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1 Introduction

Proposition 4 in Kamien and Tauman (1986) assumes linear demand and cost
functions, a fixed license fee, and cost-reducing technology in an oligopoly. License
with entry is a strategy of a firm with a cost advantage (a licensor) to enter the
market and simultaneously license its cost-reducing technology to an incumbent
firm (a licensee). License without entry is defined as a strategy for the licensor to
license its technology to the licensee without entering the market. Given these
definitions, Proposition 4 states that in an oligopoly, when the number of firms is
small (or large), license with entry by a licensor is more profitable than license
without entry. We believe that their definition of license fee in the case where a
licensor licenses its technology to a licensee and does not enter the market is not
appropriate. Their analysis under a duopoly model defines the license fee as the
difference between the licensee’s profit and its monopoly profit before entry and
licensing. However, we believe that if the negotiation of the license fee between the
licensor and the licensee breaks down, the licensor can enter the market without
licensing the licensee. If the licensor does not enter the market or license the licensee,
its profit is zero. However, if it enters the market, its profit becomes positive. As this
threat of entry is credible, the licensee must pay a license fee equal to the difference
between its profit in the cases of license without entry and entry without license.

We consider options for a foreign firm with a cost advantage in licensing its
cost-reducing technology to a domestic incumbent firm or entering the domestic
market with or without licensing the domestic firm, under convex cost functions
using the definition of license fee with respect to the above mentioned point.

Convex cost functions represent increasing marginal costs. When the efficient
inputs are exhausted, managers have to use inefficient inputs to produce more output.
That is, producing another unit of output incurs a higher cost than before and as such,
the marginal cost increases. Such a situation might occur in a restaurant located in a
small town with a few good cooks or in an electric company with only a few
productive power plants.

Another reason for an increase in marginal cost is as follows. To increase
output from a given production process, firms may have to incur expenses in terms
of overtime charges paid to workers or input costs, or use a more expensive
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production system.

With convex cost functions, the domestic and foreign markets are not separated,
and the results depend on the relative size of these markets. In a specific case with a
linear demand function and a quadratic cost function, entry without license is not the
optimal strategy for the firm with a cost advantage. If the ratio of the size of the
foreign market to that of the domestic market is small, license with entry may be the
optimal strategy. In contrast, if the ratio of the size of the foreign market to that of
the domestic market is not small or the cost advantage is significant, license without
entry is the optimal strategy.

In the next section, we briefly review some related studies. In Section 3, we
present the model. In Section 4, we study the general case, and in Section 5, we
investigate the optimal strategies for the foreign firm with a cost advantage (the
licensor) in the case of a linear demand function and a quadratic cost function. In
Section 6, we examine the effects of a strict capacity limit and transportation cost on
the optimal strategy of the licensor.

2 Literature Review

We present a brief review of studies that analyze related topics. La Manna (1993)
analyzed a Cournot oligopoly with fixed fee under cost asymmetry and
demonstrated that if technologies can be replicated perfectly, a lower cost firm
always has the incentive to transfer its technology. Hence, while a Cournot-Nash
equilibrium cannot be fully asymmetric, there is no non-cooperative Nash
equilibrium in pure strategies. On the other hand, using cooperative game theory,
Watanabe and Muto (2008) analyzed bargaining between a licensor with no
production capacity and oligopolistic firms. Recent research focuses on market
structure and technology improvement. Boone (2001) and Matsumura et al. (2013)
found a non-monotonic relation between the intensity of competition and innovation.
Further, Pal (2010) demonstrated that technology adoption might change the market
outcome. Social welfare is larger in Bertrand competition than in Cournot
competition. However, if we consider technology adoption, Cournot competition
may result in higher social welfare than Bertrand competition in a market for
differentiated goods. Hattori and Tanaka (2014, 2016a) studied the adoption of
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cost-reducing technology in Cournot and Stackelberg duopolies. Rebolledo and
Sandon (2012) analyzed the effectiveness of research and development (R&D)
subsidies in an oligopolistic model in the cases of international competition and
cooperation in R&D. Hattori and Tanaka (2016b) analyzed similar problems in
product innovation, that is, introduction of higher quality goods in a duopoly with
vertical product differentiation. Hattori and Tanaka (2017) examine the definition of
a license fee when the innovator can choose whether to enter the market in a
duopoly with vertically differentiated goods.

We believe that licensing and entry strategies by an outside licensor with the
possibility of entering the market are not analyzed in any research other than above
mentioned studies. We extend this analysis to an international framework.

3 The Model

There are two countries and two firms, Firm A in Country A, which is the foreign
firm, and Firm B in Country B, which is the domestic firm. Currently, each firm
produces the same good in their respective countries. However, Firm A has a
superior cost-reducing technology and can produce the good at lower cost than Firm
B.

Firm A has three options: 1) enter the domestic market without licensing its
technology to Firm B; 2) license its technology to Firm B without entering the
domestic market; and 3) enter the domestic market and license its technology to
Firm B. If Firm A enters the domestic market, it becomes a duopoly. As the focus of
this paper is a choice of entry or license by Firm A, we assume that Firm B does not
enter the foreign market. Let p be the price and X be the total supply in the
domestic market. The inverse demand function is written as

p =pX).

The supplies of Firm A and Firm B are denoted by x, and xjg, respectively.
Thus, X = x4 + x. In the foreign market, the supply of Firm A and the price of the
good are denoted by y, and q, respectively. The inverse demand function is
written as
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=a(2)
where t is a positive number that represents the ratio of the size of the foreign
market to that of the domestic market. If ¢t < 1, the size of the foreign market is
smaller than the size of the domestic market. If ¢t > 1, the size of the foreign market
is larger than the size of the domestic market.

We assume that the cost functions of Firm A and Firm B are convex. They are
ca(x4 +y4) and cg(xg) before licensing. After Firm B gets the license, its cost
function is the same as that of Firm A, that is ¢, (xg).

Structure of the Game

The structure of the game is as follows.

(1) In the first stage, Firm A offers a license to use its cost-reducing technology to
Firm B at some license fee on the condition that Firm A either enters or does not
enter the domestic market on acceptance of the offer. This decision of entry by
Firm A should be credible.

(2) In the second stage, Firm B decides whether to accept the offer by Firm A. If it
refuses the offer, Firm A decides whether to enter the domestic market without
license.

(3) In the third stage, both Firm A and Firm B simultaneously determine their
supplies to each market.

The license fee is determined in the first stage based on Firm B’s willingness to
pay, which is equal to its profit (before paying the license fee) when it accepts the
offer, and its profit when it refuses the offer under the threat of entry by Firm A.
Firm A determines its supply to both the markets in the third stage of the game given
the licensing decision, while in the first stage it decides whether to enter the
domestic market when it sells a license.

4 General Analysis
4.1 Firms’ Behavior

1. When Firm A enters the domestic market without licensing to Firm B, the profits
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of Firm A and Firm B are denoted as
T =PpxXa+qy, —ca(Xa +,),
and
T = pxp — Cp(Xp)-

The conditions for profit maximization of Firm A and Firm B are

pHap —Cy(x,+y,)=0.

q+%q =y, +,)=0
and

p+xgp' —cp'(x5)=0.

2. When Firm A licenses its technology to Firm B without entering the domestic
market, the profits of Firm A and Firm B in the market are denoted by

Ty =qy,—ca(Va),

and
l
T =PXp—Ca(¥p)— L,
where L' is the license fee, m} denotes Firm B’s profit after paying the license fee,
and m} + L' is Firm B’s profit before paying the license fee. As Firm A and Firm B
use the cost reducing technology, we denote the cost functions of both the firms by
¢,. The conditions for profit maximization of Firm A and Firm B are

q+24q =,y =0,
and
ptx,p'—c,'(x,)=0.

If the negotiation of the license fee between Firm A and Firm B breaks down, Firm
A can enter the domestic market without licensing Firm B. Therefore, Firm B must
pay the difference between its profit, excluding the license fee, and its profit in the
case of entry without license, such that it satisfies the following condition.
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L'=rl+1'-n° 1
=n,+L —m,. 1)
This equation implies that the license fee is determined such that 7k = ¢ holds.
Thus, Firm A’s total profit is given by
mh + L
3. When Firm A enters the domestic market and at the same time licenses its
technology to Firm B, the profits of Firm A and Firm B are
el __ _
T, _pr+qu CAxA+yA’
and
mgt = pxp — ca(xp) — L

Both Firm B and Firm A use the cost reducing technology. Thus, we denote the cost
functions of both firms by c, in this case as well. L¢* is the license fee and m$ is
Firm B’s profit after paying the license fee. Before paying the license fee, it is
ngt + L°. Thus, the conditions for profit maximization of Firm A and Firm B are
p+xAp'—C:4[\'xA+yA>=0,
q+%q —c,x,+y,=0,

and
p+xpp’ —cy'(x5) = 0.

Similarly, if the negotiation of the license fee between Firm A and Firm B breaks
down, Firm A can enter the domestic market without a license. Therefore, Firm B
must pay the difference between its profit, excluding the license fee, and its profit in
the case of entry without license, such that it satisfies the following condition.

L =mg + L% — . 2

This equation implies that the license fee is determined such that 7g' = n¢ holds.
Thus, Firm A’s total profit is given by

s + L.
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4.2 The Optimal Strategies

Comparing w4 + L', m¢ and m§' + L, the optimal strategies for Firm A are as
follows.

1. If 4 + L' is the maximum, license without entry strategy is optimal.

2. If m isthe maximum, entry without license strategy is optimal.

3.0F w8 + Lt is the maximum, license with entry strategy is optimal.

5 Linear Demand Function and Quadratic Cost
Function

5.1 Demand and Cost Functions

We consider a case with a linear demand function and a quadratic cost function. The
inverse demand function in the domestic market is

p=a—X,

where a is a positive constant. The inverse demand function in the foreign market
is
YA

q=a—T.

The cost functions of Firm A and Firm B before the license are ¢, (x, + v,)? and
cpx2, where ¢, and cp are positive constants such that ¢, < cg. After the license,
the cost function of Firm B is c¢,x3.

5.2 Equilibrium Outputs and Profits

The equilibrium outputs and profits are as follows.

1. Entry without license

Suppose Firm A enters the domestic market without licensing Firm B. The profits of
Firm A and Firm B are, respectively

Ty = PXa + qVa — Ca(Xa + ¥a)*



License and Entry Decisions in an International Duopoly 9

and
T =px. —c, x°
= PXp~Cp¥p

The equilibrium outputs and profits are obtained as follows.

X = a(2c,+1—c,t)
A 4cAth+SCAt+4cAcB+4cB+4cA+3

y = a(4c,+2c,+3)t
4 2(4c c t+3c t+4c,c +t4c +4c, +3)

a(2cyt+2¢c,+1)
Xgp = )
B 4eycpt + 3¢t + 4cycp + 4cg +4cy + 3

22

e __ a A

A 4(4cycpt + 3cyt + deycp + deg + 4cy + 3)2]
e = a?(cp + 1)(2cat + 2c4 + 1)°

b (4CACBt + 3CAt+ 4CACB + 4CB + 4CA + 3)2

All A’s are in Appendix.

If t> (2cg+1)/cy, then x, = 0. Thus, Firm A does not enter the domestic
market even without licensing Firm B.

2. License without entry

Suppose Firm A licenses its technology to Firm B without entering the domestic
market. The profits of the Firm A and Firm B are, respectively

Ty =qYa — Cij7

and

g = pxg — Caxz — L.

The equilibrium outputs and profits are

at a 1 a’t 1 a? 1

= Xg = = s
20cat+1) 7B T 2(ca+1) AT 4(cut+1)’ B

- 4(caq+1)

Ya

The license fee is equal to

1 _ a’ip
4(cq+1)(4cqcpt+3cpt+acocpticptacy+3)2”
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Firm A’s total profit including the license fee is

2
i+ L= A
A 4(ca+1)(cat+1)(4cacpt+3cat+acacpt+icgtaca+3)2"

3. Entry with license
Suppose Firm A enters the domestic market and simultaneously licenses its
technology to Firm B. The profits of Firm A and Firm B are, respectively

Ty = pXs + qys — ca(Xa +¥4)%
and

Tp = pxg — Cax2 — L.,
The equilibrium outputs and profits are

a(2cy+1—cyt)

Xa = 4c5t+3c t+4cs+8c,+3
_ a(2cat+2cy4+1)
XB = Zir3catrac ’
a4 A Ca+8cp+3
3a(2¢c, + 1)t
YA = 2042t + 3cat + 42 + 8¢, + 3)
. a’lp
mg = 2 2 ,
4(4cit + 3¢t + 4cf + 8cy + 3)?
o a?(cy + 1)(2cut + 2¢4 + 1) e

(4c2t + 3¢yt + 4c2 + 8¢, + 3)2

The license fee is equal to
1el
a?(cg — c)(2cut + 2¢c4 + 1)22g
- (4cit + 3cat + 4cZ + 8¢y + 3)2(4cucpt + 3cut + 4eqcp + 4eg + 4cy + 3)%

Firm A’s total profit including the license fee is

mét + Le
2
a‘Ag

- 4(4cit + 3cat + 4ci + 8cy + 3)2(4eycpt + 3cat + 4eucp + deg + 4y + 3)%
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If t> (2¢cy,+1)/cy, then x4 =0. Thus, Firm A does not enter the domestic
market when it sells a license. We can observe that (2cz +1)/cy > (2¢c, + 1)/cy.

5.3 The Optimal Strategies

As regards the value of t, there are three cases.

Case 1. If t > (2cg + 1)/cy, then, Firm A never enters the domestic market, and

the cases of entry with and without license do not exist.

Case 2. If (2c4+1)/cy <t < (2cg +1)/cy, then, Firm A does not enter the

domestic market with license to Firm B, and the case of entry with license does not

exist.

Case 3. If t < (2¢, + 1)/cy, then, Firm A may enter the domestic market with or

without licensing.

We consider the optimal strategies for Firm A in each case.

Case L. If t > (2cg + 1)/cy, then Firm A never enters the domestic market. Thus,

its optimal strategy is license without entry. The license fee is equal to the difference

between Firm B’s profit in this case and its profit before licensing or entry by Firm

A, that is, Firm B’s monopoly profit with the high cost technology.

Case 2. If (2c4+1)/cy <t < (2cg+1)/cy, then Firm A does not enter the

domestic market when it licenses its technology to Firm B. Comparing Firm A’s

profit in this case and its profit when it enters the market without licensing, we get

R

_ A6 ®)

4(ca + 1)(cat + 1) (4cacgt + 3cat + deacy + 4ep + 4cq + 3)%

This is positive for reasonable values of variables if t > (2¢, + 1)/2. Firm A’s
total profit when it licenses its technology to Firm B without entry is larger than its
total profit when it enters the domestic market without licensing Firm B, and license
without entry is the optimal strategy. In Figure 1, we depict examples of this case
assuming cg =5 for ¢, =1,¢, =2, and ¢, = 4. When ¢, =1, (2¢, + 1)/c,=3;
when ¢, =2,(2¢, +1)/c,=2.5; and when ¢4 =4,(2¢c4 +1)/c, =2.25. When
ca=1,(2cg +1)/c, =11; when ¢4 =2,(2cg +1)/cy =5.5; and when ¢, =
4,(2cg + 1) /c,=2.75. Further, in Figure 2, we present other examples assuming
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cg =10 for ¢, =1,¢4 =4 and ¢, = 8. When ¢4 = 8,(2¢, +1)/c,=2.1. When
ca=1,2cg +1)/c, =21, when ¢, =4, (2cg +1)/c, =5.25, and when ¢, =
8, (2cg + 1)/c,=2.625. The thick line, the medium line, and the thin line in Figure 1
represent the value of 4 + L' — § when ¢, = 4, 1 and 2. Similarly, the thick line,
the medium line, and the thin line in Figure 2 represent the value of ) + L' — n§
when ¢, = 8,1, and 4.

Discussion on Case 2

The difference between Firm A’s profit in the case of license without entry and that
in the case of entry without license is

I 1 e — | e | e
m,+L —n =n,—m, +m, — 7,

When Firm A licenses its technology to Firm B, the domestic market becomes a
monopoly in which Firm B produces the good at a lower cost. Then, L is larger
than the sum of ¢ and Firm A’s profit in the domestic market when it enters the
domestic market. It implies that L is larger than Firm A’s profit in the domestic
market. Further, Firm A’s supply in the foreign market in the case of license without
entry is larger than that in the case of entry without license under convex cost
functions. Let y/! and y,c be the supplies in the foreign market in the cases of

license without entry and entry without license, respectively.

a2

0.09 -
0.08 — SoA=2——
0.07 | 1
0.06 - .
0.05 - .
0.04 - I —
0.03 - .
0.02 |
0.01

0 ! ! ! ! !
2 3 4 5 6 7 8 9 10 11

Figure 1. lllustration of 4 + L' —w4: ¢ =5
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Figure 2. lllustration of w4 + L' — 74: cp = 10

0.07 T T T T

O 00
> > >
I
BN,

0.06
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0.04 | *
0.03 B
0.02 - -
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Figure 3. lllustration of y! — y¢

See Figure 3 for an illustration of y! _ye when €, =5, for ¢, =1, ¢, =2, and
C,=4. When C,=1, we consider a case with 3<t < 11; when C, =2, we
consider a case with 2.75< t < 5.5; and when C, =4, we consider a case with
2.25< t < 2.75.
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Case 3. Now, consider the case where t < (2¢, + 1)/c4. Let us compare Firm A’s
profit when it enters the domestic market with and without license to Firm B. We
have

s+ L8 —n§ =

(cp—ca)(2cat+2ca+1)Ay (4)
(4c3t+3cpt+4ci+8ca+3)2(4cacpt+3cat+acycpt+acpracs+3)2

This is positive. Thus, entry only (entry without license) strategy is never the
optimal strategy for Firm A. In Figure 4, we depict examples of ' + L — n§
assuming cg =5 for ¢, =1, ¢4, =2 and ¢, = 4.

a2

0.09
0.08
0.07
0.06
0.05
0.04
0.03 "
0.02 F .
0.01

D 1 1 1 L

Figure 4. lllustration of w4 + L¢! — m§
Comparing Firm A’s profit when it enters the domestic market with license to Firm

B and its profit when it licenses its technology to Firm B without entry yields

aZ(CAt—ZCA—l)ﬂ.I 5
2 2 7 ®)
4(cat1)(cat+1)(4cyt+3cat+4cy+8cy+3)

mét+ 18— (mh+ 1Y =

This difference depends on the values of t and c,, but does not depend on the
value of cg. Solving m&' + L — (m} + LY) = 0, we obtain the following solution.

" (ca+1) /100cﬁ+68cA+25—2cj—9cA—6

- 12c3+11cy

This is the threshold value of the relative size of the foreign market to that of the
domestic market. It only depends on c,. If t <t*, then ©} + L' <& + L¢, and if
t > t*, then ) + L' > mg + L¢. Thus, if the foreign market is small relative to the
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domestic market, license with entry is the optimal strategy for Firm A, and if the
foreign market is not small relative to the domestic market, license without entry is
the optimal strategy. In Figure 5, we depict examples of 5 + L¢* — () + L*) for
¢, =1, 2, and 4. When ¢, =1, we consider a case where 0 <t < 3; when
¢y = 2, we consider a case where 0 <t < 2.5; and when ¢, = 4, we consider a
case where 0 <t <225 We have t*=0.469 for ¢, =1, t*=0.558 for
¢, = 2,and t* = 0.609 for ¢, = 4.

22
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0
-0.005
-0.01

Figure 5. Illustration of m§' + L°! — (4 + LY)

When ¢, < (V2 —1)/2, t* < 0. Therefore, if ¢, < (v2—1)/2, there is no
positive t* and license without entry is the optimal strategy. In Figure 6, we depict
the relationship between ¢, and t*. As ¢4 —» o, t* - 2/3.
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-0.5

1.5 ! ! ! ! | 1 1 ! !
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Ca

Figure 6. Relationship between ¢, and t*

Discussion on Case 3

Since L — L' = g + L¢ — (nh + LY, (5) is rewritten as
s+ L% — (mh + L) = nft —nl + ng + L8 — (mh + LY.

a2

0.08 T T 8 -, -
7+ L — (zf + L)

B B
0.06 |- B sum of them _

0.04 | N

0.02

-0.02 T .

-0.04 §

’0.06 1 1 1 1 1

Figure 7. Relationship among m¢! — m}, g + L' — (=L + LY) and ¢

In Figure 7, we illustrate the relationships among m§' — mk, g + L — (mh +
LY, and t, assuming that ¢, =1 and cg =5. It indicates that m¢' —m} is
decreasing and mg' + L° — () + L") is increasing in t. This is because when ¢ is
large, the marginal revenue in the foreign market is also large relative to the
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domestic market, and Firm A’s incentive to supply goods to the domestic market
becomes small. Further, a reduction of the license fee because of a decrease in Firm
B’s profit, including the license fee, owing to Firm A’s entry into the domestic
market becomes small. Their sum is positive when t is very small (t < t*), and
negative when t is not so small. Therefore, license with entry is the optimal
strategy when t is very small and license without entry is the optimal strategy when
t is not so small.

82

0.15 : )
xg+ L = (a + L)
0.1 -{ sum of them —_—
0.05

Ca

Figure 8. Relationship among m§' — iy, =g + L' — (wh + L") and ¢,

In Figure 8, we illustrate the relationship among 75 — m}, mg + L — (mh +
LY and ¢4, assuming cz =5 and t = 0.3. As we have pointed out, if tis larger
than 2/3, license without entry is the optimal strategy. Thus, in Figure 8, we
consider a value of t such that both license with entry and license without entry
strategy can be optimal strategies. It seems that m§' —m} is decreasing and
g + L — (mh + LY) is increasing in c,. This is because when ¢, is small, Firm
A’s profit from its own production when it enters the domestic market becomes
large, and the reduction of the license fee due to the decrease in Firm B’s profit,
including the license fee owing to Firm A’s entry into the domestic market, becomes
large. The former effect is dominated by the latter effect when ¢, is small. Thus,
the optimal strategy is license without entry when ¢, is small.
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Summary of the Results

The results are summarized as follows.

1. When t > 2cg +1)/cq or (2c4+1)/cy <t < (2cg+1)/cy, Firm A does
not enter the domestic market, and its optimal strategy is license without entry.
2.When t < (2¢c4 + 1)/cy,

(1) Entry without license is never the optimal strategy for Firm A.

(2) If the ratio of the size of the foreign market to that of the domestic market is
small, license with entry is the optimal strategy for Firm A.

(3) If the ratio of the size of the foreign market to that of the domestic market is not
small, license without entry is the optimal strategy for Firm A.

(4) If ¢, issmall, (c; < (V2 —1)/2). That is, the cost advantage is significant and
license without entry is always the optimal strategy.

6 Effects of a Capacity Limit and Transportation Cost
6.1 Capacity Limit

Suppose that Firm A encounters a strict capacity limit for its production. We assume
that the output of Firm A when it does not enter the domestic market is not
constrained by a capacity limit. A capacity limit may be effective when Firm A
enters the domestic market with or without a license to Firm B. We consider the
example of a linear demand function and a quadratic cost function from Section 5.
We consider Case 3, in which Firm A enters the domestic market even when it sells
a license, and so the relative size of the foreign market, t, is smaller than
(2¢4 + 1)/cy4. Let us denote the case of entry with license as Case EL, the case of
license without entry as Case L, and the case of entry without license as Case E.
Further, let us denote the total output of Firm A in each case as X§', X}, and X§,
respectively. Then, from the calculation results in Section 5 without capacity limit
we have

el =  a(4c, t+3t+4c,+2)

X=x +y, =
A=A 2 2 '
2(4ct+3c, t+4c, +8c,+3)
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at

L_ o =
XA_yA_Z(cAt+1)'

a(4cgt + 3t + 4cg + 2)
2(4cycpt + 3cut + 4eycp + 4eg +4c, +3)

Xi=x4+ys=

These are increasing in t because

dax'

= a >O,
U o, e+’
axgt 3a(2¢y + 1)(4cy +3) -0
dt — 2(4c?t+3cat +4c2 +8c, +3)2 7
axg a(4cg + 3)(4cg + 2¢4 + 3)

>0

dt  2(4cacgt + 3cyt + 4cucp + 4oy + 4cy + 3)?

Comparing these total outputs, we obtain

a(2cy + 1 —cyt)

Xg—Xxi= 5 > )
(cat + 1)(4cit + 3¢yt + 4cf + 8¢y + 3)
e 1 a(2cg+l-cpt)
XA _XA = ’
(cat+1)(4cacpt+3cat+4cacp+acpt+acy+3)
X4 — x4

2a(cg —c)(2cpt+2¢c4+ 1)
(4cﬁt +3cat+4ck + 8¢y + 3) (4cscpt +3cat +4cacg + 4cg +4cq + 3)

They are positive when t<(2c, + 1)/c4, and X&' — X} = 0 when t=(2¢, + 1)/cy.
We assume that the capacity of Firm A is equal to the output in Case L when
t = (2¢c, + 1)/cy. It is denoted by X,. We have X, = a(2c, + 1)/4cs(cy + 1).
Let

2
t=4cAcB+4cB+4cA+6cA+3

CA(4CB+3)

X; =acy+1)/4c(cy+1) when t=% . We see t—Q2cs+1)/cy=
—4(cg —¢4)/4cg + 3 < 0. The capacity limit in Case E is effective if t <t <
2¢c, +1/cy.
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Under the capacity limit, the problem of profit maximization for Firm A in Case E is
as follows.

Ya

A
max(a — x4 — xp)xs + (a — . )Va = Ca(Xa + ¥a)?

XAYA

+9(.xA + YA - XA)'

6 isthe Lagrange multiplier. The conditions for profit maximization are

2
a—2xy—xp—2¢c4(xg +ys)=a— ?YA —2¢4(xq + V),
XA +yA = XA'
Then, we get
2
ZXA + xB = ?yA

With the profit maximization condition for Firm B, we obtain the equilibrium profit
of Firm A in Case E under the capacity limit as follows.

2
a/1]

e —
16ca?(ca+1)%(4cht+3t+4ch+4)?

Ty

(6)

The profit of Firm B in Case E under the capacity limit is different from that without
the capacity limit. Then, the license fee in Case EL under the capacity limit is
different from that without the capacity limit, though the capacity limit does not
affect the equilibrium in Case EL. The profit of Firm B in Case E under the capacity
limit is

e _a*(cg+ D) (4cit +4c,t+4ci+2c,— 1)°

s
4c2(cy+ 1) (dept+3t+4cy +4)°

The license fee and the total profit of Firm A in Case EL under the capacity limit are

el a’l,

4c2(c,+1) (42t +3c,t+4c%+8c,+3) (dcyt+3t+4c, +4)
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1, gel_ a’
n; +L = L @)

2 242 2 Z Z
4cy(c,+1) (4cyt+3c,t+4c,+8c,+3) (4cyt+3t+4c,+4)

Comparing (6) and (7) yields

7Tf"1l+Le‘l—7rff1
_ a‘dy,
16¢2(c,+1) (4c3t+3c,t+4c2 +8c,+3) (dcyt+ 3t +4cy +4)°

In Figure 9, we depict examples of m§ + L —$ assuming that c; =5 for
ca=1,2, and 4. In Figure 10, examples of m¢ + L° —m¢ assuming that
cg =10 for ¢, =1,4, and 8 are illustrated. When ¢4, =1, (2¢4 +1)/c, =3;
when ¢4, =2, (2¢,+1)/cy =2.5; when ¢4 =4, (2¢4+1)/c, = 2.25; and
when ¢, =8, (2¢, +1)/c, =2.125. When ¢z =5, i = 23 for ¢,=1; =
198 for ¢, =2; and t=~ 2.08 for ¢, =4. When ¢ =10, t= 2.17 for
cs=1; £ = 1.69 for ¢, =4; and £ =~ 1.94 for ¢, = 8. These figures indicate
that entry without license is not the optimal strategy.

O 1 ! 1 L 1 |
16 1.8 2 22 24 26 28 3

t

Figure 9. lllustration of ¢ + L' —m%: ¢y =5



22 Journal of Economics and Management

0.1 T T T T T T T
0.09 - -
0.08 5
0.07 - N
0.06
0.05 - -
0.04 |
0.03 - R
0.02 |
0.01 - .

000
> > >
i
00—

Figure 10. llustration of 74! + L' — 7§: ¢ = 10

The capacity limit does not affect the equilibrium of Case EL and Case L. The
effect of the capacity limit on Firm B’s profit in Case E commonly affects the
license fee in Case L and Case EL. Therefore, the presence of the capacity limit does
not affect the optimal strategy of Firm A in this example. An analysis of a more
general case with a capacity constraint is a theme for future research.

6.2 Transportation Cost

We sketch the effects of transportation cost on Firm A’s strategy choice. Now, we
assume that Firm A produces its good in the foreign country and as such, it must
incur transportation costs to sell the good in the domestic market. Let r be Firm A’s
transportation cost per supply of the good exported to the domestic market. We use
the example of the linear demand function and convex cost function from Section 5.
Then, Firm A’s equilibrium supply to the domestic market in the case of entry
without license and that in the case of license with entry are as follows.

1. Entry without license

__a+2acy—2c cprt—2c rt—ac,t—2c,r—2r

Xa 4c,cpt+3c,t+4c,cytdcy+4c,+3
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When t > a(2cg +1) — 2(cg + Dr/2¢c,(cg + Dr + acy, x, = 0.

As a(2cg + 1) — 2(cg + 1)r/2¢c4(cg + D)r + acy < (2cg +1)/c,, the larger the
transportation cost, the more likely it is that Firm A will not enter the domestic
market without license.

2. License with entry

2
xA:a+ZaCA—ZcArt—ZcArt—acAt—ZcAr—Zr
4c5t+3c,t+4ci+8c,+3

When t > a(2¢cy + 1) —2(cy + D)r/2¢c,(cy + Dr + acy, x4 = 0.

As a(2cy +1) — 2(cs + Dr/2¢c,(cy + Dr + acy < (2¢4 + 1)/c,, the larger the
transportation cost, the more likely it is that Firm A will not enter the domestic
market when it sells a license.

We present the analyses of the optimal strategies for Firm A using a graphical
representation because the quantitative results are very complicated. The details of
the calculation are available upon request.

The difference between Firm A’s total profit (the sum of sales profit and
license fee) in the case of license without entry and its total profit in the case of
license with entry is illustrated in Figure 11, for various values of t assuming ¢, = 2,
cg =5, and a = 10. The difference between Firm A’s total profit in the case of
license without entry and its total profit in the case of entry without license is
illustrated in Figure 12, for various values of t assumingc, = 2, ¢z =5, and
a = 10. Figure 12 indicates that entry without license is never the optimal strategy.
The transportation cost reduces the profit of both the entry without license and
license without entry strategies. In case of the latter strategy, the transportation cost
reduces the threat of entry by Firm A as well as the license fee. On the other hand,
Figure 11 indicates that the relationship between the optimal strategy and the
transportation cost is not straightforward. This is because Firm A’s supply to the
domestic market is decreasing and its supply to the foreign market is increasing with
respect to the transportation cost. Figure 13 illustrates such a situation
assumingc, =2 and ¢ =5, a=10,and t = 0.5.
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Figure 13. llustration of x4, x5, ¥4, and y¢

7 Concluding Remarks

We have examined the optimal strategies for a foreign firm with cost advantage in
an international duopoly when it can enter the domestic market. Further, we have
demonstrated that its optimal strategy depends on the relative size of the foreign and
domestic markets. If the foreign market is large relative to the domestic market,
license without entry is the optimal strategy for the foreign firm. On the other hand,
if the foreign market is relatively small, license with entry may be the optimal
strategy. In future research, we want to analyze the problem under general demand
and cost functions, and an oligopolistic situation with more than two firms. In this
paper, we only considered licensing with a fixed license fee. However, a licensor
may sell a license based on royalty per output with a fixed license fee. Then, one of
which may be negative. We plan to study a situation where a licensor in a foreign
country sells a license of its cost reducing technology to a domestic firm for a
royalty with a fixed license fee.
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Appendix: Details of Calculations

Ay = 16c,4c2t? + 24c,cpt? + 43t + 9cyt? + 32c4cht + 163t + 40c,cpt
+ 24cg + 4c3t + 16c,4t + 9t + 16¢,c2 + 162 + 16¢,cp
+ 16c5 + 4c, + 4.

Ap = 16c2cét? — 16cicpt? + 8c2cgt? — 16¢3t? — 7c2t? + 32c3cit + 32c,ckt
—32c3cpt + 8c2cpt + 32c4cpt — 32c5t — 24cit + 2¢,t
+16c2c3 + 32c,c2 + 16¢2 — 16c3cy + 36¢4c5 + 20cy — 163
—16¢2 + 4c, + 5.

Ac = 32c3cht® + 16c2cht® — 16cicpt® + 32¢jcpt® + 24cicpt® — 16¢4t3
+ 2¢3t3 +9cit3 + 64cicht? + 112¢2cht? + 32¢,cht?
—32chcpt? + 48c3cpt? + 144ckcpt? + 48c cpt? — 32c4t?
—16¢3t? + 37c2t* + 18¢,t? + 32¢3cht + 112¢icht + 96¢,cht
+ 16¢2t — 16cicgt + 132c2cpt + 132¢,cpt + 24cgt — 16cit
—32c3t + 20cit + 40c,t + 9t + 16¢ch + 32¢,¢5 + 16¢3
—16c3cy + 36¢,c5 + 20cg — 16¢3 — 162 + 4c, + 5.

Ap = 16c3t? + 28c5t? + 9cyut? + 32¢it + 60cit + 40c,t + 9t + 16¢; + 32¢7
+20c, +4

Ap = 16c3cgt? + 16c2cpt? + 16c5t2 + 15c2t% + 32cicpt + 64c2cpt + 32¢4cpt
+32c3t + 64cit + 30c,t + 16¢3cy + 48cicy + 48c,c5 + 16¢5
+ 163 + 48c} + 48¢c4 + 15.
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Ap = 512c5cit* + 704cicit* + 144cjcit* — 256¢5cyt* + 384c;cpt?
+912cfcpt* + 216c5cyt* — 256¢5t* — 96¢3t* + 252¢4t*
+ 81c3t* + 2048c;cit> + 4160ccit® + 2592c¢3cat3
+432c2c2t® — 1024c5cpt® + 896¢3cpt® + 4768cicpt?
+ 3528c3cpt® + 648cZcpt® — 10245t — 1088c;¢3
+780ct3 + 1080c3t® + 243¢2t3 + 3072¢5 c3t?
+ 8256¢4c2t? + 7952c3c2t? + 3200c2cit? + 432¢,cit?
—1536¢8cpt? + 384cicpt? + 8144ckcyt? + 10064c;cyt?
+ 4476c3ct? + 648c,cpt? — 1536¢5t% — 2656¢;t2 + 80cjt?
+2400c3t? + 1440c2t? + 243c,t% + 2048c;cit + 6848cjcit
+ 8704c3cit + 5200c3cit + 1440c,cht + 144cht
—1024cScgt — 384cicpt + 5632cicyt + 9952c3cpt
+ 6752¢2cpt + 2016¢,cpt + 216c5t — 1024c5t — 24325t
— 1152¢tt + 1440C3t + 1740c2¢ + 648¢,t + 81¢ + 512¢5 ¢
+ 2048cjci +3200c3cg + 2432cjch + 896¢,¢h + 128¢3
— 256¢8cy — 256¢;cp + 1344ccy + 3200c)cy + 2768c2cy
+ 1072c4cp + 156¢c5 — 256¢5 — 768¢c; — 704ct + 32¢3
+ 400c? + 216¢, + 36.
Ag = 16c3cat3 — 16cicyt® + 8c3cpt® — 20cit® — 11c3t3 + 32¢3cit?
+ 48c3cit? — 32chcpt? + 8cicpt? + 562 cpt? — 36¢4t?
—40c3t? — cit? + 16cjcht + 48c3cht + 32¢4cht — 16 ¢t
— 16c3cpt + 60cicgt + 52¢c4cpt — 164t — 40cit — 8cit
+ 11cut — 16¢3cy — 16¢2cg + 4cycp + 4cg — 16¢3 — 20c3
—4c, + 1.
Ay = 32cicpt® +40c3cpt® + 40cit3 + 42c3t3 + 96¢icyt? + 160c) cpt?
+ 76¢c2cgt? + 112c4t? + 198c5t? + 87c2t? + 96¢icpt
+ 200c3cpt + 132c3cpt + 32¢4cpt + 104c]t + 244cjt
+ 188c3t + 48c,t + 32cicg + 80cicy + 56cicy + 4cycp — 4eg
+ 32c¢t + 88c¢} + 84c¢? + 30c, + 3.
A, =12c3t? +11c%t? + 4cit +18cit +12¢,t —8c3 —12¢2 —2¢, +1.
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Ay = 64cicht? + 128c5cht? + 48cycht? + 96cicpt® + 192¢;cpt? + 72¢c4cpt?
+ 16cit? + 68c3t? + 88c2t? + 27¢,t? + 128cicit + 192¢icat
+ 32¢4cht — 16ckt + 160c3cyt + 256c3czt + 40c,cpt — 24cpt
+ 16cit + 64cit + 765t + 4cut — 9t + 64c)ch + 64cic
— 16¢4c% — 16¢% + 64cicy + 64c2cy — 32¢,c5 — 24c5 — 16¢,
- 8.

A = 256¢]cit* + 768ccit* + 768c5cit* + 256ckcit* — 256c5cpt?
— 512c]cpt* — 16cScgt* + 480c;cpt* + 240cicpt* — 256c5t*
— 752¢]t* — 736c5t* — 240c3t* + 1024c]ct3 + 3328cScat?
+3840c;cat® + 1792c¢4c3t® + 256¢3c4t3 — 1024cScyt3
—2304c]ct® — 672c5cpt? + 1648c3cpt> + 1208cicyt?
+168c3cyt® — 1024¢83 — 3296¢] % — 3888c5t3 — 2048¢5 3
—504cit® — 72c3t3 + 1536¢]cit? + 5376cScit?
+ 6976¢5cit? + 4032c4cit? + 960c3 cit? + 64cicit?
—1536¢8ct? — 3840c]cpgt? — 1616c5cpt? + 2928¢; cpt?
+3108cfcyt? + 956¢5cpt? + 87c2ct? — 1536¢5t2
— 5360c]t? — 6928c5t? — 3948c5t? — 848ct? + 24cit?
+ 27c¢2t? + 1024c]cit + 3840cScit + 5504c;cit
+ 3712c¢jcat + 1152c3ct + 128c3cit — 1024cScpt
— 2816¢]cyt — 1280cScyt + 3104c;cpt + 4352c]cpt
+ 2240c3cgt + 536¢2cgt + 54c,c5t — 10245t — 3840¢]t
—5120cSt — 2400c;t + 640cit + 1088c3t + 408c2t + 54cyt
+ 256¢]c3 + 1024cSc2 + 1600c;c + 1216¢4ck + 448cjck
+ 64c2cE — 256c8cy — 768c]cy — 320cScy + 1344c;cy
+2112ckcp + 1232c3cp + 268c2cy — 12¢,c5 — 9cg — 256¢5
—1024c] — 1344c§ — 256¢; + 896¢; + 784c3 + 204c?
—12¢4 —09.



License and Entry Decisions in an International Duopoly 29

A, = 512¢]c3t* + 1728c5cit* + 2064c;cit* + 992ccat* + 144c)cit*
—256c8cpt* — 128¢]cpt* + 1424cScpt + 2424c; cpt?
+ 1344ccyt* 4+ 216c3cpt* — 256¢5t* — 608c t* — 196¢5t*
+489c3t* + 414ctt* + 81cit* + 2048¢]cit3 + 7232cSc3t?
+9504c;c3t3 + 5648cicat® + 1472c3cit® + 144c3cits
—1024c§cpt® — 640c] cpt® + 5664cScyt® + 10792c5cpt®
+ 7360ctcgt3 + 2064c3cpt + 216cicgt3 — 1024c5t3
— 2624¢]t3 — 133253 + 1624¢5t3 + 1941ckt3 + 666¢3 3
+ 81c?t3 + 3072c]cit? + 11328cct? + 16016c;cht?
+ 10752cct? + 3408c3cit? + 416c2cit? — 1536¢5c,t?
— 1152¢]cpt? + 8784cScpt? + 18672c;cpt? + 14748c) cpt?
+ 5164cicgt? + 687c2cgt? — 1536¢5t% — 4192¢]t?
— 24165t + 285652 + 4148¢Ht? + 1812¢3t% + 279¢2¢2
+ 2048c]cit + 7872cScit + 11776c3cit + 8528cicit
+2976¢3c3t + 400c3cit — 1024ccyt — 896¢] cpt
+ 6272cScpt + 14848c;cpt + 13376¢)cpt + 5664c;cpt
+ 1048c3cyt + 54c,cpt — 10245t — 2944t — 1600cSt
+3072cSt + 4848cft + 2688c;it + 648cit + 54c,t + 512¢;c?
+ 2048cSc2 + 3200c3c3 + 2432ckck + 896¢3 cE + 128cick
— 256c85cy — 256¢]cy + 1728c5cp + 4544c5cp + 4544ckcy
+ 2128cjcp + 396¢2cg — 12c4c5 — 9cp — 256¢8 — 768¢]
—320c$ + 1344¢ + 2112¢} + 1232¢} + 268c2 — 12¢, — 9.
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Ay = 1024c¢]cat* + 3328cSc3t* + 3840c;cit* + 1664cicit® + 144c3cit*
—1024c8cyt* — 2048c]cpt* + 320cScyt* + 3072¢3 cpt?
+1920cicgt* + 216c3cpt* — 1280c5t* — 3904c¢]t*
—3968cSt* — 1200c;t* + 216¢it* + 81c3t* + 4096¢ c3t?
+ 13056c¢5c3t3 + 14336¢3c5t3 + 5760cicat® + 224c3cit®
— 144c3cit® — 4096c5cyt® — 8192¢]cpt® + 128c5cpt?
+8832c5cpt® + 4672ckcpt® — 168c3cpt® — 2165 cpt?

— 4864¢Bt3 — 15488¢]t3 — 18176¢5t3 — 976053

— 2808c}t? — 684cit? — 81c2t3 + 6144c]c2t?
+19200c$c3t? + 20480c;cat? + 7232cicat? — 1136¢3cit?
—1072c¢?c2t? — 144c,c2t? — 6144cfcpt? — 12288¢]cpt?
+1088cScpt? + 15872c5cpt? + 9392c4 cpt? — 272c3 cpt?
—1212c¢%cpt? — 216¢4ct? — 6912c5t% — 22336¢,t?
26048512 — 12848c5t2 — 2464ct? — 492¢3t? — 324¢2 12
— 81c,t? +4096¢] cit + 12544cScat + 13312¢; ¢t

+ 5440cjcat + 1152c3cit + 1184cicht + 768c,cht + 144cjt
—4096c8cyt —8192c]cpt + 3072cScyt + 19072¢; ¢t

+ 18944cicyt + 10208c3cpt + 4384c3cyt + 1440c,cht

+ 216¢5t — 4352c8t — 13824¢]t — 13120c5t + 1472¢5¢
+11040c}t + 8608c3t + 3372¢2t + 756¢,¢ + 81t
+1024c]c3 + 3072cSck + 3328c;c3 + 2304cic3 + 2368c3ch
+2112c2c2 + 912c,c + 144c3 — 1024c8cy — 2048¢]cp
+1792cScy + 8960c;cp + 11904cicy + 9216¢3cy

+ 4656¢%cg + 1392¢,c5 + 180cy; — 1024c — 3072¢]

— 1280c¢ + 5632¢ + 9600c} + 68483 + 2544¢2 + 480c,

+ 36.
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