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Abstract

This paper uses a three-stage licensing-del egation-quantity game to study the licensing of a
cost-reducing innovation by a patent-holding firm to its competitor. It is shown that licensing is

less likely to occur under strategic delegation compared to no delegation.
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1. Introduction

A patented innovation provides the innovator opportunities to regp a reward on his or her
investment in research and development. For an outside independent research lab, this reward may be
redized through licenang its innovation to the producing firms. For an indde firm, it may keep its
innovation for its own use and gains an advantage in competing with its competitors. It may aso license
the innovation to its competitors. Severa important reasons have been advanced in the literature as to
why afirm may want to license an innovation to its competitors, covering both the profit motive and the
drategic incentive. For example, Galini (1984) points out the incentive for an incumbert to licenseto a
potentia entrant S0 as to reduce the likdihood of the latter developing a better technology; Katz and
Shapiro (1985) regard the incentive to license as an integrd part of afirm’'s R&D decison in evaluating
the profitability of a R&D project; Eswaran (1994) explores the possibility that licensees can serve asa
barrier to entry; Lin (1996) shows that licenang in the form of a fixed fee may serve as a faciliteting
device for collusion among competitors.

Despite the presence of these and other possible incentives for afirm to license an innovation to
its competitors, it remains well recognized by economigts that licensng of innovations between
competing firms does not happen very often. The most pronounced explanation for this is the existence
of asymmetric information. Potential licensees lack detailed information about an innovation to assess its
vaue prior to licensng so that they are not willing to pay the desired amount of compensation demanded
by the patent-holder. Other known reasons include the innovating firm’s unwillingness to share pertinent
information with competitors that might have bearing on other related and ongoing R&D, and the fact
that it may be coglly or impossible for the licensor to monitor how the potentia licensee uses the

licensed innovation, including the monitoring of its output produced using the licensed innovation and the



possibility that it might re-license to other firms! The god of this paper isto point to another potentially
important reason for the lack of licensng of innovations between competing firms. It has to do with the
widdy recognized fact of separation of ownership and control in the modern corporation and the
delegation of some decison making from owners to managers.

We congder licensing as part of a delegation-licenang-quantity game. Our game involves three
stages and two competing duopaly firms. The fird stage is the delegation stage. In this stage, owners of
the two firms decide smultaneoudy incentive contracts for their managers. The second stage of the
gameisthe licensng stage in which the patent-holding firm chooses alicensing contract for itsinnovetion
and the other firm decides whether to accept the contract offer. The third stage is the quantity
competition stage in which the firms managers engage in an output competition. The main result of this
paper isthat licensng islesslikely to occur under strategic delegation than under no delegation.

The deegation-licenang-quantity game studied here combines two strands of literature. One is
the drategic delegation literature. The most influentia early work in this literature includes Fershtman and
Judd (1987) and Sklivas (1987). The other is the licensing literature. A semind paper on technology
licenang is Arrow (1962). Kamien (1992) contains an excellent review of thisliterature. A paper closaly
related to the present paper is Saracho (2002), who studies licensing by an independent research lab to
an oligopoly under drategic delegation. Her modd has the same three stages as in our modd. Her
focus, however, is on the comparison of fixed-fee licenang and roydty licenang and her main result
extends the finding in Wang (1998) and Kamien and Tauman (2002) that royaty can be superior to

fixed fee for the patentee.

! See Shapiro (1985) for an account of these reasons.



2. Model Setup
The impact of drategic delegation on licensang is mos trangparent in the context of a
homogeneous good Cournot duopoly with a linear demand and congtant unit cost of production.

Assume the (inverse) market demand function is given by p = a- Q, where p denotes price and Q

represents industry output. With the old technology, both firms produce at constant unit production cost
¢ (0 < c < a). The cost-reducing innovation by firm 1 crestes a new technology that lowersiits unit cost
and any licensee's unit cogt by the amount of e. For smplicity, our focus is on non-dragtic innovations
(e, e<a-c)?

Our game takes place in three stages. delegdtion, licensng, and quantity competition,
respectively. In the firg stage, the firms owners decide smultaneoudy their incentive contract for their
managers. In the second dage, firm 1 (the patent-holder) chooses a licensng contract and firm 2
decides whether to accept firm 1's offer. In the third stage, the firms managers smultaneoudy choose
thelr output levels.

The output choice stage is essentialy the standard Cournot game except that the managers are
not profit maximizers but rather that they maximize aweighted sum of profit and revenue. The delegation
dtage determines the firms  incentive parameters for their managers, these parameter values determine
the weights assigned to profit and revenue in the manager’s optimization problem. The vaues of these

parameters will depend on the firms unit cogts of production. That is, the incentive parameters are

2 An innovation is drastic if the post-innovation monopoly price is equal to or below the pre-innovation competitive
price. Thatis, € 3 a- c. See, for example, Kamien (1992) for definition. As it is well established that a drastic
innovation will not be licensed to competitors by the patent-holding firm in the case of no delegation (e.g., Katz and
Shapiro, 1985), in our model with strategic delegation such an innovation will certainly not be licensed.



functions of the firms cogt levels. The actud levels of the firms unit cods are determined by the
licenang stage. To solve the delegation game, one need only find the solution to the last (output) stage of
the game.® The payoffs to dl participants (both owners and managers) in the three stage game are

redlized in the last Sage of the game.

3. The Delegation-Licensng-Quantity Game
We dart by solving the output stage of the three stage game. For convenience, we then move
on to solve the delegation problem and findly the licensaing problem.

Quantity Compstition

To study the managers output choices in the last stage of the game, we assume that firm 1 hes

an unspecified constant unit production cost of ¢; and firm 2 has an unspecified constant unit production
cost of c,. These margind cost levels will be determined by the firs two Stages of the game.
Throughout the paper subscripts 1 and 2 denote for firms 1 and 2, respectively.

Firm 1's profit function is represented by P, = (a- q, - g, - ¢,)g, and its revenue function is
R; = (a- q;- 9,)q,. The manager for firm 1 chooses g, to maximize aweighted sum of its profit and
revenue, namely,

O, = a;P;+(@1-ay)Ry, «y
where a; is the incentive (weight) parameter chosen by firm 1's owner in the first two stages of the

game. Smilarly, the manager for firm 2 chooses g, to maximize

%t isimplied that one need not solve the second (licensing) stage game first in order to solve thefirst (delegation)
stage game. Hence, the order of the first two stagesisactually irrelevant to the final solution of the game.



0, = ayP,+(1-a,)R,, 2
where a, isthe incentive parameter chosen by firm 2's owner in the first two stages of thegame, P, =
(@a- 9;-d,- ¢c,)g9, and R, = (a- q; - q,)q, represent respectively firm 2's profit and revenue. Asin
Fershtman and Judd (1987), wedlow a; and a, to take any vaue.

Maximizing O, in (1) with respect to g, givesfirm 1's quantity reaction function

_li(@a-ac-qy)/2 ifg,£a- ac

= 3
' %0 if 02 >a- a;c; ®)
Smilarly, meximizing O,, in (2) with respect to q, yiedsfirm 2's quantity reaction functior
i(a-ayc,-0q)/2 ifg £a-a,c
a4, =1 22~ W 1 2L2 A
|

0 if gy >a- asc,

These reaction functions have the usud interpretation of firgt-order conditions. Thet is, afirm's optimal
output response is one in which its margina benefit is equa to margina cost; and when margind cost is
aways higher than margina benfit the firm’s optima choice of output is zero.

The intersection of the reaction functions (3) and (4) gives the firms' equilibrium quantities in the
third stage of the game as a function of choices made in the fird two stages of the game. As in the
gtandard Cournot model with unequal margind costs, the intersection point of the reaction functions may
be ether an interior point with both quantities positive or aboundary point with one firm producing zero.
In our modd, firm 1 as the innovating firm will ways be & lesst as efficient asfirm 2 (i.e, c; £¢,) and
the only possible corner solution is where firm 2 produces zero. The third stage output choices as
functions of choices in the firg two stages of the game are summarized in Lemma 1. (Proofs of dl

lemmas and propositions are provided in the gppendix.)



Lemma 1 Assuming that a,c, £ a,c,, the equilibrium output levels in the quantity game in which firm
I'smanager maximizes O, (i =1,2) are

_iai° (a- 2ajc+a,c5) /3 if a+ayc, - 2a,c,>0

5
%Qf ° (a- a,¢;)/2 if a+a,C; - 2a,C, £0 (5)

a1

_fdb° (@ 2axcp a3 if atage - 2a,0, >0
Tq% o0 if ata,c - 2&2C2 £0

(6)

By Lemma 1, if a+a,c, - 2a,c, >0 then the third Sage quantity game gives an interior
solution, given by (q,d}); andif a+a,c, - 2a,c, £0 then the third stage game gives a corner solution,
given by (q7,95). Theassumption a,c, £ a,c, will be verified later on to be satisfied in equilibrium.

The Delegation Problem

In the delegation stage of the game the two firms' owners smultaneoudy choose their incentive

parameters a, and a,, knowing that the solution for the output Sage of the game will be given
according to Lemma 1. Let p,(a,,a,) ad p,(a;,a,) denote respectively firm 1's and firm 2's
reduced-form profit functions derived based on the solution to the last stage of the game. Maximizing p,
with respect to a, and p, with respect to a, yidd the two firms incentive parameter reaction

functions, as given in the next lemma.

Lemma 2: Firm 1'sincentive parameter reaction function in the delegation sage of the gameis given by

1(6c, - a5c, - a)/(4cy) if a, £(a+2c,)/(3c,)
a; = :'(2a 2Cy - @)/ Cq if (a+2¢;)/(3c,)Eas £ (a+cy)/(2c,) )
f1 if a, 2 (a+c,)/(2c,)



Firm 2's incentive parameter reaction function (more precisely correspondence) in the delegation stage
of the game isgiven by

(6c, - a,c, - A/(dc,)  if &y >(2c, - Ay

[@+a,c,)/(2c,), ¥) if a; £ (2c,- a)/cy ®)

i
a2=1
|

Firm 1'sincentive parameter reaction curve has three segments. Thefirst line of (7) corresponds
to a decreasng segment; the middle line of (7) corresponds to a rigng segment (on which
a+ajc,- 2a,c, = 0); and the st line of (7) corresponds to a vertical segment. Regarding firm 2's
incentive parameter reaction map, it isimportant to observe that firm 2's best response on or above the
line a+a,c,- 2a,c, =0isnot unique. Thisisbecausewhen a+a,c, - 2a,c, £0 firm 2 sprofit is zero
due to a zero output level. Note that above theline a+a,c,- 2a,c, =0, a+a,c,- 2a,c, <0. Below
theline a+a,c,- 2a,c, =0, firm 2'sbest response is unique and decreasing in a ;.

The intersection of these reaction functions gives the firms equilibrium vaues for the incentive

parameters as functions of their unit costs of production, as given by the following lemma.

Lemma 3 (8) If a+2c,3 X,, thereis a unique equilibrium in the delegation stage of the game, given

by

8, -2c,-a 8,-2c,-a
=2t —, A= ©)
5Cl 502

(b) If a+2c, <3c,, thereis a continuum of equilibriain the delegation stage of the game, given by the

Set:



4c, - a 2c,-a,. 2c+a

£a; £min{ MK £a, £l a+ac - 2a,c,=0}
1 C1 3¢,

E° {(aa,):

It may be noted here thet the choicesof a,; and a, asgiven by Lemma3 satisfy the condition
in Lemma 1 that a,c, £ a,c,. Fird, consder the solution given by (9). From (9), a,c,- a,c, =
2(c, - ¢,), whichisless than or equd to zero since c, £ ¢, with or without licenaing. Next, consider the
st E. Onthisst, ac, - a,c, = - (a- a,c,), whichislessthan zero snce a>c, by assumption and
c, 2 a,c, inequilibrium.

The preceding results lead to the firms equilibrium quantity choices as functions of levels of

margind codts, as summarized in the following propogtion.

Propostion 1: In the quantity competition stage of the three-tage licensing- del egation quantity game,

(&) if a+2c, >3c, then the equilibrium quantities are an interior solution, given by

* 2 * 2
q1=g(a+2C2- 3), a =E(a+201- 3C2) 5 (10)

(b) if a+2c, £3c, then thefollowing multiple corner solutions in quantity are obtained:

a.' C * 2 *
max{a- c,, > B E£q 55(3—' c), d,=0. (11)

The interior solution given by (10) has the usua property that each firm’s output decreasesinits
own margind cost but increases in its competitor's unit cost. Comparing (10) with the well-known

olution without delegation, given by ((a+c, - 2c,)/3 (a+c, - 2¢c,)/3), one obtans that industry



output is higher under deegation This confirms the established result that firms under delegetion are
more aggressive in ther output choices than firms under no delegation.

Based on Proposition 1, the firms' reduced-form profit functions are

PL(CC) = —(a- 36 +26))%, P3(eCy) = (- 3oy +20y)° (12)
in the case of interior quantity solution, and

P (c.Cy) = (a- ¢ - G)dy, Pa(cyCy) =0 (13)
in the case of a corner quantity solution, where q; isgiven by (11).

The Licensng Problem

In the licenang stage of our three stage game, the patent-holding firm (firm 1) first chooses a
licensing contract, then the potential licensee (firm 2) decides whether to accept the offer from the patent
holder. The patent-holding firm's objective is to maximize its totd income which is the sum of the profit
from its own production and the licenang revenue. In the following analysis, we consder three forms of
licensing contract: fixed fee only, royaty only, and fixed fee plus royaty.* We use F to denote a fixed
fee that isindependent of the licensee' s output level and r to denote a roydty rate per unit of output.

Firm 1's unit cogt of production is ¢, = c- e, firm 2'sunit cogt of productionisc, = c- e+r
when licensing occurs and is ¢, = ¢ when licensing does not occur. Obvioudy, the roydty rate r cannot

exceed the magnitude of innovation (e). Firm 1 chooses a licenang contract to maximize its tota
income subject to the condraints that firm 2 is willing to accept the licensng contract and that firm 2's

output is norn-negative. That is, firm 1 solves the following problemn:
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Max; / pi(C- ,c- e+r)+rg,(c- ec- e+r)+F (14)
S t.
p,(C- c- e+r)- F3 p,(c- €¢)

d,(c- ec-e+r)3 0

In (14), the profit functions and firm 2's output function are given by (10)-(13). Under fixed-fee
licenang, firm 1 chooses F while redtricting r to be zero; under roydty licensing, firm 1 chooses r while
restricting F to be zero; under fee plus royaty licensing, firm 1 chooses both F and r.

The next proposition concerns the occurrence of licenang in the equilibrium of the three-stage

game under each of the three forms of licensing.

Proposition 2 The equilibrium outcome of the three-stage delegationlicensng-quantity game is given
by the following:

(&) under fixed-feelicenang, licenang occursif and only if e <2(a- c)/11,

(b) under roydty licenang, licenang occursif and only if e < (a- ¢)/2;

(©) under fee plus roydty licenang, licenang occurs if and only if e < (a- c¢)/2 and will bein the

form of roydty only when occurring.

It has been shown in the literature thet, for the linear Cournot modd without delegetion, fixed-

* These three forms of licensing account for almost all licensing in practice. Rostoker (1984) reported that fixed fee
alone was used thirteen percent of the time, royalty alone thirty-nine percent, and royalty plus fixed fee forty-six



1

fee licenang occurs for e < 2(a- c)/3 and roydty licensng and fee plus royaty licensng occur for any
non-drastic innovation (i.e, e < a- ¢).” Comparing this conclusion with the results in Proposition 2, it
follows that in the lineer modd licenang occurs a most hdf as likely under srategic delegation
compared to no deegation. Moreover, licensng occurs only for smdl innovations under drategic

delegation.®

4, Concluding Remarks

This paper has examined licensing of a cost-reducing innovation by a patent-holding firm to its
competitor from the profit motive. Under drategic delegation, firms (managers) behave more
aggressvely than under standard quantity competition, reducing the incentive for the patent-holding firm
to license its innovetion to the other firm. This is the result of two forces. On the one hand, the cost-
reducing innovation (if kept for own use) affords the patent-holding firm a bigger advantage over its
competitor under drategic delegation than under no delegation. On the other hand, the potentid
licenang revenue is smdler due to a smdler potentid for profit gain from licensng by the competitor
under drategic delegation than under no deegation. Both forces work to reduce the likeihood of
licensang under dtrategic delegation relative to no delegation.

The discusson above aso indicates that the main conclusion of this paper that licenang is less
likely to occur under strategic delegation than under no delegation should survive extension of the smple

homogenous good duopoly model with linear demand to more generd settings.

percent, among the firms surveyed.

® See, for example, Katz and Shapiro (1985) and Wang (1998).

® The conclusion in Proposition 2(c) extends the result in Wang (1998) and Kamien and Tauman (2002) that royalty is
superior to fixed fee for the licensor to the situation with strategic delegation.
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Appendix

Proof of Lemmal:

For the interior solution given by the fird line of (5) and the firg line of (6), it is obtaned
graightforwardly by solving for g, and g, using thefirst line of (3) and thefirst line of (4). This solution
aso gives us the condition © have an interior solution, namely ¢, is pogtive (which implies q, is
positive). For the corner solution, it is important to recognize that under the condition a,c, £ a,c, the

only possible corner solution is when the intersection point of the firms quantity reaction curvesis on the
g, axissothat g, = 0. Usng thisfact, the corner solution for q, isobtained by subgtituting g, = 0into

thefirg line of (3) and is given by the second line of (5).

Proof of Lemma2:

Based on (5) and (6), the firms' reduced-form profit functions are

i@-¢-d;-qh)dg if a+a,c, - 2a,c, >0
p1(a1.a,) =_|’_( C1-0d1-d2)d: ! 1C1 - 28,505 (A1)
T(a_ c - qf)q]‘f if a+a c - 2a,c, £0

) =;I(a- Co-0i-gp)dh  if ata - 2a,C;, >0

aq,a i
p2(aga; if a+aqc; - 2a,c, £0

(A2)

Consider (7) firgt. Subgtituting ¢} and g, given respectively by (5) and (6) into the first line of
(A1) and maximizing the resulting profit function for firm 1 with regpect to a; yidd a; =
(6c, - @ ,C,-a)/(4c,) , thisisthefird line of (7). For this solution to represent firm 1's best reaction, the

condition in thefird line of (A1) must hold. Theintersection of thelines a, = (6c, - a ,c,-a)/(4c,) and
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a+ac;- 2a,c, =0is(a;,a,) = ((4c, - a)/(3c,),(a+2c;)/(3c,) ). Thus, thefirst line of (7) is proved.
Subdtituting g in (5) into the second line of (A1) and maximizing with respect to a, impliesthat a, =
1. For thisto hold, it must be true that a+a,c; - 2a,c, £0. Replacing a, inthisinequdity by one gives
a,3 (a+c))/(2c,). This proves the bst line of (7). To show the middle line of (7), it suffices to
observe that for the range of a, intheintervd [(a+2c,)/(3c,), (a+c¢;)/(2c,)] , firm 1 maximizesiits
profit function given by the second line of (A1) subject to the condraint that a+a,c, - 2a,c, £0. For
a, | [(a+2c))/(3c,), (a+cy)/(2¢c,)], the above condraint is binding, yielding the middle line of (7).
Next condder (8). The fird line of (8) is pardld to the fird line of (7) and can be shown
amilaly by meximizing p,(a;,a,) in (A2). For the second line of (8), it suffices to observe that when
a+agc, - 2a,c, £0 firm 2's profit is zero implying an arbitrary choice of a, subject to the constrant

thet the above inequality holds, which impliesthet a , 3 (a+a,c;)/(2c,).

Proof of Lemma 3:

(8). Solving the system of equations composed of the firgt line of (7) and the firgt line of (8) for
a, and a, gives immediaey (9). From (9), a+a,c;- 2a,c, = 6(a+2c; - 3c,)/5. Hencg if
a+2c,>3c, then a+a,c,- 2a,c, >0andif a+2c,=3c, then a+a,c,- 2a,c, =0.Inether case,
firm 1's incentive parameter reaction curve given by (7) and firm 2's incentive parameter reaction map
given by (8) have a unique intersection point, thet is given by (9). In the case a+2c, >3c,, this
intersection point is below theline a+a,c, - 2a,c, =0, whileinthecase a+2c, =3c,, itisright onthe

linea+a;c,- 2a,c, =0.
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(b). The proof for Part (a) indicates that if a+2c, <3c, then firm 1's incentive parameter

reaction curve given by (7) and firm 2's incentive parameter reaction map given by (8) do not have an

intersection point below theline a+a,c, - 2a,c, = 0. Inthis case they intersect on aline segment of the
line a+a,c,- 2a,c, =0. Sraghtforward derivationsimply thet this line ssgment corresponds to the set

E.

Proof of Proposition 1:

(@. Resultsin (10) follow immediatdy by subgdituting (9) into the firg line of (5) and the firgt
line of (6).

(b). By Lemma 3(b), if a+2c, <3k, the delegation stage of the game results in choices of
(a;,a,) given by the st E. Using (6), it is obvious that on thisset q, =0. Therange of g, isobtained
by subgtituting q, =0 and the range of values for a, in the set E into (3). In particular, corresponding
to a; = (4c,- a)/(3c;) wehave ¢, = 2(a- ¢;)/3 and correspondingto a, = (2c, - a)/c, or 1 we

have q, = a- ¢, or q, = (a- ¢;)/ 2. Thesevauesfor g, confirm the equilibrium rangefor g, in (11).

Proof of Proposition 2:

(8. Based on (10) and (12), both firms produce the quantity of 2(a- c+e)/5 and earn the
profit of 2(a- c+€)?/25 under fixed-fee licensing. If licensing does not occur, based on Lemma 3, an

interior solution isobtained if e < (a- ¢)/2 and acorner solutionisobtained if e 3 (a- c)/2.
Congder first the case of e < (a- ¢)/2. If licendang does not occur, by (12), firm 1's profit is

2(a- c+36)?/25 and firm 2's profit is 2(a- c- 2e)2/25. The maximum licensing fee firm 1 can charge
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firm 2 isequd to the difference between firm 2's pogt-licenang profit and its profit if no licensang occurs.
Thus, F = 2(a- c+€)?/25- 2(a- c- 2e)2/25, and under fixed-fee licendng, firm 1's totd income is
2(a- c+e)?/25+F. The difference between this and firm 1's profit under no licensng is
2(a- c+e)?2/25+F- 2(a- c+36)2/25 = 2e[2(a- c)- 11e]/25, which is greater than zero only for e <
2(a- c)/11. That is, under fixed-fee licendang and drategic delegation, licenaing is profitable for firm 1
fore 1 (0, 2(a- c)/11) but not profitablefor e 1 (2(a- c)/11, (a- ¢)/2).

Consgider next the case of e 3 (a- c)/2. Inthiscasefirm 2 will produce zero output and make
zero profit if licendng does not occur. Thus, the maximum fixed fee firm 1 can charge is equd to
2(a- c+€)?/25 and firm 1'stota income under licensing is 4(a- c+¢€)2/25. If firm 1 does not license
to firm 2, by (13), its profit is equal to (a- c+e- q;)qg;, Where by (11) q; variesfrom a- c to
2(a- c+e)/3. Itis sraightforward to verify that (a- c+e- g;)q;>4(a- c+e?/25fordl q; | [a- c,
2(a- c+e)l3]when e 3 (a- c)/2. That is, under fixed-feelicenang and drategic delegation, licensng
is not profitable for firm 1 for e 1 [(a- c)/2, a- c). We have thus proved the assertion made in
Proposition 2(a).

(b). By usng (10) and (12), firm 1'stotd income under roydty licensng is
— * * — 2 2 2
M =p,(c- ec- e+r)+rqg,(c- ec-e+r) = 2—5(a— ct+te+2r) +r€(a— ct+e-3r).

Differentiating M with respect to r yields

1:1—'\:' =2—25(9(a- c+e)- 22r).

Non-negative equilibrium output for firm 2 impliesthat 3r £a- c+ €. Hence, the feasible choice of r is

from zeroto min{ e, (a- c+e)/3}. Itiseasy to seethat forr 1 [0, min{ e, (a- c+e)/3}], MM /1r >0.
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It follows that firm 1's optima choice of r isequd to min{ e, (a- c+¢)/3}. Theoptimd risequd to e
if e < (a- ¢)/2. Inthis case, licenang occurs and firm 2 produces a positive output in equilibrium. The
optima r is equd to (a- c+e)/3if e 3 (a- c)/2 Inthis case licensang does not occur since firm 2
produces zero output in equilibrium. We have thus proved Proposition 2(b).

(c). Obvioudy, the licensor's optima F is such that the first congtraint in (14) holds in equdity.
Solving for F from this equaity and subgtituting it into the objective function in (14),

M = p;(c- e,Cc- e+r)+rg,(C- €,C- e+r)+p,(C- C- e+r)- p,(C- &C).
By using (10) and (12),

M = i(a— c+e+2r)? +rz(a— c+e- 3r)+£(a— c+e- 3r)2- i(a— c- 2e)2.
25 5 25 25

Differentiating M with respect to r yields

‘Iﬂ_'\r" =%(3(a- ¢) +3e- 4r)> 0,

where the inequdity follows fromthefactr £ e < a- c. Namely, M isadtrictly increasing function of r
ontheinterva [0, e] of feasible choicesfor r.

Two implications follow immediately from the fact that the best choice of royadty rate for the
licensor isr = e. One, in the optima fee plus roydty contract, the optima fee is zero. Thisis because
firm 2’s margind cogt of production is unchanged by licensang and therefore its profit is unchanged.
Second, firm 2's equilibrium output o, (c- ec) = 2(a- c- 2¢)/5 is podtive only for e < (a- ¢)/2.

These two conclusions together establish the two statementsin Proposition 2(c).



