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Abstract

This work analyzes the impact of regulation policies in two distinct settings.

Chapter 1 provides an overview of the existing theoretical literature on innovation and

entrepreneurship. It summarizes some of the main findings of the effect of various means of

protecting intellectual property on the innovation incentives and the level of entrepreneur-

ship activity. A general observation is that much of the existing work compares the extremes

of no protection and perfect protection and the resulting prediction is that perfect protec-

tion leads to higher innovation incentives. This is puzzling in light of the empirical evidence

that shows the opposite trend (e.g. Kortum and Lerner, 1999; Hall and Ziedonis, 2001;

Sakakibara and Branstetter, 2001; Bessen and Hunt, 2007). Chapter 2 explicitly takes into

account the fact that patent protection is imperfect and likely to lie in between the two

extremes. In addition, in more than 70% of infringement cases in the U.S., infringement

damages are calculated according to the so-called reasonable royalties rule that essentially

awards a portion of the imitator’s realized revenues to the innovator. I show that incorpo-

rating these two facts result in a non-monotonic relationship between the patent strength

and R&D investment if one moves from zero protection to perfect protection in a con-

tinuous way. The intuition is that when protection is less than perfect, though not zero,

equilibrium may involve both imitation and damages. Viewing damages as an alternative

source of profits, the innovator may be less aggressive in pursuing R&D as patents become

stronger. This result has important welfare implications. Besides the well-known effect of

reducing welfare due to less competitive markets, stronger protection can further curtail
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welfare by decreasing R&D investment.

Chapter 3, coauthored with Professor Huseyin Yildirim, studies situations, in which one

buyer sequentially negotiates with multiple suppliers to acquire goods or services that are

either complements or substitutes to each other. We find that the buyer weakly prefers pri-

vate negotiations because it creates strategic uncertainty about the outcomes from earlier

negotiations, leading to less aggressive pricing. For substitutes, this strategic uncertainty is

more beneficial for short expiries because long ones allow purchasing decisions to be made

after all negotiations are over, creating enough competition on their own and leading to

Bertrand prices. In contrast to substitutes, for which suppliers are in direct competition,

complements create incentives for suppliers to coordinate their prices to extract the addi-

tional surplus resulting from the complementarities of their goods. In this case, introducing

uncertainty through privacy is more beneficial for the buyer as suppliers’ bargaining powers

increase vis-à-vis the buyer because it creates greater coordination concerns. This leads

to a somewhat surprising result that the buyer could benefit from negotiating with more

powerful suppliers. The model enables an evaluation of certain laws and regulations that

govern bilateral negotiations. For instance, open record/open meetings laws, setting rules

on public access of information, generate efficient outcomes, but in general are harmful to

the buyer. Similarly, the FTC’s cooling-off rule sets long expiries by giving the buyer three

days to cancel a contract, which generates efficient outcomes when goods are substitutes

because of suppliers’ Bertrand pricing, but reduces efficiency when goods are complements

since long expiries make coordination harder to sustain.
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1

Innovation and Entrepreneurship: Survey of the
Theoretical Literature

Entrepreneurship has a wide range of meanings. An entrepreneur has been interpreted to be

a person who creates and manages a business, an innovator searching for new technologies,

a developer combining existing factors of production in a novel way, a person who assumes

risk to pursue uncertain, but potentially profitable opportunities, a person who supplies

financial capital, and many more (Hebert and Link,1989). This definition, however, is so

broad that it includes almost any type of economic agent. In this chapter, we look at the

theoretical literature as pertaining to the definition of the entrepreneur as an innovator and

a developer of new ideas. Both of these two activities are accompanied by a substantial

effort and monetary costs. Most importantly, however, the resulting product is often hard

to appropriate, which can seriously undermine innovation and development incentives. In

section 1.1, we look into the type of protection mechanisms that can be adopted to allow

the entrepreneur to capture sufficient rents to ensure that a socially optimal R&D invest-

ment takes place. Some of these mechanisms involve direct intervention by the regulation

authorities and others emerge as an endogenous solution adopted by entrepreneurs them-

selves. Section 1.2, on the other hand, takes innovative ideas as given, and attempts to
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determine the optimal means of developing and implementing new ideas. The underlying

assumption is that unlike raw ideas that are too vague and general to be protected from

expropriation by legal means, innovative ideas incorporated in products enjoy high level of

protection.

1.1 Investment in Innovation Activities and Generation of New Ideas

Technological change and innovation is viewed as a main determinant of economic growth

(Romer, 1990; Lucas, 1988). This gives rise to an extensive work concerning the factors

that affect innovation incentives. Innovation often involves substantial investment costs. A

good example of this is pharmaceutical companies that invest billions of dollars each year

in research.1 The final product of this large investment is often an idea or a formula that

can be used to produce a marketable product. This creates a problem because ideas are

non-rivalrous, meaning that somebody’s use does not preclude others from using the idea

as well. Thus, it is hard to exclude competitors from expropriating an innovative idea once

it has been disclosed. Because of this, many argue that in absence of legal protection, com-

petition has the potential of dissipating innovator’s profits and subsequently undermining

the incentives to invest in costly research. Since this concern is so widespread, it is not

surprising that a large portion of the theoretical literature has focused on analyzing the

effect of different legal means such as patents, copyrights and trade secrets as well as other

reward systems such as prizes and research contracts on restoring innovation incentives.

The effectiveness of any of these compensation means, however, has been a source of sub-

stantial disagreement among economists. While some argue that the inefficiencies arising

from monopolizing the market through legal protection are a necessary evil for the sake

of encouraging innovation (Schumpeter, 1942), others affirm the ability of free markets to

generate sufficient rewards to compensate the innovator (Boldrin and Levine, 2008; Bessen

1 Americas pharmaceutical and biotechnology research companies invested a record $58.8 billion in 2007.
Source: http://www.phrma.org/news_room/press_releases/us_biopharmaceutical_companies_r&d_
spending_reaches_record_$58.8_billion_in_2007
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and Maskin, 2007). In section 1.1.1 we look at some of the existing work that studies the

effect of intellectual property protection on innovation incentives. We will see that the

relationship between patent protection and innovation incentives is less than straightfor-

ward especially when it comes to cummulative innovations. Legal protection has its own

weaknesses. A common criticism of the patent system is its tendency to create market

monopolization through granting exclusive rights to the patent holders. Many fear that

this ecourages market concentration where large incumbent firms are the main source of

innovative ideas preventing competitors from entering the market. Gilbert and Newbery

(1982), Reinganum (1982), and Katz and Shapiro (1987) all study the tendency of large

incumbent firms to preempt in an R&D race. Section 1.1.2 summarizes their results. Fi-

nally, we relax the assumption that innovation is centralized in one firm. There are often

situations, in which the owner, the financier and the innovator are distinct agents. Exist-

ing papers by Aghion and Tirole (1994), Holmstrom (1989), Hellmann (2007) and Manso

(2009) analyze this possibility. They investigate both the effect of the ownership distribu-

tion on the innovation incentives and the type of contractual arrangements that encourage

exploration of new ideas within a company. 1.2.2 discusses their findings.

1.1.1 Innovation Incentives and Property Rights

It turns out that whether distinct innovations are independent or cumulative in their na-

ture makes a significant difference on the effect of legal protection of intellectual property.

For instance, circumstances, in which patent protection is socially desirable under sin-

gle, independent innovations could result in a less desirable outcome when innovations

are cumulative. In what follows, we first look into the literature that deals with single,

independent innovations and later contrast some of the general findings with the case of

cumulative innovations.
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Independent Innovations

Coming up with an innovation is usually very costly relative to replicating an existing

innovation. Because innovative ideas are nonrivalrous, the standard economic rationale

tells us that in absence of legal protection, the innovative idea will be adopted by other

firms and competition will erode profits. Thus, one of the ways to ensure that the innovator

is able to cover the research costs is to be granted exclusive rights over the innovation.

This is exactly what the patent system is set to do: it confers on the innovator exclusive

rights over the use of her innovation for a limited time period. When dealing with a

single independent innovation, having perfect patent protection has been shown to be a

better alternative to no protection. For instance, Bessen and Maskin (2007), working

under the assumption that lack of protection erodes profits for the innovator, illustrate

that lack of protection reduces innovation. The larger the profit erosion, the lower the

innovation incentives in absence of protection. Patents, on the other hand, have their

own drawbacks. In a general framework, where firms compete for a patent, the resulting

patent race could generate more than the socially optimal innovation (Bessen and Maskin,

2006; Dasgupta and Stiglitz, 1980). However, even with the possibility of overinvestment,

if patents are successful in encouraging R&D projects with high returns, then the benefits

from these projects can more than offset the welfare loss from overinvestment in smaller

projects (Bessen and Maskin, 2007). In addition, Wright (1983) argues that in a complete

information framework where both the social benefit of the innovation and the cost of

research effort is observable by the administrative authority, the problem of overinvestment

is easily correctible by limiting the reward of the winner through reducing the lifetime

of the patent. However, another drawback of the patent system not accounted for in

Bessen and Maskin’s model is the welfare loss associated with less competitive markets.

It is well recognized that more monopolized markets result in lower consumer welfare not

compensated by an increase in firm’s profits. Thus, it is not clear that patents are the best
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means of rewarding innovation. Wright (1983) considers two other alternatives to patent

protection: prizes and research contracts. Under the prize system, the innovator obtains

a one-time reward for a successful innovation. Subsequent posting of the innovation in

the public domain would guarantee elimination of any inefficiency resulting from exclusive

ownership. Research contracts, on the other hand, compensate the innovator for the costs

of providing a predetermined amount of research chosen by the administrative authority.

Similarly to prizes, research contracts result in more efficient markets ex-post because they

eliminate the welfare loss associated with monopolized markets. In a complete information

setting, Wright (1983) shows that there is no scenario, under which patents would be

a preferred method for compensation. When the research cost or the social benefit of

the new investment is not directly observable by the administrator, however, there is an

important way in which patents could be superior to the other two alternatives. Patents

allow the party with more precise information, namely the innovator, to make decisions

about the level of the innovation activity. Thus, in presence of asymmetric information, the

choice between patents, prizes and research contracts is less clear. Wright (1983) provides

conditions under which any of these three compensation alternatives are optimal given

incomplete information on the side of the administrator. A similar question regrading

the optimality of different compensation schemes for innovation effort has been raised by

Scotchmer (1999). She uses a mechanism design approach to find an optimal compensation

scheme for the innovator who holds private information regarding the costs and benefits of

R&D. She shows that if ex-post information on the value or the cost of R&D is unavailable,

the only feasible mechanism is equivalent to patent renewal system. The main difference

between Scotchmer (1999) and Wright (1983) is that Wright explicitly accounts for the

static inefficiency that arises due to the monopoly established by the patent. Because of

this, he finds that even in the presence of asymmetric information regarding the cost and

the value of the new innovation, it might still be optimal to choose research contracts

or prizes over patents. Related work also includes Cornelli and Schankerman (1999) and
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Kremer (1998).

Whenever patents are chosen as the optimal means of compensation, patent length is

not the only instrument that the regulation authorities can use to determine the least costly

way of structuring a patent. Besides its length, a patent is also characterized by its width

or scope, which is simply the allowed proximity of other unpatented products. A wider

patent reduces the number of close substitutes that can be legally sold on the market.

There is a well established literature that studies the optimal design of patents in one

shot innovation games. Klemperer (1990) analyzes the trade-off between patent width and

patent length. He assumes that the patent holder produces the single variety of the product

most desired by consumers. Thus, even though a wide patent results in a more monopolized

market and excludes some consumers from purchasing in the first place, it is efficient to

the extent that it induces consumers to purchase their most desirable variety. Klemperer

finds that if all consumers have the same cost of substituting to a less-preferred variety

of the product, infinitely lived and narrow patents are optimal because the patent holder

always sets prices such that none of the consumers switch to the substitute product. Thus,

in absence of switching, the deadweight loss arises only from less than competitive pricing.

This inefficiency is alleviated by narrowing the patent scope, which forces the innovator to

reduce price in order to attract the customers. The loss in profit due to lower equilibrium

prices is then compensated by longer patent length. If, however, consumers have different

cost, this result can be reversed and wide, short-lived patents can prove to be optimal if

too much switching occurs otherwise. Other related papers analyzing the tradeoff between

length and breadth are the work of Gilbert and Shapiro (1990) and Gallini (1992), whose

definition of width differ from the one used by Klemperer. Gilbert and Shapiro (1990)

define patent breadth as the price-cost margin that the patent holder is allowed to set in

a homogeneous market and isolate the conditions, under which infinitely lived patents are

efficient. In their setting, there is no inefficiency arising from consumers purchasing from

the patent holder’s competitors and an infinitely lived patent is the least costly means of
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compensating the innovator. Gallini’s work is closer to Klemperer’s in allowing patents to

result in inefficiency through costly imitation by rivals. She shows that when patent length

is the only controlled variable by the regulators, patents are often short lived in order to

discourage inefficient imitation.

A predominant assumption of all the papers discussed so far is that once the new innova-

tion has been revealed to competitors, in absence of a legal requirement those competitors

have no incentives to compensate the innovator for making use of her innovation. Indeed,

this seems to be a very reasonable supposition and the resulting lack of appropriability

becomes especially concerning when the innovator is financially constrained and unable

to independently commercialize the innovation. Thus, the intuition suggests that without

protection, the innovator would be unable to recover any rents and would be unwilling

to invest in research. Anton and Yao (1994) challenge this assumption. They show that

even without protection, an innovator can still capture a sizable share of the value of the

innovation by threatening to erode the profits of the firm to which the innovation has been

disclosed through revealing the know-how to a competitor as well. An underlying assump-

tion is that unlike the innovative idea that the inventor possesses, which is not covered by

legal protection, the value of the resulting commercialized product is successfully protected

from imitation. Thus, if only one firm has knowledge of the innovation, the realized profit

is πM , which compares favorably to the profit πD in case both incorporate the innovation

in their production. It follows that the innovator is able to appropriate rents to the extent

that πM exceeds πD. Anton and Yao also show that ex-ante contracts are feasible as long

as the innovator possesses some financial resources. Since the firm is typically unwilling

to pay for an undisclosed idea, because the value of the innovation to the firm is uncer-

tain, the innovator could credibly signal this value agreeing to pay some negotiated amount

whenever the competitor also gets hold of the innovation. It is important to point out that

in this model there are only two types of innovators: ones that have a good innovation

and others that do not. Anton and Yao (2002) extend this framework to include more
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types. In particular the know-how of the innovator can be viewed as a draw from some

continuous distribution. In this setting, a partial disclosure in conjunction with a bond

can also be supported as an equilibrium where the innovator makes an initial disclosure,

which is less than the full value of the possessed idea, and accepts a bond that calls for

negative payment whenever the innovation does not result in a monopoly for the buyer.

This equilibrium is fully separating where innovators with different know-hows choose dif-

ferent levels of disclosure. After correctly inferring innovator’s type, the buyer is willing

to pay for the undisclosed knowledge and the innovator finds it optimal to disclose to only

one buyer in order to minimize the chance of negative payment. This kind of mechanism

allows the innovator to collect substantial rents even in absence of protection.

Boldrin and Levine (2008) go one step further in affirming the ability of the free market

to compensate the innovator by relaxing the implicit assumption in Anton and Yao’s models

that even though raw ideas are unprotected, the resulting commercialized products are

and thus not subject to profit erosion. They maintain that even if the product market

is perfectly competitive, the innovator might still be able to recover sufficient rents by

rejecting the notion of costless spillovers. They maintain that innovative ideas are valuable

only to the extent that they are embodied in a person or a good. Thus, ideas are not easily

obtained without paying for at least the good that contains them. This makes the initial

unit being produced extremely valuable since it allows the buyer not only to consume the

good but also the replicate and resell it. The main assumption underlying their result is

that reproduction is not entirely costless, even though it can be really small, and there is

an upper bound on how many copies can be produced at a given point in time. In this case,

the first unit being sold should be of a great value and as long as this value is large enough

to cover the cost, the innovator has sufficient incentives to allocate resources to R&D. It

is important to point out that Boldrin and Levine (2008) as well as Anton and Yao (1994,

2002) argue that the innovator might be able to generate positive profits even in absence

of protection, not that lack of protection results in the socially desirable innovation level.
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Introducing patent protection would in general increase innovator’s profits and might induce

innovations that would not have taken place otherwise. Departing from the assumption of

independent innovations, we will see that this conclusion could be reversed.

Sequential Innovations

Innovations are often cumulative in their nature with existing technologies and practices

enabling new ideas to come to life. This substantially changes the nature of the innovation

activities as well as the effect of various regulation policies. Similar to the case of indepen-

dent innovations, an inventor decides on the level of investment based on the profits that

the new invention is expected to generate. Many argue that this investment is likely to be

suboptimal for reasons that go beyond the fact that the inventor does not take into account

the benefit incurred by consumers. First, the inventor fails to take into account the impact

that her invention has on the likelihood of future inventions. Second, the possibility that

her invention could be used by competing firms to come up with even better products that

render hers obsolete further increases the gap between her profit and the social benefit.

This problem has been analyzed by Green and Scotchmer (1995) and Scotchmer (1996).

Scotchmer (1996) studies situations, in which the first invention has little or no commercial

importance and the second invention, which is an application, captures most of the social

value. An extreme example is basic research like laser technology with little worth on its

own and a commercial derivative like laser surgery. How property rights are assigned under

this scenario is very important since they determine the division of profits between the two

inventors. With second generation products capturing all the demand, it becomes difficult

for the first innovator to recoup her research costs. Therefore, without transferring some of

the profits accrued from the second innovator to the first, none of the innovations can take

place. The main point that Scotchmer makes is that when ex-ante licensing agreements are

possible, it is optimal not to allow patenting of second generation products because this

reduces the second inventor’s bargaining power and makes it easier for the original inventor
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to recoup her costs. A similar point is made by Green and Scotchmer (1995) where the

second generation products do not capture the whole commercial value or render the first

product obsolete, but competition between the innovators erodes joint profits, making it

harder for both of them to cover their development costs. Similar to the case of a sin-

gle independent innovation, the patent policy is characterized both by the patent length

and breadth (the size of improvement required for the new product to be non-infringing).

Since the longer the patent life is, the longer the static distortion due to monopoly, Green

and Scotchmer (1995) aim to find the optimal patent breadth that reduces the required

length. They find that when all the uncertainty about the quality improvement and the

cost of the second generation product is realized prior to investment, the optimal policy

is to grand infinite breadth patent to the first innovator. The intuition is similar to the

one provided by Scotchmer (1996). Since ex-ante licensing agreement guarantees that the

second innovation will be undertaken whenever it is profitable, the more profit transferred

to the first innovator, the shorter the life of the patent required to stimulate research. A

broader patent puts the first innovator in more advantageous position and thus achieves

this goal successfully. Interestingly, when the uncertainty about the value of the second

generation product is not resolved prior to investment, a narrower patent might be opti-

mal. Since a broad patent makes the second generation product always infringing, if small

incremental innovation are very likely, this gives the second innovator credible threat not to

enter in absence of an ex-ante agreement, which in turn increases her bargaining position

vis-à-vis the first innovator. When this happens, narrowing the patent breadth increases

the anticipated profits for the second innovator and could create more favorable bargaining

environment for the first one.2

Scotchmer (1996) and Green and Scotchmer (1995) explicitly rely on the ability of inno-

vators to negotiate licensing agreements. Bessen and Maskin (2007) argue that in presence

2 The optimal design of patents in sequential innovation environments has also been studied by
O’Donoghue et al. (1998) and Hopenhayn et al. (2006).
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of asymmetric information, licensing negotiations are likely to fail and strong patents on

early innovations could impede future research. They show that abstracting from licensing

and extending the innovation environment to capture possible infinite stream of cumula-

tive innovations can reverse the conventional result that patents are good for encouraging

innovation. Their model asserts the complementarity among innovators meaning that each

innovator might take a different research approach and thus enhances the overall prob-

ability of the innovation taking place. In this environment, lack of protection generates

imitation, which reduces current profits, but it enhances probability of future innovations

for which the current innovator could benefit. A recent work by Panagopoulos and Park

(2004) shows similar effect of weak patent protection that does not rely on complementarity

of innovation, but rather on the desire of incumbent firms to increase their bargaining po-

sition vis-à-vis a start-up in take-over negotiations. Unlike Bessen and Maskin (2007), who

focus on the extreme cases of no protection and perfect protection, Panagopoulos and Park

(2004) account for the uncertainty associated with patent litigation cases. The probability

of winning in court depends not only on the exogenous proclivity of the court to apply a

more favorable standard of patentability, but also on the size of the incumbent’s portfolio

denoted by z. They show that the desire of the incumbent to increase his position in the

future could benefit the start-up in a take-over negotiation for intermediate values of z.

If z is too high, the incumbent could accumulate bargaining power too quickly, reducing

the marginal benefit of an additional patent, and thus decreasing the start-up’s innovation

incentives. Similarly, for small z the impact of an additional patent is also limited. This

leaves intermediate protection as most preferred in terms of generating the highest possible

innovation rate and social welfare.

1.1.2 Structure of Innovation Activity

This section addresses the question of what market structure will prevail in a highly in-

novative environment or more precisely whether the drivers of technological progress in a
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given industry tend to be large established firms or smaller start-up companies.

Gilbert and Newbery (1982), Katz and Shapiro (1987) and Reinganum (1983) all study

the incentives of large incumbent firms to preempt competition and be the leading source

of innovation on the market. Gilbert and Newbery (1982) argue that an established firm

would always have higher innovation incentives relative to an entrant. To see this, suppose

that initially the incumbent is a monopolist on the market having a constant stream of

profit πm. If the new innovation is not too large, making the current technology obsolete,

its introduction by the entrant changes the market structure from monopoly to duopoly.

Let πdi and πde denote the resulting profits for the incumbent and the entrant respectively.

Because πm ≥ πdi +πdi , Gilbert and Newbery (1982) argue that the incumbent’s incentives to

remain a monopolist are greater than the incentives of the entrant to become a duopolist

predicting that the incumbent would always go the extra mile to dominate in an R&D

race. This result is in stark contrast to some of the empirical evidence revealing that

the largest innovations are typically introduced by start-ups. Katz and Shapiro (1987)

extend Gilbert and Newbery’s framework to allow the possibility of imitation and licensing

in presence of cost reducing innovations. First, they observe that if the initial starting

position is a duopoly with a market leader controlling a significant share, Gilbert and

Newbery’s result can be reversed if the new innovation benefits the follower sufficiently

more than the leader. In addition, whenever imitation and licensing are possible, the

leader will tend to develop minor innovations and would win in a major development only

if imitation is difficult. Similar to Gilbert and Newbery (1982), the innovation process is

deterministic, but the cost of innovating is reducing over time because of possible advances

in basic research that makes development of new marketable products less costly. Thus, the

innovation decision is simply a waiting game where the stand-alone incentives to innovate

and the preemption incentives to do so before the competitor determine the winner. With

imitation reducing the cost of development, preemption incentives are weakened. In this

case, the firm that has substantial technological advantage initially becomes reluctant to
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introduce a new innovation that tends to equalize the technology across firms. Thus, the big

innovations are then expected to be initiated by smaller firms. Similar conclusion is reached

by Reinganum (1983), but the driving force is the uncertainty of the innovation process.

When the innovation is a byproduct of a stochastic R&D race, one firm’s probability

of success at a given time period depends not only on its own efforts, but also on the

competitor’s efforts. However, the increase in the investment relative to the competitor not

only enhances the probability of winning, but also generates an earlier expected winning

date. Even though an incumbent has higher preemption incentives, Reinganum shows that

an entrant benefits more than the incumbent from winning at an earlier date. Intuitively,

moving the discovery a day sooner simply hastens the incumbent’s own replacement, but

shrinks the expected time of zero profits for the entrant. Therefore, if the innovation

is major, meaning that it completely replaces the existing technology, the preemption

effect equalizes between the two competitors (πm = πdi + πdi ) and the entrant is more

likely to win because she is more anxious to come up with the innovation sooner. This

provides an alternative explanation of why major innovations are often introduced by start-

up companies.

1.1.3 Innovation Incentives in Decentralized Environments

So far, we have assumed that the innovation process is fairly concentrated with a single

decision maker having the role of financier, creator and owner of the innovation. In reality,

however, the innovation process is far more decentralized across different institutions or even

within a firm. There is an emerging literature that accounts for this observation. Aghion

and Tirole (1994) study situations, in which the research unit (RU) and the customer

(C), who directly benefits from the innovation, are not the same person. This makes

the innovation process far more complex mainly because the research effort is often non-

observable and thus non-contractible. Under this framework, the issues of intellectual

property allocation and the compensation for innovation effort are far from trivial. Aghion
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and Tirole (1994) show that allocation of property rights affects not only the distribution

of the generated surplus, but also its size through impacting the amount of resources that

the different parties choose to invest in R&D. Allocating property rights to the customer

results in an inefficient level of effort by the research unit. On the other hand, allocating

the property rights to the RU could result in a suboptimal monetary investment by the

customer. Optimality dictates allocating the property rights to the RU if encouraging

effort is more important than boosting customer’s financial investment. In addition, by

endogenizing the allocation of property rights by a contractual agreement, Aghion and

Tirole (1994) also show that it can be strictly optimal for C to demand equity participation

of a third party, which turns the discrete choice of the allocation of property rights to

one of the two parties into a continuous one and thus gives a theoretical explanation of

the emergence of co-financing by independent venture capitalists. Finally, the paper also

provides an explanation for the existence of more complicated contractual agreements such

as trailer clauses or shop rights as emerging from the profit maximizing behavior of the

parties involved in the innovation process.

Other papers such as Holmstrom (1989), Hellmann (2007) and Manso (2009) study

the innovation activity within a firm where the owner and the researcher have employer-

employee relationship. This adds an additional layer of complexity relative to Aghion and

Tirole’s framework because the owner of a firm is interested not only in generating new

innovations, but also in exploiting existing ones. Hellmann (2007) explicitly models the

choice of the employee to allocate his limited time between exploration and exploitation

and shows that the employee’s interests in pursuing innovations will often conflict with

the owner’s objective when there is a risk of the new innovation being expropriated by the

firm without rewarding the employee. Under this scenario, Hellmann (2007) shows that if

the exploration generates incremental innovations that do not interfere with the value of

exploitation activities, the employee tends to pursue too little exploration relative to the

firm’s optimum. If on the other hand, exploration tends to result in radical innovations that
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render exploitation of acquired knowledge obsolete, this result reverses and the employee

may fail to internalize the cost of creative destruction and thus pursue too much innovation.

Therefore, Hellmann (2007) concludes that the firm will design an optimal compensation

contract ex-ante aiming to encourage incremental innovation, but reducing the tendency of

employees to come up with radical innovations. Interestingly, for incremental innovations,

the firm might find it optimal to reward with positive payoff a failure in order to encourage

the employee to pursue the riskier path of exploration. A similar conclusion is reached by

Manso (2009) who shows that since exploration involves an untested hypothesis that is very

likely to fail, the standard pay-for-performance compensation scheme is not optimal. In-

stead, the optimal incentive contract involves high tolerance for failure and a commitment

to a long-term compensation plan, which explains the existence of institutional arrange-

ments such as tenure. Holmstrom (1989) shows that more failure tolerant contracts can also

emerge when the performance measure used to motivate employees is noisier for innovations

relative to the exploitation of acquired knowledge. Thus, even though Hellmann (2007),

Holmstrom (1989) and Manso (2009) all use different framework to model the higher level

of uncertainty associated with exploitation, they all conclude that rewarding failure might

sometimes be necessary in order to encourage exploitation. In Hellmann’s model, the dis-

crepancy between the desired level of innovation of the employer and the employee stems

from the possibility that the employer could expropriate and independently develop the

innovation idea without compensating the employee for the exerted effort. This, however,

leaves open the question of whether the employee would find it optimal to reveal the idea

in the first place. The next section expands the set of possible actions of the employee by

allowing her to leave the company and develop the innovation independently or possibly

look for other partners.
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1.2 Development and Implementation of New Ideas

An emerging body of literature studies the means by which new innovations are introduced

on the market. It concerns itself mostly with the development of already conceived ideas

rather than the incentives to generate new ideas. It recognizes that entrepreneurship ideas

require sharing in order to achieve more efficient implementation. However, this runs the

risk of those ideas being expropriated since raw ideas are rarely protected by law. In fact,

Bhide (2000) reports that 70% of founders of Inc. 500 fast growing high tech firms developed

ideas encountered in previous employment. For instance, the large microprocessor Intel

came to existence when the General Manager and the Head of Research and Development of

Fairchild Semiconductor left the company to start their own firm. They made an extensive

use of the “silicon-gate” technique, in which development they took part at their earlier

employment3. Thus, one relevant question that arises is under what conditions an innovator

would choose an established firm over a start-up for the realization of the innovation idea.

The choice that the innovator often faces is whether to reveal the idea to the firm in hopes

of successful negotiation or to keep the idea secret and pursue independent development. If

the parties are able to negotiate an ex-ante enforceable contract before the idea is revealed,

the problem of expropriation could be easily avoided. However, the uninformed party is

naturally hesitant to pay for an unknown commodity. The flip side of the problem is that

once the idea has been revealed, the informed party could expropriate the invention without

compensating the innovator. The choice between start-up and spin-off has been analyzed

by Anton and Yao (1995), Baccara and Razin (2004), and Hellmann (2006), whose findings

are discussed in section 1.2.1. However, the employees are not the only party that faces

expropriation concerns. Firms and independent innovators also have valuable information

assets that they desire to protect. A more general question then arises: in presence of weak

or non-existent legal protection, what kind of market structures or mechanisms would arise

to alleviate expropriation incentives? Anton and Yao (1995), Biais and Perotti (2005),

Hellmann and Perotti (2007), Rajan and Zingales (2001) and Baccara and Razin (2007)

all attempt to address this question. Their approach and findings are discussed in detail

3 Source http://en.wikipedia.org/wiki/Intel#Corporate_history
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in section 1.2.2.

1.2.1 When do innovators choose start-ups over employment in a firm?

Anton and Yao (1995) study the interaction between a firm and an employee whenever

the employee privately discovers a significant innovation and the property rights are weak

or missing. The framework is very similar to Anton and Yao (1994) with the exception

that the innovator has the option of leaving the firm to start up a new company. A spin

off refers to the situation in which the employee transfers the knowledge of the innovation

to the firm. The intuition behind the feasibility of an ex-post contracting still holds: the

employee might be able to collect sufficient rents to deter the start up even in absence of

property rights because the start-up can introduce additional competition and the erode

firm’s profits. This makes the firm willing to pay the employee to avoid competition. The

option of a start-up instead of selling the innovation to the competitor turns out to make a

substantial difference. When the outside option is a rival firm as in Anton and Yao (1994),

a spin off always occurs since the rival firm also has incentives to expropriate the invention.

In contrast, when the outside option is a start-up, a spin-off is not always optimal. Similar

to Anton and Yao (1994), an ex-ante contract represents a contractual agreement prior to

revealing the innovation. Because of the presence of asymmetric information, the success

of ex-ante contracting relies on the ability of the employee to put up large performance

bond, which can result in employee’s negative compensation in case the employee turns

out to have an innovation of little value. This helps screen out bad innovations and thus

alleviate the asymmetric information problem. The model gives three conditions under

which start up is likely to occur: i) profit increment of monopoly under spin-off compared

to duopoly is small making ex-post contracting less valuable for the firm ii) the firm has

a considerable negotiating leverage over the employee making it hard for the employee to

profit sufficiently from ex-post contracting to prevent a start-up iii) employee has limited

access to funds, which makes it impossible for the employee to alleviate the asymmetric

information problem under ex-ante contracting.

In contrast to Anton and Yao (1995), where the firm is viewed as a single decision maker,

Baccara and Razin (2004) model the firm as consisting of multiple agents who individually
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decide to expropriate the disclosed innovation. This makes the task of the innovating

employee more difficult since she needs to induce cooperation from all the informed agents.

There is both a minimum number of individuals needed to develop a product as well as

a minimum number of approvals in order for the idea to be implemented. This allows

Baccara and Razin (2004) to study how the choice of spin-off and start up depend on the

exogenously given ownership structure of the firm. They find that the more people are

involved in the process of approving new product, the harder it is for the employee to

generate enough rents under spin-off and thus would likely choose start-up. This result is

comparable to Anton and Yao’s conclusion that more bargaining power on the side of the

firm makes it harder for the innovator to acquire sufficient share of the surplus and thus

increases the likelihood of a start-up, where the greater bargaining power can be a direct

consequence of a larger number of people involved in the approval stage. Unlike Anton and

Yao (1995), however, Baccara and Razin (2004) allow for the firm to buy-off and shelf the

innovation, which results in an interesting observation: a dictatorial firm (with only one

decision maker whose approval is required) might choose to buy-off and shelf the idea if too

many people are required for its development. The reason behind is that each agent that

becomes involved is being disclosed the idea and thus requires sufficient compensation not

to expropriate. Thus, implementation of the idea inside the firm results in “reshuffling” of

the ownership of the firm.

Unlike Anton and Yao (1995) and Baccara and Razin (2004), the new innovation in

Hellmann’s model is not in a direct competition with the firm and thus employee’s leave

does not constitute a profit erosion thread for the firm. Instead, he views the choice of

entrepreneurship versus employment by a firm resulting from a tension between firm’s and

employees’ different levels of interest in pursuing innovation. The firm faces a trade-off

between exploitation and exploration. They want employees to focus on their core task,

but employees are naturally attracted to exploration, which promises great private benefits

if successful. The task of the employer is to design an incentive contract that channels

employee’s efforts in the desired direction. Whether the employee chooses to leave the firm

and develop the idea further through a start up depends both on the value of the new

idea as well as the allocation of property rights. Hellmann (2006) shows that whenever the
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employee is the owner of the emerged idea, a number of equilibrium outcomes could occur.

The firm is successful in focusing the employee on the core tasks only if the innovative idea

is not too valuable. If the firm is able to commit to policies ex-ante, so-called stubborn

equilibria could also occur, in which the employee leaves to form a start up even though

internal venturing might be preferred. Hellmann points out that the allocation of property

rights matters since if the firm is the owner of the new idea, then entrepreneurial activity

is much less likely.

1.2.2 What kind of market structures or mechanism would arise to alleviate expropriation
incentives?

This question is closely related to the question addressed in the previous section where we

saw that innovative employees would often choose to distort the existing market structure by

forming a start-up in order to prevent idea stealing. However, here we address the broader

question of what kind of mechanisms would emerge in order to increase the likelihood of

successful implementation and appropriation of innovative ideas where the innovators could

be either firm’s employees or employers. Firm owners choose their hierarchal structure and

compensation optimally to prevent valuable information from being leaked outside the

firm’s boundaries.

Biais and Perotti (2005) take a view of entrepreneurs consistent with Lazear (2002)

characterizing them as nonspecialists who combine existing (complementary) resources in

an innovative way. Thus, entrepreneurs are generalists who bring together multiple experts

to evaluate the feasibility of the different aspects of a potential project. Entrepreneurs

in this framework face the same potential threat of expropriation by the experts upon

revealing the idea as in Anton and Yao’s model. However, in addition to this, a contractual

agreement with the experts should provide sufficient incentives to ensure that the experts

provide accurate appraisal. Experts possess diverse areas of expertise that are viewed as

complementary to each other. An interesting aspect of the derived equilibrium is that

although stealing good ideas by an expert might seem very tempting, in order for her to

obtain information on the complementary aspect of the venture, she needs other experts’

appraisals. However, by proposing the idea, the expert reveals her own type and is subject

to expropriation herself. This substantially reduces the attractiveness of idea stealing. If
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signals by experts are critical, implying a low probability of positive signal ex-ante, Biais

and Perotti (2005) show that the entrepreneur is successful in forming a partnership and

implementing the idea. However, as the signals become less critical, the idea-stealing

problem can lead to market failure.

Hellmann and Perotti (2007) embrace a similar definition of entrepreneurship charac-

terized by a novel combination of existing factors. Similar to Biais and Perotti (2005) they

incorporate the fact that early stage innovations are not patentable and thus subject to

expropriation once shared with experts, whose evaluation is required to determine the feasi-

bility of the idea. Unlike Biais and Perotti (2005), however, they take the complementarity

of agent as exogenously determining the proclivity of agents to cooperate. This reduced

way of modeling cooperation incentives allows them to study the much broader problem of

the type of market structure that would emerge in equilibrium where the market serves as

a medium of sharing and evaluating ideas. In an open exchange environment, ideas freely

circulate until matched with an agent with complementary skills and thus the likelihood

of implementation of good ideas is high. The drawback is that the inventor risks sharing

her idea with another agent with substitute skills, who steals the idea. Thus, even though

free circulation of ideas might be efficient, frequent idea stealing may result in insufficient

reward for invention and in a market failure where no sharing takes place. This necessitates

the existence of a more constrained market structure such as a firm that is better able to

commit to not stealing the idea by establishing costly reputation. Thus, the threat of a loss

of corporate reputation alleviates the problem of stealing and makes idea sharing possible in

situations were markets fail. The drawback of the corporate environment is that it contains

the ideas within the firm’s boundaries, limiting the implementation likelihood. The main

contribution of Hellmann and Perotti (2007) is showing how these two market structures

can coexist with firms allowing unmatched ideas to circulate freely in the market.

Rajan and Zingales (2001) adopt a similar approach in modeling entrepreneurial activity

as requiring cooperation of many agents, who after being revealed the idea could choose to

independently develop the innovation and compete with the original entrepreneur. Their

focus is on the type of hierarchical structure that the innovator will choose to adopt in

order to reduce the likelihood of expropriation. The entrepreneur could either interact
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with the other agents in a horizontal hierarchy where she communicates with all of them

directly or vertical hierarchy where there is a chain of employees and the entrepreneur

limits her direct interactions to only few employees closest to her. The goal is to induce

specialization by workers, which makes them loyal to the firm. They find that large, steep

hierarchies will dominate in physical-capital-intensive industries and will have seniority-

based promotion policies. Vertical hierarchies, on the other hand, are likely in human-

capital intense industries and will be characterized by up-or-out promotion systems.

Finally, a model that captures a lot of the features of the discussed papers so far is offered

by Baccara and Razin (2007). They propose a model that features a lot of similarities with

the work of Anton and Yao (1995), Biais and Perotti (2005), and Rajan and Zingales (2001),

but attempt to develop more general framework where the original idea possessors can be

either a firm owner(s) (related to Rajan and Zingales), an employee(s) (related Anton and

Yao), or independent innovators seeking partners/experts (related to Biais and Perotti).

Unlike Anton and Yao (1995), in which firms do not face the problem of information

leakage, all the informed agents in Baccara and Razin’s model are exposed to the same

risk of expropriation. Initially, some agents are aware of an idea leading to returns only if

implemented. If two firms form, competition dissipates some of the rents. They look into a

sequential-offer random proposer bargaining framework, in which each informed agent has

positive probability of being a proposer in each period either because she conceived the idea

or was revealed the idea in the negotiation process. Firms are formed by unanimity and if

the first group formed does not include all the informed agents, the game continues until

a second group is formed. Two effects help the innovators appropriate rents in absence of

perfect protection. Information diffusion effect refers to the proposer’s concern that upon

rejection of an offer, new proposers will make offers to uninformed agents excluding her

from the possibility of participating in the rents. This effect is similar to the equilibrium

dynamics in Biais and Perotti (2005). Second, threat of competition advantage describes

the innovator’s ability to threaten the potential partners with more severe competition as

a result of a rejection because it creates conditions for a formation of more than one firm.

This effect is similar to Anton and Yao (1994) where the threat of revealing to a competitor

and enhancing market competition enable the innovator to generate positive rents. Unlike
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Rajan and Zingales (2001), in which employees bargain over wages after deciding whether

to stay with the firm, the defection decision in Baccara and Razin’s model can occur any

time. Interestingly, they find that when the degree of potential market competition is

relatively high, firms will tend to stay intact because the threat of rent dissipation makes it

easier for the innovator to induce cooperation. Similarly, they find that an innovative firm

is more likely to form a spin out as the number of agents involved in intra-firm decision

increases.

1.3 Discussion and Direction of Further Research

From the discussion above, it is evident that the existing work on innovation and en-

trepreneurship has taken one of two approaches: it either models the research and the

development of new products as a single unified decision and studies the policies that im-

pact innovation incentives or explicitly accounts for the fact that creation of new ideas

and their development and implementation are somewhat distinct decisions and analyzes

the issues related to further development of ideas with the presumption that those ideas

have already been conceived. Taking the first approach, we find that whether innovations

are independent or cumulative plays an important role in determining the effect of legal

protection. While patents have a positive effect of stimulating the discovery of single, inde-

pendent innovations, they can reduce research effort if those discoveries are cumulative. It

is important to point out that most of the models addressing this issue have been focused

on comparing the extremes of no protection and perfect protection.4 In reality, however,

the existing system is likely to be somewhere in between these two extremes. Chapter 2

attempts to fill in this gap. It shows that extending the framework to imperfect protection

levels can substantially change the presumed beneficial impact of patents on innovation

in a one-shot innovation environment. Relaxing the assumption of the ability of patent

protection to successfully discourage imitation also has the advantage of introducing the

possibility of patent infringement and litigation taking place in equilibrium, which is a more

accurate representation of the reality.

Under the second approach of focusing on the development stage and ignoring the

4 An exception from this observation is Panagopoulos and Park (2004).
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process of generating innovative ideas, the main observation is that the more agents are

required in the development process, the harder it is to guarantee sufficient returns for the

innovator. If the need to involve a large number of agents springs from the complexity

of the idea, necessitating the input of many different experts, a natural remedy could

involve constraining the idea within a firm that builds credibility through establishing

costly reputation. If, on the other hand, the involvement of many agents is a byproduct

of a particular hierarchical structure within an organization, the innovator might find it

profitable to develop the idea through an independent start-up. Interestingly, all of the

proposed models have the feature that no failed negotiations could occur in equilibrium.

Naturally, failed negotiations should result in lower payoff for the parties in order for

the parties to even consider an agreement. However, the complete information setting

guarantees that as long as the innovator chooses to negotiate with a set of agents, those

negotiations never fail. Failure of negotiations, however, is a common phenomenon in

reality. Promising future work involves extending the existing models to an incomplete

information setting.
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2

Imperfect Patent Protection and Innovation

2.1 Introduction

Since the 1980s patenting in the USA has increased dramatically.1 In addition, Bessen

and Meurer (2005) report that the annual number of lawsuits filed has doubled since 1990.

Among the most commonly cited causes of this upward trend in patenting and litigation

is the 1982 creation of the Court of Appeals. Its primary goal was to unify the patent

law(Metz and Pace, 1994).2 Along with this consolidation, however, the Court of Appeals

adopted a more lenient standard for patent validity resulting in stronger patent protection.3

Bessen and Meurer (2005) estimate an annual growth rate of 5.5% in the hazard of being a

1 The US Patent and Trademark Office reports an increase of patent grants from 66, 170 in 1980 to
182, 901 in 2007. Source: www.uspto.gov/web/offices/ac/ido/oeip/taf/us stat.pdf

2 Besides the creation of the Court of Appeals, Scherer (2007) identifies three other major initiatives that
have contributed to strengthening the patent law. Bayh-Dole Act of 1980s allows the patents as a result of
government sponsored research to be retained by the contractors. Stevenson-Wydler Act (1980) required
the principal government agencies conducting R&D to set up Research and Technology Application offices
in order to negotiate exclusive licenses with industry. Both acts aim to encourage the further development
of commercially valuable products. Lastly, the Hatch-Waxman Act of 1984 pertaining to pharma companies
allows extension of the effective life of pharmaceutical patents to 15 years.

3 Henry and Turner (2006) point out that “the geographical circuit courts of appeal had different standards
of validity that were often clearly less favorable to the patentee”. Since the new Court of Appeals was
formed, the requirement for proving invalidity has changed from “preponderance of the evidence” rule to
“clear and convincing evidence” to prove invalidity.
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patentee litigant and 8.4% growth in the hazard of being an alleged infringer. A very small

percentage of this increase, 32% and 25% of being a plaintiff and a defendant respectively,

can be explained by factors such as changes in firm’s scale, an increase in the number

of patents held and R&D intensity. The remaining increase is attributed to the legal

changes resulting in stronger patents.4 In addition to making patents easier to obtain

and more likely to successfully defend in court, some legal experts assert that there has

been a significant increase in the damages rewarded by the court in infringement lawsuits.

According to McGrath and Kedrowski (2007), there has been a substantial upward trend

in the damages awarded since 1982 with the median award being less than $1, 000, 000 for

the years 1982-1989 and reaching close to $4, 000, 000 in 2000-2006.5

This movement toward stronger protection accompanies a growing empirical literature

that casts doubt on the importance of patents in protecting intellectual property and en-

couraging innovation. Two independent studies done by Levin et al. (1987) and Cohen

et al. (2000) reveal that lead time and secrecy play greater roles in securing competitive

advantage than patents. Recent empirical research (e.g. Kortum and Lerner, 1998; Hall

and Ziedonis, 2001) also finds that the legal changes in the patent legislation in the US

were accompanied by a substantial increase in patent propensity but reduced R&D in-

tensity. Similar observation is made by Sakakibara and Branstetter (2001) in relation to

the 1988 Japanese patent reform. Lastly, one of the most recent studies of the software

industry by Bessen and Hunt (2007) suggests that software patents can serve as substitutes

for R&D and thus higher patenting rates could be associated with lower levels of R&D

activity. These findings are puzzling in light of the traditional view of patents as means of

encouraging innovation by limiting competition and thus allowing the innovator to recoup

4 Similar conclusions are reached by Metz and Pace (1994) and Henry and Turner (2006).
5 The Analysis Group Study in 2001 reports that the average royalty rates based on licensing transaction

follows an upward trend reaching 6.7% in 2004. This upward trend appears to hold for the litigation royalty
rates as well since licensing agreements serve as a benchmark when determining damage compensations.
Source: http://iplaw.blogs.com/content/2006/03/trends in intel.html
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the large R&D costs.

This paper presents a theoretical framework that provides explanation for the observed

negative relationship between patent strength and R&D investment for process innovations.

In contrast to much of the existing theoretical literature (e.g. Bessen and Maskin, 2006;

Scotchmer, 1991) that relies on sequential innovations to explain this phenomenon, we study

a one shot innovation decision by a single firm that incorporates two key characteristics

of the current patent system: the imperfect nature of patent protection and the existing

practice of awarding reasonable royalties damages for infringement compensation.6 In this

static setting, focusing on the two extreme cases of perfect and no protection fails to explain

the observed negative relationship between patent strength and R&D (see Bessen and

Maskin, 2006; Reinganum, 1982). The intuition behind it is straightforward: in contrast

to no patents, perfect protection discourages imitation by competing firms allowing the

innovator to gain technological advantage, which in turn increases her equilibrium profit

and provides additional incentives to invest in R&D. These two extreme cases, however, are

rarely observed in reality. Levin et al. (1987) report that almost all patents are duplicated

within five years, suggesting that patents are imperfect means of discouraging imitation.

Once we depart from the assumption of perfect protection, we show that the innovator

might respond to stronger patents by reducing research efforts. When patents are weak,

the resulting equilibrium involves possible imitation and an infringement lawsuit that can

result in damage compensation for the innovator. In this case, stronger patents can enhance

the innovator’s reliance on damages, reducing her incentives to pursue R&D. The current

practice of awarding reasonable royalties damages that do not explicitly take into account

the size of the innovation plays a key role in this dynamic.7 Thus, as protection strengthens,

6 Bessen and Maskin, in their forthcoming paper in RAND, formalize the idea dating back to Plant (1934)
contending that patents on first generation innovations can serve as a stumbling block for future innovations.
They show that innovation complementarities among firms can make imitation socially desirable because it
contributes to the development of future innovations. Thus, a world without patent protection can result
in higher rate of innovation activity compared to the one with perfect patent protection.

7 Reasonable royalties damage rule rewards the innovator based on the revenues generated by the infringing

26



the innovator might find it less urgent to generate large innovations, consequently reducing

her investment. In addition, strengthening patent protection elevates the equilibrium price

by reducing competition in the output market in the presence of imitation. This allows

the joint profits of the patent holder and the infringer to move closer to the monopoly

level. Similar observation is made by Farrell and Shapiro. Consequently, we find that

the innovator may realize higher profits under imitation because the competitor’s use of an

inferior, non-patented technology can enhance competition and drive the price down. Since

perfect protection eliminates imitation whatsoever, the investment is often maximized for

some large but imperfect protection level.

In light of these findings, we study how the society is affected by stronger protection.

Not surprisingly, we find that if the equilibrium investment is below the socially optimal

level, society is hurt by stronger patents when investment decreases as a result. Higher

protection makes the market less competitive, reducing ex-post welfare. Thus, only a spur

in investment could offset this decline. Interestingly enough, we also observe cases in which

the innovator invests more than the socially optimal level. This is in a sharp contrast to the

existing literature, which finds that in absence of R&D competition, investment always falls

short of the socially desirable level (see Dasgupta and Stiglitz, 1980). A driving force for this

result is the impact of strong patents on consumers. Since greater protection elevates the

equilibrium price in the presence of imitation, consumers could realize higher surplus when

copying is successfully deterred. This occurs for small innovations when the competitor

does not find it worthwhile to imitate and risk paying damages. Therefore, consumers

might prefer lower investment because it makes small innovations more likely. Since the

innovator does not internalize the effect of her investment choice on the consumers, she

could exceed the socially optimal level. When this happens, a boost in investment as a

result of stronger protection is welfare reducing and the socially desirable policy calls for

product. Thus, for cost reducing innovations, the damage compensation does not explicitly take into
account the magnitude of this reduction.
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weaker patents.

Finally, we extend the model to incorporate the possibility of licensing. The two firms

can agree on a mutually beneficial contract using the anticipated court’s outcome as a start-

ing point in their negotiations. We find that the presence of licensing makes it even more

likely for investment to be decreasing in patent strength. The reason behind it is that as

protection increases, the innovator is better able to reduce the competitor’s outside option,

which is simply his realized profit in absence of licensing, without substantially affecting

her own. As mentioned above, stronger protection could make the innovator’s profit less

dependent on the innovation size because it enhances her ability to collect infringement

damages. The opposite is true for the competitor. Thus, by reducing investment, the in-

novator could decrease the competitor’s pre-licensing expected profit, which improves her

bargaining position.

The next section describes the model and characterizes the equilibrium level of invest-

ment. Section 3 analyzes the social implications of stronger patent protection. We extend

the benchmark model to incorporate licensing in section 4. Section 5 concludes.

2.2 The Model

There are two firms competing in quantity on a homogeneous product market. The market

demand is given by P = α−βQ with α > 0 and β > 0. P denotes the price and Q denotes

the total output by the two firms. Each firm possesses an initial technology described by

a constant marginal cost MC = c > 0 and a zero fixed cost. One of the firms, referred to

here as the leader, may, however, invest in R&D to reduce her marginal cost.8 Let I be

the level of the leader’s investment resulting in a cost C(I) where C(I) = 0, C ′(I) > 0 and

8 Note that we abstract from possible R&D competition. This is consistent with a large body of evidence
that in many industries the R&D capacity is concentrated in relatively small number of firms. Bessen and
Hunt (2007) find that 63% of the software patents issued between 1976 and 1999 are concentrated in only
5% of the firms. Brennan et al. (2005) studied the market concentration in the biotechnology industry in
the years 1988-2002 and found that the share of research conducted by top 4 firms has been quite stable
in the range of 60% to 90%. In year 2002 the top four firms have been responsible for over 80% of field
trial activity with only Monsanto conducting 70% of the trials.
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C
′′
(I) ≥ 0. Upon investing I, the leader draws a marginal cost c from a distribution with

cdf F (c|I) and pdf f(c|I) with the following properties:9

Assumption 1. F (·|I) is continuously differentiable with support [c, c] ∈ R+ and for all c,

• FI(c|I) > 0

• FII(c|I) ≤ 0 (diminishing marginal return)

Assumption 1 states that the R&D investment has positive but diminishing returns on

cost reduction. Thus, higher investment makes lower cost draw more likely.

The extensive form of our innovation game unfolds in four stages as described by figure

2.1. In the first stage, the leader chooses I and draws a cost c ∈ [c, c̄]. The leader

then obtains a patent, through which the innovation becomes public knowledge.10 In the

following stage, the follower decides whether to copy the innovation and also reduce her

cost of production to c. For simplicity we assume that imitation cost is zero.11

The follower’s decision is observed by the innovator, after which the two firms engage

in Cournot competition in the product market.12 In addition, if the follower imitates, the

9 One class of distribution functions satisfying Assumption 1 has the following interpretation: let I
represent the number of independent R&D labs. Each lab n draws a cost from cdf G(cn) and the firm
produces at the minimum cost realized from all labs. Therefore, the probability that the process innovation
has cost below c is F (c|I) = Pr(c < min{c1, c2, ..., cI}) = 1− (1−G(c))I . For simplicity, we take I to be
a continuous variable.
10 According to the patent law, a patent application should give a sufficiently detailed description of the
invention so that an expert in the field may successfully replicate it. Given an imperfect patent system,
the innovator might rather choose to keep it a secret (e.g. Anton and Yao, 2004). Allowing for strategic
disclosure does not change the qualitative results of our model. Since the follower is able to infer the
innovator’s cost in equilibrium and could imitate partially, the game changes only to the extent that
imitation does not allow perfect alignment of technologies between the two competitors.
11 The model can be generalized to a case, in which imitation is costly and and the follower is only able
to reduce cost to c < cf ≤ c̄.
12 A different setting would not allow the innovator to detect imitation until the two firms have been
competing on the output market. The idea in this case is that the two firms do not observe each others
technologies directly, but that imitation leaves traces that the innovator can detect during the competition
stage. This modification could give rise to a mixed strategy equilibrium, in which the follower chooses to
infringe with some probability less than one. Although in some settings this might be the most appropriate
modeling approach, it does not add to the qualitative features of the model. All the main results of the
paper would still be preserved.
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leader takes her to court. However, imperfections in the legal system introduce a level of

uncertainty in the outcome. Nevertheless, stronger patent protection increases the likeli-

hood of a ruling in favor of the innovator. We capture the court outcome by assuming

probabilistic patents following a common practice in the existing literature.13 With proba-

bility γ ∈ [0, 1] the court finds the patent infringed and the innovator is awarded monetary

damages whereas with probability 1− γ the innovator fails to recover any compensation.14

We capture policy changes leading to stronger patents through higher γ.

There are various rules for damage determination. We use the most common damage

rule implemented in practice referred to as reasonable royalties.15,16 Let ql and qf denote the

individual production choice by the leader and the follower respectively. Then, the reason-

able royalties damage compensation D(ql, qf ) is characterized by the following functional

form.

13 Examples include Anton and Yao (2004), Ayres and Klemperer (1999), Farrell and Shapiro (ming).
14 In some cases, the innovator is able to obtain a permanent injunctive relief, in which case the infringer
is ordered to terminate any infringing activity (example: Polariod versus Kodak). However, an injunction
is often granted after the economic life of the patent has already expired (Anton and Yao, 2004). This is
largely due to the fact that the standard for obtaining preliminary injunction is very high. In Ebay versus
Mercexchange the Supreme Court cites the following requirement for obtaining preliminary injunction:
“the plaintiff has to demonstrate that 1. she has suffered irreparable injury; 2. the remedies available at
law are inadequate to compensate for that injury; 3. that considering the balance of hardships between
the plaintiff and the defendant, a remedy in equity is warranted; and 4. that the public interest will not
be disserved by a permanent injunction”.
15 According to 2002 PENTA Advisory Services Study (Smith and Parr (2005)), reasonable royalties
accounted for more than 70% of trial courts decisions in 1990-2001. Another common damage rule is lost
profits, often considered the ideal compensation aiming to restore innovator’s profit to the level absent of
infringement. This damage rule, however, is rarely used because it requires knowledge about the market
demand and the production cost, which are not easily observable by the court. Anton and Yao (2007) show
that the lost profit damage rule always results in infringement in equilibrium. The key to this result is
that the innovator cannot obtain damages if her profits are not reduced. This leaves room for the follower
to imitate passively by not altering the production decision, but still making use of new technology. With
passive imitation the leader does not have any basis for compensation since no profit is lost.
16 In Appendix B, we consider the case, in which the courts apply lost profit damage rule, which has the
purpose of putting the innovator in the same position she would have been if no infringement took place.
We show that this damage rule results in a positive relationship between patent strength and investment.
However, this rule is rarely applied in reality because it involves predicting the output choices of the
competitors in absence of imitation, which is a difficult task to accomplish by a court that cannot perfectly
observe market demand or production costs by firms.
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Assumption 2. D(ql, qf ) = θP (Q)qf for some θ ∈ [0, 1].

This damage rule calls for a payment as a percentage θ of the observed market price for

each unit that the follower produces. Note that γ and θ have the same effect on the expected

damages. They both aim to discourage imitation and thus grant greater appropriability

to the innovator. Thus, we create a new variable τ ≡ γθ signifying the strength of patent

protection.

The follower’s imitation choice is denoted by i = {0, 1} where i = 1 indicates the case

in which imitation is present. Then, the profits for the two firms can be written as follows:

πl,i(ql, qf ) = [P (Q)− c]ql + iτP (Q)qf (2.1)

πf,i(ql, qf ) = [P (Q)− ic− (1− i)c]qf − iτP (Q)qf (2.2)

To characterize the equilibrium, we use backward induction starting with the competi-

tion stage and then proceeding to the innovation stage.

2.2.1 Competition stage

In this stage, the leader’s patented innovation c is common knowledge and the follower

decides whether to imitate. This choice is reflected in the two firms’ profit functions. For

instance, if no infringement takes place, i = 0 and equations (2.1) and (2.2) reduce to

the standard asymmetric Cournot profit functions with cost c for the leader and c̄ for the

follower. If i = 1, besides the sale’s profit that the leader realizes, there is an additional

transfer from the follower to the leader that takes place with probability τ . Note that if

τ = 0, the two firms are completely symmetric. This happens because imitation is costless

and the follower always sets i = 1. In general, the equilibrium imitation decision i∗(c, τ)

depends both on the strength of protection and the size of the innovation c. The lemma
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below characterizes i∗(c, τ).17

Lemma 1. The equilibrium infringement choice is given by i∗(c, τ) =

{
1 if c ≤ ĉ(τ)
0 if c > ĉ(τ)

where ĉ(τ) = min
{

1−τ
1+τ

α, φ(α, c, τ)+
}

with φ(α, c, τ) =
2c−(1− 3

√
1−τ

(3−τ) )α

1+(1+τ) 3
(3−τ)

√
1−τ

.18

Proof. Proof in the appendix

Lemma 1 states that for sufficiently low cost realizations, the follower will find it worth-

while to imitate and pay damages. Otherwise, for moderate innovations, the follower will

choose not to imitate, in which case she could either exit the market or compete with the

leader using her preexisting technology. Which option she prefers depends crucially on the

market size α. The follower’s profit when the two firms compete with technologies c and

c̄ is πf,0 = (α + c − 2c̄)/9. Note that when α > 2c̄, implying a large market demand,

the follower never exits. This fact has an important implication for the imitation decision.

More precisely, it affects how ĉ(τ) varies with τ .

Lemma 2. The cutoff ĉ(τ) is weakly decreasing in τ with the following properties:

a) ĉ(0) = c̄;

b) there exists τ̄(α, c, c) ≤ 1 that uniquely solves ĉ(τ̄ |φ ≥ c) = c such that ĉ(τ) = c for

all τ ∈ [τ̄ , 1];

c) ∂τ̄(α, c, c)/∂α < 0.

Proof. The proof is given in the appendix.

For no patent protection (τ = 0), the lemma states that the follower will imitate for all

cost realizations resulting in a symmetric Cournot competition with cost c. As protection

17 We define f+ ≡ max{c, f}
18 We break follower’s indifference at ĉ(τ) between imitating and not in favor of the social efficient outcome.
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increases (τ goes up), the follower copies only the large innovations that grant the leader

significant competitive advantage. In addition, there exists an upper bound τ̄ , above which

the follower never imitates irrespective of the innovation size. The value of τ̄ depends on

the market demand in an intuitive way. For low values of α, competing with an inferior

technology is less attractive to the follower because it is harder to realize positive profit with

the preexisting technology. Thus, imitation will take place for a relatively large range of

τ , provided that the innovation is substantial enough to justify paying damages. However,

as the market size increases (α goes up), the follower becomes more reluctant to copy,

because the inferior technology generates higher profits making imitation less attractive.

Thus, the larger the market demand, the lower the threshold τ̄ of patent strength, above

which imitation does not takes place. This is illustrated in the example below.

Example 1 (Imitation incentives and market size). Let us take c = 0 and c̄ = 1.5. Figure

2.2 plots ĉ(τ) for two possible values of α. In both figures, an increase in τ leads to a lower

imitation threshold. Figure 2.2a illustrates the case of α = 2.5 such that α > 2c̄. In this

case, τ = 1 and the follower always imitates provided that the innovation is large enough.

For the second plot α = 6 (α > 2c̄). In this case, τ = 0.87. The follower has a higher

outside option and she does not copy for any τ > τ independent of the innovation size.

In light of Lemma 2, we would expect follower’s profits to decrease as τ increases

because she is unlikely to adopt the new technology and the likelihood of punishment due

to infringement is greater. Note that from equation (2), we can interpret τ as a sales tax for

the follower. It has the same effect as increasing her marginal cost, which translates into

lower profit.19 Since the innovator is a direct beneficiary of this tax, the intuition would

suggest that her profit should increase in τ . This intuition, however, is incorrect because

higher τ also discourages imitation. Thus, the leader’s profit is increasing in τ only if the

19 Note that for i = 1, follower’s profit is πf,1 = (1 − τ)P (Q)qf − cqf . The best response function for

the follower is qf (ql) =
α−βql− c

1−τ
2β . Thus, higher τ has the same effect as increasing the marginal cost of

production.

33



follower is in fact adopting the new technology enabling the leader to collect damages.

It is not clear how the innovator’s profit changes when the follower stops imitating since

discouraging copying does not eliminate market competition whatsoever. Let τ̂(c) = ĉ−1(τ)

denote the level of protection that makes the follower just indifferent between imitating and

not for a given innovation size c.20 The proposition below shows that if the market demand

is large such that the follower is not forced out of the market in absence of imitation, the

innovator experiences a drop in profits at τ̂(c).

Proposition 1.

a) Follower’s equilibrium profit is weakly decreasing in τ for any cost realization c (i.e

dπf,i(c,τ)
dτ

≤ 0).

b) Leader’s profit πl,i(c, τ) is increasing in τ for τ < τ̂(c). If demand is large (α > 2c̄−c),

πl,i(c, τ) is discontinuous at τ = τ̂(c) with πl,1(c, τ̂(c)) > πl,0(c).

Proof. Proof is given in the appendix.

The proposition states that if the market demand is large enough (α > 2c̄ − c), the

innovator’s profits can decrease as strength of protection increases. At the cutoff ĉ(τ), the

innovator strictly prefers imitation. The key to understanding this result is analyzing the

channels through which τ affects the innovator’s profits. Notice that the mere use of the

new technology by the follower does not have a direct impact on the leader’s profit. In

fact, if the competitor does not change her output choice as a result of facing lower cost,

the innovator would benefit from imitation. The reason behind this is straightforward:

the innovator will face the same level of competition as prior to imitation, but now she

will also claim part of the follower’s revenue if the court finds the follower’s technology

infringing. Thus, higher τ has a direct positive effect on profit, which is simply leader’s

20 straightforward to check that there exists a unique τ̂(c) for c > c. For c = c, τ̂(c) = τ̄ as defined in
lemma 2.
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ability to collect damages. However, it is not optimal for the follower to keep output at

the same level as in absence of imitation. If she chooses to copy the leader’s technology,

the two firms might compete more aggressively, reducing the equilibrium price. Therefore,

the countervailing effect of imitation manifests itself in a lower price. This observation is

the most commonly cited argument in favor of strong protection. Lack of protection has

a negative strategic effect on the innovator’s profits by intensifying competition. Higher

τ , then, reduces the price dissipation, allowing the innovator to recoup the high costs of

R&D. The lemma below shows that the equilibrium price is indeed increasing in τ as long

as imitation persists. However, this trend reverses if the competitor chooses to stay with

the preexisting technology.

Lemma 3. Let P ∗(c, τ) denote the equilibrium price. P ∗(c, τ) =

{
P 1(c, τ) if c ≤ ĉ(τ)
P 0(c) if c > ĉ(τ)

where P 1(c, τ) = α+2c
3−τ and P 0(c) =

{
α+c

2
if c < (2c̄− α)+

α+c+c̄
3

if c ≥ (2c̄− α)+

P ∗(c, τ) is increasing in τ for τ < τ̂(c). If α > 2c̄ − c, P ∗(c, τ) is discontinuous at

τ = τ̂(c) with P 1(c, τ̂(c)) > P 0(c).

Proof. Proof is given in the appendix.

At the extreme case of no protection (τ = 0), the price is exactly equal to the one

with symmetric Cournot competition, which is clearly lower than the price resulting from

the two firms competing with asymmetric technologies. The equilibrium price increases

in τ because the market becomes more concentrated in favor of the innovator. Thus, the

imitation’s harmful effect on the innovator’s profits is decreasing in τ . The highest price

is achieved when the competitor is forced out of the market, in which case the innovator

acts as a monopolist. However, if monopolizing the market is not an option (α > 2c̄− c),

then the two firms sustain higher equilibrium price under imitation provided that τ is high

enough. This has an important implication on the innovator’s profits: at τ̂(c) both the
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direct effect of imitation through damage compensation and the indirect effect through the

equilibrium price work in favor of the innovator and she is able to realize higher profits

when the follower copies her innovation, a point we illustrate by an example.

Example 2. Let us consider an example with α = 2.5, β = 1 and c = 1.5. Figure 2.3a

illustrates the case, in which c = 0.4. The profit function for the innovator is increasing

and continuous in τ since the follower chooses to exit the market as protection increases.

For c = 0.7, the follower never exits, but prefers to compete with the inferior technology.

Subsequently, innovator’s profit is non-monotonic with a downward jump at τ = 0.53.

Figure 2.3b illustrates this case.

As Lemma 3 indicates, the market becomes less competitive and the equilibrium price

increases with τ as long as imitation takes place. However, the equilibrium price goes down

if the follower switches to the non-infringing technology. Thus, stronger protection could

result in a market environment in which the two competitors are better able to coordinate

their output decisions to move closer to the monopoly outcome. However, as discussed

earlier, stronger protection also discourages imitation. This makes it difficult to predict

how an increase in τ will affect the innovator’s investment in the first stage. The next

section addresses this issue.

2.2.2 Innovation Stage

The investment is affected by the innovator’s expectation of the game evolution in the

competition stage. More specifically, R&D investment depends on the relationship between

the level of protection and the equilibrium profits realized. Anticipating the imitation and

the output decision in the competition stage, the innovator will maximize her expected

profit by choosing the investment I. Formally,

max
I

∫ ĉ(τ)

c

πl,1(c, τ)f(c|I)dc+

∫ c̄

ĉ(τ)

πl,0(c)f(c|I)dc− C(I)
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The first order condition for I∗(τ) is

∫ ĉ(τ)

c

πl,1(c, τ)fI(c|I∗(τ))dc+

∫ c̄

ĉ(τ)

πl,0(c)fI(c|I∗(τ))dc = C ′(I∗(τ)) (2.3)

Integrating by parts equation (2.3), we obtain:21

−
∫ ĉ(τ)

c

πl,1c (c, τ)FI(c|I∗(τ))dc−
∫ c

ĉ(τ)

πl,0c (c)FI(c|I∗(τ))dc+

+[πl,1(ĉ, τ)− πl,0(ĉ)]FI(ĉ|I∗(τ)) = C ′(I∗(τ)) (2.4)

According to equation (2.4) the marginal benefit of reducing the cost by increasing

investment should be equal to the marginal cost of investment. The first and the second

term captures the benefit of higher investment conditional on imitation and no imitation

respectively. The last term incorporates the fact that the innovator benefits from infringe-

ment around ĉ(τ). This provides additional incentives to increase I in order to improve the

chances of reducing cost below ĉ(τ).

Equation (2.4) provides an implicit relationship between τ and investment I∗(τ). This

allows us to study how I∗(τ) changes as τ increases. As mentioned in the Introduction,

most of the existing literature studying the impact of patents on innovation activity has

focused on the extreme cases of no protection (τ = 0) and perfect protection (τ = 1). This

serves as a benchmark in our analysis.

Proposition 2 (Innovation incentives at extreme values). The investment level with perfect

protection is higher than the investment level under no protection (i.e. I∗(1) > I∗(0)).

Proof. • τ = 0 =⇒ ĉ = c and πl,1(c, 0) = (α−c)2
9β

Therefore, the first order condition is:

21 Note that FI(c|I) =
∫ c
c
fI(x|I)dx. Since F (c|I) =

∫ c
c
f(x|I)dx = 1, differentiating both sides with

respect to I, it implies that FI(c|I) = 0.
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∫ c

c

−πl,1c (c, 0)FI(c|I∗(0))dc = C ′(I∗(0))

• τ = 1 =⇒ ĉ = c and πl,0(c, 1) =

{
(α−c)2

4β
if c < 2c− α

(α+c−2c)2

9β
if c ≥ 2c− α

∫ c

c

−πl,0c (c, 1)FI(c|i∗(1))dc = C ′(I∗(1))

It is straightforward to check that |πl,0c (c, 1)| > |πl,1c (c, 0)| Therefore,

∫ c

c

−πl,0c (c, 1)FI(c|I∗(0))dc > C ′(I∗(0))

Thus, the additional benefit from one unit of investment at I∗(0) is greater than the

cost and the innovator will have strong incentives to increase I. This implies that

I∗(1) > I∗(0)

Thus, perfect protection always leads to more investment than no protection, which

is consistent with the existing literature. This result is not surprising once we recall that

perfect protection discourages imitation whatsoever.22 For τ = 1, the follower is either

forced out of the market or competes with the old technology. In either case, the innovator

is able to appropriate all the benefits of her innovation. In contrast, lack of protection

(τ = 0) results in imitation and no possible compensation for the innovator. Thus, the

leader does not gain any competitive advantage. She still has incentives to innovate since

R&D investment increases the likelihood of lower cost. However, this investment is less

22 Recall from Lemma 2 that ĉ(1) = c and i∗(1) = 0.
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compared to the case of perfect protection, in which increasing investment not only lowers

the innovator’s expected production costs but also puts her in more advantageous position

vis-a-vis the follower.

In reality, these extreme cases are rarely observed. Mansfield (1981) found that about 60

percent of patents are infringed within four years.23 In addition, if protection was perfect,

we would not observe patent litigations in the first place because as shown above perfect

protection deters infringement. This suggests that patents are weak necessitating a study

of how investment changes for intermediate values of τ . Applying implicit function theorem

to equation (2.4), we obtain

∂I∗(τ)

∂τ
=
−
∫ ĉ(τ)

c

Innovation Effect (+/−)︷ ︸︸ ︷
πl,1cτ (c, τ)FI(c|I∗(τ)) dc+

Damage Effect (+)︷ ︸︸ ︷
πl,1τ (ĉ, τ)FI(ĉ|I∗(τ)) +

Imitation Effect (+/−)︷ ︸︸ ︷
[πl,1(ĉ, τ)− πl,0(ĉ)]ĉτfI(ĉ|I∗(τ))

−[
∫ c̄
c
πl(c, τ)fII(c|I∗(τ))dc− C ′′(I∗(τ))]

(2.5)

There are three channels through which τ affects innovation incentives. The innova-

tion effect measures the leader’s investment incentives in the presence of imitation. As τ

increases, the leader claims larger share of the follower’s revenue, which affects how respon-

sive the leader’s profit is to a decrease in the marginal cost represented by πl,1cτ . The sign of

this term is ambiguous. On the one hand, higher τ gives the innovator competitive advan-

tage over the follower by effectively increasing follower’s marginal cost, which encourages

investment.24 On the other hand, it improves leader’s ability to collect damages, which has

an adverse impact on innovation by making it less pressing for the innovator to increase

her production efficiency. The sign of this term depends on which effect dominates. The

damage effect in equation (2.5) isolates the impact of higher damages around the cutoff

c = ĉ(τ) by fixing the imitation decision by the follower. Since πl,1(c, τ) increases in τ ,

23 In addition, patents are often challenged in court upon an initiation of infringement lawsuit. According
to Lemley and Shapiro (2005), roughly half of the litigated patents are found invalid.
24 See footnote 18.
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the profit from infringement at ĉ(τ) becomes even higher than the profit from no infringe-

ment, making imitation more desirable for the innovator. Thus, the damage effect tends

to increase investment as the innovator tries to increase the chance of c falling below ĉ(τ).

Lastly, the imitation effect captures the impact of lower imitation incentives on the innova-

tor’s investment choice. As τ increases, it takes a bigger innovation to induce the follower

to copy. This decrease in ĉ(τ) has an ambiguous effect on investment because, depending

on the cost distribution, an increase in τ could make it more or less likely for the innova-

tion to turn out critical for the follower’s infringement decision by falling at c = ĉ(τ). If

fI(ĉ|I∗) > 0, this likelihood is greater and a reduction in ĉ(τ) tends to decrease investment.

The opposite is true for fI(ĉ|I∗) < 0.25

The discussion above reveals that it is difficult to sign ∂I∗(τ)
∂τ

without imposing further

structure on the cost distribution. However, we have established in section 2.1 that ĉ→ c

as τ → 0 implying that the follower always copies. This results in the damage effect and

the imitation effect reducing to 0. Therefore, even though we are not able to study how the

investment level changes as τ increases for all values of τ , we can still analyze the region

around τ = 0. The proposition below shows that around τ = 0 the innovation effect is

negative under very general conditions.

Proposition 3. If α ≥ 26
11
c, then limτ→0

∂I∗(τ)
∂τ

< 0.

Proof. Taking the limit of equation (2.5) as τ → 0, we obtain:

∂I∗(0)

∂τ
=

∫ c̄
c
πl,1cτ (c, 0)FI(c|I∗(0))dc∫ c̄

c
πl(c, 0)fII(c|I∗(0))dc− C ′′(I∗(0))

25 For the distribution considered in footnote 9, fI(c|I) = (1 − G(c))I−1g(c)[1 + I ln(1 − G(c))]. Thus,
fI(c|I) tends to be positive for small ĉ(τ) meaning that for relatively large τ , the imitation effect is negative
and for small τ this effect is positive.
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From the competition stage πl,1cτ (c, τ) is given by

πl,1cτ (c, τ) =
α(11− τ)(1− τ)2 − 2c(13 + 3τ − 9τ 2 + τ 3)

(3− τ)3(1− τ)2β

Therefore, πl,1cτ (c, 0) = 11α−26c
27β

lim
τ→0

∂I∗(τ)

∂τ

sng
= −

∫ c

c

11α− 26c

27
FI(c|I∗(0))dc

Thus, for large enough α (α ≥ 26
11
c), this limit will always be negative.

To understand the result in proposition 3, it is important to distinguish between the

two different sources of innovator’s revenues. The leader generates profit both from the

sales she anticipates as well as the expected damages from a possible infringement. For

τ = 0, the revenue from the second source is 0, and thus the innovator’s profit is entirely

dependent on her sales volume. As τ increases slightly from 0, she also generates income

from damages. The amount of this compensation depends on the volume of the follower’s

production, which is contingent on the market size α as well as the innovation size c. The

competitor produces relatively more when α is higher and c is lower. Thus, whenever α is

relatively large compared to c̄, imitation becomes a significant source of income. Thus, as

protection strengthens, profit from damages gains importance relative to profit from sales.

When this happens, the innovator’s incentives to reduce cost are not as strong because

damages are not directly affected by how efficient production is. Thus, investment could go

down as τ increases. Naturally, we would expect this trend to reverse as τ grows further,

since higher protection will lead to less aggressive imitation and the profit from sales would

once again start playing more important role than damage compensation. In fact, we know

that I∗(0) < I∗(1), which implies that ∂I∗(τ)
∂τ

> 0 for some values of τ . The example below

illustrates more completely how I∗(τ) changes with τ for a specific cost distribution.
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Example 3. Let F (c|I) = 1− (1− c
c̄
)I with support c ∈ [0, c̄] and C(I) = kI where k is a

constant. We calibrate the model for k = 5/1000, β = 1 and c̄ = 1.5. Figure 2.4a illustrates

the case of ’small’ demand with α = 2.5. The investment level is initially decreasing in τ ,

reaches a minimum and then increases with the highest investment level occurring at τ = 1.

Notice that even though the sufficient condition given in proposition 3 is violated, there is

still a region with decreasing investment.

For α = 6, illustrated in figure 2.4b, the investment level is initially going down reaching

a minimum around τ = 0.2; it is subsequently increasing reaching an interior optimum.

The investment remains constant for any τ > 0.87 because the follower never infringes.

When τ > 0.87 she finds it more profitable to compete with the inferior technology for any

cost realization.

Example 3 illustrates that the investment level can be maximized for an interior value

of protection. In fact, this result holds for all distribution functions satisfying assumption

1 as long as the market size α is large enough as the proposition below indicates.

Proposition 4. For all α > 2c, there exists τ̃ ∈ (0, 1) such that I∗(τ̃) > I∗(1).

Proof. Proof is given in the appendix.

Thus, perfect protection does not necessarily lead to the highest possible investment

level. Interior optimum occurs when the market demand is large because, without being

able to drive the competitor out of the market, Proposition 1 shows that the innovator

realizes higher profits under imitation compared to no imitation as long as protection is

high. Thus, in this case, the innovator will have incentives to invest more in order to increase

the likelihood of c falling below ĉ(τ) and in this way making imitation attractive for the

follower. Since perfect protection eliminates imitation whatsoever, innovator’s investment

incentives would reduce relative to some large but imperfect protection level.

Having described the equilibrium investment level, we proceed to analyzing its effect

on social welfare. A widely cited rationale for legal protection of intellectual property is
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its ability to encourage investment in R&D. This, many assert, could offset its harmful

effect of market monopolization on social welfare. This argument, however, relies heavily

on the complementarity of patent protection and investment. As our analysis shows, the

two might instead be in a direct competition with each other. This calls for further analysis

of the effect of stronger protection on social welfare.

2.3 Welfare Analysis

The ex-ante social welfare is defined as

W (I∗(τ), τ) =

∫ c̄

c

TS(c, τ)f(c|I∗(τ))dc− C(I∗(τ))

where TS(c, τ) is the standard representation of the sum of the consumer and the

producer surplus. There exists both a direct and an indirect effect of increasing τ on

W (I∗(τ), τ) since dW (I∗(τ),τ)
dτ

= ∂W (I∗(τ),τ)
∂τ

+ ∂W (I∗(τ),τ)
∂I

∂I∗(τ)
∂τ

. To find the direct effect, we

start by examining how consumer surplus (CS) changes as τ increases. In Lemma 3, we

show that the equilibrium price is increasing in τ for τ < τ̂(c) and it goes down at τ = τ̂(c)

as the follower stops imitating. Since CS is inversely related to price, we can show that

for τ ≤ τ̂(c) higher τ reduces consumer welfare. For τ > τ̂(c) the follower prefers her

preexisting technology resulting in greater competition, which in turn increases consumer

surplus.

Lemma 4. Let CS∗(c, τ) denote the equilibrium consumer surplus. CS∗(c, τ) is decreasing

in τ for τ ≤ τ̂(c). If demand is large (α > 2c̄− c), CS∗(c, τ) is discontinuous at τ = τ̂(c)

with CS1(c, τ̂(c)) < CS0(c).

Proof. Straightforward to show since CS = (α−P )2

2β

Having characterized how consumer surplus changes as τ increases, we are ready to

evaluate the direct impact of stronger protection on social welfare. It is well known that in
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non-strategic environments monopolizing the market reduces consumer surplus more than

it increases firm’s profits. This is a direct implication of the envelope theorem. The patentee

chooses her quantity to reach a flat point on her profit function. A small deviation from

the optimal quantity has only small second order effect on profit, but potentially large first

order effect on consumer surplus. Even though the environment here is strategic, and thus

the envelope theorem is not directly applicable, the intuition still remains. An increase

in τ does not affect joint profits directly since damages are simply a transfer from the

infringer to the patentee. Instead, it has a small positive second order effect on profits that

is outweighed by a large negative effect on consumer surplus.26 Thus, for τ < τ̂(c), any

increase in the innovator’s profit is offset by a decrease in consumer surplus and the overall

effect is a reduction in total surplus. At τ = τ̂(c), however, the innovator’s profit goes down

and consumer surplus exhibits an upward jump. The increase in the consumer surplus is

due to the lower equilibrium price, and the decrease in profits for the innovator is impacted

both by the lower price and the inability to collect damages. This reduction in profits

incorporates the fact that there is an efficiency loss associated with the follower using the

inferior technology. This efficiency loss dominates the benefit for the consumers and the

society overall is inversely affected by the follower’s choice to switch from infringement to

no infringement.

Lemma 5. Total surplus (TS) is decreasing in τ .

Proof. Proof is given in the appendix.

Therefore, the direct effect of stronger protection is reducing ex-post social welfare. The

indirect effect works through the impact of τ on investment and is the only channel through

which welfare could increase. In order to determine the sign of ∂W (I∗(τ),τ)
∂I

∂I∗(τ)
∂τ

, we first

need to find out how welfare is changing in response to changes in investment.

26 For more indebt discussion about the envelope theorem Ayres and Klemperer (1999) and Akerlof and
Yellen (1985).
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∂W (I∗(τ), τ)

∂I
=

∫ c̄

c

TS(c, τ)fI(c|I∗(τ))dc− C ′(I∗(τ)) (2.6)

Notice that this is simply the marginal effect of increasing investment on social welfare

evaluated at I∗(τ). The sign of this term depends on how the investment level I∗(τ)

compares to the socially optimal investment. The following notation will be useful in the

discussion below.

Definition 1. Let Is(τ) = argmax
I

∫ c̄
c
TS(c, τ)f(c|I)dc− C(I)

In other words Is(τ) denotes the investment level that a social planner would have

chosen in order to maximize total surplus. It turns out that there is a direct relationship

between the signs of ∂W (I∗(τ),τ)
∂I

and Is(τ)− I∗(τ).

Corollary 1. ∂W (I∗(τ),τ)
∂I

> 0 if and only if Is(τ) > I∗(τ).

Proof. The first order condition for socially optimal investment is

(TS1(ĉ, τ)− TS0(ĉ))FI(ĉ|I)−
∫ ĉ

c

TS1
c (c, τ)FI(c|I)dc−

∫ c̄

ĉ

TS0
c (c)FI(c|I)dc− C ′(I) = 0

Differentiating the above expressing once again, we obtain:

(TS1(ĉ, τ)− TS0(ĉ))FII(ĉ|I)−
∫ ĉ

c

TS1
c (c, τ)FII(c|I)dc−

∫ c̄

ĉ

TS0
c (c)FII(c|I)dc−C ′′(I) < 0

The second derivative is always negative under assumption 1 for all I because TS1
c < 0

and TS0
c < 0. Therefore, if I < Is(τ), ∂W (I,τ)

∂I
> 0. Similarly, if I > Is(τ), W (I,τ)

∂I
< 0.
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Therefore, social welfare will be positively affected by an increase in investment only if

I∗(τ) falls short of the socially optimal level. Intuitively, this seems to be the case, because

the innovator does not internalize the positive impact that lower cost can have on the

competitor or the consumers. Dasgupta and Stiglitz (1980) show that in absence of R&D

competition, investment by an innovating firm is always lower than the socially optimal

level. Their model, however, does not take into account how the investment level affects

the likelihood of imitation, which plays a crucial role when weak protection is present. To

illustrate this formally, consider a slight modification of equation (2.6).

∂W (I∗(τ), τ)

∂I
=

∫ c̄

c

[πf,i(c, τ) + CS(c, τ)]fI(c|I∗(τ))dc (2.7)

Equation (2.7) takes into account that the innovator’s optimality condition is satisfied

at I∗(τ). Integrating by parts, we obtain:

∂W (I∗(τ), τ)

∂I
= [CS1(ĉ, τ)− CS0(ĉ)]FI(ĉ|I∗(τ))−

∫ ĉ

c

[CS1
c (c, τ) + πf,1c (c, τ)]FI(c|I∗(τ))dc−

−
∫ c̄

ĉ

[CS0
c (c) + πf,0c (c)]FI(c|I∗(τ))dc

The last two terms in the above equation are positive capturing the benefit incurred by

the competitor and the consumers from increasing the likelihood of larger innovation. How-

ever, the first term is negative when market demand is large. The negative sign accounts for

the fact that consumers benefit from the intensified competition when the follower chooses

the preexisting technology. It occurs when the innovation is relatively small making the

old technology more attractive. This discourages investment. If this effect dominates,

∂W (I∗(τ),τ)
∂I

< 0 and Is(τ) < I∗(τ) as the following example illustrates.

Example 4. As in example 3, we let c̄ = 1.5 and examine two possible values for α: figure

2.5a illustrates the case in which α = 2.5 and in figure 2.5b α = 6. The cost of investment
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is C(I) = kI where k = 5/1000. As figure 2.5b illustrates, the optimal investment level

chosen by the innovator can exceed the socially optimal investment I∗(τ) for some values

of τ .

The impact of increasing τ on social welfare depends on whether the investment level

chosen by the leader exceeds the socially optimal level. The following proposition describes

this relationship.

Proposition 5 (Welfare impact of increasing τ). The effect of increasing τ on W (I∗(τ), τ)

depends on the relative values of Is(τ) and I∗(τ).

• If Is(τ) > I∗(τ), ∂W (I∗(τ),τ)
∂τ

< 0 whenever ∂I∗(τ)
∂τ

< 0.

• If Is(τ) < I∗(τ), ∂W (I∗(τ),τ)
∂τ

< 0 whenever ∂I∗(τ)
∂τ

> 0.

Proof. We know that dW (I∗(τ),τ)
dτ

= ∂W (I∗(τ),τ)
∂τ

+ ∂W (I∗(τ),τ)
∂I

∂I∗(τ)
∂τ

. The first term is always

negative according to lemma Lemma 5. Thus, proposition 5 follows directly from consid-

ering the sign of the second term.

Proposition 5 reveals two important insights that challenge the conventional wisdom in

support of stronger patent protection. Assuming that more investment in R&D is socially

desirable, stronger protection could result in higher welfare only if investment increases.

As proposition 3 shows, investment could in fact go down, which in turn reduces welfare.

Second, there is a possibility for overinvestment as illustrated by example 4, which leads to

stronger protection having negative impact on social welfare if innovative activity increases

as a result. In both instances, the socially desirable policy calls for weaker protection.

2.4 Licensing

So far we have abstracted from the possibility of licensing. In reality, however, the two firms

might be able to negotiate a mutually beneficial agreement to share the new technology.
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Lemley (2001) points out that data on the percentage of patented innovation that are

licensed are not readily available. Nevertheless, there is some evidence that licensing can

be an important consideration in some industries. Cohen et al. (2000) find that in ten

of the industries studied, which include publishing, drugs, steel, semiconductor and more,

at least 40% of the respondents report licensing as a motive for patenting. The authors

also point out that licensing revenues seem to have become more important in recent years

with firms realizing the magnitude of the potential benefits associated with licensing. In

addition, we show in section 2.1 that the leader could actually benefit from the follower’s

use of her innovation, which makes the case of licensing even more compelling. This section

provides both a simple way of extending the model to include licensing and a robust check

to the results derived in section 2.

Depending on the timing of the agreement, we can differentiate between two types of

licensing contracts. Post-infringement licensing occurs after the infringement has taken

place and can be used to avoid litigation. Since we abstract from litigation costs, this

type of agreement will result in exactly the same outcome as the court’s ruling because

no additional surplus is generated in the process. Licensing preceding production, on the

other hand, allows the two firms to negotiate a different compensation scheme than the one

provided by the legal system. Thus, in the context of our model, this type of licensing is

of a greater interest to us.

In order for the two firms to successfully reach an agreement, they should realize higher

profits than the status quo. The potential benefit from licensing depends on the contractual

restrictions in place.27 In reality, licensing agreements take various forms. Rostocker (1983)

finds that 43% of licensing agreements include downpayment and running royalties, 39%

comprise only royalties and 13%-only a fixed fee. In addition, some contracts can impose

capacity constraints or running royalty rates that vary with production. In order to avoid

27 Federal trade commission (FTC) can restrict practices that are deemed anti-competitive, which limits
the ability of the two firms to realize monopoly profit. For more information on FTC guidelines concerning
patent licensing visit http://www.usdoj.gov/atr/public/guidelines/0558.htm.
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restricting our analysis to a specific contractual form, we will adopt a more ad-hoc approach

to licensing.

Depending on the set of feasible contacts, the two firms would be able to negotiate a

license resulting in joint profits πJ(c) ∈ (πl,i(c, τ) + πf,i(c, τ), πM(c)] where πM(c) denotes

the monopoly outcome.28 Note that the realized profits depend on τ only to the extent that

it sets a lower bound for πJ(c). In order for the contract to be accepted by both parties,

each firm should realize at least as much profit as its outside option, which is determined

by the court system. The additional profit is allocated between the two firms in accordance

to their relative bargaining power. We can model the negotiation over πJ(c) as a simple

Nash bargaining game with reservation payoffs πl,i(c, τ) for the leader and πf,i(c, τ) for the

follower. The unique outcome of this game solves the following optimization problem:

max
(Πl,Πf )

(Πl − πl,i(c, τ))σ(Πf − πf,i(c, τ))(1−σ)

s.t. πJ(c) = Πl(c) + Πf (c)

where σ denotes the relative bargaining power of the leader. The solution of this problem

is well known. Each competitor receives her outside option and a share of πJ(c)−πl,i(c, τ)−

πf,i(c, τ) corresponding to her relative bargaining power.

Πl(c, τ) = πl,i(c, τ) + σ[πJ(c)− πl,i(c, τ)− πf,i(c, τ)] (2.8)

Πf (c, τ) = πf,i(c, τ) + (1− σ)[πJ(c)− πl,i(c, τ)− πf,i(c, τ)] (2.9)

28 In the region for which the follower copies, licensing could allow for better coordination of the two firms’
output choices resulting in higher profits. The two competitors could also be successful in reaching an
agreement in cases, in which the level of patent protection discourages imitation (τ > τ̂(c)). The former
one is more likely to gain the approval of FTC because there is an efficiency gain associated with the
follower switching to the new technology.
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Anticipating profit level given by (2.8), the innovator chooses her investment in the first

stage to maximize:

max
I

∫ c

c

Πl(c, τ)f(c|I)dc− C(I)

The first order condition gives an implicit solution for the optimal investment I∗∗(τ).

Similar to section 2.2, we can derive an expression for ∂I∗∗(τ)
∂τ

and analyze how investment

incentives change as τ increases in the neighborhood of τ = 0.

Proposition 6. If α ≥ 26−15σ
11−6σ

c, then limτ→0
∂I∗∗(τ)
∂τ

< 0.

Proof. Proof is given in the appendix.

Notice that for σ = 0, the sufficient condition for limτ→0
∂I∗∗(τ)
∂τ

< 0 is identical to the

condition derived in Proposition 3. In this case, the follower has all the bargaining power

and the innovator receives her reservation payoff. As σ increases, this condition holds

for wider range of α and c̄. Therefore, accounting for licensing not only fails to mitigate

the possibility of investment decreasing in the strength of protection, but also makes this

contingency more likely. As mentioned earlier, when τ → 0, the follower always infringes.

Then I’s responsiveness to an increase in τ depends entirely on the marginal benefit of

reducing c as τ goes up. Without licensing this effect is captured by πl,1cτ . When licensing is

a possibility, the innovator takes into account not only changes in her stand-alone profit, but

also any changes that impact the surplus that the two firms are bargaining over. Because of

this, how the follower’s profit responds to τ is also important and Πl
cτ = (1−σ)πl,icτ +σπf,icτ .

Note that the imitator profits from larger innovations as well.29 This benefit is likely to

increase as τ goes up because as likelihood of paying damages increases, the size of the

innovation becomes more important in offsetting this possible loss. However, the more the

follower benefits from large innovations, the less incentive the leader has to invest because

29 It is straightforward to check that πf,1(c, τ) is decreasing in c.
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it reduces the surplus she is bargaining over. Thus, compared to the basic model presented

in section 2, having the possibility of licensing can further discourage investment.

2.5 Conclusion

The analysis presented here calls for caution when considering policies resulting in stronger

patent protection. The post-innovation inefficiency of the patent system has been recog-

nized for decades as a major drawback. At the same time, its positive effect on R&D

investment has been taken almost for granted. We show that this is not an innocuous

oversight because patent strength and R&D investment could exhibit a negative relation-

ship. The damage rules compensating for infringement play a key role. Their impact on

the investment incentives has not been considered in much of the existing work because

the patent system is presumed to deter infringement rendering the relationship between

the two irrelevant. However, once we step away from the world of perfect protection, the

damage compensation structure becomes rather important. As our findings indicate, weak

protection results in imitation and damage payments that can have significant effect on

the innovation incentives. The reasonable royalties damage rule is an imperfect compensa-

tion mechanism allowing the competitors to coordinate their output decisions better and

move closer to the monopoly outcome. This gives rise to situations, in which infringement

enhances the innovator’s profits creating a possibility for a negative relationship between

patent strength and R&D investment.

Future work includes extending the model to allow both R&D rivalry between firms as

well as the possibility for more than one imitating firm.
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2.6 Tables and Figures

Figure 2.1: Timing of the game

Figure 2.2: Imitation incentives as protection strengthens

52



Figure 2.3: Variation in the innovator’s profit as protection strengthens

Figure 2.4: Optimal investment as a function of patent strength
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Figure 2.5: Optimal investment from the innovator’s and the society’s standpoint
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3

Information Disclosure and Endogenous Sequencing in
Bilateral Negotiations

3.1 Introduction

In a variety of bargaining situations a central agent performs bilateral negotiations with

several others to acquire goods and services. Examples include a manufacturer procuring

inputs from a set of suppliers; a real estate developer buying pieces of land from several

different landowners; a firm trying to reach deals with multiple labor unions; a lobbyist

seeking the endorsement of various politicians; and an academic department negotiating

with multiple faculty candidates.

An important determinant of trade outcomes in these negotiations is the information

flow between the parties. While in many applications, especially those involving government

funds, the central player, henceforth the “buyer”, is often bound by certain mandatory

disclosure laws (also called “sunshine” laws) to conduct “public” negotiations in which the

information about the trade history is fully revealed,1 in many others she is free to engage

1 According to a recent Wikipedia entry, over seventy countries, including the U.S. and Canada,
have implemented some form of sunshine laws that set rules on public access to informa-
tion about business dealings of government bodies, including participation in actual meetings.
[http://en.wikipedia.org/wiki/Freedom of Information Act.]. In the same vein, the Federal Election Cam-
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in “private” negotiations in which this information is kept confidential from the service

providers, henceforth the “suppliers”.2 The main objective of this paper is to explore the

buyer’s preference between public and private negotiations, in particular how this preference

depends on the substitutability of goods and players’ relative bargaining powers. In doing

so, we also identify the social value of mandatory disclosure laws and policies such as the

FTC’s “cooling-off” rule that enable the buyer to cancel a contract or return a purchase

within a certain time frame3 as well as those that increase buyer power.4

Our formal setting consists of three risk-neutral players – two suppliers who each provide

a (potentially) differentiated good and a buyer with a unit demand for each good. The

buyer negotiates with suppliers sequentially and in the order of her choosing. Under public

negotiations this order and the buyer’s purchasing history are disclosed to the suppliers,

whereas under private negotiations both pieces of information remain known only to the

buyer. We model each bilateral negotiation as a one-shot random proposer bargaining in

which the buyer makes a price offer with some pre-specified probability that reflects her

relative bargaining power. As is common in practice, each supplier’s price offer may be

subject to an expiration policy; and to capture this, we distinguish between an “exploding”

offer that obliges the buyer to reach a purchasing decision before visiting the rival supplier

and an “open-ended” offer that lets the buyer decide after visiting both suppliers. We

assume expiration policies to be exogenous to the model, perhaps because they are the

industry standards5 or because they are imposed by certain rules and regulations such as

paign Act in the U.S. requires that political candidates file periodic reports disclosing contributions over
$200 and the identity of their contributors.

2 We use the feminine pronoun for the buyer and the masculine ones for suppliers.
3 The cooling-off rule gives buyers a three-day right to cancel a contract or return a purchase without

any penalty, especially if the transaction amount is more than $25 and the agreement is made outside the
vendor’s permanent place of business [www.consumeraction.gov/caw shopping cooling off.shtml].

4 For instance, under certain rules and regulations, a group of small consumers may form a “buyer group”
to gain bargaining power against sellers [see, e.g., Mathewson and Winter (1997)]. The formation of larger
and more powerful industrial buyers have also been on the rise, causing concerns for antitrust authorities
in both the U.S. and Europe [see, Inderst and Mazzarotto (2008) for a survey].

5 For instance, while most job offers in the junior economist market have a two-week deadline and most
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the FTC’s cooling-off rule alluded to above.6 We characterize perfect Bayesian equilibria of

both public and private negotiation games. We say that (given our setup) equilibrium trade

is efficient if the buyer purchases both goods with probability 1, and inefficient otherwise.

Our analysis shows that, in general, the buyer weakly prefers to perform private ne-

gotiations so as to create strategic uncertainty between suppliers. With substitute goods,

such strategic uncertainty is valuable to the buyer only when both offers are exploding.

To understand this, note that when at least one offer is open-ended, the buyer is able to

compare prices by optimally visiting first the supplier with an open-ended offer and initiate

an intense Bertrand competition irrespective of the negotiation type. When both offers

are exploding, however, such a price comparison is unavailable to the buyer, enabling sup-

pliers to better tailor their prices and extract more surplus from the buyer under public

negotiations than they do under private negotiations.

With complementary goods, strategic uncertainty under private negotiations benefits

the buyer to the extent that this makes suppliers concerned about price coordination in

equilibrium and charge relatively moderate prices as a result. We discover that such con-

cern about price coordination is more pronounced as suppliers gain a greater bargaining

power against the buyer; more offers become exploding; and/or goods become weaker com-

plements. Intuitively, when suppliers are powerful, each anticipates the rival to make an

aggressive price offer to the buyer and leave little surplus to grab, which, in turn, leads

both to set relatively low prices. Said differently, it is the less powerful suppliers who

are more likely to behave aggressively. Quite interestingly, this implies that under private

negotiations, the buyer may actually prefer to deal with suppliers with greater bargaining

powers. With exploding offers, because the buyer pays as she goes, suppliers post moder-

ate prices to entice the buyer to purchase in the upstream without her worrying about the

hotel reservations can be canceled 24 hours in advance at no cost, occasional wear dresses are usually sold
under a policy of “all sales are final!”, allowing no exchanges or refunds.

6 Daughety and Reinganum (1992) provide a strategic explanation for the choices of expiration policies
in a duopolistic market.
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(potential) holdup problem in the downstream. Indeed, in equilibrium, the buyer ends up

randomizing over the negotiation sequence, whereby each supplier places some weight on

being in the upstream and offers a price discount. Finally, for weak complements, suppliers

set relatively low prices because the buyer enjoys little extra surplus by purchasing from

both.

Unlike public negotiations, private negotiations may produce an inefficient trade. With

substitutes, inefficiency occurs only when both offers are exploding and strategic uncer-

tainty about the order of negotiations gives rise to equilibrium supply prices other than

the low Bertrand prices.7 With complements, inefficiency is more likely to occur in that it

arises for a wider range of parameters. Nevertheless, it turns out that with complements,

the factors that moderate supply prices and thus make private negotiations appealing to

the buyer are also the ones that are conducive to an efficient trade.

From a policy perspective our results suggest that various mandatory disclosure laws

imposed on government buyers are likely to be binding especially for the acquisition of

complementary goods. Our results also suggest that the extended return and cancelation

policies that effectively cause price offers to be open-ended are most useful for purchases

of substitute goods because, as argued above, open-ended offers facilitate a Bertrand com-

petition and let the buyer efficiently purchase both goods. In contrast, for the purchases

of complementary goods, such policies may actually hinder an efficient trade by giving

suppliers an incentive to price more aggressively. In fact, with complements, our analysis

indicates that both the buyer and suppliers could be better off under a policy of “all sales

are final!” Finally, our results reveal that the policies that allow for the formation of buyer

groups to gain bargaining power against suppliers do not necessarily lower supply prices or

benefit the members of such groups.

Related Literature. Our paper is related to a growing literature on one-to-many

negotiations. Papers by Cai (2000), Horn and Wolinsky (1988), and Stole and Zwiebel

7 As we show below, suppliers may end up charging their monopoly prices in this case.
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(1996) assume a fixed order of negotiations and public agreements. Arbatskaya (2007),

Marx and Shaffer (2007a) and Nagarajan and Bassok (2005) endogenize the order, but

they do so in a complementary framework in which suppliers bid for positions. Marshall

and Merlo (2004), and Marx and Shaffer (2007b) let the buyer choose the order, but assume

contingent and public contracts. Raskovich (2007) uses a costly search model in which all

offers are exploding, and the buyer exits upon a successful trade.

The closest paper to ours in this literature is by Noe and Wang (2004). They construct

a model much like ours,8 but assume symmetric products and suppliers. Moreover, they

restrict attention to exploding offers and efficient equilibria, and do not consider partially

private negotiations. Hence, for substitutes, they find that it is optimal for the buyer to

conduct private negotiations whereas we find it is generically optimal for her to conduct

partially private negotiations precisely because we account for inefficient equilibria. For

complements, our conclusion that the buyer is better off conducting private negotiations

coincides with Noe and Wang’s, but we provide a richer set of conditions under which this

is the case.

Our paper is also related to the literature on bilateral contracting with externalities,

introduced by Segal (1999), and later generalized by Whinston and Segal (2003). Our model

combines some elements of Whinston and Segal’s “offering game,” in which all offers are

made by the buyer, and their “bidding game,” in which all offers are made by the suppliers.

Unlike Whinston and Segal, we do not assume bilateral contracts are offered simultaneously.

Some recent papers, e.g., Genicot and Ray (2006), and Moller (2007), investigate sequential

bilateral contracting with endogenous timing to determine when simultaneous contracting

may or may not be optimal for the buyer, but they do so by assuming that contracts and

agreements are public.

Finally, our paper complements the recent literature on consumer privacy in which it is

the suppliers, rather than the buyer, who initiate communication (see, e.g., Calzolari and

8 Unlike us, they extend their analysis to the n-supplier case with perfect complements.
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Pavan (2005), and Taylor (2004)).

The rest of our paper is organized as follows. In the next section, we lay out the

basic model. In Section 3.3, we characterize equilibria under public negotiations, followed

by equilibrium characterization of private negotiations in Section 3.4. In Section 3.5, we

determine the buyer’s preference between public and private negotiations. In Section 3.6,

we extend our analysis to include partially private negotiations and examine the setting in

which the buyer lacks commitment to a disclosure policy. Finally, we conclude in section

3.7. The proofs of all formal results appear in the Appendix.

3.2 The Basic Model

There are three risk-neutral parties: one buyer, b, and two suppliers, si, i = 1, 2. For

instance, the buyer could be an academic department and the suppliers could be two

faculty candidates. Each supplier provides a (potentially) differentiated good at no cost.

The buyer has a unit demand for good i and values it alone by vi ∈ [0, 1]. Her joint valuation

is normalized to 1.9 Letting ∆ ≡ 1− v1 − v2 be its degree, we say that goods are stronger

complements as ∆ increases from −1 (perfect substitutes) to +1 (perfect complements).

More broadly, we say that goods are complements if ∆ > 0; substitutes if ∆ < 0; and

independent if ∆ = 0. It is assumed that each party has a no-trade payoff of 0, and that

the payoff structure is common knowledge.

The buyer negotiates with suppliers sequentially and only once.10 We capture each

negotiation as a one-shot random proposer bargaining: with a probability αi ∈ (0, 1), si

9 Note that it is (socially) efficient for the buyer to purchase both goods. Note also that we do not
consider the possibility of some good i being individually undesirable for the buyer, i.e., vi < 0. Our
results would, however, go through with a positive cost, ci, of production as along as: vi − ci ≥ 0 for all i,
and 1−

∑
ci ≥ maxi{vi − ci}.

10 Precluding renegotiation is clearly restrictive and may require some commitment power. Like Moller
(2007), and Noe and Wang (2004), we make this assumption to better focus on other aspects of bargaining,
but it would be satisfied if, for instance, the buyer has a relatively short time to purchase goods. Sequen-
tiality, however, should not be taken literally, because some sequential negotiations in our framework will
be strategically equivalent to simultaneous ones.
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makes the price offer for product i, and with probability 1− αi, b does. It is assumed that

αi is common knowledge, but the identity of the proposer is realized at the beginning of

each negotiation i and observed only by si and b. Note that a greater αi refers to an ex

ante more powerful seller vis-à-vis the buyer,11 and that we eliminate the (uninteresting)

cases in which one player has all the bargaining power, though one can take the limits. For

simplicity, we ignore discounting between negotiations.

As alluded to in the Introduction, the price offer for product i is associated with an

expiration policy, ei, which may vary across products. In this respect, we consider two

types of offers: exploding and open-ended. An offer is said to be exploding (ei = x) if

it expires as soon as bargaining ends, and open-ended (ei = o) if it permits the buyer to

decide after visiting both sellers. Let E ≡ (e1, e2) represent the expiration vector such that

E ∈ {X,O,H1, H2} where X ≡ (x, x), O ≡ (o, o), H1 ≡ (o, x), and H2 ≡ (x, o). We assume

expiration policies to be exogenous – perhaps because they are the industry standards or

because they are imposed by certain regulations such as the FTC’s cooling-off rule (see

Footnotes 3 and 5). Nevertheless, we discuss parties’ preferences over expiration policies

throughout the analysis.

The information flow between the negotiations is assumed to be controlled by the buyer.

In the basic model, we restrict attention to an all-or-nothing type of disclosure for the buyer,

engendering public and private negotiations, respectively. Under public negotiations the

full history of negotiations is known by all players, whereas under private negotiations only

the buyer possesses this information; in particular, suppliers are not revealed the order of

negotiations or the buyer’s purchasing history.12,13 We denote by PE
i (ρ̃i) and P

E

i (ρ̃i) the

11 For instance, αi may reflect the likelihood of having other customers for a capacity-constrained seller i.
Observe however that our qualitative results would go through if we used a generalized Nash Bargaining
solution, where bargaining power is appropriately parameterized (Binmore (1987)).
12 In Section 3.6.1, we extend the analysis to partially private negotiations under which some information
about the history such as the order of negotiations and/or the previous price offer is disclosed to the
suppliers.
13 It is worth pointing out that private negotiations exist only if there are more than two contracting

61



price offer made by player ρ̃i ∈ {si, b} for product i under the expiration vector, E, when

negotiations are public and private, respectively. Also, we let φ1 ∈ {0, 1} be the upstream

trade outcome and ρ1 ∈ {si, b} be the upstream proposer.

The extensive form of our basic negotiation game proceeds in three stages. In stage 0,

E is observed by all players. In stage 1, the buyer commits to perform public or private

negotiations, and communicates her decision to the suppliers.14 And, in stage 2, she engages

in bilateral negotiations in the order of her choosing. We characterize perfect Bayesian

equilibria of this game. We say that (given our setup) trade is efficient if, in equilibrium,

the buyer purchases both goods with probability 1, and inefficient otherwise. In case of

indifference, we assume all players break ties in favor of Pareto efficient decisions, i.e.,

buying and selling more units.

We begin our investigation with public negotiations and then explore private negoti-

ations. In Section 3.5, we compare their equilibrium outcomes to determine the buyer’s

preference between them.

3.3 Public Negotiations

Under public negotiations, the complete history of negotiations – especially price offers and

trade outcomes – is known by all players. The analysis of public negotiations is of indepen-

dent interest as certain mandatory disclosure laws may permit public access to information

about the buyer’s conduct (see Footnote 1). In what follows, we characterize equilibrium

for each pair of expiration policies, and then draw some conclusions in Proposition 1.

periods so that the suppliers cannot infer the order by simply observing the calendar time. Moreover, our
assumption of no discounting eliminates the strategic effect of calendar time.
14 The buyer’s ability to commit to a disclosure policy may simply be the result of her negotiation policy or
the suppliers’ legal requests for confidentiality in their business dealings. For instance, Florida law (Florida
Statues 373.139) makes an exception to the sunshine law and allows the state’s water management districts
to treat negotiations for the acquisition of property for public purpose as confidential to ensure the people
of Florida receive the best investment for their tax dollars. Moreover, commitment allows us to better
relate our work to the papers with a similar assumption, e.g., Noe and Wang (2004). Nonetheless, in
Section 6.2, we determine the equilibrium levels of disclosure when the buyer lacks commitment power,
and show that the buyer’s preferred disclosure policy can be part of an equilibrium.
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Lemma 6. Suppose negotiations are public and both offers are exploding. Then, in equi-

librium, trade is efficient; the buyer is indifferent to the order of negotiations; and prices

are given by PX
i (b) = PX

j (b|φ1 = 1) = 0, and

PX
i (si) = 1− vj − αj∆ and PX

j (sj|φ1 = 1) = 1− vi. (3.1)

Lemma 6 indicates that because the negotiation sequence and the upstream trade out-

come are publicly observed, sellers charge prices that induce an efficient trade in equilib-

rium. Furthermore, the buyer’s offer covers only the cost of production, as expected. To

understand suppliers’ prices in equation (3.1), note that with exploding offers, any payment

made in the upstream negotiation is sunk as far as the downstream supplier is concerned.

Hence, following the purchase of good i in the upstream, the buyer is willing to pay up

to her marginal utility, 1 − vi, for good j in the downstream, and this is exactly what

seller j proposes. Supplier i, however, has to take the buyer’s expectations regarding the

downstream negotiation into account. In particular, he knows that the buyer possesses a

reservation payoff of (1−αj)vj by purchasing good j alone, and that upon acquiring good i,

she expects to pay αj(1−vi) in the downstream negotiation. Hence, supplier i’s price offer,

PX
i (si) in equation (3.1), is the highest that satisfies 1− PX

i (si)− αj(1− vi) ≥ (1− αj)vj.

Two remarks are in order. First, with substitutes, i.e. ∆ < 0, seller i’s price and thus

her expected payoff is increasing in j’s bargaining power. To see this, note that as αj

gets larger, the buyer’s reservation payoff diminishes, improving i’s bargaining position;

but a larger αj also means the buyer expects to pay more in the downstream negotiation,

should she decide to purchase both goods, squeezing seller i’s offer. For substitute goods,

the former effect dominates because of diminishing marginal value, i.e., 1 − vi < vj. By

the same token, with complements, seller i’s payoff is decreasing in j’s bargaining power

because of increasing marginal value.15 Second, observe that for complements, PX
i (si) > vi

and PX
i (si)+PX

j (sj|φ1 = 1) > 1, where the former shows the upstream seller’s incentive to

15 The observation that a seller may prefer a stronger rival is consistent with that of Marx and Shaffer
(2007a), who also study sequential negotiations, though with fully contingent payments. Lemma 6 shows
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capture the additional surplus, ∆, and the latter indicates a negative payoff for the buyer

if both suppliers end up proposing.16

When both offers are open-ended, the buyer simply obtains a price quote from the

upstream supplier, and makes all her purchasing decisions after bargaining in the down-

stream.17This means the downstream supplier’s price can only depend on the identity of

the upstream proposer, ρ1, as opposed to the trade outcome, φ1.

Lemma 7. Suppose negotiations are public and both offers are open-ended. Then, in

equilibrium, trade is efficient; the buyer is indifferent to the order of negotiations; and

prices are given by PO
i (b) = PO

j (b|ρ1) = 0, and

PO
i (si) = 1− vj,

PO
j (sj|ρ1 = b) = 1− vi and PO

j (sj|ρ1 = si) =

{
vj for ∆ ≥ 0,

1− vi for ∆ < 0.
(3.2)

Although equilibrium trade is still efficient, and the buyer’s price offer is the same,

suppliers’ pricing strategies with open-ended offers are significantly different from the ones

with exploding offers. Most notably, for complements, seller j in the downstream now prices

less aggressively to accommodate i’s offer; and anticipating this behavior, seller i demands a

higher price.18 For substitutes, however, seller i is forced to set a low “Bertrand” price with

an open-ended offer because, without a strict time limit on his offer, he cannot foreclose the

competition with the rival. Indeed, for the case of perfect substitutes, open-ended offers

drive each price down to the marginal cost 0, whereas with an exploding offer, seller i is

the importance of substitutability for this observation; and later we also show the importance of the public
nature of negotiations.
16 Of course, the buyer still acquires both goods in this case, because with exploding offers, she reaches a
decision in the upstream negotiation in expectation about the downstream.
17 Needless to say, with an open-ended offer, the buyer still has the option of closing the deal in the
upstream prior to the downstream negotiation. But this option for the buyer is dominated by the option
of waiting to avoid being held up by the downstream supplier.
18 Indeed, it is easy to verify that for complements, there is a first-mover advantage under open-ended
offers, and a second-mover advantage under exploding offers.
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able to charge a price of αj. It is also worth noting that PO
i (si) + PO

j (sj|ρ1) ≤ 1, implying

that unlike with exploding offers, the buyer never receives a negative ex post payoff when

offers are open-ended.

We complete the investigation of public negotiations with hybrid expiration policies.

Note that since only the upstream expiration policy is relevant for the buyer, the equilibrium

with hybrid offers reduces to one of the previous two. That is, if the upstream offer is

open-ended (resp. exploding), then it is equivalent to having both offers open-ended (resp.

exploding).

Lemma 8. Suppose negotiations are public and expiration policies are hybrid, i.e., E = H1

or H2. Then, in equilibrium, trade is efficient; and the buyer is indifferent to the order of

negotiations for complements, whereas, for substitutes, she strictly prefers to negotiate first

with the supplier whose offer is open-ended.

An important implication of Lemma 8 is that for complements, the buyer is indifferent

between having an exploding and open-ended offer in the first negotiation. In particular,

the decision flexibility with an open-ended offer does not make her strictly better off. The

reason is as explained above: while a strict deadline in the upstream negotiation may bring

an ex post negative payoff to the buyer, it also leads to a less aggressive pricing by the

upstream supplier. For substitute goods, however, the buyer is strictly better off having

open-ended offers in order to create a fiercer competition, leading to Bertrand prices.

Drawing upon the three partial results so far, we reach the following conclusions for

public negotiations.

Proposition 7. In equilibrium with public negotiations,

(a) trade is efficient, irrespective of expiration policies;

(b) the buyer is indifferent to the order of negotiations for complements; but for substi-

tutes, she strictly prefers to negotiate first with the supplier whose offer is open-ended;
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(c) if the buyer negotiates with s1 first whenever indifferent, then s1 weakly prefers an

open-ended (resp. exploding) offer with complements (resp. substitutes), irrespective

of the rival’s expiration policy.

Part (a) of Proposition 7 is a consequence of the payoffs and the history of negotiations

being common knowledge. Part (b) implies that the equilibrium sequence of negotiations

is independent of suppliers’ bargaining powers and the heterogeneity of their products.

With complements the equilibrium sequence is also independent of the expiration policies,

while with substitutes the buyer strictly prefers to visit first the supplier whose offer is

open-ended.

Finally, supposing that when indifferent the buyer visits s1 first, part (c) reveals that

s1 weakly prefers an open-ended offer for complements to further raise his price without

running into a coordination problem, and an exploding offer for substitutes to avoid a head-

to-head competition with the rival. An implication of this finding is that if s1 follows a

weakly undominated strategy, then it is a best response for s2 to adopt the same expiration

policy as s1.

3.4 Private Negotiations

Under private negotiations, the buyer discloses no information about the history of nego-

tiations to suppliers. In particular, suppliers are not told the previous trade outcomes or

the order in which they are being approached. Unlike with public negotiations, equilib-

rium characterization with private negotiations turns out to be significantly different across

substitutes and complements due to the fact that equilibrium trade is not always efficient;

and with complements, the buyer doesn’t have a strict preference over expiration policies.

Thus, we start our characterization by substitutes and then proceed to complements.
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3.4.1 Substitutes

Given that they are relatively intuitive, we collect all our observations for substitutes in

the following proposition.

Proposition 8. Suppose goods are substitutes and negotiations are private. Then, in equi-

librium P
E

i (b) = 0 for all i and E. Moreover,

(a) if at least one offer is open-ended, i.e., E 6= X, then, in equilibrium,

• trade is always efficient;

• the buyer visits first the supplier with an open-ended offer; and

• the suppliers set Bertrand prices: P
E

i (si) = 1− vj.

(b) If both offers are exploding, i.e., E = X, then

• there always exists an efficient equilibrium with Bertrand prices as in part (a); but

• there also exists an inefficient equilibrium at which P
X

i (si) = vi for all i if and only

if σXi < σXi , where the expressions for σXi and σXi are derived in the proof. In an

inefficient equilibrium, the buyer visits first si with probability σXi ∈ (σXi , σ
X
i ).

(c) The buyer weakly prefers to have at least one open-ended offer, whereas each supplier

weakly prefers an exploding offer, irrespective of the rival’s expiration policy.

Part (a) of Proposition 8 says that with substitutes, equilibrium trade is always efficient

when at least one offer is open-ended, because suppliers charge their Bertrand prices. The

reason for such intense competition is obvious when both offers are open-ended: the buyer

can compare prices before reaching a purchasing decision. In the case of hybrid offers, the

buyer can still compare prices by optimally negotiating first with the supplier whose offer

is open-ended.
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Part (b) indicates that when both offers are exploding, the efficient equilibrium identified

in part (a) still exists, because given that the rival sets a Bertrand price and thus guarantees

a sale, the highest a supplier can charge is his Bertrand price, too. However, with all

exploding offers, suppliers’ posting their “monopoly” prices may form another equilibrium,

resulting in an inefficient trade. Intuitively, if seller i expects the rival to set his monopoly

price, vj, and believes his chances of being approached second to be sufficiently high, then it

is optimal for him to charge his monopoly price, vi, too; because, in such an equilibrium, the

buyer always rejects the upstream supplier’s offer, but accepts the downstream’s whenever

she hasn’t acquired the upstream good by proposing a price of 0 herself. Notice that for a

monopoly pricing equilibrium to exist, the buyer has to follow a proper mixed strategy over

the sequence so that each seller has a reasonable chance of selling his product by being the

second to negotiate. Finally, since Bertrand prices are the lowest the buyer can secure from

the suppliers, part (c) reports that the buyer weakly prefers to have at least one open-ended

offer; and since Bertrand prices generate the lowest profit for the suppliers, each supplier

weakly prefers to have an exploding offer regardless of the rival’s expiration policy.

Compared to Proposition 7, Proposition 8 implies that with substitutes, parties’ pref-

erences over expiration policies are the same across public and private negotiations. Note,

however, that unlike public negotiations, private negotiations enable the buyer to obtain

Bertrand prices even when both offers are exploding. This is because the latter create a

strategic uncertainty under which each supplier (rationally) believes that a deal has been

struck with the rival and prices his product accordingly. Although, as recorded in part (b),

such strategic uncertainty may also produce a monopoly pricing equilibrium, in Section 3.5

we will show that the buyer is still not worse off than in public negotiations.

Proposition 8 also implies that when both offers are exploding, equilibrium sequencing

may be “nontrivial” in that the buyer follows a proper mixed strategy over the sequence,

which cannot be inferred with certainty by the suppliers. This occurs, however, only at an

inefficient equilibrium. Given that the expressions for σX1 and σX1 (derived in the Appendix)
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are somewhat complicated, we consider two special cases to discern when an inefficient

equilibrium is likely to arise; and when it does, how equilibrium sequencing responds to

parameters.

Corollary 2. Suppose both offers are exploding, and negotiations are private. Moreover,

suppose goods are identical substitutes, i.e., v1 = v2 = v ∈ (1
2
, 1]. Then, there is no

inefficient equilibrium.

That is, when goods are identical substitutes, there is no equilibrium in which suppli-

ers charge their monopoly prices. Conversely, for an inefficient equilibrium to exist and

hence sequencing to be nontrivial, the buyer must possess different valuations for goods.19

Corollary 2 also provides some robustness check for Noe and Wang’s (2004) finding that

endogenous sequencing when all offers are exploding is inconsequential for substitute prod-

ucts. Our result shows that their restriction to efficient equilibria is indeed without loss

of generality for identical substitute goods (though they also assume symmetric sellers).

However, it also shows that when goods are heterogenous, there may exist an inefficient

equilibrium at which sequencing is nontrivial. To gain further insight into the latter point,

we solve an example.

Example 5. Suppose both offers are exploding, and negotiations are private. Moreover,

suppose v1 ∈ (1
2
, 1), v2 = 1, and 0 < α2 < 1 − v1 < α̂(v1) < α1 < 1, where α̂(v1) ≡

2v1−1+
√

1+4v1
2v1(2−v1)

(1 − v1). Then, there exists an inefficient (monopoly pricing) equilibrium. In

this equilibrium, σX1 ∈ (σX1 , 1) where σX1 = 1−(1−α1)v1
1−(1−α1)2v1

such that σX1 > 2
3
, and σX1 increases

in α1 over (α̂(v1), 1).

Given that seller 1 is the stronger seller and his product is individually less valuable,

Example 5 indicates that the buyer is more likely to approach him first at a monopoly

pricing equilibrium to stay indifferent to the order; otherwise, facing a more powerful

19 Interestingly, having α1 = α2 doesn’t always eliminate the inefficient equilibrium.
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seller 1 in the last negotiation, she would be exposed to a holdup problem with a higher

probability. By the same token, Example 5 also indicates that the likelihood of seller 1

being negotiated with first goes up as his bargaining power increases.

3.4.2 Complements

For complements, equilibrium characterization is more involved, leading us to first analyze

each case corresponding to a different pair of expiration policies and then provide some

general conclusions in Proposition 9. However, since, as mentioned before, expiration

policies may be the industry standards each supplier complies with, or they may be imposed

by certain regulations, we believe each case is also of independent interest.

Lemma 9. Suppose goods are complements, and negotiations are private. Moreover, sup-

pose both offers are open-ended, E = O. Then, equilibrium prices are given by: P
O

i (b) = 0

and

P
O

i (si) =


1− vj if

∑
k αk(1− vk) < ∆,

1− vj; or 1− PO

j (sj) for P
O

j (sj) ∈ Ω′j if

∑
k αk(1− vk) ≥ ∆ and

αk(1− vk) ≤ ∆ for all k,

1− PO

j (sj) for P
O

j (sj) ∈ Ω′′j if αk(1− vk) > ∆ for some k,

for all i where k = 1, 2, Ω′j ≡ [(1−αi)(1− vi), 1− (1−αj)(1− vj)] and Ω′′j ≡ [vj, 1− vi].

As with substitutes, suppliers play a simultaneous pricing game when both offers are

open-ended, rendering the negotiation sequence inconsequential to the equilibrium out-

come. However, with complements, each supplier’s pricing strategy trades off charging a

(moderate) coordination price, P
O

i (si) = 1 − PO

j (sj), thereby guaranteeing a sale against

charging a (aggressive) noncoordination price, P
O

i (si) = 1− vj, thereby selling only if the

buyer proposes and asks for a price of 0 in the other negotiation. Clearly, the latter is a

more profitable option if the rival is less powerful against the buyer, and this is exactly

what Lemma 9 shows: for sufficiently small αk’s, only the noncoordination equilibrium
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exists whereas, for sufficiently large αk’s, only the coordination equilibria exist. It is also

worth noting that all else equal, a coordination equilibrium is less likely to occur as goods

become stronger complements, i.e., a larger ∆. In particular, for perfect complements,

there always exists a noncoordination equilibrium. The intuition is that strong comple-

ments require the buyer to purchase both goods, and knowing this, each supplier targets

the buyer’s joint valuation in pricing his product.

Inspecting equilibrium prices in Lemma 9, it is evident that trade is efficient at a

coordination equilibrium and inefficient at a noncoordinating equilibrium.20 It is, however,

less evident that when both coordination and noncoordination equilibria exist for some

(intermediate) parameter values, the buyer is weakly better off at an efficient equilibrium,

because coordination prices are lower.21 This simple observation points to an interesting

trade-off for the buyer: all else equal, she can either deal with weaker sellers who are

likely to set higher (noncoordination) prices or deal with stronger sellers who are likely to

set lower (coordination) prices. The following example demonstrates that the buyer may

indeed resolve such a trade-off in favor of stronger sellers.

Example 6. (The buyer may prefer suppliers with higher bargaining powers.) Suppose both

offers are open-ended, and let v1 = 0, v2 ∈ (1
2
, 2

3
), and α2 ∈ ( 2λ

1−α0+λ
, λ
α0

), where α0 = 1− v2

and λ ∈ (3α0 − 1,
α2

0

1−α0
). Then, all else equal, the buyer is strictly better off dealing with

supplier 1 whose bargaining power is α′′1 = α0 + λ than the one with α′1 = α0 − λ.22

20 Because, at a noncoordination equilibrium, both goods are purchased only if the buyer proposes in at
least one negotiation.
21 A formal statement of this observation and its proof are provided in Lemma 14 in the Appendix.
22 This follows because, according to Lemma 9, the negotiation game with parameter values (v1, v2, α

′
1, α2)

possesses a unique and inefficient equilibrium at which the buyer’s expected payoff is π′(b) = (1− α′1)(1−
α2) + α′1(1 − α2)v2, whereas the game with parameter values (v1, v2, α

′′
1 , α2) possesses only the efficient

coordination equilibria at which π′′(b) = (1 − α′′1)(1 − α2) + α′′1(1 − α2)(1 − P ′′1 (s1)) + (1 − α′′1)α2P
′′
1 (s1),

where 0 ≤ P ′′1 (s1) ≤ 1− v2. Comparing the two payoffs and noting α′′1 > α2, we have

π′′(b)− π′(b) ≥ α0[1− α′′1 − (1− α2)(1− α′1)] > 0,

where the last inequality follows because α2 >
2λ

1−α0+λ .
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An important implication of Example 6 is that when procuring complementary goods,

a purchasing alliance or buyer group may not necessarily obtain lower prices (or a higher

payoff) as its size and hence relative bargaining power vis-à-vis the suppliers increases.

Next, we characterize equilibrium for the case with hybrid offers.

Lemma 10. Suppose goods are complements, and negotiations are private. Moreover,

suppose supplier i’s offer is exploding whereas j’s offer is open-ended, i.e. E = Hj. Then,

in equilibrium P
Hj
i (b) = 0 for all i. Moreover,

• there exist efficient equilibria all with P
Hj
i (si)+P

Hj
j (sj) = 1 if and only if αi(1−vi)+

αj(1 − vj) ≥ ∆ − θ
1−θvi, where θ =

√
1+4α2

j−1√
1+4α2

j+1
. In an efficient equilibrium, the buyer

visits first si with probability σ
Hj
i ∈ [σ

Hj
i , σ

Hj
i ], where σ

Hj
i =

∆−αi(1−vi)−αj(1−vj)
1−vj−αi(1−vi)−αj(1−vj) and

σ
Hj
i ∈ [θ, 1];

• there also exists an inefficient equilibrium at which P
Hj
i (si) = 1 − vj for all i if and

only if αi(1− vi) ≤ ∆ for all i. In an inefficient equilibrium, the buyer visits first si

with probability σ
Hj
i ∈ [0, σ

Hj
i ], where σ

Hj
i = min{ αj(1−αj)

1−vj−α2
j∆

∆,
∆−αj(1−vj)
(1−αj)(1−vj)}.

Lemma 10 is perhaps best understood in conjunction with Lemma 9. First, note that the

same equilibrium prices as the ones with open-ended offers are sustainable under hybrid

offers. The difference is that while the parameter conditions for an inefficient noncoor-

dination equilibrium in the two cases coincide, the condition for an efficient coordination

equilibrium is weaker under hybrid offers (by the term θ
1−θvi). This means an efficient trade

is easier to obtain when offers are hybrid than when both are open-ended. The intuition is

that the supplier with an exploding offer prices less aggressively in order to ensure a sale

when approached first and an exploding offer requires the buyer to undertake one decision

at a time, ignoring previous payments. Second, unlike with open-ended offers, equilibrium

sequencing with hybrid offers is nontrivial, because (σ
Hj
i , σ

Hj
i ) 6= (0, 1). This implies that
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unlike with substitutes, the buyer has no strict preference for an open-ended offer. As with

public negotiations, the trade-off comes from the fact that although an open-ended offer

allows the buyer to receive a nonnegative payoff ex post, the supplier with an exploding

offer prices less aggressively. These two observations with hybrid offers extend to the case

with both exploding offers, as the following lemma shows.

Lemma 11. Suppose goods are complements, and negotiations are private. Moreover,

suppose both offers are exploding. Then, in equilibrium P
X

i (b) = 0 for all i. Moreover,

• there always exists an efficient equilibrium at which P
X

i (si) = 1
1−αiαj [(1 − αj)(1 −

vj) + αj(1 − αi)vi] for all i. In an efficient equilibrium, the buyer visits first si with

probability σXi ∈ [1− P
X
i (si)

1−vj ,
P
X
j (sj)

1−vi ] 6= {};

• there also exists an inefficient equilibrium at which P
X

i (si) = 1−vj for all i if and only

if αi(1− vi) ≤ ∆ and σXi ≤ σXi for all i, where σXi = 1−min{ αi(1−αi)
1−vi−α2

i∆
∆, ∆−αi(1−vi)

(1−αi)(1−vi)}

and σXi = σ
Hj
i . In an inefficient equilibrium, the buyer visits first si with probability

σXi ∈ [σXi , σ
X
i ].

Lemma 11 confirms our previous intuition: efficient trade is even easier to obtain when

both offers are exploding, since, unlike with hybrid offers, there always exists an efficient

equilibrium and the parameter condition for an inefficient equilibrium is more stringent.

Lemma 11 also reveals that equilibrium sequencing with both exploding offers is nontrivial,

too. To extract further insight into equilibrium sequencing and contrast it with the case of

substitutes in Example 6, we consider a special case with perfect complements.

Example 7. Suppose goods are perfect complements, i.e., vi = 0 for all i, and negotiations

are private. Moreover, suppose both offers are exploding. Then, by Lemma 6, there only

exist efficient equilibria where P
X

i (si) =
1−αj

1−αiαj and σXi ∈ [αj
1−αi

1−αiαj ,
1−αi

1−αiαj ].
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Inspecting Example 7, note that unlike with substitutes, equilibrium sequencing with

complements involves randomization even at an efficient equilibrium.23 Note also that as αi

increases, both the upper and lower bounds of the interval for σXi decrease, meaning that

the buyer is more likely to negotiate first with the less powerful supplier. This is somewhat

surprising because, leaving the more powerful supplier to the end, the buyer seems to be

subjecting herself to a more severe holdup problem. However, anticipating this problem

and being worried about coordination at an efficient equilibrium, it is the weaker supplier

who is willing to give a larger discount in the upstream negotiation. In fact, P
X

i (si) → 0

as αj → 1.

Now, combining the results of Lemmas 9-11, we reach some general conclusions about

private negotiations with complements.

Proposition 9. In equilibrium with private negotiations and complements,

(a) trade is more likely to be efficient as more offers become exploding;

(b) if αi(1− vi) > ∆ for some i, then trade is always efficient, irrespective of expiration

policies; and

(c) the buyer is better off when E = X than when E = O if and only if
∑

i αi(1−vi) < ∆.

Moreover, if
∑

i αi < 1 and vi = 0 for all i, then each supplier is also better off when

E = X than when E = O.

The intuition behind part (a) is as explained above: all else equal, the supplier with

an exploding offer prices less aggressively than the one with an open-ended offer to guar-

antee a sale whenever approached first and exploding offers compel the buyer to make one

purchasing decision at a time by ignoring previous payments. Part (b) says that trade is

also likely to be efficient if at least one supplier is sufficiently powerful against the buyer

23 Otherwise, if the suppliers could perfectly predict the order in an efficient equilibrium, they would charge
the same prices under public negotiations; in particular the downstream supplier would raise his to 1.
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and/or goods are sufficiently weak complements.24 This makes sense because, as alluded to

above, it is the more powerful suppliers who, anticipating a demanding offer by the rival,

are more concerned about coordinating prices. In addition, price coordination is less of a

problem for weaker complements due to the buyer’s diminished need for a joint purchasing

decision. Finally, part (c) shows that the buyer benefits from the increased efficiency by

exploding offers whenever inefficient trade is the only outcome under open-ended offers,

and we know from Lemma 9 is that the latter is the case for sufficiently weak suppliers

and/or sufficiently strong complements. Perhaps more interestingly, part (c) also shows

that suppliers might also benefit from the increased efficiency for, while they have to lower

prices when offers are exploding, they are more likely to sell their products.

In contrast to public negotiations, note that private negotiations with complements may

result in an inefficient trade owing to the strategic uncertainty the suppliers are exposed

to. Moreover, with private negotiations, the buyer is unlikely to be indifferent between

having exploding and open-ended offers, because the strategic uncertainty affects supplier

competition differently under different pairs of expiration policies. Finally, with private

negotiations, suppliers’ preferences for expiration policies seem to be more aligned with

those of the buyer’s. In particular, to the extent that price coordination is hard to achieve

in equilibrium with open-ended offers, suppliers are as likely to opt for exploding offers as

is the buyer.

3.5 Public vs. Private Negotiations

Armed with the equilibrium characterizations and insights from public and private negotia-

tions, we now determine the buyer’s preference between the two, beginning with substitutes.

Proposition 10. With substitutes, if at least one offer is open-ended, then the buyer is

indifferent between public and private negotiations; otherwise if both offers are exploding,

24 Note that for identical complements, i.e., vi = v < 1/2, the ratio ∆
1−vi is strictly decreasing in v, relaxing

the condition αi(1− vi) > ∆.
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she weakly prefers private negotiations.

Proposition 10 is a direct consequence of Propositions 7 and 8. With substitutes, when

at least one offer is open-ended, the buyer is able to uniquely generate the Bertrand compe-

tition in both public and private negotiations by approaching first the supplier whose offer

is open-ended. When both offers are exploding, however, the buyer’s inability to compare

prices may allow suppliers to avoid such head-to-head competition; and absent any uncer-

tainty about the trade history, this is the case with public negotiations. In contrast, with

private negotiations, Bertrand prices still emerge in equilibrium when each supplier (cor-

rectly) anticipates a successful trade in the other negotiation, irrespective of its proposer.

As alluded to in Proposition 8, such strategic uncertainty in private negotiations may also

lead to a monopoly pricing equilibrium, resulting in an inefficient trade. Nonetheless, in

this equilibrium, the buyer receives an expected payoff equal to the one in public negotia-

tions, explaining the weak preference in Proposition 10. In light of Corollary 2, we note one

sufficient condition under which the buyer’s preference for private negotiations is strict.

Corollary 3. With substitutes, if both offers are exploding, and vi = v for all i, then the

buyer strictly prefers private negotiations.

With complements, the buyer’s preference depends not only on expiration policies but

also on suppliers’ relative bargaining powers and strength of complementarity, because, as

explained in the previous section, all these factors affect trade efficiency.

Proposition 11. With complements,

(a) if both offers are open-ended, then the buyer weakly prefers private negotiations when-

ever
∑

i αi(1−vi) ≥ ∆; and she is indifferent between public and private negotiations

whenever
∑

i αi(1− vi) < ∆;

(b) if supplier i’s offer is exploding and j’s offer is open-ended, then the buyer weakly

prefers private negotiations whenever
∑

i αi(1−vi) ≥ ∆− θ
1−θvi; and she is indifferent
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between public and private negotiations whenever
∑

i αi(1 − vi) < ∆ − θ
1−θ , where

θ =

√
1+4α2

j−1√
1+4α2

j+1
;

(c) if both offers are exploding, then the buyer strictly prefers private negotiations.

Inspecting Proposition 11, it is clear that with complements, the buyer is more likely to

prefer private negotiations as: (1) suppliers become more powerful vis-à-vis the buyer; (2)

more offers become exploding; and/or (3) goods become weaker complements. Recall from

Proposition 9 that these are also the conditions under which an efficient equilibrium with

private negotiations is more likely to come about. Although achieving efficiency is not the

buyer’s objective per se, with private negotiations increased efficiency is an indication of a

less aggressive pricing by the suppliers who compete under the veil of strategic uncertainty.

It is thus this uncertainty that lets the buyer claim a larger share of the trade surplus under

private negotiations.

Combining Propositions 10 and 11, we can say that the buyer is weakly better off keep-

ing the negotiations private. Moreover, given the prevalence of parameter conditions, we

can also say that the buyer is more likely to prefer private negotiations when purchas-

ing complements. Since, unlike public negotiations, private negotiations may result in an

inefficient trade, our results may provide an explanation for the presence of mandatory

disclosure laws (see Footnote 1), and why such laws are likely to be binding for the buyer.

In the absence of mandatory disclosure laws, or when they do not apply to the buyer, it

appears that the extended return and cancelation policies such as the FTC’s cooling-off

rule that essentially require suppliers’ price offers to be open-ended are most conducive to

achieving efficiency for the purchases of substitute goods because open-ended offers create

a Bertrand competition. For the purchases of complementary goods, however, such policies

may actually interfere with an efficient trade by giving suppliers an incentive to price more

aggressively. In fact, in light of part (a) of Proposition 9 with complements, it seems an
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alternative policy of “all sales are final!” could be socially more desirable.

3.6 Extensions

In this section, we first augment our previous analysis to include “partially” private nego-

tiations in which some but not all information about the history of trade is disclosed to

suppliers. Then, we consider situations in which the buyer lacks commitment to a disclosure

policy, and we provide a characterization of equilibrium disclosure levels, with an emphasis

on whether or not her preferred disclosure policies under commitment can be sustained as

equilibria.

3.6.1 Partially Private Negotiations

With respect to the suppliers’ knowledge of the negotiation history, public and private

negotiations correspond to two extreme forms of information structure, one in which the

upstream price offer (hence, the order of negotiations) and the buyer’s purchasing decision

in case of an exploding offer are made public, and one in which both pieces of information

are private to the buyer. Here we extend the analysis to partially private negotiations whose

information structure lies in-between the two extremes: while the (endogenous) order of

negotiations becomes public before they commence, the buyer’s upstream trade decision

remains confidential. In many applications, the upstream price also remains confidential,

but in some others it may be publicly available. If both offers are open-ended, then clearly

a confidential (resp. public) upstream price turns partially private negotiations into private

(resp. public) ones, which we have analyzed above. If, on the other hand, both offers are

exploding, an upstream price that is public may provide the downstream supplier with

valuable information about the upstream trade. We find, however, that such information

has no value in equilibrium, as trade is always efficient.

Lemma 12. Suppose negotiations are partially private, and both offers are exploding. Then,

in equilibrium, trade is efficient whether the upstream price is public or confidential; the
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buyer is indifferent to the order of negotiations; and prices are given by: P̂X
i (b) = P̂X

j (b) =

0, and

P̂X
i (si) =

{
1− vj if ∆ < 0

1− vj − αj∆ if ∆ ≥ 0,
and P̂X

j (sj) = 1− vi,

where, w.l.o.g., the buyer negotiates with supplier i first.

Lemma 12 says that with substitutes the buyer can actually secure the Bertrand prices

as the unique equilibrium prices even when both offers are exploding. This makes sense,

because the reason behind an inefficient (monopoly pricing) equilibrium under private ne-

gotiations was that both suppliers put a sufficient weight on being the last to negotiate

with the buyer. Lemma 12 also says that with complements equilibrium prices under par-

tially private negotiations are exactly the same as those under public negotiations, because

1 − vi > vj, which means that the buyer purchases from supplier j only if she makes the

offer.

With the extension of partially private negotiations, we reach the following conclusion

for the buyer’s preference over negotiation form:

Proposition 12. Among public, private, and partially private negotiations, the buyer

weakly prefers partially private negotiations for substitutes and private negotiations for

complements.

The intuition for substitutes is rather clear: when at least one offer is open-ended, then

the buyer can uniquely engender the Bertrand prices, irrespective of the negotiation form;

and when both offers are exploding, we know from Lemma 12 that she can still do so under

partially private negotiations, irrespective of the upstream price being public or private. To

understand the buyer’s preference with complements, recall from the previous section that

the buyer weakly prefers private negotiations over public ones. Next note that when both

offers are exploding, Lemma 12 implies that public and partially private negotiations are

strategically equivalent. As explained before, with exploding offers the buyer is subject to
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a severe holdup problem in the downstream if her purchasing history is perfectly predicted

in equilibrium. She partially avoids this problem under private negotiations by being able

to randomize over the negotiation sequence. When both offers are open-ended, depend-

ing on whether the upstream price is public or private, partially private negotiations are

strategically equivalent to public or private negotiations respectively. Finally, when offers

are hybrid, the buyer is weakly better off commencing partially private negotiations with

the supplier whose offer is open-ended. But then, partially private and private negotiations

are strategically equivalent.

Remark. In some applications, it may be feasible for supplier i to make a lottery offer,

(qi, Pi(si)), where Pi(si) is the lottery price and qi is the probability that the good is

delivered to the buyer. In Appendix B we briefly investigate this possibility when both

offers are exploding, and show that the upstream supplier may indeed use a lottery

in equilibrium under partially private negotiations with publicly observable offers.

Compared to the case without lotteries, we find that with complements, the buyer’s

payoffs and thus her preference among negotiation types remains as in Proposition

12. In contrast, with substitutes the buyer may strictly prefer private negotiations

over partially private ones, though public negotiations are still dominated by both.

The intuition for substitutes is that by committing to not deliver the good with some

probability, the upstream supplier induces the downstream rival to set a monopoly

price, which, in turn, raises the buyer’s willingness to pay in the upstream.

3.6.2 Negotiating without Commitment to a Disclosure Policy

Up to now we have considered the cases in which, prior to visiting suppliers, the buyer can

credibly commit to her disclosure policy, resulting in public, private, or partially private

negotiations. In this subsection we consider the cases in which the buyer lacks such com-

mitment power, and determine the equilibrium levels of disclosure. There are, however, a

plethora of equilibria owing to different equilibrium beliefs that may be held by suppliers.
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To highlight the role of noncommitment, we show two such equilibria: one that yields the

same level of disclosure the buyer would choose under commitment, and the other that

yields full disclosure leading to public negotiations.

Let I1 = {s} and I2 ⊆ {s, φ1, P1} denote the buyer’s information sets prior to the

upstream and downstream negotiations, respectively, where s represents the negotiation

sequence, and as before, P1 denotes the upstream price and φ1 the purchasing decision.

Clearly, the buyer can at most reveal the sequence, s in the upstream whereas in the

downstream, she can reveal either the full history (namely, P1 if e1 = o, and both φ1 and

P1 if e1 = x), only the sequence, or nothing. Let d1 ∈ {{s}, {}} and d2 ∈ {I2, {s}, {}}

be the buyer’s respective disclosure choices in each negotiation. Specifically, the extensive

form game proceeds as follows. First, all players observe the expiration policies. Next, the

buyer chooses the negotiation sequence. Then, she decides on her disclosure action di in

negotiation i, and the bargaining over the price begins. The following proposition is the

main result in this subsection.

Proposition 13. Under noncommitment,

(a) there exist equilibria at which d∗1 = d∗2 = {s} for substitutes, and d∗1 = d∗2 = {} for

complements;

(b) there also exist equilibria at which d∗1 = {s} and d∗2 = I2 for both substitutes and

complements.

Proposition 13 indicates that, in the absence of commitment, the buyer’s most preferred

disclosure policy, namely partially private for substitutes and private for complements, as

well as her least preferred one, namely public negotiations, are sustainable as equilibrium

outcomes.25 The intuition is most transparent under exploding offers. With substitutes,

25 Our equilibrium constructions are based on passive beliefs: upon observing a deviation by the buyer,
each supplier still anticipates the buyer to follow her equilibrium disclosure strategy with the rival.
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recall from the previous section that the buyer obtains the Bertrand prices under partially

private negotiations. This means that she has a strict incentive to disclose the sequence in

the upstream, and cannot gain by disclosing the trade history (i.e., the purchasing decision

or the price) in the downstream. In turn, it is an equilibrium strategy for the upstream

supplier to offer his Bertrand price, and anticipating this, the downstream supplier to offer

his. It is, however, also an equilibrium for the buyer to fully disclose in each negotiation,

if suppliers expect her to do so and hold (off-equilibrium) beliefs such that whenever the

buyer discloses less, each believes to be in the upstream. With complements, as explained

in Lemma 11, any deviation from nondisclosure subjects the buyer to a more severe holdup

problem in the downstream. Thus, if suppliers expect nondisclosure, then the buyer has no

incentive to deviate. However, as with substitutes, if each supplier believes full disclosure

in both negotiations, and a failure to do so by the buyer would mean he is in the upstream,

then public negotiations also arise in equilibrium.

Proposition 13 is significant in two respects. First, since the buyer’s most preferred

disclosure policy is sustained in equilibrium, the lack of commitment does not necessarily

diminish her payoff. Second, since the full disclosure is also sustained in equilibrium,

mandatory disclosure laws may be less binding for those buyers who lack credible means

to commit to a disclosure policy.

3.7 Concluding Remarks

In closing, we mention two future research avenues. The first one is to draw more upon the

literature on bilateral contracting with externalities. In particular, the externality between

the suppliers in our model comes only from the buyer’s demands, which will indeed be the

case if one has in mind products, political endorsements, pieces of land, workers in different

production lines, etc. However, if one has in mind two skilled workers, say two faculty

members, who may enjoy some direct externality by learning from each other, then our

analysis may have to be modified. Some recent papers, e.g., Genicot and Ray (2006), and
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Moller (2007), endogenize the timing of bilateral negotiations with such externalities, but

all assume contracts and agreements to be public. The second research avenue is to make

expiration policies strategic choices of suppliers, much like in Daughety and Reinganum

(1992). Our analysis would be useful here as it has already provided insights into parties’

preferences for expiration policies.
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Appendix A

Proofs of Results in Chapter 2

PROOF OF of LEMMA 1. • For i = 1, the leader and the follower optimization prob-

lems are

max
ql

(P (Q)− c)ql + τP (Q)qf

max
qf

(P (Q)− c)qf − τP (Q)qf

This leads to the following best response functions:

ql(qf ) =
α− β(1 + τ)qf − c

2β

qf (ql) =
α− βql − c

1−τ

2β

Solving for ql and qf , we obtain:
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ql,1(c, τ) =
(1− τ)α− 1−3τ

1−τ c

(3− τ)β

qf,1(c, τ) =
α− 1+τ

1−τ c

(3− τ)β

P 1(c, τ) =
α + 2c

3− τ

The equilibrium profits for the two firms are:

πl,1(c, τ) =
(α− β(1− τ)qf,1(c, τ)− c)2

4β
+ cτqf,1(c, τ)

πf,1(c, τ) = (1− τ)β(qf,1(c, τ))2

• For i = 0, the game boils down to a standard Cournot competition with equilibrium

output for the leader and the follower

ql,0(c) =

{ α−c
2β

if c < (2c− α)+

α+c−2c
3β

if c ≥ (2c− α)+

qf,0(c) =

{
0 if c < (2c− α)+

α+c−2c
3β

if c ≥ (2c− α)+

The equilibrium profits are as follows:

πl,0(c) =

{
β(ql,0(c))2 if c < (2c− α)+

(α−βqf,0−c)2
4β

if c ≥ (2c− α)+
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πf,0(c) = β(qf,0)2

The follower will choose to infringe if πf,1(c, τ) > πf,0(c) or qf,0(c) >
√

1− τqf,1(c, τ).

• If c < 2c̄− α, qf,0(c) = 0 implying that i∗ = 1 for c ≤ 1−τ
1+τ

α

• If c ≥ 2c̄− α, qf,0(c) > 0 implying that i∗ = 1 for c ≤ φ+

It is straightforward to check that for τ ≤ α
c
− 1 the follower never exits since 2c− α ≤

φ+ ≤ 1−τ
1+τ

α. Similarly, for τ > α
c
− 1, we can show that 1−τ

1+τ
α < φ+ < 2c − α. Therefore,

i∗(c, τ) = 1 for c ≤ min
{

1−τ
1+τ

α, φ+
}

and i∗(c, τ) = 0 otherwise.

PROOF OF LEMMA 2. The observation that ĉ(τ) is decreasing in τ follows immediately

from the fact that both 1−τ
1+τ

and φ(α, c, τ) are decreasing in τ . Since φ(α, c, τ) can take

values lower than c, ĉ(τ) is only weakly decreasing in τ . Part a) is straightforward to

establish. To prove part b) note that because ĉ(0) = c and ĉ(τ) is strictly decreasing in τ

for φ(α, c, τ) ≥ c, there is a unique solution to ĉ(τ |φ ≥ c) = c. Part c) follows directly from

the observation that 1−τ
1+τ

α and φ(α, c, τ) are decreasing in α.

PROOF OF PROPOSITION 1. a) To show that dπf,i(c,τ)
dτ

≤ 0, we need to prove that

dπf,1(c,τ)
dτ

≤ 0.

From proof of Lemma 1, we know that πf,1(c, τ) = (1− τ)
(
qf,1(c, τ)

)2
.

dπf,1(c, τ)

dτ
= −β(qf,1)2 + 2β(1− τ)qf,1qf,1τ

Substituting for qf,1τ we obtain:

dπf,1(c, τ)

dτ
= −βqf,1

[
qf,1 − 2(1− τ)

(
qf,1

3− τ
− 2c

β(3− τ)(1− τ)2

)]
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Therefore,

dπf,1(c, τ)

dτ
= −βqf,1

[
1 + τ

3− τ
qf,1 +

4c

β(3− τ)(1− τ)

]
< 0

b) We prove this part in two steps.

– First we show that dπl,1(c,τ)
dτ

≥ 0.

dπl,1(c, τ)

dτ
=
∂πl,1

∂ql,1
ql,1τ +

∂πl,1

∂qf,1
qf,1τ + πl,1τ (A.1)

We know that the first term is equal to zero using FOC. The last term is the

direct effect of increasing τ :

πl,1τ (c, τ) = P 1(c, τ)qf,1 =
α + 2c

3− τ
qf,1 > 0

The remaining term is the indirect effect of increasing τ that works through

changing the equilibrium quantity for the follower. We know that

qf,1τ =
qf,1

3− τ
− 2c

β(3− τ)(1− τ)2

∂πl,1(c, τ)

∂qf,1
= −βql,1 + τP 1(c, τ)− τβqf,1

From the FOC:

ql,1 =
1

β
(P 1(c, τ)− c− τβqf,1)

Substituting for ql,1 in the above expression, we obtain:
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∂πl,1

∂qf,1
= −P 1(c, τ) + c+ τqf,1 + τP 1(c, τ)− τqf,1 =

= −(1− τ)P 1(c, τ) + c = −1 + τ

3− τ
(α + c)

Therefore equation (A.1) becomes:

dπl,1(c, τ)

dτ
=

(2− τ)(α + c)qf,1

(3− τ)2
+

c

3− τ
qf,1 +

2(1 + τ)c(α + c)

β(3− τ)2(1− τ)2
> 0

– We need to show that πl,1(c, τ̂) > πl,0(c).

We know that the follower is indifferent between infringing and not infringing

whenever
√

1− τqf,1 = qf,0. Thus, the profit for the innovator at τ = τ̂(c) when

i = 0 is

πl,0(c, τ̂) = β(ql,0)2 =
(α− β

√
1− τ̂ qf,1 − c)2

4β

The profit of the innovator at τ = τ̂(c) when i = 1 is:

πl,1(c, τ̂) =
(α− β(1− τ̂)qf,1 − c)2

4β
+ τ̂ cqf,1

Comparing the two payoffs it is clear that πl,1(c, τ̂) > πl,0(c).

PROOF OF LEMMA 3. The equilibrium price P ∗(c, τ) is derived by using the equilibrium

characterization from Lemma 1. To show that P 1(c, τ̂) > P 0(c), it is convenient to rewrite

the two prices as a function of the follower’s equilibrium output.

P 1(c, τ) =
α− β(1− τ)qf,1 + c

2
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P 0(c) =
α− βqf,0 + c

2

At τ = τ̂(c),
√

1− τ̂ qf,1 = qf,0. Therefore,

P 0(c) =
α− β

√
1− τ̂ qf,1 + c

2
<
α− β(1− τ̂)qf,1 + c

2
= P 1(c, τ̂)

PROOF OF PROPOSITION 5. Since I∗(0) < I∗(1) and I∗(τ) is continuous in τ , it is

sufficient to show that there exists τ̃ < 1 such that I∗(τ̃) > I∗(1). Recall that the FOC for

optimum investment for some τ̃ < τ̄ is:

∫ ĉ(τ̃)

c

πl,1(c, τ̃)fi(c|I∗(τ̃)) +

∫ c

ĉ(τ̃)

πl,0(c)fi(c|I∗(τ̃)) = C ′(I∗(τ̃))

For τ = 1, ĉ(τ) = c and the first order optimality condition is:

∫ ĉ(τ̃)

c

πl,0(c)fi(c|I∗(1)) +

∫ c

ĉ(τ̃)

πl,0(c)fi(c|I∗(1)) = C ′(I∗(1))

Thus, I∗(τ̃) > I∗(1) as long as
∫ ĉ(τ̃)

c
πl,1(c, τ̃)fi(c|I∗(τ̃)) >

∫ ĉ(τ̃)

c
πl,0(c)fi(c|I∗(τ̃)).Thus, it

is sufficient to show that there exists some τ̃ < τ that satisfies the following two conditions:

1) πl,1(c, τ̃) > πl,0(c) for all c ∈ [c, ĉ(τ̃)]

2) fi(c|I∗(τ̃)) > 0 for all c ∈ [c, ĉ(τ̃)]

To show 1), note that if α > 2c, qf,0(c, τ) > 0 for all c ∈ [c, c]. Lemma 2 indicates

that ĉ(τ |φ ≥ c) = c. Thus,the follower’s indifference condition is
√

1− τqf,1(c, τ) = qf,0(c).

From Proposition 1 we know that πl,1(c, τ̂(c)) > πl,0(c). Since τ̂(c) = τ̄ , it follows that

πl,1(c, τ) > πl,0(c). Therefore, because πl,1(c, τ) is continuous in τ , there exists τ ′ < τ such
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that πl,1(c, τ ′) > πl,0(c). Recall that ∂τ̂(c)
∂c

< 0 and πl,1(c, τ) is increasing in τ. Therefore,

πl,1(c, τ ′) > πl,1(c, τ̂(c)) > πl,0(c) for all c ∈ [c, ĉ(τ ′)].

To show 2), note that Fi(ĉ(τ)|I) =
∫ ĉ(τ)

c
fi(c|I)dc > 0. Since fi(c|I) is a continuous

function and ∂ĉ(τ)
∂τ

< 0,there exists some τ ′′ < τ such that fi(c|I) > 0 for all c ∈ [c, ĉ(τ ′′)].

Let τ̃ = max{τ ′, τ ′′}. Then, by construction

∫ ĉ(τ̃)

c

πl,1(c, τ̃)fi(c|I∗(τ̃)) >

∫ ĉ(τ̃)

c

πl,0(c)fi(c|I∗(τ̃))

implying that I∗(τ̃) > I∗(1).

PROOF OF LEMMA 5. For τ < τ̂(c), TS(c, τ) = (α−c)2
β
− (α−(1−τ)c)2

(3−τ)2β
, which is clearly

decreasing in τ .

Next, we need to show that TS1(c, τ̂) ≥ TS0(c) for τ = τ̂(c). It is convenient to write

the total surplus as a function of the follower’s equilibrium quantity qf,1(c, τ̂).

TS1(c, τ̂) = CS1(c, τ̂) + πl,1(c, τ̂) + πf,1(c, τ̂) =

=
3(α− c)2 − β2(1− τ̂)2(qf,1)2 + 2β(α− c)(1− τ̂)qf,1

8β

Similarly, we can write TS0(c) as a function of qf,0(c).

TS0(c) =
3(α− c)2 + 11β2(qf,0)2 − 2β(α− c)qf,0

8β

At the cutoff τ̂(c),
√

1− τ̂ qf,1 = qf,0. Therefore,

TS1(c, τ̂)− TS0(c) =
qf,1

8
[2(α− c)(1− τ̂ +

√
1− τ̂)− βqf,1(1− τ̂)(12− τ̂)]

Substituting for the value of qf,1 in the expression above, we obtain
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TS1(c, τ̂)− TS0(c) =
qf,1

8
α[(6− 2τ̂)

√
1− τ̂ − (6 + τ̂)(1− τ̂)]+

+
qf,1

8
c[(12− τ̂)(1 + τ̂)− (6− 2τ̂)((1− τ̂) +

√
1− τ̂)] > 0

PROOF OF PROPOSITION 6. The first order condition for optimality is:

FOC :

∫ c̄

c

[πl,i(c, τ) + σ(πJ(c)− πf,i(c, τ)− πl,i(c, τ))]fI(c|I∗∗(τ))dc− C ′(I∗(τ)) (A.2)

Applying implicit function theorem on equation (A.2) we obtain:

∂I∗∗(τ)

∂τ
=

1

−SOC
{(1− σ)πl,1τ (ĉ, τ)F (ĉ|I∗ ∗ (τ)) + σ[πf,1c (ĉ, τ)− πf,0c (ĉ)]F (ĉ|I∗∗(τ))ĉτ+

+ (1− σ)[πl,1(ĉ, τ)− πl,0(ĉ)]f(ĉ|I∗∗(τ))ĉτ−

−
∫ ĉ(τ)

c

[(1− σ)πl,1c,τ (c, τ)− σπf,1c,τ (c, τ)]FI(c|I∗∗(τ))dc}

where SOC is the second order condition, which is always negative at I∗∗(τ)

Taking the limit as τ → 0, we obtain

lim
τ→0

∂I∗∗(τ)

∂τ
s
= −

∫ c

c

[(1− σ)πl,1cτ (c, 0)− σπf,1cτ (c, 0)]FI(c|I∗(0))dc

πf,1c,τ = −2[α(1− τ)2(5 + τ)− c(11 + 5τ − 7τ 2 − τ 3)]

(3− τ)3(1− τ)2β

Therefore,
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lim
τ→0

∂I∗∗(τ)

∂τ

sgn
= −

∫ c

c

[(1− σ)
11α− 26c

27
+ σ

5α− 11c

27
]FI(c|I∗(0))dc
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Appendix B

Addendum to Chapter 2: Lost Profit Damage Rule

Another damage rule that is often cited as the most desirable compensation for infringement

is the so called lost profit damage rule. Its appeal comes from its objective of restoring the

innovator to the same position she would have enjoyed if no infringement took place. Thus,

under perfect enforceability, this kind of compensation would restore innovator’s incentives

to the same level of innovation as in absence of property right violation by the follower. This

section has the purpose of analyzing how this damage rule impacts investment incentives

under weak protection. We show that using the lost profit damage rule leads to the conven-

tional result that strengthening patent protection through increasing innovator’s likelihood

of winning a patent infringement case would result in higher innovation incentives.

The timing of the game is identical to the one considered in section 1.2 and is described

by Figure 1.1. The damage function D(ql, qf ) has the following functional form:

Assumption 3. D(ql, qf ) = max{0, (P 0 − c)ql,0 − (P 1 − c)ql,1}

That is, upon ruling in the innovator’s favor, the court rewards her an amount equal to

the difference of her profit in absence of imitation and the realized one. The profit functions

for the two firms are as follows:
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πl,i(ql, qf ) = [P (Q)− c]ql + iγD(ql, qf ) (B.1)

πf,i(ql, qf ) = [P (Q)− ic− (1− i)c̄]qf + iγD(ql, qf ) (B.2)

The infringement choice by the follower under this setting is analyzed by Anton and

Yao (2007). They find that the follower always finds it optimal to imitate since this creates

a benefit of reducing the cost of production without necessarily having to pay damages.

Notice that the innovator’s profit is affected by the follower’s output choice only to the

extent that it alters the equilibrium price. Thus, if the follower chooses to produce at the

same output level as in absence of imitation, there will be no price dissipation in equilibrium

and the innovator will not be entitled to any damage compensation even though imitation

took place.1 Thus, Anton and Yao (2007) distinguished two types of imitation choice by

the follower: passive and aggressive imitation. Aggressive imitation involves the follower

producing at a higher level relative to no imitation, resulting in positive expected damages

for γ > 0. Passive infringement involves no distortion in the output choice by the follower

and thus no compensation for the innovator. Let m ⊂ {a, p} denote the two possible choice

by the follower of aggressive and passive infringement. The lemma below characterizes the

equilibrium choice of m∗(c, γ).

Lemma 13. In equilibrium the follower always sets i∗∗(c, γ) = 1. His choice between

passive and aggressive infringement is given by m∗∗ =

{
{a} if c ≤ c̃(γ)
{p} if c > c̃(γ)

where c̃ =
(

(3−γ)c̄−γα
3−2γ

)+

.

PROOF. We first show that i∗∗(c, γ) = 1 is always an equilibrium. Note that the leader’s

best response function is always ql(qf ) = α−βqf−c
2β

independent of whether imitation occurs

1 If qf,1(c, γ) = qf,0(c), there will be no distortion in the innovator’s profit because she always finds it
optimal to set ql,1(c, γ) = ql,0(c).
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or not. Let qf,1m denote the equilibrium output of the follower when he chooses to imitate.

Then the follower’s profit can expressed as a function of qf,1m using leader’s optimal response.

πf,1(qf,1m ) =
α− βqf,1m − c

2
qf,1m − γmax

{
0,

(α− qf,0 − c)2

4β
− (α− βqf,1m − c)2

4β

}
(B.3)

If the follower chooses not to imitate, then his equilibrium output will be qf,0 as derived

in the proof of Lemma 1. His profit as a function of qf,0 will be:

πf,0 =
α− βqf,0 − c̄

2
qf,0 (B.4)

Note that the first term of equation B.3 is increasing in qf,1m and that πf,1(qf,0) =

α−βqf,0−c
2

qf,0 ≥ πf,0. Therefore, the follower will always find it optimal to set i∗∗(c, γ) = 1.

Equation B.3 also reveals that D(ql,1, qf,1m ) > 0 iff qf,1m > qf,0.

Suppose that qf,1m > qf,0. Then the equilibrium output by the two firms is as follows:

ql,1a (c, γ) =
α− c

β(3− γ)
; qf,1a (c, γ) = (1− γ)

α− c
β(3− γ)

The follower will set m = {a} iff qf,1a ≥ qf,0. Thus, the equilibrium output choices by

the two competitors are:

ql,1m (c, γ) =

{
ql,1a (c, γ) if qf,1a (c, γ) ≥ qf,0

ql,0 if qf,1a (c, γ) < qf,0
(B.5)

qf,1m (c, γ) =

{
qf,1a (c, γ) if qf,1a (c, γ) ≥ qf,0

qf,0 if qf,1a (c, γ) < qf,0
(B.6)

This implies that c̃ =
(

(3−γ)c̄−γα
3−2γ

)+

.
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Similar to the case of reasonable royalties damage rule, the effect of an increase γ

on the innovator’s profits is crucial in determining how innovation incentives respond to

stronger protection. Unlike the case of reasonable royalties,however, the innovator’s profit

under lost profit is continuous and decreasing in γ as the proposition below shows. This

occurs because the follower always chooses to imitate, which eliminates the discrete change

in the follower’s output decision, which we observed in the case of reasonable royalties.

The proposition below characterizes how the two firms’ equilibrium profits respond to an

increase in γ.

Proposition 14.

a) Follower’s equilibrium profit is weakly decreasing and continuous in γ for any cost

realization c. (i.e. dπf,1(c,γ)
dγ

≤ 0)

b) Leader’s equilibrium profit is weakly increasing and continuous in γ for any cost re-

alization c. (i.e. dπl,1(c,γ)
dγ

≥ 0)

PROOF. Continuity is straightforward to establish. From equation B.6 we know that qf,1m

is continuous in γ. In addition, the follower’s profit is continuous in qf,1m from B.3, implying

that his profit is continuous in γ. Similarly, innovator’s profit as a function of follower’s

equilibrium output qf,1m is

πf,1m = β

(
(α− βqf,1m − c)2

4β

)
+ γmax

{
0,

(α− qf,0 − c)2

4β
− (α− βqf,1m − c)2

4β

}
(B.7)

which is continuous in qf,1m .

From equations B.3 and B.7 it is also immediately obvious that follower’s profit is

increasing and innovator’s profit is decreasing in qf,1m (c, γ). Since ∂qf,1m (c,γ)
∂γ

≤ 0, this implies

that dπf,1(c,γ)
dγ

≤ 0 and dπl,1(c,γ)
dγ

≥ 0.
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Similar to the reasonable royalties damage rule, we can set up the investment optimiza-

tion problem for the innovator in the first stage and find the optimal investment function

I∗∗(γ).

max
I

∫ c̄

c

πl,1m (c, γ)f(c|I)dc− C(I)

Implicity differentiating the first order conditions, we obtain the following expression

for ∂I∗∗(γ)
∂γ

.

−∂I
∗∗

∂γ
=
−
∫ c̃
c
∂πl,1m (c,γ)
∂c∂γ

FI(c|I∗∗)dc

−
∫ c̄
c
∂πl,1m (c,γ)

∂c
FII(c|I∗∗)dc

The denominator is simply the second order condition for optimality, which is always

negative. Thus as long as ∂πl,1m (c,γ)
∂c∂γ

< 0, investment will be decreasing in the strength of

protection.

Corollary 4. ∂2πl,1m (c,γ)
∂c∂γ

< 0

PROOF. We are only interested in the regions for which m = {a}. Substituting for

qf,1m (c, γ) in equation B.5, we obtain:

πl,1a (c, γ) = (1− γ)β

(
α− c

(3− γ)β

)2

+ γβ(ql,0(c))2 (B.8)

where ql,0(c) =


α+c̄−2c

3β
if c ≥ 2c̄− α

α−c
2β

if c ≤ 2c̄− α

∂πl,1m
∂c

= −2(α− c)
β

1− γ
(3− γ)2

+ 2γβql,0ql,0c

∂2πl,1m
∂c∂γ

=
2(α− c)

β

1 + γ

(3− γ)3
+ 2βql,0ql,0c
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Since ql,0(c) is a piecewise function, there are two different regions that we need to

consider.

• c < 2c̄− α

∂2πl,1m
∂c∂γ

= 2
α− c
β

(
1 + γ

(3− γ)3
− 1

4

)
≤ 0

• c ≥ 2c̄− α

∂2πl,1m
∂c∂γ

=
2(α− c)

β
(

1 + γ

(3− γ)3
− 2

9
)− 4

9β
(c̄− c)

Using the fact that c ≤ c̃(γ), we obtain that

∂2πl,1m
∂c∂γ

≤ 2(α− c)
β(3− γ)

(
1 + γ

(3− γ)2
− 2

3

)
≤ 0

Therefore, optimal investment will be decreasing in γ for all values of γ. It is also

straightforward to show that the investment chosen by the innovator will always be less

relative to the socially optimal investment that maximizes total surplus. Therefore, the

effect of increasing γ on social surplus is ambiguous with a direct negative effect through a

reduction in ex-post welfare and a positive effect, which works its way through an increase

in investment.
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Appendix C

Proofs of Results in Chapter 3

PROOF OF LEMMA 6. Let negotiations be public, and E = X. Clearly, the buyer pro-

poses a price of 0 in each negotiation. Now, assume si is approached first. If φ1 = 0,

then PX
j (sj|φ1 = 0) = vj, yielding an expected payoff of (1 − αj)vj to the buyer. If, on

the other hand, φ1 = 1, then PX
j (sj|φ1 = 1) = 1 − vi, in which case she acquires both

goods. Anticipating these two continuation outcomes, si sets the highest price subject to

1− Pi(si)− αj(1− vi) ≥ (1− αj)vj, whose unique solution is PX
i (si) = 1− vj − αj∆. The

buyer then acquires both goods with probability 1, resulting in an efficient trade.

The buyer’s ex ante payoff from negotiating with seller i first is

πX(b) = (1− αi)(1− αj) + αi(1− αj)vi + αj(1− αi)vj. (C.1)

which, by re-labeling, is equal to her expected payoff from negotiating with seller j first,

proving her indifference to the order.

PROOF OF LEMMA 7. Let negotiations be public, and E = O. Assume for now, si is

approached first. It is straightforward to show that sj’s best response to an upstream price
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offer, P̃i is:

P ∗j (sj|P̃i) =


1− P̃i if vi < P̃i ≤ 1− vj
vj if P̃i > max{vi, 1− vj}

1− vi if P̃i ≤ min{vi, 1− vj}
vj − vi + P̃i if 1− vj < P̃i ≤ vi.

(C.2)

To find equilibrium, consider now the first negotiation. Clearly, Pi(b) = Pj(b|ρ1) = 0

in any equilibrium. To determine Pi(si), note that if si anticipates j to propose in the

downstream negotiation, then according to (C.2), si earns a nonnegative payoff whenever

Pi(si) ≤ 1−vj, leading him to post Pi(si) = 1−vj. If, on the other hand, si anticipates the

buyer to propose in the downstream negotiation, then conjecturing Pj(b|ρ1) = 0, he sets a

price such that 1−Pi(si)− 0 = vj, or Pi(si) = 1− vj. Hence, Pi(si) = 1− vj irrespective of

whether goods are substitutes or complements. The equilibrium response of sj, however,

depends on ∆.

Let ∆ ≥ 0. If si proposes in the first negotiation so that Pi = 1 − vj, then Pj(sj|ρ1 =

si) = vj by (C.2). If, on the other hand, the buyer proposes in the first negotiation

so that Pi = 0, then Pj(sj|ρ1 = b) = 1 − vi. Similarly, for ∆ < 0, (C.2) reveals that

Pj(sj|ρ1 = si) = Pj(sj|ρ1 = b) = 1− vi.

Given these equilibrium prices, the buyer purchases both goods with probability 1,

giving rise to an efficient trade and yielding an expected payoff:

πO(b) =

{
(1− αi)(1− αj) + αi(1− αj)vi + αj(1− αi)vj for ∆ ≥ 0,
(1− αi)(1− αj) + αi(1− αj)vi + αj(1− αi)vj + αiαj(−∆) for ∆ < 0.

(C.3)

By re-labeling i and j, (C.3) implies that the buyer is indifferent to the negotiation sequence

for all ∆.

PROOF OF LEMMA 8. Let negotiations be public, and E = Hi, i.e., ei = o and ej = x.

Note that public negotiations with ρ1 = si (resp. ρ1 = sj) are strategically equivalent to
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the ones with E = O (resp. E = X). Thus, equilibrium outcomes are as characterized in

Lemmas 2 and 1, respectively. This means equilibrium trade with E = Hi is efficient. Next,

using (C.1) and (C.3), we have πX(b)−πO(b) = 0 for ∆ ≥ 0, and πX(b)−πO(b) = αiαj∆ < 0

for ∆ < 0. In words, the buyer is indifferent to the order of negotiations for complements,

whereas, for substitutes, she strictly prefers to negotiate first with the supplier whose offer

is open-ended.

PROOF OF PROPOSITION 7. Parts (a) and (b) are immediate consequences of Lemmas

6-8. To prove part (c), suppose the buyer negotiates with s1 first whenever she is indifferent.

Note that the expected payoff for s1 is πE(s1) = α1P
E
1 (s1), which using (3.1) and (3.2)

implies πX(s1) − πO(s1) = α1α2(−∆) =sign −∆. This means that s1 weakly prefers an

open-ended (resp. exploding) offer with complements (resp. substitutes) irrespective of the

rival’s expiration policy.

PROOF OF PROPOSITION 8. Let negotiations be private, and ∆ < 0. It is clear that

P
E

i (b) = 0 for all E. Moreover, if E 6= X, i.e., at least one offer is open-ended, the buyer

could engender Bertrand competition with unique prices, P
E

i (si) = 1− vj, by approaching

first the supplier with an open-ended offer.

Now consider E = X. We first argue that in equilibrium, either P
X

i (si) = 1 − vj for

all i, j or P
X

i (si) = vi for all i, j. Suppressing X to save on notation, note that in any

equilibrium, P i(si) ≤ vi. We exhaust several regions.

If P i(si) ≤ 1−vj for both suppliers, then each sells with certainty, leaving P i(si) = 1−vj

the only candidate in this region. Next consider the region in which P i(si) ≤ 1 − vj and

P j(sj) > 1− vi. Then, si sells with certainty, independent of the order. As for sj, if he is

approached second, his offer is rejected with certainty, since, upon purchasing good i, the

buyer’s marginal valuation for good j is 1− vi. If, on the other hand, j is approached first,

his offer will be accepted only if max{vj−P j(sj), 1−P j(sj)−αiP i(si)} ≥ vi−αiP i(si). Since

P j(sj) > 1 − vi by hypothesis, this requires vj − P j(sj) ≥ vi − αiP i(si), or equivalently
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P j(sj) ≤ vj − vi + αiP i(si), which, by using P i(si) ≤ 1 − vj, implies P j(sj) ≤ 1 − vi,

contradicting P j(sj) > 1 − vi. This means that in this region, sj’s offer is rejected with

certainty, independent of the order, giving him a strict incentive to lower his price. Hence,

prices such that P i(si) ≤ 1− vj and P j(sj) > 1− vi cannot be sustained as an equilibrium.

Now, suppose 1−vj < P i(si) < vi−vj +αjP j(sj) and P j(sj) > 1−vi. We argue by the

following two cases that no price pair in this region can be equilibrium candidates, because

the buyer always rejects sj’s offer, giving j a strict incentive to lower his price.

• si is approached first. Then, the buyer would purchase good i if and only if max{vi−

P i(si), 1−P i(si)−αjP j(sj)} ≥ vj−αjP j(sj), which, given the hypothesis, is equiva-

lent to vi−P i(si) ≥ vj − αjP j(sj) and thus satisfied. Since good i is purchased with

certainty, the buyer’s marginal valuation for good j is 1 − vi, which is strictly less

than P j(sj) by hypothesis. Hence, sj’s offer will be rejected.

• si is approached second. In this case, sj sells his good in the first negotiation if and

only if max{vj − P j(sj), 1 − P j(sj) − αiP i(si)} ≥ vi − αiP i(si). Since P j(sj) >

1 − vi, we have 1 − P j(sj) − αiP i(si) < vi − αiP i(si). Therefore, in order for good

j to be purchased, it is necessary that vj − P j(sj) ≥ vi − αiP i(si), or equivalently

P i(si) ≥ vi−vj+P j(sj)
αi

. Note, however, that because vi − vj + P j(sj) ≥ 0, we have

vi − vj + αjP j(sj) < vi − vj + P j(sj) ≤ vi−vj+P j(sj)
αi

, which, using the hypothesis,

implies P i(si) <
vi−vj+P j(sj)

αi
. Hence, sj’s offer will be rejected.

Finally, let prices be such that P i(si) > max{1−vj, vi−vj+αjP j(sj)} for both suppliers.

Consider si. Since P i(si) > 1 − vj, an exact argument to that above reveals that if si is

approached first, the buyer will reject his offer with certainty. If, on the other hand, he is

approached second, he successfully sells only if j does not. (The latter happens whenever

sj is the first to negotiate and makes an offer.) This leads si to set the highest price,

P i(si) = vi.
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Next, we find conditions under which the surviving price pairs {PX

i (si) = 1 − vj} and

{PX

i (si) = vi} can each be sustained as an equilibrium. Since si who charges P
X

i (si) = 1−vj

guarantees to sell his good independent of the order, the best sj can do is to charge

P j(sj) = 1 − vi. Hence, the price pair, {PX

i (si) = 1 − vj} is always an equilibrium.

As for the pair, {PX

i (si) = vi}, note that given P
X

j (sj) = vj, si’s expected payoff from

setting P
X

i (si) = vi is (1 − σXi )αjvi, where σXi is the probability that the buyer visits si

first. But, for P
X

i (si) = vi to be a best response for si, there are two possible deviations

we have to discourage. The first is P
X

i (si) = 1− vj, leading to a payoff of 1− vj, and the

second is P
X

i (si) = vi− (1−αj)vj, leading to a payoff of [σXi + (1−σXi )αj][vi− (1−αj)vi].

Hence, it must be that (1 − σXi )αjvi ≥ max{1 − vj, [σXi + (1 − σXi )αj][vi − (1 − αj)vi]}.

Letting f+ ≡ max{0, f} and f[k>0] ≡
{

f, if k > 0
1, if k ≤ 0,

, this inequality is satisfied if and

only if σXi ∈ (σXi , σ
X
i ), where σXi ≡ 1 − min

{(
αi(1−αi)vi
vj−(1−αi)2vi

)
[vj−(1−αi)vi>0]

,
(

1− 1−vi
αivj

)+
}

and σXi ≡ min

{(
αj(1−αj)vi
vi−(1−αj)2vj

)
[vi−(1−αj)vj>0]

,
(

1− 1−vj
αjvi

)+
}

.

PROOF OF COROLLARY 2. Let v1 = v2 = v > 1
2
. Then, using Proposition 8 and simpli-

fying terms we obtain σX1 ≡ 1−min

{
1−α1

2−α1
,
(

1− 1−v
α1v

)+
}

and σX1 ≡ min

{
1−α2

2−α2
,
(

1− 1−v
α2v

)+
}

.

Again, by Proposition 8, an inefficient equilibrium exists if and only if σX1 < σX1 . Simple

algebra shows that this condition is never satisfied if v1 = v2 = v > 1
2
.

PROOF OF LEMMA 9. Suppose negotiations are private, and ∆ > 0. Moreover, suppose

E = O. This means the buyer makes her purchasing decisions after obtaining a private

price quote from each supplier, inducing them to play a simultaneous pricing game. Hence,

equilibrium supply prices lie at the intersection of suppliers’ best response functions. Noting

that for i, j = 1, 2 and i 6= j, P
O

i (b) = 0 in any equilibrium and exhausting several cases,
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si’s best response P
∗
i (si|P j(sj)) to j’s price offer P j(sj) is found to be:

P
∗
i (si|P j(sj)) =


1− vj if P j(sj) ≤ vj

1− P j(sj) if vj < P j(sj) ≤ 1− (1− αj)(1− vj)
1− vj if 1− (1− αj)(1− vj) ≤ P j(sj) ≤ 1− vi
1− vj if P j(sj) > 1− vi and αj(1− vj) ≤ ∆
vi if P j(sj) > 1− vi and αj(1− vj) ≥ ∆.

(C.4)

Using (C.4), it is straightforward to verify that equilibrium supply prices, P
O

i (si) are

exactly as described in text.

Lemma 14. Suppose negotiations are private, ∆ > 0 and E = O. Moreover, suppose

αi(1− vi) ≤ ∆ for all i and
∑

i αi(1− vi) ≥ ∆ so that, as identified in Lemma 9, efficient

and inefficient equilibria co-exist. Then, the buyer is weakly better off in every efficient

equilibrium.

PROOF OF LEMMA 14. Under the hypotheses of Lemma 14, Lemma 9 reveals that sup-

ply prices at an efficient equilibrium satisfy: P
O

i (si)+P
O

j (sj) = 1 and P
O

j (sj) ∈ [(1−αi)(1−

vi), 1− (1− αj)(1− vi)]. Together with αi(1− vi) ≤ ∆ and αj(1− vj) ≤ ∆ by hypothesis,

it follows that P
O

i (si) ≥ vi and P
O

j (sj) ≥ vj. Next, note that the buyer’s expected payoffs

at efficient and inefficient equilibria are given, respectively, by: πO(b|eff.) = (1 − αi)(1 −

αj) + αi(1− αj)P
O

j (sj) + αj(1− αi)P
O

i (si), and πO(b|ineff.) = πO(b|eff.)
∣∣
P
O
i (si)=vi,P

O
j (sj)=vj

.

Hence, πO(b|eff.) ≥ πO(b|ineff.).

PROOF OF LEMMA 10. Suppose negotiations are private, and ∆ > 0. Moreover, suppose

E = Hj, i.e., ei = x and ej = o. It is easily verified that for i, j = 1, 2 and i 6= j, P
Hj
i (b) = 0

and P
Hj
i (si) ∈ [vi, 1 − vj] in equilibrium.1 Given this, we next exhaust several regions to

search for equilibrium prices. To save on notation, we suppress Hj.

1 The latter follows because si guarantees a sale for any price less than or equal to vi, while his probability
of selling for any price strictly above 1− vj is 0.

104



• P i(si) + P j(sj) < 1 : Such prices cannot be sustained in equilibrium because at

least one supplier would have a strict incentive to deviate to a different price without

affecting the probability of a sale.

• P i(si) + P j(sj) = 1 : These prices can be sustained as an equilibrium. First, note

that under these prices, each supplier realizes a sale with certainty, and the buyer is

indifferent to the order of negotiations. Second, if sj is approached first and some

supplier increases his price, then the probability of sale for j will decrease, since

neither good is purchased if both suppliers end up making the offers. However, if si is

approached first, he can increase his price to P i(si) = 1−P j(sj)+(1−αj)[P j(sj)−vj]

without affecting his probability of a sale. Hence, a necessary condition for P i(si) +

P j(sj) = 1 to be part of an equilibrium is: [σi + (1− σi)(1− αj)](1− P j(sj) + (1−

αj)(P j(sj) − v2) ≤ 1 − P j(sj). However, si could also deviate to 1 − vj, in which

case he would sell only if j were negotiated first and buyer made an offer. To prevent

this deviation, we also require: 1 − P j(sj) ≥ (1 − σi)(1 − αj)(1 − vj). sj, on the

other hand, could only deviate to P j(sj) = 1 − vi. To curb this incentive, it must

be true that [σi + (1 − σi)(1 − αi)](1 − vi) ≤ P j(sj). Combining and simplifying

these three conditions, a pair of prices that satisfy P i(si) + P j(sj) = 1 if and only if

αi(1− vi) + αj(1− vj) ≥ ∆− θ
1−θvi, where θ =

√
1+4α2

j−1√
1+4α2

j+1
.

• 1 < P i(si) + P j(sj) ≤ 1 + (1 − αj)[P j(sj) − vj] : These prices cannot be part of an

equilibrium: if sj is approached first, then i sells only if the buyer proposes against

j. If, on the other hand, si is approached first, he sells with certainty, and so does

j. Since the probability of a sale does not change up to the upper bound of P i(si),

it must be that in equilibrium, P i(si) = 1− P j(sj) + (1− αj)[P j(sj)− vj]. Together

with the fact that P i(si) + P j(sj) > 1, it follows that the buyer would strictly prefer

to first negotiate with sj whose offer is open-ended. But then, si is strictly better off
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by increasing his price to P i(si) = 1− vj, yielding a contradiction.

• P i(si)+P j(sj) > 1+(1−αj)[P j(sj)−vj] : These prices can be part of an equilibrium.

Under this price structure, if sj is approached first, each supplier sells only if the

buyer proposes against the rival. If si is approached first, then i’s offer is always

rejected whereas j’s offer is accepted only if the buyer makes an offer in the previous

negotiation. Since the probability of a sale does not change as prices increase in this

region, the only equilibrium candidates are P i(si) = 1 − vj and P j(sj) = 1 − vi.

Note that under these prices the buyer is indifferent to the order of negotiation.

A possible deviation for sj is to reduce his price to vj, in which case he sells with

certainty. Such deviation is unprofitable if and only if vj ≤ (1 − αi)(1 − vi), or

equivalently αi(1 − vi) ≤ ∆. si, however, has two possible deviations: (1) Reducing

his price to P i(si) = (1 − αj)(1 − vj) + αjvi, in which case he sells if approached

first or if approached second and the buyer proposes in the previous negotiation.

(2) Charging vi, which guarantees a sale. To prevent these deviations for i, we thus

require: [σi+(1−σi)(1−αj)]((1−αj)(1−vj)+αjvi) ≤ (1−σi)(1−αj)(1−vj) and vi ≤

(1− σi)(1− αj)(1− vj). Combining these two conditions, we conclude that P i(si) =

1− vj and P j(sj) = 1− vi constitute an equilibrium if and only if αi(1− vi) ≤ ∆ for

all i. In this equilibrium, σ
Hj
i ∈ [0, σ

Hj
i ], where σ

Hj
i = min{ αj(1−αj)

1−vj−α2
j∆

∆,
∆−αj(1−vj)
(1−αj)(1−vj)}.

PROOF OF LEMMA 11. Suppose negotiations are private, and ∆ > 0. Moreover, suppose

E = X. Analogous to Lemma 10, it is clear that P
X

i (b) = 0 and P
X

i (si) ∈ [vi, 1 − vj]

in equilibrium. Suppressing X, note that when approached first, si sells his good with

certainty if and only if 1 − P i(si) − αjP j(sj) ≥ (1 − αj)vj, or equivalently P i(si) ≤ 1 −

vj − αj[P j(sj) − vj]. Thus, for both suppliers’ offers to be accepted irrespective of the

order we must have P i(si) ≤ 1 − vj − αj[P j(sj) − vj] for both suppliers. Since both
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suppliers are guaranteed a sale in this region, they would maximize their payoff by making

the inequality binding. It follows that the only equilibrium price candidates in this region

are P i(si) = 1
1−αiαj [(1 − αj)(1 − vj) + αj(1 − αi)vi]. It is straightforward to show that

these prices are part of an equilibrium if and only if the buyer visits si with probability

σi ∈ [1−P i(si)
1−vj ,

P j(sj)

1−vi ]. Since 1−P i(si)
1−vj ≤

P j(sj)

1−vi holds for all parameter values, the equilibrium

always exists.

Exhausting other regions where P i(si) > 1 − vj − αj[P j(sj) − vj] for some si, we

observe that the only other equilibrium candidate lies in the region where P i(si) > 1 −

vj − αj[P j(sj) − vj] for both suppliers. For such prices, each supplier sells only if he

is approached second and the buyer proposes in the previous negotiation, leading each

supplier to set P i(si) = 1 − vj. For these prices to be an equilibrium, we need to prevent

two possible deviations for si. The first one is to set P i(si) = vi, in which case i’s offer

would be accepted with probability 1. Such a deviation would not be profitable to si if and

only if the buyer mixes over the order with probability σi such that σi ≤ 1 − vi
(1−αj)(1−vj) .

The second deviation is to a price P i(si) = (1 − αj)(1 − vj) + αjvi, which is accepted

with probability σi + (1 − σi)(1 − αj). This deviation is unprofitable to si if and only if

σi ≤ αj(1−αj)M
1−vj−α2

jM
. Combining the two requirements, we see that P i(si) = 1 − vj is a best

response for si to P j(sj) = 1 − vi if and only if σi ≤ min
{
αj(1−αj)M
1−vj−α2

jM
,

∆−αj(1−vj)
(1−αj)(1−vj)

}
≡ σXi .

Switching labels and recalling that σi + σj = 1, we conclude that the same is also true for

sj if and only if σi ≥ 1 −min{ αi(1−αi)
1−vi−α2

i∆
∆, ∆−αi(1−vi)

(1−αi)(1−vi)} ≡ σXi . Note that if αi(1 − vi) > ∆

for some i, then [σXi , σ
X
i ] = {}. Hence, the price pair, P i(si) = 1 − vj is supported as an

equilibrium if and only if αi(1− vi) ≤ ∆ for all i and σXi ≤ σXi .

PROOF OF PROPOSITION 9. Suppose negotiations are private, and ∆ > 0. To prove

part (a), fix some parameter values, αi, αj, vi, and vj. Note that if there exists an efficient

equilibrium under E = O, then by Lemma 9 it must be true that αi(1−vi)+αj(1−vj) ≥ ∆.
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Using Lemma 10, this condition implies that for the same parameter values, there also exists

an efficient equilibrium under E = Hj. Since by Lemma 11 an efficient equilibrium always

exists under E = X, we say that an efficient equilibrium is easier to support as more offers

become exploding. A similar argument reveals that an inefficient equilibrium, however, is

harder to obtain as more offers become exploding. Together these two observations prove

part (a): all else equal, equilibrium trade is more likely to be efficient as more offers become

exploding.

Part (b) easily follows from Lemmas 9-11. To show part (c), we consider two cases.

• αi(1 − vi) + αj(1 − vj) < ∆ : by Lemma 4 there is a unique inefficient equilibrium

under E = O, yielding the following payoff to the buyer: πO(b) = (1− αi)(1− αj) +

αi(1 − αj)vj + αj(1 − αi)vi. Under E = X, both efficient and inefficient equilibria

are possible. It is easy to verify that the buyer’s payoff at the inefficient equilibrium

is equal to πO(b). Using the prices from part (a) of Lemma 11 and simplifying

terms, we have πX(b) = 1 − αiP
X

i (si) − αjP
X

j (sj), implying that πX(b) − πO(b) =

αiαj(1− αi)(1− αj)∆ > 0. Hence, the buyer is better off under E = X than under

E = O.

• αi(1 − vi) + αj(1 − vj) ≥ ∆ : under E = O there are efficient equilibria such that

P
O

i (si)+P
O

j (sj) = 1, at which the buyer’s payoff is: πO(b) = 1−αiP
O

i (si)−αjP
O

j (sj).

Comparing πO(b) with πX(b) = 1 − αiP
X

i (si) − αjP
X

j (sj), the buyer’s payoff at an

efficient equilibrium under E = X, it follows that πO(b) ≥ πX(b). Although inefficient

equilibria are still possible under both E = O and E = X, the buyer’s payoffs are

equal at those. Therefore, the buyer is better off under E = O than under E = X.

Combining the two cases, we conclude that the buyer is better off when E = X than

when E = O if and only if
∑

i αi(1− vi) < ∆.

To complete the proof of part (c), suppose vi = vj = 0 and αi + αj < 1. By Lemma 9,
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there is only inefficient equilibrium under E = O, and si’s payoff is πO(si) = αi(1 − αj).

Under E = X, on the contrary, equilibrium is always efficient by Lemma 11, and si’s payoff

is πX(si) = αi
(1−αj)
1−αiαj . Comparing the two payoffs, it is clear that πX(si) > πO(si).

PROOF OF PROPOSITION 10. Let ∆ < 0. If E 6= X, we know from Propositions 7

and 8 that the buyer can always secure the Bertrand prices under both public and private

negotiations by visiting first the supplier whose offer is open-ended, making her indifferent

between the two types of negotiations. Now, suppose E = X. Under public negotiations,

the buyer’s payoff, πX(b) is given in (C.3). Under private negotiations, the buyer’s payoff

at an efficient equilibrium is equal to the one under public negotiations with open-ended

offers, i.e., πX(b) = πO(b); because both generate Bertrand prices in equilibrium. Since

πO(b) > πX(b) for ∆ < 0, we have πX(b) > πX(b). If the equilibrium under private

negotiations is inefficient, then it is easily verified that πX(b) = πX(b). Hence, when

E = X, the buyer is weakly better off under private negotiations.

PROOF OF COROLLARY 3. This directly follows from Corollary 2 and the proof of

Proposition 10.

PROOF OF PROPOSITION 11. Let ∆ > 0. For
∑

i(1 − αi)vi < ∆, only the inefficient

equilibrium is possible under private negotiations, and Propositions 7 and 9 reveal that

πO(b) = πO(b|ineff). For
∑

i(1−αi)vi ≥ ∆, both efficient and inefficient equilibria can arise

under private negotiations, and by Lemma 14, we have πO(b|eff) ≥ πO(b|ineff) = πO(b),

proving part (a). Together with Proposition 7, parts (b) and (c) follow from Lemmas 10

and 11, respectively.

PROOF OF LEMMA 12. Suppose negotiations are partially private, and E = X.

• The upstream price offer, Pi is public.

Let φ1(Pi) be the equilibrium probability that the buyer purchases good i. Clearly,

P̂i(b) = P̂j(b) = 0 in any equilibrium. Suppose ∆ < 0. Setting P̂j(sj) ∈ (1 − vi, vj) would
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not change the probability of a trade in the downstream, and hence P̂j(sj) = 1 − vi or

vj in equilibrium. As with private negotiations, the Bertrand prices, P̂i(si) = 1 − vj and

P̂j(sj) = 1 − vi, form an equilibrium, because it is a dominant strategy for the buyer to

purchase each good at this price irrespective of the other’s. Next, suppose that P̂j(sj) = vj

is part of an equilibrium. Then, we must have φ1(Pi) ∈ (0, 1) whenever Pi 6= 0, which

requires the buyer to be indifferent in the upstream purchase:

αj[vi − P̂i] + (1− αj)[1− P̂i] = (1− αj)vj,

implying P̂i(si) = 1 − vj − αj4. To show that the price pair P̂i(si) = 1 − vj − αj4 and

P̂j(sj) = vj cannot be part of an equilibrium, we consider two possible best replies for j

whenever he observes a deviation to Pi(si) < 1−vj−αj4 by si. The first is P̂j(sj) = 1−vi,

in which case the buyer would expect to purchase from j with certainty and thus reject i’s

offer, i.e., φ1(Pi(si)) = 0, contradicting φ1(Pi) 6= 0. The second is P̂j(sj) = vj, in which case

si would have a strict incentive to charge Pi(si) = 1− vj − αj4− ε in order to guarantee

a sale, contradicting φ1(Pi) 6= 1. Hence, P̂j(sj) = vj cannot be part of an equilibrium.

Next, suppose ∆ ≥ 0. Similar to ∆ < 0, there are only two possible prices for sj in

equilibrium: P̂j(sj) = 1 − vi, which is accepted only if good i is purchased, or P̂j(sj) =

vj, which is accepted regardless. If P̂j(sj) = 1 − vi, then good i is purchased whenever

1 − Pi(si) − αj(1 − vi) ≤ (1 − αj)vj for the buyer, or equivalently Pi(si) ≤ 1 − vj − αj4.

This means that the price pair P̂i(si) = 1 − vj − αj4 and P̂j(sj) = 1 − vi is part of an

equilibrium, and trade is efficient in this equilibrium. P̂j(sj) = vj, on the other hand,

cannot be part of an equilibrium: expecting good j to be purchased with certainty, si

would then set P̂i(si) = 1− vj. If si deviated to a lower price, then sj would either respond

by Pj(sj) = 1 − vi, in which case φ1(Pi) = 0 giving sj a strict incentive to lower his price

to vj, or by Pj(sj) = vj, in which case si would have a strict incentive to reduce his price

to 1− vj − ε.
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• The upstream price offer, Pi is confidential.

In this case, the downstream supplier, sj can only conjecture φ1. First, let ∆ < 0.

Given equilibrium φ1, sj can either charge 1 − vi and sell his good with probability 1 or

charge vj and sell it with probability 1− φ1. Thus, the best response of sj is

Pj(sj|φ1) =

{
1− vi if φ1 > −∆

vj
,

vj if φ1 ≤ −∆
vj
.

(C.5)

If Pj(s|φ1) = vj in equilibrium, then

φ1|(Pj = vj) =


1 if Pi < 1− vj

[0, 1] if Pi = 1− vj
0 if Pi > 1− vj

Knowing buyer’s purchasing strategy, si would propose a price of 1 − vj − ε, inducing

φ1 = 1. However, sj would then deviate to 1 − vi 6= vj, yielding a contradiction. Hence,

we must have Pj(sj|φ1) = 1− vi in equilibrium, which, in turn, implies φ1 > −∆
vj

by (C.5).

Note that if the buyer proposes in the upstream, then Pi(b) = 0; and good i is acquired

with certainty. If, on the other hand, si proposes, then the buyer accepts if and only if

1−Pi(si)−αjPj(sj|φ1) ≥ vj−αjPj(sj|φ1), which implies Pi(si) = 1−vj, and hence φ1 = 1.

Anticipating this, Pj(sj|φ1 = 1) = 1− vi. As a result, the same equilibrium with Bertrand

prices is uniquely obtained for ∆ < 0 irrespective of the upstream price being public or

confidential. And we know from Proposition 8, trade is efficient in this case and the buyer

is indifferent to the order.

Next, let ∆ ≥ 0. We first show that the price pair P̂i(si) = 1− vj − αj4 and P̂j(sj) =

1− vi is part of an equilibrium. Similar to (C.5), sj’s best reply is

Pj(sj|φ1) =

{
1− vi if φ1 > 1− ∆

1−vi ,

vj if φ1 ≤ 1− ∆
1−vi .
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Note that if the buyer makes the offer over good i, she purchases it with certainty.

Depending on α1, there are two parametric cases to consider:

• αi < ∆
1−vi : Then, since φ1 ≥ 1 − αi, we have Pj(sj|φ1) = 1 − vi, independent of

Pi(si). Thus, si sells his item if and only if 1−Pi(si)−αj(1− vi) ≥ (1−αj)vj, which

implies Pi(si) = 1− vj − αj∆. Given Pi(si), Pj(sj|φ1), and Pi(b) = 0, it follows that

φ1 = φ2 = 1.

• αi ≥ ∆
1−vi : In this case, given Pi(si) = 1 − vj − αj∆, we have φ1 = 1, which implies

Pj(sj|φ1) = 1− vi.

Next, we show that this equilibrium is unique. Clearly, by the above argument, this is

so for αi <
∆

1−vi . For αi ≥ ∆
1−vi , suppose φ1 ≤ 1 − ∆

1−vi in equilibrium. If φ1 = 0, then

Pj(sj|φ1) = vj. Then, si would offer a price such that 1 − Pi(si) − αjvj > (1 − αj)vj, or

equivalently Pi(si) < 1− vj and induce the purchase of good i, contradicting φ1 = 0. If, on

the other hand, 0 < φ1 ≤ 1− ∆
1−vi , then, the buyer must be indifferent between accepting

and rejecting seller’s offer in the first negotiation. Such indifference, however, can occur

only if Pi(si) = 1− vj − αj∆. Below this price, good i is acquired with certainty, giving a

strict incentive to si to lower his price by ε. Hence, 0 < φ1 ≤ 1− ∆
1−vi cannot be part of an

equilibrium. As a result, φ1 > 1− ∆
1−vi generating the same equilibrium prices as described

above. Moreover, it follows that φ1 = φ2 = 1 in equilibrium, generating an efficient trade.

Finally, given the efficiency of trade and prices in Lemma 12, the buyer’s expected pay-

offs are exactly the same as πO(b) and πX(b) for substitutes and complements, respectively,

implying that the buyer is indifferent to the order in each case.

PROOF OF PROPOSITION 12. With substitutes, the result follows from Proposition 10

and Lemma 12; and with complements it follows from Proposition 11 and Lemma 12.

PROOF OF PROPOSITION 13. Let Dj
i (d̂i) denote si’s belief of the buyer’s disclosure to

sj given that he is disclosed, d̂i. In what follows, suppose both suppliers hold “passive”
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beliefs: Dj
i (d̂i) = d∗j for all d̂i and i 6= j. Note that with substitutes, d∗i = {s} for all i is

sustained in equilibrium because, by Lemma 12, the buyer uniquely obtains Bertrand prices

under partially private negotiations, leaving her no strict incentives to deviate. To show

d∗i = {} for all i is part of an equilibrium with complements, consider first the case with E =

X. Clearly, the buyer has no incentive to deviate d̂2 = {φ1} in the downstream, because

then she would lose all the surplus. If the buyer expected an efficient equilibrium, then she

would not deviate to d̂2 = {s} either; because, knowing the order, the downstream supplier

would strictly increase his price. If, instead, the buyer expected an inefficient equilibrium,

from the proof of Lemma 11 we know that only the downstream seller would realize a sale,

and thus would not change his price. As for the upstream negotiation, under the efficient

pricing equilibrium, a deviation to d̂1 = {s} would not result in any price change, because

si would then set Pi(si) that satisfies 1− Pi(si)− αjP
X

j (si) = (1− αj)vj, yielding exactly

the same price as the efficient equilibrium in Lemma 11. Under an inefficient equilibrium,

a deviation to d̂1 = {s} would result in Pi(si) = 1 − vj − αj4, under which the buyer

would simply be indifferent between accepting and rejecting the offer. Next, consider the

case with E = O. Note that a deviation to d̂2 = {P1} would not make the buyer better off

because then the downstream supplier would extract the remaining surplus. In addition,

under E = O, since the order is inconsequential, a deviation to d̂2 = {s} is not profitable

in the downstream either, and by the same token, neither is a deviation to d̂1 = {s} in the

upstream. Similar arguments for E = X and E = O also apply to the case with Hj. Thus,

d∗i = {} for all i, i.e., private negotiations, is part of an equilibrium with complements,

completing the proof of part (a).

To prove part (b), consider equilibrium disclosure d∗1 = {s} and d∗2 = I2, corresponding

to public negotiations. Suppose E = X. Since Dj
i (d̂i) = d∗j , deviating to d̂2 = {s} would

not change equilibrium prices because, knowing the sequence, the downstream supplier

would conjecture φ1 = 1. Next, define σ̂i(d̂i) to be si’s belief about being in the upstream
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when he is disclosed d̂i; in particular σ̂i({}) = 1 if ∆ < 0 and σ̂i({}) = 0 if ∆ ≥ 0.

Since, by Lemmas 1 and 2, Pi(si|d̂i = {}) =

{
1− vj − αj4 if 4 < 0

1− vj if 4 ≥ 0
, the buyer has

no incentive to deviate to d̂i = {}. Now, suppose E = O. If 4 < 0, then a deviation

d̂i 6= d∗i is not profitable to the buyer because Dj
i (d̂i) = d∗j implies that si anticipates a

sale only if Pi(si) ≤ 1 − vj. For 4 ≥ 0, d̂i = {} is analogous to E = X: if σ̂i({}) = 1,

then Pi(si|d̂i = {}) = 1 − vj, leaving no incentive to the buyer to deviate. A deviation

to d̂2 = {s} would also prove unprofitable to the buyer as long as si conjectures that the

upstream offer was made by the buyer. More formally, define ρ̂i(d̂i) to be si’s belief about

the identity of the proposer in negotiation j. Under ρ̂i(d̂2 = {s}) = b, the buyer would not

deviate to d̂2 = {s} because Pi(si|d̂2 = {s}) = 1 − vj. In a similar fashion, we can find

beliefs that support d∗1 = {s} and d∗2 = I2 in equilibrium under E = Hj.

Below we briefly explore the possibility of lotteries and re-examine the buyer’s preference

between public, private and partially private negotiations. Suppose, whenever it is his turn,

si makes an offer, (qi, Pi(si)), where Pi(si) is the lottery price and qi is the probability that

the good is delivered to the buyer. That is, if the buyer accepts si’s offer, she pays Pi(si) but

obtains the good with probability qi. To save space, we only consider the cases with E = X.

It is easy to verify that it is optimal for suppliers not to use lotteries in equilibrium under

public and private negotiations; hence equilibrium prices and payoffs remain unchanged in

these cases. Thus, the following sequence of results (except for Proposition 15) provide an

equilibrium characterization for partially private negotiations where the upstream offer is

publicly observed, but the buyer’s acceptance decision is private.

Lemma 15. Suppose goods are complements. Then, the buyer is indifferent to the order

and prices are given by P̂i(b) = 0 for all i and
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(q̂i, P̂i(si)) = (1, 1− vj − αj∆)

P̂j(sj|q̂i) = 1− vi
if αj ≤ 1−vj

1−vi

(q̂i, P̂i(si)) = (
vj

1−vi ,
vj(1−vj)

1−vi )

P̂j(sj|q̂i) = vj
if αj >

1−vj
1−vi .

(C.6)

PROOF.. Suppose the buyer visits first si. If qi ≤ vj
1−vi , then sj sets Pj(sj) = vj, in which

case si chooses the highest price that satisfies Pi(si) ≤ qi(1 − vj). Then, the optimal

offer is q̂i =
vj

1−vi and P̂i(si) =
vj(1−vj)

1−vi . If qi >
vj

1−vi instead, then Pj(sj) = 1 − vi, in

which case si’s offer must satisfy Pi(si) ≤ qi(1− vj − αj4), resulting in the optimal offer:

q̂i = 1 and P̂i(si) = 1 − vj − αj4. Comparing si’s profits (or simply his prices) across,

the result in (C.6) follows. Using (C.6), it is easy to show that the buyer’s expected payoff

is π̂(b) = (1 − αi)(1 − αj) + αi(1 − αj)vj + αj(1 − αi)vi, regardless of who is visited first,

proving her indifference in the order.

Lemma 16. Suppose goods are substitutes. Then, P̂i(b) = 0 for all i, and

• if αi >
(1−vi)(1−vj)

∆2 for all i, then the buyer is indifferent to the order; and qi = −∆
vj

,

P̂i(si) = −∆
vj

(1− vj − αj∆) and P̂j(sj|qi) = vj;

• if αi ≤ (1−vi)(1−vj)
∆2 for some i, then the buyer negotiates first with si whenever αi ≤ αj,

in which case qi = 1, P̂i(si) = 1− vj, and P̂j(sj|qi) = 1− vi.

PROOF OF LEMMA 16. Suppose the buyer visits first si. If qi ≤ −4vj , then Pj(sj) = vj,

in which case si’s optimal offer is q̂i = −4
vj

and P̂i(si) = −∆
vj

(1− vj − αj∆).

If qi > −4vj , then Pj(sj) = 1− vi, in which case q̂i = 1 and P̂i(si) = 1− vj. Comparing

his prices, note that si prefers q̂i = −4
vj

to q̂i = 1 if αi ≥ (1−vi)(1−vj)
42 . In this case,

π̂(b) = (1−αi)(1−αj) +αi(1−αj)vj +αj(1−αi)vi, which is strictly lower than the payoff

the buyer obtains when both suppliers charge their Bertrand prices, i.e., P̂i(si) = 1 − vj.
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Thus, if αi ≤ (1−vi)(1−vj)
42 for some i, then it is optimal for the buyer to negotiate first the

supplier whose bargaining power is smaller so that she can engender Bertrand prices for

both.

Lemma 17. With complements, the buyer obtains the same expected payoff with or without

lotteries. With substitutes, the buyer is strictly worse off with lotteries than without them

if αi >
(1−vi)(1−vj)

∆2 for all i; otherwise, she is indifferent between the two.

PROOF OF LEMMA 17. With complements, the result follows from Lemmas 12 and 14.

With substitutes, it follows from Lemmas 12 and 15.

Proposition 15. Suppose lotteries are feasible, and the upstream offer is publicly observed

under partially private negotiations. Then, with complements, the buyer weakly prefers

private negotiations as in the case without lotteries. With substitutes, if vi = v and αi >

(1−v)2

(1−2v)2
for all i, then, unlike the case without lotteries, the buyer strictly prefers private

negotiations.

PROOF OF PROPOSITION 15. With complements, the result follows from Lemma 16

and Proposition 12. With substitutes, suppose vi = v and αi >
(1−v)2

(1−2v)2
for all i. Then,

under private negotiations, Corollary 2 reveals that the unique equilibrium is efficient and

P i(si) = 1− v for all i, and by Lemma 15, these prices are strictly more favorable for the

buyer than the ones under partially private negotiations.
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