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Abstract

We analyze the relationship between technology standardization in
the market with network externalities and patent system, especially the
length of patent life. Equilibrium outcomes are compared with socially
optimal pattern. We show that: (1) an excess momentum always occurs,
that is, an emerging technology is standardized in equilibrium although
conventional technology is socially optimal, (2) an excess inertia can occur
where there is no patent protection or patent life is limited to one period,
that is, both an emerging technology and conventional technology may
be standardized in equilibrium though an emerging technology is socially
optimal. The most important conclusion is that standard failure (in this
case, excess momentum) will be exacerbated by longer patent life.

1 Introduction

Network externalities have recently become a serious factor affecting technolog-
ical progress in information technology industry and other high-tech industries.
Specifically, in markets for those industries, consumer demand is affected by
the choice of standard technology. That is, consumers want other consumers to
purchase products using the same technology as they have purchased, because
of network externalities. Since a standard is often adopted for a long time and
all over the world, it will be a huge loss of social welfare, if a standard adopted in
the market equilibrium was not embodying socially optimal technology. When
such a market failure occurs, we will call it “standard failure”.

The strategies of business firms is one of the most important factors that
decide which technology becomes standard. Many analysts point out that Win-
dows and VHS, which are the standards of OS and VCR, respectively, became
such thanks to superior marketing strategies of Microsoft and Victor. Industry-
leading firms invest in marketing because it is directly linked to their profits. If
other firms could freely use those technologies in their products, incentives to do
marketing would be lacking. Hence incentives to market a particular technology
clearly depend on the intellectual property rights such as patents.
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In the previous literature the relationship between patents and standard
of technology has been discussed without reference to the length of patent
life. Katz and Shapiro (1986) analyze a two-period, two-technology (two firms)
model. They show the existence of two kinds of standard failure, “excess inertia”
and “excess momentum”. Excess inertia occurs where the socially worse conven-
tional technology becomes the one that is standardized, while excess momentum
occurs where the socially worse emerging technology becomes the one that is
standardized. Katz and Shapiro show that the pattern of technology adoption
(including standard failure) depends on whether there are well-defined property
rights to technologies. Choi and Thum (1998) extend the Kats-Shapiro model
and also discuss the “excess inertia” and “excess momentum”. The discussions
in both those papers focus on two extreme cases, one with infinitely-lived patents
and the other with no patent protection at all. In reality, however, the most
common case is that of a finitely-lived patent. In this paper, we take up the case
of a finitely-lived patent and show that technology standardization depends on
a patent life.

There is extensive literature dealing with patent life. Nordhaus (1969) is
the seminal work and many papers extend his work. Those papers consider
the advantages and disadvantages of lengthening patent life and derive an op-
timal life-span of a patent. In all those models, however, the disadvantages of
lengthening patent life come only from the deadweight loss of monopoly. In
this paper, we show that lengthening patent life also involves a different kind of
disadvantage, which is exacerbation of the excess momentum problem.

In section 2, we set the basic model. In section 3, we define a socially
optimal situation. In section 4, we derive equilibrium outcomes with no patent
protection and compare those with the social optimum. In section 5, we derive
equilibrium outcomes with finitely-lived patents and compare those with the
social optimum.

2 Model

Katz and Shapiro (1986) and Choi and Thum (1998) analyze two period over-
lapping generations model because they focus the two extreme cases, one with
infinitely-lived patents and the other with no patent protection at all. Since
we discuss an arbitrary T periods-lived patent, we employ the framework of an
infinite-period overlapping generations models where each agent has a discount
factor δ (0 < δ < 1).

For simplicity we assume that all consumers are identical and live for two
periods, and that there are two consumers (young and old) in each period 1.
Let us call the consumer who is young in period t the “t consumer”. So there

1We assume that there is only one old and one young consumer in each period. The
meaning of this assumption is that the population of consumers is the same in each period
and consumers belonging to the same generation can coordinate their decisions to choose
the Pareto-efficient outcome. That is, we abstract from an intragenerational coordination
problem.
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are t consumer and t − 1 consumer living in period t.
There are two incompatible technologies A and B. Technology A is a con-

ventional technology and technology B is an emerging technology. This means
that the generation 0 consumer starts with technology A while all subsequent
generations can choose either A or B. Since we assume that there exist network
externalities, whenever both consumers who live in the same period use the
same technology, they get additional benefit n in that period. In particular, if
a consumer belonging to a particular generation adopts technology A alone, he
gets 0 benefit, while he can get n if consumers belonging to both overlapping
generations use A. On the other hand, if a consumer belonging to a particular
generation adopts technology B alone, he gets b benefit, while he can get b + n
if consumers belonging to both overlapping generations use B. For simplicity,
we assume that each consumer ’s decision to adopt a particular technology is
made when he is young and does not change in the subsequent period.

Summing up consumers’ preferences in this model, first observe that the t
consumer’s gross payoff from adopting technology A or B depends on the two
actions below.

1. His payoff in period t depends on the t − 1 consumer’s action.

2. His payoff in period t + 1 depends on the t + 1 consumer’s action.

Let (A,B) stand for (adopt A, adopt B) decision, and let at ∈ {A,B} denote
the t consumer’s action. The t consumer’s life-time gross payoff discounted back
to period t will be given by

vt = v(at, at−1) + δv(at, at+1) at = A,B ∀t ∈ N,

where v(A,A) = n, v(A,B) = 0, v(B,A) = b, v(B,B) = b + n. Finally the t
consumer’s life-time net payoff discounted back to period t (ut) will be given by

ut = vt − pt

d,

where pt

d
= pt

A
if technology A is adopted by the t consumer and pt

d
= pt

B
if

technology B is adopted.

3 Social Optimum

In this section, we derive a socially optimal situation as a benchmark for the
analysis below. Social welfare is measured by the sum of the discounted value of
social surplus. Then, in this section, we discuss the problem that social planner
assigns one technology to each consumer to maximize social welfare. Since the
production cost of technology is zero, the social welfare is given by

W := v0 + v1 + δv2 + δ2v3 + . . . = v0 +
∞∑

i=1

δi−1vi.
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Lemma 1 A socially optimal adoption pattern can be restricted to the two cases
below.

1. All consumers adopt A.

2. Only consumer 0 adopts A and others adopt B.

(Proof)First of all, if b ≤ 0, the pattern that any consumer adopts B cannot be
socially optimal, because n > 0. Hence the pattern in which not all consumers
adopt A is socially optimal only when b > 0. Now let us assume that b > 0,
and K consumer adopts B under the socially optimal adoption pattern. Since
b > 0 and n > 0, the consumers born after K period will also adopt B in the
socially optimal adoption pattern. So the socially optimal adoption pattern is
0 consumer to K − 1 consumer adopt A and other consumers adopt B and then
the social welfare is

W ′ = 2n + 2δn + . . . + 2δK−2n + δK−1b + 2δK(b + n) + . . .

=
1

1 − δ
δK−1[(1 + δ)b − 2(1 − δ)n] +

2

1 − δ
n

This means that the socially optimal level of K will be either 1 or ∞. Hence,
we conclude that the socially optimal adoption patterns are restricted the two
patterns above. (Q.E.D)

We call the pattern that all consumers adopt technology A “A-Standard”
and the pattern that all consumers except for 0 consumer adopt technology B
“B-Standard”. It is easy to know which pattern is socially optimal pattern by
making pairwise comparison between the social welfare levels of A-Standard
and B-Standard. If the consumers use technology A in a same period, the
social welfare would be given by 2n in that period, while if they use technology
B, it would be given by 2(b + n) in that period. If consumers use different
technologies, the social welfare would be given by b. When we define WA,WB

as the social welfare level of A-Standard and B-Standard,

WA = 2n + 2δn + 2δ2n + · · · =
2n

1 − δ
,

WB = b + 2δ(b + n) + 2δ2(b + n) + · · · = b +
2δ(b + n)

1 − δ
.

Then we have the following consequence.

Lemma 2 A-Standard is socially optimal if and only if

WA ≥ WB ⇐⇒ b ≤ 2(1 − δ)

1 + δ
n.

From Lemma 1, we know that A-Standard is socially optimal if and only
if the above inequality holds with the opposite sign. Therefore, Lemma 2 shows
that if the new technology’s value b is high enough, B-Standard is socially
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optimal. This is depicted in Figure 1. The line in Figure 1 shows the boundary
of the range of an optimal adoption pattern. A boundary point (denote b∗) that
divides the ranges where A-Standard and B-Standard are socially optimal is
to the right of 0 point. That is, if the emerging technology has worse quality, A-
Standard is socially optimal. As n increase, b∗ shifts to right. In other words, if
the network externalities are strong, A-Standard is apt to be socially optimal.
On the other hand, if δ increases, b∗ shifts to left. This happens because the
social planner choosing to adopt A-Standard faces a trade-off: he gains n in
period 1 but loses b in all subsequent periods. So if δ is high, planner’s benefit
in period 1 is not so important compared with b in later periods.

4 Market equilibrium without patent protection

To begin with, let us derive an equilibrium with free entry to produce each
technology. In this case, each firm sets the price equals to marginal cost (zero)
in all periods. We shall discuss a Markov perfect equilibrium2 in consumer’s
adoption of technology A or B. Here we have an infinite number of subgames,
but all those can be distinguished into two kinds. One is the subgame that
begins with t(t = 1, 2, · · · ) consumer’s decision node and t−1 consumer adopted
technology A. Let us denote this subgame by G(A). The other type of the
subgame is the subgame that begins with t consumer’s decision node and t − 1
consumer adopted technology B. Let us denote this subgame by G(B). Hence
the sets of strategies that can be Markov perfect equilibrium are restricted to just
four. If we denote the action of t consumer in subgame G(i) as at(i), i = A,B,
then in Markov perfect equilibrium

a1(i) = a2(i) = · · · = a(i),∀i,∀t,

must be satisfied. Thus action sets that can be a Markov perfect equilibrium
are

(a(A), a(B)) = (k, l), k, l = A,B.

Then we have the consequence below.

Lemma 3 A Markov perfect equilibrium in case of free entry from t period is
characterized as

i) If b ≥ (1 − δ)n/(1 + δ), all consumers adopt B.

ii) If n/(1 + δ) ≥ b ≥ −n/(1 + δ), t consumer adopts the technology that t − 1
consumer adopted.

iii) If −(1 − δ)n/(1 + δ) ≥ b, all consumers adopt A.

(Proof) Let us check whether the four adoptions patterns can be a Markov
perfect equilibrium or not.

2See for instance, Fudenberg and Tirole (1991).
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• The necessary conditions that (a(A), a(B)) = (B,B) is Markov perfect
equilibrium are the two conditions below. Firstly, when we consider any
history such that t − 1 consumer adopts A, the necessary condition is

(1 + δ)b + δn ≥ n ⇐⇒ b ≥ 1 − δ

1 + δ
n.

Secondly, when we consider any history such that t − 1 consumer adopts
A, the necessary condition is

(1 + δ)(b + n) ≥ 0 ⇐⇒ b ≥ −n.

• The necessary conditions that (a(A), a(B)) = (A,B) is Markov perfect
equilibrium are two conditions below. Firstly, when we consider any his-
tory such that t − 1 consumer adopts A, the necessary condition is

(1 + δ)b + δn ≤ (1 + δ)n ⇐⇒ b ≤ 1

1 + δ
n.

Secondly, when we consider any history such that t − 1 consumer adopts
A, the necessary condition is

(1 + δ)(b + n) ≥ δn ⇐⇒ b ≥ − 1

1 + δ
n.

• The necessary conditions that (a(A), a(B)) = (A,A) is Markov perfect
equilibrium are two conditions below.

Firstly, when we consider any history such that t− 1 consumer adopts A,
the necessary condition is

(1 + δ)b ≤ (1 + δ)n ⇐⇒ b ≤ n.

Secondly, when we consider any history such that t − 1 consumer adopts
A, the necessary condition is

(1 + δ)b + n ≤ δn ⇐⇒ b ≤ −1 − δ

1 + δ
n.

• The necessary conditions that (a(A), a(B)) = (B,A) is Markov perfect
equilibrium are two conditions below.

Firstly, when we consider any history such that t− 1 consumer adopts A,
the necessary condition is

n ≤ (1 + δ)b.

Secondly, when we consider any history such that t − 1 consumer adopts
A, the necessary condition is

(1 + δ)b + n ≤ 0

In this case, both of the two conditions cannot be satisfied together. So
this case cannot be Markov perfect equilibrium.
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(Q.E.D)

Note that there exist multiple equilibria in this game. That is, when n/(1 +
δ) ≥ b ≥ (1−δ)n/(1+δ), either i) or ii) is an equilibrium. When −(1−δ)n/(1+
δ) ≥ b ≥ −n/(1 + δ), either ii) or iii) is an equilibrium.

Now let us derive the equilibrium when there does not exist any patent
protection. In this case there is free entry to produce each technology in all
periods. Thus we have the consequence below.

Lemma 4 The equilibrium where there doesn’t exist any patent protection is
characterized as followings If b < (1 − δ)n/(1 + δ), the equilibrium adoption
pattern is A-Standard.
If (1 − δ)n/(1 + δ) ≤ b ≤ −n/(1 + δ), the equilibrium adoption patterns are
A-Standard and B-Standard (multiple equilibria).
If n/(1 + δ) < b, the equilibrium adoptions pattern is B-Standard.

(Proof)Since 0 consumer adopts A, B-Standard is adopted in the range of i),
and A-Standard is adopted in the range of ii) and iii). (Q.E.D)

Figure 2 depicts the consequences of Lemma 4. The upper line depicts the
case where 0.5 > δ and the lower line depicts the case where δ > 0.5. Now let
us define “excess inertia” and “excess momentum” formally.

Definition 1 1. Excess inertia means that the conventional technology is
standardized though it is not a socially optimal adoption pattern.

2. Excess momentum means that the emerging technology is standardized
though it is not a socially optimal adoption pattern.

From Definition 1 and Lemma 2 and 4, we have the proposition below.

Proposition 1 When there does not exist any patent protection, the following
standard failures occur.

1. If 0.5 > δ and 2(1−δ)n/(1+δ) > b > n/(1+δ), excess momentum occurs.

2. If 0.5 > δ and (1 − δ)n/(1 + δ) ≥ b ≥ n/(1 + δ), excess momentum can
occur.

3. If δ ≥ 0.5 and 2(1− δ)n/(1+ δ) > b ≥ (1− δ)n/(1+ δ), excess momentum
can occur.

4. If δ > 0.5 and n/(1+ δ) ≥ b > 2(1− δ)n/(1+ δ), excess inertia can occur.

This proposition is summarized in Figure 2. In the upper line, there is
some range for which B-Standard is adopted, though A-Standard is optimal.
There also exists some range for which both A-Standard and B-Standard
may be adopted, although A-Standard is optimal. In the lower line, there is
some range for which both A-Standard and B-Standard may be adopted,
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although A-Standard is optimal. And there also exists a range for which
both B-Standard and A-Standard can be adopted, although B-Standard is
optimal.

Let us discuss the effects of different discount rates. The social cost of
adopting B-Standard is given by 2n, because 0 consumer and 1 consumer
cannot coordinate in period 1. On the other hand, the social benefit is given
by the fact that all consumers except for 0 consumer gain b in the periods after
period 2. 1 consumer face the trade-off between n and (1 + δ)b. So an excess
inertia is apt to occur, as δ decreases, and an excess momentum is apt to occur,
as δ increases.

There exists an important difference between the conclusion of this paper
and the similar analysis in the previous literature (Katz and Shapiro (1986)
and Choi and Thum (1998)) in the case where there is no patent protection.
Previous papers just conclude that in this case there exists standard failure
such that B-Standard is adopted although A-Standard is social optimal 3 In
contrast, in our model there exists another type of standard failure where there
is no patent protection.

5 The effect of patent life

In this section, we analyze the case of a finitely-lived patent. Let T denote the
length of the patent life. We consider the patented firm to be a monopolist
during the duration of the patent while there is free entry after the patent
expires. We shall analyze the case in which only emerging technology producer
can get a patent. That is, we limit our attention to the case in which the
conventional technology’s patent has already expired. Thus the players of the
game are the firm that has a patent for technology B (hereafter the firm) and
consumers. Since the firm can affect consumers’ action by appropriately setting
the price while the patent lasts, the outcome of the game will depend on whether
the firm has incentives to make the consumers adopt its technology or not. After
the patent expires, there will be free entry to produce both technologies. Since
we have already derived the equilibrium in case of free entry in section 3, we
can derive the equilibrium by backward induction.

First of all, let us derive the equilibrium adoption pattern when the patent
life is limited to one period. If that is the case, we have the consequence below.

Lemma 5 The equilibrium adoption pattern when the patent life is limited to
one period is the same as that when there exists no patent protection.

(Proof) See the Appendix.

From Lemma 5, we have the proposition below.

Proposition 2 When the patent life is limited to one period, the following stan-
dard failures occur.

3They also show other patterns of adoption, but, about A-Standard and B-Standard,
they just have this conclusion.
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1. If 0.5 > δ and 2(1−δ)n/(1+δ) > b > n/(1+δ)，excess momentum occurs.

2. If 0.5 > δ and (1 − δ)n/(1 + δ) ≥ b ≥ n/(1 + δ), excess momentum can
occur.

3. If δ ≥ 0.5 and 2(1− δ)n/(1+ δ) > b ≥ (1− δ)n/(1+ δ), excess momentum
can occur.

4. If δ > 0.5 and n/(1+ δ) ≥ b > 2(1− δ)n/(1+ δ), excess inertia can occur.

This proposition follows trivially from Lemma 5 and Proposition 1. Intu-
itively, in this case the firm has an incentive to sell the technology if and only if
1 consumer is willing to pay more than 0. Thus, the condition that the firm has
the incentive to supply a new technology is the same as the condition that tech-
nology B is chosen when the prices of both technologies are zero. Next, let us
derive the equilibrium adoption pattern when the patent life is T (T = 2, 3, · · · ).
That is, free entry will be started from period T +1. Now we define T̂ such that

T̂ :=

{
T ∈ N | 1 − δ

1 + δ
≤ 1 − 2δ + δT̂

(1 + δ)(1 − δT̂ )
,
1 − δ

1 + δ
>

1 − 2δ + δT̂+1

(1 + δ)(1 − δT̂+1)

}
.

Then we have the following consequence.

Lemma 6 1. When T < T̂ , the equilibrium adoption pattern is characterized
as
if b < (1 − δ)n/(1 + δ), the equilibrium adoption pattern is A-standard,
if (1 − δ)n/(1 + δ) ≥ b ≥ (1 − 2δ + δT )n/(1 + δ)(1 − δT ), the equilibrium
adoption pattern is A-standard or B-standard (multiple equilibria),
if b > (1 − 2δ + δT )n/(1 + δ)(1 − δT ), the equilibrium adoption pattern is
B-standard.

2. When T ≥ T̂ , the equilibrium adoption pattern is characterized as
if b < (1 − 2δ + δT )n/(1 + δ)(1 − δT ), the equilibrium adoption pattern is
A-standard,
if b = (1 − 2δ + δT )n/(1 + δ)(1 − δT ), the equilibrium adoption pattern is
A-standard or B-standard (multiple equilibria),
if b > (1 − 2δ + δT )n/(1 + δ)(1 − δT ), the equilibrium adoption pattern is
B-standard.

(Proof) See the Appendix.

From Lemma 2 and 6, we have the following conclusions.

Proposition 3 When the patent life is more than two periods, the following
standard failures occur.

1. If 2(1 − δ)n/(1 + δ) > b > (1 − 2δ + δT )n/(1 + δ)(1 − δT ), then excess
momentum occurs.
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2. If T < T̂ and (1 − δ)n/(1 + δ) ≥ b ≥ (1 − 2δ + δT )n/(1 + δ)(1 − δT ), the
excess momentum may occur.

This proposition is illustrated in Figure 3. The upper line in Figure 3 depicts
the equilibrium adoption pattern when T ≥ T̂ and the lower line depicts it
when T < T̂ . In both lines, we observe that B-Standard is adopted, though
A-Standard is socially optimal. And in the upper line, we observe that both
A-Standard and B-Standard may be an equilibrium, though A-Standard
is socially optimal.

Let us discuss Proposition 3 intuitively. Generally speaking, a firm will have
an advantage in the market with network externalities if its technology is still
adopted by many consumers. In other words, the share of their own technology
is important in such markets. Let us call this share “installed base”. In this
paper, the installed base in period t is represented by the t−1 consumer’s choice.
Thus the conventional technology has advantage in period 1. But once another
firm steals the installed base, it gets benefit for the remainder of the patent life.
So lengthening patent life increases the firm’s incentive to steal the installed
base. This leads to B-Standard being adopted, even though A-Standard
might be socially optimal.

Proposition 4 Excess momentum will be exacerbated by longer patent life.

Figure 3 depicts this proposition. Let T̄ define an integer more than 2 and
F (T̄ ),

F (T̄ ) :=
1 − 2δ + δT̄

(1 + δ)(1 − δT̄ )
,

then we have

F ′(T̄ ) =
2δT̄ ln δ

(1 + δ)(1 − δT̄ )2
(1 − δ) < 0. (1)

Thus F (T̄ ) is decreasing function. The F (T̄ ) is the boundary point between A-
Standard (multi equilibrium) and B-Standard. That is, the boundary point
shifts to left as T increases. The range that B-Standard is adopted will be
larger.

Let us discuss this proposition intuitively. The boundary condition F (T̄ ) is
derived from the following equation.

b ≥ 1 − 2δ + δT

(1 + δ)(1 − δT )
n ⇐⇒ p′ + δp∗ + . . . + δT−1p∗ ≥ 0, p′ := (1 + δ)b − n, p∗ := (1 + δ)b + n (2)

Here, p′ is the introductory price that the firm sets to steal the installed base
of the conventional technology, while p∗ is the benefit from the installed base in
each period. If p′ < 0 and p∗ is small enough, the condition above is not satisfied.
That is, the firm cannot recover the initial loss from introductory pricing by
the subsequent benefits from the installed base. So the meaning of the above
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condition is to check whether the firm can recover the loss from introductory
pricing by future benefits. As the duration of the patent T increases, the firm
receives the benefit from the installed base for a longer time. That is, long
patent life makes low quality technology standard. We also have an important
consequence below.

Corollary 1 If T ≥ 3 and δ is large enough, B-Standard can be adopted even
though b < 0.

(Proof)If T = 3, the condition that B-Standard is adopted is the following

1 − 2δ + δ3

(1 + δ)(1 − δ3)
n < 0 ⇐⇒

−1 +
√

5

2
< δ.

From (2), if T ≥ 3 and
−1+

√
5

2 < δ, B-Standard can be adopted under b <
0.(Q.E.D)

6 Extension

In my view, there are some directions that extend this analysis. In this paper,
we have shown the relationship between a standard of technology and the length
of a patent life. Though “life (length)” is one of the most important elements
of patent system, there are also other important dimensions, such as “breath
(width)” and “renewal fee”. Recent literature 4 discusses an optimal patent
system combining with all of these elements. We can discuss a patent system
with these elements that achieves a socially desirable standardization.

In this paper, we especially focus on firm strategies. However, we can con-
sider other actions and the incentives. For example, we did not consider the
timing that firms introduce their technologies. Okumura (2004) has a model in
which the timing of introduction is a strategic variable for firms. And we did
not consider the incentives to invent a technology. Such incentives are one of
main points to discuss a patent system.

Appendix

Proofs of Lemma 5 and 6 follow. We shall prove them by backward induction.
[Proof of Lemma 5]

1. Suppose that b ≥ (1− δ)n/(1+ δ), and if (1− δ)n/(1+ δ) ≤ b ≤ n/(1+ δ),
i) is adopted in case of free entry. From i) of Lemma 3, the condition that
1 consumer adopts B is

(1 + δ)b + δn − p ≥ n. (3)

4See, for instance, Scotochmer (1999) and Cornelli and Shenkerman (1999)

11



The maximum price that satisfies (4) is

p′′ = (1 + δ)b − (1 − δ)n ≥ 0.

Thus 1 consumer adopts B. And from i) in Lemma 3, all of k (k ≥ 2)
consumers adopt B. Hence B-standard is adopted in equilibrium.

2. Suppose n/(1+δ) ≥ b ≥ −n/(1+δ), and if (1−δ)n/(1+δ) ≤ b ≤ n/(1+δ)
or −n/(1 + δ) ≤ b ≤ −(1− δ)n/(1 + δ), ii) is adopted in case of free entry.
From ii) of lemma 3, the condition that 1 consumer adopts B is that

(1 + δ)b + δn − p ≥ (1 + δ)n. (4)

The maximum price that satisfies (5) is

p′ = (1 + δ)b − n ≤ 0.

Thus 1 consumer adopts A. And from ii) in Lemma 3, all of k (k ≥ 2)
consumers adopt A. Hence A-standard is adopted in equilibrium.

3. Suppose b ≤ −(1−δ)n/(1+δ), and if −n/(1+δ) ≤ b ≤ −(1−δ)n/(1+δ),
iii) is adopted in case of free entry.
From iii) of lemma 3, the condition that 1 consumer adopts B is that

(1 + δ)b − p ≥ (1 + δ)n. (5)

The maximum price that satisfies (6) is

(1 + δ)(b − n) < 0.

Thus 1 consumer adopts A. And from iii) in Lemma 3, all of k (k ≥ 2)
consumers adopt A. Hence A-standard is adopted in equilibrium.

From 1, 2 and 3, we have Lemma 5.(Q.E.D)

[Proof of Proposition 6]

1. Suppose b ≤ −(1−δ)n/(1+δ), and if −n/(1+δ) ≤ b ≤ −(1−δ)n/(1+δ),
iii) is adopted in case of free entry.

In this case, from iii) of Lemma 3, the consumers after T + 1 consumer
adopt A. For all histories such that T −1 consumer adopt A, the condition
that T consumer adopt B is (6). For all histories such that T −1 consumer
adopt B, the condition that T consumer adopts B is

p ≤ (1 + δ)b − (1 − δ)n ≤ 0. (6)

Thus T consumer adopts A in equilibrium. Similarly, firm’s profits when
1 to T −1 consumers adopt B are negative. Thus A-standard is adopted
in equilibrium. And for all t (t = 1, . . . , T ) periods the price will be
pt > (1 + δ)(b − n).
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2. Suppose that b ≥ (1− δ)n/(1+ δ), and if (1− δ)n/(1+ δ) ≤ b ≤ n/(1+ δ),
i) is adopted in case of free entry.

In this case, from i) of Lemma 3, the consumers after T + 1 consumer
adopt B. For all histories such that T −1 consumer adopt A, the condition
that T consumer adopt B is (4) and then the maximum price is p′′. For all
histories such that T−1 consumer adopt B, the condition that T consumer
adopt B is

(1 + δ)(b + n) − p ≥ 0 ⇐⇒ p ≤ (1 + δ)(b + n), (7)

and then the maximum price is p∗∗. Thus p∗∗ > p′′ ≥ 0 is satisfied and
T consumer adopt B. In this case, the firm’s profit in period T will be
higher when T − 1 consumer adopt B. Hence T − 1 consumer also adopt
B. Similarly, all of consumers from 1 to T − 2 consumer adopt B. Thus,
B-standard is adopted in equilibrium. And then the equilibrium prices
are

(p1, p2, . . . , pT ) = (p′′, p∗∗, . . . , p∗∗)

3. Suppose n/(1+δ) ≥ b ≥ −n/(1+δ), and if (1−δ)n/(1+δ) ≤ b ≤ n/(1+δ)
or −n/(1 + δ) ≤ b ≤ −(1− δ)n/(1 + δ), ii) is adopted in case of free entry.

Now let Vt and VT denote

Vt := δp∗ + . . . + δT−tp∗, t = (1, . . . , T − 1),

VT := 0.

From p∗ > 0,
Vt > Vt+1, ∀t ∈ {1, . . . , T − 1}

is satisfied. We shall consider the case that

−V1 ≤ p′ < VT ⇐⇒ 1 − 2δ + δT

(1 + δ)(1 − δT )
n ≤ b <

1

1 + δ
n. (8)

From (1) and (2),

lim
T→∞

F (T ) =
1 − 2δ

1 + δ
> − 1

1 + δ
(9)

is satisfied. Thus (9) is satisfied in this case.
Now suppose (9), then there exists unique t̂ (t̂ = (1, 2, . . . , T − 1)) such
that

p′ + V
t̂
≥ 0, p′ + V

t̂+1 < 0.

Step 1 In case of (9), for all histories, if an arbitrary t̄ consumer (t̄ =
(t̂, . . . , T )) adopts A, consumers after t̄ adopt A. And if he adopts B, con-
sumers after t̄ adopt B.
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[Proof of Step 1] First of all, for all histories such that T − 1 consumer
adopt A, from ii) of Lemma 3, the condition that T consumer adopts B is
(5). The firm’s profit in after T − 1 periods when T consumer adopts B is
VT (= 0). Thus, since p′ + VT < 0, T consumer adopts A.

For all histories such that T − 1 consumer adopts B, the condition that T
consumer adopts B is

(1 + δ)(b + n) − p ≥ δn ⇐⇒ p ≤ p∗. (10)

The firm’s profit at after T − 1 periods when T consumer adopts B is
VT (= 0). Thus, since p∗ +VT > 0, T consumer adopts B. If t̂ = T − 1, the
proof has already finished.

Suppose that t̂ < T −1. For all histories such that T −2 consumer adopts
A, the condition that T − 1 consumer adopts B is (5). And the firm’s
profit after T − 1 when T − 1 consumer adopt B is VT−1. Thus, since
p′ + VT−1 < 0, T − 1 consumer adopts A.

For all histories such that T − 2 consumer adopts B, the condition that
T − 1 consumer adopts B is (11). And the firm’s profit after T − 1 when
T − 1 consumer adopt B is VT−1. Thus, since p∗ + VT−1 > 0, T − 1
consumer adopts B.

Similarly, from p′ +Vt̄+1 < 0, if t̄ consumer adopts A, then t̄+1 consumer
adopts A. And from p∗ > 0, Vt̄+1 ≥ 0, if t̄ consumer adopts B, then t̄ + 1
consumer adopts B. Thus we have Step 1.

Step 2 In case of (9), for all histories, an arbitrary t̃ consumer (t̃ =
(1, . . . , t̂) adopts B.

[Proof of Step 2] For all histories such that t̂ − 1 consumer adopts A,
from Step 1, the condition that t̂ consumer adopts B is (5) and then
the maximum price is p′. The firm’s profit after t̂ period is V

t̂
. From

p′ + V
t̂
≥ 0, t̂ consumer adopts B.

For all histories such that t̂ − 1 consumer adopts B, from Step 1, the
condition that t̂ consumer adopt B is (11) and then the maximum price
is p∗. Since p∗ + V

t̂
≥ 0, t̂ consumer adopts B. If t̂ = 1, we have already

finished the proof.

Suppose t̂ > 1. Then for all histories such that t̂ − 2 consumer adopts A,
the condition that t̂− 1 consumer adopts B is (4) and then the maximum
price is p′′. Since

p′′ + δ(p∗ + V
t̂
) > δ(p′ + V

t̂
) ⇐⇒ b > −1 + δ2

1 + δ
n,

and (10), t̂ − 1 consumer adopts B.

For all histories such that t̂ − 2 consumer adopts B, the condition that t̂
consumer adopt B is (8) and then the maximum price is p∗∗ = (1+ δ)(b+
n) > p∗. Since p∗∗ + δ(p∗ +V

t̂
) > δ(p′ +V

t̂
) > 0, t̂− 1 consumer adopts B.
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Similarly an arbitrary in period t̃, for all histories such that t̃−1 consumer
adopts A, since

p′′ + δp∗∗ + . . . + δt̂−t̃(p∗ + V
t̂
) > δp′′ + δ2p∗∗ + . . . + δt̂−t̃(p∗ + V

t̂
)) ≥ 0

t̃ consumer adopts B. And for all histories such that t̃−1 consumer adopts
A, since

p∗∗ + δp∗∗ + . . . + δt̂−t̃(p∗ + V
t̂
) > δp′′ + δ2p∗∗ + . . . + δt̂−t̃(p∗ + V

t̂
)) ≥ 0,

t̃ consumer adopts B. Thus we have Step 2.

From Step 1 and 2, B-standard is adopted under (9). And the equilib-
rium prices are the following.
If t̂ = 1 ⇐⇒ (1− 2δ + δT )n/(1 + δ)(1− δT ) ≤ b < (1− 2δ + δT−1)n/(1 +
δ)(1 − δT−1), then (p1, p2, . . . , pT ) = (p′, p∗, . . . , p∗).
If t̂ = 2 ⇐⇒ (1 − 2δ + δT−1)n/((1 + δ)(1 − δT−1) ≤ b < (1 − 2δ +
δT−2)n/(1 + δ)(1 − δT−2), then (p1, p2, . . . , pT ) = (p′′, p∗, . . . , p∗).
If t̂ = (3, . . . , T − 1) ⇐⇒ (1 − 2δ + δT−2)n/((1 + δ)(1 − δT−2) ≤ b <
n/(1 + δ), then (p1, p2, . . . , pt̂

, . . . , pT ) = (p′′, p∗∗, . . . , p∗, . . . , p∗).

Next suppose b < 1−2δ+δ
T

(1+δ)(1−δT )
n. For all t′ (t′ = (1, . . . , T )), p′+Vt′ < 0. So

if t′−1 consumer adopts A, then t′ consumer adopts A. Thus A-standard
is adopted in equilibrium.

And then the equilibrium price is pt′ > p′.

Finally let us proof the existence of T̂ .
From (1),

F (2) =
1 − δ

(1 + δ)2
>

1 − δ

1 + δ
.

Since (2) and (10), if T̄ is large enough

F (T̄ ) <
1 − δ

1 + δ

is satisfied. Thus T̂ exist.

From 1, 2 and 3, we have proposition 6.(Q.E.D)
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