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Abstract

Under the legal doctrine of first sale, or patent exhaustion, a patent holder’s ability to
license multiple parties along a production chain is restricted. How and when such
restrictions should be applied is a controversial issue, as evidenced by the Supreme
Court’s granting certiorari in the Quanta case. The issue is important, as it has
significant implications for how firms can license in vertically disaggregated industries.
We explore this issue from an economic viewpoint and find that under ideal
circumstances how royalty rates are split along the production chain has no real
consequence for social welfare. Even when we depart from ideal conditions, however,
we still find no economic justification for a strict application of patent exhaustion. To the
contrary, we show there are often private and social advantages to charging royalties
at multiple stages. Our results advocate for a flexible application of the first sale
doctrine, where exhaustion holds as a default rule but can be easily overwritten in
patent contracts.
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1. Introduction

In the summer of 2008, the U.S. Supreme Court issued its opinion for Quanta Computer
et al. v. LG Electronics, Inc.* The central issue of debate in this case was the doctrine of first
sale patent exhaustion — whether, or more precisely when, the first sale of a product
embodying patented technology by the patent holder limits in some way the patent rights, so

that the patent holder cannot pursue any later purchasers for a license.

The issue of first sale seems simple enough on its face. Once the rights holder has sold a
good embodying the invention covered by patent rights and received an economically
warranted payment for those rights in return, that should be the end of the story. But
intellectual property rights are rarely ever that simple and patent exhaustion is no exception —
as demonstrated by the fact that the Supreme Court saw fit to hear the Quanta case. To the
contrary, a number of intricate legal and economic issues are at play in the first sale patent

exhaustion doctrine.? In this paper, we focus on the economic issues, taking a comprehensive

! Quanta Computer, Inc., et. al. v. LG Electronics, Inc., 553 U.S. __, 2008 U.S. LEXIS 4702 (June 9,
2008). The court found that patent exhaustion does indeed apply to method patents and thus applied to LG
Electronics’ patents as embodied in Intel’s components sold to Quanta Computers.

2 For a sample of the debate that has continued after the Supreme Court’s ruling in the case, see Jason
McCammon, “The Validity of Conditional sales: Competing Views of Patent Exhaustion in Quanta Computer,
Inc. v. LG Electronics, Inc, 128 S. Ct. 2109 (2008)”, Harvard Journal of Law & Public Policy (2009); Sue Ann
Mota, “The Doctrine of Patent Exhaustion: Not Exhausted by the Supreme Court in Quanta Computer v. LG
Electronics in 2008”, SMU Science & Technology Law Review (2008); Erin Austin, “Reconciling the Patent
Exhaustion and Conditional Sale Doctrines in Light of Quanta Computer v. LG Electronics”, Cardozo Law
Review (2009); John W. Osborne, “Justice Breyer's Bicycle and the Ignored Elephant of Patent Exhaustion: An
Avoidable Collision in Quanta v. LGE”, The John Marshall Review of Intellectual Property (2007-08); and
James W. Beard, “The Limits of Licensing: Quanta v. LGE and the New Doctrine of Simultaneous Exhaustion”,
UCLA Journal of Law & Technology (2008).



view of the economic incentives and consequences of patent licensing as a means of shedding

light on the application of the first sale exhaustion doctrine.

Two economic issues play a pivotal role in any evaluation of patent licensing:
economically justified reward and efficiency. By an economically justified reward we mean
the compensation a patent holder can expect to earn from the value of her patented
technology without resort to the “hold up” of any ex post irreversible investments a licensee
may make in the patented technology. As is well known, Congress enacted the Patent Act as
a means of promoting “the progress of science and the useful arts.”® In other words, it is a
temporary right to exclude others meant to provide incentives for inventors to create “useful”
technological contributions for society. A patent is therefore a legal bargain with the
government; it is not a natural entitlement. While patent law generally does not limit what a
patent holder can charge for a license, in terms of inducing innovation the exclusion rights
should offer the patent holder enough of a financial return to provide strong incentives to
invest in frequently risky R&D but not so much as to deprive consumers of the benefits of the
innovation or to grind all subsequent follow-on innovation to a halt.* Patent law, then,
generally allows a patent holder to refuse to license altogether or to set the royalty rate and

other licensing terms as she and the licensee collectively see fit.

8 U.S. Constitution, article I, 88, clause 8.

* There is an extensive literature regarding the static as well as the dynamic effects of intellectual property
rights. Regarding the first, the trade-off between patent length and breadth has been discussed in papers such as
Klemperer (1990) and Gilbert and Shapiro (1990). The dynamic trade-offs are discussed by, e.g., Green and
Scotchmer (1995).



A simple example helps to clarify the economically justified reward point. Justice
Breyer’s analogy in the Quanta case® described firm X with a patent on a particular design
for a bicycle pedal, which it licensed for a royalty to firm Y to use the design and attach the
resulting pedal to a bike. Justice Breyer then reasoned that when Y sells the bike to a retail
shop, patent holder X cannot also charge the retail shop a royalty for the pedal design. Nor,
when the retail shop sells the bike to a consumer, can firm X chase the consumer down the

street to get yet another royalty payment for the pedal design from the bicycle rider.

Implicit in Justice Breyer’s example is the assumption that there exists one tradable right:
the ability to manufacture the pedal design. When just one right is offered, any license that
comes further down in the production chain can be considered double dipping — charging
multiple times for the same right.® However, patent rights can instead be thought of as a

bundle of distinct rights, rather than as a single right.” For instance, there is a right to exclude

J “Imagine that | want to buy some bicycle pedals, so | go to the bicycle shop. These are fabulous pedals. The inventor
has licensed somebody to make them, and he sold them to the shop, make and sell them. He sold them to the shop. | go

buy the pedals. | put it in my bicycle. | start pedaling down the road.

Now, we don’t want 19 patent inspectors chasing me or all of the other companies and there are many doctrines in the
law designed to stop that. One is the equitable servitudes on chattel. Another is the exhaustion of a patent. And now you

talk about implied license.

| would say, why does it make that much difference? What we’re talking about here is whether after those pedals are
sold to me under an agreement that the patent — you know, you have a right to sell them to me — why can’t | look at
this as saying that patent is exhausted, the patent on the pedals and the patent for those bicycles insofar as that patent for
the bicycles says | have a patent on inserting the pedal into a bicycle.” Justice Breyer, during oral arguments before the
Supreme Court in Quanta v, LGE, 553 U.S_2008 (January 16, 2008).

8 “LGE was improperly attempting to obtain a double royalty”. Brief for Petitioners, Quanta at 10.
" This is an argument raised by MPEG LA LLC, as a friend of the court on behalf of LG Electronics. In

particular, MPEG’s brief stated that “The right to make and sell a device may have one value, while the right to



others from using, a separate right to exclude others from making, and another right to
exclude others from selling. These rights, in turn, can be split again, say into the right for
others to sell in the Southern states versus the Northern states, or depending on the portfolio

of patents, the right to sell in the U.S. versus Europe, Asia, or elsewhere.

That a patent can embody a bundle of rights leads us to the other pivotal economic
concept in patent licensing: efficiency. Just as the legal bargain trades incentives to innovate
(and to disclose that innovation in patent documentation) for a limited term of exclusivity, it
is also in society’s best interest to design intellectual property right rules so that patent
holders have the incentives and the ability to license their inventions for broad
implementation. It is mainly through diffusion and implementation that society reaps the
benefits of a new invention. We therefore need to understand any impediments that might
stand in the way of efficient licensing that would hinder the diffusion and implementation of

useful innovations.

A better understanding of efficient licensing is the primary goal of this paper, because
such an understanding is pivotal to evaluate the effects of the first sale patent exhaustion
doctrine. The paper is structured in two parts. We start by showing that in a frictionless
environment — understood as an environment where all information is public, firms are free to
set prices for the goods they sell, and negotiation among firms jointly maximizes the benefits
of the parties involved — the way in which a royalty rate is structured does not distort
competition nor diminish social welfare. Thus, in this ideal setting the patent holder cannot

use the royalty structure in an opportunistic way to affect market structure or extract

use that device may have completely different values to different parties.” Amicus Curiae In Support of
Respondent, Quanta at 24. See also, Epstein (2007); Kieff (2008).



additional rents from downstream competitors or consumers. In the second part of the paper,
we discuss the impact of some of the frictions that are, in reality, typically present in
technology markets. Even in this less-than-ideal environment, we show that it is still often in
the interest of both the patent holder and society as a whole to split the total royalty burden
among different parties in the production process — contrary to the arguments the Supreme

Court laid out in Quanta.?

For the first part, we start by assuming a Pareto optimal bargaining process between
upstream and downstream producers. That is, we assume that the negotiation exhausts all
possible gains to both parties so that no money is left on the table. We find that different
assignments of the royalty burden have no impact on social welfare and that it is instead the
aggregate royalty per unit sold in the downstream market that matters. We illustrate this
general principle, which we denote as royalty allocation neutrality, first by means of
example. We show that neutrality operates in typical vertical relations (as in Justice Breyer’s
bike pedal example above) regardless of the market power the upstream manufacturer might
have (e.g., the firm attaching the pedal to the bike), the necessary investments for production,
or the possibility that the upstream firm might also integrate a downstream production unit

(i.e., that the firm attaching the pedal to the bicycle might also own a bike shop).

To provide intuition for this result, consider a situation where a patent holder charges a
royalty to both an upstream and downstream producer. The upstream producer sells its
component, which incorporates the patented technology, to the downstream producer, who

then sells the end good to consumers. What happens if the patent holder shifts part of the

8 In both parts we are evaluating ex ante licensing negotiations, before potential licensees have begun to
make any products that might implement the patented technology and thus before any irreversible investments



royalty burden upstream, raising the upstream royalty but lowering the downstream one so as
to leave the aggregate royalty unchanged? It turns out that the intermediate price the upstream
manufacturer charges the downstream party will rise to accommodate the increase in costs
that the upstream manufacturer suffers. In other words, the upstream manufacturer passes on
the additional royalty payment, exactly offsetting the cost-savings enjoyed by the
downstream producer from the lower royalty rate. This pass-through element is the
fundamental insight of Ronald Coase in his famous theorem on the reallocation of costs to
achieve an economically efficient outcome.’ The reallocation argument only holds, though, if

there are no transaction costs or roadblocks in the way of passing costs down the chain.

In many relevant instances, of course, roadblocks or transaction costs are important.
Therefore, we devote the second part of the paper to discussing some of the likely
implications of transaction costs on the optimal allocation of royalties. In particular, we
discuss two such frictions: the existence of private information and the constraints firms may
face in pricing the final good (for example, if the upstream producer cannot price

discriminate among different downstream buyers).

To see how frictions can alter the analysis, consider the case of private information.
Royalty payments are typically predicated on the amount of a good actually sold in the
marketplace. The literature has proposed many explanations for the predominance of these

contracts, mainly related to private information.’® As opposed to the sale of a physical good

have been made.
9 See Coase (1960).

10 For example, Beggs (1992) and Macho-Stadler and Pérez Castrillo (1996) study models in which the
innovator uses a combination of royalties and fees to separate licensees with different cost reductions. Other

papers show that royalties can be a signal of the quality of the innovation (Gallini and Wright (1990))) or a



where total sales can be estimated from the units of the input transferred, intellectual property
allows for an unlimited number of units. That means patent holders must be able to verify the
quantities sold. It also means that licensees can have incentives to underreport sales in order
to reduce their royalty payments. In this case, enforcing the patent contract is more
complicated and the patent holder may not, depending on the precise state of the legal rule
relating to the first sale doctrine of patent law, contract ahead, where pass-through royalties
and terms for the next level of production are dictated in the first. Instead, it may be optimal
for the patent holder to individually contract with multiple layers in the production chain,
charging each link a partial royalty (as compared to the aggregate one that would have
maintained under royalty allocation neutrality). The lower individual rates reduce licensees’
incentives to underreport royalty payments owed and the multiple licenses provide several

check points for verifying quantities sold.

Taking account of the arguments made in relation to the Quanta case, we also consider
whether a patent holder would have incentives to “double dip”, interpreting it in our model as
deceiving the upstream and downstream manufacturers into paying “excessive” aggregate
royalty payments. In order to raise the aggregate payment, when negotiating with the
upstream firm the patent holder would need to pretend that the royalty downstream was lower
than it really is in order to charge a higher royalty upstream, and vice versa with the
downstream firm. Our results, however, point to precisely the opposite result. That is,

contrary to the concerns raised during the Quanta case,* the patent holder is unable to benefit

response to the existence of moral hazard (Choi (2001), Jensen and Thursby (2001)). The specification of

royalties might also be dictated by risk-sharing purposes (Bouquet et al. (1998)).

1 Supra note 6.



from overcharging or double dipping under these circumstances. The reason is that increases
in the total royalty that could be obtained from deception would also lead to an increase in the
price of the final product, but the resulting decrease in sales would outweigh the price

increase, leading to a decrease in royalty earnings for the patent holder.

Overall, the reading from our analysis is that in most cases the division of the royalty
among the different firms in the production process has no impact on social welfare.
Different allocations will be more or less desirable inasmuch as the total royalty they
represent is higher or lower than what is socially desirable. Charging just one versus charging
multiple parties is not the pivotal element for social welfare. In fact, in the presence of
frictions, the way the total burden is split is likely to reflect the cheapest and most convenient
way to implement licensing, which is bound to differ across firms, industries, and sectors of
the economy. In other words, charging multiple parties might be crucial to maintaining both
economically justified rewards and efficient licensing. Thus, either with or without frictions,
our findings suggest that in most circumstances a strict application of first sale patent
exhaustion could create economic inefficiencies. While we recognize that one of the benefits
stemming from first sale patent exhaustion is the certainty that later users of a product will
not be sought after for a license, if this was an important risk it could easily be addressed by
using patent exhaustion as the presumed or “default” (but not mandatory) rule. In that case,
first sale patent exhaustion would be overturned through explicit clauses of patent licensing.
If the license contract did not specify limitations or any subset of rights that are not passed
through to the licensee’s customers, then patent exhaustion would apply; otherwise it would

not.*?

12 Our layman’s read of the Supreme Court’s decision in Quanta is that the Court did not rule out this result.



The paper is organized as follows. Section 2 offers some examples of royalty allocation
neutrality to clarify our ideas. Section 3 then presents the general principles underlying
royalty allocation neutrality. Section 4 considers the implications of dropping the
assumptions required to obtain royalty allocation neutrality while Section 5 addresses the

potential for double dipping. We conclude in Section 6.

2. Some Examples of Royalty Allocation Neutrality

In the introduction we claim that royalty allocation neutrality is a general property
holding in markets where a patent holder can charge royalties to firms that operate in
different stages of the production process. In this section, we discuss several examples that
provide intuition on the mechanism at work. In the next section we discuss the general model

and the assumptions behind the royalty allocation neutrality result.

To illustrate our analysis, we introduce the following generic market structure. Consider a
market where three firms operate: a downstream producer D sells a final product to
consumers according to a demand function D(p); an upstream producer U sells a necessary
input required by D to create the final product (U might also sell a product in the final
market); and a patent holder A that can license its patent for a cost-reducing innovation P to
both D and U. For every unit of the final good that D produces, it needs one unit of U’s

intermediate good, for which U charges s. The total cost of producing the final good without

The decision appears to leave open the question of contractual restrictions, saying only in footnote 7 that “We
note that the authorized nature of the sale to Quanta does not necessarily limit LGE’s other contract rights.
LGE’s complaint does not include a breach-of-contract claim, and we express no opinion on whether contract
damages might be available even though exhaustion operates to eliminate past damages.” Quanta Computer,
Inc. v. LG Electronics, Inc., 128 S.Ct. 2109 (2008).

10



the patented technology is <o If the final good is produced with the patented technology, the

total marginal cost falls to ¢ <c, 12 In exchange for a license to use P, the patent holder H

demands a royalty Ty from the upstream input producer U and a royalty o from the

downstream producer D.** The first example describes the simplest scenario.

Example 1 (Bilateral Negotiation): Suppose that the intermediate input price s is the
result of negotiation between the upstream monopolist producer U and the downstream
monopolist D.** Furthermore, this negotiation is carried out following Nash Bargaining,
where U has bargaining power g while D has the reciprocal power 1-4. For simplicity, we

postulate a linear demand function D(p) =1- p, although the result applies generally.

The timing is as follows. The patent holder H first chooses royalties »  and Ty The

U
upstream and downstream firms then bargain over s and then the downstream producer

chooses the final price p.

Starting from the last stage, D chooses the price according to its profit function,

maxp(p—(c+rD +s))D(p), which is simply the price net of costs multiplied by quantity

demanded, and which results in the profit maximizing monopolist price

p"(s)=Q+c+r,+s)/2. With this price, the upstream producer obtains profits

I, (s) :(S—rU)D(pM (s)) which again is simply the upstream price net of upstream costs

¥ Throughout the paper we will assume that ¢ is sufficiently small so that even when the upstream producer
charges its monopoly price, production with the alternative technology is unprofitable. In example 1, however,
we show that the results do not hinge on this simplifying assumption.

14 We abstract from all other license terms, but in reality most license contracts contain a host of provisions
of which royalty rates are but one.

%8 Since D is the only downstream producer, it is also a monopsonist buyer for U’s good.

11



multiplied by quantity demanded at the given downstream price. Notice that without loss of

generality we have normalized the cost of the upstream producer to 0.

Working our way up the production chain, the equilibrium price for the upstream
component s is then determined by maximizing the function max, IT,, (s)" 1, (s) ", which
yields the optimal intermediate price s*=(8(1-c—r,)+(2-p)r,)/2. This optimal
intermediate price is increasing in the bargaining power of the upstream producer in the
relevant range (i.e., the higher g is, the higher s*). Note that to the extent that bargaining
power is positive, £> 0, then the optimal intermediate price will strictly exceed the upstream
royalty rate (s*>r,), resulting in the familiar problem of double marginalization.'®
Furthermore, s* increases when the downstream royalty (rp) decreases or when the upstream

royalty (ry) increases. This last result stems from the pass-through effect discussed in the

introduction, which, as we will now show, leads to our neutrality result.

Replacing p" and using the demand function we obtain the optimal quantity sold as

2-8Y1-c—-r — . . - .
q*:( AN 4c v rD).As the equation shows, the optimal quantity is decreasing in the

total royalty, 7, +r,, which operates to increase the marginal cost of the downstream firm.

Optimal quantity is also decreasing in the bargaining power of the upstream producer, £.

Profits for the patent holder H can be written as I1, = (7, +7,)g Where ¢g* is, as

observed before, a function of only the sum of », and »y. That is, the distribution of the

18 Spengler (1950)

12



royalties between U and D is neutral from the patent holder’s perspective, only their sum

matters.” In fact, it is easy to verify that the optimal sum of royalties is characterized by

L) 7+, ::L_Tc'

Finally, notice that the previous computations assume that s* is such that the downstream
producer prefers not to buy the upstream product based on the alternative technology,
competitively priced at sy = ¢y. In particular, the downstream firm will buy the alternative

input if s*>c, —c—r,. If the intermediate price that results from the Nash bargaining does

not satisfy this constraint, firms will optimally set E:co—c—rD. Replacing in the final

quantity sold we obtain g*= . Hence, the patent holder will maximize profits

(2-p)1-¢)
4

max (r, +r,)q*

s.t.r, ngco—c—rD
where the first part of the constraint ensures that the upstream producer obtains non-negative
profits. It is easy to see that the optimal combination of royalties is equal to the production

cost savings, so that 7, +r, =c, —c, which, again, only depends on the sum of royalties.'®

YAs pointed out before, these results generalize to other demand functions. For example, if demand is

isoelastic with elasticity n, the equilibrium intermediate price

becomess™ = (Sc+ fr, +(n+ B—1)r,) /(1 —1) and downstream quantity

- Be+(n+p-1)(r, +1,)
! _Ln (7-1)

18 If there are recurring costs to licensing, those would need to be included. Further, we assume here that the

J , Which, again, only depends on the sum of the royalties.

patent holder’s initial investments in R&D are covered by the aggregate royalty rate.

13



Several things are worth pointing out from the previous example. In the negotiation
process between the upstream and the downstream producer, the intermediate price s
exhausts the entire surplus that both producers can achieve. In other words, the Nash
Bargaining solution guarantees efficiency of the outcome. The solution divides surplus

depending on how the bargaining power is allocated.

The bargaining power of each of the two parties is independent of the way that royalties
are allocated. In this way we rule out, for example, the unrealistic possibility that the
upstream producer is the one choosing the intermediate price s (f= 1) for some values of »p
and ry whereas the downstream producer chooses the price for other values (£ = 0). Our setup
nonetheless allows for the possibility, for instance, that the upstream producer is limited in its

pricing choice by the presence of an alternative input technology.

Finally, it is important to note that, although the intermediate price s leads to an efficient
allocation for the coalition between the upstream and the downstream producer, the price
chosen in the downstream market does not necessarily accomplish the same goal. In fact, in
the previous example, the price that maximizes profits where both the upstream and

downstream firms are integrated corresponds to p* =(+c+7r,+7,)/2. When firms are

separate, however, the double-marginalization distortion mentioned above leads to a higher
final price. This result would suggest that charging all of the royalty downstream could
benefit the patent holder. As it turns out, however, this conjecture is not true, since the
intermediate price s adjusts as the upstream royalty rate changes. So, an important lesson is
that double-marginalization distortions are unrelated to the contract that the patent holder

might be able to offer and derive solely from the relationship between U and D.

14



Note that the result regarding double marginalization does not hold if the patent holder
could charge a two-part tariff, consisting of a royalty rate and a fixed fee. Even though the
same royalty allocation neutrality result would hold, because the patent holder could extract
its rents through a fixed fee that does not affect marginal quantity decisions, the license could
undo the double-marginalization arising from the relationship between the upstream and the
downstream producer by charging a negative royalty rate upstream. In that case the
downstream monopoly price (which is lower than the price under double marginalization)
would be attained, downstream quantities would be higher, the upstream producer would be
compensated for its inability to charge a margin through the negative royalty rate, and the
patent holder would be compensated through the corresponding fixed fees. That said, while

theoretically possible, negative royalty rates seem unrealistic.

Example 2 (Raising Rival’s Cost): Suppose that in the previous example the upstream
producer, firm U, also produces a substitute good to the one sold by the downstream firm D.
It is well-known that the upstream producer might raise the price of the input of the
downstream competitor as a way of increasing the benefit U gains from the sale of its

substitute product.™

To simplify the exposition and make the case for the raising-rival’s-cost argument more

0

obvious,”® we assume that the upstream producer has all the bargaining power, #= 1,

" See, for example, Salop and Scheffman (1987); Ordover, Saloner, and Salop (1990); and Schmidt (2006).

20 This term was coined by Salop and Scheffman (1983). When this increase in costs prices the otherwise
efficient competitor product out of the market it is usually referred as vertical price squeeze. For examples of
price squeezing, see linkLine Comm’n v. See Pacific Bell Telephone Co., 503 F.3d 876 (9th Cir. 2007);
CavalierTelephone, LLC v. Verizon Virginia, Inc., 330 F.3d 176 (4th Cir. 2003); Covad Communications Co. v.
BellSouth Corp., 374 F.3d 1044 (11th Cir. 2004); Eastman Kodak Co. v. Image Technical Serv., 504 U.S. 451
(1992).

15



although the result would hold for a general S Both downstream competitors face a
symmetric downstream demand D,(p,, p;)=1-p,—dp; for ij=U,D and i#j, where the

parameter de(0,1) measures the degree of substitution between the two products.?* The

upstream producer sells the final good at a price Py and incurs a marginal cost of production

¢, =c+r,+r, . Note that the cost of the upstream producer includes both 7, +7, because

this firm is vertically integrated.

We adapt the timing of the model in the natural way. First, the patent holder decides the
royalties it charges to both upstream and downstream producers. Second, the upstream
producer chooses the price for the intermediate input s and, finally, both manufacturing firms

simultaneously choose end market prices,pU and Py

We start from the final stage of the game. Both firms choose prices to maximize profits.

In particular, profits for the upstream producer correspond to

(1.2)11, (S’pD): max, (S_rU)DD(pD’pU)+(pU _CU)DU(pU’pD)'

Notice that by choosing the price downstream (ppy the firm U also affects how much it
receives from its downstream competitor through the units it sells in the final good market.

Solving this expression we can observe that the equilibrium in this last stage leads to prices
p, and p,, both of which increase as royalties (rv, ), the intermediate price (s), the degree

of substitution (d) or the cost of production (c) increases.

If we replace the prices in equation (1.2) above with their formulae and then maximize

with respect to the intermediate good price s, we are able to obtain the optimal intermediate

2LAll the results carry over to the case where products are complements, represented by d < 0.

16



price s (7;,,7,,¢,d), which decreases as either ¢ or rp increases and which increases as ry

increases, if substitution d is sufficiently large. Furthermore, it can be shown that s* + rp

depends only on aggregate royalties, i + rp, not on either of the royalties individually.

Using the previous result, we obtain that the marginal cost of the downstream producer is
only a function of the sum of the royalties, in the same way that for the upstream integrated
firm the production of a unit entails a royalty payment of » + rp. It is immediate, therefore,
that the equilibrium quantities ¢, = D,(p;, p,) and ¢, = D,(p,, p;) are a function only of the
sum of the royalti