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HOW TO LICENSE INTANGIBLE PROPERTY*

MicHAEL L. KATZ AND CARL SHAPIRO

We examine the optimal licensing strategy of a research lab selling to firms
who are product market competitors. We consider an independent lab as well as
a research joint venture. We show that (1) demands are interdependent and hence
the standard price mechanism is not the profit-maximizing licensing strategy; (2)
the sellet’s incentives to develop the innovation may he excessive; {3) the seller’s
incentives to disseminate the innovation typically are toa low; (4) larger ventures
are less likely to develop the innovation, and more likely to restrict its dissemi-
nation in those cases where development oceurs; and ¢5) a downstream firm that
is not a member of the research venture is worse off as a result of the innovation.

I. INTRODUCTION

The introduction of new products and lower cost means of
manufacturing existing products are important elements of in-
dustry conduct and performance. Market economies largely rely
on private development and dissémination of product and process
innovations. In order to give private agents incentives to engage
in costly research and development activities, intellectual prop-
erty rights, such as patents, copyrights, and trademarks, are as-
signed to innovators. These property rights include the right to
sell or license innovations for use by other firms. Even absent
patent pratection, owners of intangible assets have the right to
keep their innovations or technical know-how secret, and they
may demand payments from other firms in return for divulging
these secrets. Rostoker’s [1984] survey of 37 American firms found
that 68 percent of the licensing agreements involved at least some
information not subject to patent protection (i.e., know-how and
trade secrets). :

There are two issues that arise under a system of private
development and dissemination. First, are successful innovations
disseminated to the socially optimal extent? In some cases suc-
cessful innovations are disseminated through R&D spillovers or
imitation, where the innovator has little control over the extent
of the sharing. In many other cases inngvations are shared as a
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result of explicit sales such as licensing or a caoperative research
agreement. The licensing and sale of intangible property to for-
eign firms (including subsidiaries of American firms acting as
licensees) accounted for almost eight billion dollars of revenues
for United States’ corporations in 1984 alone.! Although com-
parable data are not available for domestic licensing by American
firms, the limited evidence that we have found suggests that the
dollar velume of trade is on a similar scale.? Caves, Crookell, and
Killing [1983] found that licensees acquired intangible assets both
to improve existing products and to diversify into new products.

Recently, several authors have explored the incentives to
share innovations. Katz [1985] analyzes cooperative research
agreements. Gallini and Winter (1985], Gallini [1984], and Katz
and Shapiro [1985b] examine the incentives to license a process
innovation in a duopolistic product market where the innovation
is owned by one of the producers. Kamien and Tauman [1986]
examine the licensing of a pracess innovation to an arbitrary
number of firms in a linear demand, Cournot example. In general,
these papers support the view that the social incentives to license
exceed the private ones.

A second issue that arises under a system of private devel-
opment and dissemination is whether firms have socially optimal
incentives to conduct research and development activities. There
is a large literature (see, for example, Dasgupta and Stiglitz {1980]
and Lee and Wilde [1980]) examining private development in-
centives in the absence of licensing. It is important to extend
these models to include the effects of licensing. In markets where
licensing is feasible, the revenues from licensing may be a sub-
stantial component of the incentives to engage in research
and development activities, In their survey of British licensors,
Taylor and Silberston (1973, p. 168] found that firms collected
license and royalty fees equal to approximately 12 percent of
their overall R&D expenditures, In a duopoly context we have
examined the effects of licensing on the incentives to develop a

1. Survey of Current Business [March 1985, p. 41]. This number understates
the true value of trade in intangihles to the extent. that the U 8, carporate income
tax motivates companies to set artificially low transfer prices in selling to their
foreign subasidiaries,

2. Wilson [1977] reports that, in 1971, damestic licensing receipts accounted
for 44 percent of total licensing receipts by U.S. firms. In contrast, Japanese
domestic receipts were only 23 percent of total J apanese receipts. Rostoker [1984,
p. 63] found that firms in his sample tended to license twice as often to domestic
firms as to foreign firms during 19751940,
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process innovation in Katz and Shapire [1985h1, and on the timing
of innovation in Katz and Shapiro [1985¢].

- In this paper we focus on the incentives of a research lab to
develop an innovation and then to license it to firms in a down-
stream oligopoly. We consider hoth an independent lab and a
research joint venture. Qur model of the innovation and the form
of downstream imperfect competition is very general, and goes
well beyond the case of a process innovation in a homogeneous
good industry. We also extend the literature by considering more
sophisticated selling strategies than those allowed by earlier
authors, ;

Given that the potential purchasers of the licenses are com-
petitors in the downstream market, their demands for the licenses
may be interdependent. Interdependencies will be present if the
new technology alters the marginal costs of producing the current
product, or if it permits the production of a new substitute product.
In such cases, one firm’s willingness to pay for a license will
depend upon how many of its rivals are abtaining licenses. If the
seller merely sets a (uniform) price and allows the buyers to choase
quantities, then the seller does not have to consider the inter-
dependencies explicitly; the market demand function contains all
of the information. that the seller needs to calculate the optimal
price. We show, however, that a simple uniform price strategy is
not optimal when demand interdependencies are present.

We focus on a research lab that has the following class of
licensing strategies available. The licensor can announce that it
will sell (no more than) some fixed number of licenses, each subject
to a minimum bid. Setting the number of licenses offered equal
to the number of downstream firms and setting a single positive
minimum bid is equivalent to a pure price strategy. After de-
seribing the model in Section II, we show in Section III that the
developer in general can earn higher profits by restricting the
number of licenses offered for sale (even when all of the down-
stream firms are identical).

When analyzing licensing, it is important to distinguish two
basic patterns of intangible property ownership, both of which
arise in practice. The first pattern is that of a developer who has
no financial interest in the downstream firms—for example, a
domestic firm that licenses its technology to foreign firms in a
market where it has no presence. The second pattern is that of a
development lab owned by one or more of the downstream firms.
A firm that licenses its technology to a foreign subsidiary (and,
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possibly, to other firms in the foreign market as well) is an ex-
ample of this pattern of vertical relations. So, too, is the case of
a research joint venture. Much of our analysis is concerned with
analyzing the effects that the pattern of ownership has on the
market outcome.

Having characterized the form of the optimal selling strategy
for both the independent, develaper and the research Jjoint venture
in Section 111, we examine the extent to which the seller dissemi-
nates the innovation in Section IV. We show that as the number
of downstream firms that own the development lab increases, the
number of firms receiving the technology decreases. We also give
conditions under which a private developer will issue fewer than
the sacially aptimal number of licenses.

In Section V we analyze the seller’s incentives to develop the
innovation given that profit-maximizing licensing will be feasible
after development. We show that, because the innovator is able
to play the potential licensees off against one another, all down-
stream firms who are not owners of the research lab (but who
may purchase a license) are worse off as a result of the devel-
opment. In other words, the gains to the licensar exceed the change
in the profits (gross of licensing fees) of the downstream industry.
The private incentives to innovate may thus be greater or less
than the social incentives, depending on the relative magnitudes
of the gain in consumer surplus (which the licensor ighores) and
the rent transfer between the licensees and the licensor (which
the licensor counts as a benefit).

While auctions with a fixed number of units, each subject to
aminimum bid, are a rather broad class of licensing mechanisms,
there do exist more general mechanisms. Implicitly, the analysis
to this point assumes that the upstream supplier cannot extract
payments from firms that do not receive licenses. In Section VI
we relax this assumption and characterize a licensing strategy
that yields the greatest possible profits to the innovator given the
property rights of the downstream firms. This strategy entails
the innovator charging an entrance fee for an auction. of the form
considered above, where the size of the entrance fee is contingent
on the number of firms that pay it. We show that most of our
earlier results continue to hold when one allows for an arbitrarily
general form of licensing mechanism. There is a short conclusion
summarizing our results and placing the problem within the con-
text of the general problem of interdependent demands.
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II. THE MODEL
Assumptions and the Auction Mechanism

We consider an industry where there is an upstream manop-
olist selling an input that can be used by producers in a down-
stream industry composed of n firms. For simplicity, we shall
assume that the upstream firm has access to an infinite supply
of the input at zero marginal cost. It is trivial to extend the
analysis to the case of constant, positive marginal cost. The input
can be thought of as access to some central facility, the right to
use an industry standard, or a license to use an innovation. In
all of these examples, the fixed costs of supplying the input must
already have been expended. We shall emphasize the innovation
interpretation.®

A key assumption underlying our analysis is that each down-
stream firm has use for at most one unit of the input, i.e., only
one license for a given patent. Thus, we can. speak of a downstream
firm as either purchasing the input or not. We also assume that
the downstream firms are identical.

ASSUMPTION 1. Each downstream firm has use for only one unit
of the input.

ASSUMPTION 2. All n downstream firms are identical,

Given symmetry, a firm choosing its bid or reservation price
is concerned only with the total number of firms purchasing the
input—not the competitors’ identities. Moreover, the performance
of the market is summarized entirely by the number of down-
stream firms purchasing licenses, k. Let W(k) denote the profits
of a firm that “wins” a unit of the input (i.e., adopts the innovation)
in a market where a total of % firms have done so. Similarly, let
L(k) denate the profits of a “loser” (i.e., a firm that has not adopted
the innovation) in a market where & other firms have obtained
the input. These profit levels are gross of any fees paid to the
upstream firm. We are implicitly assuming that the licensing
contracts are fixed fee contracts, so that the behavior of a down-
stream firm, as determined by its marginal cost curve, depends
only on whether it has a license. The restriction to fixed fee li-

3. With this interpretation, the marginal cost of supplying the input, ie., a
patent license, to an additional firm would comprise the contracting costs and any
technology transfer costs,
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censes iz a patural one in cases where the licensor cannot, observe
the licensees’ output levels. Given this informatianal asymmetry,
licensing contracts with per-unit royalties are not enforceahle.

Our assumption ahout payoffs is quite weak, and encom-
Passes a wide range of downstream oligopoly hehavior.

ASSUMPTION 3. (a) A downstream firm without a license is worse
off when an additional competitor acquires a license, le.,
L(k}=L(k - 1); and (b} the profits (gross of license pay-
ments) of a downstream firm with a license are higher than
those of a firm without ane, Le., L(k) < W(k).

Assumptions 1, 2, and 3 will be maintained throughout the
analysis.

We characterize the optimal licensing strategy among the
following class of sales mechanisms. The upstream supplier of the
input runs a k-units, sealed-bid auction with a minimum bid of
b, where b = 0.* That is, the upstream firm makes available %
licenses subject to the buyers paying at least b for each. We as-
sume that each firm submits a bid for a single license.® Faced
with mechanism (k,4), the downstream producers, i = 1,2, . . | n,
submit bids &, ..., 5,. Fora given set of bids, the highest bidder
receives the first unit, for a fee equal to its bid, provided that its
bid is greater than or equal to . Then the second highest bidder
receives a unit, paying its bid if its bid exceeds or equals 4. This
process continues until either & firms have received units or there
are no remaining bids meeting the minimum bid reguirement. If
there are ties in bidding for the last unit, they are resolved by a
random choice among the tied bidders.

This class of sales mechanisms includes several familiar forms
as special cases. We shall speak of these sales strategies as aue-

4. There is an extensive literature dealing with auctions in markets where
there are indirect interdependencies induced by the inferences that buyers draw
from the behavior of ather bidders, With imperfect, information, the willingness
of one agent to pay for the innovation may depend on the observed “demanss” aof
other agents. Qur coneern in this paper is with direct demand interdependencies,
where the value of the product to a given buyer depends upon the number of
others who receive it. We focys on these direct effects by assuming that all pa-
tential buyers have complete and perfect information.

- We are restricting the selling mechanism hy anly allowing each firm to

hid for at. most one license. We haye constructed examples in which “sleeping

i {i.e, a single downstream firm buying multiple licenses for a given

innovation} can be used to raise the seller's profﬁ;s. We do not cansider sleeping

licenses here, hath because they would he a blatantly anticompetitive and hecause

ghey wil‘l; Inot arise in the more general auction mechanism that we examine in
ection V1.
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tions, but an equivalent interpretation is that the innovator sells
licenses at a uniform price with the contractual obligation to sell
no more than % licenses. & = 0 and k& = 1 corresponds to a first-
price, sealed-bid auction for a single license. £ = n and >0
corresponds to offering licenses at a set price of b. It is useful to
think of the mechanism (£,0) as a quantity sales strategy, and
the mechanism (n,b), as a (pure} price strategy.

(iiven a sales mechanism (k,b), we look for the Nash equi-
librium in the bidding game among potential buyers. In other
words, the downstream producers choose their bids taking the
bids of other producers as given. Firm i’s maximum willingness
to pay for the good, b,, is given by

(1) b, = W(k) — L(k™9,

where %’ is the number of producers (including firm i) who pur-
chase licenses if firm i dees, and %~ is the number of other pro-
ducers who buy licenses if firm i does not. £ and 2~ may or may
not be equal. Equation (1) demonstrates the importance of the
firm's expectations about its competitors’ purchase behavmr de-
mands are interdependent.

Note that in any bidding equilibrium all downstream pro-
ducers who purchase licenses pay the same price. If nat, the win-
ning firm making the highest bid could lower its offer slightly
and continue to receive the innovation.

III. THE FORM OF THE PROFIT-MAXIMIZING SALES STRATEGY

We can now characterize the selling mechanism that maxi-
mizes the upstream supplier’s objective function. For each selling
strategy (k,b}, the supplier calculates the bidding equilibrium,
where the downstream firms take (k,6) as given. The upstream
supplier then chooses the selling strategy that induces the bidding
equilibrium that yields the highest level of the seller’s ohjective
function.

The behavior of the upstream supplier (whom we shall also
call the innovator) depends upon the pattern of its ownership. We
consider two patterns of ownership. First, the innovator may be
owned entirely by agents having no financial interest in any of
the downstream firms. We shall call such a supplier an indepen-
dent researcher. Alternatively, the innovator may be owned by
one or more of the oligopolists in the industry to which the patent
licenses are sald. We shall call an innovator that is jointly and
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equally owned by m downstream firms an m-firm researeh joing
venture :

An Independent Research Lab

(k,0), each buyer knows that % licenses will he sold, whether he
purchases one or not. Hence, by equation (1) competition among
the buyers will drive the winning bid up to W(k) — L(k). If &
licenses are sold using the price mechanism (n,b), however, each
buyer knows that only 2 ~ 1 licenses will be sold if he declines
to buy. In this case the highest price that the seller can earn is
Wk - Ltk - 1) < W(k) - L(k). The use of 3 bure price strat-
€gy 1s strictly inferior to the pure quantity strategy when the
innovator sells fewer than » licenses and L('} is strictly decreas-
ing. The price mechanism 18 not in general a profit-maximizing
selling strategy when there are demand interdependencies.

In fact, a profit-maximizing seller has no need to impose a

the downstream firms. No buyer ever would Pay more than
W(k) — L(k) to be one of licenses. A pure quantity strategy
(£,0) is at least as good as a combination strategy, (k,b), for b > 0;
the strategies (£,0) and (k,b} are equivalent for b= W(k) - Lk,
Hence, we can think of the innovator as selling licenses at W(k)
— L(k) each, so long as he can commit himself to selling no more
than % licenses.” The fact that the innovator can set b = 0 shows
also that the seller need not offer the input to more firms than
will buy it in equilibrium.

The nonoptimality of a uniform price mechanism does not
arise due to screening or price discrimination a8 in the nonuni-

purchasing licenses. With a quantity strategy, each bidder knows
that if he fails to submit a winning hid, not only will he be left

1sts. In this case the different types of owners of the patent
may fail to agree on the optirmal licensing strategy. When there is not & coincidence
of interests among the owners, it ig necessary to develop an explieit. model of
corporate governance—a task that we do Not prapase to undertaie here,

7. If the seller cannot commit to limiting future license sales, he will always
sell 2 licenses and earn wfWin)y - Lin — l)g}. ’
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out in the cold, but another firm will obtain the license he would
have bought.

What if the upstream supplier wants to sell the input to all
n firms? When n licenses are offered, the bids of other firms do
not affect whether a given firm’s bid will be successful. Hence,
each firm will hid at most b. A positive minimum bid is necessary
for profit maximization; a minimum bid of zero will yield no
revenues.

To say mare about the outcome when the seller offers n li-
censes for sale and uses a minimum bid, it is useful to introduce
some further notation for the downstream profit functions. Define

Vik)=W(k) — Lk - 1) k=12 ..., n,

where V(k} is the value of purchasing a license, given that (£ — 1)
others are doing so. Whether V(%) increases or decreases with A
reflects the nature of the downstream industry.

We begin with the case in which V(%) decreases with £. V()
decreasing reflects a situation where a given firm finds a license
less valuable if more of its rivals purchase one. Many oligopoly
models have the property that V() is decreasing. Consider, for
example, a hamogeneous good, linear demand, Cournot model in
which the innovation reduces {constant) marginal costs.? In this
example it is easy to check that V(&) is strictly decreasing with
k. Essentially, the value of a license to a process innovation is
proportional to the licensee’s output. This ocutput, in turn, is lower
if the licensee’s rivals produce more output themselves, as they
will if more of them own licenses,

If the upstream supplier does sell to all n downstream firms,
each firm knows that it cannot be replaced if it drops out of the
bidding. Thus, the highest minimum bid that could possibly in-
duce all n firms to purchase licenses is b = W(n) — Lin — 1)
= V(n).? For V(k} decreasing in k, a sales strategy of (n,V{(n))
will, in fact, induce all n firms to purchase a license, The patentee
earns nV{n).

We turn next to the case in which V(&) is increasing with .
This relationship is likely to hold, for example, if the innovation
establishes a new industry standard or if the input is access to

8. Kamien and Tauman [1986] have studied the use of price strategies in thia
case., .

9. Throughout the analysis we assume that whenever the buyers are indif-
ferent between two equilibria, the seller's preferred equilibrium obtains. Clearly,
the sellex could lower the minimum bid by same ¢ > @ 50 that buyers will strictly
prefer to buy. We ignore the trivial “open set problem” that this would lead to.
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some central facility. In such cases, the payoff to obtaining a
license (or access to the facility) is greater when more rivals do
80, a type of agglomeration effect. This effect is seen most clearly
in the “pure networks” case where the input is a new industry
standard and Wk + 1) > W(k).* Then V(k + 1) — Vik) =~
W+ 1 - Wk + (L~ 1) - L{Rk)}, which is positive by
Assumption 3a.

If V(yis increasing, a type of “instability” arises when the
seller sets (n,4). Each firm i finds it more important to submit a
successful bid if more of its rivals do so. This “instability” implies
that there can be no equilibrium with 0 < & < 1 licenses sold,
given the mechanism (n,b). If such an equilibrium did exist, a
firm with a license would want to reduce its bid unless Wik) —
Lk - 1) = b, ie, V(k) = b. But a firm without a license would
prefer to have one (at the offered price b) unless Wk +1) -
Liky=<p, ie., Vik + 1) < 4. These conditions together give
Vie+ )=<b < V%), which contradicts the fact that V() ig
increasing.

When V() is increasing and the seller uses mechanism
(r,b}, there may exist multiple bidding equilibria with £ = 0 and
k=n A necessary and sufficient condition for an equilibrium
at k = nis V(n) = b, while V(0) = b gives rise ta an equili-
brium at & = 0. When there are two bidding equilibria given

There are two approaches to take regarding these multiple
equilibria. Qur approach is to assume that the buyers choose
the equilibrium at & — n when multiple equilibria exist. We
make this assumption to capture the fact that the seller could
induce this outcome as the unique bidding equilibrium by using
a slightly more general selling mechanism than the ohe described
ahove. In particular, if the seller could offer n — 1 licenses at
minimum bid 0, but the nth license at minimum bid Vir), he
could break the equilibrium in which no licenses are sold. In this
way, the innovator could earn nV(n), just as in the V() decreasing
case. A second approach, on which we shall only remark, is to
assume instead that discriminatory minimum bids are not fea-
sible and that the buyers converge on their Pareto-preferred equi-
librium when two equilibria exist. These latter assumptions limit

10. Katz and Shapiro [19854] and Farrell and Saloner [1985] pravide explicit

. analyses of such network effacts,
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the seller to & = Win) — L{0); the ihnovator selling n licenses
can then earn only n{W(n) — L(0)} when V() is increasing.
Taking the first approach, we have

PROPOSITION 1. The independent research lab’s optimal selling
strategy has one of two forms: (a) (%,0), where # < n and the
winning bid is W(&) — L{k); or (b) (n,b), where the winning
bidis b = Win) — Lin — 1).

There is an important case in which we can easily determine
the optimal selling strategy of the independent researcher. When
V() is increasing, A{W(k) — L(%)} is likely to increase with .1
Proposition 1 then implies that the independent researcher’s ap-
timal selling strategy is to sell licenses to either 1 — 1 or n dawn-
stream firms. Selling to all n is optimal if and only if n{W(a) -
L(n — D}exceeds (n — 1){W(n — 1) — L(n — 1)}. This inequality
is equivalent to nW(n) > (n — )W(r — 1) + L(n — 1). In choos-
ing between n — 1 and n licensees, the innovator sells to the num-
ber that induces the higher level of downstream industry (gross)
profits,

For the purposes of comparing the independent researcher to
aresearch joint venture, one piece of additional notation is useful.
Let R°(%) denote the maximal profits (= licensing revenues) that
the innovator can earn when it sells & licenses; R°(k) = b {W(k) —
Lik)} for & < n, and R°(n) = nV(n). An independent research
lab, whose behavior has just been characterized, chooses k to
maximize R(k).

A Research Joint Venture Qwned by Downstream
Oligopolists

Now, suppose that the innovation is owned by m of the down-
stream oligopolists, whom we shall call insiders. The objective of
each owner is to choose a licensing strategy that maximizes the
sum of that owher’s share of the profits earned by the joint venture

L1. A sufficient condition for A{W(k) — L(k)} to increase with % is that W(k)
— L{k) does sa. If Lik) or W(k) is concave or linear in &, then V() increasing
implies that W{k) — L(k) also increases. To see this, let AW(k) = W(k) - Wik — 1),
and Al(h) = Lik) — Lik - 1) So V(k) increasing ia equivalent
to AW{E + 1) > AL(k). If L is cancave or linear AL(k) = AL(k + 1),5a ‘ﬁW(k + 1)
> ALk + 1), L.e, W(k) — L{k) increases with k. [f W is concave or linear, then
AW(k) = AWk + 1)so AW(kR) = AL(R), again showing that W(k) — L{k) increases
with k. Moreover, abserve that W(&) — L{k) increasing in k ia much stronger
than £&{(W(k) — L{k)} doing sa. We expect that in markets with “bandwagcm’ ar
“network” effects, {W(k) — Lk} will increase with k. For example, it W{k)
increases with & due to network effects, then so does W(k) — Lik).
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and the resulting profits that the owner earns in the downstream
market, minus any licensing fees paid to the venture by the own-
er's downstream firm.

We assume that the venture can use any mechanism of the
form (k,b), like the independent researcher, but that the venture
can elect to give its own members special treatment (e.g., free
licenses) if it so desires. We agsume that all m firms own the
venture equally, and restrict our attention to outeomes where the
insiders have equal payoffs (although they need not all recejve
licenses).

With this convention, the members of the venture all share
the same objective funetion, the sum of the members’ ultimate
payoffs, and thus will be unanimous regarding the pattern of li-
censing. If the venture issues % licenses, k of which go to insiders,
and if the venture receives revenues of R from outsiders from the
sale of the licenses, then the sum of the insiders’ payoffs is
RW(k) + (m — B)L(E) + R.

Clearly, for any given % and k, the joint venture will seek to
maximize B. If k < n units are sold in total, we know that the
venture can get a maximum of W(k) — L(k) for each license sold
to an outsider. Hence, R = (k — k)W(k) — L(k)}, and the in-
siders’ aggregate profits, given % and k, are B{Wik) — L)} +
mlL(k). This expression is independent of the value of % The
reason is that an insider gains W(k) — Lk)if it is given a license
instead of some other firm. But if the other firm were an outsider,
the joint venture would lose revenues of W(k) — L(k). When the
number of licenses is fixed at k, W(k} ~ L(k) is the venture'’s
oppartunity cost of giving the license to an insider rather than
selling it to an outsider. Thus, it is optimal for the insiders to sell
licenses to themselves at thig price.'? Selling the licenses in this
fashion ensures that the payoff to an insider is independent of
whether it receives a license or not,

12. Some readers might find it odd that the venture need not make the
innavation available to all of its members, If the optimal number of licenses for
the m-firm venture to issue equals ar exceeds m, then we can assume without
loss of generality that all the venturers are given licenses (for free, say). It could
be oEtimal, however, to exclude some members from using the Innovation, and

firms without the licenses), then it will be optimal to license to only one firm,
even if m > 1. In Section IV we discuss the behavior of the venture if it is con.
strained to give licenses to all of its members,
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Recall that an independent researcher who sells 2 < n licen-
ses receives revenues of B°(k) = 2{W(k) — L(k)}. The venturers’
aggregate payoffs when selling k < n licenses optimally can be
written as R™(k) = E{W(k) — L(k)} + mL(k), or

(2) R™(k) = RYk) + mL(k) k=1...,n -1,

Clearly, this formula applies for m = O aswellasm = 1,.. ., n.

We must alse examine what would happen if the joint venture
were to sell the input to all n firms. In this case, all of the awners
receive the input, and their aggregate downstream profits are
mW(n). Given an equal-sharing rule for the profits of the up-
stream supplier, the innovation can be given free of charge to all
of the insiders, and the owners all will want. to pursue the revenue-
maximizing strategy in selling to the other n — m firms.

A zero-minimum-bid auction would yield no revenues when
n — m units are offered to the outsiders. By setting the optimal
bid, the innovator can earn W(n) — L(n — 1) from each buyer.,
We have established

PROPOSITION 2. The m-firm joint venture's optimal selling strat-
egy has one of two forms: (a) (k,0), where & < n and the win-
ning bid is W(k) — L(k); or (n,b), where the winning bid is
b=Wkn) - Lin - 113

IV. THE NUMBER OF LICENSES ISSUED
Research Joint Ventures and Patent Licensing

We turn now to the question of how many licenses the in-
novator will sell, and how this number varies with the pattern
of ownership of the patent. Let 2™ denote the number of licenses
issued by the m-firm venture (m = 0 is the independent re-
searcher). By definition, " maximizes R™(k). Consider the m-

13. When V() is increasing, discriminatory minimum bids are not feasible,
and buyers can coordinate on their preferred equilibrium, & = Wn) — L (m) is
the largest minimum bid that prevents the n — m outsiders from Racking to the
equilibrium in which no outsiders purchase licenses, Because the m owners can
credibly “threaten” to license to themselves, b is an increasing function of m. The
outsiders compate the situation in which just the m owners receive licenses with
the bidding equilibrium in which all » firms buy licenses. Therefore, larger ven-
tures can extract more from outsiders.
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firm venture’s incentive ta sell k rather than & — 1 licenses. For
k < n, the change in the venturers' profits is

AR™(}) = R™k) — R™(k — 1)
= {R(k) - R°(k — 1)}
+ m{L(k) — Lk — 1)},

Comparing venture sizes, we have AR™(k) — AR™(RY = {L(k)
— Lk ~ 1)} = 0. The larger venture has less incentive to sell the
kth license for & < n.

Of course, the m-firm venture may sell n licenses. The cal-
culations ahove do not apply to the sale of the nth Jicense. We
must compare AR™(n) and AR™(n). R™(n) = R°(n) + mL{n — 1),
and by equation (2), AR™n) = ARn). Hence, AR™(n) is inde-
pendent of m, and we have proved

PROPOSITION 3. An (m — 1)-firm venture issues at least as many
licenses as does an m-firm venture, 4

Note that 2 maximizes industry profits; the industrywide venture
will sell licenses so as to maximize R™k) = kW(k) + (n — RIL(R).
Hence, Proposition 3 implies that any venture other than the
industrywide one may license to more firms than would maxi-
mize industry profits, but never to fewer.

A common worry about research Joint ventures is that they
may be used to restrict the intensity of industry R&D activities
(see Grossman and Shapiro [1984] or Katz [1 985]). In the present
model there is anather possible restriction; a joint venture may
license its invention to fewer firms than would an independent
research lab, and this output restriction is greater, the larger is
the venture. This restriction of licenses by larger ventures can
be explicitly calculated in the case of a process innovation and a
downstream Cournot oligopoly. In this example, for the appro-
priate choice of the demand and cost parameters, 2™ declines
strictly with m, as shown in Figure I,

A natural objection to our argument that larger ventures sell
fewer licenses is that, in practice, joint ventures may make their
results freely available to their members. Under this view that

14. When V() is increasing, discriminatory minimum hids are not possihle,
and buyers can coordinate on their preferred equilibrium, we can no longer be
sure that a smaller venture issues ag many licenses as does a larger venture if
the larger venture issies n licenses. The larger venture has a greater incentive
to sell the nth license.
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Patent Ownership and Dissemination

the m-firm venture faces a constraint that it issue at least m
licenses, we find that the number of licenses issued is largest for
the very small and the very large ventures; the m-firm venture
licenses to max (k™ m) firms. In Figure I the intermediate ven-
ture size m leads to the least dissemination of the innovation.

The Case of Process Innovations

We can say much mare about the number of licenses issued
in the case where the licensed property is a process innovation
and the oligopolists produce a homogeneous good. In this setting,
it is socially optimal for licenses to be issued to all n firms if (1) _
the equilibrium price for the oligopolists' product is a non-in-
creasing function of the number of licenses issued (i.e., equilib-
rium prices fall as costs fall); and (2) either (a) each firm produces
with decreasing returns to seale; or (b) all firms remain active in
‘all cases and produce with nondecreasing marginal costs.'s

Clearly, when it is soctally optimal to set 2 = n, private own-

15. Part (1) ensures that the oligopolistic autput restriction is not exacerbated
by licensaing, and part (2) ensures that there are na adverse effects an production
efficiency due to Ficensing‘ Katz and Shapiro [1985b] show that it may not he
socially optimal for one duopolist ta license to another when condition (2) ia not
satisfied. This result holds even when one is considering fixed fee licenses and

ignaring the effects of such {mandatory) licenses on development incentives.
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ership of the patent cannot lead to excessive licensing. The up-
stream firm may, however, sell to strictly fewer than the welfare-
maximizing number of downstream firms. This restriction of li-
censes will occur if the innavation creates a k-firm natural oli-
8opoly for some k < n (i.e., if the ihnovation is so valuable that
the n — & firms without licenses would be unable to remain active
in the market even if the 4 firms with licenses were to act as if
the downstream industry were a A-firm oligopoly). Much of the
literature on patenting has concentrated on the cage where a
downstream natural monopoly would be created by giving the
innovation to only ane firm. Here, we consider an arbitrary num-
ber of oligopolists. Let & denote the minimum value of % such that
if & downstream firms receive licenses, they are natural oligo-
polists,

A reasonable property to impose on the downstream equilib-
rium is that if 2 hag this property, then so does any larger k.
Absent sunk costs of production, L(k) = O for all } = !::; the losers
drop out. For homogeneoug. goods industries, it is also reagonable
to assume that for all & = k, industry profits AW (k) are a decreas-
ing function of k. In this case, if k licenses are sold, where b < b < n,
then R™(k) = Re(h) + mL(k) = R°(k) = kW(E), since Lik)y = 0.
ForkA =n,b = V(n) = W(n), and upstream revenues equal nW(n).
But kW (k) > kW(k) for k > b Thus, we have

PROPOSITION 4. If the patent is important enough to create a j
firm natural oligopoly, the the innovator will sell no more
than £ licenses.

The restriction of licenses is most striking in the cage of drastic
innovations, i.e, for £ = 1, which is the familiar result that the
innovator will create a downstream monopoly if it is possible to
doso.Ifk = 1, the innovator will act to maximize the gross profits
of the downstream industry. We have seen, however, that the
upstream supplier does not always do so. Since b > k" ig possible,
the m-firm venture may issue more licenses than would maximize
downstream (gross) profits,

The restriction of licenses that we have identified here is not
the usual monopolistic output restriction. Given identical down.-
stream buyers, the upstream monopolist would sell the input to
all of the downstream firms if their demands were not interde-
pendent. Rather, the restriction arises because % affects the value
of a license to a downstream producer. The upstream monopolist,
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reduces the number of licenses in order to raise the value of a
license to a downstream firm.

V. THE INCENTIVES TO INNOVATE

Suppose that the research entity considers a research pro-
gram to develop an innovation, where the objective of the joint
venture is to maximize the aggregate upstream and downstream
profits of its owners, as before, less any development costs. If the
innovation is developed, the researcher’s ohjective function is
maximized by authorizing 2™ firms to utilize the input. Given
that 2™ firms will receive the innovation if it is developed, we can
ask whether it is in the social interest to develop the innovation
and how the private and social incentives diverge. The social
development incentives are the sum of the change in gross down-
stream profits and the change in consumer surplus. The private
incentives depend only on the increased profits earned by the
venturers. .

In a typical oligopoly, the adoption of a process innovation
that reduces marginal costs will lower prices in the downstream
market and thus raise consumer surplus. In contrast to con-
sumers, any downstream producer who is not an owner of the
upstream innovator cannot be better off, and may be strictly worse
off, as a result of the innovation. A non-owner is strictly worse
off whenever L(-) is strictly decreasing in k. To see this, suppose
first that 2™ < n. In equilihrium, an outsider is indifferent be-
tween buying the innovation and not. The net profits of any such
firm are L(k™) < L{0). If, on the other hand, ™ = n, then
b=W(n) - L(n — 1) and an outsider earns net profits of
Lin — 1) < L(0). In either case, the upstream supplier is able to
play the buyers off against one another due to the demand in-
terdependencies. Some of the buyers’ initial property rights, L(0),
are appropriated by the innovator. Implicitly, each outsider is
threatened (credibly) with a lower payoff of L{k™) or L{n — 1).

QOutsiders are made worse off on account of the innovation,
but consumers are (typically) made better off. The developer ig-
nores both of these effects in making its decision. Depending upon
which of these effects is larger, the seller’s development incentives
can be too low or too high. For example, if prices fall due to the
innovation, an industrywide research joint venture has devel-
opment incentives that are too low socially. The reason is that
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this n-firm joint venture will act to maximize industry profit and
ignore consutmer surplus, When m < p, however, the adverse profit
effects on outsiders may dominate. Summarizing this discussion,
we have

PROPOSITION 5. The upstream supplier’s incentives to develop the
innovation may be less than or greater than the social in-
centives for private development (i.e., the social incentives
given that 2" firms will receive the innovation),

The next result demonstrates that the private incentives to
develop the innovation vary with the number of insiders,

PROPOSITION 6. An upstream supplier owned by m of the down-
stream firms has greater incentives to develop the innovatjon
than does an upstream supplier owned by m + 1 of the down-
stream producers.

Proof of Proposition 6. The incentives of a research joint ven-
ture owned by m insiders are given by R™(k™) — R™0) = R™(h™)
~ mL(0). Suppose that 2™+! < . A research joint venture with
m + 1 members has incentives :

@) RTUGE) - RO = ke Wik - Ly
+ (m + DH{L(k™*Y) — Lo},
By the optimality of Em
R™(k™) — R™(0) = R™(km+1) — R™(0)
4) = EPEHW(ER™ 1) ~ Likmr1))
+ m{L(E™*") — L(O)}.

Since m<m + 1 and L™y = L(0), the right-hand side of
equation (4) is at least ag great as the right-hand side of equation
(3).
R™n) = nW(n) — {n - miL(n ~ 1), and equations {(3) and
(4) remain valid for 2”+! = 5 if we simply replace L(km+1) by
Lin — 1).
QE.D.

The intuition is that the developer can milk downstream
firms who are not members of the venture for more than the
innovation is “worth,” i.e., more than W(k™) — L0). The more
such nonmember firms there are, the greater are the development
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incentives. Since Proposition 6 applies for m = 0, we see that an
independent researcher will have greater incentives to develop
the innovation than will any joint venture.

VI. ENTrRY FEES

The class of sales mechanisms that we have considered ahove
clearly is not the most general possible one. In this section we
generalize the class of mechanisms by allowing the innovator to
charge an entry fee E, which must be paid to participate in an
auction of the form that we have been considering. As usual, we
have to treat separately the case where the supplier licenses to
all n downstream firms. For this mechanism the two cases are
divided by whether % is equal to or less than n.

First, suppose that 2" < n, and consider the bidding equilib-
rium when the supplier operates the following selling scheme.
The seller announces an entrance fee of E = L(k?) — Lin — D to
participate in a (%*,0) auction. The developer announces that if
fewer than n firms participate in the auction (ie., if any down-
stream firm fails to pay the entrance fee), then the developer will
give each firm that did pay the entrance fee a license to the
ihnovation for free and a rebate of E. As in the earlier mech-
anism, members of the research joint venture pay the same fees
as other firms and then split the developer’s profits equally among
themselves.

We look for a two-stage perfect Nash equilibrium among the
downstream firms. In the second (final) stage if fewer than a firmg
have paid the entry fee in the first stage, then the innovator
carries out the announced rebates, and the eligible downstream
firms accept them. If all n downstream firms have paid the fee,
then they play a (£%,0) bidding game in the second stage. Our
earlier characterization of the Nash equilibrium for this stage
remains valid. In the first stage each firm decides whether to
participate in the auction (i.e., pay the entry fee) given the par-
ticipation decisions of the other firms, and knowing that the Nash
- equilibrium outcome will obtain in the second stage.

Clearly, there is no equilibrium in which two or more firms
refuse to participate in the auction. Suppose that n — 1 firms pay
E. Then the remaining firm's payoff will be L(n — 1) if it does
not pay the fee, and L(k") — E = L(n — 1) if it does pay the fee.
Thus, in equilibrium all n firms pay the fee, and £~ of them receive
the innovation.
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Now, suppose that £* = n. In this case the developer can set
an entrance fee arbitrarily close to E = Win) ~ L(n — 1) for par-
ticipation in an auction of the form (n,0). Again, the seller an-
nounces that it will give the innovation away and rebate E to
any firm that does not pay the fee if not all n firms do so. As
before, there is no equilibrium in which fewer than n — 1 firms
pay the entry fee. Trivial calculations show that there is an equi-
librium in which all n firms pay E, submit bids of 0 in the auction,
and receive the innovation.

In either case, the (k,b) auction coupled with an entrance fee
yields the develaper profits of W™ + (n — EM L R —
{n — miL(n - 1), Under this scheme the downstream industry’s
profits (gross of the payments to the developer) are as large as is
possible (& = k"), The net profits of each outsider, L(n — 1), are
as low as possible; under any selling scheme, a downstream firm
¢an guarantee itself a payoff of at least L{n — 1) by refusing to
participate. Therefore, the profits of the owners of the developer
are as large as is possible given the individual rationality con-
straints.

The following properties of the outcome follow immediately.
Under the selling mechanism described abaove, (a) for any number
of downstream owners, the innovator will license to &* firms; (b)
development incentives fall as the number of downstream firms
in the venture rises; (¢) the profits of any downstream firm that
i& not an owner of the developer fall from L(0) to L(n — 1) as a
result of the innovation; and (thus) (d) the development incentives
are greater than or equal to the change in downstream industry
profits, with strict equality if and only if {n — mHL(0) —
Lin-1}=0

Results (b), (¢), and (d) are analogous to our earlier results
for a no-entry-fee (4,4) auction. Result (a) is, of course, different.
Under the simple auction scheme, the number of licenses could
vary with the number of downstream firms participating in the
research joint venture. An immediata tonsequence of (a) is that,
if consumer surplus is a nondecreasing function of the number of
licenses, then the developer using this selling mechanism issues
no more than the socially optimal number of licenses.

In concluding the analysis of the general mechanism, note
that when £" < n, some of the firms pay the entrance fae, yet do
not receive licenses. In effect, these firms pay the fee in order to
induce the innovator to license to only %" of their rivals rather
than to n — 1 as the innovator threatens to do. These firms are
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paying solely to exclude their rivals from licenses. This is one
reason why we feel that such a mechanism js likely to be looked
upon askance by antitrust authorities. In fact, our analysis sug-
gests that antitrust authorities should be concerned since, by
Proposition 3 and the above discussion, allowing the use of en-
trance fees often will reduce the extent to which the innovation
is disseminated (i.e., 2* < k™ for m < n). .

There are two other reasons why the general mechanism may
not be effective. First, there is a serious question of whether the
innovator can credibly commit himself to the general mechanism.
If fewer than n firms do participate, the innovator will earn no
revenues under the announced scheme. Second, the seller’s profits
drop to zero if even two of the buyers can cooperate in making
their participation decisions.

VII. CONCLUSION_

We have analyzed the profit-maximizing strategy for a mo-
nopolistic innovator selling licenses to a group of firms who are
competitors in a downstream market. In characterizing the strat-
egy, we found that, given the induced interdependence of demands
for the licenses, a pure price strategy is not in general optimal.
Placing a quantity restriction typically will raise prafits. More-
over, except when licensing to all n downstream firms, there is
no need to set a price (minimum bid) at all. In cases where the
innovation is a valuable input in several industries or for sepa-
rated geographic areas, the innovator should run one such auction
for each market.

Our analysis sheds light on the behavior of research Jjoint
ventures. In comparison with an independent lab, 2 research
Joint venture may restrict both the development of an innovation
and its dissemination. Moreover, as the number of downstream
firms participating in the joint venture increases, these restric-
tions become more severe. Of course, the development incentives
of the private lab may be excessive, since the lab can extract
license payments that exceed the change in industry profits.

At this point one may wonder whether firms, in fact, use the
strategies that we have proposed. In his survey of licensing prac-
tices, Rostoker [1984] found that most of the firms who responded
did solely use fixed fees (as we have assumed) for at least some
of their licenses. Taylor and Silberston [1973, p. 120] found that
lump-sum contracts are most likely to be used when there are
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substantial fixed costs assaciated with the licensing process (such
as training the licensee) or when running royalties are likely to
be unenforceable. They also noted that some firms use payment
schemes in which the licensor receives equity in the licensee, In
effect, such payments are fixed fees,

Rostoker, and Taylor and Silberston found that the majority
of licensing agreements contain royalty provisions, either alone
or in conjunction with fixed fee payments. There are three reasons
for the use of royalty payments in addition to fixed fees. First,
royalty contracts constitute a form of risk sharing. The royalty
Payments vary with the licensee’s revenues, and thus the value
of the payment is contingent on the licensee’s success in its use
of the innovation. Moreover, royalties are a partial solution to
the problem of asymmetric information. At the time the contract
is signed, it may be common knowledge that the licensor has
better information about the value of the innovation than does
the licensee, Under a royalty scheme, the licensee knows that his
payments will be small if the innovation is of limited usefulness, 16
These two motivations for royalties do not arise in a model such
as ours where there is no uncertainty or asymmetric information
about the value of the innovation, Lastly, royalties may be used
to facilitate collusion by raising downstream firms’ effective mar-
ginal costs, and inducing the firms to restrict their output levels.??
We have abstracted from this effect in order to focus on the im-
plications of demand interdependencies.

An important extension of our model would be to allow the
licensor to include a royalty rate as part of the license that it is
auctioning. In this case as well, it is clear that auctioning such
licenses is superior to selling them through a pure price strategy.
Caves et al. (1983], found that often exclusive licenses are granted.
The type of auction that we have analyzed almost surely is used
in these markets, whether or not royalties are levied. All that .
the inventor need do is make clear to each potential licensee that,
an alternative licensee will be found if the first one fails to accept
the licensing contract.

A second, and related, extension of our work is to allow buyers
to have demands for multiple units of the good. We have limited
attention to the sale of an intermediate good that enters into the

16. Equity payments also entaj] risk sharing and offer a partial solution to
the problem of asymmetric information.
hi 17. See Katz and Shapire [1985h] or Shapiro [1985] for further discussion of
15 point. )



HOW TO LICENSE INTANGIBLE PROPERTY 589

buyers’ profit functions purely as a fixed factor—the marginal
product of a second license for any buyer is zero. This restriction
limits the applicability of our analysis to markets in which buyers
have zero-one demands, such as the transfer of information (i.e.,
the licensing of innovations) or access to a central facility, For
many intermediate goods, buyers will demand multiple units.
Even in this more general setting, however, the buyers’ demands
will be interdependent and the seller will find it optimal to use
a sophisticated auction mechanism.
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