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Abstract  We compare the licensing mechanism of per-unit and ad valorem royalties in network industries. It is shown that 
the standard finding that an internal patentee always prefers an ad valorem royalty to a per-unit royalty may reverse by 
considering the network effect. When the network effect is sufficiently intense, a per-unit royalty may be superior to an ad 
valorem royalty. This finding is meaningful for the firms in network industries to reconsider how to use royalty licensing. 
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1. Introduction 
Patent licensing agreements provide patent holders a 

return on the investment in their innovation and also allow 
the patent buyers to use new technology.  

Since the research of Kamien and Tauman (1986) first 
comparing the optimal licensing contract for a patent holder 
was published, discussions about the comparison on 
licensing policies have been done extensively. They consider 
that the patentee does not produce (an external patentee), and 
intend to license a cost-reduction innovation to an industry 
where firms produce a homogeneous product and compete in 
Cournot. They found that licensing by means of a fixed fee is 
superior to licensing by means of a per-unit royalty for the 
patentee. In contrast, by assuming that the patentee also 
produces (an internal patentee), then the theoretical literature 
has overwhelmingly showed that a per-unit royalty is 
superior to a fixed fee for the patentee. The discussion is 
provided in Wang (1998), Wang (2002), Kamien and 
Tauman (2002) and etc. Sen and Tauman (2007) analysed 
the two-part tariff mechanism which combines a per-unit 
royalty and an upfront fee. They showed that an internal 
patentee prefers using a pure per-unit royalty policy in a 
homogeneous good duopoly market.  

Recently, more and more studies report the importance of 
the licensing mechanism of ad valorem royalties. The 
empirical evidence shows the importance of the prevalence 
use of ad valorem royalties. For instance, Bousquet et al. 
(1998) examined the French data and showed that 96  
percent of royalties in licensing contracts are ad valorem 
royalties. Lim and Veugelers (2002) showed that at least 20  
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percent of technology licensing agreements include some 
forms of ad valorem royalties. Niu (2013) reported that the 
medical company CSIRO in 2005 licensed an innovative 
medical device to Polynovo employing ad valorem royalties.  

Theoretically, San Martin and Saracho (2010) pointed the 
importance of ad valorem royalties and compared per-unit 
and ad valorem royalties. They showed the standard finding 
that in a homogeneous Cournot good duopoly market, an 
internal patentee always prefers the ad valorem royalties to a 
per-unit royalty. In addition, since Sen and Tauman (2007) 
showed that the internal patentee prefers using a pure 
per-unit royalty policy to the two-part tariff in a 
homogeneous good Cournot oligopoly market as stated 
above, thus San Martin and Saracho (2010) also proved that 
the ad valorem is superior to the two-part tariff. This result 
showed the strategic meaningfulness of ad valorem royalties.  

Network externality shows its importance as the fast 
development of network industries in recent years. For many 
goods, the utility obtained derived by one consumer of the 
good increases with the number of the other consumers of 
that good. There are many researches about how network 
externalities change the results under standard normal 
product market (Katz and Shapiro, 1985; Pal, 2014; Fanti 
and Buccella, 2016; Pal and Scrimitore, 2016).  

However, there is a lack of analysis about licensing by 
means of ad valorem royalties in network industries. We 
reexamine the results of San Martin and Saracho (2010) and 
aim at investigating whether the standard finding that the ad 
valorem royalties is superior to a per-unit royalty also holds 
when the Cournot competition occurs in network goods 
industries. We find that San Martin and Saracho (2010)’s 
result reverses by considering network effect. The internal 
patentee may prefer a per-unit royalty to valorem royalty 
when network effect is relatively intense. This finding is very 
meaningful. As the dramatic development of network 
industries, despite the fact that ad valorem royalties are 
widely observed in licensing contracts, the firms in network 
industries may be better reconsider the use of it.  
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The reminder of this paper is organized as follows. Section 
2 presents the model. Section 3 discusses the equilibrium 
outcomes in two royalty mechanisms. Finally, Section 4 
concludes the study.  

2. The Model 
Consider a duopoly market where two firms 1 and 2 

produce a homogeneous non-durable network good. 
Following the established literature (see, e.g, Pal, 2014; Fanti 
and Buccella, 2016; Pal and Scrimitore, 2016), we assume 
that the representative consumer utility function is given by:  

𝑈 = 𝑎(𝑞𝑖 + 𝑞𝑗) −
1
2

(𝑞𝑖2 + 2𝑞𝑖𝑞𝑗 + 𝑞𝑗2) + 𝑛[(𝑦𝑖 + 𝑦𝑗)𝑞𝑖 

+(𝑦𝑖 + 𝑦𝑗)𝑞𝑗 −
1
2

(𝑦𝑖2 + 2𝑦𝑖𝑦𝑗 + 𝑦𝑗2)]          (1) 

with 𝑖, 𝑗 = 1,2; 𝑖 ≠ 𝑗. Then, the inverse demand function can 
be derived as following:  

𝑝 = 𝑎 − 𝑞𝑖 − 𝑞𝑗 + 𝑛(𝑦𝑖 + 𝑦𝑗)         (2) 

where 𝑎 > 0 is a parameter that captures the size of the 
market. 𝑝 denotes the price of goods, 𝑞𝑖 is the quantity of 
the goods produced by firm 𝑖 ( 𝑖 =1, 2), 𝑦𝑖  denotes the 
consumers’ expectation about firm i’s total sale. The 
parameter n and 0 ≤ 𝑛 < 1  measures the strength of 
network effects-lower value n indicates weaker network 
externalities. We assume that firm 1 owns a patent on a 
non-drastic cost-reducing innovation. The firms produce the 
goods at a constant marginal cost which is c and 0 < 𝑐 < 𝑎. 
The innovation reduces the marginal cost from c to zero. We 
consider a three stage game. At stage 1, the patentee (firm 1) 
sets a per-unit royalty or an ad valorem royalty on a 
take-it-or-leave-it basis. At stage 2, firm 2 decides whether 
or not to accept the offer from firm 1. At the final stage, both 
firms decide the outputs simultaneously.  

3. Patent Licensing Mechanisms 
In this section, we intend to derive the outcomes under 

per-unit royalty and ad valorem royalty mechanism, and then 
compare which mechanism is preferred by the patentee 
considering network effect.  

3.1. Per-unit Royalty Mechanism 
In this subsection, we consider that the patentee engages in 

a per-unit royalty mechanism only. Under a per-unit royalty 
licensing mechanism, firm 1 charges for the license a unit 
royalty fee r, thus the marginal cost of firm 2 with the license 
is r. Then at stage 3, firm 1 and 2 choose 𝑞1  and 𝑞2 to 
maximize the following profits, respectively:  

max
𝑞1

 [𝑎 − 𝑞1 − 𝑞2 + 𝑛(𝑦1 + 𝑦2)]𝑞1,    

max
𝑞2

 [𝑎 − 𝑞1 − 𝑞2 + 𝑛(𝑦1 + 𝑦2) − 𝑟]𝑞2. 

We obtain the reaction functions as following:  

𝑞1(𝑞2, 𝑟,𝑦1,𝑦2) = (𝑎−𝑞2+𝑛𝑦1+𝑛𝑦2)
2

         (3) 

𝑞2(𝑞1, 𝑟,𝑦1,𝑦2) = 𝑎−𝑞1+𝑛𝑦1+𝑛𝑦2−𝑟
2

      (4) 

Then we consider the "rational expectations" conditions, 
which implies that in equilibrium 𝑦𝑖 = 𝑞𝑖. Solving the best 
reaction functions in (3) (4) together with 𝑦1 = 𝑞1  and 
𝑦2 = 𝑞2, then we have the equilibrium quantities and profits 
as following:  

𝑞1 = 𝑎−𝑛𝑟+𝑟
3−2𝑛

                 (5) 

𝑞2 = [𝑎+(𝑛−2)𝑟]
3−2𝑛

               (6) 

𝜋1 = (𝑎−𝑛𝑟+𝑟)2

(3−2𝑛)2
               (7) 

𝜋2 = [𝑎+(𝑛−2)𝑟]2

(3−2𝑛)2
              (8) 

Firm 1’s total profit is 𝜋1 = 𝑝𝑞1 + 𝑟𝑞2 and if r is greater 
than c, firm 2 will not take the license. Therefore, 
substituting optimal 𝑟 = 𝑐 into (5) (6) (7) (8), we get the 
equilibriums: 

𝑞1𝑝𝑢 = (𝑎−𝑐𝑛+𝑐)
3−2𝑛

                (9) 

𝑞2𝑝𝑢 = [𝑎+𝑐(𝑛−2)]
3−2𝑛

              (10) 

𝜋1𝑝𝑢 = (𝑎−𝑐𝑛+𝑐)2

(3−2𝑛)2
              (11) 

𝜋2𝑝𝑢 = [𝑎+(𝑛−2)𝑐]2

(3−2𝑛)2
            (12) 

𝜋1𝑝𝑢 + 𝑟𝑞2𝑝𝑢 = [𝑎2+𝑎𝑐(5−4𝑛)−𝑐2(𝑛2−5𝑛+5)]
(3−2𝑛)2

   (13) 

where the superscript 𝑝𝑢 recalls that it is obtained under a 
per-unit royalty licensing mechanism.  

3.2. Ad Valorem Royalty Mechanism 
In this subsection, we consider that the patentee engages in 

an ad valorem royalty mechanism only. At stage 3, each firm 
chooses quantity to maximize its profit given the ad valorem 
royalty d, which is set at stage 1. Then the licensee firm 2 
chooses 𝑞1 to maximize its following profit: 

max
𝑞2

  (1 − 𝑑)[𝑎 − 𝑞1 − 𝑞2 + 𝑛(𝑦1 + 𝑦2)]𝑞2,    

and the patentee chooses 𝑞2 to maximize:  
max
𝑞1

  [𝑎 − 𝑞1 − 𝑞2 + 𝑛(𝑦1 + 𝑦2)]𝑞1 

+𝑑[𝑎 − 𝑞1 − 𝑞2 + 𝑛(𝑦1 + 𝑦2)]𝑞2   
We obtain the reaction functions as following:  

𝑞1(𝑞2,𝑑,𝑦1,𝑦2) = 𝑎−𝑑𝑞2−𝑞2+𝑛𝑦1+𝑛𝑦2
2

    (14) 

𝑞2(𝑞1,𝑑,𝑦1,𝑦2) = 𝑎−𝑞1+𝑛𝑦1+𝑛𝑦2
2

        (15) 

Solving the best reaction functions in (14) (15) together 
with 𝑦1 = 𝑞1  and 𝑦2 = 𝑞2 , then we have the equilibrium 
quantities as following:  

𝑞1 = 𝑎−𝑎𝑑
[𝑑(𝑛−1)−2𝑛+3]

            (16) 

𝑞1 = 𝑎
[𝑑(𝑛−1)−2𝑛+3]

            (17) 

Firm 2 will buy the license if and only if his profits with 
the innovation are at least as high as those without the 
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innovation, that is 𝜋2 = (𝑎+(𝑛−2)𝑟)2

(3−2𝑛)2
. Therefore, at stage 1 

firm 1 will set ad valorem d to maximize 𝜋1 = 𝑝𝑞1 + 𝑑𝑝𝑞2 
subjecting to 𝜋2 = (1 − 𝑑)𝑝𝑞2 = (𝑎+(𝑛−2)𝑟)2

(3−2𝑛)2
 and (16) (17). 

Solving this problem, we get the ad valorem d:  

𝑑 =
(2𝑛−3){−𝑎𝜙+𝑎2−2𝑐𝑛[2𝑎(𝑛+3)+

𝑐(𝑛2−5𝑛+8)]+8𝑎𝑐−8𝑐2}
2(𝑛−1)2(𝑎+𝑐𝑛−2𝑐)2

        (18) 

where 𝜙 = �𝑎2 − 8𝑎𝑐(𝑛 − 1)(𝑛 − 2)2 − 4𝑐2(𝑛 − 1)(𝑛 − 2)3. By 
substituting for (18), then we can obtain the equilibrium 
quantities and profits as following:  

𝑞1𝑎𝑣 =
𝑎[(3−2𝑛)𝜙+4𝑐(𝑛−1)(𝑛−2)2]

+𝑎2�−2𝑛2+6𝑛−5�+2𝑐2(𝑛−1)(𝑛−2)3

(𝑛−1)(2𝑛−3)(𝜙+𝑎(2𝑛−3))
    (19) 

𝑞2𝑎𝑣 = 2(1−𝑛)[𝑎+𝑐(𝑛−2)]2

(2𝑛−3)�𝜙+𝑎(2𝑛−3)�
              (20) 

𝜋1𝑎𝑣 = 4(𝑛−1)2[𝑎+𝑐(𝑛−2)]4

(3−2𝑛)2[𝜙+𝑎(2𝑛−3)]2
             (21) 

𝜋2𝑎𝑣 = �(𝑎+(𝑛−2)𝑐]2�
(3−2𝑛)2

                  (22) 

where the superscript 𝑎𝑣 recalls that it is obtained under ad 
valorem royalty licensing mechanism.  

3.3. Comparison 

In this subsection, we compare the profits of the patentee 
under a per-unit royalty and under an ad valorem. Then we 
get the following proposition.  

Proposition 1. The conventional wisdom that an ad 
valorem royalty is always superior to a per-unit royalty for 
the patentee (San Martin and Saracho, 2010) reverses if the 
network effect is sufficiently intense.  

Proof:  

𝜋𝑝𝑢 > 𝜋𝑎𝑣 if and only if 𝑎
2−3𝑎𝑐+2𝑐2

2𝑎2−2𝑎𝑐+𝑐2
< 𝑛 < 1 

The intuition behind this result is as follows. In San Martin 
and Saracho (2010), the patentee’s profits which sets 
valorem royalty increase as the output price increases thus 
the patentee commits to behave less aggressive compared 
with the play under per-unit royalty. Therefore, the profits 
under valorem royalty are more than those under per-unit 
royalty for the patentee. However, as the network effect is 
stronger, it brings the more aggressive play more profits via 
consumers’ expectations. When the network effect is 
sufficiently intense, the profits of the patentee under valorem 
royalty become less than those under per-unit royalty. This 
result is very meaningful for the firms in network industries 
to reconsider the problem of licensing contract mechanism.  

4. Conclusions 
This paper compared the licensing mechanism of per-unit 

and ad valorem royalties in a duopoly market where firms 
produce a homogeneous network good. The paper shows that 
the standard finding that an internal patentee always prefers 
the ad valorem royalties to a per-unit royalty may reverse. 

When the network effect is sufficiently intense, a per-unit 
royalty may be superior to an ad valorem royalty. 
Corresponding to the widely observed presence of ad 
valorem royalties, our analysis reproves the importance of ad 
valorem royalties. When the network effect is not very strong, 
a valorem royalty is preferred by the patentee. However, 
when the network effect is sufficiently intense, firms in 
network industries are suggested to focus more on the use of 
a per-unit royalty than a valorem royalty licensing 
mechanism.  

In this paper, we only compared the licensing mechanism 
of per-unit and ad valorem royalties. The future extension 
could be considered by adding the licensing mechanism of a 
fixed fee and the two-part tariff together.  
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