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Abstract

In Proposition 4 of Kamien and Tauman (1986), assuming linear demand and cost
functions with fixed fee licensing it was argued that for the outside innovating firm under
oligopoly when the number of firms is small (or very large), strategy to enter the market
with license of its cost-reducing technology to the incumbent firm (entry with license
strategy) is more profitable than strategy to license its technology to the incumbent firm
without entering the market (license without entry strategy). However, their result depends
on their definition of license fee, and it is inappropriate if the innovating firm can enter the
market. If we adopt an alternative more appropriate definition based on the threat by entry
of the innovating firm, license without entry strategy is more profitable in the case of linear
demand and cost functions. Also we investigate the problem in the case of quadratic cost
functions in which entry with license strategy may be optimal. Further we will show that
the optimal strategies for the innovating firm when license fees are determined under the
assumption that the licensor takes all benefit of new technology and its optimal strategies
when license fees are determined according to Nash bargaining solution are the same.
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1 Introduction

In Proposition 4 of Kamien and Tauman (1986), assuming linear demand and cost functions
with fixed fee licensing it was argued that for the outside innovating firm under oligopoly when
the number of firms is small (or very large), strategy to enter the market and at the same time
license its cost-reducing technology to the incumbent firm (entry with license strategy) is more
profitable than strategy to license its technology to the incumbent firm without entering the
market (license without entry strategy). However, their result depends on their definition of
license fee. Interpreting their analysis in a duopoly model, they defined the license fee in the
case of license without entry by the difference between the profit of the incumbent firm in that
case and its monopoly profit before entry and license. It is inappropriate when the innovator
can enter the market on the ground of game theoretic view point. If the negotiation between the
innovating firm and the incumbent firm about the license fee breaks down, that is, the offered
license fee is refused by the incumbent firm, the innovating firm can punish the incumbent firm
by entering the market without license. The innovating firm may use this threat if and only if
it is a credible threat. When the innovating firm does not enter nor sell a license, its profit is
zero; however, when it enters the market without license, its profit is positive. Therefore, such
a threat is credible. Then, even if the innovating firm does not enter the market, the incumbent
firm must pay the difference between its profit when it uses the new technology and its profit
when the innovating firm enters without license as a license fee.

In this paper we examine a choice of strategies for the outside innovating firm under duopoly
to license its new cost-reducing technology with a fixed fee to the incumbent firm without
entry, or to enter the market without license, or to enter the market with license. At present
the incumbent firm is a monopolist, and if the innovating firm enters, the market becomes a
duopoly. Using an alternative definition of a license fee based on above considerations we will
show the result which is converse to the result in Kamien and Tauman (1986) that license
without entry strategy is optimal for the innovator, and entry with license strategy is never
optimal in the case of linear demand and cost functions. Also we will consider a case of
quadratic cost functions in which entry with license strategy can be optimal.

In more detail we will show the following results. When the cost functions are linear, if
the innovation is non-drastic, license without entry strategy is the optimal strategy for the
innovating firm; if the innovation is drastic, both of entry without license and license without
entry strategies are the optimal strategies. When the cost functions are quadratic, so long as the
innovation is not so drastic, entry with license strategy is the optimal strategy for the innovating
firm; if the innovation is very drastic, license without entry strategy is the optimal strategy.

Further we consider two cases about determination of license fees. The first is a case such
that the licensor takes all of the profit increase due to adoption of the new technology. We call
this case the licensor takes all case. The second is a case such that license fees are determined
according to Nash bargaining solution. We call this case the Nash bargaining solution case.
We will show that the same results hold in both cases, that is, determination of the optimal
strategies for the innovating firm in the licensor takes all case and that in the Nash bargaining
solution case are the same.

In the next section we review some related studies including Kamien and Tauman (1986).
In Section 3 we present the model. In Section 4 we study the licensor takes all case, and in



Section 5 we consider the Nash bargaining solution case.

2 Some related studies

We mention some references about technology adoption or R&D investment under imperfect
competition including Kamien and Tauman (1986). Lots of researches focus on the relation
between technology licensor and licensee. The difference of means of contracts which are
royalties, up-front fixed fees, the combinations of these two and auction are well discussed
(Katz and Shapiro (1985)). Also, the previous works analyze the difference of whether the
licensor have the production capacity, which is externally given, or not. Kamien and Tauman
(1986) shows that if the licensor does not have production capacity, fixed fee is better than
royalty and it is also better for consumers. Kamien and Tauman (2002) shows that outside
innovator prefers auction but industry incumbent prefers royalty. This topic under Stackelberg
oligopoly is discussed in Kabiraj (2004) when the licensor does not have production capacity,
and discussed in Wang and Yang (2004) when the licensor has production capacity.

Sen and Tauman (2007) compared the license system in detail when the licensor is an
outsider and that when the licensor is an incumbent firm using the combination of royalties and
fixed fees. However, the existence of production capacity is given externally and it does not
analyze the choice of entry. Therefore, the optimal strategies of outside innovator who can use
the entry as threat are not discussed enough. About the strategies of new entrant to the market,
Duchene, Sen and Serfes (2015) pay attention to the future entrants with old technology, and
argues that low license fee can be used to deter entry of potential entrants. But, it is assumed
that the firm with new technology is incumbent and its choice of entry is not analyzed. Also,
Chen (2016) analyzed the model of endogenous market structure determined by the potential
entrant with the old technology and shows that the licensor uses the fixed fee and zero royalty
in both incumbent and outside innovator cases which is exogenously given. In this paper we
consider process innovation, that is, cost-reducing innovation. On the other hand, Hattori and
Tanaka (2016b) analyzed license and entry strategies of an innovator about product innovation,
that is, introduction of higher quality good in vertically differentiated industry, and has shown
similar results.

Other topics are analyzed as follows. A Cournot oligopoly with fixed fee under cost
asymmetry is analyzed in La Manna (1993). He shows that if technologies can be replicated
perfectly, a lower-cost firm always has the incentive to transfer its technology and hence a
Cournot-Nash equilibrium cannot be fully asymmetric, but there exists no non-cooperative
Nash equilibrium in pure strategies. On the other hand, using cooperative game theory,
Watanabe and Muto (2008) analyses bargaining between licensor with no production capacity
and oligopolistic firms. In recent research, market structure and technology improvement is
analyzed. Boone (2001) and Matsumura et. al. (2013) find a non-monotonic relation between
intensity of competition and innovation. Also, Pal (2010) shows that technology adoption
may change the market outcome. The social welfare is larger in Bertrand competition than
in Cournot competition. However, if we consider technology adoption, Cournot competition
may make more social welfare than Bertrand competition under differentiated goods market.
In Hattori and Tanaka (2014) and Hattori and Tanaka (2016a) adoption of new technology



in Cournot duopoly and Stackelberg duopoly is analyzed. Rebolledo and Sandonis (2012)
presented analyses about the effectiveness of R&D subsidies in an oligopolistic model in the
cases of international R&D competition and cooperation.

3 The model

There are two firms Firm A and B. Firm A is an innovating firm and Firm B is an incumbent
firm. Although at present only Firm B produces a good and Firm A is an outside innovator,
after introducing the new technology, Firm A may also produce the same good. It has a
superior new technology and can produce the good at lower cost than Firm B.

Firm A have three options. One option is to enter the market without license to Firm B, the
second option is to license its superior technology to Firm B, and the third option is to enter
the market with license to Firm B. If the innovating firm enters, the market becomes a duopoly.

Let p be the price and X be the total supply of the good. The inverse demand function of
the good is written as

p=a-X.

a is a positive constant. Let x4 and xp be the outputs of Firm A and B.

About determination of license fees we consider two cases. The first is a case where the
licensor takes all of the profit increase due to adoption of new technology. We call this case
the licensor takes all case. The second is a case where license fees are determined according
to Nash bargaining solution. We call this case the Nash bargaining solution case. We will
show that the same results hold in both cases, that is, determination of the optimal strategy for
the innovating firm in the licensor takes all case and that in the Nash bargaining solution case
are the same.

About cost functions of the firms we consider two cases. One is a case of linear cost
functions, and the other is a case of quadratic cost functions. In the linear cost functions case,
the cost functions of Firm A and B are cqx4 and cpxp, where c4 and cp are positive constants
such that ¢4 < cp. In the quadratic cost functions case the cost functions of Firm A and B are
cax} and cpx3, where c4 and cp are positive constants such that c4 < cp.

We define drasticity of innovation for each case of cost functions.

Linear cost functions case 1. The innovation is non-drastic if c4 > 2cg — a.

2. The innovation is drastic if c4 < 2cp — a. In this case the output of the incumbent
firm is zero when the innovating firm enters the market without license.

Quadratic cost functions case 1. The innovation is not so drastic if ¢4 > %
2. The innovation is very drastic if c4 < %

4 Licensor takes all case

Suppose that the licensor takes all of the increase in the profit of Firm B due to adoption of the
new technology.



4.1 Linear cost functions

First we investigate a case of linear cost functions.

4.1.1 Case A: entry without license

Suppose that Firm A enters the market without license to Firm B. The inverse demand function
in this case is written as
pP=a—Xxs— XB.

The profits of Firm A and B are
ma = (@ — x4 — Xp)Xa — CaXa,

7g = (a — XA — XB)XB — CBXB.

We assume Cournot type behavior of the firms. The conditions for profit maximization of
Firm A and B are
a—2xa—xg—ca=0,

a—xa—2xg—cg=0.

1. If the innovation is non-drastic (c4 > 2cg — a), then xg > 0, and the equilibrium outputs,
price and profits are

a—2cq+cp a—2cg+cp
xA:#, xB:#,
a+cap+cp
3 2
— 2 _ 2
(a—2ca+cp) (a—2cp +cap)
71'A=—9 ,JTB:—g .

2. If the innovation is drastic (c4 < 2cg — a), then xg = 0, that is, Firm B drops out from the
market, and the equilibrium output of Firm A, the price and the profits of the firms are

a—cCcp a+ca
x = b = b
AT TP
(a—ca)?
A= g = 0.

Firm A becomes a monopolist.

Denote the profits of Firm A and B in this case by 7 and 7.



4.1.2 Case B: license without entry

Next suppose that Firm A licenses its technology to Firm B at a fixed license fee, and does not
enter the market. Denote the fixed license fee by L.
The inverse demand function is
p=a—Xp.

The profit of Firm B is
JIB = (a - XB)XB — CAXB — L.

Firm B can produce the good at the marginal cost c4 < cg. The equilibrium output, price and
profit are ,
g = a 2CA’ b= a—;cA’ 5 = (a 4cA) L
If the negotiation between the innovating firm and the incumbent firm about the license fee
breaks down, the innovating firm can enter the market without license. When the innovating
firm does not enter nor sell a license, its profit is zero; however, when it enters the market
without license, its profit is positive. Therefore, such a threat is credible, and the incumbent
firm must pay the difference between its profit excluding the license fee in this case and its
profit in the previous entry without license case as a license fee.

1. If the innovation is non-drastic (c4 > 2cg — a), the license fee is equal to

(a—ca)® (a—2cp+ca) _ (a+4cg—5ca)(Sa—4cp —ca)

L= 9 36

2. If the innovation is drastic (c4 < 2cp — a), the license fee is equal to

_(a—ca) _0= (a_CA)Z‘

L
4 4

Denote the profit of Firm B and the license fee in this case by ﬂ]é and L',

4.1.3 Case C: entry with license

Suppose that Firm A enters the market and at the same time licenses its technology to Firm B
at a fixed license fee. The inverse demand function is

P=a—Xas— XB.
The profits of Firm A and B are
ma = (a—xa — XB)Xa — caXa,

B = (a — XA —xB)xB — CAXB — L.

L is the license fee. The conditions for profit maximization of Firm A and B are

a—2xy—xg—cy =0,



a—xa—2xg—ca=0.
The equilibrium outputs, price and profits are

a—ca _a—ca _a+2cqy

3 T o PTTE

C(a—ca)?  (a—ca)’
mETg omsTg Tk

Similarly to the previous case if the negotiation between the innovating firm and the incumbent
firm about the license fee breaks down, the innovating firm can enter the market without license.
The incumbent firm must pay the difference between its profit excluding the license fee in this
case and its profit in the entry without license case as a license fee.

XA =

1. If c4 > 2cp — a, the license fee is equal to

_(a—ca)? (a—2cp+ca)* _ 4a—cp)(cp —ca)

9 9 - 9 ‘

The total profit of Firm A is the sum of the license fee and its profit as a firm in the
duopoly. It is equal to

L

(a—ca)? .\ 4(a — cp)(cg — ca) _ a% — 6acy + cf‘ + 4acg + 4cacg — 401%3
9 9 9 '

2. If cq < 2cp — a, the license fee is equal to

_(a—ca) _0= (a—CA)Z'

L
9 9

The total profit of Firm A is

(a—ca)?  (a—ca)? 2(a—ca)?
9o '~ 9 9

Denote the profits of Firm A and B, and the license fee in this case by el ﬂgl and L¢.

4.1.4 The optimal strategy for the innovator

1. First assume c4 > 2cp — a. Let us compare the profit of Firm A in Case B (license
without entry) and its profit in Case C (entry with license). Then, we get

+ 4cg — Sca)(S5a — 4eg — cp)
I — (e 4 ol :(a
(L +74) 36

a% — 6acy + ci + dacg + 4cacg — 4c%3
9

(a—ca)?
= >0.
36



Thus, license without entry strategy is more profitable than entry with license strategy
for the innovating firm. Next let us compare the profit of Firm A in Case B and its profit
in Case A (entry without license). Then,

[l e :(a + 4cg — S5cq)(Sa —4cg —ca) B (a—2ca+c)?
A 36 9

_(a—2cp+ca)(a—1lca + 10cp)

- 36 '

Since a > 2¢g — ¢4 and
a—1lca+10cg =a—2cg +ca+ 12(cg —ca) > 0,

we have L! — ry > 0. Thus, license without entry strategy is more profitable than entry
without license strategy for the innovating firm. Therefore, license without entry strategy
is the optimal strategy for the innovating firm.

2. Assume ¢4 < 2cg — a. Then, we obtain

(@a—ca)? 2a-ca)? _(a—ca)’ S

Ll_ Lel el —
(L7 +74) 4 9 36

0,

and

(a—ca)® (a—ca)? _

7 7] 0.

I e _

L'—n, =

Thus, both of license without entry strategy and entry without license strategy are the optimal
strategies for the innovating firm. Summarizing the results, we get the following proposition

Proposition 1. In the linear cost functions case, if the innovation is non-drastic (cy4 > 2cg — a),
license without entry strategy is the optimal strategy for the innovating firm. On the other
hand, if the innovation is drastic (ca < 2cg — a), both of license without entry strategy and
entry without license strategy are its optimal strategies.

This result is converse to the result in Proposition 4 of Kamien and Tauman (1986). In the
definition by Kamien and Tauman (1986) the license fee in the case of license without entry
is equal to the profit of the incumbent firm in that case and its profit before license and entry.
However, by our definition the license fee in that case is equal to the profit of the incumbent
firm in that case and its profit when the innovating firm enters the market without license.
Therefore, the license fee in that case under the alternative definition is larger than that under
the definition by Kamien and Tauman (1986), and so license without entry strategy can be
optimal.

Example

Assume a = 18, cp = 10. The relationships among the profits of Firm A in three cases and the
value of ¢4 are depicted in Fig. 1.
In the domain 0 < ¢4 < 2, JTIZ and L! coincide.



ca
Figure 1: Example of the linear cost functions case

4.2 Quadratic cost functions

In this section we investigate the case of quadratic cost functions.

4.2.1 Case A: entry without license

Suppose that Firm A enters the market. The inverse demand function is written as
p=a—xa— Xxp.
The profits of Firm A and B are
A = (@ — X4 — XB)Xa — CaX3,
g = (a— xa — Xg)XB — Cpxa.
The conditions for profit maximization of Firm A and B are
a—2xa—xg—2caxa =0,
a—xa—2xg— 2cgxg = 0.
The equilibrium values of the outputs, price and profits are

(1 + 2cp)a (1+2ca)a
= N x = N
3+ 4CA + 4CB + 4CACB B 3+ 4CA + 4CB + 4CACB

(1 +2ca)(1 +2cpa
- 3+ 4CA + 4CB + 4CACB’

XA




(1 + ca)(1 + 2¢p)*d? (1 + cg)(1 + 2c4)*d?
A = , Tg = )
A (3 + dca + dep + deacp)? B (3 + 4ca + dep + deacp)?

Denote the profits of Firm A and B in this case by 7 and 7.

4.2.2 Case B: license without entry

Next suppose that Firm A licenses its technology to Firm B at a fixed license fee, and does not
enter the market. Denote the fixed license fee by L.
The inverse demand function is
p=a—Xxp.
The profit of Firm B is
g = (a — xg)xp — chIZ3 - L.

The equilibrium output, price and profit are

a _ (1+2ca)a a?

= p=-— L —
B 0ve) LT 20 e BT 41 4 cn)

If the negotiation between the innovating firm and the incumbent firm about the license
fee breaks down, the innovating firm can enter the market without license. Therefore, the
incumbent firm must pay the difference between its profit excluding the license fee in this case
and its profit in the previous entry without license case as a license fee. Thus, the license fee is

3 a? (1 + cg)(1 + 2c4)*a?
_4(1 + CA) (3 +4cq +4eg + 4-CACB)2
:(16cgc§ +32cacy + 163 — 16¢3cp + 36cac + 20cg — 16¢3 — 16¢3 + 4cq + 5)a®

4(1 + CA)(3 + 4CA + 4CB + 4CACB)2

Denote the profit of Firm B and the license fee in this case by 71113 and L,

4.2.3 Case C: entry with license

Suppose that Firm A enters the market and at the same time licenses its technology to Firm B
at a fixed license fee. The inverse demand function is

p=a—Xxa— Xp.
The profits of Firm A and B are
ma = (a— xa — XB)XA — CAXS,

g = (a— x4 — XB)XB — (:Axlz3 - L.

The conditions for profit maximization of Firm A and B are

a—2xa—xg—2caxa =0,

10



a—xa—2xg—2caxg = 0.

The equilibrium outputs, price and profits are

a a (1+2ca)a
x = b x = b = b
AT 320 T35 2e, P T 3120,
(1+ cA)za2 (1+ cA)za2
My = ————— ==

= . 77"B =

(3 + 2CA)2 (3 + ZCA)2
Similarly to the previous case if the negotiation between the innovating firm and the incumbent
firm about the license fee breaks down, the innovating firm can enter the market without license.
The incumbent firm must pay the difference between its profit excluding the license fee in this
case and its profit in the entry without license case as a license fee. Thus, the license fee is

(1 + ca)’a? (1 + cg)(1 + 2c4)*d?
T (3+2ca)? (3 +4ca+dop + deacs)?

(cB — ca)(16¢3 cp + 48chcp + 48cacp + 16cp + 16¢3 + 48¢2 + 48c4 + 15)a®
- (3 + 2c4)2(3 + 4ca + deg + deacp)? '

The total profit of Firm A in this case is the sum of the license fee and its profit as a firm in the
duopoly. It is

(1 + ca)?d® 3 A

(3+2ca)2  (3+2ca)2(3 +4ca + dop + deacp)?’

where

A =(32¢ch + 96¢%ch + 96¢4ch + 32c3 — 16¢hcp + 88c5ep + 112¢acp + 39¢p

—16¢% —32¢3 — 8cA + 18ca + 9)a”.

Denote the profits of Firm A and B, and the license fee in this case by el ﬂgl and L¢.

4.2.4 The optimal strategy for the innovator

Let us compare the profit of Firm A in Case C (entry with license) and its profit in Case B
(license without entry). Then, we get
A
(3 +2c4)%(3 + 4cp + 4cp + deacp)?
(16‘5%}%23 + 320,40%3 + 16c123 - 16cicB + 36¢c4cp + 20cp — 16031 — 16cf1 +4cy + 5)a?

(¢ + L)~ 1! =

4(1 + CA)(3 + 4CA + 4CB + 4CACB)2
(403\ +4cy — 1)a?

41+ ca)(3 +2c4)%

where A is the same as that in Case C. This is positive when c4 > % ~ 0.207 irrespective

of the values of a and cg. Thus, so long as the innovation is not so drastic, in the quadratic

11



cost functions case entry with license strategy is more profitable than license without entry

strategy. However, if ¢4 < Q license without entry strategy is more profitable than entry

with license strategy. If c4 = ‘/_T, they are indifferent.

Let us compare the profit of Firm A in Case B and its profitin Case A (entry without license).
Then, we have

I - Ty
(16¢%c2 + 32cach + 16¢3 — 16¢3cp + 36cacp + 20cg — 16¢3 — 16¢3 + 4cq + 5)a®
B 4(1 + ca)(3 + 4ca + 4eg + deacp)?
(1 + ca)(1 + 2¢p)*d?
- (3 + 4CA + 4CB + 4-CACB)2
1+ 2cA)(8cicB + 4cypcg — deg + 8‘5%1 +6c4 — 1)a?

4(1 + CA)(3 + 4CA + 4CB + 4CACB)2

\36c2+52c5+17-2c5—3  \/36¢3+52cp+17-2cp3

8(1+cp) ' 8(1+cp)

This is positive for 0 < ¢4 <
cp > «/_ iy

Let us compare the profit of Firm A in Case C and its profit in Case A. Then,

is larger than % for

A (1 + ca)(1 + 2cp)?)a?
(3 +2c4)2(3 + dcy + dcp + dcac)? 3+ dea + deg + deacp)?
(cg — ca)(16¢3cp + 32c5cp + 12cacp — 4ep + 16¢3 + 36¢3 + 24cy + 3)a?
B (3 +2c4)2(3 + 4ca + 4cp + 4eacp)? '

el
(73 +L) Ty =

This is positive except for very small value of c4, and we can verify that it is positive for

—‘5{1 < ¢y < cg. Wehave cg —ca > 0and (3 + 2¢4)>(3 + 4ca + 4ep + deacg)® > 0. Let

¢ = 16¢)cp + 32chep + 12¢cacp — dep + 16¢3, + 36¢5 + 24cq + 3.

Differentiating this with respect to c4 yields

a9

Tl = 4(120ACB + 16¢c4cp + 3cp + 12CA + 18c4 + 6) > 0.
ca

‘We have
B, =4(V2+1) > 0.

Thus, ¢ is positive for % < ¢y < cp.
Therefore, we obtain the following results.

Proposition 2. In the case of quadratic cost functions so long as the innovation is not so

V2

drastic (cq > T_l ), entry with license strategy is the optimal strategy for the innovating firm.

\/_ 1

However, if the innovation is very drastic (cq <

Va1

=—, both of them are the optzmal strategies.

~5—), license without entry strategy is the

optimal strategy. If c4 =

12
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Figure 2: Example of the quadratic cost functions case 1

When the cost functions of the firms are quadratic, their marginal costs are increasing with
respect to the outputs, and then large outputs are unprofitable than small outputs. Therefore,
entry with license strategy is optimal for the innovating firm so long as the innovation is not so
drastic. However, the innovation is very drastic, the marginal cost of a firm which adopts the
new technology is small even if the cost functions are quadratic. Thus, in that case the optimal
strategy for the innovating firm is license without entry strategy.

< V2-1

A note on the case where cg < 5

V36¢2+52cp+17-2c5-3

8(1+CB)
L > 7yt L°!, license without entry strategy is optimal for Firm A.

. Then, since L! > ”fx and

When cg < %, we can verify c¢q4 < cg <

Example

Assume a = 30, cg = 10. The relationship among the profits of Firm A in three cases and the
value of c4 are depicted in Fig. 2 and 3. Fig. 3 magnifies the part where the value of cy4 is
small.

13
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Figure 3: Example of the quadratic cost functions case 2

5 The Nash bargaining solution case

We consider the results when license fees are determined according to the Nash bargaining
solution. The arguments hold for both linear and quadratic cost functions cases!. We use the
following notations.

712, Jrgz profits of Firm A and B in Case A
?}ﬂ profit of Firm B in Case B before paying the license fee
Il e license fees in Case B and Case C

mh(= ¢l — L'):  profit of Firm B in Case B after paying the license fee

IEBI : profit of Firm B in Case C before paying the license fee
ngl (= gogl — I°!):  profit of Firm B in Case C after paying the license fee
ﬂjl: profit of Firm A in Case C

The values of them other than the license fees in this case are equal to those in the licensor
takes all case. The payoff of Firm A in the license without entry case is L/, and it is ﬁ/il + I
in the entry with license case.

The threat point of the negotiation is (§, 7). In the license without entry case the problem
of maximization of the Nash product is written as follows.

max(L! - ﬁj)(ﬁé — m5,) subject to I+ n]lg = (pg.
il

The condition for the solution is
Ll—ﬂf\:ﬂ]lg—ﬂg.

'Watanabe and Muto (2008) also analyzed bargaining among licensor and licensees. However, they used the
concepts of core and bargaining set, and did not used Nash bargaining solution.

14



We get
I + 7% — ¢
7l P8 A ™ T
2
In the entry with license case the problem of maximization of the Nash product is written
as follows.
max (g + L — 7§)(rg — m) subject to L + 7§l = ¢f.
Le

The condition for the solution is

el Fel e _ _el e
Ty + LY -y =g — mp.

We get
el _ e e _ el
el _ Pp — g+ Ty — Ty
2
and l l
e e e e
—ni+ S+
el 7l P TTRT Ty
T, + L7 =

2

1. Comparison between the payoft of Firm A in Case B and its payoff in Case A yields

- o —TmE— T
Ll_”fx: B~ "A" 7B

(D

2. Comparison between the payoff of Firm A in Case C and its payoff in Case A yields

el e el e
Yp — Mg+ Ty — Ty

2

el Fel e _
Vi A

2)

3. Comparison between the payoff of Firm A in Case C and its payoff in Case B yields

05 ~TpTA AL Gt i My @+ 7y — g

el Fel 7l
.
& 2 2 2
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On the other hand, since L! = q)g - ﬂg in the licensor takes all case, we obtain
Ll e _ 1 e __e
gy =@ — Tty — 7p-
: : : el _ el e
It is exactly twice of (1). Since L* = ¢} — 7,
el+Lel_ e _ el _ e L el _ e
4> Tp =@ — g T 7y — Ty
It is exactly twice of (2). And we obtain
ngl+Lel—Ll = nﬁl+(p§l—n§—(pg+n§ :ngl+(p§l—<pg.

It is exactly twice of (3). Therefore, we get the following result.
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Proposition 3. The determination of the optimal strategy for the innovating firm in the Nash
bargaining solution case is the same as that in the licensor takes all case, and Proposition 1
and 2 are robust for determination of license fees according to the Nash bargaining solution.

Now we compare the license fees in the Nash bargaining solution case and those in the
licensor takes all case. Since L! — mh = 2L - 2), we have

17l 7l
- =1

Therefore, if L! > my and LS T Llis larger than ' andif L! < my and I < T L!is smaller
than L.
Also, since nj{ + L - Ty = 2(752[ + I - JTJZ), we have

el Fel _ el Fel e
L” =L" =my + L7 —m,.

Therefore, if 7¢' + L > ¢ and 7¢ + L > n¢, L is larger than L%/, and if 7¢' + L < ¢ and
njll +I¢ < 77.';, L¢ is smaller than L¢.

We have shown the following results.

Proposition 4. 1. If license without entry strategy is more (or less) profitable for the
innovating firm than entry without license strategy, the license fee in Case B in the
licensor takes all case is larger (or smaller) than the license fee in the Nash bargaining
solution case.

2. If entry with license strategy is more (or less) profitable for the innovating firm than
entry without license strategy, the license fee in Case C in the licensor takes all case is
larger (or smaller) than the license fee in the Nash bargaining solution case.

6 Concluding Remarks

We have presented an alternative definition of license fee for new technology developed by
an outside innovator under duopoly when the outside innovator can enter the market with or
without license, replacing the definition by Kamien and Tauman (1986). Our definition of
license fee is based on the threat to the incumbent firm by entry of the innovating firm when
the incumbent firm does not buy a license in the case of license without entry. We have shown
that in the linear demand and cost functions case although the innovator’s optimal strategy
according to the definition by Kamien and Tauman (1986) is entry with license strategy, it is
license without entry strategy according to the alternative definition. Also we have presented
results when the cost functions of the firms are quadratic. In that case entry with license
strategy may be optimal. Further we have shown that the optimal strategy for the innovator
when the license fees are determined under the assumption that the licensor takes all benefit
of new technology and its optimal strategy when the license fees are determined according to
the Nash bargaining solution are the same.

In the future research we want to study the problem under oligopoly, that is, the case with
more than one incumbent firms, and government’s policy to promote or prevent license or
entry by the innovating firm. Under oligopoly, credibility of threats is more subtle problem
than under duopoly.
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