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Abstract: We consider an endogenous leader- follower relationship in a network goods 
market, such as those found in the information and communication technology indus- 
tries, where we observe network externalities and product compatibi li ty (hereafter, net- 
work compatibility effects). Using the framework of an endogenous timing game, we 
examine how network compatibi li ty effects affect strategic relationships between firms 
and the leader- follower relationship. In particular, we demonstrate that i f there are suf- 
ficient asymmetric network compatibi li ty effects between the firms, there is a unique 
subgame perfect Nash equil ibrium in the endogenous timing game, where the firm pro- 
viding the product with a large (small) network compatibili ty effect becomes a leader 
(follower) in the case of quantity competition. However, in the cases of price compe- 
tition and quantity competition with consumers' ex ante expectations for network size, 
the reverse result arises.

Key words: Simultaneous-move game, sequential-move game, endogenous timing game, network exter- 

nality, product compatibi li ty, product substitutabili ty.
JEL Classification Number: D21, D43, D62, L15. 

1. INTRODUCTION

Since the early 21St century, along with progress in information and communication 
technologies, we have witnessed the proliferation of products and services exhibiting 
network externalities in network industries (e.g., smartphones, application software, 
and Internet services).1 In addition, compatibility (or connectivity) between products 
and services with different brand names is important for both providers and (potential) 
users. In particular, compatibi li ty is likely to enhance the uti lity of users because the 
interaction with other products and services improves performance.

As an example, we consider the VHS- Betamax war of the early 1980s and the com- 
petition between Blu-ray and HD DVD at the beginning of the 2000s. These products 

†Toshimitsu (2015) provides the basis for the earliest version of this paper 
E-mai l: 
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were for the most part incompatible; therefore, the firms producing them competed on 
quantities to increase their market share. Importantly, this type of competi tion high- 
lights the struggle to become the market leader and with i t the de facto standard. We 
also observe that mobi le phone companies and Internet service providers commit to 
their price contract strategies and consumers subscribe to them at the listed prices. This 
implies that the firms compete on prices in the network market where their products and 
services are fully compatible with each other. In this case, we may interpret the battle 
between firms as an effort to secure price leadership.

Furthermore, let us consider application software markets (e.g., word processing soft- 
ware, spreadsheets, and database management systems). Suppose that product 1 (2) is a 
perfectly compatible (incompatible) product, i.e., a user of sof tware 1 can use data files 
made by sof tware 2 as well as sof tware 1, whereas a user of software 2 can only use 
data files made by sof tware2. This implies that s〔)f tware 1 is the defacto standard in the 
software market. Thus, we can imagine that sof tware f irm 2 providing an incompatible 
product needs to compete at a lower price, whereas so◆ftwaref irm 1 providing a perfectly 
compatible product competes at a higher price.

Taking instant messaging software like AOL Instant M essenger, Yahoo! M essenger, 
and others as examples, Be11eflamme and Peitz (2010, p. 546) argue that “(1) there 
seems to be ear ly-mover advantage related to the launch of network goods; (2) en- 
trants tend to favor compatibi li ty, while incumbent firms tend to prefer incompatibi lity”

Accordingly, we pose the following research questions. What firms, i.e., providers of 
(in)compatible products, take the first- or second-mover advantage? For firms facing 
both network externalities and compatibi li ty, choosing to be either a leader or a fol- 
lower is a critical decision. In other words, is it advantageous to be a first-mover among 
competing firms in network markets?

In the field of industrial organization, many studies have considered the choice of firm 
roles in market or timing decisions with respect to strategic variables, including price, 
quantity, and other firm activities. With the first- and second-mover advantage, when 
comparing the Stackelberg and Cournot- Nash equi libria, we find that firms prefer to 
be leaders (followers) i f the strategic relationships between them indicate that they are 
substitutes (complements) with respect to the relevant strategic variables. Equivalently, 
the same is true i f we find negative (positive) slopes of the reaction functions in the 
relevant strategic variable space 2

For endogenous leadership to hold in a duopolistic game, there are requirements for 
certain asymmetric characteristics between the firms themselves, the attributes of their 
products, and their strategic variables. For example, extending the strategic taxonomy of 

1 Birke (2009) surveys the empirical literature on network effects.
2 For example, Gal-Or (1985) demonstrates that firms are willing (unwilling) to commit first when the 

reaction functions are downward (upward) sloping. In this case, the firms have a first (second)-mover ad- 
vantage. Dowrick (1986) considers the conditions whereby firms agree upon the choice of role of leader and 
follower in the Stackelberg duopoly model and demonstrates that each firm prefers to be a leader when the 
slope of the reaction functions is downward. In contrast, each firm prefers that the other firm will be the leader 
when the slope of the reaction functions is upward. 
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Fudenberg and Tirole (1984), Tombak (2006) examines a “strategic asymmetry” two- 
stage game where one firm (the other firm) regards i ts rival 's second-stage strategic 
variable as a strategic complement (substitute).

In this paper, with respect to our research questions posed above, we consider how 
network externalities and product compatibi lity (hereafter, network compatibi li ty ef- 
fects) affect the timing decision of a firm to commit to its production or price. By 
focusing on the network compatibi lity effects, we demonstrate that a leader- follower 
relationship endogenously develops among competing firms in a horizontally differen- 
tiated product market, as based on the extended game with observable delay developed 
by Hamilton and Slutsky (1990) and Amir and Gri1o (1999).

Using the framework in Hamilton and Slutsky (1990), Tremblay et al. (2013) de- 
velop a model in a related paper in which both the timing of play and the strategic 
choice variables, i.e., quanti ty and price, are endogenous. In their model, a firm choos- 
ing quantity (price) is a leader (follower). Similarly, Lambertini and Tampieri (2012) 
demonstrate that a firm producing a low (high)-quality product is a leader (fol lower) 
in a vertically differentiated quantity-setting duopoly model (see also Lambertini and 
Tedeschi, 2007). As an example, they detai l the introduction of solid state (transistor) 
circuitry in the replacement of vacuum tube designs.

As discussed, with respect to endogenous timing decisions, the asymmetric strategic 
space (i.e., price vs quantity) in Tremblay et al. (2013) and the asymmetric product 
quality (i.e., low vs high quality) in Lambertini and Tampieri (2012) are important 
considerations. In this paper, we show that sufficient asymmetric network compatibi li ty 
effects between the firms are important in constructing an endogenous leader- follower 
relationship. That is, we demonstrate that the firm providing the product with a larger 
(smaller) network compatibi li ty effect emerges as a leader (follower) in the case of 
quantity competition. However, we also reconsider this result from the viewpoint of the 
mode of competi tion and the formation of consumer expectations for network size. 

2 THE M ODEL 

2. . antz competztzon, cons mer e pectatzons, and no or compatzbzlz e ecf
We consider duopolistic quantity competition in a market of horizontally differen- 

tiated products with network externalities. Based on the framework in Economides 
(1996), we assume a linear inverse demand function for product z as fol lows:

pl = A - 1 - y J' 十 f (Sze), Z, J = 1, 2, Z ≠ J , (1)
where A is the intrinsic market size, ql (qJ) is the output leve1 of f trm 1 (J), and y ∈

(0, 1) represents the level of product substitutabili ty and implies a horizontal difference 
between the products (e.g., brand names). If y → 1(0), product 1 becomes perfectly 
substitutable (independent). The network externality function is given by f (S, ), where 
S,e is the expected network size of f irm i 's product. We also assume a linear network 
externality function, f (Sic) = aSze, where a ∈ (0, 1) denotes the degree of network 
externality. Furthermore, using the formulation of Shy (2001, p. 62), the expected 
network size of f trm 1 is given by: 
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Sze = ze 十α1 , z, J = 1 , 2, z ≠ J , (2)

where (1tj ∈[0, 1] , 1 = 1, 2, is the degree of product 1's compatibility with product j.
Here, and related to the concept of fulfil led expectation equi libria, we assume that 

consumers make expectations for network size after the firms' output decisions 3 This 
implies that the firms can commit to the output level, so that consumers believe the 
output levels and then form expectations for the network size, i.e., q,e = ql , i = 1 , 2 
(i.e., the case of consumers' ex post expectations). Thus, i t holds that S,e = Sj = q j 十
α1q j , where Sj is the actual network size of f trm i 's product 4

Based on equations (1) and (2), the inverse demand function for f trm 1 is represented 
by:5

pl = A - (1 - a) 1 - (y - aαz' ) J' , z, J = 1, 2, z ≠ J . (3)
As for equation (3), we assume that the own-price effect exceeds the cross-price ef- 
fect, i.e., l l > l l , z, J = 1, 2, z ≠ J. In this case, it follows that 1 - a > 
ly - aαzl , 1 = 1 , 2. Hereafter, aα, , t = 1 , 2, denotes a network compatibili ty effect 
of fzrm z, which is attributed to the nature of product complementari ty (connectivity). 
Furthermore, in fight of equation (3), this effect implies the abi lity to absorb demand 
spi11overs from the other firm.

To simpli fy, we assume that production costs are zero, because we readi ly observe 
low and even negligible marginal running costs in Internet businesses. The profit func- 
tion is expressed as:

Ji j = pjqj = {A- (1 - a)qj - (y - aα1)q j } q j , 1 = 1, 2 . (4)

2.2. Co m et- Mash e zlzbrz m zn a szm taneo s-move game
We derive Cournot- Nash equi librium in the case of consumers' ex post expectations 

for network size. In view of equation (4), given the output leve1of f irmJ, f irm z decides 
its output level, incorporating the network compatibi li ty effect. The first-order condition 
(FOC) for profit maximization is given by:

a l i j . . . .- = A- 2(1 - a)qj - (y - aαz)qj = 0, 1, J = 1, 2, t≠ J . (5)
a z.

Thus, we have the reaction function for f irm z as fol lows:
A y - aαz . 、

ql = 2(1 - a) 2(1 - a) 
J , Z, J = 1, , Z J 0) 

3 Katz and Shapiro (1985) and Economides (1996) assume that consumers make their expectations for 
network size before firms' output decisions and thus the firms cannot affect the network size (i.e., the case of 
consumers' ex ante expectations). Section 3.2 examines that case.

4 Strictly speaking, we consider subgame perfect Nash equi libria in which consumers observe output 
levels (capacities) before making actual consumption decisions. Given consumers have to make their choice 
given the choices of all other consumers in the Nash equi librium, each consumer 's beliefs about the behavior 
of other consumers are confirmed.

5 Assuming a homogeneous product market, i.e., y = 1, and symmetric compatibilities, i.e., (Ill = α, t = 
1, 2, Ji and Daitoh (2008) derive the following inverse demand function: pj = A- (1 - a)qj - (1 - 
aα) l , z, J = 1, 2, z ≠ J. 
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Given equation (6), it follows that < (> )0 y > (< )aαj , i, J' = 1, 2, i ≠

J. This implies that a strategic substitutionary (complementarity) relationship arises be- 
tween the firms if the degree of the network compatibility effect is smaller (larger) than 
that of product substitutabil ity. That is, although the intrinsic nature of the products is 
substitutionary, if the degree of the network compatibility effect is sufficiently large, the 
nature of the products can change to be complementary.

Using equation (5), we rewrite the profit function as follows: li j = pjqj = (1 - a) 
( l)2, z = 1, 2. Thus, we obtain the external effect of an increase in the output level of 
f m J on the profit of f m z :

∂πz ∂ 1 . . . .- = 2(1 - a)qj- < (> )0 y > (< )aαj , t, J = 1, 2, t≠ J . (7)
∂ J ∂ J

For our analysis, we make the following assumptions:

A SSUMPTIONS.

(i) Asymmetrzc compatzbzz : 1 > α1 > α2 > 0.
(ii) Strong network externality: a > y.

Based on equation (5), we derive the following Coumot- Nash equilibrium in the case 
of consumers' ex post expectations:

N A {2(1-a) - (y - aαj) } . . _ 
' 

、 '

where D - 4(1 - a)2 - (y - aα1)(ll/ - aα2) > 0 and 2(1 - a) - (y - a(llj) > 0, z' = 
1 , 2. Superscript N denotes the Coumot- Nash equilibrium in the case of consumers' ex; 
post expectations.

Considering equations (6) and (7), here, we focus on the case that sufficient asym- 
metric network compatibili ty effects between the firms arise, i.e., aot1 > y > aα2. 
In this case, the strategic complementarity (substitutionary) relationship for f irm 1 (2) 
holds and thus the reaction curve of f irm 1 (2) is upward (downward) sloping, as char- 
acterized by a game with strategic heterogeneity (see Monaco and Sabarwal, 2016).

2.3. Stac e berg e zzbrz m zn a se uentza -move game and comparzson
We consider a Stackelberg game. Without loss of generality, suppose thatf irmJ (1) is 

a leader (follower). That is, f irmJ' commits to its output level, and after observing this, 
f irm 1 decides the output level. Thus, as for f irm t (a follower), we obtain equations (5) 
and (6).

Now, the profit function of f irmJ as a leader can be expressed as:

πJ = {A - (1 - a) J- (y - aαJ) l [●]} J, Z, J = 1, 2, Z ≠ J , 
where qj [●] is given by equation (6). The FOC is given by:

a ;rr j . . . 、 . _ _ 、 r . , (y - aαi) (y - aαJ・) 

Z = 1. . ( 1 

-= A- 1 - a J' - - aaJ' 1 L●」 †
∂ J 
z, J = 1, 2, z ≠ J . 

2(1 - a) J = U ' 
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Thus, we derive the following Stackelberg equilibrium in the case of quantity competi- 
tion with consumers' ex post expectations: 

L A {2(1 - a) - (y - aαJ)} . 、
J = 
F 
・ 

_ 
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D- (y - aα1)(y - aα2) 
A { I) - 2(1 - a)(y - aαj)} 

1 2(1 - a){ - (y - aα1) (y - aα2)} ' 、ーノ

where z, J = 1, 2, z ≠ J. Superscript ( f ) denotes a leader (follower) in the Stacke1- 
berg equilibrium. We can similarly obtain the outcomes in the case of opposing roles, 
i.e., f m J (z) is a follower (leader).

Based on equations (8), (9), and (10), comparing the output levels in the Coumot- 
Nash and the Stackelberg equilibria, we derive the following relationships:

J > (< ) J (y - aαZ)(y - aαJ) > (< )0 ' (11)

qf > (< )qJN y - aαj < (> )0 , (12) 

qJL > (< 1qf (y - a(;ll j) ( y - a(ltj) > (< )0 , (13)
where z, J' = 1, 2, z' ≠ J. Given Assumptions (i) and (ii), and, using equations (11), 
(12), and (13), we directly derive the following outcomes.

LEMMA 1.
(i) 1 > aα1 > aα2 > y, then , > 1F > , , z = 1, 2.

(ii) y > aα1 > aα2 > 0, then l > z > lF , z' = 1, 2.
(iii) 1 > aα1 > y > aα2 > 0, then l > lF > f , and 2F > 2 > .

In Lemma 1 (i), because the degree of network compatibili ty effects of both firms 
is larger than that of the product substitutability, it appears that the firms compete in 
a complementary product market. Conversely, in Lemma 1 (i i), there is a standard 
Coumot competition in a substitutionary product market. In particular, Lemma 1 (ii i) 
implies that the firms providing different properties of the products compete on quanti- 
ties. That is, the product with a large (small) network compatibility effect corresponds 
to a complementary (substitutionary) product.

Furthermore, based on Lemma 1 , we derive the following relationships regarding the 
profits in the Coumot- Nash equilibrium and the Stackelberg equilibria.

LEMMA 2.
(i) 1 > aα1 > aα2 > y, thenπl > I , πlf > πI , z = 1, 2.
(ii) It v > aα1 > aα2 > 0, then :ni L > :niN > :fl' f , i = 1, 2.

(iii) 1 > aα1 > y > aα2 > 0, thenπ1 > I > f , 2 > , and 2F > . 
Proof. See Appendix 1.

Given Lemma 2 (ii) and (ii i), we note that taking the first move (i.e., choosing leader- 
ship) is a dominating strategy if the rival firm is a strategic substitute, because the rival 
firm provides the product with a smaller network compatibi li ty effect under quantity 
competition with consumers' ex post expectations. 

(1 In、
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Table t . The payoff matrix in the endogenous timing game 

L (Leade ) F (Fo11owe ) 

L (Leader) 2 
1 

2 
1 

F (Follower) 2 
1 

2 
1 

Note: We omit superscript Bin the case of price competition in Section 3.1 . Furthermore, the 
profits in the case of quanti ty competition with consumers' ex ante expectations are expressed as: 
πf i e = l = f = F 1 = 1 21 1 ' 1 t ' 1 1 ' ' 

2. . S bgame pc cot Mash e zz ri m zn t e endogeno s tzmzng game
Applying the extended game with observable delay developed by Hamilton and Slut- 

sky (1990), we demonstrate an endogenous leader- fo11ower relationship. That is, by 
introducing the stage of timing decision (i.e., choosing either a leader or a follower) 
before market competition, we derive a subgame perfect Nash equi librium (SPNE) in 
an endogenous timing game (see Table t ).6

In Lemma 2 (i), i f the degree of network compatibility effects of both firms is larger 
than that of the product substitutabili ty, both firms prefer being a fol lower to a leader 
and to playing a simultaneous-move game. In this case, because the reaction curves of 
both firms are upward sloping, they have a second-mover advantage. Thus, considering 
Theorem V (A. ii) in Hamilton and Slutsky (1990) and Lemma 1 in Yang et al. (2009), 
because f m z (J) chooses to be a leader (follower), z, J = 1, 2, z ≠ J, there are 
multiple SPNE in the extended game with observable delay.

In Lemma2 (ii), i f the degree of network compatibility effects of both firms is smaller 
than that of the product substi tutabi li ty, both firms prefer being a leader to a follower 
and to playing a simultaneous-move game. In this case, because the reaction curves of 
both firms are downward sloping, they have a first-mover advantage. That is, choosing 
leadership is a dominating strategy for both firms. Thus, considering Theorem V (A. i) 
in Hamilton and Slutsky (1990) and Lemma 2 in Yang et al. (2009), there is a unique 
SPNE in the extended game with observable delay.

In Lemma 2 (ii i), i.e., aα1 > y > a()t2,there are sufficient asymmetric network 
compatibi lity effects between the firms. That is, i f the degree of a network compatibi lity 
effect for f irm 1 (2) is larger (smaller) than that of product substitutability, f trm 1 prefers 
being a leader to a follower and to playing a simultaneous-move game, whereas f trm 
2 prefers being the fol lower to a leader and to playing a simultaneous-move game. In 
this case, choosing leadership is a dominating strategy for f irm 1 because a strategic 
substitute for f trm 2 holds. In other words, the reaction curve of f irm 2 is downward 
sloping. Thus, considering Theorem V (B) in Hamilton and Slutsky (1990), there is 
such a unique SPNE in the extended game with observable delay that f irm 1 (2) is a 
leader (follower). See SI in Figure 1. Therefore, we derive the fol lowing proposition. 

6 See also Figure 1 in Amir and Gri1o (1999, p. 5) 
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Figure 1 . Quantity competition with asymmetric network compatibility effects: aα1 > y > ad2 

SI is a Stackelberg equilibrium where f m 1 (2) is a leader (follower). The shaded area represents 
the Pareto-superior set. 

PRoPosm o N 1 . here zs a SPM w ere t e f rm p ovzdzng t e od ct wzth a 
arger sma er no or compatzbzz cot than p od ct s sfzf ta i i zs a eader 
oZ ower nder antz competztzon wzt cons me s' ex ost expectatzons.

If the degree of a network compatibi li ty effect is larger (smaller) than that of product 
substitutabi lity, i.e., aα1 > y > aα2, an increase in the output level of the rival firm 
increases (decreases) the profit of the firm. In this case, it follows that j > f and 
q2F > q . Thus, f irm 1 providing the product with a larger network compatibi li ty effect 
(i.e., the fully compatible product) has a strong incentive to take the lead by committing 
to the lower output level because an increase in the output leve1 of ji rm 2 increases its 
market price and thus its profit. That is, the large network compatibi li ty effect implies 
the high ability to absorb demand spi11overs from the rival firm. 0n the other hand, f irm 
2 providing the product with a smaller network compatibi li ty effect (the incompatible 
product) prefers being a follower to a leader and increases its output level because the 
lower output leve1of f irm 1 increases its profit.

Furthermore, the Stackelberg equilibrium is Pareto improving for both firms, when 
compared with the Cournot- Nash equilibrium. This implies that if there are sufficient 
asymmetric network compatibil ity effects between the firms, semico11usion arises in the 
market whereby the firm providing the product with a larger network compatibi li ty ef- 
fect commits to the lower output level in advance. The other firm providing the product 
with a smaller network compatibi lity effect then sets the higher output level. 
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3. DISCUSSION 

3. f . Prz'ce competz'tz'on
To reconsider the result in the case of quantity competition, i.e., Proposition 1 , we ex- 

amine the case of price competition. If products are substitutes, it is usual that strategic 
substitutes (complements) hold in the case of quantity (price) competition.

Taking equation (3), we derive the following direct demand function of f rm t.
{(1 - a) - (y - aαj)}A- (1 - a)pj 十(y -a(lt j) p l . . , . , . 

(1 - a)2 - (y - aα1)(y - aα2) J= 1 , , 1 J ・

(14) 
Based on equation (14), using the FOC, we derive the reaction function for f irm 1 as 
follow s:

{(1 - a) - (y -aaj)}A y - a ct, . . . .
一 . _ l - . , l 

_ 1 ・、 , / l 1 、

p i = 

BF n. _ 

D 1 = 1 , ,

(16) 

D- (y - aα1)(y - aα2) 

A[(1 - a)H - (y - aαj)G] 

t /

(1 、 

2(1- a) 2(1- a) ' J ' ' ' 、 

In this case, the strategic relationships depend on the degree of a network compatibil- 
ity effect and product substitutability. Based on equation (15), we obtain the following 
Bertrand- Nash equilibrium:

BN A {2(1 - a)2 - (1 - a)(y - aαj) - (y - aα1)(y - aα2)} , , 

where2(1 - a)2 - (1 - a)(y - aαj) - (y - aα1)(y - aα2) > 01 = 1 , 2. Superscript 
BN denotes the Bertrand- Nash equilibrium.

Next, assuming that f irm J (t) is a leader (follower), we can derive the Stackelberg 
equilibrium in a sequential-move game as follows: 

BL A{2(1 - a)2 - (1 - a)(y - aαJ) - (y - aα1)(y - aα2)} , , _、
pJ = 

1 2(1 - a){ - (y - aα1)(y - aα2)} ' 、ーノ

where H ≡ D - 2(y - aα1)(y - aα2) > 0 and G - I ) - 2(1 - a)2 > 0. Because 
H - G = 2{(1 - a)2 - (y - aα1)(y - aα2)} > 0 and 1 - a > ly - aαjl hold, it 
follows that plBF > 0, 1 = 1, 2. Superscript BL 03F) denotes a leader (follower) in 
the Stackelberg equilibrium in price competition.

Following the same procedure as in the case of quantity competition, we have the 
results as Lemma 3 and 4 in Appendix 2. In particular, we look at Lemma 4 (iii), 
i.e., aα1 > y > aα2,where there is sufficient asymmetry between the firms as for 
network compatibility effects. In this case, the reaction curve of f irm 1 (2) is downward 
(upward) sloping and the external effect on the profit of f rm 1 (2) is negative (positive). 
In this case, choosing leadership is a dominating strategy for f trm 2, because a strategic 
substitute for f irm 1 arises. Thus, in view of Lemma 2 (ii) and (iii) and Lemma 4 (i) 
and (ii i), we can state that choosing leadership is a dominating strategy for the firm if 
the strategic relationship for the rival firm is substitutionary, irrespective of the mode of 
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p 

Figure 2. Price competition with asymmetric network compatibility effects: aα1 > y > aα2 

S21 s a Stackelberg equilibrium wheref irm 2 (1) is a leader (follower) . The shaded area represents 
the Pareto-superior set. 

competi tion.
Based on Table t , and considering Theorem V (B) in Hamilton and Slutsky (1990), 

the SPNE in endogenous timing of the extended game with observable delay is unique. 
See S2 in Figure 2. Therefore, we derive the following proposition.

PRoPosm oN 2. e e zs a SPN where the f m p ovzdzng the oduct wzth a 
smal er arger no or compatzbzz e cot t an p oduct s bstzt ta zz zs a leader 

o ower M der p rzce competztzon wzth consumers' ex post expectatzons.

The result in Proposition 2 lies counter to that in Proposition 1 . The firm providing the 
product with a smaller (larger) network compatibili ty effect than product substitutabi lity 
is a Stackelberg price leader (follower). That is, i f the network compatibi li ty effect is 
smaller (larger) than a certain level of product substitutabi lity, an increase (decrease) 
in the price of the rival firm increases the profit of the firm. In this case, in providing 
the product with a smaller network compatibi lity effect, f trm 2 has an incentive to take 
leadership and to commit to the lower price, i.e., p > p .Conversely, in providing 
the product with a larger network compatibi li ty effect, f trm 1 prefers being a fol lower to 
a leader because the lower price of the rival firm increases its profit, i.e., ;7r1BF > f N.

Furthermore, without network externalities, the follower's price is less than the 
leader 's price. This outcome is similar to that in a standard Stackelberg price com- 
petition. However, in the case of aα1 > y > aα2, it holds that pf F > p L. That is, 
the follower can set a higher price than the leader 's price because the fol lower 's product 
is sufficiently compatible with the leader's product. As a result, it may be usual for the 
price of a fully compatible product to be higher than that of an incompatible product. 
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3.2. Consumers' ex ante expectations
Here, we examine the case where consumers make expectations before the output 

decisions, i.e., the case of quanti ty competi tion with consumers' ex ante expectations, 
which is simi lar to the two-firm case of Economides (1996). This analysis demonstrates 
whether the di fferent formation of consumer expectations for network size affects the 
equilibria in market competition, and thus the SPNE in the endogenous timing game.

Using equation (1), the profit function can be represented by:

1 = {A- 1 - y J 十 f (Sze)} l , z, J = 1, 2, z ≠ J .

We first derive Cournot- Nash equilibrium in the case of consumers' ex ante expecta- 
tions for network size. Given the expected network size and the other firm 's output, the 
FOC for profit maximization is given by:

a l i j 

q j 
= A- 2qi - yqJ 十 f (S,り = 0, 1, J = 1, 2, 1 ≠ J , (19)

z

and we thus obtain the following reaction function:
A 十 f (S,e) - y q j , , ,_、 

2 ' ' ' 
Following the same procedure as in Katz and Shapiro (1985) and Economides(1996), 

we derive the fulfilled expectation Cournot (FEC) equilibrium. That is, i t holds that 

z
e = l and = J・, and in the C equilibrium, we have Sic = l 十一 J・ , z, J = 

1, 2, z ≠ J. Thus, we obtain: 

FEC {(2- a) - (y - aα1)} A . , . , 、

1 = 1 . . l 1 l U1 

l (2 - a)2 - (y - aα1) (y - aα2) ' ' - 、ー ノ

In view of equations (8) and (21), we obtain 1F i C < z , z = 1, 2. That is, the 
output level (and thus consumer surplus) in the case of consumers' ex ante expectations 
is lower than in the case of consumers' ex; post expectations. This implies that an e:,c
anto rational expectation for network size is not beneficial for consumers.

Second, we consider a Stackelberg game with two stages whereftrm 1 (J) is a follower 
(leader). We derive a Stackelberg equilibrium using backward induction. In the second 
stage, given the output leve1of f irm J and the expected network size, f irm 1 decides the 
output level to maximize its profit. Thus, we have equation (19).

In the first stage, taking the reaction function given by equation (20) and the given net- 
work sizes of both Products, i.e., S,e and Sj , f irm J decides the output level to maximize 

its profit, i.e., J = {A - J- y 1 十 f (S )} J, where 1 = A+「 ' )- J, i, J = 
1, 2, z ≠ J. In this case, the FOC is given by:

a J・ y 2 
e- = A- 2qj- yq1 十一 qj 十 f (SJ) = 0 , (22)

∂q j 2
In the Stackelberg equilibrium under the fulfi lled expectations, we have equations 

(20), (22), ze = l , and = J
・ , z, J = 1 , 2, z ≠ J. Thus, we derive the following two 

equations: 
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A- (2 - a)qj - (y - aαj)qj = 0, (23)
y 2 . . . .A - (y - aαJ) i - (2 - a - 2 ) J = 0, Z, J = 1, 2, Z≠ J ・ (24)

Therefore, we obtain the fulfilled expectation Stackelberg equilibrium as follows:

!(2 _ a、 _ y2 _ (v _ act,、l A 
f 
l = 

1a . = 
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(2 - a)2 - (2-2
)y 2 - (y - aα1)(y - a (It2) 

{ (2 - a) - (y - aαJ・)} A 
-・ 1 _ 'つ _、, ,2 

(25)

J = 1, 2, z ≠ J . (26) 
(2 - a) - - - (y - aα1) (y - aα2)

Using equations(21), (25), and (26), we obtain the following results 

. > f , . > J C and lf > (< ) lF C aαl > (< ) y, z, J = 1, 2, z ≠ J .
(27) 

Here, and to consider the implications of the different formation of consumer expec- 
tations for network size, we address the behavior of a leader in the Stackelberg game. 
In view of equations (6) and (20), when deciding the output levels, and whether firms 
can incorporate the network compatibil i ty effects or not, it is important to understand 
the different formation of consumer expectations. That is, in the case of consumers' ex 
ante expectations, because the firms cannot affect the network size, as in equation (19), 
strategic substitutes always arise under quantity competition. Therefore, a leader in a 
Stackelberg game is going to increase the output level higher than in the Coumot- Nash 
game.

Conversely, in the case of consumers' ex post expectations, because firms can affect 
the network size, as in equation (6), the strategic relationships depend on the degree of 
network compatibili ty effects. This, in tum, affects the firm's output decision. That is, 
if strategic complements arise, even though under quantity competition, a leader in a 
Stackelberg game is going to decrease the output level lower than in the Coumot- Nash 
game.

With respect to the profits, we obtain the following results.

LEMMA 5.
( j) ll > IF◆C, z' = 1, 2.

(ii) lf > (< ) lFi C aαl > (< ) y, z' = 1, 2.

Proof. See Appendix 3.

In Lemma 5, suppose aα, < y, 1 = 1, 2. In this case, choosing a leader is a 
dominating strategy for both firms. Thus, there is a unique SPNE in the extended game 
with observable delay. As a result, the Cournot- Nash equilibrium arises in market 
competition. Conversely, suppose aαj > y, t = 1, 2. In this case, both firms prefer 
being a follower to a leader and to playing a simultaneous-move game. Both firms then 
have a second-mover advantage. Thus, there are two SPNE in the extended game with 
observable delay. 
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Furthermore, suppose that there are sufficient asymmetric network compatibi li ty ef- 
fects between the firms, i.e., aα1 > y > aα2. In this case, i t holds that lf > 
-rr jFEC and 2f < 2FEC. This implies that jirm 1 prefers being a follower to playing a 
simultaneous-move game, whereasf irm 2 prefers playing a simultaneous-move game to 
being a follower. Thus, choosing leadership is a dominating strategy for f irm 2 because 
a strategic substitute for f irm 2 arises. As a result, there is such a unique SPNE in the 
extended game with observable delay that f trm 2 (1) takes the role of leader (follower). 
Let us summarize the result as fol lows: 

PROPOs ITION 3 . If consumers make ex;pectationsfor network size before thef irms' 
deczszon zn uantz competztzon, t e e zs a SPM where the f rm ovzdzng t e oduct 
wzth a smaMer arger networ compatz i i e cot than p od ct s bstzt ta zz zs a 
leader (follower).

In the case of consumers' e:lc ante expectations, the firms cannot incorporate the net- 
work compatibili ty effects when deciding the output level. Accordingly, it is the dom- 
inating strategy for the firm with a smaller network compatibi lity effect to commit to 
the higher output level in advance, i.e., q > q2FEC(> q2f ). This behavior is identical to 
that of a Stackelberg leader in the familiar quanti ty competition case. 0 n the other hand, 
the firm with a larger network compatibili ty effect is going to set a lower output level. 
However, because the larger network compatibi li ty effect implies the greater abi lity to 
absorb demand spi11overs from ftrm 2, it holds in equilibrium that (qf > )q1f > qf EC. 

As a result, the profit of f trm 1 increases more than in the Cournot- Nash equilibrium.

3.3. fmp zcations of endogenoMs eadershzp zn the esence of no or compatzbzz
e cots

Assuming that the leader (follower) is an incumbent (entrant), we should first inter- 
pret the two points presented by Be11efiamme and Peitz (2010, p 546), as discussed 
in the introduction. That is, (1) there is a first-mover advantage related to the launch 
of network goods; and (2) a follower tends to favor compatibility, whi le a leader tends 
to prefer incompatibi li ty. Because competing firms do not perfectly control (or conjec- 
ture) consumer expectations for network size at the start point in new network products 
and services markets, e.g., Betamax vs. VHS in video recorder markets, Apple vs. M i- 
crosoft in personal computer markets, and z-OS vs. Android operating systems, they 
cannot affect the network size of their products. This situation may correspond to the 
case of quantity competition with consumers' ex; ante expectations in Section 3.2. In this 
case, we demonstrate that a firm providing an incompatible product is a leader while a 
firm providing a compatible product is a fol lower (see Proposition 3).

Conversely, we envisage that firms compete for new customers because each firm 
already has an Installed base of customers from past competition or competition in the 
markets for other areas (countries). In this case, competing firms can control and affect 
the network size. This corresponds to the case of consumers' e;,c post expectations (Sec- 
tion 2 and 3. l ). For example, we observe more severe price cutting competition between 
Internet service providers and mobile phone companies providing perfectly compatible 



32 KEI0 ECONOM IC STUDIES 

services. As in Section 3 .1 , this case is one in which the firms choose leadership in price 
competi tion and thus a Bertrand- Nash equi librium arises in a simultaneous-move game. 
In other words, there may not be endogenous leadership in the case of price competi tion 
with compatible products. However, as in Proposition 2, for example, even with price 
competi tion, we can appreciate that Apple, in providing an incompatible product, may 
be a leader (first mover), while Google, in providing a compatible product, is a follower 
(second mover) .

Finally, we consider the case of an automated tel ler machine (ATM ) network, com- 
prising both ATMs and bank cards, such that ATMs and bank cards are complementary 
products. However, ATM s are substi tutes for one another, as are di fferent bank cards 7 
Suppose there is competition between the ATMs network services of a regional small- 
sized bank and a mega bank in a single local area. One customer, who is a member 
of the regional bank, uses the ATM terminals of both banks with no fees, whereas an- 
other customer, who is a member of the mega bank, cannot use an ATM terminal of 
the regional bank without additional fees. Therefore, i f we assume that the regional 
bank provides compatible services of the ATM network whi le the mega bank provides 
incompatible services, we may say that the regional bank is a leader of ATM networks 
in the local area while the mega bank is a fol lower (see Proposition 1). 

4 CONCLUSION 

In this paper, we consider the formation of an endogenous leadership in a network 
products and services market. We show that the properties of a firm-specific product, 
i.e., product substitutabi lity and network compatibi li ty, determine the strategic rela- 
tionships and the external effects on profits. Furthermore, the formation of consumer 
expectations before (after) the output decisions, i.e., ex; ante (ex post) expectations for 
network size, and the mode of competition, i.e., quanti ty or price, affect the endogenous 
leader- follower relationships.

In the case of consumer expectations following the output decisions, we demonstrate 
that given sufficient asymmetric network compatibi li ty effects between products, the 
firm providing the product with a larger (smaller) network compatibi lity effect than a 
certain level of product substitutabili ty is the Stackelberg leader under quantity (price) 
competition. Furthermore, if we suppose that a firm providing a fully compatible prod- 
uct is a small firm, whereas a firm providing an incompatible product is a large firm, we 
can say that in the markets displaying strong network externali ties, to increase profit, 
the small firm should commit to its production in quantity competition but delay setting 
its price in price competition.

However, in the case of quantity competition with consumer expectations preceding 
the output decisions, as pointed out in Belle ammo and Peitz (2010, p 546), the firm 
(incumbent) providing an incompatible product is a leader, whereas the firm (entrant) 
providing a fully compatible product is a follower.

We appreciate that our model depends on specific assumptions, e.g., linearity of the 

7 ATM network competition may not completely correspond to the case of quantity competition 
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functions. However, by focusing on the properties of the products associated with net- 
work externalities and compatibi li ty, we have i l lustrated precisely which effects of these 
properties determine the endogenous distribution of roles. Furthermore, the assumption 
of a strong network externality is very strong. 0 therwise, strategic substitutes (com- 
plements) always arise under quanti ty (price) competi tion, and our main results do not 
hold.

Although we assume exogenously determined product compatibi li ty, we should con- 
sider the level of compatibi lity as a firm 's strategic variable. Thus, we should exam- 
ine Stackelberg leadership in the context of endogenous product compatibi li ty choice 
(see M aggi, 1996). For simi lar reasons, although we assume that asymmetric network 
compatibili ty is also exogenously given, we should consider how asymmetric network 
compatibi lity arises between firms.

In relation to these points, i f we assume that an “open resource strategy” corresponds 
to the choice of perfectly compatible network goods and services and a“closed (control) 
strategy” corresponds to the choice of incompatible network goods and services, we 
can consider endogenous leadership in the context of an “open resource strategy” and 
a “closed (control) strategy” That is, we may say that in the Internet business, Apple, 
in choosing a closed (control) strategy, becomes a leader (first mover), and Google, in 
choosing an open resource strategy becomes, a follower (second mover). 

A PPENDIX

APPENDIX 1. PROOF OF LEMM A 28 

Taking as given the levels of output in the Cournot- Nash and Stackelberg equi libria, 
we compare the profits. We define the profit of f irm 1 in the Cournot- Nash equilibrium 
as fol lows: 

I ≡ l ( 1 , J ) , Z, J = 1 , 2, Z ≠ J (A.1) 

Furthermore, i f f irm 1 is a leader, its profit can be represented by: fi ji ≡

1 ( , , J・( 1 )) . Similarly, i f f m z is a follower, its profit is lf ≡

1 ( l ( J ) , J) , i, J = 1, 2, Z≠ J・

Using equations (6), (7), and Lemma 1, with respect to the following three cases, we 
compare the profit as a leader (or a fol lower) in the Stackelberg equi librium and that in 
the Coumot- Nash equi librium. 

Case (i) 1 > aα1 > a(It2 > y.
Suppose f trm 1 is a leader. In this case, because it holds that 

z, J = 1, 2, z ≠ J, we derive: 
> 0 and > 0, 

d z 
dqj 

a l i j

( l , J ) ∂ Z 

∂ 1 d J
十 一一

(
1

, J ) ∂ J d Z 

∂ z d J

(
l

, J ) J d Z 

> 0 . (A 2)
( i , 1 ) 

Thus, we have z. > z. , because 1 > , , z, J = 1 , 2, z ≠ J.

8 With respect to the proof of Lemma2, we follow the procedure in Jinji (2004) 



34 KEI0 ECONOM IC STUDIES 

Next, suppose f trm 1 is a follower. In this case, from Lemma 1 (i), i t follows that 

J > J , J = 1, 2. Based on Lemma 1 (i), we similarly derive: 

d フ・ j 

d J 

∂πz'

( z , J ) ∂ J 

∂ z・ d z・
十 一一

( l , J ) ∂ l d J 
a li i

(
l

, J ) ∂ J 
> 0. (A 3)

( l l J ) 

Thus, it holds that IF > πI , z = 1 , 2. Therefore, it holds that 1 > I , z.F > 
I , z = 1 , 2.

Case (ii) y > aα1 > aα2 > 0.
Suppose f trm 1 is a leader. In this case, because it holds that 

z'
, J' = 1, 2, z' ≠ J'

, we derive: 
< 0 and < 0, 

d 7i j 

dqj 

In this case, from Lemma 1 (ii), it holds that z > 1 , z = 1 , 2. Thus, we have z. > 
I , z = 1, 2.
Next, suppose f irm z is a follower. In this case, from Lemma 1 (i i), it follows that 

J > J , J = 1, 2. Based on Lemma 1 (ii), we derive: 

d i l l 

d , 

Thus, it holds that z. > z.f , z' = 1 , 2. Therefore, it follows that l > I > 
I
F , z' = 1, 2.

Case(iii) 1 > aα1 > y > aα2 > 0.
First, supposef irm 1 (2) is a leader (follower). For f irm 1, we obtain: 

d711 

dq1 

because > 0 and < 0. Based on Lemma 1 (iii), because it holds that l > l , 
we have 1 > I .

Furthermore, for f irm 2, we derive 
d 2 
dq1 

Because, based on Lemma 1 (ii i), i t holds that qlN > qlL , we haveπ2F > π2N .
Second, supposef iMn 2 (1) is a leader (follower). In this case, for f trm 2, we obtain 

d 2 
dq2 

∂7i j

( l , J ) ∂ l 
∂ l d J

十 --( 1 , J ) ∂ J d 1 
a l i j d q j

( , , J ) ∂ J d Z 
> 0. (A 4)

( Z l J ) 

a :Ii i

( l , J ) ∂ J 

a i i j d q j
十 一一

( , , J ) ∂ l d J 

al i j

( l , J ) ∂ J 
< 0. (A 5)

( z , J ) 

∂π1 dq2
十 一一

( 1 , 2 ) ∂ 2 d 1 
∂ 1 dq2

( 1 , 2 ) ∂ 2 d 1 

6)A0'<

2I

∂π2

( l , J ) ∂ l 
∂π2 dq2

十 一一
( l , ) ∂ 2 d 1 

∂ 2

( l 1 J ) ∂ l 
< 0. (A 7)

( l , J ) 

∂ 1

( 1 , 2 ) ∂ l 

∂π2

( 1 , 2 ) ∂ 2 
∂712 dq1

十 一一
( 1 , 2 ) ∂ l d 2 

∂π2 dq1

( 1 , 2 ) ∂ l d 2 
< 0. (A 8)

( i , 2 ) 

because < 0 and > 0. Based on Lemma 1 (iii), it holds that q2N > q . Thus, 
we have 2 > 2 . 
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Furthermore, for f irm 1, we derive 
d711 

dq2 

Because it holds that q2N > q , we have 7r jN 

I > IF, π > π2 , and 2F > 2 . 

∂rr1

( , , J ) ∂ 2 
∂π1 dq1

十 一一
( l , J ) ∂ l d 2 

∂17「1

( z , J ) ∂ 2 

9)A
'

0>
・J一u '

一

.l一一::-'-
 

> IF. Therefore, it holds thatπ1L > 

APPENDIX 2. THE CASE OF PRICE COMPETITION 

Using equations (15), (16), and (17), we derive the following relationships:

pfL > (< )pf (y - aαl) (y - aαJ・) > (< )0, (A le)

p f > (< )pf y _ aα1 > (< )0 , (A l l )

pf > (<)pf f (y _ aα1)(y _ aαJ) > (< )0 , (A.12)
where z'

, J' = 1, 2, z' ≠ J'
. Thus, using equations (A le), (A l l ), and (A.12), we obtain 

the following results. 

LEMMA 3.
(i) 1 > aα1 > aα2 > y, p, > p, > p, F, z = 1, 2.

(ii) y > aα1 > aα2 > 0, pl > pz F > pz , z' = 1, 2.
(iii) 1 > aα1 > y > aα2 > 0, pf f > pl > pf , and p > p f > p .

Furthermore, based on Lemma 3, using the same procedure as in Appendix 1, and 
equations (16) and (17), we derive the following relationships regarding the profits in 
the Bertrand- Nash and the Stackelberg equilibria.

LEMMA 4.
(i) 1 > aα1 > aα2 > y, IM > I > l F , z' = 1, 2.
(ii) > aα1 > aα2 > 0, IM > z. , lB f > z. , z = 1, 2.

(iii) 1 > aα1 > y > aα2 > 0, 1B > f , 1BF > f , and 2B > 2 >
BF

π2 '

Lemma4 (i) implies that strategic substitutes for both firms arise. In this case, choos- 
ing leadership is a dominating strategy for both firms. Thus, there is a unique SPNE in 
the endogenous timing game.

Conversely, in Lemma 4 (i i), the slope and the external effect on profit are positive 
for both firms. Both firms then prefer being a follower to a leader and to playing a 
simultaneous-move game. As per the usual case in price competition, both firms have a 
second-mover advantage. Thus, considering Theorem V (A. ii) in Hamilton and Slutsky 
(1990) and Lemma 1 in Yang et al. (2009), there are two SPNE in the extended game 
with observable delay. 
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d J 
d J 

∂ J

(
1
F i C

1
F i C) ∂ J' 

={a - (y - aαJ) l( f c,

Who「e l ( JF c
_ = a JF C(> 0) iS not Ze「0.

Furthermore, in view of equation (A.15), we derive l( f c _ = 一 . 

Thus, as for the second part of the equation in (A.16), we obtain the following relation- 
ship:

. (y - aαi) (y - aαJ) 
/ 、 . . , _、

、J ≡ a 十

KEI0 ECONOM IC STUDIES 

APPENDIX 3 . PROOF OF LEMM A 5 

We first consider the relationship between the leader 's profit in the Stackelberg equi- 
librium and that in the FEC equilibrium.

The profit of f irmJ in the FEC equilibrium is expressed as: 

J
C = J・ [ J

C
, 1

F C] = {A - (1 - a) J C - (y - aαJ・) 1F C} J
C ,

Z, J = 1, 2, Z ≠ J .
Similarly, the profit of f irm J being a leader in the Stackelberg equilibrium is also given 
by: 

π = l i j [q ., qjf ] = {A- (1 - a)q- (y - a(ltJ・)q f} q , i, J' = 1, 2, i ≠ J 

We now deal with the following profit function of f rm J':

πJ = J [ J, l] = {A- (1 - a) J- (y - aαJ) l} J, Z, J = 1, 2, Z ≠ J ・
(A.13) 

In this case, totally differentiating equation (A.13), we have:
∂ J ∂ J 

d J' = -d J' 十 一 d i
∂q j ∂ql

= {A- 2(1 - a)q j- (y - aαJ' )ql } dq j- (y - aαJ' )q jdqi

When evaluating equation (A.14) at the FEC equilibrium, it holds that:

A - (2 - a) J- (y - aαJ) l = 0, Z, J = 1, 2, Z ≠ J
Taking equations (A.14) and (A.15), we can derive as follows: 

(A.14) 

(A.15) 

∂ J d 1
十 一一

( lF C 1F C) ∂ l d J' 
(

1
F C

1
F C) 

J
Fi C, (A.16) 

> l < IU A . 1 / ) 

With respect to equation (A.17), if either y > ac1tj , aαJ・ or y < ac1tj , aαJ・ , it holds 
that sgn G > 0. Since q > qfEC, i.e., dq j > 0, it holds that 

This implies thatπ. > πJ C, J = 1, 2. 

2- a 
、 

J

一> 0
( f C 

l
F C) 
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I f either aαJ > y > aαf or aα1 > y > aαJ, the sign of (y-a -aαJ) is negative. 
Because 1 > αj 十αJ・ , we derive the following equation:

sgnG = sgn {(2 - a)a 十y (y - a)} . (A.18)

Given Assumption 1, i.e., 1 > a > y , because it holds that a(2 - a- y) 十y2 > 0, 
we have sgn G > 0. Therefore, we derive emma 5 i : . > f e, J = 1, 2.

To sum up, in the case where consumers make expectations for network size before 
firms' output decisions, the profit of a leader in the Stackelberg equilibrium is larger 
than that in the FEC equilibrium, regardless of the degree of network compatibility 
effects.

Taking equations (20) and (24), we can directly obtain the following relationship:

l
f > (< ) 1F C 1

f > (< ) zFi C aαz > (< )y, z・ = 1, 2 .

Therefore, we derive Lemma 5 (ii). 
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