patenting
	Behind the incentives

	The model
	Strategies and learning processes of firms
	Investment in physical capital
	R&D investment
	Patent budget
	Dividends
	Savings

	Technical progress and patenting
	Productivity gains: innovation and imitation
	Patenting
	Management of the patent budget

	Entry and exit
	The pseudo-code of the model

	Simulation protocol and first results
	Simulation protocol
	First results on patents and social welfare
	Proposition 1
	Proposition 2


	Conclusion
	Appendix
	Initialisation of the main parameters of the model
	Exogenous variables
	Endogenous variables


	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


