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Abstract

An innovative firm chooses strategically whether to patent its process
innovation or rely on secrecy. By doing so, the firm manages its
rival’s beliefs about the size of the innovation, and affects the in-
centives in the product market. Different measures of competitive
pressure in the product market have different effects on the equi-
librium patenting choices of an innovative firm with unknown costs
and probabilistic patent validity. Increasing the number of firms (de-
gree of product substitutability) gives a smaller (greater) patenting
incentive. Switching from Bertrand to Cournot competition gives
a smaller (greater) patenting incentive if patent protection is weak
(strong).
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1 Introduction

This paper studies the incentives of an innovative firm to patent its process innovation

in an oligopoly. A patent discloses the technology to the firm’s competitors, but also

gives some protection against expropriation of the disclosed technology. However,

patents are imperfect, and only give protection with a certain probability (Lemley

and Shapiro, 2005). For example, surveys in the 1980s and 1990s of Levin et al.

(1987) and Cohen et al. (2000) find that high-level R&D executives in the US do not

consider patent the most effective appropriability mechanism of process innovations.

Instead secrecy was often considered as one of the most effective ways to protect

process innovations.

I analyze the patenting incentives in a model of asymmetric information about

the size of the innovation. In such a setting an innovative firm faces the following

trade-off. On the one hand, the potential expropriation of a patented technology

yields a more efficient, and more “aggressive” competitor in the product market. This

expropriation effect gives the innovative firm a disincentive to apply for a patent. On

the other hand, patenting a technology is a way to persuade the competitor of the

technology’s efficiency. This creates a signaling effect. The innovative firm manages

the expectations of its competitor in the product market, and thereby affects his

conduct, by patenting certain technologies while keeping other technologies secret. If

firms compete in prices, they have an incentive to patent inefficient technologies and

keep efficient technologies secret, since this relaxes price competition, and it keeps the

cost of expropriation low.

The way in which the market conduct is affected by technology disclosure, depends

on the competitive pressure in the industry. I study how the strength of competitive

pressure affects the incentive to patent a new production technology. In particular, the

competitive pressure is changed in three ways. First, increasing the number of non-

innovative firms in the industry increases the intensity of price competition. Second,

increasing the degree of product substitutability is an alternative way of increasing

the competitive pressure. Firms that produce close substitutes compete more fiercely

than firms that produce more differentiated goods. Third, switching from a market

where firms strategically set prices (Bertrand competition), to a market where they

set output levels (Cournot competition) lowers the competitive pressure for the firms

(e.g. see Singh and Vives, 1984).

Different measures of competitive pressure affect the patenting incentives in dif-

ferent ways. Changes of the number of rivals and the product substitutability change
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the relative strength of the signaling effect of disclosure. An increase of the number of

non-innovative competitors makes the signalling relatively weaker, and gives a smaller

incentive to patent. An increase of the product substitutability has the opposite effect,

i.e., it gives a greater incentive to patent.

A change of the mode of competition changes the direction of the signaling effect.

A Bertrand oligopolist has an incentive to appear as an inefficient, “soft” competitor

in the product market to encourage its competitor (strategic complements). Conse-

quently, in the absence of expropriation the firm has an incentive to disclose inefficient

technologies, and keep efficient technologies secret. By contrast, a Cournot oligopolist

has an incentive to do the opposite, i.e., only disclose efficient technologies to persuade

the competitor that he will face fierce competition in the product market (strategic

substitutes). The effect of expropriation is similar under both modes of competition.

Clearly, the change of the incentives changes the equilibrium strategies. The aim of

the paper is to characterize these changes, and explore their economic consequences.

The analysis may give an explanation for the phenomenon of collective invention

(Allen, 1983, and Nuvolari, 2004). For example, profit-maximizing iron producers in

19th century England shared small technology improvements freely with their com-

petitors in the absence of intellectual property right protection. This observation is

consistent with the technology sharing equilibrium in my model of Bertrand compe-

tition.

The literature on information sharing in oligopoly (e.g. Gal-Or, 1986, and Shapiro,

1986), and particularly recent work on strategic information sharing (Okuno-Fujiwara

et al., 1990) has focused on the implications of the signaling effect of information dis-

closure for product market conduct. Recently, Anton and Yao (2003, 2004), Gill

(2008), and Jansen (2006, 2009) analyze the trade-off between the expropriation ef-

fect and signaling effects in models with strategic substitutability in the production

stage. However, as far as I know, this is the first paper to analyze it in a model of

Bertrand competition, and to compare the two modes of competition. Changing the

mode of competition changes the patenting incentives in an interesting way. More-

over, Anton and Yao (2003, 2004), and Jansen (2006) focus on duopolistic markets

with homogeneous goods, while I also consider oligopolistic markets with horizontally

differentiated goods here. Finally, whereas Anton and Yao (2003-4) consider divisible

innovations, where a firm can choose to patent only an arbitrarily small part of the

new technology, I consider indivisible technologies, as in Gill (2008).1

1Whether innovations can be subdivided in small parts depends on the technology. If a process
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A second stream of literature, related to this paper, is the recent literature on

endogenous knowledge spillovers. For example, De Fraja (1993), Katsoulacos and

Ulph (1998), Kamien and Zang (2000), Gersbach and Schmutzler (2003), Fosfuri

and Rønde (2004), and Milliou (2009) analyze the choice of technology diffusion in

oligopoly models of complete information. Whereas expropriation of technological

knowledge affects the spillover choice in these papers, there is no role for signaling.

By contrast, signaling plays a central role in my model.

The paper is also related to the extensive literature on the relationship between

innovation incentives and competitive pressure (see e.g. Belleflamme and Vergari,

2006, Gilbert, 2006, and Vives, 2008, for overviews). Whereas this literature typically

analyzes how competitive pressure affects the incentives to create new knowledge, I

study the effects on the incentives to diffuse new knowledge. In other words, my

analysis is complementary to this literature.

The paper is organized as follows. The next section describes the model. Section

3 characterizes the equilibrium pricing strategies under patenting and trade secrecy,

and the equilibrium patenting strategies. Section 4 discusses the effects of competitive

pressure on the incentive to patent an innovation. Section 5 analyzes the robustness

of the main results. Finally, section 6 concludes the paper. Appendix A contains

the proofs of the paper’s main propositions. Appendix B gives more details on the

extensions, and makes some observations on the implications for the consumer surplus.

2 The Model

Consider N + 1 risk-neutral firms, firm I and firms 1, .., N , producing differentiated

goods, with N ≥ 1. Firm I, the innovative firm, obtains a patentable non-drastic

process innovation, which yields a production cost θI ∈ [θ, θ], drawn from p.d.f. f :

[θ, θ] → R+ (and corresponding c.d.f. F : [θ, θ] → [0, 1]), with 0 ≤ θ < θ. The

production cost θI is private information to firm I.2 Firms 1, .., N , the non-innovative

firms, have an inefficient, non-patentable technology, with the production cost θ, i.e.,

θ1 = ... = θN = θ.3

After firm I learns its cost, it makes its patent choices. Firm I chooses whether

innovation cannot be broken in small parts, then the full disclosure requirement of a patent only
leaves the choice between truthful disclosure or complete concealment of the technology.

2This specification allows for uncertainty about the existence of an innovation by assigning a
positive probability mass to the atom θI = θ.

3The assumption that there is only one innovative firm is made for simplicity. In section 5 I show
that the patenting incentives are similar when there are more innovative firms in the industry.
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to file for a patent and consequently reveal its cost truthfully, s(θI) = θI , or to keep

its cost secret and send the uninformative message s(θI) = ∅.
Patents are always granted, but their validity is challenged in court. The firm’s

patent for the new technology is successfully defended in court with probability γP ,

where 0 ≤ γP ≤ 1. However, with probability 1 − γP the patent is invalid, and the

firms 1, .., N can imitate the patent holder’s technology without incurring any cost.4

A trade secret remains secret with probability γS, but with probability 1 − γS the

secret leaks out to the competitors, enabling them to imitate the leaked technology at

no additional cost. To make the problem interesting, I assume that imitation is more

likely under patenting than under secrecy γP ≤ γS ≤ 1.5 For the analysis of patent
incentives there is no loss of generality to set γS = 1 and γP = γ with γ ≤ 1.6 The
parameter γ measures the relative protection of patents vis-a-vis secrets.

Finally, after messages are received and the validity of the patent is determined,

firms choose the prices of their differentiated goods simultaneously (Bertrand compe-

tition). Firm c with cost θc chooses its price, pc ≥ 0, and earns the profit:

πc(p; θc) = Dc(p)(pc − θc) (2.1)

for c ∈ {I, 1, .., N}. Here Dc(p) is the demand at prices p ≡ (pI , p1, .., pN) of the

representative consumer who enjoys the following utility (e.g. see Dixit, 1979) from

consuming the bundle q ≡ (qI , q1, .., qN) for c, k ∈ {I, 1, .., N}:

U(q) ≡ ω + α
X
c

qc − 1
2

X
c

Ã
q2c + βqc

X
k 6=c

qk

!
. (2.2)

Consequently, the inverse demand for the good of firm c is linear in quantities, i.e.,

Pc(q) = α− qc − β
X
k 6=c

qk, (2.3)

4Clearly, the probability of holding an invalid patent can also be interpreted as the probability
with which the patent validity is challenged in court, and the defense of the patent fails.

5The model with stronger protection of patents than secrets (γP > γS) would yield the patenting
of all technologies in equilibrium, since the signalling benefits of patenting (e.g. Gal-Or, 1986, and
Okuno-Fujiwara et al., 1990) would be reinforced by the benefit of less frequent expropriation. The
assumption γP ≤ γS is consistent with earlier theoretical work (e.g. Anton and Yao, 2003, 2004),
and empirical results (e.g. Cohen et al., 2000).

6If ΠP is the profit from a valid patent, ΠS is the profit from a secret, and ΠI is the profit after
imitation, then the expected profit gain from patenting instead of secrecy is: [γPΠP +(1−γP )ΠI ]−
[γSΠS +(1− γS)ΠI ]. This profit difference equals: [γPΠP +(γS − γP )ΠI ]− γSΠS . Clearly, the sign
of this net profit is the same as the sign of: [γΠP + (1− γ)ΠI ]−ΠS , with γ ≡ γP /γS .
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with c, k ∈ {I, 1, .., N}. The direct demand equals:

Dc(p) =
1

(1− β)(1 +Nβ)

µ
(1− β)α− [1 + (N − 1)β]pc + β

X
k 6=c

pk

!
, (2.4)

where c, k ∈ {I, 1, .., N}. Firm I’s innovation is non-drastic, i.e., I assume that

α ≥ 2θ − θ. (2.5)

Parameter β represents the degree of product differentiation, with 0 < β < 1. For

example, if β → 0, the markets for the goods are independent. The greater β, the more

substitutable the firms’ goods. I assume that the goods are sufficiently differentiated

(i.e., β is sufficiently low), such that both firms produce in equilibrium, i.e., β ≤ β or:

[2 + (2N − 1)β](1− β)(α− θ) ≥ [1 + (N − 1)β]β(θ − θ) (2.6)

I solve the game backwards, and restrict the analysis to pure-strategy equilibria.

3 Equilibrium Strategies

First, I characterize the equilibrium prices for any given patent choice and belief.

Second, I derive the equilibrium patenting strategy.

3.1 Pricing Strategies

For any given competitors’ prices, p−c, profit-maximization by firm c with marginal

cost θc yields the following best response function (for c, k ∈ {I, 1, .., N}):

rc(p−c; θc) =
1

2
θc +

(1− β)α+ β
P

k 6=c pk
2[1 + (N − 1)β] . (3.1)

First, I solve the product market stage under complete information. This situation

emerges after firm I patents its technology θI . The cost of non-innovative firms

1, .., N depends on the validity of firm I’s patent. If the patent is valid, then the non-

innovative firms cannot adopt the new technology, and θ1 = ... = θN = θ. The best

response functions rI(p−I ; θI) and rn(p−n; θ) for n = 1, .., N then yield the equilibrium

price

pbc(θc,
X
k 6=c

θk) = θc +mb
c(θc,

X
k 6=c

θk) (3.2)
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for θI ∈ [θ, θ], θ1 = .. = θN = θ, and c, k ∈ {I, 1, .., N}, with the price-cost margin:7

mb
c(θc,

X
k 6=c

θk) ≡ 1

2 + (N − 2)β

Ã
(1− β)(α− θc) +

1 + (N − 1)β
2 + (2N − 1)ββ

X
k 6=c
(θk − θc)

!
(3.3)

If, on the other hand, the patent is invalid, then imitation gives all firms the marginal

cost θI . In this case, each firm sets the symmetric equilibrium price-cost margin

mb
c(θI , NθI) as in (3.3) for c ∈ {I, 1, .., N}.
Second, I derive the Bayesian Nash equilibria of the product market stage for any

posterior beliefs under incomplete information. After firm I adopts secrecy there is

asymmetric information about firm I’s marginal cost θI , and no imitation is possible.

Firm I’s best response function remains rI(p−I ; θI). Firms 1, .., N update their beliefs

about firm I’s marginal cost, yielding posterior expected cost E{θI |∅}, and they
adopt the best response functions (3.1) for c = 1, .., N where pI is replaced by the

expected price E{pI(θI)|∅}. Consequently, the equilibrium price-cost margins are

mb
n(θ,E{θI |∅}+ (N − 1)θ) for n = 1, .., N , and the margin for firm I is:

mB
I (θI ;E{θI |∅}) ≡ mb

I(θI , Nθ) +
β

2
· βN(E{θI |∅}− θI)

[2 + (N − 2)β][2 + (2N − 1)β] . (3.4)

In any case, in equilibrium firm c supplies the following output level and earns the

following expected profit, respectively (for r ∈ {b,B} and c ∈ {I, 1, .., N}):

qrc (•) ≡
1 + (N − 1)β
(1− β)(1 +Nβ)

mr
c(•) (3.5)

πrc(•) ≡
1 + (N − 1)β
(1− β)(1 +Nβ)

mr
c(•)2 (3.6)

3.2 Patenting Strategies

The innovative firm bases its patenting decision on the comparison of the expected

profits from secrecy, and from patenting. The difference between the expected profit

from secrecy and patenting is πBI (θI ;E{θI |∅}) − γπbI(θI , Nθ) − (1 − γ)πbI(θI , NθI),

which can be written as 1+(N−1)β
(1−β)(1+Nβ)

Ψb(θI , E{θI |∅}) with:

Ψb(x, y) ≡ (1− γ)
£
mb

I(x,Nθ)2 −mb
I(x,Nx)2

¤| {z }
expropriation effect

+
£
mB

I (x; y)
2 −mb

I(x,Nθ)2
¤| {z }

signaling effect

(3.7)

7As usual, the equilibrium price is increasing in the costs. The equilibrium price-cost margin is
decreasing the own cost, since only part of a firm’s cost increase is passed through to consumers.
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for x, y ∈ [θ, θ]. The first term of expression (3.7) embodies the expropriation effect.

In the event of patent invalidity, which happens with probability 1 − γ, the term

compares firm I’s profits from a valid patent with the profit from an invalid patent.

The second term captures the signaling effect. It compares the firm’s profit from

secrecy, where firm n expects the cost y, with the profit from a valid patent. In other

words, while keeping the technology of firm n fixed at the level θn = θ, the second

term measures the profit effect of moving from asymmetric information to complete

information.

A technology disclosure by firm I has two effects on competition in the product

market. On the one hand, imitation makes firms 1, .., N more “aggressive” competi-

tors, i.e., the firms’ best response functions shift inwards (to the left). I call this

the expropriation effect. On the other hand, disclosure enables firms 1, .., N to up-

date their beliefs about firm I’s product market conduct. This, in turn, may change

the non-innovative firms’ conduct in the product market, i.e., a non-innovative firm

“moves along” its best response curve. This is a signaling effect. The proposition

below characterizes the equilibrium patenting rule which results from this trade-off.

Proposition 1 For any 0 ≤ γ < 1, a critical value θb exists, with θ < θb < θ, such

that firm I chooses the following patenting strategy in equilibrium:

sb(θI) =

½
∅, if θ ≤ θI ≤ θb,
θI, otherwise.

(3.8)

In any equilibrium the patenting strategy is as in (3.8) for some θ < θb < θ. For γ = 1

firm I chooses the patenting strategy sb(θI) = θI for any θI ∈ [θ, θ] in equilibrium.

The intuition for this result lies in the analysis of the signaling effect. Since firms

compete in prices in the product market, their product market strategies are strategic

complements. Consequently, if firm I discloses a technology which is more efficient

than expected, then the non-innovative firms adjust their prices downwards (i.e., they

“move down” along their best response curves), and become more aggressive competi-

tors. That is, in this case the expropriation effect and the signaling effect reinforce

each other, and give a disincentive to apply for a patent. Conversely, disclosure of a

technology which is less efficient than expected makes the non-innovative firms less

aggressive competitors in the product market (strategic complements). That is, in

this case the expropriation and signaling effect conflict, and the patenting incentives

are determined by their trade-off. For sufficiently high cost parameters the signaling

effect outweighs the expropriation effect, and disclosure softens the conduct of the
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non-innovative firms in the product market. That is, although imitation of a minor

innovation makes the firms 1, .., N slightly more productive competitors, the firms

charge a higher price, since they drastically downgrade their beliefs about the aggres-

siveness of firm I’s pricing strategy.8 As a result, firm I has an incentive to patent

such a technology. In short, firm I has an incentive to patent inefficient technologies,

and keep efficient technologies secret.

Figure 1 illustrates the equilibrium patenting incentives for a duopolist (N = 1) in

the absence of patent protection (γ = 0). The bold lines represent the best response

rn(pI ; θ)
rn(pI ; θ)

¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
pI = pn

©©
©©

©©
©©

©©
©©

©©

©©
©©

©©
©©

©©
©©

©©

rI(pn; θ)

E{rI(pn; θI)|θI ≤ θb}
rI(pn; θ

b)

rI(pn; θ)

-

6pI

pn

s
EpbI(θ

b, θb)

s
S0

pBI (θ;E{θI |θI ≤ θb})

sSpBI (θ;E{θI |θI ≤ θb})

pbn(θ, E{θI |θI ≤ θb})

pbI(θ, θ) sT

pbI(θ, θ) s
T0

Figure 1: Equilibrium patenting (no protection)

functions of the firms for extreme technologies, i.e., rI(pn; θ) and rI(pn; θ) for firm I,

and rn(pI ; θ) and rn(pI ; θ) for firm n. If firm I shares its technology, the equilibrium

prices correspond to a point on the line T-T0. For example, if the firm has technology

θ and shares it, the equilibrium prices correspond to point T0; if it shares θb, then the

firms reach equilibrium point E; sharing technology θ yields point T. The adoption of

secrecy gives the following. Firm n has technology θ and it believes that firm I has

a pricing strategy that corresponds to the expected best response E{rI(pn; θI)|θI ≤
θb}, which lies between the curves rI(pn; θb) and rI(pn; θ). The point where firm I’s

expected best response crosses firm n’s best response rn(pI ; θ) determines firm n’s

equilibrium price level, pbn(θ,E{θI |θI ≤ θb}). Firm I plays a best response against the

price pbn(θ,E{θI |θI ≤ θb}), which yields a point along the line S-S0. For example, if
the firm keeps technology θ secret, the equilibrium prices correspond to point S0; if it

8For example, for a firm with the least efficient technology (θI = θ) the expropriation effect is
absent, while the signalling effect remains, if firms 1, .., N do not hold degenerate beliefs about firm
i’s cost (i.e. E{θI |∅} 6= θ), and is at its strongest.
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hides θb, then the firms reach equilibrium point E; hiding technology θ yields point S.

Comparing the equilibrium prices that firm I sets after technology sharing with the

firm’s prices under secrecy gives the following. If firm I has a lower cost than θb, then

it can reach a higher equilibrium price by adopting secrecy. For example, the firm that

hides technology θ sets price pBI (θ;E{θI |θI ≤ θb}) which is greater than the price it
would set if it were to share the technology, pbI(θ, θ), since point S

0 lies above point T0.

By contrast, if firm I’s technology is less productive than θb, then technology sharing

gives higher equilibrium prices. For example, the least efficient type sets pbI(θ, θ) after

it discloses, which is greater than its price under secrecy, pBI (θ;E{θI |θI ≤ θb}), since
point T lies above point S. The threshold value for patenting, θb, is exactly the cost at

which firm I is indifferent between patenting and trade secrecy (point E), given beliefs

of firm n consistent with patenting strategy sb in (3.8), i.e., E{θI |∅} = E{θI |θ ≤ θb}.

3.3 Comparative Statics

For the comparative statics analyses in the next sections I adopt the following defini-

tion, since the equilibrium need not be unique.9

Definition 1 Define for some parameter z the set of equilibrium thresholds for the

patenting strategy (3.8) as Θb(z). Then the equilibrium threshold θb in (3.8) is increas-

ing (decreasing) in z if for any feasible pair z0 and z00with z0 < z00, and any equilibrium

threshold θb(z0) ∈ Θb(z0), there exists an equilibrium threshold θb(z00) ∈ Θb(z00) such

that θb(z0) < θb(z00) < θ (respectively, θ < θb(z00) < θb(z0)).

Using this definition, a change of the patent validity parameter γ gives the following

comparative statics result.

Proposition 2 For γ < 1, the equilibrium threshold θb in (3.8) is decreasing in γ.

In other words, the stronger the patent protection, the weaker the expropriation

effect, and the stronger firm I’s incentive to patent the technology. This is intuitive.

The uniform technology distribution (i.e., F (θI) = (θI − θ)/(θ− θ) for θI ∈ [θ, θ])
yields a unique equilibrium. Figure 2 illustrates the proposition for a uniformly distrib-

uted technology θI . The bold, downward-sloping curve sketches the threshold level θb

in Proposition 1 as a function of the patent validity parameter γ. Technologies above

the curve are patented, while technologies below the curve are kept secret.

9If the equilibrium is unique, then the definition reduces to the standard monotonicity definition.
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θb

-

6

θ
0

θb

γ
1

θ
Patent

Secret

Figure 2: Effect of protection (uniform distribution)

Extreme strengths of intellectual property right give the following incentives. On

the one hand, perfect protection (i.e., γ = 1) eliminates the expropriation effect

of patenting a technology. The remaining signaling effect makes firm I disclose all

information in equilibrium, i.e., θb = θ. Firm I’s incentive to patent any technologies

with below-average efficiency levels drives the expected cost level of secret technologies

down to the lowest cost level, θ. In other words, for γ = 1 the unraveling result applies

(Okuno-Fujiwara et al., 1990).

On the other hand, in the absence of intellectual property rights (i.e., γ = 0), the

innovative firm trades off the expropriation effect against the signaling effect. Inter-

estingly, in spite of the full expropriation of any disclosed technology, the innovative

firm still has an incentive to share some technologies with its competitors (i.e., any

θI > θb), as is shown in Proposition 1. This results from the firm’s incentive to

strategically manage its competitors’ expectations in the product market. It may ex-

plain the phenomenon of collective invention (Allen, 1983), where firms freely share

incremental process innovations with their competitors.

A change of the technology distribution function has the following effect:

Proposition 3 Take any two distributions F and G with EF{θI |θI ≤ x} ≥ EG{θI |θI ≤
x} for all x ∈ [θ, θ]. For any equilibrium threshold θbF in (3.8) for distribution F , there
exists an equilibrium threshold θbG in (3.8) for distribution G such that θ < θbG ≤ θbF .

Skewing the distribution towards efficient technologies (by moving from F to G)

gives a stronger signaling effect. The disclosure of an inefficient technology by a

10



patent creates a more drastic update of the non-innovative firms’ beliefs, and thereby

a greater price effect. The stronger signaling effect gives a greater incentive to patent

technologies.

The condition in Proposition 3 is satisfied if F dominates G in terms of the re-

verse hazard rate (i.e., f(θ)/F (θ) ≥ g(θ)/G(θ) for all θ). For example, the trun-

cated exponential distribution satisfies this property. Assume that the technology θI
lies in interval

£
0, θ
¤
, and has the distribution F (θI ;λ) =

¡
1− e−θI/λ

¢
/
³
1− e−θ/λ

´
.

An increase of the hazard rate parameter λ increases the conditional expected cost

E{θI |θI ≤ x} for all x ∈ [0, θ].10 Then Proposition 3 implies that the equilibrium

patenting threshold θb is increasing in λ.11

4 Competitive Pressure

In this section I analyze the effects of competitive pressure on the incentives to patent

the technology θI . First, I increase the competitive pressure by increasing the number

of non-innovative firms in the industry. Second, I increase the degree of substitutabil-

ity between products, β. Finally, I change the mode of competition by switching from

competition in prices (Bertrand) to competition in output levels (Cournot).

4.1 Number of Competitors

One way of increasing the competitive pressure on the innovative firm is to increase

the number of non-innovative firms in the industry, N (Boone, 2000). Increasing N

gives the following (using Definition 1).

Proposition 4 If γ = 0 (no protection), then the equilibrium threshold θb in (3.8) is
increasing in N for any N ≥ 1.
In other words, in equilibrium the entry of non-innovative firms gives a lower

incentive to apply for a patent. For example, the uniform technology distribution

gives a unique patenting equilibrium. In the absence of protection the threshold value

θb for the uniform distribution equals:

θbU = θ − β(θ − θ)

4 + (4N − 3)β (4.1)

10The conditional expected cost equals E{θI |θI ≤ x} = λ
³
1− (x/λ) exp{−x/λ}

1−exp{−x/λ}
´
, and it is straight-

forward to show that ∂E{θI |θI ≤ x}/∂λ > 0 for all 0 < x ≤ θ.
11Another non-parametric example that satisfies the proposition’s sufficient condition is a setting

in which F is convex and G is concave. In that case EG{θI |θI ≤ x} ≤ 1
2x ≤ EF {θI |θI ≤ x} for all x.

11



Clearly, this value increases in the number of non-innovative firms (i.e., ∂θbU/∂N > 0).

An illustration of this result goes as follows. The best response function rI(p−I ; θI)

in (3.1) captures the pricing strategy of firm I. Since the best response is only a

function of the cumulative price of the non-innovative firms, the best response can be

redefined as rI(PN ; θI) where PN ≡
PN

k=1 pk. The system of best response functions

rn(p−n; θn) in (3.1) for n = 1, ..., N , with θ1 = ... = θN , can be reduced to a single

cumulative best response function NRN(pI ; θn). Adding the best response functions

of non-innovative firms, and solving for the sum of their prices, PN , at any price of

firm I, and dividing by N , gives the cumulative best response per non-innovative firm:

RN(pI ; θn) =
1 + (N − 1)β
2 + (N − 1)β θn +

(1− β)α+ βpI
2 + (N − 1)β (4.2)

The solution of firm I’s best response to the cumulative price per non-innovative firm,

RI(bpN ; θI) = 1

2
θI +

(1− β)α+NβbpN
2[1 + (N − 1)β] (4.3)

with bpN ≡ PN/N , and the cumulative best response per non-innovative firm, RN(pI ; θn),

gives the equilibrium prices of the innovative firm and a non-innovative firm. Figure

3 illustrates these best responses for a given belief about firm I’s technology, and two

values of N , i.e., N 0 and N 00 with N 00 > N 0. The thin (bold) curves represent the

r
A00

rB00r
E00 E{RI(bpN 00 ; θI)|∅}

RI(bpN 00 ; θ)

¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
¡
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¡
¡
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pI = bpN

RN 00(pI ; θ)
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»»E{RI(bpN 0 ; θI)|∅}
RI(bpN 0 ; θ)

¢
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¢
¢
¢
¢
¢
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¢

RN 0(pI ; θ)

r
A0

rB0rE0

-

6pI

bpN
Figure 3: Effects of entry (N 00 > N 0)

best response curves when there are N 0 (respectively, N 00) non-innovative firms. First,
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consider the case in which firm I competes with N 0 non-innovative firms. Analogous

to the discussion of Figure 1, if the firm hides a technology of below-average efficiency,

then it can reach some price along the line A0-B0. If firm I has a technology such that its

best response curve runs through point E0, then the firm is indifferent between secrecy

and technology sharing. The firm prefers to keep more efficient technologies secret,

while it shares less efficient technologies. Second, similar incentives emerge in case

there are N 00 non-innovative firms. An increase in the number of non-innovative firms

(e.g. from N 0 to N 00) makes the innovative firm’s best response function RI(bpN ; θI)
steeper, whereas it makes a non-innovative firm’s cumulative best response RN(pI ; θn)

less steep, as is illustrated in the figure.12 Both effects give a higher cost θI at which

firm I is indifferent between secrecy and technology sharing, for a given belief. In

Figure 3 this is captured by the fact that the distance A00-E00 exceeds the distance

A0-E0, whereas the distance A00-B00 equals the distance A0-B0 for a given belief about

firm I’s technology. Therefore, all else equal, firm I has an incentive to keep more

technologies secret after the number of non-innovative firms grows.

4.2 Product Differentiation

An alternative way of increasing the competitive pressure on the innovative firm is to

increase the degree of substitutability between products, β (Boone, 2000).

First, assume that the goods are sufficiently differentiated, such that firms choose

accommodating pricing strategies, i.e., condition (2.6) holds. An increase of β makes

the best responses (4.2) and (4.3) steeper in the price. On the one hand, a steeper best

response of firm I, (4.3), reduces the incentive to share technologies in the absence

of intellectual property protection. The previous subsection illustrates this point. On

the other hand, a steeper cumulative best response per non-innovative firm, (4.2),

gives a greater incentive to share technologies. The following proposition shows that

the latter effect dominates (using Definition 1).

Proposition 5 If γ = 0 (no protection), then the equilibrium threshold θb in (3.8) is
decreasing in β for any β > 0 which satisfy condition (2.6).

For example, in the absence of protection, the uniform technology distribution

gives the threshold value θbU in (4.1). Clearly, this threshold is decreasing in β (i.e.,

∂θbU/∂β < 0).

12An increase of N also shifts both best response functions inwards (towards the origin), but this
does not affect firm I’s incentives to share its technology.
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At the extreme where goods approach independence (i.e., β → 0), the signaling

effect diminishes. The remaining expropriation effect gives firm I a disincentive to

patent its technology. In the limit firm I no longer has an incentive to patent any

technology, i.e., limβ→0 θb = θ.13 For positive degrees of substitutability the firm has

an incentive to patent inefficient technologies in equilibrium (Proposition 1). This

suggests that, at least locally (for β close to zero), patenting incentives are increasing

in the degree of substitutability, i.e., limβ→0 ∂θb/∂β < 0. The proposition proves that

the threshold θb is decreasing in β for all parameter values that yield accommodating

pricing strategies in the absence of patent protection.

Second, suppose that the goods are close substitutes. With close substitutes, and

a sufficiently efficient technology, θI , firm I has an incentive to set a limit price. A

firm that can set a limit price does not have the incentive to patent its innovation.

Under secrecy it excludes firm n by setting the limit price. If the firm would patent,

then it would have to accommodate firm n with probability 1− γ. An increase of the

degree of substitutability, β, increases the range of technologies for which limit-pricing

is feasible. Eventually (i.e., for β sufficiently high), the incentive for secrecy grows,

and ∂θb/∂β > 0. In the limit for β → 1 (i.e., homogeneous goods) an innovative

firm with any technology θI < θ can exclude the non-innovative firm by keeping its

technology secret, while it risks sharing the market after patenting.14 Hence, in the

limit firm I chooses full secrecy in equilibrium (i.e., limβ→1 θb = θ) to avoid sharing

the market with firm n.

The description above suggests that there is an inverse U-shaped relation between

the degree of product substitutability, and the incentive to patent in equilibrium. In

the two extremes, for independent markets and perfect substitutes, the innovative

firm relies on full secrecy. Between the two extremes the firm patents inefficient

technologies.

13Clearly, if β = 0, the markets are independent, and firm I is indifferent between patenting and
secrecy. As a consequence, any patenting strategy can be sustained as an equilibrium strategy. If β <
0, then the goods are complements. As before, imitation gives the non-innovative firms an incentive
to set lower prices. In the case of complementary goods, the competitors’ price reduction increases
the demand and profit of the innovative firm. In other words, expropriation gives the innovative
firm an extra incentive to apply for a patent. Hence, the basic trade-off between expropriation and
signalling disappears, and the standard unraveling result applies (i.e., the innovative firm patents all
technologies), whenever the goods are complementary.
14Clearly, the firm with the worst technology (θI = θ) is indifferent between patenting and secrecy.

14



4.3 Mode of Competition

Finally, the competitive pressure on the innovative firm reduces when the firms switch

from competition in prices to competition in quantities (Singh and Vives, 1984).

4.3.1 Output Strategies

In case of competition in quantities (Cournot competition), firm c with cost θc chooses

its output level, qc ≥ 0, to maximize the profit:

πc(q; θc) = (Pc(q)− θc)qc. (4.4)

with inverse demand Pc(q) as in (2.3) for c ∈ {I, 1, .., N}.
After firm I patents its technology θI , the firms set output levels under complete

information. If the patent is valid, then firm c sets the following output level in

equilibrium (for θI ∈ [θ, θ], θ1 = .. = θN = θ, and c, k ∈ {I, 1, .., N}):

qcc(θc,
X
k 6=c

θk) ≡ 1

2 +Nβ

Ã
α− θc +

β

2− β

X
k 6=c
(θk − θc)

!
. (4.5)

If the patent is invalid, each firm has the marginal cost θI , and chooses qcc(θI , NθI) as

in (4.5) for c ∈ {I, 1, .., N}.
By contrast, if firm I adopts secrecy, the non-innovative firms have incomplete

information about the technology θI . Given posterior expected cost E{θI |∅}, the
firms n = 1, .., N and I choose the equilibrium output levels qcn(θ, E{θI |∅}+(N−1)θ),
and:

qCI (θI ;E{θI |∅}) ≡ qcI(θI , Nθ) +
β

2
· βN (θI −E{θI |∅})
(2 +Nβ)(2− β)

. (4.6)

In any case, firm c’s profit equals: πrc(•) = qrc (•)2, for c ∈ {I, 1, .., N} and r ∈ {c, C}.

4.3.2 Patenting Strategies

The patenting choice of a firm that competes in output levels (strategic substitutes)

also trades off the expropriation effect and a signaling effect. For technologies with

below-average efficiency levels both effects of patenting are negative. In particular,

potential expropriation of the technology makes the rival (firm n) compete more ag-

gressively. Moreover, the rival updates his beliefs in an unfavorable direction, since

he learns that firm I is less efficient (and aggressive) than expected, which makes the

rival compete even more aggressively, since the actions are strategic substitutes. In

short, the firm has no incentive to patent any inefficient technologies. For technologies
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with an above-average efficiency level the two effects of patenting are in conflict. On

the one hand, the expropriation effect still gives firm I an incentive to keep the tech-

nology secret. However, on the other hand, now the signaling effect gives an incentive

to apply for a patent.

This brief description of the patenting incentives already suggests that the firm’s

patenting strategies under Cournot competition differ from the patenting strategies

under Bertrand competition. Whereas the firm patents only inefficient technologies

under Bertrand competition, it has a clear disincentive to do so under Cournot com-

petition. In the remainder of this subsection I give the conditions under which firm

I patents efficient technologies. Before stating the proposition, I define the following

critical value:

γo ≡ 1− β

2

µ
E{θI}− θ

θ − θ

¶
qcI(θ,Nθ) + qCI (θ;E{θI})
qcI(θ,Nθ) + qcI(θ,Nθ)

(4.7)

where 0 < γo < 1.

Proposition 6 For any 0 ≤ γ ≤ 1 a critical value θc exists, with θ ≤ θc ≤ θ, such

that firm I chooses the following patenting strategy in equilibrium:

sc(θI) =

½
θI, if θ ≤ θI < θc,
∅, otherwise. (4.8)

In particular, (a) an equilibrium exists in which firm I patents all technologies (i.e.,

θc = θ) if and only if γ ≥ 1 − 1
2
β; (b) an equilibrium exists in which firm I keeps

any technology secret (i.e., θc = θ) if and only if γ ≤ γo, with γo as in (4.7). (c)
if γo < 1 − 1

4
β, then for any γo < γ < 1 − 1

4
β an equilibrium exists in which firm I

chooses strategy (4.8) for some θc with θ < θc < θ. Moreover, for any equilibrium the

patenting strategy is as in (4.8) for some θ ≤ θc ≤ θ.

These equilibrium strategies differ from the strategies in Anton and Yao (2003,

2004). The innovative firm in Anton and Yao patents small innovations to a greater

extent than big innovations, whereas here the reverse tends to happen. That is, the

assumption of indivisibility of the innovation has a non-trivial effect on the strategies

that the innovative firm chooses in equilibrium.

For those parameter values where the equilibrium patenting rule of Proposition 6

(c) exists, I obtain the following comparative statics result (using Definition 1).15

15The proof of this proposition is similar to the proof of proposition 2, and is therefore ommitted.
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Proposition 7 For any γo < γ < 1− 1
4
β, the equilibrium threshold θc in Proposition

6 (c) is increasing in γ.

The comparison between critical value γo, on the one hand, and the values 1− 1
2
β

and 1 − 1
4
β, on the other, depends on the size of the average technology, E{θI}. In

particular, γo is decreasing in the average technology E{θI}, and three situations can
emerge. These cases are illustrated for β = 1 in Figure 4. The abbreviations FP, FS,

γo

-

6

0
θ γ

E{θI}
θ

1
2
(θ + θ)

13
4

1
2

FP

FP/SP

FS

FP/FS

SP

Figure 4: Comparative statics (Cournot competition)

and SP stand for full patenting, full secrecy, and selective patenting, respectively.

An increase of the protection parameter γ reduces the strength of the expropriation

effect, and gives a greater incentive to patent. An increase of the average technology

E{θI} increases the strength of the signaling effect (since the disclosure of an efficient
technology results in a more drastic update of beliefs), and increases the incentive to

patent.

First, if E{θI} is sufficiently small (i.e., the technology distribution is skewed
towards efficient technologies), then γo > 1 − 1

4
β. In this case there is a range of

patent validity probabilities (i.e., for 1 − 1
2
β ≤ γ ≤ γo) where equilibrium with full

patenting (part a), and the equilibrium with full secrecy (part b) coexist. However,

the sufficient condition of part (c) is violated. Hence, an equilibrium where firm I

patents only efficient technologies may not exist.

Second, if E{θI} is close enough to 1
2
(θ + θ) (e.g. the technology density f is

symmetric on the interval [θ, θ]), then 1 − 1
2
β < γo < 1 − 1

4
β. This implies that the

range of patent validity probabilities [1− 1
2
β, γo] exists, where both equilibria with full
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patenting and full secrecy exist. Moreover, now there is a non-empty range of validity

probabilities where firm I patents only the most efficient technologies in equilibrium

(part c). In this range also the equilibrium with full patenting exists.

Finally, if E{θI} is sufficiently large (i.e., the technology distribution is skewed
towards inefficient technologies), then γo < 1 − 1

2
β. Again, an equilibrium exists in

which only the most efficient technologies are patented for the non-empty parameter

range [γo, 1− 1
4
β] (part c). On the subset [1− 1

2
β, 1− 1

4
β] of this range there is also an

equilibrium in which firm I patents all technologies (part a). Furthermore, there are

no longer parameter values where the full patenting equilibrium and the full secrecy

equilibrium coexist.

4.3.3 Technology Diffusion

The comparison of equilibrium patenting strategies of Propositions 1 and 6 depends on

the strength of intellectual property right protection (γ). In particular, for sufficiently

weak patent protection (e.g. γ ≤ min{1 − 1
2
β, γo}) an innovative firm patents more

technologies under Bertrand than under Cournot. For these parameter values a firm

adopts full secrecy under Cournot competition, while it adopts a selective patenting

strategy, where the worst technologies are patented, under Bertrand competition. In

other words, there is a greater diffusion of technology under Bertrand competition

with weak protection.

If, however, protection is sufficiently strong, but imperfect (e.g. max{1− 1
4
β, γo} ≤

γ < 1), then an innovative firm patents more technologies under Cournot competi-

tion than under Bertrand competition. Whereas firm I patents any technology (full

patenting) for marginally weaker than perfect patent protection under Cournot com-

petition, it keeps the most efficient technologies secret under Bertrand competition.

That is, the technology diffusion is greater under Cournot competition when patent

protection is strong. In section 6 I briefly discuss the implications of this observation

for the expected consumer surplus.

5 Discussion

In this section I discuss the robustness of the basic results. First, I adopt different

demand functions. Second, I reverse the game’s timing. Finally, I extend the model

by allowing both firms to be innovative.
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5.1 Demand

The model uses the linear demand function of Dixit (1979). This demand function is

easy, and it is frequently used in the literature. One property of this demand function

is that the size of the market changes by changing the parameters β and N . An

alternative linear demand function, which does not have this property, can be derived

from the following utility function (Shapley and Shubik, 1969):

U(q) = ω + a
X
c

qc − N + 1

2(1 + b)

⎛⎝X
c

q2c +
b

N + 1

"X
k

qk

#2⎞⎠ (5.1)

for c, k ∈ {I, 1, .., N} and a > b > 0, which gives the direct demand function

Dc(p) =
1

N + 1

Ã
a− (1 + b)pc +

b

N + 1

X
k

pk

!
(5.2)

The parameter b represents the degree of substitutability. It is well-known that for

this demand function changes of b and N leave the size of the market unaffected.

As it turns out, the results of sections 3 and 4 are robust with respect to a change

from demand function (2.4) to (5.2). A change in the market size yields a change in

price levels. However, the patenting incentives are determined by price differences

(between prices under patenting and prices under secrecy), not the price levels. This

explains why the analysis of the incentives in markets with the demand function (5.2)

gives results that are qualitatively identical to those of Propositions 1-5 (for further

details, see Appendix B).

5.2 Timing

The model assumes that the firms choose their prices after the patent validity is

determined. This assumption has no effect on the qualitative results.

Consider the model where the patent validity is determined after the firms set

prices. In the subgame that starts after the innovative firm patents its technology,

the non-innovative firms choose prices that maximize their expected profits πn(p; γ) =

Dn(p)
£
pn − γθ − (1− γ)θI

¤
for n ∈ {1, .., N}. This gives the equilibrium price-cost

margins mb
I(θI , N [γθ+(1−γ)θI ]) and mb

n(γθ+(1−γ)θI , θI+(N −1)[γθ+(1−γ)θI ])
for n ∈ {1, .., N}, with mb

c as in (3.3). Firm I’s expected profit gain from secrecy can

be written as 1+(N−1)β
(1−β)(1+Nβ)

ΨT (θI , E{θI |∅}), where

ΨT (x, y) ≡ mB
I (x; y)

2 −mb
I(x,N [γθ + (1− γ)x])2. (5.3)
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This function has the same properties as the function Ψb in (3.7), and therefore

Propositions 1-5 also hold for the model with a reversed timing (see Appendix B for

further details).

5.3 Two-Sided Asymmetric Information

In this section I extend the model by allowing all firms to be innovative. In particular,

there are two innovative firms, I1 and I2, and no non-innovative firms (N = 0). At

the beginning of the game each firm receives a draw from the interval [θ, θ]. Firm c’s

technology θc has the distribution Fc : [θ, θ] → [0, 1] with c ∈ {I1, I2}. The draws
θI1 and θI2 are independent. Subsequently, the firms choose simultaneously whether

to patent the innovation or keep it secret. To simplify the analysis, I assume that

patents are invalid, i.e., γ = 0, and conditions (2.5) and (2.6) hold.

The pricing strategies in the models of one-sided and two-sided asymmetric infor-

mation are similar. Yet two differences are noteworthy. First, a firm with access to

both technologies adopts the most productive technology, min{θI1, θI2}, which could
be its own or its competitor’s technology. By contrast, in the model with one-sided

asymmetric information a non-innovative firm always adopts the technology of the

innovative firm, if it has access to this technology. Second, there are different con-

tingencies in the model of two-sided asymmetric information. Now two firms choose

whether to share technology or keep it secret. For further details I refer to Appendix

B.

The following proposition shows that the equilibrium technology sharing strategies

in the models with one-sided and two-sided asymmetric information are similar (see

Appendix B).

Proposition 8 If γ = 0, then in any equilibrium, and for any i ∈ {I1, I2}, firm i

chooses the patenting rule (3.8) with θb replaced by θbi for some θ < θbi < θ.

A firm’s technology sharing strategy trades off an expropriation effect against

a signaling effect. Even though I assume in this section that patents are invalid

(γ = 0), it is uncertain whether a shared technology will be adopted or not, since this

depends on the relative efficiency of two technology draws. Whereas in the model

with one-sided asymmetric information the probability of imitation was exogenously

fixed, here it depends on the size of the innovation, and the technology distribution of

the competitor. In spite of this difference, the firms’ incentives to share technologies

are similar to the incentives with one-sided asymmetric information.
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6 Conclusion

In this paper I analyzed the effects of probabilistic patent validity on strategic patent

choices in an oligopoly with asymmetric information, and differentiated goods. Bertrand

competitors choose selective patenting strategies where the worst technologies are

patented, while the best technologies are kept secret.

Different measures of competitive pressure have different effects on the incentives

to patent a process innovation. Whereas an increase in the degree of substitutability

increases the patenting incentives of firms that use accommodating pricing strategies,

an increase in the number of firms has the opposite effect. Therefore, an increase in the

number of non-innovative firms has two conflicting effect on the expected consumer

surplus. On the one hand, it increases the expected consumer surplus for a given

level of technology diffusion. This is a direct effect. On the other hand, it reduces

the expected surplus through a reduction in the diffusion of technology. This is an

indirect effect. That is, the strategic management of intellectual property reduces the

surplus gain from entry of non-innovative firms. This may have implications for the

optimal economic policy towards entry in innovative industries with weak intellectual

property right protection.

Changing the mode of product market competition has yet different effects. If

the patent protection is weak, then an innovative firm patents more technologies un-

der Bertrand competition than under Cournot competition. For sufficiently weak

protection of intellectual property a firm adopts full secrecy under Cournot competi-

tion, while it adopts a selective patenting strategy under Bertrand competition. In

this case, the bigger diffusion of technology increases the expected consumer surplus

under Bertrand competition, which widens the surplus gap between Bertrand and

Cournot competition.

If, however, protection is sufficiently strong, but imperfect, then an innovative firm

patents more technologies under Cournot competition than under Bertrand compe-

tition. Whereas a Cournot competitor patents any innovation (due to an unraveling

result), a Bertrand competitor resorts to a selective patenting strategy. In this case

the greater technology diffusion under Cournot competition increases the expected

consumer surplus under Cournot competition, and reduces the surplus gap between

Bertrand and Cournot competition. In fact, there are circumstances in which the

typical consumer surplus ranking is reversed.

For example, if goods are perfect substitutes, then a Bertrand competitor has no

incentive to patent its technology, whereas a Cournot competitor patents all technolo-
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gies, if patent protection is sufficiently strong. In this case, the following properties

are favorable for obtaining a higher expected consumer surplus under Cournot com-

petition than under Bertrand competition. First, an efficient average technology and

relatively low levels of patent protection give a high expected knowledge spillover un-

der Cournot competition. The high level of expected technology diffusion increases

the expected consumer surplus under Cournot competition. Second, a low demand

intercept keeps the price low under Cournot competition, while it does not affect the

price under Bertrand competition. Further, a high technology variance is also favor-

able for the reversal of the surplus ranking, since it creates a high output variance

under Cournot competition, which increases the expected consumer surplus. For more

details and a formal proof of this observation, see Appendix B.

Finally, the paper’s results may also have implications for patent policy. An in-

crease of the patent protection gives the following trade-off for consumers. On the

one hand, an increase of the protection reduces the likelihood of expropriation of

patented technologies. In other words, welfare-enhancing technology transfers from

an innovative firm to non-innovative firms become less likely. On the other hand,

increasing the probability of patent validity has an indirect effect through a change of

the equilibrium patenting strategy. Increasing the probability of validity implies that

more technologies are patented (i.e., θb decreases). First, this increases the expected

consumer surplus at the margin, since it replaces the expected surplus under secrecy

by the expected surplus under patenting. Second, reducing θb changes the equilib-

rium beliefs of non-innovative firms after the adoption of secrecy. In particular, after

a reduction of θb the firm expects a more efficient competitor in the product market,

which reduces equilibrium prices under secrecy. Both indirect effects are positive.

Whereas Appendix B contains some preliminary results on the consumer surplus, a

more careful analysis awaits future research.
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Appendix

A Proofs of Propositions

Proof of Proposition 1

Using (3.6), firm I patents technology θI if:

γmb
I(θI , Nθ)2 + (1− γ)mb

I(θI , NθI)
2 ≥ mB

I (θI ;E{θI |∅})2.

This inequality is equivalent to Ψb(θI , E{θI |∅}) ≤ 0, with Ψb as defined in (3.7).

Notice that Ψb(x, y) is strictly convex in x:

∂2Ψb

∂x2
= (1− γ)

d
£
mb

I(x,Nθ)−mb
I(x,Nx)

¤
dx

∙
∂mb

I(x,Nθ)

∂x
+

dmb
I(x,Nx)

dx

¸
+
∂
£
mB

I (x; y)−mb
I(x,Nθ)

¤
∂x

∙
∂mB

I (x; y)

∂x
+

∂mb
I(x,Nθ)

∂x

¸
> 0

for any x, y ∈ [θ, θ] and 0 ≤ γ < 1, since all (partial) derivatives are negative. The

evaluation of Ψb for extreme values of x and γ < 1 yields the following. Ψb(θ, y) > 0

for any y ∈ [θ, θ]. Consequently (due to continuity), the posterior expected cost y
consistent with the equilibrium patenting strategy must be strictly below θ. If y < θ,

then Ψb(θ, y) < 0. The inequality Ψb(θ, y) < 0 < Ψb(θ, y) for y < θ in combination

with the convexity of Ψb in θI yields the observation that any equilibrium patenting

rule must be as in (3.8) for some θ ≤ θb ≤ θ. Posterior beliefs consistent with this

rule yield E{θI |∅} = E{θI |θI ≤ θb}. The equilibrium threshold value θb is the root

of: eΨb(x) ≡ Ψb(x,E{θI |θI ≤ x}) (A.1)

Clearly, eΨb(θ) = Ψb(θ, θ) > 0 for any γ < 1, and eΨb(θ) = Ψb(θ, E{θI}) < 0. The

intermediate value theorem implies that for any γ < 1 a θb exists, with θ < θb < θ,

such that eΨb(θb) = 0.

If γ = 1, then Ψb(x, y) = 0 iff x = y, and Ψb(x, y) < 0 iff x > y. Clearly, the only

possible equilibrium is (3.8) with θb = θ.16 ¤

16Any interior θb (i.e. θ < θb < θ) cannot emerge in equilibrium, since a root of eΨb would require
that E{θI |θI ≤ θb} = θb, which is impossible for non-degenerate p.d.f.-s. Also θb = θ cannot emerge
in equilibrium, since Ψb(x;E{θI}) < 0 for any x > E{θI}.
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Proof of Proposition 2

Take any pair γ0 and γ00, with 0 ≤ γ0 < γ00 < 1. Denote the function eΨb in (A.1) aseΨb(x; γ) for any 0 ≤ γ < 1. Moreover, for all θ ≤ x < θ:

eΨb(x; γ00)− eΨb(x; γ0) = (γ0 − γ00)
£
mb

I(x,Nθ)2 −mb
I(x,Nx)2

¤
< 0 (A.2)

Define θb(γ) such that: eΨb
¡
θb(γ); γ

¢
= 0, where θ < θb(γ) < θ for any 0 ≤ γ < 1 (see

proposition 1). Now (A.2), together with θb(γ) < θ for γ ∈ {γ0, γ00}, implies that:
eΨb
¡
θb(γ0); γ0

¢
= 0 > eΨb

¡
θb(γ0); γ00

¢
Furthermore, eΨb (θ; γ00) > 0, since γ00 < 1. The intermediate value theorem implies

that a θb(γ00) exists, with θ < θb(γ00) < θb(γ0), such that eΨb
¡
θb(γ00); γ00

¢
= 0, sinceeΨb (x; γ) is continuous in x, and eΨb

¡
θb(γ0); γ00

¢
< 0 < eΨb (θ; γ00). ¤

Proof of Proposition 3

This proof is analogous to the proof of proposition 2. Take any pair of c.d.f.-s F and

G, with EF{θI |θI ≤ x} ≥ EG{θI |θI ≤ x} for any x ∈ [θ, θ]. The function Ψb in (3.7)

has the following property for all θ ≤ x < θ:

Ψb(x,EF{θI |θI ≤ x})−Ψb(x,EG{θI |θI ≤ x})
= mB

I (x;EF{θI |θI ≤ x})2 −mB
I (x;EG{θI |θI ≤ x})2 ≥ 0(A.3)

Define θbF such that: Ψ
b
¡
θbF , EF{θI |θI ≤ θbF}

¢
= 0, where θ < θbF < θ for any γ < 1

(see proposition 1). Inequality (A.3), together with γ < 1 and θbF < θ, gives:

Ψb (θ, EG{θI |θI ≤ θ}) > 0 = Ψb
¡
θbF , EF{θI |θI ≤ θbF}

¢ ≥ Ψb
¡
θbF , EG{θI |θI ≤ θbF}

¢
The intermediate value theorem implies that a θbG exists, with θ < θbG ≤ θbF , such that

Ψb
¡
θbG, EG{θI |θI ≤ θbG}

¢
= 0. ¤

Proof of Proposition 4

If γ = 0, then firm I is indifferent between sharing technology θI and keeping it secret

if eΨb(θI ;β,N) = 0 , where eΨb in (A.1) reduces to:

eΨb(x;β,N) = mB
I (x;E{θI |θI ≤ x})2 −mb

I(x,Nx)2

=
£
mB

I (x;E{θI |θI ≤ x}) +mb
I(x,Nx)

¤ £
mB

I (x;E{θI |θI ≤ x})−mb
I(x,Nx)

¤
=

βN
£
mB

I (x;E{θI |θI ≤ x}) +mb
I(x,Nx)

¤
2[2 + (N − 2)β][2 + (2N − 1)β] ψb(x;β,N)
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with

ψb(x;β,N) ≡ 2 [1 + (N − 1)β] (θ − x) + β(E{θI |θI ≤ x}− x) (A.4)

For N = N 0 the critical value θb(N 0) of equilibrium strategy (3.8) is such that

ψb(θb(N 0);β,N 0) = 0. For N = N 00, with N 00 > N 0, the function ψb(x;β,N 00) can

be rewritten as:

ψb(x;β,N 00) = 2 [1 + (N 00 − 1)β] (θ − x) + β(E{θI |θI ≤ x}− x)

= ψb(x;β,N 0) + (N 00 −N 0)2β(θ − x)

The evaluation of this expression for x ∈ {θb(N 0), θ} gives: ψb(θb(N 0);β,N 00) = 0 +

(N 00 −N 0) 2β(θ − θb(N 0)) > 0, and ψb(θ;β,N 00) = −β(θ − E{θI}) < 0. Hence,

the intermediate value theorem yields the existence of critical value θb(N 00), with

θb(N 0) < θb(N 00) < θ, such that ψb(θb(N 00);β,N 00) = 0. ¤

Proof of Proposition 5

This proof is analogous to the proof of proposition 4. If γ = 0, then for β = β0 the

critical value θb(β0) of equilibrium strategy (3.8) is such that ψb(θb(β0);β0, N) = 0,

with ψb as in (A.4). For β = β00, with β00 > β0, the function ψb(x;β00, N) can be

rewritten as:

ψb(x;β00, N) = 2 [1 + (N − 1)β00] (θ − x) + β00(E{θI |θI ≤ x}− x)

= ψb(x;β0, N) + (β00 − β0)
£
2(N − 1)(θ − x) +E{θI |θI ≤ x}− x

¤
= ψb(x;β0, N) +

β00 − β0

β0
£
2(N − 1)β0(θ − x) + β0(E{θI |θI ≤ x}− x)

¤
=

β00

β0
ψb(x;β0, N)−

µ
β00

β0
− 1
¶
2(θ − x)

The evaluation of this expression for particular values of x gives: ψb(θb(β0);β00, N) =

0 −
³
β00
β0 − 1

´
2(θ − θb(β0)) < 0, and ψb(θ;β00, N) = 2 [1 + (N − 1)β00] (θ − θ) > 0.

Hence, the intermediate value theorem yields the existence of critical value θb(β00),

with θ < θb(β00) < θb(β0), such that ψb(θb(β00);β00, N) = 0. ¤

Proof of Proposition 6

Under Cournot competition firm I patents technology θI , if

γπcI(θI , Nθ) + (1− γ)πcI(θI , NθI) ≥ πCI (θI ;E{θI |∅})
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⇔ (1− γ)
£
qcI(x,Nθ)2 − qcI(x,Nx)2

¤
+
£
qCI (x; y)

2 − qcI(x,Nθ)2
¤ ≤ 0

Using (4.5) and (4.6), this inequality is equivalent to Ψc(θI , E{θI |∅}) ≤ 0, where:

Ψc(x, y) ≡ (1− γ)(θ − x)

µ
2qcI(x,Nθ)− βN(θ − x)

(2 + βN)(2− β)

¶
+
β

2
(x− y)

µ
2qcI(x,Nθ) +

β

2
· βN(x− y)

(2 + βN)(2− β)

¶
(A.5)

for x, y ∈ [θ, θ]. The function Ψc is decreasing and convex in y (i.e., ∂Ψc/∂y < 0 and

∂2Ψc/∂y2 > 0 for any x, y). The first partial derivative of Ψc with respect to x equals:

∂Ψc(x, y)

∂x
= −2(1− γ)

µ
qcI(x,Nθ) +

1

2 + βN
(θ − x)

¶
+ β

µ
qcI(x,Nθ)− 1

2
(x− y)

¶
(A.6)

since ∂qcI(x,Nθ)/∂x = −[2+β(N−1)]/[(2+Nβ)(2−β)]. The second partial derivative
of Ψc with respect to x equals:

∂2Ψc(x, y)

∂x2
=

1

(2 +Nβ)(2− β)

µ
2(1− γ) [4 + β(N − 2)]− β

2

£
8 + 4β(N − 1)− β2N

¤¶
(A.7)

Notice that Ψc is strictly convex (concave) in x if and only if γ < eγ (resp. γ > eγ)
where: eγ ≡ 1− 1

2
β − β2N(2− β)

4 [4 + β(N − 2)] (A.8)

The evaluation of Ψc for extreme values of x and γ < 1 yields the following. Firm

I has no incentive to patent the least efficient technology, since Ψc(θ, y) > 0 for all

y < θ, and Ψc(θ, θ) = 0. These properties of Ψc imply that only the following four

kinds of patenting rules can be chosen in equilibrium.

(a) Full disclosure: Firm I patents any technology in equilibrium if and only if

Ψc(x, θ) ≤ 0 for all x ∈ [θ, θ]. Clearly, Ψc(θ, θ) = 0. Consequently, a necessary con-

dition for the existence of a full disclosure equilibrium is ∂Ψc(θ, θ)/∂x ≤ 0. From

substitution of (x, y) = (θ, θ) in (A.6) it follows immediately that the necessary con-

dition is equivalent to: γ ≥ 1− 1
2
β. Under this condition Ψc(x, θ) is strictly concave

in x (i.e., ∂2Ψc/∂x2 > 0), since 1− 1
2
β > eγ, as follows from (A.8). This implies that

the necessary condition is also sufficient.

(b) Full secrecy: Firm I keeps any technology secret in equilibrium if and only if

Ψc(x,E{θI}) ≥ 0 for all x ∈ [θ, θ]. Clearly, Ψc(θ, E{θI}) > 0. First, if γ < eγ, then:
∂Ψc(x,E{θI})

∂x
<

∂Ψc(θ, E{θI})
∂x

< lim
γ→1−β/2

∂Ψc(θ,E{θI})
∂x

< 0

26



where the first inequality follows from convexity of Ψc in x, the second inequality

follows from the facts that ∂Ψc/∂x is increasing in γ and eγ < 1 − 1
2
β, and the

last inequality follows immediately from evaluating (A.6) for (x, y) = (θ,E{θI}) and
γ = 1− 1

2
β. Consequently, Ψc(x,E{θI}) > 0 for all x if γ < eγ. Second, if γ ≥ eγ, then

the concavity of Ψc in x implies that the necessary and sufficient condition for full

secrecy in equilibrium is Ψc(θ,E{θI}) ≥ 0. This inequality reduces to the following:

(1− γ)(θ − θ)

µ
2qcI(θ,Nθ)− βN(θ − θ)

(2 + βN)(2− β)

¶
≥ β

2
(E{θI}− θ)

µ
2qcI(θ,Nθ) +

β

2
· βN(θ −E{θI})
(2 + βN)(2− β)

¶
which is equivalent to γ ≤ γo, with γo as in (4.7). Clearly, γo is decreasing in the

average cost E{θI}, and θ < E{θI} < θ, which yields:µ
1− 1

2
β

¶
− β2N (2− β) (θ − θ)

4
£
2(2− β)(α− θ) + [4 + β(N − 2)](θ − θ)

¤ < γo < 1 (A.9)

Furthermore, the comparison of (A.8) and (A.9) yields eγ < γo.

(c) Patent only the best technologies: This proof is similar to the proof of
proposition 1. Suppose there exists a technology θc, with θ < θc < θ, such that firm

I chooses the patenting rule (4.8) in equilibrium. The beliefs consistent with this

rule gives the expected cost E{θI |θI > θc}. The rule (4.8) is an equilibrium rule if

and only iff Ψc(x,E{θI |θI > θc}) ≤ 0 for all x ≤ θc, and Ψc(x,E{θI |θI > θc}) ≥ 0
otherwise. Define the continuous function eΨc(x) ≡ Ψc(x,E{θI |θI > x}) for x ∈ [θ, θ].
Evaluation of eΨc for extreme values of x yields the following. On the one hand,eΨc(θ) = Ψc(θ,E{θI}), which is non-positive if and only if γ ≥ γo (see part b). On

the other hand, eΨc(θ) = Ψc(θ, θ) = 0, and

lim
θ↑θ

deΨc(θ)

dx
=

∂Ψc(θ, θ)

∂x
+ lim

θ↑θ
∂E{θI |θI > θ})

∂θ
· ∂Ψ

c(θ, θ)

∂y

=

∙
1

2
β − 2(1− γ)

¸
qcI(θ,Nθ) (A.10)

since
∂Ψc(θ, θ)

∂x
= [β − 2(1− γ)] qcI(θ,Nθ),

∂Ψc(θ, θ)

∂y
= −βqcI(θ,Nθ),

27



and

lim
θ↑θ

∂E{θI |θI > θ}
∂θ

= lim
θ↑θ

∂

∂θ

ÃZ θ

θ

f(z)

1− F (θ)
zdz

!

= lim
θ↑θ

f(θ)

1− F (θ)

µ
E{θI |θI > θ}− θ

¶
= f(θ)lim

θ↑θ
E{θI |θI > θ})− θ

1− F (θ)
=
1

2

where the last equality follows from the application of the De L’Hospital rule, i.e.,

lim
θ↑θ

E{θI |θI > θ})− θ

1− F (θ)
= lim

θ↑θ

f(θ)
1−F (θ)

³
E{θI |θI > θ}− θ

´
− 1

−f(θ)
=

1

f(θ)
− lim

θ↑θ
E{θI |θI > θ}− θ

1− F (θ)

yielding

lim
θ↑θ

E{θI |θI > θ})− θ

1− F (θ)
=

1

2f(θ)

Hence, (A.10) yields: deΨc(θ)/dx < 0 iff γ < 1 − 1
4
β. If deΨc(θ)/dx < 0, then there

exists a θ0, with θ0 < θ, such that eΨc(θ0) > 0. Consequently, if γo < 1− 1
4
β, then for

any γo < γ < 1 − 1
4
β the intermediate value theorem implies that there exists an θc

with θ < θc < θ such that eΨc(θc) = 0. In other words, the equilibrium rule (4.8) with

θ < θc < θ exists if γo < γ < 1− 1
4
β.

(d) Patent only intermediate technologies: Finally, if γ < eγ, an equilibrium
may exist in which firm I patents any technology θI in some interval [l, h], with

θ < l < h < θ, but keeps other technologies secret. The posterior belief consistent

with such a patenting rule gives the expected cost μlh ≡ E{θI |θI /∈ [l, h]}. Two
necessary equilibrium conditions are:

Ψc(z,E{θI |θI /∈ [l, h]}) = 0 for z ∈ {l, h}

Using (A.5), this system of equations can be rewritten as γ = γI(z;μlh) for z ∈ {l, h},
with:

γI(z;μlh) ≡ 1 +
β

2

µ
qcI(z,Nθ) + qCI (z;μlh)

θ − z

¶µ
z − μlh

qcI(z,Nθ) + qcI(z,Nz)

¶
In other words, an equilibrium with patenting of intermediate technologies exists if

there exists a pair l and h with θ < l < h < θ such that γI(l;μlh) = γI(h;μlh), which
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(by 4.5 and 4.6) is equivalent to:µ
qcI(l, Nθ) + qCI (l;μlh)

θ − l

¶µ
l − μlh

qcI(l, Nθ) + qcI(l, Nl)

¶
=

Ã
qcI(l, Nθ) + qCI (l;μlh)

θ − l
+
(h− l)

£
qcI(θ,Nθ) + qCI (θ;μlh)

¤
(θ − l)(θ − h)

!

·
Ã

l − μlh
qcI(l, Nθ) + qcI(l, Nl)

+
(h− l)

£
qcI(μlh, Nθ) + qcI(μlh, Nμlh)

¤£
qcI(l, Nθ) + qcI(l, Nl)

¤ £
qcI(h,Nθ) + qcI(h,Nh)

¤!

This, in turn (again, using 4.5 and 4.6), is equivalent (for θ < l < h < θ) to

0 =
£
qcI(l, Nθ) + qCI (l;μlh)

¤ £
qcI(μlh, Nθ) + qcI(μlh, Nμlh)

¤
(θ − h)

+
£
qcI(l, Nθ) + qcI(l, Nl)

¤ £
qcI(θ,Nθ) + qCI (θ;μlh)

¤
(h− μlh)

which can be rewritten as follows

0 =
£
qcI(μlh, Nθ) + qcI(μlh, Nμlh)

¤
(θ − h) +

£
qcI(θ,Nθ) + qCI (θ;μlh)

¤
(h− μlh)

+
qCI (l;μlh)− qcI(l, Nl)

qcI(l, Nθ) + qcI(l, Nl)

£
qcI(μlh, Nθ) + qcI(μlh, Nμlh)

¤
(θ − h)

This equality cannot hold for θ < l < h < θ, since:£
qcI(μlh, Nθ) + qcI(μlh, Nμlh)

¤
(θ − h) +

£
qcI(θ,Nθ) + qCI (θ;μlh)

¤
(h− μlh)

=
£
qcI(θ,Nθ) + qCI (θ;μlh)

¤
(θ − μlh)

+
£
qcI(μlh, Nθ) + qcI(μlh, Nμlh)− qcI(θ,Nθ)− qCI (θ;μlh)

¤
(θ − h)

=
£
qcI(θ,Nθ) + qCI (θ;μlh)

¤
(θ − μlh) +

£
2(2− β) + βN

¡
1− β

2

¢¤
(θ − μlh)

(2 + βN)(2− β)
(θ − h) > 0

and

qCI (l;μlh)− qcI(l, Nl) = qcI(l, Nθ)− qcI(l, Nl) +
β

2
· βN

(2 + βN)(2− β)

µ
l − μlh

¶
=

βN

(2 + βN)(2− β)

∙
θ −

µ
(1− β

2
)l +

β

2
μlh

¶¸
> 0

since μlh < θ, and all other terms are strictly positive as well. In other words, an

equilibrium in which firm I patents only intermediate technologies cannot exist. ¤
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B Extensions

Here I present a brief description of some model extensions. First, I adopt a different

demand function. Second, I reverse the timing. Third, I analyze a model with two

innovative firms. Finally, I give some implications for the expected consumer surplus.

B.1 Demand

Assume that the direct demand for firm c’s good is (5.2) for c ∈ {I, 1, ..N}. Profit-
maximization by firm c gives firm c’s best response (for c, k ∈ {I, 1, .., N}):

rc(p−c; θc) =
1

2
θc +

N + 1

2(N + 1 +Nb)

Ã
a+

b

N + 1

X
k 6=c

pk

!

Solving for the equilibrium prices in the cases of complete and incomplete information

gives the following price-cost margins for firm I, respectively:

ms
I(θI ,

NX
j=1

θk) =
1

2(N + 1) +Nb

Ã
(N + 1)(a− θI) +

(N + 1 +Nb) b
PN

j=1(θj − θI)

2(N + 1) + (2N + 1)b

!

mS
I (θI ;E{θI |∅}) = ms

I(θI , Nθ) +
b

2

bN (E{θI |∅}− θI)

[2(N + 1) +Nb][2(N + 1) + (2N + 1)b]

Firm I’s product market profit equals (for r ∈ {s, S}):

πrI(•) =
N + 1 +Nb

(N + 1)2
mr

I(•)2

The profit gain from secrecy instead of patenting reduces to N+1+Nb
(N+1)2

Ψs(θI , E{θI |∅}),
where Ψs(x, y) is as in (3.7) with mb

I and mB
I replaced by ms

I and mS
I respectively.

Using these expressions, it is easy to show the same results as in Propositions 1-5.17

B.2 Timing

First, the function ΨT (x, y) in (5.3) is convex in x, since

∂2ΨT

∂x2
=

d
£
mB

I (x; y)−mb
I(x,N [γθ + (1− γ)x])

¤
dx

∙
∂mB

I (x; y)

∂x
+

∂mb
I(x,N [γθ + (1− γ)x])

∂x

¸
> 0

17In particular, the comparative statics analyses with respect to N and b reduce to analyzing the
properties of the function ψs(x; b,N) = 2(N + 1 +Nb)(θ − x) + b(E{θi|θi ≤ x}) as in (A.4).
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since all terms are negative. Also if γ < 1, then ΨT (θ, y) < 0 < ΨT (θ, y) holds for

y < θ, and in particular ΨT (θ, E{θI}) < 0 < ΨT (θ, θ). This confirms that Proposition

1 holds. Second, the function ΨT (x, y) in (5.3) is decreasing in γ, since

∂ΨT

∂γ
= −2mb

I(x,N [γθ + (1− γ)x])
∂mb

I(x,N [γθ + (1− γ)x])

∂γ
< 0

This establishes that Proposition 2 also holds with the reverse timing. The remaining

comparative statics results are identical to those in the original model.

B.3 Two-Sided Asymmetric Information

Suppose that patents are invalid, γ = 0. First, I present the equilibrium pricing

strategies. Second, I characterize the patenting strategies.

B.3.1 Pricing Strategies

Take any subset Sk ⊆ [θ, θ] and Pk ≡ [θ, θ]\Sk, and assume that firm c has beliefs

consistent with the adoption of the following generic patenting strategy by firm k (for

c, k ∈ {I1, I2} and c 6= k):

bsk(θk) = ½ ∅, if θk ∈ Sk
θk, if θk ∈ Pk

(B.1)

That is, the expected cost of firm k after adoption of secrecy is E{θk|θk ∈ Sk}.
If both firms share their technologies, then they set equilibrium prices which yield

the following price-cost margins (for c, k ∈ {I1, I2} and c 6= k):

mPP
c (θc; θc, θk) ≡ pPPc (θc; θc, θk)−min{θc, θk} = 1− β

2− β

µ
α−min{θc, θk}

¶
. (B.2)

If both firms keep their technologies secret, firm c chooses the following price-cost

margin in equilibrium (for c, k ∈ {I1, I2} and c 6= k):

mSS
c (θc;Sc,Sk) = pSSc (θc;Sc,Sk)− θc =

1− β

2− β

µ
α− θc

¶
(B.3)

+
β

4− β2

µ
E{θk|θk ∈ Sk}− θc +

β

2
[E{θc|θc ∈ Sc}− θc]

¶
.

If firm c shares technology θc and firm k conceals, the firms’ first-order conditions

are as follows (for c, k ∈ {I1, I2} and c 6= k):

2pc(θc) = (1− β)α+ θc + β

Z
θ∈Sk

fk(θ|θk ∈ Sk)pk(θ, θc)dθ
and 2pk(θk, θc) = (1− β)α+min{θc, θk}+ βpc(θc).
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In this case (firm c shares, firm k conceals) firm c sets the following equilibriummargin:

mPS
c (θc; θc,Sk) = pPSc (θc; θc,Sk)− θc (B.4)

=
1− β

2− β

µ
α− θc

¶
+

β

4− β2

µ
E (min{θc, θk}|θk ∈ Sk)− θc

¶
,

withE (min{θc, θk}|θk ∈ Sk) = Fk(θk|θk ∈ Sk)E{θk|θk ≤ θc, θk ∈ Sk}+[1− Fk(θk|θk ∈ Sk)] θc.
Similarly, if firm c hides θc and firm k shares, firm c sets the following price-cost margin

in equilibrium (for c, k ∈ {I1, I2} and c 6= k):

mSP
c (θc;Sc, θk) = pSPc (θc;Sc, θk)−min{θc, θk} (B.5)

=
1− β

2− β

µ
α−min{θc, θk}

¶
+

β

4− β2

µ
θk −min{θc, θk}

+
β

2
[E (min{θc, θk}|θc ∈ Sc)−min{θc, θk}]

¶
.

Firm c’s expected equilibrium product market profit is (for any tc and tk):

πtctkc (θc; •) = 1

1− β2
mtctk

c (θc; •)2 (B.6)

B.3.2 Patenting Strategies

The analysis of the equilibrium patenting strategies in the model with two-sided asym-

metric information is analogous to the analysis in the model with one-sided asymmet-

ric information (see the proof of proposition 1). Suppose that firm k chooses the

technology sharing rule bsk in (B.1). Further, suppose that firm k has beliefs consis-

tent with (B.1), with k = c, for some subsets Sc ⊆ [θ, θ] and Pc = [θ, θ]\Sc. Given
these assumptions, the difference of the expected profit from technology sharing and

secrecy for firm c is:

ΨB(θc;Sc,Sk) ≡
Z
θk∈Pk

£
πPPc (θc; θc, θk)− πSPc (θc;Sc, θk)

¤
fk(θk)dθk

+

Z
θk∈Sk

£
πPSc (θc; θc,Sk)− πSSc (θc;Sc,Sk)

¤
fk(θk)dθk

where

πPPc (θc; θc, θk)− πSPc (θc;Sc, θk) =
1

1− β2

µ
mPP

c (θc; θc, θk)
2 −mSP

c (θc;Sc, θk)2
¶

=
1

1− β2
[mPP

c (θc; θc, θk)−mSP
c (θc;Sc, θk)]

·[mPP
c (θc; θc, θk) +mSP

c (θc;Sc, θk)]
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and a similar expression for πPSc (θc; θc,Sk)− πSSc (θc;Sc,Sk). The evaluation of ΨB at

extreme values of θc gives the following: ΨB(θ;Sc,Sk) < 0 ≤ ΨB(θ;Sc,Sk) for any Sc
and Sk. The second derivative of ΨB equals:

∂2ΨB(θc;Sc,Sk)
∂θ2c

=
1

1− β2

Z
θk∈Pk

µ
∂mPP

c (θc; θc, θk)

∂θc
− ∂mSP

c (θc;Sc, θk)
∂θc

¶
·
µ
∂mPP

c (θc; θc, θk)

∂θc
+

∂mSP
c (θc;Sc, θk)

∂θc

¶
fk(θk)dθk

+
1

1− β2
Pr[θk ∈ Sk]

∙µ
∂mPS

c (θc; θc,Sk)
∂θc

− ∂mSS
c (θc;Sc,Sk)

∂θc

¶
·
µ
∂mPS

c (θc; θc,Sk)
∂θc

+
∂mSS

c (θc;Sc,Sk)
∂θc

¶
+ 2mPS

c (θc; θc,Sk)∂
2mPS

c (θc; θc,Sk)
∂θ2c

¸
since for any θc ∈ [θ, θ]

∂2mPP
c (θc; θc, θk)

∂θ2c
=

∂2mSP
c (θc;Sc, θk)
∂θ2c

=
∂2mSS

c (θc;Sc,Sk)
∂θ2c

= 0

First, using (B.2) and (B.5), it is immediate that ∂mPP
c (θc;θc,θk)

∂θc
− ∂mSP

c (θc;Sc,θk)
∂θc

≥ 0

and ∂mPP
c (θc;θc,θk)

∂θc
+

∂mSP
c (θc;Sc,θk)

∂θc
≤ 0 for any θc and θk, since ∂min{θc, θk}/∂θc ≥ 0.

Second, using (B.3) and (B.4), gives ∂mPS
c (θc;θc,Sk)

∂θc
−∂mSS

c (θc;Sc,Sk)
∂θc

> 0 and ∂mPS
c (θc;θc,Sk)

∂θc
+

∂mSS
c (θc;Sc,Sk)

∂θc
< 0, since ∂E (min{θc, θk}|θk ∈ Sk) /∂θc = Pr[θk ∈ Sk ∩ [θc, θ]]/Pr[θk ∈

Sk] ∈ [0, 1]. Finally,

∂2mPS
c (θc; θc,Sk)
∂θ2c

=
β

4− β2
· ∂

2E (min{θc, θk}|θk ∈ Sk)
∂θ2c

≤ 0.

Hence, ∂2ΨB(θc;Sc,Sk)/∂θ2c ≤ 0, i.e., ΨB(θc;Sc,Sk) is (weakly) concave in θc. This

fact, in combination with ΨB(θ; •) < 0 ≤ ΨB(θ; •), implies that firm c’s equilibrium

patenting strategy is (B.1) for k = c, with Sc = [θ, θbc] for some θ ≤ θbc ≤ θ. The

evaluation of ΨB(x; [θ, x],Sk) for extreme values of x gives:

ΨB(θ; [θ, θ],Sk) < 0 < ΨB(θ; [θ, θ],Sk)

for any Sk ⊆ [θ, θ], Hence, the intermediate value theorem implies that (for any

Sk ⊆ [θ, θ]) there exists a θbc, with θ < θbc < θ, such that ΨB(θbc; [θ, θ
b
c],Sk) = 0. ¤

33



B.4 Consumer Surplus

Here I analyze the effects of product market competition and strategic patenting on

the consumer surplus. The consumer surplus for any output bundle q equals (using

definition 2.2):

S(q) ≡ U(q;ω)−
ÃX

c

pcqc + ω

!
=
1

2

X
c

Ã
q2c + βqc

X
k 6=c

qk

!

In equilibrium the consumer surplus Sr(•) ≡ S(qrI(•), qrn(•)) is reached under regime r
with r ∈ {b, B}. The expected consumer surplus, given equilibrium rule (3.8), equals:

CSb(γ) ≡ F (θb)E
©
SB(θI ;E{θI |θI ≤ θb})¯̄ θI ≤ θb

ª
+
£
1− F (θb)

¤
E
©
γSb(θI , θ) + (1− γ)Sb(θI , θI)

¯̄
θI > θb

ª
(B.7)

The first term of (B.7) represents the expected surplus from Bertrand competition

under secrecy, while the second term represents the expected surplus from Bertrand

competition with patenting.

B.4.1 Mode of Competition

A switch from Bertrand competition to Cournot competition changes the diffusion of

technology in the industry. The difference in technology diffusion is most pronounced

when the goods are homogeneous (i.e., β = 1). In such a market the consumer surplus

simplifies to: S(q) = U(q;ω) −Pc Pc(q)qc − ω = 1
2
(
P

c qc)
2. If patent protection

is imperfect (γ < 1), then firm I has no incentive to patent its technology θI under

Bertrand competition (i.e., θb = θ in 3.8), since it prefers not to share the market with

firms 1, .., N . Consequently, for any γ < 1 the expected consumer surplus equals:

CSb(γ) =
1

2

µ
α− θ

¶2
. (B.8)

By contrast, under Cournot competition firms choose accommodating strategies, and

Proposition 6 applies, as long as the market is big enough (i.e., the demand intercept α

is sufficiently high). Suppose this is the case. For sufficiently high validity probabilities

(e.g. γ ≥ 3
4
) firm I patents any technology in equilibrium. For those cases the expected

consumer surplus equals:

CSc(γ) =
1

2
E
n
γ
£
qc(θI , Nθ) +Nqc(θ, (N − 1)θ + θI)

¤2
+ (1− γ) [(N + 1)qc(θI , NθI)]

2
o

(B.9)
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The condition under which the expected consumer surplus under Cournot competition

exceeds the surplus under Bertrand competition (i.e., CSc(γ) ≥ CSb(γ)) is equivalent

to γ ≤ min{γ∗, 1}, with:

γ∗ ≡ E
©
(α− θI)

2ª− ¡N+2
N+1

¢2 ¡
α− θ

¢2
E
©
(α− θI)

2ª−E

½³
α− θ + θ−θI

N+1

´2¾ (B.10)

Comparison of the critical value γ∗ with the value γo gives feasibility of γo < γ <

min{γ∗, 1} for some particular model specifications.

Proposition 9 If goods are homogeneous (β = 1), the market is sufficiently small (α
close to 2θ − θ), and the technology distribution is sufficiently skewed (E{θI} close
to θ), then the critical protection parameter γc exists, with γo < γc ≤ 1, such that:
CSc(γ) > CSb(γ) for all γo < γ < γc.

Proof of Proposition 9 Substitution of (4.5) in (B.9) gives:

CSc(γ) =
1

2
E

(
γ

∙
1

N + 2

µ
(N + 1)α− θI −Nθ

¶¸2
+ (1− γ)

∙
N + 1

N + 2

µ
α− θI

¶¸2)
(B.11)

Using (B.8) and (B.11), it is easy to reduce the inequality CSc(γ) ≥ CSb(γ) to γ ≤ γ∗,

with γ∗ as in (B.10). The critical protection probability (B.10) can be rewritten as:

γ∗ = 1+
(θ −E{θI})

£
2(N + 1)α− (2N + 1)θ −E{θI}

¤
+ var{θI}− (2N + 3)

¡
α− θ

¢2
N(θ −E{θI})

£
2(N + 1)α−Nθ − (N + 2)E{θI}

¤
+N(N + 2)var{θI}

For α = 2θ − θ this reduces to:

γ∗ = 1+
(θ −E{θI})

£
(2N + 3)(θ − θ)− (E{θI}− θ)

¤
+ var{θI}− (2N + 3)

¡
θ − θ

¢2
N(θ −E{θI})

£
(3N + 4)(θ − θ)− (N + 2)(E{θI}− θ)

¤
+N(N + 2)var{θI}

Taking E{θI}→ θ, this gives:

γ∗ → 1 +
var{θI}

N(3N + 4)(θ − θ)2 +N(N + 2)var{θI}

which exceeds 1. For any α ≥ 2θ − θ, the critical probability γo in (4.7) is such that

lim
E{θI}→θ

γo = 1, and γo < 1 for all E{θI} > θ. Hence, for α = 2θ−θ, lim
E{θI}→θ

(γ∗−γo) >
0, and continuity of γ∗ − γo in E{θI} gives the existence of γc ≡ min{γ∗, 1} > γo for
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some small mean E{θI} > θ. Further, a slightly higher α gives similar results, again

due to continuity. ¤

In other words, there are model specifications such that strategic patenting reverses

the typical surplus ranking of Cournot and Bertrand competition. The intuition for

this result is as follows. First, a low demand intercept (i.e., α is sufficiently close to

2θ − θ) keeps the price low under Cournot competition, while it does not affect the

price under Bertrand competition. Second, the expected knowledge spillover under

Cournot competition is the highest for low E{θI} and low γ. The high level of

expected technology diffusion increases expected consumer surplus under Cournot

competition. Further, a high variance of θI is also favorable for the reversal of the

ranking, since it creates a high output variance under Cournot competition, which

increases the expected consumer surplus.

Figure 5 illustrates the expected consumer surplus comparison under the con-

ditions of Proposition 9. The thin flat line represents the consumer surplus under

-

6

0 1
γ

CS

CSb

1
2

γ∗γo

CSc(0)

A
A
A
A
A
A
A
A
A
A
A
A

CSc(1)

CSc
PCSc

S

Figure 5: Consumer surplus (Bertrand vs. Cournot)

Cournot competition, when firm I keeps its innovation secret (i.e., for γ ≤ γo). The

thin downward-sloping line represents the consumer surplus under Cournot competi-

tion when firm I patents all technologies (i.e., for γ ≥ 1
2
). The bold flat line represents

the expected consumer surplus under Bertrand competition. First, in the absence of

expropriation, information sharing gives a lower consumer surplus than information

concealment when firms compete in quantities (Shapiro, 1986): CSc(1) < CSc(0)

as Figure 5 illustrates. This property is related to Proposition 10. Second, given se-

crecy, Bertrand competition gives a higher expected surplus than Cournot competition
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(Singh and Vives, 1984): CSc(0) < CSb. Finally, given full patenting and Cournot

competition, a reduction of the patent validity parameter from perfect protection

increases the expected surplus due to increased technology diffusion.

B.4.2 Patent Policy

Consider a consumer surplus-maximizing economic policy maker who can affect the

value of the patent validity, γ, in a market with sufficiently differentiated goods. The

expected consumer surplus (B.7) depends as follows on the patent validity:

dCSb(γ)/dγ =
£
1− F (θb)

¤
E
©
Sb(θI , θ)− Sb(θI , θI)

¯̄
θI > θb

ª
+

∂θb

∂γ
f(θb)

µ
SB(θb;E{θI |θI ≤ θb})− γSb(θb, θ)− (1− γ)Sb(θb, θb)

¶
+
∂θb

∂γ
F (θb)E

½
∂SB(θI ;E{θI |θI ≤ θb})

∂θb

¯̄̄̄
θI ≤ θb

¾
(B.12)

This expression captures the following effects. On the one hand, an increase of the

probability γ reduces the likelihood of expropriation of patented technologies. In other

words, welfare-enhancing technology transfers from firm I to firms 1, .., N become less

likely. This direct effect, which is captured by the first term of expression (B.12), is

negative. On the other hand, increasing the probability of patent validity has an

indirect effect through a change of the equilibrium patenting strategy. Increasing the

probability of validity implies that more technologies are patented (i.e., θb decreases).

First, this increases the expected welfare at the margin, since it replaces the expected

welfare under secrecy by the expected welfare under patenting. This positive effect is

captured in the second term of (B.12). Second, reducing θb changes the equilibrium

beliefs of firms 1, .., N after the adoption of secrecy. In particular, after a reduction of

θb the non-innovative firms expect a more efficient competitor in the product market,

which reduces equilibrium prices under secrecy. This positive effect is captured by

the third term of (B.12). The optimal patenting policy resolves the trade-off between

these effects.

The comparison of the expected consumer surplus for perfect patent protection

(γ = 1) and no patent protection (γ = 0) reduces to the surplus comparison between

information sharing and selective patenting. First, for technologies that are shared

in the absence of patent protection, prices are lower without protection, due to the

diffusion of technology in this case. Second, for technologies that are kept secret

in the absence of patent protection the consumers are on average better off without

patent protection, since output levels have a greater variance under secrecy, which
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yields a quantity adjustment effect there (e.g. Vives, 1999). Both effects give a higher

expected surplus under no protection.

Proposition 10 Perfect intellectual property protection yields a lower expected con-
sumer surplus than no protection, i.e., CSb(1) < CSb(0). Moreover, a reduction of

the patent validity from perfect protection increases the expected consumer surplus

initially, i.e., dCSb(1)/dγ < 0.

Proof of Proposition 10 Expression (B.7) gives:

CSb(0)− CSb(1) = F (θ0)E
©
SB(θI ;E{θI |θI ≤ θ0})− Sb(θI , θ)

¯̄
θI ≤ θ0

ª
+ [1− F (θ0)]E

©
Sb(θI , θI)− Sb(θI , θ)

¯̄
θI > θ0

ª
where θ0 ≡ limγ→0 θb. It is straightforward to show that

E
©
SB(θI ;E{θI |θI ≤ θ0})− Sb(θI , θ)

¯̄
θI ≤ θ0

ª
=

5β2(2− β2)

4(4− β2)2(1− β2)2
V ar{θI |θI ≤ θ0} > 0.

Moreover, Sb(θI , θI) > Sb(θI , θ) for any θI < θ, if β is sufficiently small (such that

firm I has no incentive to set a limit price). Hence, CSb(0) > CSb(1).

Finally, dCSb(1)/dγ = E
©
Sb(θI , θ)− Sb(θI , θI)

ª
< 0, since lim

γ→1
θb = θ. ¤

Finally, there may exist intermediate patent validity parameter values (0 < γ < 1)

that generate a higher expected consumer surplus than under no patent protection.

Figure 6 illustrates the expected surplus under Bertrand competition for a uniformly

distributed technology parameter θI .

The relation between the protection parameter and consumer surplus is similar for

firms that compete in quantities (Cournot competition).18

18Under Cournot competition the comparison of the expected consumer surplus for perfect patent
protection (γ = 1) and no patent protection (γ = 0) reduces to the surplus comparison between
information sharing and information concealment. The consumers are on average better off without
patent protection than with perfect patent protection, since the expected consumer surplus from
information concealment exceeds the surplus from information sharing (Shapiro, 1986).
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Figure 6: Consumer surplus (uniform distribution)
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