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Abstract
We study the incentives of a downstream firm that sources its core input from a
vertically integrated supplier to license its patented technology to an external firm.
Licensing transforms the licensee into both a direct downstream competitor and a
customer of the supplier. The vertically integrated supplier trades with his competi-
tors/customers through a two-part tariff contract. We find that the incumbent opts for
licensing when the supplier provides the input to both the licensor and the licensee.
Although licensing intensifies downstream competition, the licensor benefits from
the lower input cost and the supplier from the expansion of the market. Licensing
incentives in a vertical market are weaker compared to a one-tier market. Moreover,
licensing has a positive impact on both consumer and total welfare. Finally, licensing
incentives and welfare enhancement continue to occur under a wider set of condi-
tions such as different types of licensing contracts, input trading contracts and market
structures.

Keywords Licensing · Vertical relations · Vertical integration · Entry · Two-part
tariffs

JEL Classification D45 · L13 · L22 · L24 · L42

1 Introduction

Licensing patented technology is a common practice inmany industries and can poten-
tially transform the licensee into a competitor of the licensor. Often both the licensor
and the licensee operate in the downstream sectors of vertically related markets and
source their inputs from vertically integrated suppliers. For instance, in the car market,
Tesla, the American automotive corporation that specializes in electric vehicles, pro-
vides lithium-ion batteries and other powertrain components to Toyota, the Japanese
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automotive manufacturer, for its electric vehicle RAV4. In 2010, Toyota announced
that it licensed its hybrid technology to Daimler, the German automotive manufac-
turer. In 2012, Tesla started supplying lithium-ion batteries and electric powertrain
components to Daimler for the Mercedes-Benz B-class electric car.1

Similarly, in the smartphone market, the Japanese conglomerate Sony supplies
Apple, the American technology company, with camera sensors for its smartphones
(i-phones). In 2012, Apple and HTC, the Taiwanese consumers electronics company,
reached a 10-year licensing agreement covering current and future patents and in 2016,
HTC announced it will use Sony camera sensors for its new smartphone.2

In this paper, we examine the incentives for horizontal licensing in vertically related
markets. We focus on the case in which the licensor and his potential licensee source
an input from a vertically integrated firm and address a number of questions, such as:
When does a downstream firm license its technology to a potential competitor? Does a
vertically integrated firm have incentives to provide the input to both the licensor and
the licensee? How does the presence of a vertically integrated firm affect the incentives
for licensing? Is licensing in a vertically related market welfare enhancing?

We consider a framework in which a downstream firm sources an input from a
vertically integrated competitor. The downstream firm considers licensing its patented
technology to an external firm for a fixed licensing fee, transforming the latter into
both a downstream competitor and a customer of the vertically integrated supplier. The
vertically integrated firm decides whether it will supply its competitor(s)-customer(s).
In the case where the supplier serves the downstream firm(s), input trading takes place
through a two-part tariff contract whose terms are determined through bargaining.
Then, firms compete in quantities in the final goods market.

Licensing triggers the entry of the licensee in the final goods market, and thus,
by increasing the number of the downstream firms, it cannibalizes the demand of the
licensor’s product.We refer to this as the cannibalization effect of licensing.Moreover,
licensing results in the business-stealing effect and the market expansion effect. The
business-stealing effect refers to the fact that the licensee ‘steals’ part of the sales and
the market share of the vertically integrated firm. The market expansion effect refers,
instead, to the fact that the licensee’s entry increases product variety, and thus, expands
demand in the final goodsmarket.We find that the vertically integrated supplier prefers
the provision of the input to both the licensor and the licensee when the final product
differentiation is high and its bargaining power is not too low. This is due to the fact
that then themarket expansion effect is strong and dampens the negative impact of the
business-stealing effect, while the supplier can extract a large share of its customers’
profits through the fixed fee of the two-part tariff contract.

Importantly, licensing in a vertical market brings about the input pricing effect. This
refers to the fact that now the licensor obtains the input at a lower wholesale price. One
would expect that the vertically integrated supplier has incentives to raise its rivals’ cost
in order to enlarge its own downstream market share. However, there is another force

1 For more on this, see, e.g., Toyota May Supply Daimler with Hybrid Parts: Report, Reuters (September
16, 2010), and What Do Toyota and Mercedes See In Tesla? A Bit Of Themselves, Forbes (June 1, 2013).
2 For more on this, see, e.g., Apple, HTC Settle Patent Suits; Sign 10-Year Licensing Deal, Forbes (Novem-
ber 11, 2012) and HTC One M10 Has Sony IMX377 Camera Sensor, Same as Nexus 6P/5X, Softpedia
News (February 11, 2016).
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in action, namely, the inability of the supplier to publicly commit to specific contract
terms to all downstream customers. This inability makes him behave opportunistically
and set a lower wholesale price. This is called the commitment problem and in contrast
to many studies (e.g., Rey and Tirole 2007; Reisinger and Tarantino 2015), it cannot be
perfectly solved by the supplier’s vertical integration. Intuitively, the licensor benefits
from his lower cost and, by extracting the licensee’s profits through the fixed licensing
fee, takes full advantage of both the business-stealing effect and themarket expansion
effect. This offsets the negative impact of the cannibalization effect, rendering licensing
desirable when the vertically integrated supplier provides the input to both the licensor
and the licensee. Indeed, the input pricing effect, which is absent in a market that firms
are only horizontally related, allows the supplier—that is, the firm that is not included
in the licensing agreement—to affect his rivals’ cost, by improving his position even
more in a vertical market rather than in a market where there is no vertical contract.
This makes licensing incentives more likely to occur in a one-tier market rather than
in a vertically related market.

Licensing is beneficial not only for the licensor, but also for the consumers and the
economy as a whole. Consumers benefit due to the new entry into the downstream
market, which intensifies competition, increases product variety and decreases the
firms’ cost, thus, resulting in lower final prices. Also, licensing has a positive impact
on both the licensor and the supplier’s profits, which, in turn, enhances total welfare.

After analyzing various extensions of the main model such as different types of
licensing contracts, input trading contracts, market structures and downstream com-
petition, we find that licensing in a vertically related market can still be beneficial
for both the licensor and total welfare. Licensing through a per-unit royalty brings
about the input price discrimination effect, which refers to the charging of different
wholesale prices among the licensor and the licensee, because of the downstream cost
asymmetry due to the per-unit royalty. Although the licensor pays a higher wholesale
price than the licensee, licensing incentives still exist and the impact on total welfare
continues to be positive, but both are weaker compared to licensing through a fixed
fee. Licensing continues to emerge and enhance total welfare when the supplier is not
a final goods producer, when input trading takes place through a wholesale price con-
tract, when the supplier bargains sequentially with his customers, when downstream
competition is in prices, as well as, when the final products of the licensor and the
licensee differ less between them than they differ from the supplier’s product.

The paper proceeds as follows. In Sect. 2, we cover the related literature, and in
Sect. 3, we describe our main model. In Sect. 4, we present the equilibrium analysis.
In Sect. 5, we determine the licensing incentives. In Sect. 6, we evaluate the welfare
implications of a horizontal licensing in a vertical market. In Sects. 7 and 8, we extend
our main model, and in Sect. 9, we conclude. All the proofs are included in the
Appendix.

2 Literature review

Most of the literature on technology licensing analyzes various aspects of licensing in
one-tier markets, such as the choice among licensing fee and royalties (Kamien and
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Tauman 1986; Muto 1993; Wang 1998; Colombo et al. 2023), the use of licensing
for entry deterrence (Gallini 1984), the impact of licensing on innovation (Gallini and
Winter 1985), the impact of competition among patent holders on licensing incentives
(Arora and Fosfuri 2003) and the choice among licensing and merger (Fauli-Oller and
Sandonis 2003). Our paper is closely related to the limited literature that examines both
horizontal and vertical licensing in vertically related markets. This literature shows
that downstream horizontal licensing is profitable if it enhances competition in the
upstream and the downstream market (Mukherjee 2003; Mukherjee and Ray 2007)
or if it creates a weak rival (Arya and Mittendorf 2006). Moreover, vertical licensing
can create a seller–buyer relationship among the licensor and the licensee that can be
profitable if it intensifies downstream competition (Rey and Salant 2012; Bakaouka
and Milliou 2018), but it may also be welfare reducing (Lin et al. 2022). In contrast to
these papers, we consider horizontal licensing in the downstream market that creates
a new rival who competes with both the licensor and the input supplier in the final
goodsmarket.We highlight the role of licensing and its impact on vertical input trading
under different specifications of contracting. We show that licensing causes vertical
interactions leading the licensor to achieve more efficient input pricing and the input
supplier to not passively accept the other firms’ decisions, which is crucial for the
survival of the licensee in the market.

Our paper also has common elements with the literature of horizontal division-
alization (Corchón 1991; Baye et al. 1996; Ziss 1998; Creane and Davidson 2004).
In particular, the increase in the number of competing firms through divisionalization
resembles the licensee’s entry in the downstreammarket and the multidivisional firm’s
gains from divisionalization resemble the licensor’s licensing revenues. However, this
literature does not focus on vertical relationships. Exceptions include the papers by
Bru et al. (2001) and Mizuno (2009), which examine downstream divisionalization
in vertically related markets. However, in contrast to our paper, they do not allow for
vertically integrated firms and do not examine the role of input trading.3

Our paper is also related to the literature on vertical contracting that considers set-
tings in which an upstream firm trades with multiple competing downstream firms
(Rey and Vergé 2004; Milliou and Petrakis 2007; Rey and Tirole 2007). However,
these branches of the literature do not allow for vertically integrated input suppliers.4

Exceptions are the papers by Arya et al. (2007) and Reisinger and Tarantino (2015)
which analyze vertical integration of the upstream monopolist with an existing down-
stream firm and the incentives for supplying a rival retailer. However, they do not
consider a supplier who trades with multiple competing downstream firms and, at the
same time, has his own direct channel in the downstream market, and thus, ignore that
the commitment problem can still be present with a vertically integrated supplier. The
analysis of a vertically integrated firm’s incentives to supply the input to a downstream
entrant is also considered by Ordover and Shaffer (2007), Brito and Pereira (2010) and

3 Bru et al. (2001) examined an efficient upstreamfirm’s incentives to vertically integratewith a downstream
firm and serve the rival firm’s divisions. They show that if vertical integration occurred, the rivals would
have stronger incentives for divisionalization and thus vertical integration would be undesirable.
4 The literature on outsourcing also deals with vertical integration and vertical contracting (Chen 2001;
Chen et al. 2004; Sappington 2005; Arya et al. 2008). However, these papers focus on downstream firms’
‘make or buy’ decision.
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Fig. 1 Example of licensing
agreement and input provision
among Tesla, Toyota and
Mercedes-Benz

Bourreau et al. (2011). However, these papers do not focus on licensing incentives and
consider different market structures with multiple vertically integrated firms trading
with only one downstream firm.

3 Themodel

We consider a market consisting initially of two firms, a downstream firm D (e.g.,
Toyota in Fig. 1) and a vertically integrated firm I (e.g., Tesla in Fig. 1). Each firm has
a patented technology and produces a differentiated final good using, in a one-to-one
proportion, a core input that firm I produces in-house at marginal cost c > 0. Firm D
sources the input from firm I through a two-part tariff contract that includes a fixed
fee, TD, and a wholesale price per unit, wD.

Firm D considers licensing its patented technology to an external firm E (e.g.,
Mercedes-Benz in Fig. 1)—this technology being an essential input—for a fixed
licensing fee, F ≥ 0.5 Licensing will allow firm E to produce a differentiated ver-
sion of the final good, transforming it into a downstream competitor of both firm D
and firm I . Firm E will also source the core input from firm I , after paying a fixed fee,
TE , and a wholesale price per unit, wE .

The (inverse) demand function for firm i’s final good is:

pi (qi , Q−i ) � α − qi − γ Q−i , 0 < γ < 1, a > c > 0,

where pi and qi are the price and the quantity of firm i’s final good, respectively, and
Q−i is the quantity of its rival(s)’ final good(s). Specifically, Q−i � q j , with i,j �
D, I and i �� j in the no licensing case, while Q−i � q j + qk , with i, j, k � D, I, E
and i �� j �� k, in the licensing case. The parameter γ measures the degree of product
differentiation; namely, the higher γ is, the closer substitutes the final goods are.

5 In Sects. 7 and 8, we provide a series of extensions. In Sect. 7, we examine what happens when licensing
takes place through a per-unit royalty and discuss the cases of licensing through a two-part tariff and ad
valorem profit contracts. Furthermore, in Sect. 8 we examine what happens when firms bargain over F and
when firm I , instead of firm D, considers licensing its own-patented technology.

123



62 SERIEs (2024) 15:57–94

The timing of moves is as follows. First, firm D decides whether to license its
patented technology to firm E. In the licensing case, it sets the licensing fee F and,
in turn, firm E signs or not the licensing agreement. In the following stage, in the no
licensing case, firm I decides whether to adjust its input production capabilities so as
to supply firm D. Similarly, in the licensing case, it decides whether to adjust its input
production capabilities so as to supply both firmD and firm E, one of them, or none of
them.6 In the third stage, firm I bargains with its customer(s) over the contract terms.7

To model the bargaining game, we invoke the Nash equilibrium of simultaneous gen-
eralized Nash bargaining games, in which the bargaining power of firm I is given by
β and that of the downstream firm(s) by 1−β, with 0 < β < 1. We assume that firm I
bargains with each downstream firm simultaneously and separately and that during the
negotiations of a bargaining pair, each of its agents takes as given the outcome of the
simultaneously run negotiations of the other bargaining pair.8 To avoid the multiple
equilibria that may arise due to themultiplicity of the beliefs that the downstream firms
can form when they receive out-of-equilibrium offers, we impose pairwise proofness
on the equilibrium contracts. That is, we assume that a contract between a bargaining
pair is immune to a bilateral deviation of a rival pair’s contract, holding the former
contract constant. Pairwise proofness is closely related to the passive beliefs assump-
tion (Hart and Tirole 1990; McAfee and Schwartz 1994, 1995). Downstream firms
have passive beliefs, i.e., when firm i receives an out-of-equilibrium offer, it keeps
on believing that firm j has received the equilibrium offer (Hart and Tirole 1990; Rey
and Vergé 2004). Another assumption of our bargaining game is that the contract
terms of a bargaining pair are not contingent on the disagreement of a rival pair. In
particular, a bargaining pair is unable to write and implement a contract specifying
different contract terms depending on the successful termination or breakdown of a
rival pair’s negotiations. This assumption captures the idea that bargaining parties are
unable to commit to a permanent and irrevocable breakdown in their negotiations and
is in a similar vein with the assumption of separate and simultaneous negotiations.
This assumption is also adopted by Horn and Wolinsky (1988), O’Brien and Shaf-
fer (1992), McAfee and Schwartz (1994 and 1995), Caprice (2006), and Milliou and
Petrakis (2007). In the last stage, the firms which are active in the downstream market
choose their quantities simultaneously and separately, after observing each other’s

6 We implicitly assume that in order to supply a downstream customer, firm I has to undertake investments
in order to increase the size of its input production facilities or to open new input production lines. Without
these investments, firm I will not be in the position to serve its downstream customer(s). Another justification
of firm I’s decision not to commit to serve its customer(s) is that it is equivalent to a refusal to supply the
downstream competitor(s) (Fumagalli and Motta 2020). The effect of the inclusion of stage 2—in which
firm I has the ability to exclude firms from the input market—is discussed in Sect. 5.
7 The justification for this order of moves is that the contract terms are easier to change than the input
production capabilities of firm I and their determination is a shorter run decision and is adjusted to actual
market conditions.
8 Such an assumption is common in the literature on multilateral contracting (Cremer and Riordan 1987;
Horn and Wolinsky 1988; Hart and Tirole 1990; O’Brien and Shaffer 1992; McAfee and Schwartz 1994,
1995; Rey and Vergé 2004; Milliou and Petrakis 2007; Alipranti et al. 2014).
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contract terms. Therefore, we assume that the contract terms are interim observable.9

We solve for the subgame perfect Nash equilibrium of this game.
Our notational convention will be as follows: we will use the superscript N and L

to denote whether we are in the no licensing or in the licensing case, respectively.

4 Downstream competition and bargaining

In this section, we perform the equilibrium analysis with and without licensing.

4.1 No licensing

When firmD does not license its patented technology to firm E, there are two possible
third-stage subgames. In the first subgame, firm I commits to not serving firm D, and

thus, makes monopoly profits, πM
I � (α−c)2

4 . In the second subgame, firm I can serve
firmD, thus, both firms can be present in the downstreammarket. In such a case, in the
last stage, firm D and firm I choose their quantities, qD and qI , in order to maximize
their (gross from TD) profits:

πD(qD , qI , wD) � (α − qD − γ qI − wD)qD; (1)

πI (qD , qI , wD) � (α − qI − γ qD − c)qI + (wD − c)qD. (2)

Solving the system of the first order conditions, we find:

qD(wD) � α(2 − γ ) + cγ − 2wD

4 − γ 2 ; (3)

qI (wD) � α(2 − γ ) − 2c + γwD

4 − γ 2 . (4)

In the previous stage, firm I and firmD negotiate over (wD , TD). In particular, they
solve the following generalized Nash bargaining problem:

max
wD , TD

[πI (wD) − dI + TD]
β [πD(wD) − TD]

1−β (5)

where πD(wD) and πI (wD) are found after substituting (3) and (4) into (1) and (2),
respectively. The disagreement payoff of firm D is null since firm D does not have an
outside option. On the other hand, firm I has an outside option in its bargaining with
firm D: in case of disagreement, firm I can gain monopoly profits from its own sales
in the final goods market, given by the disagreement payoff dI ≡ πM

I . Maximization

9 This is in line with Horn and Wolinsky (1988), McAfee and Schwartz (1995), and Milliou and Petrakis
(2007), where contract terms are secret in the contracting stage, but are observed by the downstream firms
before the downstream competition stage.
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of (5) with respect to TD , yields:

TD � βπD(wD) − (1 − β)[πI (wD) − dI ]. (6)

Using the above expression, we find:

πI (wD) − dI + TD � β[πI (wD) + πD(wD) − dI ]; (7)

πD(wD) − TD � (1 − β)[πI (wD) + πD(wD) − dI ]. (8)

Substituting (7) and (8) into (5), we note that the latter reduces to an expression
proportional to the joint profits of firms I and D minus firm I’s disagreement payoff.
Thus, in the setting of the wholesale price, firmD and firm I behave as a multiproduct
monopolist. The wholesale price that maximizes this expression is:

wN
D � α(2 − γ )2γ + c(8 − γ (4 + γ (2 + γ )))

8 − 6γ 2 . (9)

One can easily check that wN
D > c. Setting a positive mark-up, firm I decreases the

aggressiveness of its rival in the final goods market. Moreover, we can observe that

wN
D is decreasing in the degree of product differentiation,

∂wN
D

∂γ
> 0. This means that

the closer substitutes the two final products are, and thus, the fiercer the downstream
market competition is, the higher the wholesale price is. In other words, when down-
stream market competition becomes fiercer, firm I’s incentives to decrease firm D’s
aggressiveness get stronger.

Using (9), (6), (4) and (3), we obtain the equilibrium outputs and the fixed fee,
when firm I serves firm D in the no licensing case:

qN
D � 2(α − c)(1 − γ )

4 − 3γ 2 , qN
I � (α − c)(4 − γ (2 + γ ))

8 − 6γ 2 ; (10)

TN
D � (α − c)2(1 − γ )2(4β + 3(1 − β)γ 2)

(4 − 3γ 2)2
. (11)

The resulting firms’ equilibrium profits are included in Table 1 of the Appendix.
In the second stage, firm I decides whether to provide the input to its customer

or to foreclose him from the market. Importantly, firm I is always better off when
it faces downstream competition than when it is a monopolist in the final products
market, namely, πN

I > πM
I . Even though the presence of firm D in the final goods

market increases the number of downstream firms, the fact that firm I and firm D set
the wholesale price in a collusive way, leads to a decrease of the negative impact of
intensified competition. In this way, firm I’s benefit from the input sales increment,
due to the greater input demand, is larger than the loss from the fiercer downstream
competition. In addition, both firms D and I behave independently in the competition
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stage, and due to wD
N > c, firm I produces more than firm D in the final goods mar-

ket (qN
I > qN

D ). Thus, firm I manages to generate profits that exceed the profits of a
single-product monopolist, but they are lower than those of a multiproduct monopo-
list. As Reisinger and Tarantino (2015) also note in their paper, if the products were
homogeneous, wN

D would be such that firm D would be foreclosed from the market.
In such a case, firm I would make monopoly profits. However, when products are
even slightly differentiated, foreclosure is not profitable. In case that final products
are independent (γ � 0), and thus, there is no downstream competition, it holds that
wN

D � c, since there are no incentives in distorting efficiency.

4.2 Licensing

We examine now the case in which firm D licenses its patented technology to firm
E. When firm E signs the licensing agreement, there are four possible third-stage
subgames. In the first subgame, firm I commits to not serving firmsD and E, and thus,
gains the monopoly profits πM

I . In the second and third subgames, firm I serves only
firmD or only firm E, and the equilibrium outcomes coincide with the respective ones
in the no licensing case, i.e.,wN

i , π
N
i , π

N
I . In the last subgame, which we analyze next,

firm I serves both firm D and firm E.
In the last stage, firms D, I and E choose their outputs in order to maximize their

profits given by:

πD(qD , qI , qE , wD , wE ) � (α − qD − γ qI − γ qE − wD)qD; (12)

πI(qD , qI , qE , wD , wE ) � (α − qI − γ qD − γ qE − c)qI + (wD − c)qD + (wE − c)qE ;
(13)

πE (qD , qI , qE , wD , wE ) � (α − qE − γ qD − γ qI − wE )qE . (14)

Solving the system of the first order conditions, we obtain:

qD(wD , wE ) � α(2 − γ ) − 2wD + γ (c − wD + wE )

2(2 − γ )(1 + γ )
; (15)

qI(wD , wE ) � α(2 − γ ) − c(2 + γ ) + γ (wD + wE )

2(2 − γ )(1 + γ )
; (16)

qE (wD , wE ) � α(2 − γ ) + γ (c + wD) − (2 + γ )wE

2(2 − γ )(1 + γ )
. (17)

In the previous stage of the game, firm I bargains with each downstream firm i,
with i � D,E, over (wi , Ti ) taking as given the outcome of the simultaneously run
two-part tariff negotiations with the downstream rival j, where j � D, E, with i �� j.
Letting (wL

j , T
L
j ) denote the equilibrium bargaining outcome offered to rival firm j,

wi and Ti are chosen to solve the following maximization problem:

max
wi , Ti

[πI

(
wi , wL

j

)
− dO

I + Ti + T L
j ]

β

[πi

(
wi , wL

j

)
− dO

i − Ti ]
1−β

(18)
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where πI

(
wi , wL

j

)
and πi

(
wi , wL

j

)
are found after substituting (15), (16) and

(17) into (12), (13) and (14), respectively. If an agreement between firms I

and i is not reached, then firm I’s disagreement payoff is dO
I

(
wL

j , T
L
j

)
≡(

a − qO
I

(
wL

j

)
− γ qO

j

(
wL

j

)
− c

)
qO
I

(
wL

j

)
+

(
wL

j − c
)
qO
j

(
wL

j

)
+ T L

j where

qO
j

(
wL

j

)
and qO

I

(
wL

j

)
are given by (3) and (4) when w � wL

j , respectively. However,

each downstream firm has a different disagreement payoff, dO
i , when it does not reach

the agreement with firm I . In particular, firmD’s disagreement payoff is dO
D ≡ F , i.e.,

the licensing revenues that firm D can extract through the fixed licensing fee since
firm E would be present in the market. Instead, firm E’s disagreement payoff is null,
dO
E ≡ 0, since firm E does not have an outside option. Maximizing (18) with respect

to Ti , we get:

Ti � β
[
πi

(
wi , wL

j

)
− dO

i

]
− (1 − β)

[
πI

(
wi , wL

j

)
− dO

I

]
. (19)

Using the above expression, we find:

πI

(
wi , wL

j

)
− dO

I + Ti � β
[
πI

(
wi , wL

j

)
+ πi

(
wi , wL

j

)
− dO

I − dO
i

]
; (20)

πi

(
wi , wL

j

)
− dO

i − Ti � (1 − β)
[
πI

(
wi , wL

j

)
+ πi

(
wi , wL

j

)
− dO

I − dO
i

]
.

(21)

Substituting (20) and (21) into (18), we note that the latter reduces to an expression
proportional to the joint profits of firms I and iminus their disagreement payoffs. Due
to the problem’s symmetry, the wholesale prices that maximize this expression are:

wL � wL
i � wL

j � α(2 − γ )γ + c(2 + γ )2

4 + 6γ
. (22)

We find that wL > c for the same reason as in the no licensing case. However, we
now find that an increase in product differentiation decreases the wholesale price when
the product differentiation is not sufficiently low (γ < 2

3 ). In other words, when the
final market competition is not too fierce, the higher are firm I’s incentives to enlarge
its own market share by increasing its customers’ input cost. When, instead, market
competition becomes too fierce (γ > 2

3 ), the wholesale price decreases, as a further
increase in wL can lead both downstream customers to a foreclosure.10

We can obtain the equilibrium fixed fees T L
i after substituting (22) into (19). Sub-

stituting T L
i and wL into (20) and (21), we can obtain firmD and firm E’s equilibrium

profits gross from the fixed licensing fee, π L
D

(
wL

)−T L
D and π L

E

(
wL

)−T L
E , and firm

I’s equilibrium profits, π L
I .

10 As we will see in Proposition 1, the foreclosure of both downstream firms is not desirable for firm I . As
we saw in Sect. 4.1, firm I is always better off when there is at least one downstream competitor than being
a monopolist in the final goods market.
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Fig. 2 Input provision incentives

In the previous stage, firm I decides whether it will supply its competitors-
customers. We find that firm I decides to always serve at least one of the downstream
firms instead of being a monopolist. The reason is the same as in the no licensing case.

Proposition 1 The supplier provides the input to both the licensor and the licensee

if and only if β > β1(γ ) ≡ γ 2
(
4−3γ 2

)(
2+8γ+3γ 2

)
16−γ 2(32−23γ 2−3γ (8−6γ 2−3γ 3))

. Otherwise, he opts to

supply one downstream firm only.

This result can be gleaned from Fig. 2, which depicts line β1(γ ), i.e., all the cases in
which the supplier is indifferent between providing the input to one of the downstream
firms or to both of them. That is, it depicts the case where the profits from supplying
the input to one or two firms are equal. As is evident from Fig. 2, firm I will supply
both downstream firms for all the combinations of β and γ that lay on the left of
curveβ1(γ ), that is, for all cases where its bargaining power is not sufficiently low
(β > β1(γ )). Additionally, it should be noted that for γ > 2

3 , i.e., for sufficiently low
degrees of product differentiation, firm I will always decide to serve one downstream
firm instead of two.11 Given that firms D and E have the same cost function (i.e., they
are symmetric), firm I is indifferent between selling the input to either firm D or firm
E.

The intuition is as follows. The entry of the licensee into the final goods market
gives rise to themarket expansion effect. This effect refers to the fact that the licensee’s
entry increases the number of differentiated final products, and thus, it increases the
final product variety in the market.12 Moreover, when firm I serves both downstream

11 For more details, see the proof of Proposition 1 in the Appendix.
12 The global smartphone market has been expanding over the recent years and, since 2014, annual ship-
ments exceed one billion units. Sony, one of the largest camera sensor manufacturers, has since increased
its production in order to keep up with demand for sensors used in mobile phone cameras. For more on
this, see, e.g., Global Smartphone Production expected to reach 1.36 billion units in 2021, Bloomberg,
(January 5, 2021) and Sony can’t make image sensors fast enough to keep up with demand, Bloomberg,
(December 23, 2019). The market expansion effect is also present in the electric car market. According to
the International Energy Agency (IEA), sales of electric cars hit 6.6 million in 2021, more than tripling their
market share from two years earlier. In 2012, about 130.000 electric cars were sold worldwide. In 2021,
the same amount of electric cars was sold in the space of a single week. For more on this, see, e.g., electric
cars fend off supply challenges to more than double global sales, IEA, (January 30, 2022).
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firms, licensing also brings about the business-stealing effect. This refers to the fact
that the entry of the licensee decreases firm I’s output, namely, firm E ‘steals’ part of
firm I’s market share in the final goods market. When product differentiation is low,
the business-stealing effect is strong and the market expansion effect is weak, making
the input provision to both downstream firms undesirable for firm I . However, firm I
prefers serving both downstream firms when product differentiation is higher, because
then the market expansion effect gets stronger and a firm I’s bargaining power that is
sufficiently high, allows firm I to extract a large share of its customers’ profits through
the fixed fee of the contract, alleviating the negative impact of the business-stealing
effect.

In the continuation of the game, when firm I serves both downstream firms, firm D
knows that firm E will reject the licensing agreement if and only if its profits without
the agreement exceed its profits with the agreement. Since the former are equal to
zero, firm D optimally sets FL � π L

E

(
wL

) − T L
E . Hence, firm D’s net equilibrium

profits (included in Table 1 of the Appendix) are π L
D � π L

D

(
wL

) − T L
D + FL �

2
(
π L
D

(
wL

) − T L
D

)
sinceπ L

D

(
wL

)−T L
D � π L

E

(
wL

)−T L
E .Therefore, through licensing,

firm D captures all of its joint profits with firm E.

5 Licensing incentives

Having analyzed the vertically integrated firm’s incentives to provide the input to its
competitors, we are now able to examine the licensing incentives.

Proposition 2 The licensee’s entry into the final goods market decreases the wholesale
price.

Interestingly, licensing results in a lowerwholesale price for the licensor,wL < wN .
We refer to this as the input pricing effect of licensing.Onemight expect that as the final
goods market becomes more intense, firm I would have incentives to raise its rivals’
cost in order to enlarge its own downstream market share. However, there is another
force in action. Although firm I is in a monopoly position, its inability to publicly
commit to specific contract terms to all downstream customers when negotiations are
secret gives incentives for opportunistic behavior and prevents it from inducing the
maximum overall industry profits. This is called commitment problem (O’Brien and
Shaffer 1992; McAfee and Schwartz 1994, 1995; Rey and Vergé 2004). In that way,
firm I promotes its rivals’ position in the downstreammarket via lowerwholesale prices
while it uses the fixed fee of the contract in order to extract part of the greater profits
of its customers. The literature in vertical contracting has explained the commitment
problem of a monopolist upstream supplier when it provides an input to his customers,
inducing the supplier to charge a wholesale price that is even lower than his own
marginal cost and uses the fixed fee of the contract to transfer upstream the higher
gross profits of the downstreamfirms (Milliou and Petrakis 2007;Alipranti et al. 2014).
As the literature has addressed (Rey and Tirole 2007; Reisinger and Tarantino 2015),
the commitment problem has been solved by the supplier’s vertical integration with
one of his retailers, while at the same time either the supplier forecloses the rest of
the retailers or keeps the more efficient firm in the downstream market. However, in
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our setting, the supplier’s commitment problem cannot be perfectly solved, because
the supplier does not integrate with one of the downstream firms, but he has his own
direct channel in the final goods market and the secret contracting still exists. Thus,
the wholesale price is above the supplier’s marginal cost but it is lower than the one
in the no licensing case in which the commitment problem is absent.13

Proposition 3 Firm D always opts for licensing when firm I serves both the licensor
and the licensee. Otherwise, firm D is indifferent between licensing and no licensing.

When β > β1(γ ), and thus, firm I serves both downstream firms, firm D always
prefers to license its technology to firm E. The intuition is as follows. The licensee’s
entry brings about the cannibalization effect that corresponds to the new final product
that partially cannibalizes firmD’s output andmarket share. However, the input pricing
effect of licensing benefits firm D. At the same time, both the business-stealing effect
and the market expansion effect have a positive impact on firm D’s profits. Intuitively,
the business-stealing effect works in favor of firm D, since the latter extracts firm
E’s profits through the fixed licensing fee, that are part of firm I’s ‘stolen’ market
share. Therefore, the negative impact of the cannibalization effect on firm D’s profits
is dampened by the positive impact of the input pricing effect, the market expansion
effect and the business-stealing effect. These effects increase the joint profits of firmsD
and E, rendering licensing desirable. This result is in contrast to Arya and Mittendorf
(2006), who find that a fixed fee licensing contract is not desirable because it prevents
the licensor from using the new entry as a vehicle for obtaining a lower input price,
and thus, the input pricing effect is absent; at the same time, the positive impact
of the market expansion effect cannot dominate the negative impact of the stronger
downstream competition. Bakaouka and Milliou (2018) show that fixed fee licensing
is beneficial only if it creates a seller–buyer relationship between the licensor and the
licensee. In their setup, both the licensor and the licensee use the vertical contract as
a means of setting a higher input price in order to decrease the negative impact of
the increased downstream competition. It follows that licensing in vertically related
markets can significantly affect the input trading outcomes, and thus, the conditions
under which licensing incentives might exist under such market structures. When β <
β1(γ ), and thus, firm I serves only one of its downstream firms, firm D’s profits are
equal to πN

D , and thus, it is indifferent between licensing and no licensing.
One might wonder how the presence of a vertical market structure can affect the

licensing incentives. To examine this, we consider the case in which all firms are verti-
cally integrated and produce their input in-house, and thus, they are only horizontally
related to each other. Intuitively, in a one-tier market, licensing results in the canni-
balization effect, the business-stealing effect and the market expansion effect. In this
case, licensing is always profitable (Corchón 1991). However, licensing in a one-tier
market does not result in the input pricing effect. Thus, it does not allow firm I to reap
the benefits from the input sales and alleviate the business-stealing effect. Licensing
with a new entry is similar to the case where one of the firms splits profitably into
two firms—a reverse merger. Salant et al. (1983) showed that the non-merged firm

13 In Sect. 8, we also examine what happens when the supplier is a non-integrated firm and he does not
participate in the final goods market. In this case, the commitment problem is even stronger.
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will increase its output as a reaction to the output reduction by the merging firms. In
contrast to their paper, the firms in our setting are affected by the input pricing effect.
Consequently, the input pricing effect—the vertical contract—is an instrument that
allows firm I to intervene in both of its rivals’ input provision cost. In fact, it works in
such a way that firm I can be better off with licensing (reverse merger) than without
licensing (merger), thus making the licensing incentives weaker compared to the case
in which no vertical market structure occurs.

Another interesting question is whether the existence of stage 2—where firm I has
the ability to exclude firms from the input market—may affect our main results. Here,
we assume that the second stage of the game is suppressed and the timing of the
game moves from the licensing decision to the bargaining stage of the input contract
terms. In this case, firm I remains passive to changes in the market conditions and
will always supply the input to both the licensor and the licensee. This allows both
downstream competitors to gain profits against the supplier. In fact, licensing will
hurt firm I when the degree of product differentiation is low, because supplying both
downstream firmswill lower the profits of firm I compared to the no licensing case. On
the other hand, licensing is always profitable for firmD. Under the assumption that firm
I cannot commit to excluding firms from the inputmarket, licensing incentives are even
more pronounced as there will be cases where licensing hurts the vertically integrated
competitor. Moreover, when the second stage is suppressed, licensing incentives are
still greater in a one-tier market compared to a vertically related market. As is already
known in the literature (see Corchón 1991), licensing in a one-tier market is always
profitable even when the final products are homogeneous (γ � 1). As such, higher
degrees of product differentiation weaken the cannibalization effect and enhance the
market expansion effect, leading to greater licensing incentives.

If input trading takes place through a per-unit wholesale price contract (there is
no fixed fee part in the contract), in contrast to conventional wisdom that increased
competition will harm the licensor, the input pricing effect of licensing still exists.
One might expect that a vertically integrated supplier will increase the per-unit whole-
sale price in order to increase his competitive position in the downstream market.
However, the supplier sets a lower per-unit wholesale price under licensing in order
to counterbalance the cost advantage of his own direct channel in the downstream
market, as he produces the input at marginal cost c. The fact that the input price is
lower reduces the downstream profits of the supplier, but it increases the wholesale
profits more by keeping input demand up, and in turn, the licensor benefits from the
supplier’s presence in the final goods market. If this cost advantage was not alleviated
by a lower input price, the licensor’s input demand would decrease. Thus, under a
per-unit wholesale price contract, our main results are robust, and firmD has licensing
incentives, which still would be weaker in a vertically related market rather than in a
horizontally related market.14

14 Irrespective of whether there is a discriminatory per-unit wholesale price contract or a uniform per-unit
wholesale price contract, the results will be the same—the reason is that the equilibrium per-unit wholesale
price is the same for both cases. This is so because there is no cost asymmetry between the licensor and the
licensee, and thus, no different outcomes arise.
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6 Welfare implications

Here, we examine the impact of licensing in a vertically related market on welfare and
discuss the policy implications of our findings.

Proposition 4 Horizontal licensing in a vertically relatedmarket always has a positive
impact on consumer surplus and on total welfare.

Licensing is always beneficial for the consumers as it results in lower final prices,
because it triggers a new entry into the final goodsmarket that leads to a decrease of the
downstream firms’ cost and to an increase of the final product variety. Licensing also
has a positive impact on firms’ profits. The licensor benefits due to the lower wholesale
price while the vertically integrated supplier from the expansion of the market. Thus,
licensing is welfare enhancing for the economy as a whole. As we demonstrate in
Sects. 7 and 8, the positive impact of licensing can still exist when licensing takes
place through a per-unit royalty, when input trading takes place sequentially, when
firms compete in prices, when intrabrand differentiation is smaller than interbrand
differentiation and when the supplier is not active in the final goods market.

Many papers show that licensing is beneficial for the consumers due to the positive
impact of the market expansion effect and the lower final prices triggered by a new
entry. In vertical markets, licensing should also lead to the creation of a weaker rival
(Arya and Mittendorf 2006) or to changes on both upstream and downstream market
structure (Mukherjee 2003; Bakaouka and Milliou 2018) in order to continue to have
a positive impact on welfare. In market structures similar to our setting, licensing can
still be welfare enhancing either when the licensor is equally efficient with the new
rival or even when the licensor is less efficient than the licensee is, e.g., when the
bargaining over contract terms takes place sequentially.15

The welfare conclusions could be of use in the treatment of mergers and licensing
agreements by the competition policy authorities. In our setting, licensing corresponds
to a reverse merger which increases the number of downstream firms, intensifies the
final goods competition and enhances firms’ profits, rendering licensing desirable both
for the consumers and the industry. Given this, the competition authorities can consider
licensing agreements among competitors pro-competitive even in cases in which firms
have large market shares and when the licensing’s positive impact is also spread out to
firms outside of the agreement which are still both horizontally and vertically related
with them.16

15 The positive impact of horizontal licensing on welfare can be ambiguous when its effect depends on
factors related to the size of the innovation (Faulí-Oller and Sandonís 2002; Ding and Ko 2021), on both the
kind of goods produced and the degree of product differentiation (San Martin and Saracho 2015), on cases
using complementary inputs for the final goods production (Lin et al. 2022) and when licensing occurs in
multiple market tiers (Tsao et al. 2023).
16 EU andUS antitrust authorities consider licensing agreements pro-competitive by expediting technology
transfer; however, their regulations are applying exemptions for licensing agreements among competitors.
According to the EU Regulation N. 316/2014 and the US Antitrust Guidelines for the Licensing of Intellec-
tual Property, in the case of licensing agreements between competitors, the block exemption applies when
the combined market share of the parties does not exceed 20% on the relevant market.

123



72 SERIEs (2024) 15:57–94

7 Licensing through a per-unit royalty

Onemight wonder what happens if licensing takes place through a per-unit royalty, r ≥
0, imposed on firmE’s output, instead of licensing through a fixed fee. In what follows,
we briefly analyze the possible subgames and examine the licensing incentives.17

7.1 Serving both downstream firms or only firm E

First, we discuss the subgame in which firm I serves both firm D and firm E. Due
to the existence of firm E, and thus of the per-unit royalty, both firms’ wholesale
prices depend on the royalty. We find that a higher per-unit royalty leads to higher
wholesale prices for both firm D and firm E. Inderst and Shaffer (2009) demonstrated
that firm i’s wholesale price is decreasing in its rival’s marginal cost. However, in our
setting, unlike in Inderst and Shaffer (2009), firm I’s presence in the final goodsmarket
reinforces the downstream competition, and thus, firm I has incentives to dampen the
aggressiveness of its downstream rivals.

In the first stage of the game, assuming that in the continuation of the game firm
I serves both downstream firms, the maximization of firm D’s profits leads to r̂ L

with ∂r̂ L
∂γ

< 0, namely, a decrease in product differentiation has a negative impact on
the per-unit royalty. Thus, as competition becomes fiercer, a lower per-unit royalty is
imposed in order to alleviate the positive impact on the wholesale prices of both the
licensor and the licensee.18

Proposition 5 When firm I provides the input to both downstream firms and the final
products are sufficiently differentiated (γ < 2

3 ), the licensor pays a higher wholesale
price than the licensee, ŵL

D>ŵL
E . For lower degrees of product differentiation (γ > 2

3 ),
the licensor pays a lower wholesale price than the licensee, ŵL

D < ŵL
E .

As Proposition 5 states, the downstream firms get different wholesale prices. This
is due to the cost asymmetry generated by the per-unit royalty. We refer to this as the
input price discrimination effect of the licensing. When product differentiation is low
(γ > 2

3 ), the more efficient firm receives a lower wholesale price than the less efficient
firmdoes. The supplier has incentives to induce the aggressiveness of hismore efficient
customer in the downstream market and extract the greater surplus through the fixed
fee of the contract. If this was the only force, we would obtain the same result with
Inderst and Shaffer (2009).19 However, there is another force in action. Importantly,

17 A detailed equilibrium analysis is included in the Appendix.
18 For the rest of the analysis in this subsection, we make Assumption 1, namely, β >β(γ ) ≡
8+16γ−12γ 2−30γ 3+4γ 4+13γ 5

γ 2(−2−2γ+2γ 2+γ 3)
. This is a sufficient condition that guarantees that the per-unit royalty and the

wholesale prices are nonnegative and that an equilibrium exists in this subgame. When β < β(γ ), there is
no equilibrium in which firm I serves both downstream firms. More details are available in the Appendix.
19 In contrast to Inderst and Shaffer (2009) and our findings, DeGraba (1990) and Yoshida (2000) demon-
strate that if the input trading takes place through a per-unit wholesale price contract, the supplier will always
charge the more efficient downstream firm with a higher wholesale price. Also, Arya andMittendorf (2006)
note that the supplier charges a lower wholesale price to the less efficient licensee than to the more efficient
licensor, in order to keep up input demand.
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the per-unit royalty is part of the licensor’s revenues and it is used as an instrument
in the vertical trading contract that allows the licensor to self-sabotage by increasing
his own wholesale price so as to decrease the positive impact of the per-unit royalty
on the licensee’s wholesale price. The licensor does so, because he wants to induce
an increase in firm E’s output, and thus, in firm D’s licensing revenues. For higher
degrees of product differentiation (γ < 2

3 ), this second force dominates and leads the
licensor to receive a higher wholesale price than the licensee does. When, however,
product differentiation is lower and competition becomes too fierce, the first force
dominates, as an even higher wholesale price could lead to firm D’s foreclosure.20

In the subgame in which firm I decides to serve only firm E, firm D’s profits come
from its licensing revenues, πD(r) � rqE . In line with our previous analysis, a per-
unit royalty always has a positive impact on firm E’s wholesale price. In the first stage
of the game, assuming that in the continuation of the game firm I serves only firm E,

the maximization of firm D’s profits leads to r̂ LE with ∂r̂ LE
∂γ

< 0.

7.2 Licensing incentives

Beforewe analyze the licensing incentives, we should examine if firm I prefers serving
both, one or none of its customers in the downstream market.

Lemma 1 Under a per-unit royalty licensing, firm I serves at least one downstream
firm. When it serves one downstream firm, it prefers serving firm D to firm E if and
only if r <r(γ ) ≡ 2(α − c)(1 − γ ), with ∂r

∂γ
< 0.

Proof Calculating the difference,πN
I − πM

I � β(α−c)2(1−γ )2

4−3γ 2 , we find that it is

always positive. Thus, πN
I > πM

I . Calculating the difference, π̂ LE
I (r) − πM

I �
β((α−c)(1−γ )−r )2

4−3γ 2 , we find that it is positive, unless r � (α − c)(1 − γ ), where

π̂ LE
I (r) � πM

I .Calculating the difference, πN
I −π̂ LE

I (r) � βr (2(α−c)(1−γ )−r )
4−3γ 2 ,we find

that it is positive if and only if r <r(γ ) ≡ 2(α − c)(1 − γ ). Hence,πN
I > π̂ LE

I (r) >

πM
I if and only if r < r(γ ). Otherwise, π̂ LE

I (r) > πN
I > πM

I if and only if r > r(γ ).

In the second stage, firm I always decides to supply at least one of the downstream
firms instead of being a monopolist. The reason is the same as in the no licensing
case. Also, we find that in both subgames in which firm D sets the per-unit royalty, it
holds that r̂ L < r(γ ) and r̂ LE < r(γ ). From Lemma 1 emerges that firm I decides
between trading with both downstream firms and trading only with firm D, while firm
I’s incentives to serve only firm E are distorted.21 In fact, firm I prefers supplying the
more efficient downstream firm, as the input revenues that firm I will extract from the
licensor are greater than those that could extract from the less efficient firm. Resorting

20 If the products were homogeneous, the wholesale price would be so high that firm D would be fore-
closed from the market. When products are slightly differentiated, the supplier prefers to induce firm D’s
aggressiveness and obtain the input revenues.
21 Reisinger and Tarantino (2015) show a similar result, in which a vertically integrated firm prefers to
serve a more efficient downstream firm and foreclose a less efficient downstream firm’s access to the input.
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to numerical simulations, we find that for γ > 0.218164, firm I prefers serving only
firm D instead of both downstream firms. For lower values of γ , and thus, when
competition is weak, firm I prefers serving both its downstream rivals.

Proposition 6 Under a per-unit royalty licensing, firm I provides the input to both the
licensor and the licensee when final product differentiation is sufficiently high (i.e.,
γ < 0.218164). In this case, firm D always opts for licensing. Otherwise, firm D is
indifferent between licensing and no licensing.

The intuition is as follows. The licensee’s entry gives rise to the cannibalization
effect, the market expansion effect, the business-stealing effect and the input price
discrimination effect. When product differentiation is high, and thus, firm I serves
both downstream firms, the negative impact of the cannibalization effect and the input
price discrimination effect on firm D’s profits is weak while firm D by capturing the
licensing revenues, takes advantage of the market expansion effect and the business-
stealing effect, rendering licensing desirable. This comes in contrast to the result of
Bakaouka andMilliou (2018), who find that licensing through a per-unit royalty is not
desirable, because in their setting the input supplier cannot interact with more than one
downstream firms, and thus, to eliminate the negative impact of the cannibalization
effect. However, when firm I decides not to serve firm E, and thus there is no new entry
in the downstream market, firm D is indifferent between licensing and no licensing.

It emerges from the above analysis that the type of the licensing contract affects
both firm I’s input provision incentives and firm D’s licensing incentives. In contrast
to the case of licensing through fixed fee, a per-unit royalty licensing brings about
the input price discrimination effect, and makes the input sourcing terms being higher
then, namely, ŵL

D>wL and ŵL
E > wL . Thus, a per-unit royalty licensing is less likely to

occur because of the input price discrimination effect and the fact that firm D cannot
take full advantage of the market expansion effect and the business-stealing effect.
Licensing through a per-unit royalty is welfare enhancing, but, because of the input
price discrimination effect and the higher input prices, it is less desirable than licensing
through a fixed fee for both consumers and total welfare.22

In fact, we show that our results are in contrast to the patent licensing literature that
considers a licensor who is active in the final goods market. This literature shows that
licensing by means of a per-unit royalty is superior to licensing by means of a fixed
fee from the viewpoint of the licensor.23 This happens because the licensor can reap
the reward of licensing while he still enjoys the benefit of his cost advantage under a
per-unit royalty contract (Wang 1998). The same logic also holds in the paper of Arya
and Mittendorf (2006) which considers a vertical market in which both the licensor
and the licensee source the required input from a common supplier. In their setting,
a per-unit royalty licensing creates a new weaker rival who is more sensitive to the
supplier’s input pricing. In fact, in order to keep input demand up, the supplier charges

22 The comparison takes place within the common set of parameters under which licensing incentives occur
under both licensing contracts. In other words, licensing through a fixed fee is preferred to licensing through
a per-unit royalty contract, using the same set of parameters and parameter values for the comparison.
23 One exception is the paper of Colombo et al. (2023) which examines the case of a capacity constrained
licensor that charges a fixed fee. They show that the fixed fee is preferred even if the licensor competes with
the licensee, provided that he is able to produce a relatively small quantity.
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a lower wholesale price to the less efficient licensee compared to the more efficient
licensor who continues to receive the same wholesale price as in the no licensing case.
As a result, the licensor benefits from the licensee’s increased profits which he can
partially extract. However, in line with Bakaouka and Milliou (2018), in our setting
a per-unit royalty licensing leads to worse input sourcing terms, and thus, into lower
downstreamprofits for the licensor. The fact that the licensor cannot take full advantage
of both the market expansion effect and the business-stealing effect renders a per-unit
royalty licensing less desirable compared to a fixed fee licensing. It follows that both
themarket structure and the vertical contracting can substantially affect the superiority
of the licensing contract between a fixed fee and a per-unit royalty licensing.

In what follows, we examine how a two-part tariff licensing contract can affect
the licensing incentives. In this scenario, the licensor has two instruments (fixed fee
and per-unit royalty) to capture the licensee’s profits and to take full advantage of
the market expansion effect and the business-stealing effect. Licensing incentives still
occur, rendering the two-part tariff licensing contract the more desirable compared to
both the per-unit royalty and the fixed fee licensing contracts. From a welfare point
of view, licensing through a fixed fee is the most desirable one because of the input
pricing effect and the lower final prices. Under a two-part tariff licensing contract, the
input price discrimination effect still occurs, but is weaker compared to the per-unit
royalty licensing as it leads to lower input prices and, as such, to lower final prices.
In turn, the positive impact of licensing on both consumer and total welfare is greater
under the two-part tariff than under the per-unit royalty licensing.

Regarding the optimality of a two-part tariff licensing contract, the literature has
shown that it can indeed be optimal under alternative scenarios: indicatively, when
there is cost asymmetry among the licensor and the licensee (Poddar and Sinha 2010),
when the magnitude of the innovation size is large (Tsao et al. 2023), and when the
firms operate in a homogeneous or a differentiated Cournot oligopoly (Fauli-Oller and
Sandonis 2003; Sen and Tauman 2007). We add to the existing literature by showing
that a two-part tariff licensing contract can still be optimal in vertically related markets
similar to our setting.

A number of recent contributions to the patent licensing theory (see, among others,
SanMartin andSaracho2010;ColomboandFilippini 2016;Hsu et al. 2019) investigate
the implications of an alternative contract, namely, the ad valorem profit-licensing
contract. This type of contract allows the licensor to extract a quota of the licensee’s
profits. Under ad valorem licensing, the licensor tends to have financial interests in
the licensee’s profits and thus, behaves less aggressively. That is, the licensor keeps
final production low in order to soften competition and extract a share of the licensee’s
increased profits.

In our setting, an increase in the ad valorem royalty leads to higher input prices for
both downstream firms, while the licensor’s input price is lower than the one of the
licensee. These results hold for the following reasons: firstly, firm I has incentives to
raise its rivals’ cost in order to enlarge its own downstreammarket share and, secondly,
firm I charges a higher wholesale price to the licensee in order to mitigate the strategic
behavior of the licensor (that is, the licensor’s effort to raise the profits of the licensee).
Numerical simulations show that under ad valorem licensing, firm I prefers to supply
both downstream firms when product differentiation is high. In this case, licensing
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continues to be desirable from the licensor’s viewpoint due to the market expansion
effect and the business-stealing effect, and enhances both consumer and total welfare.

8 Extensions

In this section, we briefly discuss a number of further extensions of our main model
to gain additional insights.

8.1 Licensing by the vertically integrated firm

In this subsection, we examine the case where the vertically integrated firm I opts for
licensing, giving rise to the entry of firm E into the final goods market. An interesting
illustration of this market structure can be found in the virtual reality (VR) headset
market. In particular, Samsung—one of the largest OLED display manufacturers—-
supplies Apple with OLED panels for different i-phone models and VR headsets. In
2004, Samsung and Sony entered in a long-term cross-license agreement for patents,
which, at the time, were considered basic technologies necessary for product develop-
ment. Patents that were excluded from the agreement were the ones related to Sony’s
Digital Reality Creation (DRC) and PlayStation architecture, and Samsung’s Digital
Natural Image Engine (DNIe) and TFT-LCD and organic light emitting diode (OLED)
display patents. Almost twenty years later, in 2023, Sony launched its next genera-
tion VR headset, PlayStation VR2, which features OLED panels manufactured by
Samsung, thus directly competing with Samsung’s Gear VR headset.24 As such, we
observe that firm I (in this case, Samsung) licenses firm E (in this case, Sony) which
ends up entering the market and competing with both firms I and D (that is, Samsung
and Apple).

In this case, it is firm D that suffers from the business-stealing effect, while now
the cannibalization effect hurts firm I . Similarly to the main model, when β > β1(γ ),
firm I provides the input to both downstream firms and always opts for licensing, since
it takes full advantage of the input pricing effect, the business-stealing effect and the
market expansion effect. When β < β1(γ ), firm I still has incentives for licensing and
serves only one downstream firm, the licensee. In the latter case, firm I , by capturing
the licensee’s profits, benefits from the market expansion effect and eliminates the
negative impact of the cannibalization effect.

In contrast to the main model, firm I always has incentives to license its technology
independently of either it will serve both downstream firms or only the licensee. Still,
when β > β1(γ ), due to the market expansion effect, firm I would have incentives to
license its technology to firm E even for free. Licensing by the vertically integrated
firm leaves welfare unaffected.

24 For more information, see, e.g., Samsung, Sony enter cross-license agreement, Forbes (December 27,
2004) and Sony plans PSVR successor for next holiday season, The Verge (June 16, 2021).
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8.2 Non-vertically integrated firm

The fact that the supplier is a vertically integrated firm gives rise to the question of
what would happen if, alternatively, firm I was a non-integrated upstream firm. An
interesting illustration of this market structure comes from the electronics industry. In
2021, Huawei began giving access to its portfolio of 5G patents toApple and Samsung,
creating a lucrative revenue source. Huawei, Apple, Samsung and other smartphone
brands were vying to secure components for their devices, such as ceramic capacitors
from Murata, the world’s biggest maker of multi-layer ceramic capacitors (MLCC).
According to Murata, the demand for fifth-generation wireless devices was expected
to surpass 500 million units in the following financial year.25

Following the above framework, in the no licensing case, there would be two down-
stream firms, firm D and firm K , and thus, three possible third-stage subgames.26 In
the first and the second subgame, firm I can serve only firm D or only firm K and
the equilibrium outcomes coincide with the case in which the downstream firm is a
monopolist in the market. As it is well established in the literature, firm I and the
downstream firm would set wSM � c and would achieve the profits of a monopo-
list splitting them up according to their bargaining power. In the third subgame in
which firm I serves both downstream firms, the equilibrium wholesale price would be
wSN � c − γ 2 (a−c)

2(2−γ 2)
< c, namely, firm I would subsidize both downstream firms,

as it suffers from the commitment problem.27

In the licensing case, the downstream market consists of three firms, D, K and E,

and the equilibrium wholesale price is wSL � aγ 2−c(2−γ )(1+γ )
2γ 2−γ−2

< wSN < c. With
the increase in the number of the downstream firms, the commitment problem of the
supplier becomesmore severe (Rey and Tirole 2007), rendering the input pricing effect
even stronger when the supplier is not a vertically integrated firm. Importantly, firm
D would opt for licensing when firm I supplies all downstream firms. This occurs
when the final products are more differentiated and firm I’s bargaining power is not
sufficiently low.28 Similarly to the main model, we observe that when product dif-
ferentiation is high, the negative impact of the cannibalization effect is weak and the

25 For more information, see, e.g., Huawei to start demanding 5G royalties from Apple, Samsung,
Bloomberg (March 16, 2021), and Apple supplier Murata expects half billion 5G smartphones in new
year, Bloomberg (January 5, 2021).
26 In stage 2, if firm I decided not to serve none of the downstream firms, then its profits would be equal
to zero, and thus, it would never decide to foreclose both downstream firms. For the rest of the subgames,
a detailed equilibrium analysis is included in the Appendix.
27 When firm I is non-integrated and trades with firm D, it cannot commit to not offering better trading
terms to firm K . Firm D knows that firm I has incentives to behave opportunistically and make firm K an
aggressive competitor in the final goods market, via a lower wholesale price, because it can use the fixed
fee in order to transfer upstream the higher gross profits of firm K . Firm D anticipates this and it will never
agree on a wholesale price that is not below the marginal cost of firm I . See, e.g., McAfee and Schwartz
(1995), Rey and Vergé (2004), de Fontenay and Gans (2005), Milliou and Petrakis (2007), Alipranti et al.
(2014).
28 Firm D would opt for licensing when β > β5(γ ) ≡ γ 3(40−12γ−38γ 2+15γ 3+8γ 4−4γ 5)

2(2−γ )(1−γ )(2−γ 2)(1−γ−γ 2)(2+γ−2γ 2)
. More

details are available in the Appendix.
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positive impact of the market expansion effect is strong and along with a larger sub-
sidy, and thus, a stronger input pricing effect, reinforce firm D’s licensing incentives
and increase consumer and total welfare. The latter effect actually makes licensing
more desirable from both a welfare and a licensor’s point of view, when the supplier
is a non-integrated rather than a vertically integrated firm. In other words, vertical
integration of the supplier removes firm D’s incentives to license to a new firm.

8.3 Intrabrand product differentiation

One might think that since under licensing, firm D and firm E use the same patented
technology, their final products can differ less between them than they differ from firm
I’s final product. This possibility can be captured by assuming that while the degree of
interbrand differentiation among firm I’s product and the products of firm D and firm
E is γ , the degree of intrabrand differentiation among the products of firm D and firm
E is given by δ, with 0 < γ < δ < 1. In such a case, as expected, the cannibalization
effect is stronger and the market expansion effect is weaker. The business-stealing
effect is also weaker, because the fact that the licensee competes more fiercely with its
licensor, induces the entrant to produce even less than firm I . Importantly, the input
pricing effect is stronger, as thewholesale price decreases with a decrease in intrabrand
differentiation, and thus, the more intense is competition among the licensor and the
licensee. Only if intrabrand differentiation is not sufficiently low (δ < 2

3 ), the market
expansion effect and the business-stealing effect, which, although they are weaker,
are still present, and along with the input pricing effect, make providing the input to
both downstream firms desirable for firm I . In this case, licensing incentives still exist,
although they are weaker when intrabrand differentiation is lower than interbrand
differentiation. Moreover, licensing continues to have positive welfare implications
when there is intrabrand differentiation, and its impact on consumer surplus is even
greater due to the stronger input pricing effect, but the impact on total welfare is smaller
due to the smaller increase on firms’ profits.

8.4 Bargaining over the licensing fee

In the main model, in the first stage of the game, firm D makes a take-it-or-leave-it
offer to firm E for the licensing fee. Here, we relax this assumption and examine what
happens if the licensor bargains with the licensee over the licensing fee. We assume
that the bargaining power of the licensor ism and that of the licensee is 1−m.When the
bargaining power of firmE is positive, firmD is not able to fully extract firmE’s profits
throughF. Still, even then, firmD always opts for licensing. This holds because during
the negotiations over F, the licensee has to compensate the licensor for the profits that
it would make without licensing. Because of this, in the extreme case in which firm D
has no bargaining power (m � 0), it is indifferent among licensing and no licensing. In
all other cases, it prefers licensing to no licensing, and the higher its bargaining power
is, the more it prefers licensing. The conclusions regarding the welfare implications of
licensing remain unchanged, since the allocation of the licensing fee does not affect
consumer and total welfare.
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8.5 Sequential bargaining

In settings in which the licensor is the incumbent firm and the licensee is the entrant,
one might wonder how the sequential bargaining in vertical contracting could affect
our findings. In order to examine this, we consider that the supplier bargains over the
contract terms first with firm D and then with firm E. When firm D opts for licensing,
it faces a higher wholesale price than the licensee does, namely, wB

D > wB
E > wN .

Thus, the input pricing effect of licensing disappears under sequential bargaining, and
importantly, the competition between firms is transformed from Cournot to Stackel-
berg. The reason is that now the supplier does not have the ability to commit to an
opportunistic behavior and prefers to use the sequential bargaining in order to generate
a cost asymmetry between his rivals. Intuitively, the supplier deteriorates the position
of the licensor by charging a higher wholesale price because he has an outside option
to mitigate his profit loss. On the other hand, the supplier has incentives to induce the
aggressiveness of the licensee by charging a wholesale price that is lower than the
licensor’s input price (McAfee and Schwartz 1994; Bedre-Defolie 2012), and thus,
transforming him into a Stackelberg leader. In that way, the licensee faces a weaker
competition that leads to increase his product, and thus, the supplier benefits by enlarg-
ing his own profits from the input sales, but also from the greater surplus that extracts
through the fixed fee of the contract.

Licensing continues to be desirable from the licensor’s viewpoint due to the
business-stealing effect and themarket expansion effect and welfare enhancing, unless
the final products are close substitutes.However, licensing ismore likely to occur under
simultaneous bargaining than under sequential bargaining because then the input pric-
ing effect occurs, which can induce a greater positive impact on both consumer and
total welfare.

8.6 Divisionalization

Licensing with a new entry resembles the horizontal divisionalization case that has
been examined in the literature. One might wonder whether firm D’s decision to be
divided into two firms which act as a multiproduct firm can affect our findings. In
order to examine this, we consider a case where in the first stage of the game firm
D decides—instead of licensing—to proceed with a divisionalization. We note here
that the divisionalization of firm D does not result in two independent firms. Rather
as mentioned above, they behave as a multiproduct firm. When firm D is divided, the
input pricing effect, the cannibalization effect, the market expansion effect and the
business-stealing effect, although they still exist, they are weaker than the licensing
case. The main difference with our main analysis is that now firm D and firm E
choose their quantities in a collusive way, and when the supplier and the downstream
firms set the wholesale prices, reinforce the collusive behavior of the downstream
firms through the setting of a higher wholesale price compared to the licensing case.
This leads firm I to be better off with a multiproduct customer rather than with a
single downstream firm, only when the downstream competition intensity is weak (γ
< 0.349946) and its bargaining power is not too low. In turn, firm D has incentives
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for divisionalization; however, it would be more likely to prefer licensing rather than
divisionalization because of the stronger effects. Based on the above, divisionalization
is welfare enhancing both for consumers and the economy as a whole, but its positive
impact is smaller than the licensing case.

8.7 Price competition

We now discuss what happens if the firms compete in prices in the final goods market.
Similar to the main analysis, licensing arises in equilibrium when firm I serves both
the licensor and the licensee. This holds when the final products are not close substi-
tutes and firm I’s bargaining power is not low.29 Interestingly, in contrast to a one-tier
market, a vertically related market is more competitive when downstream firms com-
pete in quantities than when they compete in prices (Alipranti et al. 2014). This is so
because the wholesale prices are lower under quantity than under price downstream
competition. In particular, since prices are strategic complements while quantities
are strategic substitutes, the supplier’s incentives to behave opportunistically are more
pronounced in the latter case, and thus, the input pricing effect is stronger then. Hence,
the stronger positive impact of both the input pricing effect and the market expansion
effect dominate the negative impact of the cannibalization effect, and thus, the licens-
ing incentives are stronger under quantity competition than under price competition.
Just as in our main analysis, licensing enhances consumer and total welfare, but it does
more under quantity than under price competition.

9 Concluding remarks

This paper analyzed the incentives of a downstream firm that sources its input from
a vertically integrated firm, to license its patented technology to an external firm,
thus transforming the licensee both into a downstream competitor, as well as into a
customer of the vertically integrated supplier. We used a framework in which, after the
licensing agreement is signed, the vertically integrated supplier decides which of the
downstream firm(s) he will serve, and then firms compete in the final goods market.

We showed that although the licensee’s entry intensifies downstream competition
and cannibalizes the demand of the licensor’s product, licensing can be desirable; this
is due to the fact that the licensor benefits from the lower input cost, the expansion
of the final goods market and the business stealing from the rival vertically integrated
firm. This holds when the supplier has incentives to serve both the licensor and the
licensee unless the final products are not close substitutes and the supplier’s bargaining
power is not low. Licensing in a vertically related market is welfare enhancing both
for the consumers and the economy as a whole, as it triggers new entry into the
downstreammarket, leads to an increase in competition intensity and in product variety
and decreases both input costs and final prices. However, the vertical market structure
can diminish licensing incentives and welfare enhancement compared to a market in
which no vertical relations among firms exist.

29 More details are available in the Appendix.
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Various extensions of the main model demonstrated that there are still licensing
incentives under alternative licensing contracts, when downstream competition is in
prices, when intrabrand product differentiation is less than interbrand differentiation,
when input trading takes place sequentially, as well as when the supplier is not active
in the downstream market or is the one who does the licensing. The positive impact
of licensing on consumers and total welfare continues to exist, and it is smaller when
licensing is through a per-unit royalty, when vertical contracting is sequential or there
is downstream price competition, while it is larger when the supplier is non-vertically
integrated compared to the main analysis.

Summing up, we analyzed the common business practice of licensing in vertically
relatedmarkets where licensing transforms the licensee into a direct downstream com-
petitor of the integrated supplier and the licensor. The analysis was based on strategic
considerations without exogenously assumed asymmetries, e.g., cost efficiencies of
the licensor or the licensee and/or costly investments in input production, which might
result in less surprising results than in our setting. The examination of licensing incen-
tives and theirwelfare implications under differentmarket structures and specifications
of vertical contracting is left for future work.
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Table 1 Equilibrium values
under no licensing and under
licensing through fixed fee when
firm I serves both firm D and
firm E

πN
D � (α−c)2(1−β)(1−γ)2

4−3γ2
; πN

I � (α−c)2
(
4+4β(1−γ)2−3γ2

)

4
(
4−3γ2

)

qLD � qLE � (α−c)
2+3γ ; qLI � (α−c)(2+γ)

4+6γ

π L
D(q

L
D) − T L

D � 2(1−β)(α−c)2(2−γ (−2+γ (2+γ )))(
4+8γ+3γ 2

)2

π L
I � (α−c)2

(
16+16β

(
2+2γ−2γ2−γ3

)
+γ

(
64+80γ+16γ2−3γ3

))

4(2+γ)2(2+3γ)2

FL � 2(1−β)(α−c)2(2−γ(−2+γ(2+γ)))(
4+8γ+3γ2

)2 ; π L
D �

4(1−β)(α−c)2(2−γ(−2+γ(2+γ)))(
4+8γ+3γ2

)2

Table 2 Equilibrium values under licensing through per-unit royalty when firm I serves both firm D and
firm E

ŵL
D � A

(2
(
2+2γ−2γ 2−γ 3

)(
32+32γ−72γ 2−40γ 3+47γ 4+βγ 4

)

ŵL
E � B

2(2+γ )
(
2+2γ−2γ 2−γ 3

)(
32+32γ−72γ 2−40γ 3+47γ 4+βγ 4

)

q̂ LD � 2(α−c)(1−γ )
(
2+γ−2γ 2

)(
8+8γ−9γ 2−5γ 3

)
(
2+2γ−2γ 2−γ 3

)(
32+32γ−72γ 2−40γ 3+47γ 4+βγ 4

)

q̂ LI � (α−c)
(
64+80γ−160γ 2−176γ 3+4βγ 3+126γ 4+2βγ 4+122γ 5−6βγ 5−24γ 6−33γ 7+βγ 7

)

2
(
2+2γ−2γ 2−γ 3

)(
32+32γ−72γ 2−40γ 3+47γ 4+βγ 4

)

q̂ LE � 2(α−c)(1−γ )
(
8+8γ−14γ 2−2βγ 2−5γ 2−2βγ 3+9γ 4+2βγ 4−3γ 5+βγ 5

)
(
2+2γ−2γ 2−γ 3

)(
32+32γ−72γ 2−40γ 3+47γ 4+βγ 4

)

π̂ L
D � 8(α−c)2(1−γ )2

(
2+γ−2γ 2

)(
6−4β+11γ−6βγ+2βγ 2−7γ 3+4βγ 3−3γ 4+βγ 4

)

(2+γ )2
(
2+2γ−2γ 2−γ 3

)(
32+32γ−72γ 2−40γ 3+47γ 4+βγ 4

)

π̂ L
I � (α−c)2�

4(2−γ )2(2+γ )4
(
2+2γ−2γ 2−γ 3

)2(32+32γ−72γ 2−40γ 3+47γ 4+βγ 4
)2

π̂ L
E � 4(1−β)(α−c)2(1−γ )2

(
2+γ−2γ 2

)
	

(2−γ )2(2+γ )4
(
2+2γ−2γ 2−γ 3

)2(32+32γ−72γ 2−40γ 3+47γ 4+βγ 4
)2

where

A � 128c + 96αγ + 160cγ + 32αγ 2 − 320cγ 2 − 320αγ 3 + 8αβγ 3

− 320cγ 3 − 8βcγ 3 + 8αγ 4 + 244cγ 4 + 4βcγ 4 + 334αγ 5 − 14αβγ 5

+ 158cγ 5 + 18βcγ 5 − 102αγ 6 + 6αβγ 6 − 6cγ 6 − 10βcγ 6 − 82αγ 7

+ 2αβγ 7 − 12cγ 7 − 4βcγ 7 + 33αγ 8 − αβγ 8 − 33cγ 8 + βcγ 8 > 0,
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B � 256c + 128αγ + 512cγ + 192αγ 2 − 512cγ 2 − 288αγ 3 − 1280cγ 3

− 496αγ 4 + 360cγ 4 + 32αβγ 4 − 24βcγ 4 + 188αγ 5 + 4αβγ 5 + 1048cγ 5

+ 8βcγ 5 + 466αγ 6 − 58αβγ 6 − 190cγ 6 + 54βcγ 6 − 54αγ 7 + 14αβγ 7

− 242cγ 7 − 22βcγ 7 − 172αγ 8 + 12αβγ 8 + 78cγ 8 − 14βcγ 8 + 33αγ 9

− αβγ 9 − 33cγ 9 + βcγ 9 > 0,
� � 262144 + 327680β + 1310720γ + 589824βγ + 819200γ 2 − 2162688βγ 2

− 32768β2γ 2 − 5750784γ 3 − 3620864βγ 3 − 32768β2γ 3 − 8544144γ 4

+ 6602752βγ 4 + 204800β2γ 4 + 4096β3γ 4 + 9707520γ 5 + 9478144βγ 5

+ 135168β2γ 5 + 4096β3γ 5 + 21912576γ 6 − 11889664βγ 6 − 559104β2γ 6

− 22528β3γ 6 − 7085056γ 7 − 3531136βγ 7 − 177152β2γ 7 − 16384β3γ 7

− 28749824γ 8 + 13357056βγ 8 + 817408β2γ 8 + 51712β3γ 8 + 342528γ 9

+ 11342336βγ 9 + 40192β2γ 9 + 23040β3γ 9 + 21849024γ 10 − 9276544βγ 10

− 648832β2γ 10 − 60096β3γ 10 + 3240064γ 11 − 5676864βγ 11 + 51520β2γ 11

− 12928β3γ 11 − 9941488γ 12 + 3809152βγ 12 + 286912β2γ 12 + 34048β3γ 12

− 2437808γ 13 + 1611488βγ 13 + 4272β2γ 13 + 3392β3γ 13 + 2634676γ 14

− 807368βγ 14 − 105420β2γ 14 − 7616β3γ 14 + 770200γ 15

− 182608βγ 15 − 15368β2γ 15 − 1920β3γ 15 − 321364γ 16 + 8376βγ 16

+ 35164β2γ 16 + 592β3γ 16 − 119052γ 17 + 504βγ 17 + 52β2γ 17

+ 512β3γ 17 − 1712γ 18 + 24512βγ 18 − 4192β2γ 18 + 16β3γ 18 + 12496γ 19

− 4080βγ 19 + 192β2γ 19 − 32β3γ 19 + 165γ 20 − 170βγ 20 + 5βγ 20 > 0 and
	 � 2048 + 5120γ − 4068γ 2 − 1024βγ 2 − 15616γ 3 − 2560βγ 3 − 6656γ 4

+ 1536βγ 4 + 128β2γ 4 + 19712γ 5 + 6528βγ 5 + 320β2γ 5 − 10048γ 6

− 704βγ 6 − 96β2γ 6 − 12256γ 7 − 6432βγ 7 − 656β2γ 7 + 10888γ 8

+ 112βγ 8 − 136β2γ 8 + 3564γ 9 + 3152βγ 9 + 420β2γ 9

− 7556γ 10 + 440βγ 10 + 160β2γ 10 − 592γ 11 − 1088βγ 11 − 60β2γ 11

+ 3562γ 12 − 444βγ 12 − 52β2γ 12 + 72γ 13 + 272βγ 13 − 12β2γ 13

− 792γ 14 + 108βγ 14 − 2β2γ 14 + 9γ 15 − 6βγ 15 + β2γ 15 > 0.

Licensing through a per-unit royalty

The outcomes of the no licensing case are the same with the main model. When
licensing takes place through a per-unit royalty, r ≥ 0, imposed on firm E’s output,
there are four possible third-stage subgames. In the first subgame, firm I does not
serve none of the downstream firms and thus gains the monopoly profits, πM

I . In the
second subgame, firm I decides to serve only firm D and the equilibrium outcomes

123



84 SERIEs (2024) 15:57–94

coincide with the respective ones of the no licensing case, i.e., wN
D , πN

D , πN
I . In the

rest of the subgames, which we analyze next, firm I either serves both firmD and firm
E or serves only firm E.

(a) Serving both firm D and firm E

In the last stage, firms D, I and E choose their outputs in order to maximize their
profits given by:

πD(qD , qI , qE , wD , wE , r) � (α − qD − γ qI − γ qE − wD)qD + rqE ; (23)

πI(qD , qI , qE , wD , wE , r) � (α − qI − γ qD − γ qE − c)qI + (wD − c)qD + (wE − c)qE ;
(24)

πE (qD , qI , qE , wD , wE , r) � (α − qE − γ qD − γ qI − wE − r)qE . (25)

Solving the system of the first order conditions, we obtain:

qD(wD , wE , r) � α(2 − γ ) − 2wD + γ (c + r − wD + wE )

2(2 − γ )(1 + γ )
; (26)

qI(wD , wE , r) � α(2 − γ ) − c(2 + γ ) + γ (r + wD + wE )

2(2 − γ )(1 + γ )
; (27)

qE (wD , wE , r) � α(2 − γ ) − 2(r + wE ) + γ (c − r + wD − wE )

2(2 − γ )(1 + γ )
. (28)

In the previous stage of the game, firm I bargains with each downstream firm i,
with i � D, E, over (wi , Ti ) taking as given the outcome of the simultaneously run
two-part tariff negotiations with the downstream rival j, where j � D, E, with i �� j.

Letting (ŵL
j , T̂

L
j ) denote the equilibrium bargaining outcome offered to rival j,wi and

Ti are chosen to solve the following maximization problem:

max
wi , Ti

[πI

(
wi , ŵL

j , r
)

− dIi + Ti + Tj ]
β

[πi

(
wi , ŵL

j , r
)

− di − Ti ]
1−β

(29)

where πI

(
wi , ŵL

j , r
)
and πi

(
wi , ŵL

j , r
)
are found after substituting (26), (27)

and (28) into (23), (24) and (25), respectively. If an agreement between firms
I and i is not reached, then their disagreement payoffs differ depending on the
bargaining pair (I, i). In particular, when an agreement between firm I and firm

D is not reached, firm I’s disagreement payoff is given by dID

(
ŵL

E , r , T̂
L
E

)
≡

(
a − qB

I

(
ŵL

E , r
) − γ qB

E

(
ŵL

E , r
) − c

)
qB
I

(
ŵL

E , r
)
+

(
ŵL

E − c
)
qB
E

(
ŵL

E , r
)
+ T̂ L

E , where

qB
I

(
ŵL

E , r
) � α(2−γ )−2c+γ

(
r+ŵL

E

)
4−γ 2 and qB

E

(
ŵL

E , r
) � α(2−γ )+cγ−2

(
r+ŵL

E

)
4−γ 2 . FirmD’s dis-

agreement payoff is given by dD(r) ≡ rqB
E , namely, its licensing revenues. Instead,

when an agreement between firm I and firm E is not reached, firm I’s disagree-

ment payoff is given by dIE
(
ŵL

D , r , T̂
L
D

)
≡ (

a − qCI
(
ŵL

D , r
) − γ qCD

(
ŵL

D , r
) − c

)
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qCI
(
ŵL

D , r
)
+
(
ŵL

D − c
)
qCD

(
ŵL

D , r
)
+T̂ L

D , whereq
C
D

(
ŵL

D , r
)
andqCI

(
ŵL

D , r
)
are given by

(3) and (4)whenwD � ŵL
D , respectively. FirmE’s disagreement payoff is null,dE ≡ 0,

since firm E does not have an outside option. Maximizing (29) with respect toTi , we
get:

Ti � β
[
πi

(
wi , ŵL

j , r
)

− di
]

− (1 − β)
[
πI

(
wi , ŵL

j , r
)

− dIi

]
. (30)

Using the above expression, we find:

πI

(
wi , ŵL

j , r
)

− dIi + Ti � β
[
πI

(
wi , ŵL

j , r
)
+ πi

(
wi , ŵL

j , r
)

− dIi − di
]
;

(31)

πi

(
wi , ŵL

j , r
)

− di − Ti � (1 − β)
[
πI

(
wi , ŵL

j , r
)
+ πi

(
wi , ŵL

j , r
)

− dIi − di
]
.

(32)

Substituting (31) and (32) into (29), we note that the latter reduces to an expression
proportional to the joint profits of firm I and firm i minus their disagreement payoffs.
The wholesale prices that maximize this expression are:

wD(r) � (1 − γ )
(
α(2 − γ )γ + c(2 + γ )2

)(
2 + γ − 2γ 2

)
+

(
4γ − γ 3

)(
1 + γ − γ 2

)
r

2(1 − γ )(2 + 3γ )(2 + γ (1 − 2γ ))
; (33)

wE(r) � (1 − γ )
(
α(2 − γ )γ + c(2 + γ )2

)(
2 + γ − 2γ 2

)
+ γ 2

(
8 + 4γ − 10γ 2 + γ 3

)
r

2(1 − γ )(2 + 3γ )(2 + γ (1 − 2γ ))
. (34)

We find that a higher per-unit royalty has a positive impact on firm E’s wholesale
price and on firm D’s wholesale price, ∂wi

∂r > 0.
After substituting (33) and (34) into (26), (27) and (28), we obtain qi (r ) and sub-

stituting them into (23), (24), (25) and (30), we obtain π̂ L
I (r ),π̂

L
i (r ) and T̂ L

i (r ).
In the first stage of the game, assuming that in the continuation of the game firm

I serves both downstream firms, firm D chooses the level of the per-unit royalty that
maximizes its profits π̂D(r) − T̂D(r). The equilibrium per-unit royalty is:

r̂ L � 4(α − c)(1 − γ )
(
2 + γ − 2γ 2

)
Z

(2 + γ )(2 + 2γ − 2γ 2 − γ 3)(32 + 32γ − 72γ 2 − 40γ 3 + 47γ 4 − βγ 4 (35)

where Z � (8 + 16γ − 12γ 2 + 2βγ 2 − 30γ 3 + 2βγ 3 + 4γ 4 − 2βγ 4 + 13γ 5 − βγ 5).
We can easily check that a decrease in product differentiation has a negative impact

on the per-unit royalty. For the rest of the analysis of this subgame, we make the
following assumption that is a sufficient condition that guarantees that the per-unit
royalty and the wholesale prices are nonnegative and that an equilibrium exists in this
subgame:

Assumption 1 β>β(γ ) ≡ 8+16γ−12γ 2−30γ 3+4γ 4+13γ 5

γ 2(−2−2γ+2γ 2+γ 3)
where β(γ ) is increasing in γ

with β(0.948409) � 0 and β(1) � 1. When β < β(γ ), there is no equilibrium in
which firm I serves both downstream firms.
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After making all the suitable substitutions, we obtain the equilibrium wholesale
prices,ŵL

D and ŵL
E , the equilibrium quantities, q̂ L

D , q̂
L
I andq̂

L
E , and the equilibrium

profits, π̂ L
D , π̂

L
I andπ̂ L

E , which are included in Table 2 of the Appendix.

(b) Serving only firm E

In this subgame, firm I decides to serve only firm E, which means that firmD’s profits
come from its licensing revenues, πD(r) � rqE . Therefore, in the last stage, only firm
I and firm E choose their outputs in order to maximize their profits:

πI(qI , qE , wE , r) � (α − qI − γ qE − c)qI + (wE − c)qE ; (36)

πE (qI , qE , wE , r) � (α − qE − γ qI − wE − r)qE . (37)

Solving the system of the first order conditions, we obtain:

qI
(
wE , , r

) � α(2 − γ ) + cγ − 2(r + wE )

4 − γ 2 ; (38)

qE (wE , r) � α(2 − γ ) − 2c + γ (r + wE )

4 − γ 2 . (39)

In the previous stage of the game, firm I andfirmE solve the followingmaximization
problem:

max
wE, TE

[πI (wE, r) − dI + TE]
β [πE(wE, r) − TE]

1−β (40)

where πI (wE, r) and πE(wE, r) are found after substituting (38) and (39) into (36)
and (37), respectively. The disagreement payoff of firm E is null, while firm I’s dis-
agreement payoff is given by dI � πM

I . Maximizing (40) with respect to TE, yields:

TE � βπE(wE, r) − (1 − β)[πI (wE, r) − dI]. (41)

Using the above expression, we find:

πI (wE, r) − dI + TE � β[πI (wE, r) + πE(wE, r) − dI]; (42)

πE(wE, r) − TE � (1 − β)[πI (wE, r) + πE(wE, r) − dI]; (43)

Substituting (42) and (43) into (40), we note that the latter reduces to an expression
proportional to the joint profits of firms I and E minus firm I’s disagreement payoff.
The wholesale price that maximizes this expression is:

wE(r) � c(8 − γ (4 + γ (2 + γ ))) + γ (α(2 − γ )2 + 4γ r

8 − 6γ 2 . (44)
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Table 3 Equilibrium values
under licensing through per-unit
royalty when firm I serves only
firm E

ŵLE
E � αγ (4−γ (2+γ ))+c(8−γ (4+(4−γ )γ ))

8−6γ 2

q̂ LEI � (α−c)
(
4−γ−2γ 2

)

8−6γ 2

q̂ LEE � (α−c)(1−γ )

4−3γ 2

π̂ LE
D � (α−c)(1−γ )2

8−6γ 2

π̂ LE
I � (α−c)2

(
4+β(1−γ )2−3γ 2

)

4
(
4−3γ 2

)

π̂ LE
E � (1−β)(a−c)2(1−γ )2

4
(
4−3γ 2

)

In line with our previous analysis, a per-unit royalty always has a positive impact
on firm E’s wholesale price. After substituting (44) into (38) and (39), we obtain qi (r )
and substituting them into (36), (37) and (41), we obtain π̂ LE

I (r), π̂ LE
E (r) and T̂ LE

E (r ),
respectively.

In the first stage of the game, assuming that in the continuation of the game firm I
serves only firm E, firm D chooses the level of the per-unit royalty that maximizes its
profits πD(r). The resulting equilibrium per-unit royalty is:

r̂ LE � (α − c)(1 − γ )

2
. (45)

After making all the suitable substitutions, we obtain the equilibrium wholesale
price, ŵLE

E , the equilibrium quantities, q̂ LE
I and q̂ LE

E , and the equilibrium profits, π̂ LE
I ,

π̂ LE
D , π̂ LE

E which are included in Table 3 of the Appendix.

Non-integrated supplier

In the no licensing case, in the subgame in which firm I serves only firm D or only
firm K , thus, in equilibrium, a monopoly exists in the downstream market: wSM � c,

π SM
i � (1−β)(α−c)2

4 with i � D, K and π SM
I � β(α−c)2

4 .
In the no licensing case, in the subgame in which firm I can serve both firm D and

firmK , in the last stage, each firm i chooses its quantity tomaximize:πi
(
qi , q j , wi

) �
(α − qi − γ q j )qi − wi qi , with i, j � D, K and i �� j. This results in:qi

(
wi , w j

) �
a(2−γ )−2wi+γw j

4−γ 2 .

Letting wSN
j denote the equilibrium outcome of the negotiations of firm I and firm

j, wi is chosen to maximize:

max
wi , Ti

[πI

(
wi , wSN

j

)
+ Ti + Tj − dI1

(
wSN

j , T SN
j

)
]
β

[πi

(
wi , wSN

j

)
− Ti ]

1−β

, (46)
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where πI

(
wi , wSN

j

)
� (wi − c)qi

(
wi , wSN

j

)
+

(
wSN

j − c
)
q j

(
wi , wSN

j

)
and

πi

(
wi , wSN

j

)
� πi

(
qi (wi , wSN

j

)
, q j

(
wi , wSN

j

)
, wi , wSN

j ) and the disagreement

payoff of firm I is given by dI1
(
wSN

j , T SN
j

)
�

(
wSN

j − c
)
qmon
j

(
wSN

j

)
+ T SN

j ,

where qmon
j

(
wSN

j

)
� (a − wSN

j )/2. From the first order conditions of (45), we

obtain: wSN � c − γ 2(α−c)
2(2−γ 2)

, where wSN < c. The respective equilibrium quantities

are: qSN
i � (α−c)(2−γ )

2(2−γ 2)
. In turn, the equilibrium net profits are:

π SN
i � πi

(
qSN
i

)
− TSN

i � (1 − β)(α − c)2(2 − γ )2

8(2 − γ )2
; (47)

π SN
I � (α − c)2(2 − γ )

(−γ 3 + β(2 − γ )
(
2 − γ 2

))

4
(
2 − γ 2

)2 . (48)

Note that π SN
I > 0 if and only if β > β2(γ ) ≡ γ 3

4−2γ−2γ 2+γ 3 , where
∂β2(γ )

∂γ
> 0,

β2(0) � 0andβ2(1) � 1. When β < β2(γ ), firm I cannot benefit from its bargaining
power since it is not so strong to extract a large fixed fee. The same also holds when
γ is low enough and β is small. This is so, because then firm I’s disagreement payoff
becomes negative due to the subsidy and cannot be outweighed by a positive fixed fee.
In the second stage of the game, firm I would prefer to serve two downstream firms
instead of one, namely, when it holds that π SN

I > π SM
I , if and only if 0 < γ < 0.653986

and β >β3(γ ) ≡ 2γ 3−γ 4

4−8γ+2γ 2+4γ 3−2γ 4 where ∂β3(γ )
∂γ

> 0, β3(0) � 0andβ3(0.653986) �
1 and β3(γ ) > β2(γ ).

In the licensing case, in the subgame in which firm I serves two downstream firms,
the equilibrium outcomes coincide with those of the no licensing case, which analyzed
above.

In the licensing case, in the subgame in which firm I serves all three downstream
firms, in the last stage, each firm i chooses its quantity tomaximize:πi (qi , q j , qk,wi )�
(α−qi − γ q j − γ qk)qi − wi qi , with i, j, k � D, E, K and i �� j �� k. This results in:

qi
(
wi , w j , wk

) � a(2−γ )−(2+γ )wi+γ (w j+wk )
2(2−γ )(1+γ )

.

Letting wSL
j and wSL

k denote the equilibrium outcomes of the negotiations of firm
I and firms j and k, wi is chosen to maximize:

max
wi , Ti

[πI

(
wi , wSL

j , wSL
k

)
+ Ti + Tj + Tk − dI1

(
wSL

j , wSL
k , T SL

j , T SL
k

)
]
β

[πi

(
wi , wSL

j , wSL
k

)
− Ti ]

1−β

, (49)

where πI

(
wi , wSL

j , wSL
k

)
� (wi − c)qi

(
wi , wSL

j , wSL
k

)
+

(
wSL

j − c
)

q j

(
wi , wSL

j , wSL
k

)
+

(
wSL
k − c

)
qk

(
wi , wSL

j , wSL
k

)
, πi

(
wi , wSL

j , wSL
k

)
�

123



SERIEs (2024) 15:57–94 89

πi

(
qi

(
wi , wSL

j , wSL
k

)
, q j

(
wi , wSL

j , wSL
k

)
, wi , wSL

j , wSL
k

)
and the dis-

agreement payoff of firm I is given by dI1
(
wSL

j , wSL
k , T SL

j , T SL
k

)
�(

wSL
j − c

)
q j

(
wSL

j , wSL
k

)
+

(
wSL
k − c

)
qk

(
wSL

j , wSL
k

)
+ T SL

j + T SL
k , where

q j

(
wSL

j , wSL
k

)
� a(2−γ )−2wSL

j +γwSL
k

4−γ 2 . From the first order conditions of (49), we

obtain: wSL � αγ 2−c(2−γ )(1+γ )

2γ 2−γ−2
, where wSL < wSN < c. The respective equilibrium

quantities are: qSL
i � (a−c)(2−γ )

4+2γ−4γ 2 . In turn, the equilibrium net profits are:

πD

(
qSL
D

)
− T SL

D � πE

(
qSL
E

)
− T SL

E � πK

(
qSL
K

)
− T SL

K � (1 − β)(α − c)2(2 − γ )2

4(2 + γ )(2 + γ (1 − 2γ ))
;

(50)

π SL
I � 3(α − c)2(2 − γ )

(
4β − 5βγ 2 − 2(2 − β)γ 3

)

4(2 + γ )
(
2 + γ − 2γ 2

)2 . (51)

Note that π SL
I > 0 if and only if 0 < γ < 0.780776 and β > β4(γ ) ≡

4γ 3

(2−γ )(2+γ−2γ 3)
, where ∂β4(γ )

∂γ
> 0, β4(0) � 0andβ4(0.780776) � 1 and it holds

that β4(γ ) > β2(γ ). In the second stage of the game, firm I decides whether it
will provide the input to all three downstream firms or only to two downstream

firms: π SL
I −π SN

I =1
4 (α − c)2(2 − γ )( 3(4β−5βγ 2−2(2−β)γ 3)

(2+γ )(2+γ−2γ 2)2
− β(2−γ )

(
2−γ 2

)−γ 3

(2−γ 2)
2 )>0 if

and only if β > β5(γ ) ≡ γ 3(40−12γ−38γ 2+15γ 3+8γ 4−4γ 5)
2(2−γ )(1−γ )(2−γ 2)(1−γ−γ 2)(2+γ−2γ 2)

, where ∂β5(γ )
∂γ

> 0,
β5(0) � 0andβ5(0.437465) � 1, and it holds that β5(γ ) > β3(γ ) > β4(γ ) > β2(γ ).
Thus, when β > β5(γ ), firm I prefers to serve three instead of two downstream firms.
If β3(γ ) < β < β5(γ ) occurs, firm I would provide the input to two downstream
firms and if β<β3(γ ) occurs, firm I would provide the input to one downstream firm.

In the first stage of the game, in case of licensing, firm D optimally sets

FSL � πE
(
qSL
E

) − T SL
E and its profits are: π SL

D � (1−β)(α−c)2(2−γ )2

(2+γ )(2+γ (1−2γ )) . Therefore,

firm D decides whether it will license its technology to firm E: π SL
D − π SN

D �
(1−β)(α−c)2(2−γ )2(4−γ (4+γ (1−2γ )))

8(2+γ )(2−γ 2)(2+γ (1−2γ ))
. The difference is positive and hence, firmD prefers

licensing compared to no licensing if and only if β > β5(γ ). Otherwise, firm D is
indifferent between licensing and no licensing.

Checking when firm D is more likely to license its technology, with a vertically
integrated firm I or with a non-vertically integrated firm I , we find that the difference:(
π L
D − πN

D

) − (
π SL
D − π SN

D

) � (1−β)(α−c)2γ H
8(2+γ )2(2+3γ )2(2−γ 2)(2+γ−2γ 2)(−4+3γ 3)

< 0, where H

� 512 + 256γ − 1920γ 2 + 672γ 3 + 2608γ 4 + 784γ 5 − 1448γ 6 − 446γ 7 + 279γ 8 +
90γ 9 > 0, namely, licensing is more likely to occur when the supplier is non-integrated
than a vertically integrated firm.
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Sequential bargaining

In the licensing case, if firm D has not reached an agreement with the supplier,
then firm I serves only firm E, and the equilibrium outcomes coincide with the
no licensing case. In the licensing case, solving by backward induction, if firm D
reaches an agreement with the supplier, then firm I and firm E solve the follow-

ing: max
wE , TE

[πI (wD , wE ) − dO
I + TD + TE ]

β
[πE (wD , wE ) − TE ]1−β . Taking this into

account, solving the previous stage of the game in which firm I negotiates with firm
D over(wD , TD), they solve

max
wD , TD

[πI (wD , wE (wD)) − dO
I + TD + TE (wD)]

β
[πD(wD , wE (wD)) − TD]

1−β.

This leads to wB
D=



2� and wB

E=

−O
2� , where 
 � 128c + 128αγ + 128cγ + 64αγ 2

− 32αβγ 2 − 288cγ 2 + 32βcγ 2 − 288αγ 3 − 256cγ 3 − 56αγ 4 + 64αβγ 4 + 184cγ 4

− 72βcγ 4 + 200αγ 5 − 20αβγ 5 + 184cγ 5 + 12βcγ 5 + 8αγ 6 − 20αβγ 6 + 6cγ 6 +
28βcγ 6 − 49αγ 7 + 4αβγ 7 − 47cγ 7 + 2αβγ 8 − 24γ 8 − 2βcγ 8 + 4αγ 9 − 4cγ 9, �
� (64 + 128γ − 112γ 2 − 272γ 3 + 64γ 4 − 4βγ 4 + 192γ 5 − 4βγ 5 + 7γ 6 + 4βγ 6 −
48γ 7 + 2βγ 7 − 12γ 8) and O � 4(α − c)(2 − γ )(1 − γ )γ (8 + 16γ − 4βγ + 2γ 2 −
4βγ 2 − 11γ 3 + 4βγ 3 − 4γ 4 + 2βγ 4) and it holds that wB

D > wB
E > wN .

Firm D prefers licensing rather than no licensing when π B
D − πN

D = �

(4−3γ 2)
2



2

> 0, where � � ((1 − β) (α − c)2 (1 − γ )2 (16384 + 32768γ − 81920γ 2 −
159744γ 3 + 4096βγ 3 + 192512γ 4 + 12288βγ 4 − 1024β2γ 4 + 315392γ 5 − 4096βγ 5

− 2048β2γ 5 − 293632γ 6 − 41984βγ 6 + 2816β2γ 6 − 332288γ 7 − 15616βγ 7

+ 6400β2γ 7 + 317312γ 8 + 57344βγ 8 − 3328β2γ 8 + 220032γ 9 + 36480βγ 9 −
8000β2γ 9 − 241184γ 10 − 37632βγ 10 + 2096β2γ 10 − 113472γ 11 − 31488βγ 11

+ 5024β2γ 11 + 120064γ 12 + 9976βγ 12 − 560β2γ 12 + 52836γ 13 + 12664βγ 13

− 1616β2γ 13 − 33165γ 14 + 616βγ 14 − 64β2γ 14 − 18096γ 15 − 1916βγ 15 +
224β2γ 15 + 2808γ 16 − 576βγ 16 + 44β2γ 16 + 2880γ 17 − 48βγ 17 + 432γ 18))
> 0 if and only if the final products are not close substitutes, namely when γ <

0.840326 and β > βB(γ ) � �
X − 2

√
�
�
, where ∂βB (γ )

∂γ
> 0, βB(0.840326) �

0andβB(0.968449) � 1, where � � 0.5(512 + 1024γ − 1024γ 2 − 2944γ 3 +
480γ 4 + 3232γ 5 + 336γ 6 − 1568γ 7 − 416γ 8 + 263γ 9 + 120γ 10 + 12γ 11), X �
γ (128 + 128γ − 352γ 2 − 256γ 3 + 384γ 4 + 184γ 5 − 190γ 6 − 62γ 7 + 34γ 8

+ 11γ 9), � � (65,536 + 131072γ − 425984γ 2 − 786432γ 3 + 1.441792*106

γ 4 + 2.097152*106γ 5 − 3.325952*106γ 6 − 3.299328*106γ 7 + 5.501696*106γ 8

+ 3.49184*106γ 9 − 6.506944*106γ 10 − 2.768*106γ 11 + 5.453552*106γ 12 +
1.812272*106γ 13 − 3.196476*106γ 14 − 1.01028*106γ 15 + 1.272625*106γ 16 +
446117γ 17 − 321699γ 18 − 137879γ 19 + 43192γ 20 + 25608γ 21 − 1068γ 22 −
2124γ 23 − 288γ 24) and � � γ 4 (2 + 2γ − 2γ 2 − γ 3)2 (64 − 112γ 2 + 16 γ 3 +
64γ 4 − 12γ 5 − 11γ 6)2.
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Price competition

In the licensing case, firms maximize these profits:

π LP
i � (pi − wi )

(
a(1−γ )−(1+γ )pi+γ (p j+pI )

1+γ−2γ 2

)
and π LP

I �
(pI − c)

(
a(1−γ )−(1+γ )pI +γ (pi+p j)

1+γ−2γ 2

)
+ (wi − c)

(
a(1−γ )−(1+γ )pi+γ (p j+pI )

1+γ−2γ 2

)
+ (w j −

c)
(
a(1−γ )−(1+γ )p j+γ (pi+pI )

1+γ−2γ 2

)
with i, j � D, E and i �� j. Firm D prefers licensing

rather than no licensing when firm I serves both the licensor and the licensee, namely,

when π LP
I − πN P

I � (α−c)2(β
)−ϒ

(2−γ )2(1+γ )(2+γ )2(1+2γ )(4+5γ 2)(2+5γ+8γ 2+4γ 3)
2 > 0, where 
 �

64 + 256γ + 592γ 2 + 656γ 3 + 412γ 4 − 176γ 5 − 657γ 6 − 961γ 7 − 769γ 8 + 61γ 9 +
378γ 10 + 96γ 11 − 16γ 12 + 32γ 13 + 32γ 14 and ϒ � 32γ 2 + 64γ 3 + 224γ 4 + 424γ 5

+ 618γ 6 + 578γ 7 + 297γ 8 − 11γ 9 − 243γ 10 − 181γ 11 + 22γ 12 + 80γ 13 + 40γ 14.
This holds when γ < 0.814489 and β > β6(γ ) � ϒ



, where β6(γ ) is increasing in

γ , with β6(0) � 0, and β6(0.814489) � 1.
Proof of Proposition 1 Under licensing through fixed fee, we find that the dif-

ference: π L
I − πN

I � (α−c)2(γ 2
(−4+3γ 2

)
(2+γ (8+3γ ))+β

(
16−32γ 2+24γ 3+23γ 4−18γ 5−9γ 6

)
)

(2+γ )2(2+3γ )2(4−3γ 2)
is

positive if and only if γ ∈ (0, 23 ) and β >β1(γ ) ≡ γ 2
(
4−3γ 2

)(
2+8γ+3γ 2

)
16−γ 2(32−23γ 2−3γ (8−6γ 2−3γ 3))

,

where ∂β1(γ )
∂γ

> 0, β1(0) � 0andβ1
( 2
3

) � 1. β1(γ ) depicts all the cases under which

the differenceπ L
I − πN

I � 0, which implies that firm I is indifferent between serving
one or both downstream rivals.

Proof of Proposition 2 Calculating the difference in the wholesale prices with and

without licensing: wL − wN � − 2(α−c)(2−γ )γ 2

(2+3γ )(4−3γ 2)
, we find that it is always negative.

Thus, the wholesale price with licensing is lower than without licensing.
Proof of Proposition 3 Calculating the difference in firm D’s profits

between licensing through fixed fee and no licensing, we find: π L
D − πN

D �
(1−β)(α−c)2

(
16−32γ 2+24γ 3+23γ 4−18γ 5−9γ 6

)
)

(2+γ )2(2+3γ )2(4−3γ 2)
, which is always positive. Hence, when β >

β1(γ ), firm D always has incentives to license its technology to firm E.
Proof of Proposition 4 In the no licensing case, consumer surplus is:

CSN � aqN
D + aqN

I − 1

2

[(
qN
D

)2
+

(
qN
I

)2
+ 2γ qN

D q
N
I

]
− pDq

N
D − pI q

N
I

� (α − c)2
(
8 − 4γ − 3γ 2

)

8
(
4 − 3γ 2

) .

In the case of licensing, consumer surplus is:

CSL � aqL
D + aqL

I + aqL
E − 1

2

[(
qL
D

)2
+

(
qL
I

)2
+

(
qL
E

)2
+ 2γ qL

Dq
L
I + 2γ qL

Dq
L
E + 2γ qL

I q
L
E

]

− pDq
L
D − pI q

L
I − pEq

L
E � (α − c)2

(
12 + 28γ + 9γ 2

)

8(2 + 3γ )2
.
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CalculatingCSL −CSN � (α−c)2(2+γ )(2+3γ−3γ 2)
2(2+3γ 2(4−3γ 2)

, we find that it is always positive.

Total welfare is defined as the sum of consumer and producer surplus: Wk �
CSk + πk

D + πk
I + πk

E where k � N , L. Calculating WL − WN � (α−c)2(12−17γ 2+9γ 3)
2(2+3γ )2(4−3γ 2)

,

we find that it is always positive.
Proof of Proposition 5Under a per-unit royalty licensing, calculating the difference:

ŵL
D−ŵL

E � 2(a−c)(1−γ )γ (2−3γ )Z
(2+γ )(2+2γ−2γ 2−γ 3)(32+32γ−72γ 2−40γ 3+47γ 4+βγ 4)

,wefind that it is positive

if and only if γ < 2
3 . Thus, firm D has greater wholesale price than firm E if and only

if γ < 2
3 . Otherwise, firm D pays a lower wholesale price than firm E.

Proof of Proposition 6 When licensing takes place through a per-unit royalty, the
difference π̂ L

I − πN
I (see Tables 1 and 2 for the expressions π̂ L

I and πN
I ) is pos-

itive for γ < 0.218164. Calculating the difference in firm D’s profits when firm I
serves both downstream firms and in the no licensing case, we find:π̂ L

D − πN
D �

(α−c)2(1−γ )2M
(2+γ )2(4−3γ 2)(2+2γ−2γ 2−γ 3)(32+32γ−72γ 2−40γ 3+47γ 4+βγ 4)

>0, where M � 128 + 128γ

+ 256βγ − 320γ 2 + 384βγ 2 − 96γ 3 − 640βγ 3 + 528γ 4 − 1008βγ 4 + 8β2γ 4 +
48γ 5 + 400βγ 5 + 16β2γ 5 − 390γ 6 + 780βγ 6 + 2β2γ 6 − 106γ 7 + 20βγ 7 − 10β2γ 7

+ 98γ 8 − 188βγ 8 − 6β2γ 8 + 47γ 9 − 46βγ 9 − β2γ 9 > 0. Therefore, firm D has
incentives to license its technology as long as firm I serves both downstream firms.
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