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Abstract

For an outsider innovator in a Cournot oligopoly, royalty licensing could be superior to both fixed
fee and auction. The result depends on a simple fact that has been overlooked in the existing literature,
namely, the number of licenses can take only integer values.
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1. Introduction

The theoretical literature on licensing of cost-reducing innovations has mainly consid-
ered innovators who are outsiders to the industry (Arrow, 1962; Kamien and Tauman,
1984, 1986; Katz and Shapiro, 1985, 1986; Kamien et al., 1992; see Kamien, 1992 for
a survey). It has been shown that in a Cournot oligopoly, royalty licensing is inferior to
licensing by means of fixed fee or auction for an outsider innovator, regardless of the in-
dustry size or magnitude of the innovation (Kamien and Tauman, 1984, 1986; Kamien
et al., 1992). In view of this theoretical conclusion, the wide prevalence of royalties in
practice (e.g., Taylor and Silberstone, 1973; Rostoker, 1984) has remained a puzzle and
several, often overlapping, approaches have been taken subsequently to justify the use of
royalty licensing. In particular, it has been shown that royalty can be explained by asym-
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metry of information (Gallini and Wright, 1990; Macho-Stadler and Pérez-Castrillo, 1991;
Beggs, 1992; Poddar and Sinha, 2002; Sen, in press), variation in the quality of in-
novation (Rockett, 1990), product differentiation (Muto, 1993; Wang and Yang, 1999;
Poddar and Sinha, 2004; Stamatopoulos and Tauman, 2003), moral hazard (Macho-
Stadler et al., 1996; Choi, 2001), risk aversion (Bousquet et al., 1998), incumbent in-
novator (Shapiro, 1985; Wang, 1998, 2002; Kamien and Tauman, 2002; Sen, 2002;
Sen and Tauman, 2003), leadership structure (Filippini, 2001; Kabiraj, 2002, 2004) or
strategic delegation (Saracho, 2002). In the present paper, we show that royalty could dom-
inate both fixed fee and auction in a standard model of a Cournot oligopoly with an outsider
innovator. This result is obtained by first showing that for any non-drastic innovatinoe

an oligopoly has certain threshold level of size, the payoff of the innovator from aéction
stays the same for any larger oligopoly, while for the royalty policy, the payoff is always
increasing in the size of the oligopoly. Then obtaining a common upper Bdonthe pay-

offs from both policies, we show that the payoff from auction stays bounded away from it
for all but countably many magnitudes of innovatibwhile the payoff from royalty can

be made arbitrarily close to this bound by increasing the size of the oligopoly. In the next
section, we derive our result after formally describing the model.

2. The model

We consider a Cournot oligopoly withfirms producing the same product, wheve=
{1,...,n} is the set of firms. Foi € N, let ¢; be the quantity produced by firinand let
0 =) ;cn gi- The demand function of the industry is given @y=a — p, for p <a and
Q = 0, otherwise. With the old technology, allfirms produce with the identical constant
marginal cost, where O< ¢ < a. An outsider innovator has been granted a patent for a
new technology that reduces the cost freno ¢ — ¢, where O< ¢ < ¢. The innovator
decides to license the new technology to some or all firms of the industry. The innovator
can sell the license either through auction or royalty. Depending on the policy, we have the
following two games that model the interaction of the innovator and the firms.

2.1. Thegame G4

When the innovator uses an auction policy, the gagrfeis played. This game has
three stages. In the first stage, the innovator chooses the number of licenses to be sold,

1A cost-reducing innovation idrastic (Arrow, 1962) if it is significant enough to create a monopoly with the
reduced cost. Otherwise, iti®n-drastic. See Section 2.3.

2 since auction dominates fixed fee (Kamien and Tauman, 1986; Katz and Shapiro, 1986; Kamien et al., 1992),
for the purpose of this paper, it is sufficient to compare auction and royalty.

3 The bound is the total reduction in cost from the innovation for the pre-innovation competitive output. This
bound is well-known in the literature (Kamien and Tauman, 1986; Kamien et al., 1992).

4 As we discuss later formally, this is because the number of licenses can only be an integer. For any magnitude
of innovation, there is a number of licenses that allows the innovator to obtain the upper bound; however, for all
but countably many magnitudes, this number is not an integer. The existing literature overlooked this point by
treating the number of licenses as a continuous variable.
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wherek is an integer satisfying & k£ < n, and announces to auction afficenses through

a first-price sealed bid auctiénin the second stage, firms simultaneously and indepen-
dently decide whether to bid or not and how much to bid. Zheghest bidders win the
license and pay their respective bids to the innovator (ties are broken at random). The set
of licensees become common knowledge at the end of the second stage. In the third stage,
firms compete in quantities, where any licensee firm operates with the reduced-cest

and any non-licensee firm operates under the oldcost

2.2. Thegame GR

When the innovator uses a royalty policy, the gafif€ is played. This game also has
three stages. In the first stage, the innovator announces the rate of uniform roydigre
r > 0. In the second stage, firms simultaneously and independently decide whether to ac-
cept the offer or not. The set of licensees become common knowledge at the end of the
second stage. In the third stage, firms compete in quantities, where any licensee firm oper-
ates with the reduced caost- ¢ and any non-licensee firm operates under the old€cdét
a licensee firm produces it paysrqg to the innovator.

For both gamesG4 and GX, we employ the backward induction method to find
subgame-perfect equilibrium outcomes. In what follows, we classify innovations accord-
ing to their relative significance. This classification plays an important role in determining
the optimal licensing policy for the innovator.

2.3. Classification of innovations

To begin with, we define drastic innovation, due to Arrow (1962).

Drastic innovation. A cost-reducing innovation is said to leastic if the monopoly
price under the new technology does not exceed the competitive price under the old tech-
nology; otherwise, it ision-drastic.

Itis well known that for a drastic innovation, the optimal licensing policy for the innova-
tor is to sell the license to only one firm, who becomes a monopolist with the reduced cost
and the innovator collects the entire monopoly profit through a fee. The notion of drastic
innovation can be extended as follows.

k-drastic innovation. For k > 1, a cost-reducing innovation isdrastic if & is the min-
imum number such that the-firm oligopoly price under the new technology does not
exceed the competitive price under the old technofogy.

Exact k-drastic innovation. For k > 1, a k-drastic cost-reducing innovation éxact
k-drastic if the k-firm oligopoly price under the new technology equals the competitive
price under the old technology; otherwise, in@-exact k-drastic.

Observe that a drastic innovation is 1-drastic and any non-drastic innovatiairéstic
for some integek > 2. For the demand) = a — p and constant cost, a cost-reducing

5 To ensure positive bids, the innovator needs to specify a minimum bid<on. We will not encounter this
case in this paper.

6 Yair Tauman holds the patent for the terkadrastic.’ He coined this term for a related paper (Sen and Tauman,
2003).
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innovation of magnitude is drastic ife > a — c and fork > 2, itisk-drasticif(a — ¢)/k <

e < (a—c)/(k—1). An innovation is exack-drastic ife = (a — ¢)/k. In an oligopoly of
sizen > k+ 1, if k firms have &-drastic innovation, all other firms drop out of the market
and ak-firm natural oligopoly is created. The Cournot price of khrm oligopoly equals

if the innovation is exact-drastic, while the price falls belowif it is non-exact.

2.4. The main result

Proposition 1. Consider any non-exact k-drastic innovation ¢, where k > 2. Then there
exists N (¢) > k + 1 such that for any oligopoly of sizen > N (e), royalty licensing yields
higher payoff for the innovator than both fixed fee and auction.

Proof. Since auction dominates fixed fee, it will be sufficient to compare auction and
royalty. Let us consider @-drastic innovations for k > 2, that is,(a — ¢)/k < ¢ <

(a — ¢)/(k — 1). For such an innovation, it is a dominated strategy for the innovator to
sell more thark licenses (see, e.g., Kamien and Tauman, 1986). In any oligopoly of
sizen > k + 1, if k firms have ak-drastic innovation, all non-licensee firms drop out
of the market and &-firm natural oligopoly is created. If the innovator auctions off ex-
actly k licensees, in equilibrium, every licensee firm pays its entire Cournot profit to
the innovator as winning bid. Noting that the Cournot profit of each firm inktffiem
oligopoly is (a — ¢ + £)?/(k + 1)2, we conclude that the payoff of the innovator is given
by IT) (k,e) =k(a — c + ¢)2/(k + 1)2. The proof of the proposition relies on noting that
(a — ¢)e forms the upper bound of payoffs from both auction and royapserve that

(a—c)e — Ik, &) =[k(a —c) — &][ke — (a — )]/ (k + D? > 0,

with equality iff the innovation is exadit-drastic [i.e..c = (a — ¢)/k]. Thus, for any non-
exactk-drastic innovation [i.e.(a — ¢)/k < & < (a — ¢)/(k — 1)], we havelT(k,e) <
(a — ¢)e. Let us denote

(a—c)e — M4k, e) =81(¢). Q)

Note that/T; (k, ¢) does not vary withe for anyn > k 4 1, renderings; (¢) to be a constant
with respect to.

Now consider the policy where the innovator auctionsmef& k — 1 licenses. When
there aren < k — 1 licensees for @-drastic innovation, every firm produces positive out-
put. Letgg (m, e) andgf (m, €) denote the Cournot outputs of a non-licensee and licensee
respectively. Then

go(m,e)=(a—c—me)/(n+1) and gi(m,e)=qg(m,e)+e. (2
Letng (m, e) andry (m, ¢) denote the respective Cournot profits. Then

2

3)

wl(m, &) =[qhm,&)]° and = (m,e) =g} m,¢)]

7 The pre-innovation competitive outputds- c. Thus,(a — c)e is the total reduction in cost from the innovation
for the pre-innovation competitive output.
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When the innovator auctions off licenses, every licensee firm bigg (m, &) — 7 (m, €)
and the innovator earns

IT) (m, ) :m[nf(m, g) — i (m, 8)].

Observe from (2) that lig, o gg (m, ) = 0 and lim,_, « g7 (m, &) = &. Then from (3),
it follows that lim, ., o IT){ (m, &) = me2. Sincee < (a —¢)/(k — 1) andm < k — 1, we
havemes? < (k — 1)e? < (a — ¢)e. Let (a — ¢)e — (k — 1)e2 = 82(¢). Now we choose a
sufficiently small positive constadg(e) < 82(¢). Then, there existd/4(¢) > k + 1 such
that form <k —1,

M (m, &) < (k — 1)e? 4 82(e) — 83(¢) = (a — c)e — 83(¢) foralln > Na(e). (4)

Let 8(e) = min{81(¢e), 83(¢)}. Then, from (1) and (4), we have the following observation,
wherelT’; (¢) is the payoff of the innovator from the optimal auction policy.

Observation 1. For every non-exadt-drastic innovatiorz, wherek > 2, INs(e) > k+ 1
such thatlT (¢) < (a — c)e — 8(e) for any oligopoly of sizer > Na(e).

Next, consider the royalty policy. The optimal royalty policy for the innovator is to
charger = ¢ (see, e.g., Kamien and Tauman, 1984). In equilibrium, every firm accepts
the offer and the payoff of the innovator from the royalty policy in an oligopoly of size
is given by Ty (e) = n(a — c)e/(n + 1). Observing that lim_, [T (e) = (a — c)e, we
conclude the following.

Observation 2. For every non-exadt-drastic innovatiorz, wherek > 2, ANg(e) 2 k+ 1
such thatiTy (¢) > (a — c)e — 8(¢) for any oligopoly of sizer > Ng(e).

Then by takingN (¢) = max{N4(¢), Nr(e)}, the result follows from Observations 1
and2. O

The following example illustrates the superiority of royalty over auction.

Example. Consider a Cournot oligopoly in 20 firms where the demand functiad is

18— p, the pre-innovation cost is 8 and the magnitude of the innovation is 6:(i-e20,

a =18,c =8 ande = 6). This is a non-exact 2-drastic innovation(as-c)/2 < ¢ <a—c.

So, it is a dominated strategy for the innovator to auction off more than 2 licenses. When
the innovator auctions off exactly two licenses, the payoffig2, &) = 2(a —c + £)2/9=
3584/63. When only one license is auctioned, it/ig} (1, &) = (a — ¢ + ne)?/(n + 1)? —

(a —c—¢)?/(n+1)2 = 2412/63. When the innovator sells the license to all firms charging
the rate of royalty- = ¢, the payoff isITy(¢) = n(a — c¢)e/(n + 1) = 3600/63, which is

more than bothT)} (2, ¢) andIT} (1, ¢).

2.5. Discussion

It is evident from the proof of Proposition 1 that for an exaeadrastic innovatiore
[i.e., e = (a — ¢)/ k], the innovator obtainga — c)e by auctioning offk licenses and then



146 D. Sen/ Games and Economic Behavior 53 (2005) 141-147

auction dominates royalty. In the existing literature, the analysis has been carried out in
terms of (a — ¢)/e. For example, Kamien and Tauman (1986, pp. 477-478) stated that
whenn > [2(a — ¢) /e — 1], the optimal number of licenses to auction offis— ¢)/¢ and

the innovator obtainé: — ¢)e. However,(a — c¢) /¢ is an integer only for exact innovations,

so for all but countably many magnitudes of the innovation, it will not be possible for the
innovator to sella — ¢)/¢ licenses and hence the payoff would be less flaan ¢)e. The

fact that the number of licenses can only be an integer thus plays a crucial role, and once
this is taken into consideration, the uniform superiority of fee over royalty no longer holds.

Acknowledgments

| am grateful to Giorgos Stamatopoulos and Yair Tauman for helpful discussions.

References

Arrow, K.J., 1962. Economic welfare and the allocation of resources for invention. In: Nelson, R.R. (Ed.), The
Rate and Direction of Inventive Activity: Economic and Social Factors. Princeton Univ. Press, pp. 609—-625.

Beggs, A.W., 1992. The licensing of patents under asymmetric information. Int. J. Ind. Organ. 10, 171-191.

Bousquet, A., Cremer, H., Ivaldi, M., Wolkowicz, M., 1998. Risk sharing in licensing. Int. J. Ind. Organ. 16,
535-554.

Choi, J.P., 2001. Tecnology transfer with moral hazard. Int. J. Ind. Organ. 19, 249-266.

Filippini, L., 2001. Process innovation and licensing. Working paper. Universita Cattolica.

Gallini, N.T., Wright, B.D., 1990. Technology transfer under asymmetric information. RAND J. Econ. 21, 147—
160.

Kabiraj, T., 2002. Technology transfer in a Stackelberg structure: licensing contracts and welfare. Discussion
paper No. ERU/2002-04, Economic Research Unit, Indian Statistical Institute, Kolkata.

Kabiraj, T., 2004. Patent licensing in a leadership structure. Manchester Sch. 72, 188-205.

Kamien, M.1., 1992. Patent licensing. In: Aumann, R.J., Hart, S. (Eds.), Handbook of Game Theory with Eco-
nomic Applications. Elsevier Science, North Holland, pp. 331-354 (Chapter 11).

Kamien, M.1., Oren, S.S., Tauman, Y., 1992. Optimal licensing of cost-reducing innovation. J. Math. Econ. 21,
483-508.

Kamien, M.1., Tauman, Y., 1984. The private value of a patent: a game theoretic analysis. Z. Nationalokon. 4
(Supplement), 93-118.

Kamien, M.l., Tauman, Y., 1986. Fees versus royalties and the private value of a patent. Quart. J. Econ. 101,
471-491.

Kamien, M.l., Tauman, Y., 2002. Patent licensing: the inside story. Manchester Sch. 70, 7-15.

Katz, M.L., Shapiro, C., 1985. On the licensing of innovations. RAND J. Econ. 16, 504-520.

Katz, M.L., Shapiro, C., 1986. How to license intangible property. Quart. J. Econ. 101, 567-589.

Macho-Stadler, |., Pérez-Castrillo, J.D., 1991. Contrats de licence et asymétrie d’'information. Ann. Econ. Sta-
tist. 24, 189-208.

Macho-Stadler, |., Martinez-Giralt, X., Pérez-Castrillo, J.D., 1996. The role of information in licensing contract
design. Res. Pol. 25, 25-41.

Muto, S., 1993. On licensing policies in Bertrand competition. Games Econ. Behav. 5, 257-267.

Rockett, K., 1990. The quality of licensed technology. Int. J. Ind. Organ. 8, 559-574.

Poddar, S., Sinha, U.B., 2002. The role of fixed fee and royalty in patent licensing. Working paper No. 0211.
Department of Economics, National University of Singapore.

Poddar, S., Sinha, U.B., 2004. On patent licensing and spatial competition. Econ. Rec. 80, 208-218.

Rostoker, M., 1984. A survey of corporate licensing. IDEA: J. Law Tech. 24, 59-92.

Saracho, A.l., 2002. Patent licensing under strategic delegation. J. Econ. Manage. Strategy 11, 225-251.



D. Sen/ Games and Economic Behavior 53 (2005) 141-147 147

Sen, D., 2002. Monopoly profit in a Cournot oligopoly. Econ. Bull. 4, 1-6.

Sen, D., in press. On the coexistence of different licensing schemes. Int. Rev. Econ. Finance..

Sen D., Tauman, Y., 2003. General licensing schemes for a cost-reducing innovation. Working paper. Stony Brook
University.

Shapiro, C., 1985. Patent licensing and R & D rivalry. Amer. Econ. Rev., Pap. Proc. 75, 25-30.

Stamatopoulos, G., Tauman, Y., 2003. Licensing of a quality-improving innovation. Working paper. Stony Brook
University.

Taylor, C., Silberstone, Z., 1973. The Economic Impact of the Patent System. Cambridge Univ. Press, Cambridge.

Wang, X.H., 1998. Fee versus royalty licensing in a Cournot duopoly model. Econ. Letters 60, 55-62.

Wang, X.H., 2002. Fee versus royalty licensing in a differentiated Cournot duopoly. J. Econ. Bus. 54, 253-266.

Wang, X.H., Yang, B., 1999. On licensing under Bertrand competition. Australian Econ. Pap. 38, 106-119.



