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Abstract
We consider dynamic competition among platforms in a market with network
externalities. A platform that dominated the market in the previous period be-
comes “focal” in the current period, in that agents play the equilibrium in which
they join the focal platform whenever such equilibrium exists. Yet when faced
with higher-quality competition, can a low-quality platform remain focal? In the
finite-horizon case, the unique equilibrium is efficient for “patient” platforms;
with an infinite time horizon, however, there are multiple equilibria where ei-
ther the low- or high-quality platform dominates. If qualities are stochastic,
the platform with a better average quality wins with a higher probability, even
when its realized quality is lower, and this probability increases as platforms
become more patient. Hence social welfare may decline as platforms become

more forward looking.
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1 Introduction

[43

A traditional concern in markets with network externalities is that the “wrong” plat-
form may dominate due to consumers’ miscoordination. Our main research question
is whether markets can correct such inefficient outcomes in a dynamic competition
between far-sighted platforms, when consumers’ expectations concerning the domi-
nant platform depend on the history. We confirm this intuition for long finite horizon,
but identify two novel factors that may prevent efficient outcome when the horizon is
infinite.

Platform competition typically involves both network effects and repeated interac-
tion. We often observe that a platform that was dominant in the recent past has the
advantage of customers’ favorable expectations, meaning that customers expect that
this platform will also attract other customers in the current period. We shall refer to
such a platform as a focal platform. For example, Apple’s success with the iPhone 4
resulted in pre-orders for its iPhone 5 exceeding 2 million within a day of its launch in
September 2012 — even though there were not yet any applications that could take
advantage of the phone’s new features. Moreover, analysts predicted that 50 million
users would buy the new smartphone within three months of its launch[f] A similar dy-

namics was in evidence for the iPhone 6’s release, as sales topped 4 million in the first

! Ryan Faughnder and Adam Satariano, “Apple iPhone 5 Pre-Orders Top 2 Million, Doubling



24 hoursP] Analysts reported that this trend continued with the iPhone 7’s release[’
In contrast, neither Blackberry nor Windows phones enjoyed a comparable advantage
during this period. Even though the Blackberry phones — the Q10 and the Z10 —
received glowing reviews, the absence of positive expectations made it difficult for the
firm to gain substantial market share: application developers were skeptical about the
phone’s ability to attract users; sales were indeed sluggish, which was due in no small
part to the paucity of available appsE] We can ascribe the developer’ skepticism and
the resulting lack of apps to the Blackberry platform’s recent history.

Yet even dominant platforms can lose market share, despite winning in the past,
when faced with a higher-quality competitor. In the market for smartphones, for
instance, Nokia dominated the early stage (along with RIM) with smartphones based
on a physical keyboard. Apple then revolutionized the industry by betting on its new
operating system, which featured touch-screen technology. A few years later, Samsung
managed to gain substantial market share (though not market dominance) by betting
on smartphones with large screens. The supplanting of industry leaders was likewise a
common theme in the market for video-game consoles. Nintendo, Sony, and Microsoft
alternated as the market leader (Hagiu and Halaburda 2009). Thus platforms are
sometimes able to overcome the market’s unfavorable expectations. These examples
raise the question of when is it profitable for a platform facing unfavorable position
to invest in capturing the market, and when it is profitable for a platform facing a
favorable position to invest in retaining the market, if each firm knows that its current
strategy may affect its future position.

If the impact on the future is ignored, then it may not be profitable for the nonfocal
platform to overcome unfavorable expectations even if it can offer higher quality than
the focal platform. The reason is that network effects provide the focal platform with
a short-term competitive advantage: in a one-time interaction, a focal platform can
use its position to dominate the market even when competing against a higher-quality
platform. Yet we can expect that, in the long run, if platforms are forward looking
then a high-quality but presently nonfocal platform can overcome its expectations
disadvantage because it can afford short-term losses in order to become focal in the
future. At the same time, a low-quality forward looking focal platform also has an

incentive to invest in maintaining its dominant market position. So even though the

Record”, Bloomberg (2012). Available at: (http://www.bloomberg.com/news/2012-09- 17/apple-
iphone-5-pre-orders-top-2-million-double-prior-record-1-.html).
2http://www.cnet.com /news/apple-iphone-6-iphone-6-plus-preorders-top-4m-in-first-24-hours
3https:/ /www.ft.com/content /dc40349c-8d2b-345¢-b9c3-20dfed 129992
40n the quality and launch of the Blackberry phones, see Austen (2012) and Bunton (2013).



nonfocal platform has a quality advantage, the focal platform has an expectations
advantage.

In this paper, we ask whether a low-quality platform currently benefiting from its
focal position can continue to dominate the market in a dynamic setting — that is,
when platforms account for the future benefits of capturing the market today. For
example, would Apple continue to dominate the market for tablets if competitors
(Samsung’s Tab, Microsoft’s Surface, etc.) offered tablets of higher base quality? Is it
possible for a video-game console to maintain market leadership when facing higher-
quality competitors? More specifically, we are interested in whether the higher-quality
platform’s likelihood of winning increases with the importance attached by firms to
the future. The winning platform’s identity affects not only the firms involved but also
social welfare, which is higher when the better platform wins.

To investigate this research question, we analyze a model of dynamic competition
between two platforms. In each period, one of the platforms wins by capturing all of the
market. So as to focus on the model’s dynamic aspects, we assume that customers are
homogeneous "] Consumers base their current-period behavior on their observation of
past outcomes; thus the platform that won the market in the previous period becomes
focal in the current period. It follows that capturing the market in one period gives the
platform an advantage in future periods. Hence a nonfocal platform may be willing
to sacrifice current profits to gain a better future market position.

We start with the case where each platform’s stand-alone quality is constant for all
periods and where the time horizon is finite. We show that, when platforms do not care
about future profits, the low-quality focal platform maintains its position despite the
nonfocal platform’s higher quality — provided the quality gap is not too great. But
when the future is important for the platforms or the quality gap is sufficiently large,
the higher-quality platform wins the market at the start of the game and maintains
its leadership. This outcome follows because a high-quality platform can earn higher
profits than the low-quality one as the focal platform in the last period. So as compared
with the low-quality platform, the high-quality platform has a larger incentive to fight
for focality in the game’s early stages.

We then consider the infinite-horizon case. We find that, when platforms care
moderately about the future, there is a unique equilibrium in which a high-quality
platform wins the market. But when the platforms care a lot about the future, the

result is an increase both in the focal platform’s incentive to maintain its position

5The consequences of this assumption are addressed in Section



and in the nonfocal platform’s incentive to win the focal position. This gives rise to
multiple Markov equilibria. In one Markov equilibrium, the high-quality platform wins
the focal position in the first period and then maintains it indefinitely — even if it
begins as a nonfocal platform; however, there are equilibria in which the focal platform
can maintain its leadership indefinitely even if it is of low quality. Thus an infinite
horizon yields a new form of market failure, leading to an outcome where one platform
aggressively builds market share under all circumstances (i.e., both on and off the
equilibrium path) and succeeds in doing so because the other platform restrains from
sacrificing current profit.

In terms of social welfare, these results indicate that when firms’ patience increases
from low to moderate, the social welfare increases. This outcome reflects the market’s
movement from the equilibrium in which the low-quality platform wins to the equi-
librium in which the high-quality one overcomes its nonfocal position and thereafter
maintains its newly acquired focal position indefinitely. However, as firms’ patience in-
creases further, the effects on welfare are ambiguous owing to the existence of multiple
equilibria.

These results are a unique consequence of network effects. We consider an alterna-
tive model where instead of network effects buyers face switching costs and platforms
can price discriminate between existing and new consumers. We find that the mar-
ket failure that our paper identifies vanishes. Under switching costs, when players
sufficiently care about future payoffs, there is a unique equilibrium in which the best
platform wins. Intuitively, in the absence of network effects, a buyer’s decision to
switch from one platform to the other is not affected by the buyer’s beliefs concerning
the decisions of other buyers. This result highlights the qualitative difference between
network effects and switching costs as well as the important role that beliefs play in
markets with competing platforms.ﬁ

When qualities are constant, our model finds that the same platform dominates
the market in all periods. Yet there are some cases in which platforms “take turns” at
being the dominant platform, as with the Sony, Nintendo, and Microsoft video-game
consoles mentioned previously. We therefore study how focality and the importance
of the future affect changes in market leadership and market efficiency.

To study this question, we consider the case where the quality of each platform
changes stochastically every period — a setup that is consistent with the continuous

technology improvements seen in the markets for such products as video-game consoles

SFor an extensive discussion of switching costs, see Farell and Klemperer (2007).



and smartphones. In this setting it is possible for a low-quality platform to itself
become a higher-quality one. Even so, we will assume that one of the platforms is of
higher quality in average.

Unlike the case of fixed quality, in this stochastic scenario there is a unique Markov
equilibrium. It is possible for either platform to win the market in any period if its
quality in that period is sufficiently high. Still, the more platforms care about the
future, the more likely it is that the platform with better average quality wins the
market, even when its quality realization is lower. In some cases it is also possible for
a focal platform to lose its market dominance even if its quality realization is higher
than that of the nonfocal competitor. Thus social welfare may decline with increases
in platforms’ concern for the future.

The intuition behind this result is as follows. The platform with a higher quality
on average is more likely capable of defending its focal position. Therefore, as future
considerations become more important to platforms, this firm has more incentive to
compete aggressively in order to capture a focal position even if its current realized
quality is low. At the same time, the platform expecting a lower future quality on
average has less incentive to win the market even if its current quality is high. This
result indicates that the changes in market leadership, following technological improve-
ments, which we observe in several markets for platforms (e.g., video-game consoles,
smartphones), may not necessarily result in outcome in which the platform with higher

quality wins.

Related Literature

Our paper’s main conclusion is that even long-term considerations may not lead to an
outcome in which the best platform wins. For example, there is disagreement in the
economics literature as to whether the presence of network effects leads to long-term
market inefficiency. David (1985) argues that the QWERTY keyboard’s prevalence
is an example of long-term inefficiency due to network effects; that claim is based on
evidence that the Dvorak keyboard enables faster typing and requires less training.
Liebowitz and Margolis (1990) criticize David’s argument by claiming, on the basis of
a case study, that the success of QWERTY is due not to network effects but rather to
its superior quality vis-a-vis Dvorak. In an experiment, Hossain and Morgan (2009)
find that the more efficient platform always wins over time, which would seem to

support the claim of Liebowitz and Margolis. Our paper contributes to this debate by



demonstrating that, when platforms strategically set prices to compete for users, both
efficient and inefficient equilibria are possible in the long term.

Most theoretical analyses of platform competition focus on static games. Caillaud
and Jullien (2001, 2003) introduce the notion of favorable beliefs — with respect to
networks in the context of two-sided markets — as a tool that can be used to char-
acterize the full equilibrium set for competition between undifferentiated platforms.
This concept was used in subsequent research on two-sided markets (see Hagiu 2006;
Jullien 2011; Halaburda and Yehezkel 2013) as a way of modeling market leadership
when one platform benefits from favorable expectations; it has also been used in the
literature on telecommunications to model consumer inertia (Lopez and Rey 2016).
Though all of these papers acknowledge the dynamic nature of platform competition,
their aim is to approximate market characteristics using static models. Halaburda
and Yehezkel (2016) extend this concept to partial beliefs advantage and explore how
platform’s pricing strategies affect their future profits; the article employs a simple
multi-period setup in which the extent of beliefs advantage depends on the market’s
history.

There has been some work addressing dynamic price competition between plat-
forms. Our main contribution to this literature is showing how beliefs depending on
the history of the market affect dynamic competition between vertically differentiated
platforms. Doganoglu (2003), Cabral (2011) and Biglaiser and Crémer (2016) consider
platforms that are identical in their intrinsic qualities, while we focus on the tradeoff
between network effects and quality. Interestingly, they show that an entrant with
a smaller network may be active in the market, despite lack of intrinsic quality ad-
vantage. This result is possible with sufficient customer heterogeneity and switching
COStSD Customer heterogeneity allows for niche firms to exists and periodically gain
strong position, despite network effects.

Chen and Tse (2008) characterize the optimal dynamic trajectory of prices in
platform competition. They focus on an environment where horizontal differentiation,
heterogeneity of users and multi-homing allow for multiple platforms to coexist in the

market in the equilibrium.

"Our paper abstracts from switching costs in order to focus on the dynamics of consumer expec-
tations. Consequently, consumers in our model need not form beliefs about the market’s future. The
real-life examples that we cite (i.e., the markets for smartphones and video games) may include both
network externalities and switching costs (stemming, for example, from the adjustments required after
adoption of a new operating system). However, we share with those other models the dynamic-game
feature of firms competing aggressively to build their market share in the current period so as to gain
a long-term advantage. For an analysis of such strategies in games involving dynamic competition,
see Besanko, Doraszelski, and Kryukov (2014).



Mitchell and Skrzypacz (2006) analyze dynamic competition between platforms
of different intrinsic qualities and show that network effects trumps quality, resulting
in excess inertia, in a short run. But the quality wins in the long run. This is the
property of the unique Markov equilibrium they obtain in the infinite game. Since
they assume sufficient horizontal differentiation, for any prices there exists a unique
allocation of customers attracted to each platform. Thus, they can abstract from the
coordination problem. In contrast, we focus on environments where network effects are
much stronger than differences in taste. In such environments, coordination problem
arises every period and beliefs play important role in the equilibrium. We show that
with beliefs depending on the history of the market multiple Markov equilibria exist.
Most importantly, there exist equilibria with inefficient firm winning and holding the
market even when platforms are patient.

Fudenberg and Tirole (2000) find almost opposite effect to Mitchell and Skrzypacz
(2006). In Fudenberg and Tirole (2000) excess inertia occurs when platforms are pa-
tient. For inpatient platforms, higher quality wins. Like us, they analyze environment
where network effects are more important than heterogeneity of preference, giving rise
to coordination problem. Crucially, they assume that consumers coordinate on the
platform that offers them the highest quality. Such beliefs do not depend on the his-
tory of the market, and thus do not play a role in the dynamics. Our paper is the first
one to address the dynamics of consumer expectation and how it affects the equilibria.

Argenziano and Gilboa (2012) consider a repeated coordination game where play-
ers use the game’s history to form beliefs regarding the behavior of other players. Our
paper adopts that approach in the context of platform competition, as we study how
platforms should compete given such belief formation by consumers. But we add the
feature that each platform can alter beliefs by capturing the market and thereby shift-
ing the coordination of consumers in its favor. In a recent paper, Akerlof, Holden and
Rayo (2018) adopted a related approach to address the issue of dynamic coordination
in a market with network effects. They focus on monopoly dynamic pricing while our
paper focuses on dynamic competition.

The rest of the paper is organized as follows. After describing the model in Sec-
tion [2] in Section [3] we consider the benchmark case of a dynamic game with finite
horizon. Section {4| characterizes Markov equilibria under an infinite time horizon,
and Section 9| discusses the distinction between network effects and switching costs.
Section [0] considers the case where platform qualities change stochastically over time.

We conclude in Section [7] by summarizing our results and touching on some related



considerationsfl

2 The Model

Consider a homogeneous consumer population of size 1 and two competing platforms,
i = A, B, with the same cost (normalized to O)H There are T periods, t =1,2,...,T,
where T' may be finite or infinite. Each platform i offers to the customers a good or
service generating stand-alone value, ¢; > 0, which we refer to as quality.m Addition-
ally, consumers, benefit from network effects. A consumer’s utility from buying the
good or service of (thereafter joining) platform i is ¢; + fn; — p;; here n; is a measure
of the other consumers who have joined i, § denotes the strength of network effects,
and p; is the price of platform .

Notice that our model makes two simplifying assumptions. First, we focus on
one-sided network effects. We view this assumption as a reduced form to scenarios
with both direct and indirect network effects. We make this simplifying assumption
because of our focus on incumbency advantage due to a focal position. Some mar-
kets involve two-sided pricing with indirect network effects, yet, the features of the
incumbency advantage are qualitatively similar to the incumbency advantage in our
modelH Our second simplifying assumption is that consumers are homogeneous. In
equilibrium, consumers join the same platform while the competing platform is empty.
This raises the question of why should the empty platform keep competing in future
periods. Intuitively, with heterogeneous consumers, some consumers may view their
subjective preferences toward one of the platforms as more important than network
effects. Consequently, both platforms will gain a positive market share, by serving
at least their most loyal consumers. At the same time, platforms will also compete
for consumers that do not have strong preference towards a specific platform, or con-
sumers that view network effects as more important than their subjective preferences.
Since the focus of this paper is on network effects, we focus our attention on these
homogeneous consumers. We discuss the case of consumers’ heterogeneous preferences

in the conclusion and show in the online appendix that our insights extend to this case

80nline appendix presents results we obtain when combining network effects and switching costs,
as well as an analysis with heterogeneous consumers.

9In Section [7| we discuss how our results are affected when agents are instead heterogeneous.

10We consider the case where the ¢; are fixed over time (Sections [3{and [4)) and also the case where
qualities change from one period to the next (Section @

1Tn a two-sided market, the nonfocal platform may adopt a “divide-and-conquer” strategy. Yet,
adopting this strategy places the nonfocal platform at a competitive disadvantage in a similar way
as in our model (see Caillaud and Jullien, 2001 and 2003).



provided that network effects are strong enough.

Every period, each platform ¢ sets a price p;(t), and then consumers decide which
platform to join for the current period. In what follows, a negative price is interpreted
as one below COStE The two platforms operate for T' periods and discount future
profits by o, where 0 < § < 1. There are no switching costs, so consumers’ current
payoff is not directly affected by past or future periods. Path dependency will arise
solely from belief formation.

Competition in an environment with network effects often results in multiple equi-
libria, and it is also the case here. Consider the allocation of consumers that emerges
for given prices. If ¢; — pi(t) > ¢; — p;(t) + [, then there is a unique consumers’

allocation in which all consumers join platform 7. Yet if

|ga — qB +pB(t) — pat)] < (1)

then there are two possible allocations: either all consumers join A or all join B. This
multiplicity makes it difficult to discuss dynamic competition in environments with
network effects, and several solutions have been proposed to address the issue. We
rely on the notion of pessimistic beliefs and a focal platform, as developed in Caillaud
and Jullien (2003), Hagiu (2006), and Jullien (2011). When prices in period t are
compatible with multiple allocations of consumers, we say that platform ¢ is focal in
period t if the consumers’ allocation is such that each consumer buys from platform i if
it is not a strictly dominant strategy to buy from platform j and she is not indifferent
between the two platforms.H As a consequence, under condition (1), all consumers
join platform 7. But a nonfocal platform j can win the market if it sets p; low enough
such that ¢; —p; > ¢; + 8 — p;. By contrast the focal platform ¢ can guarantee itself
to win by setting p; such that ¢; —p; < ¢; + 8 — p;.  We assume that in any period
there is a focal platform.

In a dynamic model with t = 1,...,T, the identity of the focal platform in ¢ > 1
may be related to the market’s history. In this paper we explore how allowing for such
historical dependency affects the market’s future outcomes, focusing on one-period
dynamics.

During each period ¢, the market outcome is expressed by a pair (wy, f;), where

12T allow for the possibility of negative prices, we must assume that agents who collect the resulting
subsidy do indeed join the platform to the benefit of other users.

13This second condition aims at ensuring existence of equilibrium by allowing the nonfocal platform
to sell in case of indifference. Indeed in all equilibria, prices will be such that consumers are indifferent
and their action is made in such a way that it supports the equilibrium.
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wy € {A, B} is the identity of the active platform — i.e., the platform that wins the
market in {7 — and f, € {A, B} is the identity of the focal platform in ¢. Note that
it is possible for the nonfocal platform to win the market. Based on their observation
of past outcomes, consumers form conjectures about the platform most likely to win
in the current period. These conjectures are assumed to converge to a single focal
platform. In ¢ = 0, one of the platforms is arbitrarily set as the focal platform, which
we call platform A. The identity of the focal platform f; is always common knowledge
and is the only payoff-relevant variable in the next period. The dynamics of platform
focality is then obtained by assuming that in any period, the last period’s market
winner becomes focal.

As a benchmark case for our analysis, consider a static one-period game in this
environment. Network externalities may create market inefficiencies in the equilibrium
of a static game. Although A is the focal platform, it can be of higher or lower quality
than platform B. In an equilibrium in which a focal platform A wins, the losing
platform B sets the lowest price possible, pg = 0. Platform A sets g4 —pa+06 =qg—0
and earns py = g4 — qp + 3. Hence, such an equilibrium exists if g4 — g + 5 > 0.
Likewise, in an equilibrium in which a nonfocal platform B wins, platform A sets
pa = 0 and platform B sets qg — pg = qa — 0 + 3. Hence, such an equilibrium exists
if ga — g+ 8 < 0. Thus, if g4 < g yet g4 > qg — 3, then platform A wins despite
offering lower quality. It wins because it happens to be focal. This effect is called
excess inertia, and it leads to inefficient outcomes in equilibrium.

When there are multiple periods, a nonfocal platform may find it worthwhile to
win the market by setting negative price in an earlier period. Doing so would yield
the platform a negative current profit, but if the focal position is thereby captured
then those losses could be recovered in future periods. Hence, in a dynamic market
one could suppose that a higher-quality nonfocal platform is advantaged; after all,
should it become focal, its higher quality yields greater profit than can be generated
by a lower-quality platform. Hence the higher-quality platform has more incentive
to invest in capturing the market than the lower-quality platform has to invest in
defending its position. The focal platform anticipates this and strives to prevent the

nonfocal platform from capturing the market.

14\Market sharing allocations — where some consumers join platform A while others join B —
are unstable. In such allocations, all consumers are indifferent between joining platforms A and B.
Therefore, any deviation by a marginal consumer will tip the market to a stable allocation in which
all consumers join the same platform. We therefore focus on allocation in which one of the platform
dominates the market.

11



3 Dynamic game with finite horizon

In this section we consider the case of a finite time horizon and show that there exists
a unique subgame perfect Nash equilibrium. In this equilibrium, a high-quality but
nonfocal platform wins the market in the first period and maintains its acquired focal
position in all subsequent periods — provided that platforms care sufficiently about
the future (i.e., 0 is high and the time horizon is long) or that the quality gap between
platforms A and B is sufficiently large. Otherwise, a low-quality platform that is focal
in the first period will maintain that position thereafter.

Suppose that the time horizon is 7' = 2. Our analysis will focus on the interesting
case, where network effects are sufficiently large with respect to the quality gap, 5 >
|¢; — gqj], so that the focal platform wins a one-period game even with a lower quality
than the nonfocal platform.

Consider the last period, ¢ = 2. Since in this period there is no future, the subgame
equilibrium is identical to the one-period benchmark described in Section 2 When
platform i is focal, it wins the market regardless of the quality gap; in this case, ¢ earns
¢; —q;+ B while the nonfocal platform j earns 0. Observe that the focal platform’s last-
period profits are greater when it is the higher-quality platform; formally, ¢, —gq; + 3 >
qj — qi + 0 when ¢; > g;.

We next turn to the first period, t = 1. Recall that we assume that platform A is
focal in the first period. Each platform takes into account that capturing the market in
this period will render it focal in the next period and earn it an additional profit of ¢; —
¢; + . An individual buyer, however, cannot affect the identity of the focal platform,
as it depends on the buyer’s beliefs concerning the behavior of other consumers.

Consider first an equilibrium in which A wins the market in the first period. The
lowest price that the losing platform B is willing to charge in period 1 is pp = —d(qp —
ga + (). In order to convince buyers to join it, platform A must charge a price such
that g4 + 8 — pa = qg — pr. Notice that the buyer’s expected payoff in period 2 does
not affect the buyer’s decision at time 1, because future payoffs depend only on future
network effects, i.e., on the buyer’s beliefs concerning the decisions of other buyers,
and therefore do not depend on the buyer’s choice of platform A or B in period 1.

Setting pa = qa + 8 — qg + pp in period 1 is the best reply of platform A only if

its profit is nonnegative. We thus have the condition

qga—qp+ B —6(qgg —qa+ B) +0(qa —qs + 3) > 0. (2)

12



The same analysis applies to an equilibrium in which the nonfocal platform B
wins in the first period. In this equilibrium, the losing platform A charges a price
pa = —d(qa — g + B) and the winning platform B must earn a positive profit at
the best-reply winning price pg = qg — 8 — qa + pa. So now we have the following

condition:

g —qa— B —0(qga —qp+ B) + (g —qa + 3) > 0. (3)

Comparing conditions and reveals that for any set of parameters there exists
exactly one equilibrium (except for the degenerate case where profit is zero for both

platforms). In this unique equilibrium, a focal platform A wins in both periods if

(4)

— < .
4gB — ga 112

Platform B wins in both periods otherwise. Hence, we conclude that the equilib-

rium is unique and has the following characteristics for a horizon 7' = 2.

(i) If the quality differential is smaller than /(1 + 20), then the focal platform
(platform A) wins the market in any subgame. In this case, the focal platform
earns two-period profit of (1 + 20)(ga — gg) + 3, which is higher than its profit
in a one-period game, g4 — qg + [, if and only if it is of higher quality.

(i) If the quality differential lies between §/(1 + 2d) and (3, then the focal platform
wins in a one-period game while the higher-quality platform wins in both periods

of a two-period game.

Thus a nonfocal platform B with superior quality can win the market in the two-
period case when it could not in the one-period case. The intuition for this result is
that the higher-quality platform has more to win in becoming the last period focal
platform. Since platforms care about the future and since B earns more profit (than A)
from being focal in the last period, it follows that platform B’s incentive to capture the
focal position in the first period is stronger than platform A’s incentive to maintain
its focal position. In particular, a high-quality but nonfocal platform can win the
market in the first period and maintain its focal position in all periods, when ¢ is high
enough and if the quality gap (¢ — qa) is sufficiently large. In such cases, forward-
looking platforms eliminate the inefficiency that might otherwise emerge because of
the consumer coordination problem.

For longer horizon we can apply the same logic to solve the game backward and

extend the conclusions to any horizon. The following lemma characterizes how, for

13



an arbitrary finite horizon, the equilibrium outcome depends on the parameters (all

proofs are in the appendix).

Lemma 1 (Subgame perfect equilibrium for arbitrary finite 7') For any set of
parameters qa, qg, B > |qa — qgl, and § < 1, there exists a unique subgame perfect
equilibrium for arbitrary finite T'. In the equilibrium outcome, the same platform wins
the market in all periods. The winning platform’s identity and its future discounted

profit depend on the parameters as follows.

(i) If |ga — gB| < B(1 —258)/(1 — (26)T), then the focal platform wins in any sub-
game and thus platform A being focal in the first period, it wins the market and

maintains its position with a total profit of

1 — (26)7

o

(qa — gB)

(ii) If |ga — g > B(1 —20)/(1 — (26)7), then there exists an horizon T < T, such
that the focal platform wins the market in any subgame of horizon less or equal
than T, while the higher-quality platform wins the market in any subgame with
horizon larger than T. Thus platform A wins (in all periods) if it has superior

quality, and then it earns

R ; 1 (20)7
(qa —qB + 5)1—_5 +67 T ((C.IA — C.IB)l_(—Qg + 5) ;

while platform B wins (in all periods) if it has superior quality, and then it earns

1— 67T 1—(26)7

(g — qa + ﬁ)T(S o7t ((QB - QA)l——Q(S + 5) —20.

In each case, the losing platform earns zero profits.

The main qualitative results of Lemmal(I|are the following. First, the same platform
wins the market in all periods, so the nonfocal platform wins the market in the first
period or never. Second, nonfocal platform B wins the market only if it has quality
advantage. Yet, platform A may win because it has a quality advantage, or it can
win despite offering lower quality, because it started with a focal position. The latter
occurs when 0 < gg—qa < $(1—26)/(1—(25)T), and results in an inefficient outcome.

In all other cases, the higher-quality platform wins and so the equilibrium outcome is
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efficient. Observe that 8(1 — 24)/(1 — (20)7) is decreasing in T and §, thus the set of
parameters under which the equilibrium outcome is inefficient, decreases as T" and d
increase — that is, as the future becomes more important to the platforms.

Thus, competition over multiple periods yields an efficient equilibrium outcome for
parameters under which in a one-period model, the lower-quality platform would win.
In this sense, there is less inefficiency when the time horizon increases. One might
therefore suppose that inefficiency would disappear altogether if the time horizon were
extended to infinity. However that is not always the case, as the following proposition
illustrates. In the proposition, we extrapolate the equilibrium outcome in Lemma
to the case where T' — oo. For this purpose it is important to recognize that the ratio
(1—(26)")/(1 — 2d) converges to 1/(1 — 26) for § < 1/2, and approaches infinity for
d>1/2.

Proposition 1 (Subgame perfect equilibrium extrapolated for 7' — o0) AsT

goes to infinity, the equilibrium eventually takes the following form.

(1) If |ga — gB| < B(1 —20) or qa = qp then platform A wins every period because

it is initially focal, and its total profit converges to

da — 4B
=25 7

(ii) Otherwise the higher quality platform wins every period and the profit of platform

A converges to

—apt B
m,—= A_TP0 if g4 > g,
1—-9
while the profit of platform B converges to
48 —qa+p :
lp = %—Qﬁ if ga < qp.

The losing platform earns zero profits.
[Figure [I| here]

Figure 1] illustrates which platform is active in equilibrium, depending on the pa-
rameters. It shows that the outcome of a subgame perfect equilibrium may be ineffi-
cient no matter how long the time horizon. When 0 < gg —ga < f(1—26), platform A
wins despite lower quality even under infinite time horizon. That being said, the prob-

lem of inefficiency due to excessive inertia arises less often as the time horizon increases

15



in length. Furthermore, the inefficiency disappears if platforms care enough about the
future — that is, when § > 1/2.

Thus, as we find in this section, the market can correct an inefficient miscoordi-
nation on the wrong platform when the consumers’ expectations depend on history.
In line with the general intuition, the efficient outcome emerges when platforms are
sufficiently forward looking, the quality gap is sufficiently wide, and the game is played
for a sufficient number of periods. One could point out, however, that in our moti-
vating examples (i.e., the markets for smartphones, videogames, etc) we can observe
inefficiency even if these conditions are satisfied. We have developed our results and
the general intuition for a finite horizon environment. When it is not known when
the last period will occur, it is more suitable to model the environment as an infinite
horizon competition. In the rest of the paper, we analyze the infinite horizon game,
and we identify two factors that may give rise to inefficient equilibria when platforms

are forward looking.

4 Markov perfect equilibria under infinite time hori-

z0on

In Proposition |1}, we characterized an equilibrium of the infinite game by extrapolating
the subgame perfect equilibrium of an arbitrary finite game. If the time horizon is
infinite, there may be other equilibria as well. In this section we identify Markov
perfect equilibria in the infinite gamef'f]

Although the subgame perfect equilibrium identified in Proposition (1] is a Markov
perfect equilibrium, there exist other Markov perfect equilibria that cannot be found by
extrapolating any finite-game solution. These new equilibria often result in inefficient
outcomes for the same parameters under which the equilibrium of Proposition [1] is
efficient.

Every period t of the infinite game is characterized by the identity f; of the focal
platform, the state variable for that period. A Markov perfect equilibrium is charac-
terized by the strategies of each platform in all possible states and by the outcome in
each state. There can be only three pure-strategy equilibrium outcomes in a Markov

equilibrium: (i) platform A wins in both states, (ii) platform B wins in both states,

15Ag a further restriction, we assume that in any state, the losing platform does not choose a
price that would generate negative discounted profits in case it wins the market, for instance due to
unexpected demand shock.
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and (iii) the focal platform wins in both states]/|

Next we characterize the strategies that support those equilibrium outcomes and
identify the range of parameters under which each equilibrium exists. We define the
value function V;f as the equilibrium expected discounted profit of platform ¢ when
platform f is focal.

For our concern about excess inertia, the most interesting equilibrium outcome
is when platform A wins in both states. In this equilibrium, the value function for
platform B is V# = V4 = 0 because no customer joins that platform. Platform B
sets price pg = 0, because it has no interest in winning with price pg < 0, given
that it cannot count on future profits to justify the investment required to capture the
market. When A is focal, it optimally sets p4 = qa — ¢p + . Similarly, if platform B
is focal then A sets price p§ = g4 — g — 8 and B sets pB = 0; if platform A were
to set a higher price, then platform B would maintain its market dominance and
secure nonnegative profits. Notice that as in the finite case, buyers only account for
their current payoff because an individual buyer cannot affect the identity of the focal
platform. Platforms, however, take into account the effect of their current prices on
the future focal position, because platforms can convince all buyers to switch from one
platform to the other.

We therefore have
Vf:CIA—qB—FB—l—éVf and Vf:qA—qB—ﬂ+6Vf.

yielding:
a—gqs—(1-20)B
1—90

qa—qp+ 3
1—96

Vi = and V=1

Moreover, incentive compatibility for platform A requires that Vi' > §V£ and
VE > 0. It follows that this equilibrium exists whenever q4 — qg > B(1 — 26). After

a similar analysis for platform B, we arrive at our next lemma.

Lemma 2 There is an equilibrium in which platform i wins in both states if and only
if ¢ —q; > B(1—26). The equilibrium prices are then pi = ¢ —q;+ 3, p? =qi—q— D,
p;=p;=0.

According to Lemma [2] a nonfocal platform B can capture the focal position and

maintain it in all future periods provided gg — ga > (1 — 2§). This inequality holds

16T here is no equilibrium that supports the fourth possible pure-strategy outcome — namely, that
the nonfocal platform wins in both states.
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when B’s quality is substantially higher than that of A, when platforms are very
forward looking (so that ¢ is high), or when network effects (/3) are weak. We remark
that, for 6 > 1/2, the condition’s right-hand side becomes negative, which means
that an initially nonfocal platform B could win the market in every period even when
B < qa. Such an equilibrium involves ezcess momentum and is inefficient.

Similarly, platform A can dominate the market forever when § > 1/2, even if
qa < qp, as long as g4 — g > (1 — 26). This equilibrium involves ezcess inertia and
is inefficient as well.

When § = %, an equilibrium in which platform 7 wins exists if and only if ¢; > ¢,
regardless of . Intuitively, for a nonfocal platform ¢ to win, it needs to subsidize
consumers for the loss of § in the current period (recall that pf =q, —q; — ), and
gains from focality in all future periods 1‘5755 (recall that p! = ¢;—¢q;+ ). When 6 = %,

s

175 = 1, and the first subsidy equals the future benefits from focality. Consequently,

= % is a special case in which [ does not matter: the condition for the equilibrium
depends only on the quality gap, ¢; — g;.

It is only when the time horizon is infinite that both equilibria with excess mo-
mentum and equilibria with excess inertia occur. The nature of these equilibria can be
understood as follows. Suppose that both platforms expect A to behave aggressively
in the future — in particular, to regain the focal position if it is ever lost. Then plat-
form B has no reason to sacrifice profit in the current period because it expects no
future gain from being focal. Faced with a weak competitor, will platform A decide
to be aggressive as expected? If A is focal then the answer is clearly Yes. But sup-
pose that A is not focal. Then the choice facing platform A is this: Should it make a
sacrifice today (by setting its price p4 = g4 — g — () in order to gain the benefit of
network effects 3 in the next period, or should it wait and make that sacrifice tomor-
row? If the discount factor is high enough, then the platform will opt for the sacrifice
today. Hence, the beliefs that platform A always win are fulfilled. Such an equilibrium
therefore involves a particular form of coordination failure among firms that does not
arise in the finite-horizon game, even as T" — oo, because such an aggressive strategy
becomes not credible as the game’s end approaches.

One may wonder why platform B stays in the market if it doesn’t expect to sell in
at least one state. One possibility is that platform B is selling in some other markets
(it is common for platforms to be active in several markets at different prices), allowing
it to recover fixed costs. We also show in the online Appendix that our conclusion

that a platform may win focality in any state despite inferior quality does not rely
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on the other platform never selling. There we show how to extend the analysis to
heterogenous consumer preferences and that an equilibrium may exist where platform
A dominates the market in all states while platform B also obtains some positive profit
on the equilibrium path.

The remaining equilibrium to consider is one where the focal platform wins. Recall
that p{ denotes the price of platform ¢ when f is focal in such an equilibrium. Since
the winning platform anticipates that it will be focal from the new period onward, we
have value functions

f

vj:lff(s and V7 = 0.

The benefit of selling at a given date is pzf + 0V Tt follows that the minimal
profit that platform ¢ is willing to sacrifice today in order to capture the market is
—4V;'. In such an equilibrium, the focal platform sets a price p! < ¢; —q; + 8 — (5ij
because otherwise the competing platform would set a price above —dV;' and win the
market. Ruling out cases where p; < —6ij because winning at this price would not

be profitable for firm j E we obtain the equilibrium prices
Pi=q¢—q¢+B—0V] and p;=—0V/.
In this equilibrium, the value functions solve the following equations:

(1_5)V:+5VBB:(]A_QB+/6a
(1=8VE +0Vi=qp—qa+ 5,

yielding
dB — da

A qa 4dB B
ya_ 14 15 d yB=1_14
A grand Vi =5755

1—-20

We can therefore draw the following conclusion:

+ 8.

Lemma 3 There is an equilibrium where the focal platform wins in every state if and
only if B|1 — 26| > |qg — qa|. Equilibrium prices are pi = (1 — §)V} and p] = —5V;.

We arbitrarily designated A as the first period’s focal platform; hence, for equilibria
in which the focal platform wins in every state, platform A wins every period.
For § < 1/2 this equilibrium is the limit of the finite horizon equilibrium identified

in Proposition [I| where platform A maintains its focal position even when its quality is

17 Allowing prices p; < —5ij would not alter the existence conditions, but only the equilibrium
profits.
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lower than that of platform B. Suppose now that ¢g increases; that increase has two
positive effects on V. First, a direct effect is that, since pB = qp —qa+3—0p5, taking
Vi as given, platform B can attract customers with a higher price p5; this implies
that V2 will increase. Second, a strategic effect is that, since pj = —§V;2, platform A
knows that even when it is focal, it will compete against a more aggressive platform B
because the latter would gain more by capturing focality from A. This threat reduces
Vi, which in turn increases V£ because a nonfocal A will not compete aggressively
to capture the focal position. When § < 1/2, both the direct effect and the strategic
effect increase V2 while reducing V3.

When § > 1/2, the equilibrium has several unusual features. First the focal plat-
form obtains the higher profit when it is of the lower quality. Moreover a platform’s
profit declines when its quality improves. In particular: as ¢g increases, platform A
reduces its price p§ because it anticipates that, after becoming the focal platform, it
will benefit from competing with a more efficient rival, another unusual feature of this
equilibrium. We remark that if 6 > 1/2, a simple within period iterated best-response
dynamics would result in convergence to an equilibrium described in Lemma[2} In this
sense, we can say that, when § > 1/2, an equilibrium where the focal platform wins
in every state is unstable. The same cannot be said either for this equilibrium under
d < 1/2 or, with any value of §, for the equilibria described in Lemma .

Our next proposition summarizes the results of Lemmas [2 and [3|

Proposition 2 (Markov perfect equilibria) Suppose that platform A is focal in
pertod t = 1. Then:

(i) for qg — qa > B|1 — 20|, there ezists a unique equilibrium in which platform B

wWIins;
(i) for gqg —qa < B(1 — 20), platform A wins in all equilibria;

(iii) if 6 > 1/2 and B(1 —20) < qg — qa < B(26 — 1), there exist multiple equilibria
and, of these, there is one in which platform B wins, and others in which A

wins.
[Figure [2| here]

Figure [2] illustrates which platform is active in equilibrium, depending on the pa-
rameters. It shows that, if both the discount factor and the quality differential are

low, then there is a unique equilibrium in which the focal platform A wins. Intuitively,
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for those parameter values the results of the dynamic game are the same as in the
static game. For a positive quality differential gz — g4 and intermediate values of ¢,
there is a unique equilibrium in which the most efficient platform wins the market and
maintains its position thereafter. However, for high discount factors and low quality
differential there exist multiple equilibria: some in which A wins and some in which
B wins. Observe that disregarding the Lemma [3| equilibria (because they are unlikely
to emerge) would not restore efficiency of the equilibrium in this parameter region;
the reason is that there are also two equilibria, including one in which the low-quality
platform wins, identified by Lemma(2] In both of these equilibria, one platform expects
to encounter low competitive pressure while the other renounces capturing the market
because it expects to encounter high competitive pressure — and these expectations
are self-fulfilling. In sum: if the discount factor is high, then each firm’s prospect
of capturing the focal position is not enough to outweigh the firms’ (self-fulfilling)
expectations of the competitive pressure each will face.

The results of this section suggest that in our motivating examples, even if plat-
forms are forward looking, the dominant platform may not necessarily be the platform
that consumers perceive as the one with the highest quality. In the battle for domi-
nancy in the market for smartphone operating systems or the market for videogames,
our results indicate that the platform with the lowest market share may not necessary
be the one that offers a poor base-quality. More importantly, market dominance may

not be related to the platforms’ base-quality even when platforms are forward looking.

5 The distinction between network effects and switch-
ing costs

Network effects in our model may appear, at first blush, to play the same role as
switching costs. In both cases, a consumer pays a cost when switching from one
platform to the other, which can be either direct switching costs or indirect through
the loss of network effects when switching to the nonfocal platform. This raises the
question of what is the qualitative difference between switching costs and network
effects, and how our results depend on our focus on network effects.

In this section we abstract from network effects by developing an alternative model
in which /3 serves as switching costs (we return to studying network effects in the next
section). Platforms can price-discriminate between existing and switching consumers.

We show that in a one-period game, switching costs have the same consequences as
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focality with network effects and the equilibrium is identical to the one-period game in
our base model. However, in a dynamic game with infinite horizon, the main results
of Section |4] no longer hold in a model with only switching costs instead of network
effects[’] Therefore, the main conclusion of Section [] is the result of network effects
and cannot be replicated with switching costs only.

Consider two platforms, A and B, that offer a base utility or quality, ¢4 and ¢p,
where g > qa. We abstract from network effects by assuming that there is one
buyer.@ If the buyer joined a platform in period ¢, he incurs a cost s when switching
to the other platform at ¢ + 1, where s < g4 < qu At the beginning of the game,
the buyer is “born” on platform A. This is equivalent to our base-model assumption
that platform A is focal initially Let pif denote the price of platform ¢ = {A, B}
when the buyer is on platform f and therefore has to pay s to switch from f to the
competing platform.

Consider first a one-period game. In an equilibrium in which platform A wins,
platform B charges pt = 0, and platform A charges p4 such that: ¢4 —p4 = qg—s—p3.
Hence, platform A earns pt = s — (g — qa) > 0 and there is an equilibrium in which
platform A wins iff s > g — q4. This condition is identical to the condition for the
focal platform A winning under network effects, i.e., 8 > qg — qa. In what follows,
suppose that s > gg — qa.

Consider now an infinitely repeated game. As before, at the beginning of ¢t = 1
the buyer is “born” on platform A. The buyer and the two platforms discount future
payoffs by §.

Let’s first consider a putative equilibrium equivalent to the Markov equilibrium
under network effects in which platform A wins in all periods whether it is “focal” or
not. In the context of switching costs, platform A attracts the buyer in every period
regardless of whether the buyer starts the period on platform B and needs to pay s to
switch to A, or the buyer starts the period on platform A. Define Vif and U7 as the
discounted sum of payoffs of platform ¢ and the buyer, respectively, when the buyer is
on platform f.

In equilibrium, platform B charges p5 = ps = 0. The price of platform A when

'8In the supplementary material we show that the results hold qualitatively in environments with
both network effects and small switching costs.

19This is equivalent to assuming that platforms can price discriminate between new and old buyers.

20The assumption s < g4 ensures that consumers gain positive utilities.

21 Also in the terminology of Biglaiser, Crémer and Dobos (2013)
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the buyer starts the period on platform A, i.e., p4, solveﬁ
qa — P +0UA = qp — ps — s+ 0(qa — p§ — s+ 0UA). (5)

The intuition for this condition is that in equilibrium, both platforms expect that
even if platform B will win the incumbency position (that is, convince the buyer to
switch from A to B), it will not be able to maintain it in the next period. Therefore,
the buyer expects that if he will stay on platform A, he will earn g4 — p7 at the
current period and then continue to stay with platform A in the next period and earn
U4 (the left hand side). If however the buyer switches (the right hand side), the buyer
earns qp — Py — s in the current period. In the next period, platform B will have an
incumbency advantage on this particular buyer but the prices will be such that the
buyer will find it optimal to switch back to platform A and will earn g4 —p% — s+ 56U,

In the case the buyer starts a period on platform B, platform A sets such p%§ to

attract the buyer, i.e., p§, solves
QA—p§—8+(5UAZqB—pg+5(qA—pff—s+6UA).

The value functions given the prices are defined by

P 4a — P

Substituting the prices into the value functions yields:

4B — 44
1-9¢

vEp= BT o and A= B

A:
Vi A 1—96 1—96

+ s, — S.

Since g > qa, the value VP is negative. Thus, under switching cost there is no
equilibrium in which platform A wins in both states. This result differs from the
network effect case, where such an equilibrium exists for ¢gg — g4 < (20 — 1); we
summarize the results at the end of this section.

Similarly, the value functions in the putative equilibrium in which platform B wins

every period, whether it starts as an incumbent or not, are

dp — 4A 4B — 4A qa
VBB:T5+S’ V;ZT&—S and UB:lTé‘

— S.

22Notice that the buyer anticipates that the price that will prevail next period depends on the
current choice.
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Indeed, there is an equilibrium in which platform B wins in both states if and only
if gg — ga > s(1 —9). In comparison with the threshold under network effects, i.e.,
g — qa > B(1 — 20), under switching costs the parameter space that supports the
equilibrium in which platform B wins is smaller.

Next, consider a putative equilibrium equivalent to the Markov equilibrium under
network effects in which the focal platform wins. In such a putative equilibrium, prices
solve

p{ =0V} and ¢ —p.+0U" =g —pé- — 540U,

Since market expectations are that the incumbent platform wins, these expecta-
tions also apply to the buyer. Therefore the buyer expects that if he switches from
platform A to B, then the next period equilibrium prices will be such that he will find
it optimal to stay with platform B forever.

Substituting the prices into the value functions yields

pie P _G74G

. 4P qj
t— Ul = _
! 1—-4 1—9

1—-6 1-96

— S.

Therefore, such an equilibrium exists if and only if gz — g4 < s(1 — ). We sum-

marize these findings in the following observation.

Observation In the environment with only switching costs, i.e., B = 0 and s >

g —qa > 0O:

(1) if g — qa < s(1 —9), there is a unique Markov equilibrium in which platform A

wins in all periods because it has the incumbency advantage att = 1;

(i) of g —qa > s(1 —9), there is a unique Markov equilibrium in which platform B

wins in all periods because it has a quality advantage.
[Figure [3| here]

Figure (3] illustrates these results. Comparing this figure with Figure [2| shows that
there are two differences between switching costs and network effects. First, the region
in which platform A can win the market even when platforms are forward looking (the
region where [ > % and 0 < g — qa < B(20 — 1)) vanishes under switching costs.
Therefore, the main result of Section [d] — that platform A can exploit network effects
in order to keep the focal position if ¢ is high — no longer holds if we reinterpret

network effects as switching costs. The second difference is that the cutoff value of
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qB — qa from which onward platform B wins shift upwards from gg — g4 = (1 — 29)
under network effects to gg — g4 = s(1 — §) under switching costs.

Here we highlight these two differences between network effects and switching costs
in a model with s > ¢gg — g4 > 0 and f = 0. In an online appendix, we illustrate
these two differences in a model with both f > 0 and s > 0. We find that starting
with s = 0, an increase in s has two effects. First, consistent with the first difference,
the region in which platform A can win the market even when platforms are forward
looking decreases with s. Second, the cutoff value of ¢g — ¢4 from which onward
platform B wins shifts upwards as s increases, which is consistent with the second
difference between network effects and switching costs.

The intuition for difference between network effects and switching costs is the
following. It is possible to think of network effects as endogenous switching costs
that other buyers inflict on an individual buyer. If all other buyers switch (stay), an
individual buyer “pays” switching costs if he stays (switches). As a consequence, with
network effects, a buyer cannot affect the identity of the focal platform in the next
period, which depends on market beliefs. In contrast, the regular switching costs are
costs that the buyer inflicts on himself whenever the buyer chooses to switch from one
platform to the other, regardless of the decisions of other buyers. Under switching costs
the buyer can determine the identity of the platform with the incumbency advantage
over himself in next period.

Therefore, replacing network effects with switching costs affects our results in two
ways. First, they eliminate the equilibria that arise due to excess momentum or
strong excess inertia. These equilibria depend on the buyers’ beliefs concerning the
participation of other buyers, which do not play a role in the absence of network
effects. This result highlights the role that network effects and consumer beliefs play
in shaping the market outcome, and illustrates why it is important to study network
effects in isolation from the standard switching costs. The second effect of switching
costs is that they increase the threshold in the quality gap between the two platforms,
from which onward platform B wins the market. Intuitively, with switching costs,
the buyer is less willing to switch from platform A to platform B, as doing so grants

platform B with an incumbency advantage over the buyer.
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6 Stochastic qualities

The analysis so far focused on the case where the qualities of the two platforms are
constant for an infinite time horizon. We saw that, in any equilibrium, the same
platform wins the market in all periods. In many markets for platforms we observe a
shift in leadership every few years that results from improvements in technology. Rapid
changes in leadership may give the impression that such markets are competitive and
therefore “work”, in sense that the platform with the best technological advancement
dominates. The main goal of this section is to investigate if this is indeed the case.

In this section we consider the case in which platform qualities stochastically change
between periods. We demonstrate the existence of an equilibrium in which each plat-
form has a positive probability of winning in each period. Our main finding is that
when the distribution of qualities is dispersed, there is a unique Markov equilibrium.
In this equilibrium, the best platform does not always win, and the probability that
the wrong platform wins may increase with 0 and consequently social welfare may
decline with 6.

Suppose that the quality of each platform changes randomly from one period to
the next. At the beginning of each period, each platform observes the realization of
both its own quality and its competitor’s quality for that particular period. Then the
two platforms compete by setting prices.

We have shown in the previous sections that the equilibrium depends not on the
absolute value of each platform’s quality but rather on the difference between them.
Hence we suppose, without loss of generality, that () = ¢ — qa changes randomly
in each period — with full support on the real line — according to a probability
function f(Q) with cumulative distribution function F(Q). Our assumption of an
infinite support ensures that there will be an equilibrium in which each platform can
win the market with a positive probability.@ Suppose that () has a mean y > 0 such
that, on average, platform B is of higher quality than platform A; the case of u < 0 is
symmetric.

Let Q4 and QP denote equilibrium cut-offs such that, if platform A is focal in
period t, it wins if Q@ < Q% but otherwise cedes market dominance to platform B.
Conversely, if platform B is focal in period ¢, then it wins if @ > QP but otherwise
platform A wins Y] This equilibrium has the feature that, when A is the focal platform,

23This assumption is stronger than required because our results hold also when the support is finite,
provided it is wide enough. However, assuming infinite support facilitates the analysis and allows us
to avoid corner solutions.

241t is straightforward to see that any Markov equilibrium must have this form.
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it will win in every period as long as @ < Q“. Then, once there is a realization with
Q > Q4 platform B wins the market and becomes focal. Platform B will then
maintain its focal position in future periods as along as Q@ > QP , until there is a
realization of ¢ with Q < QF, such that platform A wins back its focal position. The
game repeats ad infinitum, with platforms “taking turns” at winning according to the
realization of Q).

Let Vif denote the expected value function of platform ¢ when platform f is focal.
To solve for the equilibrium, suppose that platform A is focal in period ¢ and that the
quality difference has a particular realization (). The lowest price that platform B is
willing to charge in order to win the market is —VZ + V3. This claim follows because
B will earn the expected value VZ from becoming focal in the next period, and earn
the expected V' from remaining nonfocal. Given the price of platform B, the highest
price that allows platform A to win the market is p4 = 8 — Q — 6V + V4. Then A
earns p4 + 0V 3 if it does indeed win (i.e., when Q < Q%) or 0 + 6V P if it loses (i.e.,

when Q > Q). Hence we can write

. .
Vil= /Q (8 —a— Vg +8Vg +6Vi) fa)dg + ” oV f(a)dg.

Suppose now that platform A is nonfocal. Then the lowest price that platform B is
willing to charge to maintain its focal position is pB = —dVF + V4. If A wins, it sets
p% that ensures that —p% > 8 — pB + Q, which writes as p§ = =8 — Q — 6V + V4.
Then platform A earns p§ + 5V 3! if it wins the market (i.e., when Q < Q) or 0+6VE
if it does not win (i.e., when Q > QF). Therefore,

[e.9]

QB
VP = / (<8 —q— 6VE + 6V + 5V fla)dg + / 5VE f(q)da.

Q

The cases of V£ and Vi3 are symmetric: platform B wins the market if Q > QF
when it is focal or if Q > Q4 when it is not focal. Moreover, Q has a positive effect
on B’s profit. It follows that

vy = / (B+q— 6V +6VE+0VE) flq)dg + / Vi f(a)dg,
Q — 0o
~ o4
VA= / (=B +q— Vi +6VE +6VE) fq)dg + / oV f(q)dg.
Q —0oQ

Next consider the equilibrium Q# and Q®. The equilibrium Q* is such that, for
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Q = Q*, a focal platform A is indifferent between capturing the market or not, taking

the equilibrium future value functions and the price of platform B as given. That is,
B—Q" = 06VE + 0V + 0V =6V

Note that the condition for making the nonfocal platform B indifferent between
winning and losing is equivalent to the condition just stated. Analogously, the equilib-
rium QP should be such that, for Q = QF, a nonfocal platform A is indifferent between
capturing the market or not, again taking the equilibrium future value functions and

the price of platform B as given. Thus,
—B—QF —VE + 5V + Vi =oVE.

Once again, this condition is equivalent to the condition for making the focal plat-
form B indifferent between winning and losing.

The last six equations define the equilibrium values of Vi, VB VP Vi QA
and Q. In our next proposition, we use these equations to derive a sufficient condition

for the equilibrium values of Q4 and Q? to be unique.

Proposition 3 (Unique solutions to Q4 and QF) When 43max, f(q) < 1, there

is a unique equilibrium with values of Q4 and QF characterized as follows:
(i) if 6 =0, then Q* = B and QF = —p;
(i) Q4 — QB =28 for all §.

The condition 45 max, f(¢) < 1 requires that the quality gap be sufficiently dis-
persed and that network effects not be too high. These conditions ensure that a non-
focal platform can always overcome its competitive disadvantage provided its real-
ized quality is sufficiently high, and that there exist unique equilibrium values of Q4
and QF. Proposition 3| also shows that, when evaluated at 6 = 0, the equilibrium
cut-offs are Q4 = 8 and QF = —4. It is intuitive that, when § = 0, the equilibrium
is identical to the one-period benchmark in which a focal platform wins as long as its
quality advantage outweigh the value of network effects.

We now study the effects of 6, 3, and p on the equilibrium values of Q4 and QF.
Toward that end, we make the simplifying assumption that f(Q) is symmetric and
unimodal around p. That is: f(u+2z) = f(u—2); and f(Q) is weakly increasing in @
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for ) < p and weakly decreasing in @) for () > ,uﬂ We also assume the uniqueness
condition of Proposition [3] i.e., that 48 f(u) < 1.

Proposition 4 (Effects of J, 3, and p on Q4 and Q) Suppose that f(.) is sym-
metric and unimodal around p and that 48 f () < 1. Then:

(i) Both Q* and QP are decreasing in §, and if F(0) < 1/4 then Q* < 0 when ¢ is
sufficiently high.

(i) Both Q% and QP are decreasing in u (holding constant the distribution of Q — ).

(iii) If & < 1/2, then Q* is increasing and QP is decreasing in B; if F(0) < 1/4 and

§ is close to 1, then Q4 is decreasing in 3.
[Figure W here]

Figure || illustrates part (i) of Proposition . The figure reveals that an increase
in 0 need not increase the probability of the current period’s higher-quality platform
winning. To see why, consider first the case where platform B is focal. Then, at § = 0,
the value is QF = —f and QF decrease with 6. Therefore, as § increases, a focal B
is more likely to win the market even when its quality realization is lower than plat-
form A’s, which implies that the probability of the “wrong” platform winning increases
with . Now consider the case in which A is focal. Then, when ¢ is low, an increase
in 0 makes it less likely that a focal platform A will be able to maintain its focal
position with quality realization that is lower than that of platform B, because Q4 is
decreasing in §. However, if § is sufficiently high and if F(0) < 1/4, then Q* crosses
the horizontal axis, thus becoming negative and falling further below 0 as § increases.
In this case, platform A can lose the market even if it is focal and has higher quality
realization than platform B (when Q4 < @ < 0). Therefore, the probability of the
“wrong” platform (i.e., one with lower quality realization) winning increases with &
when either A or B is focal.

The intuition underlying these results is as follows. Recall that a platform’s ex-
pected profit depends on its current profit and the probability of maintaining its focal
position in future periods. Since p > 0, we know that B is more likely to have higher

quality realization than A in future periods. As J increases, platform A takes into

25This is a sufficient but not a necessary condition for the results to follow. Those results may hold
also when f(@) is neither symmetric nor unimodal — provided that f(Q) places higher weights on
positive than on negative values of @), in which case B is more likely than A to be the focal platform
in future periods.
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account that its chances of winning in future periods is lower and thus will have less
incentive to compete aggressively in the current period. At the same time, platform B
takes into account that it is more likely to win in future periods and so will have
more incentive to compete aggressively in the current period. These effects increase
B’s competitive advantage over A even when the former has lower quality realization
than the latter. If F'(0) < 1/4, then p is sufficiently high for platform B’s competitive
advantage to prevent platform A from capturing the market even when A is focal and
offers a higher quality than does B.

These considerations also account for part (ii) of the proposition. As p increases,
it becomes more likely that platform B will have higher quality realization in future
periods. Hence B’s incentive to win in the current period increases, so both Q4 and Q?
decrease.

According to Proposition [dfiii), if ¢ is not too high then an increase in the strength
of network effect makes it more likely that the focal platform wins. This result is
similar to that in the one-period case. A stronger network effect increases the strategic
advantage of being focal because it then becomes easier for the focal platform to attract
consumers. But if ¢ is sufficiently high and if F'(0) < 1/4, then a stronger network
effect reduces the ability of focal platform A to retain its focal position. In this case
we can see that an increase in the network effect increases the incentive of a nonfocal
platform B to capture the market, because B is more likely than before to maintain
its focal position, due to its higher expected quality.

We now turn our attention to social welfare. Our first question is whether social
welfare is higher when platform B or rather when platform A is focal. Given that
B is expected to be of higher quality than A, one could expect that social welfare is
higher when platform B is focal. Yet according to Proposition [ the probability of
platform B winning despite platform A’s higher quality realization increases with ¢, a
fact that may well offset the previous effect.

In order to investigate this issue, we normalize g4 to 0 and so ¢z = Q. Let W7,
(i = A, B) denote the recursive expected social welfare when platform ¢ is focal in

period t; thus

_ Q* _ 00 _

W = / (8 + 517 f(q)dq + / (B +q+ WP f(g)dg.
— 0 Q )

] S ] Q" ]

W = / B+ g+ 5TP) Fa)dq + / (B + 5WA)F(q)dg.
Q —00
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We normalize welfare and let W* = (1 — §)W* denote the average expected per-
period welfare. Maximizing W* is equivalent to maximizing the total welfare. Our

next proposition details the results from comparing W4 with W5,

Proposition 5 (Effect of 6 on the per-period social welfare) Suppose that f(.)
is symmetric and unimodal around p and that 45f(u) < 1. Then the following state-

ments hold.

(i) When evaluated at 6 = 0, we have WB > W4: and W4 is locally increasing in &

while WPB is locally decreasing in §.

(ii) There is a cut-off value &' (0 < § < 1) such that W8 > W4 for § € (0,8') and
WA > WP for§ € (8,1). A sufficient condition for &' <1 is F(0) < 1/4.

(iii) When evaluated at § = 1, we have W4 = W5,

Observe that the case where () is distributed uniformly along a finite interval is a
special case of the symmetric and unimodal distribution in which f(Q) is constant. In
this case ¢’ = 0, so that W, > Wp for § € (0,1) and W4 = Wg for 6 =0, 1.

Part (i) of the proposition states that Wg is greater than W, for low values of §. In
this case, the cut-offs Q4 and QF are close to their one-period levels: a focal platform A
wins if ) < B, and a focal platform B wins if ) > —f. Because @ is more likely to be
positive than negative, welfare is maximized when B starts out as the focal platform.
But part (i) also shows that, for low values of §, Wp is decreasing in & whereas Wy
is increasing in §. This follows because, as platforms become more patient, it becomes
more likely that a focal platform B will win despite having quality realization lower
than A, which reduces W¥. According to part (ii) of Proposition [5{ii), if platforms
are sufficiently patient (i.e., if § is sufficiently high) and if platform B is significantly
more likely than platform A to be of higher quality (F'(0) < 1/4), then social welfare is
higher when A is the initial focal platform because otherwise B would have too much
of a competitive advantage and so would win more often than it should. We remark
that these results do not show that social welfare is maximized when platform A
is focal in all periods. Rather, they imply that — in the first period only — it is
welfare maximizing to start the dynamic game with platform A as focal even though
platform B is of higher quality on average.

The results obtained so far suggest that social welfare when platforms are impa-
tient might be greater than when platforms are patient. For the general distribution

function, however, the comparison between W4 and W2 evaluated at § = 0 and § = 1
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is inconclusive. In an online appendix, we show that under a uniform distribution, so-
cial welfare when § = 1 is lower than when § = 0 (i.e., W#|s_g = WB|s5_g > WA |51 =
WhB|s—;1 ). As for consumer surplus, on the one hand an increase in § creates the
inefficiency described above: the “wrong” platform is more likely to win. On the other
hand, patient platforms tend to compete more aggressively by setting lower prices.
This second effect increases consumer surplus. The overall effect of 6 on consumer
surplus is therefore inconclusive. The online appendix shows that with a uniform dis-
tribution, consumer surplus in increasing with § when g is close to zero. Intuitively, in
this case the first effect vanishes (as both platforms have the same expected quality)
and the second effect decreases prices and hence increases consumer surplus.

This section may explain changes in leadership and evaluate their effects on welfare.
The observation that the markets for smartphones and videogame consoles witnessed
changes in leadership alongside with technological leaps may give the impression that
such markets are efficient. However, the main conclusion if this section is that when
the beliefs dynamics that we consider is at place, the low-quality platform in a given
generation may win. More importantly, the probability that the wrong platform wins
may increase the more platforms care about the future, resulting in a decrease in
welfare. For business strategy, this result indicates that given the belief structure of
our model, positive expectations concerning future quality provides a platform with
a substantial competitive advantage, that may outweigh the current low quality. The
platform that is expected to be high quality in the future finds it less costly to win the
dominant position today. Such expectation decreases the incentive of the platform’s
competitors to fight aggressively and win the focal position today, as the competitors

do not expect to maintain the focal position in the future.

7 Conclusions

In platform competition, offering the highest-quality product may not be enough to
dominate the market. When there are network externalities, a platform’s success de-
pends not only on quality but also on consumers’ beliefs that other consumers will
join it. In a static model, a focal platform that has such a beliefs advantage may dom-
inate the market despite offering lower quality; the result is an inefficient equilibrium.
We ask whether this inefficiency can be eliminated in a dynamic game with a long
time horizon.

In a model with long but finite time horizon we find that, indeed, the better
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platform wins and the efficient outcome is achieved when the future matters. More
specifically, a higher-quality entrant can overcome the incumbent’s network effect ad-
vantage. The future matters when both the time horizon is long and the discount
factor is high. But if the discount factor is low, platforms are less concerned about the
future and so the competition more nearly resembles a static game; in this case, ineffi-
ciency may persist even for a time horizon extended to infinity. We conclude that for a
finite horizon social welfare is (weakly) increasing in the extent to which platforms are
forward-looking, because forward orientation makes it more likely that consumers will
be served by the higher-quality platform. Intuitively, a high-quality platform has more
to gain by being focal in the game’s final period than does the low-quality platform,
which means that it will have more incentive to compete aggressively in early periods
toward the end of capturing (or retaining) the focal position.

Once we modify the model to capture more realistic features, we find new sources
of inefficiency even if the discount factor is high. A finite time horizon entails that
platforms know when the last period occurs; if that is not known, then it is better to
model it as an infinite horizon. Markov equilibria in the infinite game replicate those
in the finite-horizon game extended to infinity. For high discount factors, however,
additional and inefficient Markov equilibria arise in which the lower-quality platform
dominates the market in all periods. These inefficient equilibria do not emerge in an
alternative model in which switching costs replace network effects, because then each
buyer’s decision does not relay on the beliefs regarding the decisions of other buyers.

We also consider a scenario where the platforms’ qualities change stochastically
from period to period, which allows each platform to win any period with some prob-
ability. Here, the more the platforms are forward looking the less likely it is that even
a high-quality platform will overcome its nonfocal position. This is because, if one
platform is of higher quality on average than the other, then dynamic considerations
give it more incentive (than in a static setting) to capture the market or to main-
tain its focal position, even if in the current realization it has lower quality. At the
extreme, it is possible for a focal platform with higher quality realization to lose its
dominance — provided that platforms are sufficiently forward looking. This finding
indicates that, when qualities are stochastic, social welfare may decline as platforms
become less myopic.

Our paper considers homogeneous consumers, which raises the question of how
these results might be affected by the presence of heterogeneous consumers. When

consumers differ in their valuations for different platforms, a focal position becomes
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less important for consumers. Armstrong (2006), for example, considers a continuum
of consumers that differ in their preferences for two competing platforms. He shows
that if the two platforms are sufficiently horizontally differentiated then for given
platforms’ prices, there is a unique allocation of consumers, such that each platform
has a positive market share. Jullien and Pavan (2014) reach the same conclusion
assuming that there is enough dispersion in beliefs about platforms’ ability to attract
consumers. Halaburda and Yehezkel (2016) show that the qualitative futures of focality
follows to an extension with loyal and non-loyal consumers. Yet, the importance of
focality is decreasing in the extent to which consumers are loyal to a specific platform.

Applying the intuition behind these three papers, it is reasonable to expect that
increasing consumer heterogeneity reduces the effect of focality on platform profits;
hence platforms will be less inclined, in that case, to compete in the current period so
as to secure a future focal position.

Of course, real-life consumers are heterogeneous. Nevertheless, our motivating
examples reveal that, in many markets for platforms, an important role is played by
consumers’ coordination problems and by platform focality. As this paper addresses
the effect of dynamic considerations on the focal position of platforms, our assumption
of homogeneous consumers provides us with a tractable model for determining the net
effect of that market position. Moreover we show in the online appendix that our key
finding that inefficient equilibria where the same platform wins the market for any
history can be extended to cases with heterogeneous demand.

Our model also abstracts both from the presence of an installed base. Many mar-
kets with network effects are influenced by this factor, which constitute an additional
force capable of driving excess inertia and resulting in an equilibrium where the lower-
quality platform dominates for extended periods. Nonetheless, we abstract from in-
stalled base so that we can highlight the role of coordination problem as a driving force
of excess inertia. While any market that exhibits network effects is affected not only
by customer expectations but also by installed base, those markets are not all affected
to the same extent. In the market for video-game consoles, for example, excess inertia
is indeed likely driven by consumer expectations. New generations of the platforms
are clearly distinguished from the previous ones by technological jumps, and backward
compatibility seldom has limited appeal. In other markets, such as smartphones and
computer operating systems, an installed base may play a more important role. These
differences may explain the more frequent leadership changes observed in the market

for video-game consoles compared with the market for computer operating systems.
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Even so, expectations and thus focality affect the market dynamics for the latter types
of environments, too. We have demonstrated that, independently of other factors, it

may lead to excess inertia and hence to reduced social welfare.
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Appendix

Proof of Lemma [1]

Let Hlf (T') be the total discounted profit of platform ¢ when platform f is focal at date
t = 1 and there are T periods. And let plf (t) be the price set by platform 7 in period ¢
when platform f is focal during this period.

To win in t = 1, the focal platform A needs to set p4(1) < pa(1) + qa — g5 + 5,
and set such p/(1) that would force pa(1) < —6II5(T — 1). That is, platform A wins

when it sets
pa(1) <pp(1) +qa —gp + 5= —0NZ(T = 1) + g4 — g5 + 5,
in which case it earns
(T | Awinsin t = 1) = g4 — g + 8 — STI5(T — 1) + SII4(T — 1). (6)

Notice that calculated in such a way the profit under the condition of winning may be
negative. Then, the optimal action is to cede the market and earn no profit. Therefore,
the profit from unconditionally optimal actions is I/ (T') = max{II/(T'|i wins in ¢ =

1),0}. Using similar logic,

NA(T | Bwinsint=1)=qp—qa —  — SI4(T — 1) + 6TIE(T — 1)
= —IIN(T'| A wins in t = 1). (7)

Let I/ (T) = I/ (T | i wins in ¢ = 1). Then I/ (T') = max{II/, 6T (T —1)}. Notice
that II/(T') is bounded from below by 0, while II/ (T)) is not.

Suppose that ITi(k) > 0 for both i = A, Band k = 1,...,T — 1. Then from (6) we
obtainP]

T(T) = g — ¢; + B — STE (T — 1) + 6TI(T — 1)
T
. kel o 1= (20)7
= (g qy)kl(%) tB=(0 - G) o5

+ 8. (8)

26This follows from applying the same formulas recursively in

!

(T = 1) = (T = 1) = 2(q; — q5) + 26[1(T — 2) — [(T — 2)] = 2(q; — qy) 3 (20)*1.
1

S
I
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The fraction 1_1(_25§T is positive and increasing with 7. Therefore, fI?L(T) is also

monotonic. When ¢; —¢g; > 0, then f[“:(T) is positive and increasing Conversely, when

¢ — q; < 0 then f[ﬁ(T) is decreasing and when ¢; — ¢; < 51 it may even be

2(5 T
negative’’| And once it is negatwe it stays negative for all larger T
—(29

-|— 3 < 0. By the monotonic properties of = 2007 i

Now, suppose (g; — Qj)

- 25 1 2
may only happen for ¢; < ¢;, and there exists 7; < T" such that (¢; —¢q;) : 1(_2(25(); "+8<0
and either (g; q])g# +5 > 0or ¢ —gj+ /5 < 0. In the latter case, T; = 1. That

is, T; is the shortest time horizon for which it is not worth capturing the market. For
time horizon 7; and shorter, fI?L(T) for i = A, B can be calculated using (8)) — but not
for longer horizons.

In what follows we make use of the following intermediate result:
Intermediate claim: If ITI/(T) < 0 then, for all 7/ > T, IT{(T") < 0.

Proof of the intermediate claim. Suppose T; > 1. By definition of 7T}, f[ﬁ(Ti—l) >
0 (and given by (8)), and

T(T;) = g — ¢; + B — 6T(T; — 1) + 011{(T; — 1) < 0. 9)

Now f[;(T) for T > T; can no longer be calculated using (§). We need to apply
directly:

OU(T, +1) = g — g5 + B — SIU(T) + 6TI(T)) = qi — q; + 5 — 61E(T3)

since ITY(T;) = II(T;) and Hi(T) = 0.

By properties of (8 HJ ) > I/ H(T; —1). From ﬂ?(T) < 0, we have 6Hj( —1) >
G — q; + B+ O1II(T, 1)>qi + 8. ThUS(SHJ( N> qi—q+ 8 and ITH(T,+1) < 0 —
and so forth for each T" > T¢.

This completes the proof of the intermediate claim. W

Thus, for T > T;, IIY(T) = 0. Moreover, H;(T) = f[;(T) also can no longer be

*"This also implies that one of the IT}(T) must be positive. A negative IT{(T) for some T implies
¢ —gq; <0, and g; — ¢; > 0 implies H;(T) > 0 for all T
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calculated using . Applying @ directly:

(T, + 1) = qj — g + B+ 0IE(T),
(T, +2) = q; — qi + B+ 0(q; — q; + B) + 6°T(T}).

More generally, for any 7' > T; we have

T-T;
(T) = (¢ — i+ B8) > 6" + 6" HII(Ty)
t=1
_ ST-T;

1—(26)%
= (Qj —q; + ﬁ)ﬁ + 07T ((Qj - q@)1_<—2§ +ﬁ)

Notice that for the case when T; = 1, H? (T) reduces to (g; — ¢; + B) 12

Now, using those properties of II(T), for i = A, B, we can consider following cases.

(i)

(i a)

(ii b)

lga —qB| < 51 1_26
Then both f[A( ) and 118(k) are positive for all k = 1,...,T. Since platform A

is focal in t = 0 and IT4(T) is positive, the platform never cedes the market and
its profit is I14(T) = HQ‘(T) = (qa — CIB) 1 25 ~ 4 B (by (8 .

1-26
da — 4B > 51,(25)
That iS, (qB —qA) 1 26
a T =Ty < T. This means that IIZ(T) < 0; that is, platform B would not find

it worthwhile to win the market even if it was focal, given A’s quality advantage.

+ B < 0, and thus, by the arguments above, there exists

Platform A wins the market, but the prices it charges and profit depend on T,

as derived earlier:

— §T-Tp —(28)TB
4(T) = (94 — g5 + 5)117 +o7TE <(QA - QB)% + 5)-

45— 4 > Briggyr

Now there exists a T = T4 < T. That is, II4(T) < 0; in other words, it is
not worthwhile for platform A to defend the market in ¢t = 1, given the quality
advantage of platform B. Then platform B wins the market in ¢ = 1, becomes
the focal platform and keeps the market for the rest of the time horizon. To win
the market, in t = 1, platform B sets pi(1) = ¢ — ¢ — A — 3, while platform A
sets p4(1) = 0. In the next period, platform B is the focal platform with quality
advantage and with T'— 1 period time horizon. Thus, the discounted total profit
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is as that of platform A in case (ii), with relabeling the platforms and length of

the time horizon. That is:

 ST—1-T, _ Ta

(T = g5 — g4 — B+ {(qB g+ P+ 8T (W —a) g ﬁ)}
1 — (26)T

1—20

— §T-Ta

= (g5 —QA+5)ﬁ

5T (<qB ) N 6) Y

This completes the proof of Lemma [I}

Proof of Proposition

The proof follows immediately from extrapolating the outcome of Lemma 1 to T" — oo.

Proof of Lemma [2

For an allocation where the platform ¢ wins in both states to be an equilibrium, it
is both necessary and sufficient that V;' = % > 6V) =46 W > (0 which
gives the condition. Moreover there is no other equilibrium where platform ¢ wins in
both states because such an equilibrium requires that firm j prices are zero in both
states, implying unique best-reply prices for platform 1.

This completes the proof of lemma [2]

Proof of Lemma [3]

For an allocation where the focal platform wins in every state to be an equilibrium, it
is both necessary and sufficient that Vi > 0 and V£ > 0. Given our restriction that
a platform does not choose a price that would be unprofitable if it won the market,

the equilibrium is uniquely defined by the above conditions.

Proof of Proposition

The Lemma result that the same platform wins in all periods (for constant quantities
ga and gp) holds for infinite game as well. Therefore, there are no other equilibria
than those in which either platform 7 or a focal platform always wins.

Under the condition of (i), Lemma [2[ implies that the only equilibrium outcome is
one where platform B wins in both states and this equilibrium is unique. The condition

of (ii) rules out the possibility that platform B wins in both states, hence the result
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follows from our assumption that A is initially focal. Under the condition of (iii),

Lemmas [2| and [3|identify 3 equilibria: either the same platform wins in both states or

the focal platform wins in each states.
The following table summarizes the result:
(i) (ii)
qB —qa > B|l1 =26 | g5 —qa < B(1 —20)

(iii)
B(1-20) < gp—qa < B(20—1)

6<1/2 ap—qa > B(1—26) | lgp — qal < B(1 —20) 0
|1—20| =1-20 | B wins by Lem and A wins by Lem
or ga—qp > (1 —26)
and A wins by Lem|§|
d>1/2 ap—qa > (1 —20) | |gp —qa|l < B|1 —26] | because B(1 —29) < g —qa
|1—20| =20—1 | B wins by Lem and A wins by Lem B wins by Lem
>1-20 or ga—qp > B(1 —26) | because ga — g > B(1 — 26)

and A wins by Lem

Proof of Proposition

A wins by Lem
because |¢gp — qa| < 8|1 — 20|
A wins by Lem

Directly from the formulas for V3!, VE VB V' and conditions for Q* and QF, we

obtain
Q1 -Q% =28
Moreover,
QA
vi= [ @ - of@di+ vy
B o B B 1 o

vi= [ @ - arwdgrovi =

and
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The optimality condition is then
QY =B —oVE +oVE + 6V — Ve,

which can be rewritten as

Q"' = B+66(Q),

where

+00 Q4
o(Q") = / (4— QN flg)dq + / (Q" — g) fla)dg

QA -0

Q

QF 400 B
- / Q" — q)f(q) dq - / (4 — 0P)(q) da.

[e.9]

Integrating by parts yields

B QA
HQY) = 2542 / F(q)dg.
QA-28

Now we have

(10)

These properties imply that Q4 > S+6¢(Q4) for Q* = co and that Q4 < S+3d¢(Q4)

for Q4 = —oo. Hence there is a unique solution to Q4 if Q4 — 3 —dp(Q*) is increasing

in Q4 i.e. if 0¢/(Q?) < 1. We observe that 6¢'(Q4) < 1 when

20 max (F(q) — F(g—28)) < 1.

In this case, the equilibrium is unique. This is the case for all § and if 45 max, f(q) < 1.
Finally, notice that when evaluated at 6 = 0, the solution to Q4 = 3 + 6¢(Q4) is

Q4 = .
This completes the proof of Proposition
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Proof of Proposition
Proof of part (i): Since Q4 = S+ d¢(Q%),

Q" 4(Q%)
95 1-0¢'(Q4)

From the proof of Proposition , if 48f(u) < 1 then 1 —d¢'(Q4) > 0. To see that
#(Q4) < 0 for all Q4 < 3, suppose first that Q4 < p. Then

0@ =2 | v (% - F<q>) dg <0,

QA28

where the inequality follows because symmetric and unimodal distribution (SUD) im-
plies that for all Q < p, F(Q) < 1/2. Next, consider u < Q4 < 3. Then:

_ p—(@%=m) /1 pHQY=p) /q
A:—2 ——F )d—2 (__F )d 07
#e% /c‘zA—w <2 (@) ) da /u—(QA—M) ;) das

where the first term is negative because Q4 > p > 0 and SUD implies that F(u —

(Q* — p)) < F(u) = 3 and the second term equals 0 because SUD implies that

Flu+z)—3 =1%—F(u— ). Since ¢(Q*) < 0 we have ag“ < 0, and since
. ‘ o
QP = Q4 — 28 it follows that S <.

Next, Q4 < 0 if

0> 5+ 0¢(0),

which holds for ¢ large if

—B > ¢(0) = —28(1 — 2F(—28)) + /0 (—2¢9)f(q)dg = —25+ 2/0 F(q)dq
—28 —28
or if

0
6>2/ Py
-2

This inequality holds for all 5 if F/(0) < 1/4.
Proof of part (i1): Let F(Q; ) denote the F/(Q) given . We have:

— A .
00" _ 2 Jgryy (P5™) da
i = 00(QY)

<0,

where the inequality follows because SUD implies that F'(q; u) is decreasing in p.
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Proof of part (iii): We have:

0Q4  1—20+40F(Q* —2p) -0
o5 1—d¢'(Q4) ’

where the inequity follows because 1 — 26 + 46F(Q* — 268) > 0if § < 3. Since
QB = QA — 24, it follows that

@:_[ LH0RZARQY) ]
05~ T-20(F@Y - F(@ —28)] =

1

where the inequality follows because the numerator in brackets is positive when § <

1 (since F(Q*) < 1) and because the denominator is positive when § < 2

5 (since
F(Q*) — F(Q* —2B3) < 1). When F(0) < 1/4 and § = 1, we have
@ _—1+4F(QB)< —1+431 0
0B lmr  1=0(QY) " 1-¢(QY 7

where the inequality follows because F(Q?) < F(0) < 1/4.
This completes the proof of Proposition [4]

Proof of Proposition

Solving for W4 and W, we obtain

WA (1 =0+ 0F(Q") [53af(q)dg+ (1 — F(QY) [5s af (9) dg
B 1—6F(Q4) + F(QP) ’
W _ gy 0F(Q") Jonaf(a)da + (1 = 6F(QY) [gs af(a) dg
B 1—8F(QA) + §F(QP)

First consider W#. Solving the derivative of W# with respect to § and then

evaluating at 6 = 0 yields

owA ) - N o
35 |,y =(1- F(QA))</Q qf(q)dg — /QA af(q) dq> _ f(QA)QAW
p ~A

=(1— F(ﬁ))/_ﬂ qf(q)dq — f(ﬁ)ﬁaa%’

where the equality follows from the substitutions Q4 = 8 and Q”

—pB. By our
assumption of SUD, f_ﬁﬁ qf(q)dq > 0 (proof available upon request), implying the the

first term is nonnegative. Since Proposition {4 shows that Q4 is decreasing in d, the
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second term is positive implying that 6 |5 o> 0.
Next consider W5, Solving the derlvatlve of W8 with respect to § and then

evaluating at 6 = 0, we have

ows

B OQB
a6 9

@) [ atdn= [ artaan) - 107)

4%
25

6=0

B8
— —F(-B) / Laf@)da+ S5

where the equality follows from the substitutions Qf = —3 and Q* = . Again by
our assumption of SUD, f_ﬁﬁ qf(q)dg > 0, implying the the first term is nonpositive.
Since Proposition I 4] shows that QP is decreasing in 6, the second term is also negative
implying that ‘9 \5 0 < 0.
Now we cons1der the gap W58 — W4:
0)(Jgr af(@)dg — [ga af(a)da) (1-0)

e 6F<@A> TORGQE) 1o arQn s erge) @Y

where

QA
M(Q*) = / o/ (a)da.

Q4—28

Since 1 > F(g) >0 and 0 < § < 1, it follows that sgn(W? — W4) = sgn(M(Q4)).

Consider first § = 0 such that Q4 = 3. Then, SUD implies M (3) = ffﬁ qf(q)dq >
0 and W5 — W4 > 0. Second, consider § = 1. Then W¥ — W4 = M (Q4), where
M(Q?) is finite; hence WP — W4 = 0.

Next, we turn to 1 > ¢’. We distinguish between two case, F(0) < 1/4 and
F(0) > 1/4, which will be analyzed in turn.

Case 1: F(0) < 1/4. In this case, Proposition [4] implies that there is a cutoff, §”
where 6” is the solution to Q* = 0, such that Q4 > 0 for § € [0,6”) and Q* < 0 for
§ € (8",1]. For all 6 € [6”,1], M(Q*) < 0 because Q < 0 for all Q € [Q* — 23, Q™).
For 6 € [0,8"), M(Q*) is decreasing with §. To see why:

oM Q%)
a6

AA £ AA ~A aQA
= [Q1 (@) — (@' - 28) f(Q" — 2055
The term inside brackets is positive for all § € [0, "] because Q* > 0 and f(g) > 0
and because Q4 < 3 implies that Q4 —28 < 3—28 = —f < 0. Since Q4 is decreasing
in 0, we have %?A) < 0.
To summarize, M(Q4) > 0 for § = 0, M(Q*) is decreasing with § for J € [0, "),
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and M(Q4) < 0 for 6 € (6”,1]. Hence there is a unique cutoff & < §” such that
M(Q%) > 0 for 6 € [0,8") and M(Q?) < 0 for 6 € (§,1]. Since sgn(W?8 — W4) =
sgn M (Q%), this implies that Wp > Wy for § € [0,8") and W < W4 for 6 € (8, 1).

Case 2: F(0) > 1/4. In this case, Q! > 0 at § = 1. Notice that M(Q4) is
decreasing with ¢ for all 6 € [0,1] (the proof that %?A) < 0 requires only that
Q4 > 0 which holds in Case 2 for all § € [0,1]). However, unlike Case 1, now M (Q%)
at § = 1 can be either positive or negative. It will be positive if Q4 at § = 1 is
sufficiently higher than 0, in which case M (Q*) > 0 for all § € [0, 1] and so Wp > W,
for all § € [0,1). In this case &' = 1. Note that M(Q*) can be negative at § = 1 if
Q4 at 6 = 1 is sufficiently close to 0, in which case at § = 1; then M (Q*) < 0 and so
Wpg > Wy for 6 € [0,0") and W < Wy for 6 € (§,1), as in Case 1.

Remark on uniform distribution. If the distribution is uniform, then M(Q4) = 0
at § = 0 and M(Q?) < 0 otherwise. This implies that W, > W for all § € (0,1) and
W4 = Wpg otherwise.

This completes the proof of Proposition
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1 Heterogeneous consumers
In this appendix, we extend our model to show:

i) how to extend the concept of focal platform to the case of heterogenous con-

suimers.

ii) that a Markov equilibrium may exist where a low-quality platform A stays or
becomes focal in all states while platform B also obtains positive profits. Hence,
platform B has an incentive to remain active in the market even though it does

not win the focal position.

1.1 Static analysis

Let us assume that the market stays covered but the perception of the quality dif-
ferential between the two platforms varies across consumers. More precisely, consider
our base model and suppose that the quality differential ¢ = ¢® — ¢ is heteroge-
nous, distributed in the population (of size 1) according to a distribution F' on a
support (g, (j) which may be infinite. Then if all consumers with quality differen-
tial below ¢ join platform A, the relative gain in value of joining platform B is

q+ B(1—F(q) — BF(G). Thus, at any period, possible allocations of consumers



are the solutions to D4 = F (§), where D, is the demand for platform A and!

G+ B(1L=2F(q) = pp—pa,

With a general distribution F', for some range of prices, there may be multiple
allocations of consumers that constitute consumers’ best responses to the prices and
strategies of other consumers (henceforth “outcomes”). The concept of focality then
implies that consumers coordinate on the outcome that yields the largest demand for
the focal platform.

We may then extend our analysis by assuming that in any period ¢ the platform

that sells the most in the current period becomes focal in the next period.

To illustrate how focality shapes demand, suppose that the distribution of ¢ has
density f (¢) where f is continuous unimodal with a peak at p > 0. The slope of
q+ B(1—2F(q) is 1 —28f(q). Assume network effects are strong enough that
2f (i) B > 1. Then the function ¢ + 5 (1 — 2F (¢)) is not monotonic. More precisely,

defining ¢; and g2 as the smallest and the largest roots of

1=28f(q),
the function g + (1 — 2F (q)) is

increasing on q < q1,
decreasing on ¢ < q < o,

increasing on q > qs.

We conclude that if Ay = go+ (1 —2F (2)) <pp—pa <A1 =@+ (1 —2F (q1)),
there are three possible outcomes for the allocation of consumers. This is illustrated in
Figure 1 which shows the function for a normal distribution and p = 1. On the range
(Ag, Ay), the intermediate outcome is unstable. Then focality selects the allocation
with ¢ > g9 if platform A is focal, and the allocation with ¢ < ¢ if platform B is focal.
The figure shows the respective marginal consumers.

Notice that when platform A is focal (thick red curve), there is a discontinuous

! Akerlof, Holden and Rayo (2018) analyze a similar demand system.



Ps— Pa g+ f(1-2F(g))

B is focal

/ N

/ A 1s focal

Figure 1: the function ¢ + 3 (1 — 2F (q))

jump in its demand at pg — pa = As. Moreover, provided that [ is large or u is small,
the value of Ay is negative so that despite lower quality on average, a focal platform
A may sell more that its competitor at higher prices, a feature that was key in our

analysis.

1.2 TIllustration

We now use an example to illustrate how the static and the dynamic analyses extend
to heterogeneous consumers.

Consider a distribution F' on (u — 1, + 1) that consists of a constant density
f <1/2 and a mass point 1 — 2f at p, where we assume that 25f < 1.

This is a limit case of a unimodal distribution when the peak goes to infinity. Then

q+ (1 —2F(q)) is increasing linearly except for a downward discontinuity at p :

g+B(1—-2F(q) = q+BA-2f)+28f(p—q) if p—1<g<y,
q+B(1—=2F(q) = q—B1-2f)+28f(np—q) if p<g<p+1.

Let us first consider a one-period game where platform A is focal. Firms set prices



pa and pp, and consumers with ¢ < ¢* join the focal platform, where:

pp—pa=q¢"+B1—=2f)+28f (n—q*) if p—1+B<psp—pa<p—PB(1-2f),

¢t =p—1 if pp—pa<min(p—1+8,p—F8(1-2f))
pr—pa=q¢"—BA=2f)+28f(u—q") fp—BQA—-2f)<pp—pa<p+1-p
¢t =p+1 if pp —pa > max (u+1— 8, 4 B(1 —2f)).

Let us consider a candidate outcome with Dy = F (ch) L <@t < p+1and pp—
A =aq'—B (1 —2f)+28f (,u — ch) . Consider the choice of price by platform A. Hold-
ing the price pg constant, choosing p4 in the range (ﬁg} —pu—14+8,pp—p+p(01 - 2f))
amounts to choosing ¢ in the range (p, 1+ 1) with the profit

M = (b3 — G+ B(1=2f) = 26f (1= @) (1 = f + f (4= ).
which is concave. The first order condition for the price of A is then
— (U= p2f) (1~ 4+ £ (@ —w)) + P4 =0.

Similarly, given p4, choosing a price pp in the range (ﬁﬁ +u—BA=2f),pA+pu+1— B)

yields concave profit
M7 = (ph+q—-B1—-2f)+28f (u—q)) F 1+ p—q)
leading to the first-order condition
(L=B2f) f (L+p—q") —ppf =0.
Adding the two first-order conditions together yields
—(=p2f) (L= f+ (" =) + (1= B20) f (L= %) + (03— p3) F = 0.

Using pp — p4 = ¢4 — B(1 —2f) + 28/ (n — ¢*), we obtain

(jA

(1—28/)2f -1+ BA=2f)f - fu

a 3(L-251) 7



which lies between p and p+ 1 if

SESELL PPN S AL

This holds for a small y if

%>ﬁf>%. (2)

Prices are then

F(¢") 2-f(1+38+n)
o 3f

1-F(¢") 1+ f(1-33+p)
/ B 3f

pa = (1—28))

> 0, (3)

b = (1-p2f) >0, (4)

where the inequalities follow because whenever < ¢4 < p+ 1, then 1 > F (ch) > 0.
Given these prices, platform A cannot profit from reducing the price below pg—pu—1+43
as this would not raise demand above 1. Platform A cannot profit from increasing the
price above pa — p + B(1 — 2f), because doing so would result in a discontinuous
decrease in platform A’s demand.?

Consider now platform B. It has no profitable deviation for prices above pa + p —
B (1 —2f), because profit is concave on the relevant range. Setting pp < pa + p —
B (1 —2f) is not profitable if p4 + u — (1 — 2f) < 0, which holds for p small if

2—f
—— < Bf. 5
61— 1) ©)
As 6(21;7];) > %, we conclude that this an equilibrium for y small if
f+1 2—f
— — 6
3 >ﬁf>6(1_f) (6)

Since f < %, (6) holds only when 8 > 1, which we assume in what follows.

To conclude, we find that when the conditions (6), f < %, B >1and 1 > 26f
hold, there is a static equilibrium in which platform A is focal. Prices are given by
(3) and (4), and both platforms gain a positive market share. Notice that the range

of parameters satisfying these conditions is nonempty.

2The optimal deviation on this range can be shown to be at p4 — p+ 3(1 — 2f) which can not be
optimal as p4 slightly below this level induces an upward jump in demand.



1.3 Dynamic analysis

Still assuming a uniform distribution with a mass-point, we can now extend our analy-
sis to a dynamic case. In particular the next result shows that with an infinite horizon
and patient firms, there exists a Markov equilibrium where platform A stays focal in
any state. In this equilibrium, when platform A is focal in a certain period, both
platforms set the static Nash prices defined in the previous section:

pi=0% pp=0pp and ¢* =g
And both platforms gain positive market share (i.e., u —1 < ¢* < p+1). When

platform B is focal in a certain period, then in equilibrium

pi=-p—pB1-2f), pjp=0, and ¢®=p+1

That is, the nonfocal platform A sets a negative price (recall that f < %), dominates
the entire market, and becomes focal in the next period.

Notice that this equilibrium is qualitatively similar to the equilibrium in our base
model. In both cases, platforms set the static prices when A is focal, and platform A
sets a negative price when it is nonfocal. The main difference is that here, the losing
platform B has an incentive to remain active. When it is nonfocal, platform B gains
positive market share. When it is focal, platform B earns zero profits in the current
period — followed by positive profits in all future periods — making it worthwhile for
platform B to remain active.

The Markov equilibrium is characterized by p{ , Df , ¢ and V;j , where ¢ is the

platform and j the focal platform. The equilibrium profit is
V/ =plD] + V7,

where D’y = 1 — D}, = F (¢/). The equilibrium values are Vi = p’,F (¢) + §V4* and
Vi = py (1= F(¢)) + 6V

To solve for this equilibrium, suppose first that platform A is focal. Platform B
plays its short-term best-response because it expects that even if it gains the focal
position, in the next period it will earn zero profits. Platform A plays its short-term
best response as well, because doing so is enough to maintain its focal position. We

therefore conclude that when platform A is focal, the equilibrium prices are the same



as in the static case. The value functions are

SAR (6A A (1 F (oA
Vf:—Al_(%) 20 and vy - P8l 1_5((] ) o,

Notice that static Nash equilibrium conditions ensure that firm ¢ would not deviate
from such an equilibrium when A is focal if VA > VB because the deviation profit
gain would be smaller than in a static game. We will see below that this is the case
for both platforms.

Suppose now that platform B is focal. By our assumptions that 2f5 < 1 and
g >1,wehave pu+ (1 —-2f) >p+1—pFand p—14+ 6 > p— B(1 —2f). This
implies that at the equilibrium prices pf§ = —u — 3(1 —2f) and pB = 0, pp — pa >
max (41 — B, 4+ B(1 — 2f)), and therefore ¢* = 1 + p and platform A dominates
the market. Platform B would not deviate because winning the market in the current
period would require a negative price and would delay by one period the time where
it can sell at positive prices. Platform B cannot profitably deviate to a higher price,
because it will not gain positive market share. Firm A could deviate by setting non-
negative price and lose focality, but the profit would be 6VF which is less than V£

and thus not profitable if VP > 0. Thus this is an equilibrium if

PAF (¢%) pA+B(1—2f)
1-6 p+B(1=2f)+p4F (¢)

pw+B(1—=2f)<$§ <d<1,

which holds for large §.

This shows that excess inertia equilibria — where despite lower quality one platform
would price aggressively and win back its focal position had it lost it — are robust to
demand heterogeneity. It also shows that in this situation the nonfocal platform can

survive with a positive market share.

We conclude this Appendix by pointing out that a similar reasoning would show
that by contrast, for high discount factors, a Markov equilibrium where in any state the
focal platform stays focal does not exist with demand heterogeneity. This confirms that

this type of equilibrium should be expected only if firms are not too forward-looking.



2 Network Effects and Switching Costs

This extension shows that when platforms can price-discriminate between existing and
switching consumers, the results of Section 4 (existence of Markov perfect equilibria
under infinite time horizon where the same platform always wins, even if it is of lower
quality) also hold in a setting with both network effects and switching costs. Moreover,
this section highlights how network effects and switching costs differently affect the
results.

Consider our base model and suppose that consumers experience both network
effects, 5, and switching costs, s. We maintain our assumptions that ¢4 > s > 0
and 8 > gg — qa > 0. We allow platforms to price discriminate between existing
and new consumers. And we explore the existence of Markov equilibria where on the
equilibrium path all consumers buy from the same firm (which becomes focal). For
consistency with our base model, we distinguish between the equilibrium and out-of-
equilibrium prices. Consider the out-of-equilibrium scenario in which all consumers
are on a focal platform 4, and there is one consumer on platform j. Define p! as the
price of the focal platform i to consumers on platform 7, and p! as the price of the
focal platform ¢ to the consumer on platform j, if such a consumer exists. Likewise,
define pz- as the price of the nonfocal platform j to consumers on the focal platform ¢,
and ﬁé- as the price of the nonfocal platform j to the consumer on platform j, if such
a consumer exists. Notice that pé- has the same interpretation as in our base model,
while ]5? is the out-of-equilibrium price in the case where only one consumer switched.?

In what follows, we say that a Markov equilibrium is consistent with focality if at
any date (a) the platform that wins the market becomes focal next period, and (b)
the nonfocal platform cannot win the market if holding constant the Markov strate-
gies of the platforms, there exists another outcome of the (dynamic) subgame where
consumers (strictly) prefer to buy from the focal platform. Rephrasing, it means that
consumers may buy from the nonfocal platform in equilibrium only if there is no
other outcome where consumers prefer to buy from the focal platform. And thus, a
nonfocal platform, in order to be active in the market needs to price in such a way
that it eliminates all alternative outcomes in which consumers prefer to buy from the
focal platform. This is a relatively strong notion of focality which aims at showing

that even with patient firms, inefficiencies may prevail in the long-run due to network

3As one consumer is of mass 0, we assume that other consumers are not affected when a single
consumer deviates from equilibrium path, but for consistency of prices we assume that each platform
optimizes the prices set for this deviating consumer (as it would be the case with a finite but large
set of consumers).



externalities and incumbency advantage.

We are interested in establishing the existence of an equilibrium where platform i
wins the market in all periods irrespective of whether it is focal or not, and would
find it optimal to win back a consumer in the event the consumer had switched to the
competing platform.

Consider an equilibrium in which platform A wins when it is focal and when it
is not. In this equilibrium, platform B charges p5 = p = 0 because as in our base
model, platform B cannot hold on to consumers at time ¢+ 1 even if it were to attract

them at time t. As for platform A, it needs to set prices that satisfy

ga—pa+B+0U">qp—pg—s+6(qa— Py — s+ B+ 0U%), (7)
where ) 5
i —pi Tt
U= ——— .
1—-96

The left-hand side is the consumer’s utility from staying in platform A, given that
all other consumers stay with A. If a consumer switches to B, the consumer expects to
be alone in the current period. Then, in the next period, the focal platform A charges
this consumer p4 which convinces this consumer to switch back to A. Then, once back
on A, the consumer stays with A in all future periods.

To ensure that these expectations are rational, a focal platform A should be able

to attract the deviating consumer back from the nonfocal platform B. That is:
qa—Ph+ B —s+0U" > qp — P+ (qa — pi — s + B+ 0U), (8)

and p3 = 0. That is, if a consumer switched in period ¢ — 1 from a focal platform A to
B, while A remains focal at the beginning of period ¢, platform B cannot hold on to this
consumer; even at p3 = 0, the consumer prefers to switch back to the focal platform A,
over waiting another period and only then switch. Notice that platform A’s profit from
attracting back this marginal consumer is negligible, because of our assumption of price
discrimination between existing and switching consumers and because consumers have
continuum mass. Yet, to ensure that beliefs are consistent, the equilibrium requires
that this marginal change in platform A’s profit should be positive.

Suppose now that platform A is nonfocal. A consumer joins the nonfocal plat-
form A if it is worthwhile to do so given the beliefs that all other consumers stay with

platform B in the current period, and that this consumer will switch back in the next



period to the focal platform B:
qa —p8 —s+0(qp — pp + B — s+ 6UP) > qp — ph + B+ U, (9)

Notice that such a one-period deviation is the least beneficial deviation. Whatever
benefit the consumer gets from being on A is short-lived and she quickly needs to incur
another switching cost. Note that if it is beneficial for a customer to deviate for one
period, it will be even more beneficial to deviate and stay with A for longer. That
is, we demand from the nonfocal platform to be so attractive that users still want to
incur switching costs even if they can benefit only for one period. We impose such a
strong condition in the spirit of part (b) of the focality definition as stated above. If
condition (9) holds there does not exist any equilibrium in which consumers want to
stay with B this period, even if they expect other consumers to stay with B.

Finally, consider the out-of-equilibrium outcome in which platform B is focal at
period ¢, and a consumer switched to A at period t — 1 and is alone in A. Notice that
when conditions (1) to (3) hold, the deviating consumer knows that all customers of
platform B are switching to platform A and will stay there forever. Hence despite B
being focal, this consumer stays with A if it is worthwhile to do so given the beliefs that
everybody else joins platform A (this is in the spirit of divide and conquer strategies).
We therefore need that

qa—Pa+B+6U" > qp—pp—s+0(qa—pi+ B8 —s+ U7, (10)

and p% = 0.
Binding conditions (7) - (10) along with the 4 conditions pB = p4 = p& = jp4 =0

define the 8 equilibrium prices. Solving, we have
pi=0- (a8 —qa)+s(1-0), pi=p-(g8—qa)—s(1+9), (11)

ph=—B— (a5 —qa)—s(1+0), ps=08—(a5—qa)+s(l—0).

This equilibrium exists when the following conditions hold. First, a focal plat-
form A earns positive value from wining the market; that is, A profitably wins the

competition described by equation (7), i.e.,

A _ _
VA(s) 17):‘5 _F (ff : 44) | o>, (12)
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Second, a focal platform A earns positive profit from attracting a consumer that
moved to a nonfocal B in the previous period, and then keeps this consumer in all

future periods; that is, A profitably wins the competition described by equation (8):

o A 5—(QB—QA)
1_ol4 19 520 (13)

pa+
Third, a nonfocal platform A earns positive profit from winning the market at
period ¢, and then becoming focal in period ¢ + 1 onward; that is, A profitably wins
the competition described by equation (9):
26 —1) — —
VI(s) = ph 4 v = i qu 1 _ 5, (14)

Fourth, a nonfocal A earns positive profit from keeping a consumer that switched
from B to A in the previous period, given that A becomes focal in the next period
onwards; that is, A profitably wins the competition described by equation (10):

_ J B— (a8 — q4)
B A
pumy > .
pA+1_5pA 13 +s52>0 (15)

Notice that as s — 0, then Vi}(s) and VP (s) converge to V4! and VP in our base
model without switching costs. Also, as in our base model, the binding condition from
among (12), (13), (14) and (15) is VZ(s) > 0. Hence, such an equilibrium holds iff

VB(s) >0 <= qp—qa<p(26—1)—s(1-9). (16)

Recall that in our base model with only network effects, when qg > qa, this
inefficient equilibrium exists iff § > % and gg — qa < B(26 — 1) (cf. Section 4 in our
model). Yet, this equilibrium vanishes in a model with only switching costs (Section
5 in our model). Condition (16), which takes into account both network effects and
switching costs, is a combination of these two polar cases. As s — 0, condition (16)
converges to qgg — qa < (20 — 1). Moreover, as s increases, this condition becomes
tighter, implying that the region in which platform A wins whether it’s focal or not
shrinks. This result is consistent with the findings of our paper — that the inefficient
equilibrium emerges at high values of § because of network effects and not switching
costs. In a model with both 5 > 0 and s > 0, 5 has a positive effect on condition (16)
while s has a negative effect.

Consider now an equilibrium in which platform B wins whether it’s focal or not.

The analysis is symmetric to the analysis above, and we find that such an equilibrium

11



exists iff
VEi(s) >0 <= qp—qa>B(1—20)+s(1—0). (17)

Recall that in our base model with only network effects (Section 4), this equilibrium
holds when ¢g — g4 > (1 — 25). When the model only has switching costs (Section
5), this equilibrium holds when ¢g — g4 > s(1 — ¢§). Condition (17) is a combination
of these two conditions. Intuitively, switching costs make it more difficult for a high-
quality but a nonfocal platform to win the market. This result is again consistent with

the findings of our base model.

3 Stochastic Qualities with a Uniform Distribu-

tion: Welfare and Consumer Surplus

This appendix extends Section 6. We study how o affects welfare and consumers’ sur-
plus. The following corollary shows that when the stochastic qualities are distributed
according to a uniform distribution, average per-period social welfare is lower when
0 = 1 than when § = 0. In contrast, consumer surplus is increasing with ¢ at least
when p is sufficiently close to 0.

Let S (1 = A, B) denote the expected consumer surplus when platform i is focal
in period ¢, and let S = (1 — §)S? denote the average per-period expected consumer
surplus. Recalling the definitions of W4 and W in the paper, we obtain the following

result:

Corollary 1 (Welfare and consumer surplus under uniform distribution) Let
Q be uniformly distributed along the interval [u — o, p + o], and suppose that o > 20
and 0 > p < O'—|—2%2—3ﬁ. Then WA > W58 for all0 < § <1 and S* > S® for all
0 <6 < 1. Moreover, WA|s—g = WPB|s_g > WA|521 = WEB|s_1. Yet, SA and SP are

increasing with 6 when p — 0.

Proof:
Substituting F(Q) = % into equation (11) from the proof to Proposition 3
yields: 515 513
_ 204 - 200
A B
=0-——= d =—f-——.
@ =P- sy md T

To ensure that Q% > ;i — o, we need o to be large enough that o > 28 and 0 > 1 <
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o+ 2’%2 — 3. The recursive expected social welfare functions are then

B— 20ppB

— A o—208 — 4 1 pto - B 1
14 _/ (B+ oW )2—dq+/ (B+q+ oW )2—dq,

p=e g ﬂ_;f%% o

_ pto | —B— 245 1
WB:/ (ﬁ+q+6WB)—dq+/ (B + oW — dg.

—B— 0235?6 20 u—oc 20

Therefore,

w4 =1-ow

1 (2 (4628228 — 30) — o*(u + 20) + 0680 (5 — 45 + 100)))
~5(s- G (65~ o)(7 — 295 )

W8 =@1-8§w"

1 3’ (1(8(=1+0)8°B% + 68(5p — 4(=1 +0)B)o — po?))
_‘<4B_F+“+2“ (08 — o)(o — 200)° )

4

The gap W4 — W2 can now be written as
gap

2(1 — 5)5p32
(o —0dB)(o —208)

WA_WB —
As 0 > 23 (by assumption), W4 —WE >0 forall 0 < § < 1, and WA - W8 =0

for 6 =0 and 6 = 1. Moreover,

12 B%(20 — )
o(o—f)(o —28)

Whs—g = W52y = ;>0
where the inequality follows because, by assumption, ¢ > 28 and p > 0.

Turning to consumer surplus, we have

20upB

_ B70725B _
1= [T (- ph a8

—00

1
20

_ 26pB
o—2583

00 1
dq+/ (B+q—pp+38S%)—dq,
B 20'
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Substituting the prices from Section 6,

1(3p +8(1—0)B)

o—200

p(3p —8(1 —6)5)

SA=(1-0)54
1 Ap(p + B(L—0)) 367 100p°5
_Z<2u+4ﬁ(1+5)— p— - _U_(0—25B)2+
SB =(1-6)SP
1 Ap(p — B(L —9)) 36 100p°5
_Z(m”Jw“+5%_ o= o " (o232
We have
SA . SB _ 2(1 B 5)/1“50-

(0 —08)(0 —268)

Hence, S4 > SB for all § < 1. Moreover,

s
o)

_osP

pn=0

u=0

o—200

Notice that S4 and S? are continuous in p. Hence, they are increasing with § as

long as p is not too high.
This completes the proof of Corollary 1.
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