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Abstract

We analyze the incentives for technology transfer between two firms in a market
characterized by a logit demand framework. The available licensing policies of the
incumbent innovator are the up front fee, royalty and two-part tariff policies. We show that
when the market is covered there is no equilibrium where technology transfer occurs.
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1. Introduction

It is well known that the owner of a patented cost-reducing innovation may
increase the return of his innovation by allowing his competitors in the market
to acquire the new technology. In most cases, the transfer of technology is based
on a licensing policy that includes royalties as then the innovator maintains a
competitive advantage over his rivals. The purpose of this note is to identify a
simple context where such a possibility for technology transfer does not exist
—irrespective of the licensing policy used.

The patent licensing literature was initiated by Arrow (1962) who analyzed
licensing of a cost-reducing innovation in a perfectly competitive industry and
in a monopolistic industry. Subsequently, Katz and Shapiro (1985, 1986) and
Kamien and Tauman (1984, 1986) analyzed optimal licensing for the oligopoly
case. Later studies considered models with differentiated goods (Muto 1993,
Fauli-Oller and Sandonis 2002), asymmetric information (Gallini and Wright
1990, Macho-Stadler and Pérez-Castrillo 1991, Beggs 1992), strategic delega-
tion, (Mukherjee 2001, Saracho 2002), Stackelberg leader-follower (Filippini
2005).

Licensing of an innovation by an incumbent innovator was first discussed
by Shapiro (1985). Wang (1998) analyzed the optimal policy of an incumbent
innovator in a Cournot duopoly with homogeneous goods and showed the su-
periority of the royalty policy over the fee policy. Kamien and Tauman (2002)
extended Wang’s model for the case of an arbitrary number of firms. Fauli-
Oller and Sandonis (2002) examined two-part tariff policies in duopoly models
with differentiated goods and showed that the incumbent innovator licenses to
his rival even a drastic innovation. Filippini (2005) examined a model where
the incumbent innovator acts as the Stackelberg leader and showed that the
optimal policy includes only royalty. Sen and Tauman (2007) analyzed two-
part tariff policies for an incumbent innovator in a Cournot oligopoly with n
firms and showed that the optimal policy depends on both the number of firms

and the magnitude of the innovation.



In this note we examine the licensing of a quality-improving innovation by
an incumbent innovator too. We focus on a duopoly market where consumers
preferences depend on the quality level of the products and on an idiosyncratic
random term distributed according to a double exponential distribution. This
framework gives rise to the logit demand framework. The innovator either
uses the new technology on his own or can license it to his rival as well. The
licensing policies available for the latter purpose are the up front fee, royalty
and two-part tariff policies.

We restrict attention to the covered market case, i.e., the case where all
consumers purchase one of the two products in the market. We show that there
is no equilibrium where transfer of technology occurs between the two firms. In
particular, we show that whenever the licensing policy involves royalties, the
resulting price equilibrium is such that the problem of computing the optimal
royalty has no solution. On the other hand, whenever restricted to a mere up
front fee policy, the innovator finds it optimal not to license the new technology

to his competitor.

2. The Model
We consider a market with N consumers and two firms. Each consumer in
the market purchases one unit of just one of the two products that firms offer.

Consumer m’s evaluation for the product of firm ¢ is given by
Vini =y +0si — pi + €mi

where y is the income of the consumer, s; is the quality of the product of firm
i, 7 =1,2, 0 is the marginal valuation of quality (common for all consumers),
p; is the price charged by firm ¢ and ¢,,; is a random term distributed according

to the double exponential distribution

F(z) = Pr(em; < x) = exp{—exp—[(z/n) + 1}

where v and p are positive constants. The ¢,,; random variables are indepen-

dent across both products and consumers, namely for every consumer m, €,,;



and €,,5 are mutually independent and for every product ¢ consumers obtain
independent signals €y;, €5, ..., €n;. The mean and variance of the random term
are given respectively by E(€,,;) = 0 and Var(e,;) = u?>n*/6. Hence, param-
eter 1 is a measure of the dispersion of consumers’ preferences and expresses
the degree of horizontal differentiation in the market.

Consumer m observes the realization of €,,;, ¢ = 1, 2 and selects the product
which maximizes his net utility. The probability that m will select the product
of firm i is Pr(V,,; > V,,;). In the absence of an outside (no-purchase) option,
the expected demand of firm i is given by the following logit formula (see

Anderson et.al, 1992)

a) = PO "
3 exp (B3, — py)/

where p = (p1, p2).

The firms in the market compete in prices. The marginal cost of production
of firm ¢ is independent of its quantity but depends on the quality level of its
product, namely ¢; = ¢(s;), i = 1,2, where ¢; denotes the marginal cost of
firm ¢. Fixed costs are zero. Prior to any innovative activity firms produce
commodities of the same quality, s; = s = s.

Let now firm 1 innovate (in a costless way) a product of higher quality
s* > s. To guarantee that the new quality level is profit-enhancing we need
to assume that the quality-marginal cost differential (of any firm that uses the

new quality) increases in quality, i.e.,
0s'—c(s') > 0s—c(s), Vs >s (A1)

Firm 1 can either use the new technology exclusively or it could license it to
firm 2 as well. The relevant decision of firm 1 is embedded in the following
three-stage game. In the first stage, firm 1 decides whether to license or not
to firm 2 and in the former case it decides on the form of the licensing policy.

We consider the licensing policies of royalty, up front fee and two-part tariffs.



If firm 1 does offer a licensing contract (based on one of the three policies)
then in the second stage firm 2 responses to the offer. Finally, in the last
stage, and given the outcomes of the previous stages, the two firms engage in
simultaneous price competition. Let G denote this interaction. Let also G,,
G, and Gy denote the sub-games of G induced by the two-part tariff, royalty
and up front fee policies respectively. Finally let G_ denote the sub-game of G
corresponding to the case where licensing does not occur. In the next section

we analyze the price competition stage of each of these games.

2.1 The price stage
Let firm i enter the price stage with quality level s;. Denote by ¢; = ¢(s;) its

marginal cost, 1 = 1,2. Let

x; = expl(0s; —pi)/pn), i=1,2 (2)

By (1) and (2) the demand functions of the two firms are

T 4op)
d = ———N, d = ———N 3
The payoft functions are
X1 X2
= —c)——N = —C)—=———N 4
mi(p) = (;m Cl)zi:1 o Ta(p) = (P2 02)22:1 - (4)

It can be verified that equilibrium prices are given by the unique solution of

the system!
L1 L2
pr=ct+putp—, pp=cztput+p— (5)
) I
where z; and x5 are given by (2). Let pi(si,s2), p3(s1,s2) be the unique
solution? of the system in (5). By (2) — (5) equilibrium profits are

* *

. T . T
7T1(51,32):MN*}U 7T2(31732) :/LN% (6)
T5 1

1See Anderson et.al (1992).
2A closed-form solution for the equilibrium prices of the logit model cannot be computed

unless firms are symmetric.



where x} and x3 are evaluated at pi(si, sq), p(s1, s2) (using (2)).
Notice that in G_, 51 = s* and s; = s. On the other hand, in Gy we have

$1 = S = s*. In this case it is easy to show that
Pi(s",5) = pa(sh, s = ¢+ 2, mi(sh, ) = (st s) = uN (7)

where ¢* = ¢(s*).

Consider next the price stage under the assumption that firm 1 has licensed
the new technology to firm 2 using a royalty rate r (which could be accompanied
or not by an up front fee). The payoff function of firm 1 in the price stage of
either G, or G, is

* X )
mp)=(p1—c)———N +r———N,
1(p) = >zi:1 T Y2, wp
while that of firm 2 is
* T2
To(p) = (P2 —C —T 7]\[
()= S

Equilibrium prices are given implicitly by the (unique) solution of the system

* T * )
pL=C Fptp—tr, pp=ctptp—+r (8)
o) T

Let pi(r) and p5(r) denote the solution of (8). Equilibrium payoffs are?

oo Ti(r) ” ) — 3(r)
M) =P ON N, m(r) = i N )

where x7(r) and x3(r) are computed at the unique solution of (8) (using again

(2)).

2.2 The licensing stage
Let us now analyze the licensing stage of the interaction. Consider first the

two-part tariff licensing policy where firm 2, if acquires the new technology has

3We use different notations for the equilibrium prices and payoffs in G¢,-G, and in G

hoping that this won’t cause a confusion.



to pay a royalty r per unit of its production plus an up front fee a. Clearly,
the fee cannot exceed the difference between the profit of firm 2 when it uses
the new technology s* and pays r and its profit when it unilaterally uses the
old technology s. Hence a = 75(r) — w5 (s*, s) where 73(r) is given by (9) and
m3(s*,s) by (6). The problem facing firm 1 in the licensing stage of Gy, is to
find the royalty rate that solves

mazx,{m}(r) +m5(r) —m5(s*,s)} st w5 (r) > w5(s",s) (10)

Lemma 1. The optimization problem in (10) has no solution.

Proof. First we note that for all » > 0, pi(r) = p3(r). This is proved in the
Appendix (Lemma A1l). Given this equality of prices and since s; = sy = s¥,
(2) implies that z7(r) = 25(r). Hence by (6) and (9) the total payoff of firm 1
in Gy, is

Iy (r) = 2uN — MN% +rN (11)
1

Note that x7 and z3 do not depend on r (as x7, 25 emerge in G_).
Claim 1. The constraint in (10) is always satisfied, i.e., irrespective of r,
m3(r) = m5(s" 5).

Proof. Appears in the Appendix.

Note in (11) that II;(r) is strictly increasing in r. This fact combined with

Claim 1 imply that the problem in (10) has no solution in r. n

It is straightforward to show that the optimal royalty cannot be computed in
G, as well. On the other hand, under an up front fee policy the conclusion is

clear: under this policy firm 1 prefers not to sell its technology.

Lemma 2. Irrespective of s*, firm 1 prefers G_ over Gy, i.e., firm 1 does not

sell its technology under the up front fee policy.

Proof. The fee firm 1 can charge in G is given by ma(s*, s*) —ma(s*, s). Hence



by (6) and (7), firm 1 obtains in G a total payoff equal to

m(s", s") + w5 (s*, ) — my(s*,s) = 2uN — ,uNx—z
1

On the other hand, in G_ firm 1 obtains u/N m—i Hence, licensing occurs if and
)

only if 2uN — MNJ% > uNx—i or if and only if 2zfz3 > (27)* + (23)? which
Iy L
cannot hold. |

Lemmas 1 and 2 imply the following.

Proposition 1. The game G has no equilibrium where transfer of technology

between the two firms takes place.



Appendix
Lemma Al. For allr > 0, pi(r) = p3(r).

Proof. First note that if » = 0 then firms 1 and 2 produce commodities of the
same quality s* and with the same marginal cost; hence by (7), when r = 0
the two firms charge the same price. Let now r increase from 0. The effects of
a marginal change of r in the prices of the two firms are given by the solution
of the system

—23(r)p1r + T3(r)par — a5 (r)par + 25(r)p1s

Pir = 1+ * 5 DPor = 1+ ¥ (12)
x5(r) i (r)
) _opi(r) . . . .
in py,, por where p;,. = e i = 1,2. Note that in the unique solution of (12)

we have p1, = po, = 1. By this last fact and by the fact that when r = 0 prices
are equal, we conclude that for all » > 0, pi(r) = p3(r).

Proof of Claim 1. Note that 7r2( ) = uN (by (9) and since z7i(r) = x3(r)).
On the other hand 73 (s*, s) = ,uN —. Hence to show the validity of the claim
it suffices to show that =3 < z7. Thls holds by Proposition 1 of Anderson and
de Palma (2001) according to which in the logit model the profit of firm ¢ is
higher than that of firm j if and only if 0s; — ¢; > 0s; — ¢; or if and only
if 0s; —p; > 0s; — p;. Notice that in G_ we have 0s; — ¢; = 0s* — ¢* and
Osy — co = 0s — ¢, where ¢ = ¢(s). By assumption (Al), Os* — ¢* > s — ¢ and
hence using Proposition 1 of Anderson and de Palma (2001), we conclude that
0s* — pi > fs — p5. This last inequality implies that = > x5 (by (2)). This

proves Claim 1. [ ]
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