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ABSTRACT

This paper compares market profit and social welfare levels between differentiated Bertrand and Cournot duopoly. We start with a basic model in which a firm with a production technology can license its new technology to a potential rival who can use the technology to produce a differentiated product and compete with the incumbent firm. It is found that for any given technology level, Bertrand competition is necessarily more profitable but less socially desirable, due to the higher royalty rate. By contrast, if the licensee firm is an incumbent firm, the results hold if the technology level is high. Furthermore, if we assume the licensor firm can engage in product innovation and choose its optimal technology endogenously, the welfare ranking is reversed (still holds) if the R&D efficiency is high (low).
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Bertrand vs. Cournot Competition with Product Innovation and Licensing
1. Introduction 

During the past decades, rapid growth in intellectual property right trading in world markets has led to a significant increase in technology licensing among firms.
 Nadiri (1993) finds that international payments for patents, licenses and technical know-how have been growing substantially.
 This trend is particularly significant with respect to product innovation (Cohen et al., 1996; Arundel and Kabla, 1998). For example, Qualcomm licensed its brand new wireless technology which is a product innovation to its equipment manufacturers such as Motorola who uses the licensed technology to produce its own wireless devices (Mock 2005). BlackBerry licensed its innovated wireless e-mail services to Nokia (Frankel 2005). Biovail Corp. licensed from Depo Med, Inc. the rights to manufacture and market a once-daily metformin product that was undergoing Phase 3 clinical trials for Type II diabetes.
 There is a common feature of the above examples: A licensor firm licenses its product innovation to and competes in the output market with a licensee firm. The purpose of this paper is to compare the relative merits between Bertrand and Cournot equilibria if an incumbent firm who possesses a product innovation, license the innovation to either a potential entrant or the other incumbent firm who produces a differentiated product and compete with the licensor firm in the product market. 
In a seminal paper, Singh and Vives (1984) show that Bertrand competition is more socially desirable but less profitable for firms than Cournot competition when goods are substitutes. Their result has been challenged by sizeable theoretical literature. Much of the concern focuses on the impact of a firm’s R&D investment on the relative merits of Bertrand and Cournot competition (for example, Delbono and Denicolo, 1990; Reynolds and Isaac, 1992; Qiu, 1997; Bonanno and Haworth, 1998; Boone, 2001; Symeonidis, 2003 and Mukherjee, 2011). They all suggest that Cournot competition could become more socially desirable if firms can carry out process R&D before production. Moreover, the result in Singh and Vives (1984) is overturned if their model is extended in other directions such as by endogenizing the number of firms (Häckner, 2000 and Mukherjee, 2005), or by introducing a spatial framework (D'Aspremont and Motta, 2000 and Liang et al., 2006), a labor union (López and Naylor, 2004), mixed oligopoly (Ghosh and Mitra, 2010), cost-reducing licensing  (Mukherjee, 2010; Li and Ji, 2010), or a vertical market structure (Mukherjee et al., 2012). This paper aims to compare the relative merits between Bertrand and Cournot equilibria via a new direction by introducing product innovation and licensing. 
Our basic model works as follows. There is only one incumbent firm in the market. If this incumbent firm does not license its technology to a rival, it will be a monopolist in the product market, earning a monopoly profit. He may instead choose to license its technology to a potential rival who will produce a horizontally differentiated product (due to a different location and/or brand) and compete with the licensor firm in either Cournot or Bertrand fashion.
The remainder of this paper is organized as follows. Section 2 introduces our basic model and compares the equilibria under Cournot and Bertrand competition. Section 3 examines the case in which the licensee firm is an incumbent. Section 4 investigates and compares the long run equilibria in which the innovation can further carry out product R&D under Cournot and Bertrand competition. Section 5 concludes the paper.
2. The Basic Model
Assume there is an incumbent firm, firm 1, who owns a technology which can be used to produce a product (called product 1) to be sold in a market. Firm 1 may license its technology to a potential rival, firm 2, who can use the technology to produce a differentiated product (called product 2) and compete with the licensor firm in the same market.
 The two products though developed by the same technology, are horizontally differentiated due to different plant locations or brand names. Following Singh and Vives (1984), the demand and the inverse demand functions for the two products are specified as follows:
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 are the outputs and prices of the two products respectively; 
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 is the price intercept; 
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denotes the own-price effect which is assumed to be greater than 
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, the cross-price effect. Firm 1 licenses its technology to firm 2 via a two-part tariff licensing contract, i.e., an upfront fee (
[image: image9.wmf]F

) plus a per-unit royalty (
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). Following Singh and Vives (1984), we assume the marginal costs of the two firms to be nil for simplicity.
 With no licensing, firm 1 is a monopolist in the market, earning a monopoly profit (
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).
 With licensing, the market becomes that of differentiated duopoly. 
The game in question consists of two stages. In the first stage, firm 1 determines the optimal royalty and fixed fee and firm 2 determines whether or not to accept the licensing contract. In the second stage, the two firms compete in either Bertrand or Cournot fashion. The sub-game perfect Nash equilibrium is solved through backward induction. We begin our analysis by considering the Cournot regime first, followed by the Bertrand regime. Then, we compare the equilibria under the two regimes.

Given the above setting, the profit functions of firm 1 and firm 2 under the Cournot regime are specified respectively as follows:
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By substituting the inverse demand functions defined before into 
(3)

, then differentiating them with respect to (2)

 and  GOTOBUTTON ZEqnNum987444  \* MERGEFORMAT  and 
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 respectively, we can derive the first-order conditions for profit maximization of the two firms as follows:
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The second-order and the stability conditions are all satisfied given the linear demands. From (4) and (5), we can derive the equilibrium outputs and the comparative static effects are derivable as follows:
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where variables with a superscript “C” represent that they are associated with the Cournot regime. They show that an increase in the royalty rate increases the output of the licensor firm but decreases that of the licensee firm.  By using 
(5)

, we can depict the reaction functions of the two firms. In Figure 1, (4)

 and  GOTOBUTTON ZEqnNum658074  \* MERGEFORMAT  denotes the reaction function of firm 1, which by (4) is not affected by the royalty rate, while 
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 which is on the 45 degree line. By contrast, if 
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 is very high, it would drive firm 2 out of the market and the equilibrium will be at 
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 under Cournot competition. In addition, the profit of firm 1 at point D is that of monopoly, i.e., 
[image: image33.wmf]1

M

p

which is equal to the one with no licensing.
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Figure 1.The reaction functions under Cournot competition

We now move to the first stage of the game to derive the optimal licensing contract. Following the licensing literature, we assume that the licensor firm can extract from the licensee firm the entire rent accrued from the technology.
 Hence, the fixed fee charged by the licensor firm is defined as follows:  
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By substituting (2)

, we can rewrite the profit function of firm 1 as follows:



(8)

 into (6)

 and 
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By differentiating [image: image38.wmf]r
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 with respect to  GOTOBUTTON ZEqnNum986522  \* MERGEFORMAT  and applying the envelope theorem, we can derive the first-order condition for profit maximization as follows:
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. From this equation, we can derive the optimal royalty rate as follows:
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which is necessarily positive by 
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, we further derive that (10)

 into (7)

. By substituting  GOTOBUTTON ZEqnNum801034  \* MERGEFORMAT . We can also use Figure 2 to illustrate the derivation of the optimal royalty. The ellipse curves are iso-market-profit contours. Point G represents the joint profit maximization equilibrium. By (9), the objective of firm 1 is to choose a royalty rate to maximize the market profit which is equivalent to the profit earned from its own product plus the licensing revenue.
 If r is equal to 0, the equilibrium will be at point C. As r increases, the equilibrium moves downward along the output equilibrium path CD. Firm 1’s profit is maximized at point C* at which the market profit contour is tangent to the output equilibrium path and the optimal royalty rate is exactly the one derived from (10)

.
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Figure 2. Equilibria under Bertrand and Cournot competition
By comparing the profit levels of the licensor firm with and without licensing, we can derive that 
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. This result can also be found by comparing the profits between Points D and C* in Figure 1. Based on the above discussions, we can conclude that licensing necessarily occurs under Cournot competition. The economic intuition of the result is straightforward. Licensing a product innovation to a potential rival generates two effects—a positive variety effect and a negative competition effect. If the two products are homogeneous (i.e.,
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), the variety effect is nil while the competition effect is negative. Under such a circumstance, licensing erodes its profit and firm 1 prefers no licensing. On the other hand, if the two products are independent, the competition effect is absent while the variety effect is positive. As a result, firm 1 should always license its technology to a potential rival and use the two-part tariffs to extract the entire rent from it. By doing so, firm 1 can enjoy monopoly profits from both markets. If the two products are substitutes, both effects are in force. It turns out that the variety effect definitely dominates the competition effect as firm 1 can use its first-mover advantage to set a high royalty to weaken the competition from the licensee firm.

We now move to solve the Bertrand equilibrium. By substituting the demand functions into 
(3)

, and then differentiating them with respect to (2)

 and  GOTOBUTTON ZEqnNum987444  \* MERGEFORMAT  and 
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The second-order conditions and the stability condition are all satisfied given the linear demand assumption. By routine calculation, we can derive the equilibrium prices from (12)

 as follows:(11)
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where variables with a superscript “B” represent that they are associated with the Bertrand regime.
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 If the royalty rate is equal to 0, the two reaction functions intersect at Point B which is on the 45o line. As 
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Figure 3.The reaction functions under Bertrand competition

In what follows, we shall work out the equilibrium for the first-stage game to derive the optimal royalty.
Again, the objective function of firm 1 in the first stage is to maximize the profits from firm 1’s own product and from licensing revenue, which is specified as follows:
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 with respect to  GOTOBUTTON ZEqnNum256867  \* MERGEFORMAT  and applying the envelope theorem, we can derive the first-order condition as follows:
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. The optimal royalty rate is derivable as follows: 
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    We can use Figure 2 to illustrate the derivation of the optimal royalty rate, 
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 line portrays the equilibrium output path for the royalty rates from zero to infinity. Point B is the licensing equilibrium if the royalty is set to zero.
 The optimal royalty rate is the one which generates the highest market profit. This occurs at Point B* at which a market profit contour is tangent to the equilibrium output path.  Hence, in the first stage, firm 1 chooses 
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 to shift the two reaction curves inward to be intersected at B*.

The optimal fixed fee is derivable by substituting the optimal royalty rate into the fixed fee function in 
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 to obtain  GOTOBUTTON ZEqnNum738014  \* MERGEFORMAT . Comparing the profits of firm 1 with and with no licensing (i.e., points B* and D in Figure 2), we can derive that: 
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It indicates that licensing necessarily occurs under the Bertrand regime as well. This result together with that under the Cournot regime leads to the following proposition.
Proposition 1. The licensor firm always has an incentive to license its innovation to a potential rival.
By comparing (16)

, we can derive that(10)

 and 
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    It implies that the optimal royalty rate is higher under Bertrand than Cournot competition.  The economic explanation for this result is as follows. As we mentioned before, the objective of firm 1 in the first stage of the game is to maximize the joint profits of the two firms (or the market profits, equivalently). Relative to the output which maximizes the joint profits, the output under the Bertrand (Cournot) equilibrium is much too high (too high). As a result, the licensor firm needs to set a high (low) royalty. We can thus establish the following proposition:
Proposition 2. The optimal royalty rate under Bertrand competition is definitely higher than that under Cournot competition.
By comparing the equilibrium outputs under the two regimes, we derive that 
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. It implies that the market output is higher under Cournot than Bertrand competition.  This result is contrary to that concluded by Singh and Vives (1984).  It implies that licensing plays an important role when we compare the relative merits of the two competition modes. By substituting the equilibrium outputs, prices and licensing contracts into the corresponding profits of the licensor under the two regimes, we can derive that
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. 
It implies that firm 1’s profit is higher under Bertrand than Cournot competition, which is contrary to that concluded in Singh and Vivies (1984). This is because the high royalty rate under Bertrand competition decreases the market output and thereby increases the market profit. This result can also be verified by the profit contours associated with points B* and C* in Figure 2. Thus, we can construct the proposition as follows:

Proposition 3. With product licensing, market output is smaller but market profit is higher under Bertrand than Cournot competition. 
We then compare the social welfare levels. Social welfare consists of consumer surplus of the two products and the profits of the two firms. As the marginal costs of the two firms are the same with licensing, the welfare ranking between the two regimes depends on the equilibrium prices. Since the market outputs are lower under Bertrand competition, the corresponding market prices must be higher and the social welfare must be lower. Therefore, we can establish the following proposition: 
Proposition 4. With product licensing from an incumbent to a potential rival, Cournot competition is socially more desirable than Bertrand competition.
It is well known in the literature that Bertrand competition is socially more desirable than Cournot competition as it yields a lower price and higher social welfare. But this result is reversed if product licensing takes place between an incumbent and a potential rival. The intuition is that the incumbent would impose a higher royalty under Bertrand competition. This higher royalty increases the prices, making Bertrand competition socially undesirable as relative to Cournot competition. 
3. PRODUCT INNOVATION AND LICENSING UNDER DUOPOLY
For simplification, we have assumed that the licensee is a potential entrant which has an incentive to acquire the technology from firm 1 as it cannot manufacture the product without the technology. In this section, we relax this setup by assuming the licensee firm (i.e., firm 2) also being an incumbent. Firm 2 has an incentive to acquire the technology from the licensor firm as it can raise the demand for its product.  We will investigate whether our results remain robust in this context.
With no licensing, firm 2 produces a differentiated product. The demand and inverse demand functions of firm 1 and firm 2 are the same as those in [image: image86.wmf]b
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By routine calculation, we can derive the equilibrium profits of the two firms under Cournot and Bertrand competition with no licensing as follow:
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where variables with a superscript “N” denote that they are associated with the no-licensing regime.

We now analyze the equilibria with licensing. The equilibrium outcomes with licensing under the two competition modes are similar to those in the previous section, except that the price intercept of the demand for firm 2’s product increases from 
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 with licensing. By routine calculation, we can derive that the optimal royalty rates under both regimes depend on the gap between 
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, firm 2 has no incentive to buy the technology. Our result is the same as that in Singh and Vives (1984).  By contrast, in the other extreme case of 
[image: image102.wmf]b

 being equal to zero (i.e., there is no demand for product 2 with no licensing), the model degenerates to the case with a potential entrant and the equilibrium outcomes are the same as those derived in the previous section. In sum, there exists a critical value of 
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 at  which social welfare levels are equal under Bertrand and Cournot competition. Similarly, there is also a critical value of 
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 at which the market profits are equal (See Appendix A for the proofs). From the above discussions, we can construct the proposition as follows: 
Proposition 5.  If the licensee is an incumbent firm, Cournot competition, relative to Bertrand competition, results in higher (lower) social welfare but less (more) market profit if the technology is high (low). 
4. INNOVATION AND WELFARE 
So far we have assumed the technology owned by the licensor firm to be exogenously given. This may not be the case in the long run as the licensor firm may engage in R&D to improve its technology. In this section, we allow firm 1 to endogenously determine its product innovation which can shift a demand outward in parallel, or equivalently, the price intercept from 
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 is the innovation level. Except this modification, all the other model setups in this section are the same as those in Section 2.  Thus, the demand and the inverse demand functions for the two products are re-written as follows:
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    The R&D cost function is specified by 
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 reflects the R&D efficiency and a higher 
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 indicates lower R&D efficiency. 
The game in question now encompasses three stages. The last two stages are the similar to those in Section 2. We need to work out only the first-stage game: Firm 1 determines its optimal product innovation. We will compare the optimal product R&D and the resulting welfare under the Cournot and Bertrand regimes.
In the first stage, the profit function of firm 1 under Cournot competition can be specified as follows:
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By routine calculation, we can derive the optimal product innovation under Cournot competition as follows:
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By contrast, the profit function of firm 1 under Bertrand competition can be specified as follows:
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Proceeding as before, the optimal product innovation under Bertrand competition is derivable as follows:
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It shows that firm 1 will do more innovation under Bertrand competition. The intuition is as follows. By Proposition 3, for a given technology, firm 1 earns more profits under Bertrand competition. This implies that the marginal benefit from product innovation is higher under Bertrand competition. Hence, given the same innovation cost function, the innovation level is necessarily higher under Bertrand than Cournot competition. This finding is contrary to those in Qiu (1997), Bonanno and Haworth (1998) and Symeonidis (2003). Qiu (1997) and Bonanno and Haworth (1998) consider cost-reducing R&D whereas Symeonidis (2003) considers product R&D; they all conclude that Cournot competition induces a higher R&D expenditure than Bertrand competition. Based on the finding, we can construct the following proposition:

Proposition 6. The licensor firm will do more R&D under Bertrand than Cournot competition.
This proposition has an important welfare implication as it may upset the welfare ranking we derived before. According to Proposition 4, if technology level is pre-determined, Cournot competition is definitely more socially desirable than Bertrand competition. This outcome, however, is no more robust if firm 1 can endogenously determine its innovation level. An investment on product R&D shifts demands outwards which benefits social welfare. But it also incurs an R&D cost. By Proposition 6, firm 1 always invests more on R&D under Bertrand competition. If the R&D efficiency is high (i.e., 
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 is low), the beneficial effect becomes significant, making Bertrand competition socially more desirable than Cournot competition. Therefore, there exists a critical value of 
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 such as 
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 at which social welfare levels are equal under Bertrand and Cournot competition (See Appendix B for the proof). Given the above result, we can build the proposition as follows:
Proposition 7. In the long run, Bertrand competition is socially more (less) desirable than Cournot competition if the R&D efficiency is high (low).

By comparing Propositions 4 and 7, we conclude that the welfare ranking in the short run is very different from that in the long run. When the technology level is pre-determined, Cournot competition is definitely socially more desirable. But this result is reversed in the long run if the R&D efficiency is high. 

We summarize and compare optimal royalty rates, market profits, social welfare and innovation levels under Cournot competition and Bertrand competition in Table 1.
Table 1: Comparisons between Bertrand and Cournot competition

	
	Short run
	
	Long run

	
	Potential Entrant
	Duopoly
	
	Potential Entrant

	Innovation levels
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5. CONCLUSIONS
The relative merits of Bertrand and Cournot competition in differentiated duopoly has been debated extensively since Singh and Vives (1984). This paper starts with a simple setting in which an incumbent monopolist may license its technology to a potential rival. It is found that product licensing necessarily occurs irrespective of Bertrand or Cournot competition between the new licensee firm and the licensor firm and with licensing the conventional wisdom on price, output and welfare ranking are all overturned. The latter is due to the higher royalty rate under Bertrand which causes lower output and social welfare but higher profit for the licensor firm. Namely, with the availability of product licensing, Bertrand competition turns out to be more profitable but socially less desirable than Cournot competition. 
We further extend our model to the case in which the licensee firm, like the licensor firm, is also an incumbent and product innovation can increase product demands. It is found that the conventional results will be overturned if the innovation level is high. This result echoes the finding in our benchmark model.

We also consider the case that the licensor firm can determine its product innovation endogenously in the long run. We have shown that the licensor firm tends to invest more on product innovation under Bertrand than Cournot competition. This result is contrary to those in Qiu (1997), Bonanno and Haworth (1998) and Symeonidis (2003). In addition, Bertrand competition is not only more profitable for the licensor firm but also socially more desirable if the R&D efficiency is high. 
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Appendix A
This appendix is to derive the result in Proposition 5. Firm 2 is now an incumbent, producing a differentiated product. The demand functions and the inverse demand functions are as follows.
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By routine calculation, we can derive the equilibrium profits under Cournot and Bertrand competition with no licensing as follow:
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We now move to derive the equilibria with licensing. Licensing will raise the price intercept of the demand for 
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. It also changes the participating constraint for firm 2 in the first stage being either 
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 as firm 2 makes a positive profit with no licensing irrespective the two firms playing Cournot or Bertrand competition. 
Under Cournot competition, the objective function of firm 1 in the first stage can be written as follows:
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Proceeding as before, we can derive the first-order condition for profit maximization as follows:
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. It means that the optimal royalty rate can take either a corner or an interior solution, depending on the magnitude of the innovation:
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The objective function for firm 1 under Bertrand competition is specified as follows:
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Proceeding as that in Cournot competition, we derive that the optimal royalty rate under Bertrand competition may have a corner or an interior solution:
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where 
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By substituting the optimal royalty rates into the profits of firm 1 and firm 2, we can further compare market profit under Bertrand and Cournot competition as follows:
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By comparing the social welfare levels under the two competition modes, we find that 
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Appendix B

This appendix is to compare the welfare levels in the long run under the two regimes and to prove the result in Proposition 7. The social welfare function is expressed as follows:
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 into the social welfare function, we can derive the social welfare levels under the two regimes as follows:(17)
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From the above two equations, we can further derive that 
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It follows that Bertrand competition is socially more desirable than Cournot competition if the R&D efficiency is high.
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� Please refer to Kamien (1992) for a survey on this issue.


� For Japan and U.K. the total transaction between 1970 to 1988 increased by about 400%. France and the U.S. experienced an increase of about 550% while West Germany had a spectacular increase of over 1000% between 1979 and 1988.


� Teece (1986) shows several insider licensing cases in industries such as petrochemical, manufacturing, computer, and electronics. The insider licensing cases are also observed in biotechnology industry (Lerner and Merges, 1998).


� We assume that firm 1 does not produce product 2 by itself because the cost of establishing a new outlet in a different location or founding a new brand is too high.


� If the marginal cost were positive, all our results are not affected qualitatively as long as it is smaller than � EMBED Equation.DSMT4  ��� .


� With no licensing, it is trivial to derive that � EMBED Equation.DSMT4 ���.


� Similar assumptions can be found in Kamien and Tauman (1986), Wang (1998, 2002), Wang and Yang (1999), and Chang, Hwang and Peng (2013), among others.


� Since the reservation profit of the licensee firm is zero and the licensor firm can use two-part tariff pricing to extract its entire profit, the licensing revenue is equivalent to the profit of the licensee firm.


� The objective function of firm 1 under two-part tariff licensing is the same as the joint profit (or, equivalently, the market profit). Thus, firm 1 shall choose a royalty rate that moves the reaction curve of firm 2 to the point at which the equilibrium output path is tangent to the iso-market-profit contour.


� By contrast, the competition effect may dominate the variety effect if the licensing contract is that of  a pure fixed fee contract (i.e., royalty is not an option). If this is the case, licensing does not occur. 


� By totally differentiating � GOTOBUTTON ZEqnNum658074  \* MERGEFORMAT � REF ZEqnNum658074 \* Charformat \! \* MERGEFORMAT �(4)�� and � GOTOBUTTON ZEqnNum263720  \* MERGEFORMAT � REF ZEqnNum263720 \* Charformat \! \* MERGEFORMAT �(11)�� (� GOTOBUTTON ZEqnNum152425  \* MERGEFORMAT � REF ZEqnNum152425 \* Charformat \! \* MERGEFORMAT �(5)�� and � GOTOBUTTON ZEqnNum606187  \* MERGEFORMAT � REF ZEqnNum606187 \* Charformat \! \* MERGEFORMAT �(12)��),  we can derive that, given � EMBED Equation.DSMT4  ���, the intercepts of � EMBED Equation.DSMT4  ��� (� EMBED Equation.DSMT4  ���) on the vertical (horizontal) axis are the same under both Cournot and Bertrand competition but the slope is steeper (flatter) under Cournot. Hence, other things being equal, the Bertrand equilibrium must locate at the north-east of the Cournot one.


� If � EMBED Equation.DSMT4  ���, the market profit� under Cournot is higher than that under Bertrand. This is evident in Figure 2 as Point � EMBED Equation.DSMT4  ��� is closer to Point � EMBED Equation.DSMT4  ��� than Point � EMBED Equation.DSMT4  ���.


� If � EMBED Equation.DSMT4 ���, the profits of firm 2 will become zero under both regimes and the model becomes the same as that in Section 2.


� The second-order condition for profit maximization requires that � EMBED Equation.DSMT4  ���.
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