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Abstract

The novel “super app” technology, which emerged in the early 2010s, enables app
developers to run a single version of an app on different operating systems. Apple’s
alleged practice of restricting super apps in the United States is one of the subjects of a
recent antitrust complaint filed by the U.S. Department of Justice (2024a). I present a
model of a two-sided market with cross-side network effects to investigate two questions:
why Apple restricts super apps in the United States but not in Asia; and whether its
restrictions may adversely affect market competition and welfare in the United States.
I find that a primary reason for Apple’s behavior is the dominant position of its i0S
platform on the consumer side of the U.S. smartphone platform market—iOS does not
hold this position in Asia. Furthermore, I show that whether these restrictions harm
consumers and developers depends critically on whether consumers view platforms as
highly differentiated or close substitutes, the degree to which restrictions on super apps
increase consumers’ switching costs and decrease developers’ multi-homing savings, and

the number of apps operating on each platform.

1 Introduction

“Apple has disrupted the growth of apps with broad functionality that would make it easier
for consumers to switch between competing smartphone platforms” (U.S. Department of
Justice, 2024b). In March 2024, an antitrust complaint filed by the U.S. Department of

Justice (2024a) argued that Apple has been behaving in an anti-competitive manner by
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“suppressing super apps.” Having emerged in the early 2010s, super apps differ from other
types of apps in that they do not merely serve consumers. They also operate as infrastructure
for third-party app developers (referred to as developers thereafter) by hosting other third-
party apps. In particular, “developers can write mini programs that run on the super app
without having to write separate apps for iPhones and other smartphones” (U.S. Department
of Justice, 2024a). According to the U.S. Department of Justice (2024a), “Since at least 2017,
Apple has arbitrarily imposed exclusionary requirements that unnecessarily and unjustifiably
restrict mini programs and super apps.”

For instance, Apple has “required apps in the United States to display mini programs
using a flat, text-only list of mini programs,” “banned displaying mini programs with icons
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or tiles,” “banned apps from categorizing mini programs,” and “selectively enforced its con-
tractual rules with developers to prevent developers from monetizing mini programs” (U.S.
Department of Justice, 2024a). These restrictions imposed by Apple constitute refusals to
deal with mini apps—and therefore with super apps: on its iOS platform, Apple restricts
mini apps hosted by super apps from accessing the full set of functionalities—including
custom Ul display and in-app monetization—granted to standalone applications.

In contrast, Apple seldom exhibits these behaviors in Asia. This contrast corresponds to
the regional difference in the position of iOS on the consumer side of the smartphone platform
market—that is, the market share of i0S, or equivalently, the fraction of consumers who use
iOS in the smartphone platform market: iOS holds a dominant position in the United States
but not in Asia.!

Correspondingly, my analysis sheds analytical light on the following two questions: why
Apple has been restricting super apps in the United States but not in Asia; and whether Ap-
ple’s restrictions may adversely affect market competition and welfare in the United States.
In particular, I find that a key reason for Apple to restrict super apps in the U.S. is the
dominant position of its iOS, and such restrictions harm its rival platforms. Meanwhile, the
welfare effects of such restrictions depend on whether consumers view platforms as highly
differentiated or close substitutes, the degree to which restrictions on super apps increase
consumers’ switching costs and decrease developers’ multi-homing savings, and the number
of apps operating on each platform.

To address these two research questions, I model the smartphone platform market by

In terms of mobile operating system market share, as of June 2026, iOS accounted for approximately
30.79% of the global market; 58.35% of the U.S. market; and 21.69% of the Asian market (in particular,
29.13% in China, 6.86% in India, 22.32% in Indonesia, and 45.68% in Singapore). In contrast, as of the
same period, Android accounted for approximately 69.14% of the global market; 41.62% of the U.S. market;
and 78.22% of the Asian market (in particular, 70.52% in China, 93.05% in India, 77.6% in Indonesia, and
54.28% in Singapore). Data source: Statcounter Global Stats (2026), which treats tablet operating systems
and mobile operating systems as parallel segments instead of nesting the former under the latter.



embedding super apps and platforms’ initial market shares into the the seminal two-sided-
market model of Armstrong (2006). I model operating systems—Apple’s i0S and Google’s
Android—as platforms competing for two distinct groups of user: consumers on one side and
developers on the other.? In such a two-sided market, I focus on the developer-supporting
functionality of super apps rather than treating them as platforms that compete with oper-
ating systems for users.

Instead, super apps affect the smartphone platform market via the following two channels.
First, they reduce consumers’ switching costs. With super apps, when switching to a new
platform, a consumer finds it easier—that is, less costly—to adapt to using the apps on
that platform. This is due to the same versions of mini apps available on super apps that
operate on both his or her original platform and the new platform.? Second, they reduce the
costs borne by developers who multi-home, because they allow developers operating on both
platforms to reuse the same app resources across platforms. Each of the two channels through
which super apps operate affects one side of the market directly—consumer switching costs
on one side, developer multi-homing cost reductions on the other—and the opposite side
indirectly through cross-side network effects.

The market power that enables Apple to restrict super apps in the smartphone platform
market comes from its full control over the iOS App Store. The App Store is the unique
channel for developers to get access to consumers on the iOS platform and is fully controlled
by Apple in any region.* Previous studies have found that Apple has extensively used
this market power to restrict third-party apps and favor its own apps, even though such
conduct harms welfare on both sides of the market (Geradin and Katsifis, 2021; Worsdorfer,
2024). However, in the case of super apps, Apple has only used this market power in the
United States but not in Asia. This regional variation in Apple’s attitude toward super
apps corresponds to that in iOS’s position on the consumer side of the smartphone platform
market. In other words, Apple turns out to have been restricting super apps in regions where
iOS is strong—that is, where iOS holds a dominant position—on the consumer side, but not
in those where i0S is weak.

I capture platforms’ positions on the consumer side by assuming that, at the beginning of

2In my analysis, I focus on consumers’ payoffs from using apps and abstract from any utility associated
with phone services.

3For mini-apps, their functionalities are aligned with those of ordinary apps published directly on oper-
ating systems, while they are “developed using programming languages such as HTML5 and JavaScript”,
which are “standard in most web pages” (U.S. Department of Justice, 2024a). Consequently, this feature
enables developers to write a single version of a mini app that can, via the channel of super apps, serve any
consumer regardless of the operating system his or her smartphone uses.

4In contrast, Android is open-source, and developers can bypass the Google Play Store and distribute
applications independently.



the game, each consumer is a patron of one of the two platforms. This assumption constitutes
the platforms’ exogenous initial market shares. The platform whose initial market share is
larger than its rival is strong—equivalently, stronger than its rival—on the consumer side of
the market.

I do not treat super apps as players in the game. Instead, I incorporate them exogenously
into the model via the two channels described above: super apps reduce both consumers’
switching costs and the costs of developers who multi-home. This is because, despite Apple’s
restrictions, super apps remain available across both platforms, enhancing cross-platform
interoperability and reducing ecosystem frictions for both consumers and developers. Cor-
respondingly, the effects of restrictions on super apps also operate through the above two
channels, but in directions opposite to those of super apps.

The model also incorporates cross-side network effects: consumers are better off when
more developers operate on the platforms they respectively use, and developers are better off
when more consumers use the platforms they respectively operate on.> Such effects capture
the fundamental trade-offs platforms face when setting prices across market sides: each
platform has an incentive to set a relatively low price on one side to expand participation
there and increase the surplus available for extraction on the other side, where it can charge
a relatively high price for the sake of extraction.

To understand the effects of restrictions on super apps, I first examine the impact of the
following two factors that result from such restrictions: the reduction in multi-homers’ cost
savings and the increase in consumers’ switching costs. I find that when the cost savings of
multi-homing developers increase, consumers and platforms are better off, while developers
are worse off. This is because both platforms proportionally raise their developer-side prices
in order to extract the additional developer surplus that arises from multi-homers’ higher cost
savings. I show that when consumers’ switching costs increase, a platform becomes better
off if and only if it is strong on the consumer side. The effect on consumers depends on
how horizontally differentiated they are. When their preferences for their preferred platform
are sufficiently strong, consumer surplus decreases in the switching costs. In contrast, when
consumers are not very horizontally differentiated, an increase in consumers’ switching costs
may make consumers better off.

The above findings, plus the fact that restrictions on super apps raise consumers’ switch-

°In contrast, in the model, I assume away same-side network effects. Thus, regardless of which platform a
user chooses, the user’s payoff is invariant to the number of same-side users on that platform. In the presence
of consumers’ switching costs, same-side network effects that are symmetric across platforms simply reinforce
the dominant position of the platform that is already strong on the consumer side. Hence, abstracting from
same-side network effects allows the analysis to isolate how cross-side network effects interact with the other
forces in the model, disentangling these mechanisms from those associated with same-side network effects.



ing costs and reduce multi-homers’ cost savings, yield the following results. A platform that
is weak on the consumer side, such as iOS—and thus its owner, Apple—in Asia, does not
prefer such restrictions. However, the preference of a strong platform, such as iOS in the
United States, depends on the degree to which restrictions on super apps increase consumers’
switching costs and decrease developers’ multi-homing savings—an increase in the former
raises the profit of such a strong platform, while a reduction in the latter lowers it. The over-
all effect on consumers may be positive if (1) restrictions on super apps lead to a substantial
increase in consumers’ switching costs against a comparatively minor decrease in developers’
multi-homing savings and (2) consumers view the platforms as sufficiently close substitutes.
Otherwise, consumers are worse off.

These results point to a central reason for the regional variation in Apple’s attitude
toward super apps: i0OS is strong on the consumer side of the smartphone platform market
in the United States but not in Asia. Restrictions on super apps may be profitable for a
platform that is strong on the consumer side, like iOS—and thus, Apple—in the United
States, because the restrictions raise consumers’ switching costs.

In addition, under an extension of the baseline model in which platforms’ developer-
side prices are rigid—as is the case empirically>—the effect of restrictions on super apps
on developer surplus exhibits a pattern similar to that on consumer surplus. Developers
may benefit when (1) restrictions on super apps lead to a substantial increase in consumers’
switching costs against a comparatively minor decrease in developers’ multi-homing savings
and (2) consumers view the platforms as sufficiently close substitutes, if in addition (3) the
strong platform serves more developers than the weak platform. Otherwise, developers are
worse off under the restrictions.

Thus, my analysis identifies three factors that determine the directions of the welfare
effects of restrictions on super apps: (1) whether consumers view platforms as highly dif-
ferentiated or close substitutes, (2) the degree to which restrictions on super apps increase
consumer adaptation costs upon switching platforms and heighten developer workloads as-
sociated with platform-specific maintenance, and (3) the number of apps operate on each
platform. Evaluating potential antitrust concerns associated with Apple’s restrictions on su-

per apps in the United States requires closer empirical examination of these relevant factors.

®In reality, both Apple and Google (the owner of Android) have long maintained a standard 30% com-
mission alongside fixed lump-sum fees—a one-time $25 payment for Android and annual fees of $99 or $299
for 10S. Although both of them have recently lowered their commission rates, these reductions resulted from
antitrust litigation rather than from market forces.



Contribution and Related Literature

My results have direct implications for the practical assessment of antitrust cases. They
pertain to both the economic mechanism through which two-sided markets operate and to
legal practice. With respect to the economic mechanism, the implications primarily arise
from my findings about Apple’s use of its full control over the iOS App Store to reinforce its
market power over consumers. In previously investigated antitrust cases of Apple (Kotapati
et al., 2020; Geradin and Katsifis, 2021; Shao, 2021; Bremond, 2024; Wérsdorfer, 2024),
researchers found that Apple usually uses its full control over the App Store to favor its own
apps and extract surplus from other developers by charging those developers discriminatory
fees and restricting the functionalities of third-party apps. Thus, researchers tend to consider
this market power to be mainly on the developer side.

However, in the case of restrictions on super apps, Apple’s aim is not to privilege its own
competing apps—Apple does not operate a super app—but to prevent any super app from
thriving on i0S. Instead, in my model, the effects of this market power fall primarily on
the consumer side. In particular, this developer-side market power of Apple originates in its
unique control over the access to iOS consumers, and in the case of super apps, this power
propagates back to the consumer side through the restrictions Apple imposes. Accordingly,
I present a framework for analyzing such situations where a factor may directly affect both
sides of a two-sided market. The results of my analysis can also facilitate understanding
both Apple’s 2024 antitrust case and other analogous cases.”

Another aspect of the implications pertains to legal practice. In a CRS (Congressional
Research Service) Legal Sidebar, Sykes (2024) suggests that it may be preferable for the
U.S. Department of Justice to characterize its Apple lawsuit as a technological-tying case
rather than a refusal-to-deal one, given the difficulty plaintiffs face in prevailing on refusal-
to-deal claims. Technological tying and refusal to deal refer to distinct forms of restrictions
on products: the former refers to situations in which a firm “designs one product so that it
functions only when used in conjunction with its own complementary products” (Gaynor,
2006), whereas the latter refers to cases where a firm refuses to do some business with another
party in order to maintain or exploit its market power.

In my model, Apple’s restrictions on super apps constitute a form of technological tying
imposed on both consumers and developers through refusals to deal with super apps. Such
restrictions apply uniformly to all super apps and therefore require (1) consumers to use

i0S devices to access the versions of apps available on i0S, and (2) developers to use i0OS’s

"E.g., the U.S. versus Microsoft 1998 antitrust case, where Java and non-Microsoft browsers played a role
similar to that of super apps in the Apple 2024 antitrust case. For further details, refer to paragraphs 7 and
8 in the complaint filed by the U.S. Department of Justice (1998).



APIs (app programming interfaces) and publish their apps on the iOS App Store in order to
better serve iOS consumers. As a result, my model interprets these restrictions as a hybrid
of technological tying and refusals to deal.

My results also contribute to the thin strand of literature that incorporates switching
costs (Klemperer, 1987a,b, 1988; Farrell and Shapiro, 1988; Taylor, 2003; Toolsema, 2009;
Biglaiser et al., 2013, 2016; Fabra and Garcia, 2015) into models of two-sided markets (Arm-
strong, 2006; Armstrong and Wright, 2007; Hagiu, 2009; Shao, 2016; Carroni et al., 2024).8
One type of setting commonly used to investigate the effects of switching costs in two-sided
markets is explicitly intertemporal. It assumes that platforms enter the two-sided market
simultaneously and compete for users in the first period in order to increase their respective
market power coming from the switching costs in the second period. Lam (2017) developed
a model with exogenous switching costs on both sides of the market. Kim (2017) considered
a situation where consumers’ switching costs depend on compatibility between the com-
peting platforms. Cavazos Flores (2023) incorporated buyers’ imperfect information about
platforms’ qualities into the setting. A limitation of this type of setting is that platforms’
market power in the second period simply depends on variables explicitly incorporated into
the model, which cannot account for other realistic factors that lie outside the scope of such
variables.

Another type of setting incorporates one of these realistic factors: sequential entry. In
such type of setting, one platform arrives earlier than its (prospective) rival(s) and can
attract consumers to gain its market power as an incumbent before the arrival of the later
entrant(s). Tremblay (2019) adopted a dynamic setting, assuming consumers’ switching costs
in the second period to be endogenously dependent on the network effect enjoyed in the first
period. Giovannetti and Siciliani (2023) opted for a static setting, explicitly assumed that
the incumbent platform initially hosts all users in the market, and allowed for differentiated
switching costs for both sides of the market. However, in this type of setting, the effect of the
incumbent’s dominance over the entrant(s) on the market outcomes tends to be relatively
overwhelming compared with those of other factors. Thus, this type of setting seems to
lack the ability to flexibly capture the sources of platforms’ market power that arise from
switching costs.

The novel focus of my model is how differences in platforms’ initial market shares affect
their attitudes toward super apps and the relevant restrictions. Consequently, I explicitly
specify the exogenous initial market shares of the platforms and allow for a rich set of possible

values, which enables the model to capture the relevant sources of platforms’ market power

8For a comprehensive review of the contemporary literature on two-sided markets, see Rietveld and
Schilling (2021).



in a flexible and robust manner.? For example, the exogenous initial market shares capture
differences between operating systems in the diversity of the smartphone models that adopt
each of them. In Section 5, I extend the model by explicitly incorporating this form of
diversity and show that all main results continue to hold.

The rest of this paper proceeds as follows. Section 2 presents the baseline model. Section
3 describes the solution concept adopted in the model and presents the solution. Section 4
analyzes the effects of super apps and the relevant restrictions on the market equilibrium.
Section 5 evaluates the robustness of the baseline model by discussing two relevant extensions:
one that accounts for model diversity among smartphone manufacturers using the same
operating system, and another that considers environments in which platforms’ developer-
side prices are rigid. Section 6 concludes. The omitted mathematical content, unless specified

otherwise, is relegated to the appendices.

2 The Model

I model the smartphone platform market as a two-sided market with cross-side network
effects!® and two competing operating systems, iOS and Android, as platforms that compete
for users in the market. The two platforms, namely platform 0 and platform 1, are at the
respective endpoints of a Hotelling line [0, 1] that characterizes the market. Two groups of
unit-mass users, consumers and developers, are respectively on the two sides of the market
and uniformly distributed on the Hotelling line so that x ~ U[0, 1] represents consumers’
horizontal preferences and y ~ U[0, 1] represents those of developers. Consumers always use
at most one of the two platforms—that is, they always single-home—while developers may
operate on both platforms—that is, they may multi-home.

At the beginning of the game, each consumer is a patron of a platform b € {0,1} and
incurs a switching cost when switching away from that platform. f e (0,1) denotes the frac-
tion of consumers who initially patronize platform 0—that is, platform 0’s (consumer-side)
initial market share—and 1 — f denotes the fraction associated with platform 1. I capture
platforms’ consumer-side market power, which arises primarily from consumers’ switching
costs, through their initial market shares. A platform with a larger initial market share there-
fore possesses greater consumer-side market power. Because there are only two platforms in

the market, a platform with an initial market share larger than 0.5 is strong—equivalently,

9 An alternative approach is to derive the initial market shares endogenously, as the steady-state levels in
a dynamic model. However, the relatively short history of the current smartphone platform market—about
20 years since the iPhone’s 2007 release—suggests that the market may not have reached its steady state
before the emergence of super apps.

10As noted in Section 1, I assume away same-side network effects in the model.



holding a dominant position—on the consumer side, whereas a platform with an initial mar-
ket share below 0.5 is weak on the consumer side. Consumers’ horizontal preferences are
independent of the platforms they initially patronize.!! T assume platforms’ initial market
shares to be exogenous.!?

The game proceeds as follows.

1. Each platform i € {0, 1} simultaneously sets prices p; to all consumers (abbreviated as
C') and g; to all developers (abbreviated as D).!3

2. Observing all four prices posted by the two platforms, each consumer located at x €
[0,1] on the Hotelling line and initially patronizing b € {0,1} chooses whether to use
platform 0 or platform 1, and each developer located at y € [0, 1] on the Hotelling line

chooses whether to operate on platform 0, operate on platform 1, or multi-home.

3. Then, the game ends with all parties’ payoffs realized as follows.

e Denote consumers’ baseline payoff from using platform i € {0,1} by u; > 0; con-
sumers’ Hotelling transportation cost parameter by s > 0;' consumers’ cross-side
network effect parameter by ¢ > 0; the number of developers that only operate
on platform 7 € {0,1} by n”; the number of multi-homing developers by n?; and
each consumer’s switching cost by £ > 0. This switching cost is symmetric—a con-
sumer incurs the same cost k regardless of the direction of the switch. It captures
the direct friction of switching rather than platform payoff differences, which are
accounted for by baseline payoffs and horizontal preference heterogeneity.

Then, for a consumer with (z,b) € [0,1] x {0,1} using platform ¢ € {0,1}, the
payoff is U;(x,b), where

Uo(2,b) = ug — sz +c(nd +nd) —py - ki[b=1], 2.1)

Ui(2,b) =uy — s(1-z) +c(n? +n?) - p; - k1[b=0]. .
e Denote developers’ baseline payoff from operating on platform i € {0, 1} by v; > 0;
developers’ Hotelling transportation cost parameter by t > 0; developers’ cross-

side network effect parameter by d > 0; the number of consumers that use platform

UTn other words, b is a random variable independent of z—that is, b L z—and with P(b=0) = f.

12 A5 discussed in Section 1, the relatively short history of the current smartphone platform market justifies
this assumption.

131n particular, platforms cannot price-discriminate.

4 Consumers’ horizontally differentiated preferences are associated with distinct platform features. For
instance, Android offers extensive user customization, whereas iOS prioritizes standardization and limits
platform flexibility.



i €{0,1} by n{; and the amount of each multi-homer’s cost saving by r > 0. For a
developer, multi-homing always costs more than operating on a single platform.
However, it costs less than developing for two platforms completely independently.
Therefore, for each multi-homer, the cost saving r is non-negative. In addition,
this cost saving is also “symmetric” in the sense that a multi-homer always enjoys
the same amount of cost saving r, regardless of whether it has been operating
on platform 0 and is new to platform 1, has been operating on platform 1 and is
new to platform 0, or it is new to both platforms—developers are not assumed to
initially patronize any platform.

Then, for a single-homing developer with y € [0, 1] operating on platform i € {0, 1},
the payoff is V;(y), with

Vo(y) =vo —ty + dnoc - qo,

o (2.2)
Vi(y) = v —t(1-y) +dnf - ¢,
and for a multi-homing developer with y € [0,1], the payoff is
Va(y) = Vo(y) + Va(y) +r. (2.3)

Let m > 0 denote the commission that each platform charges each developer oper-
ating on it for each consumer who uses it and is thus accessible to the developers.
The commission m is non-negative, exogenous, and identical across platforms,'
and it does not appear in users’ payoff functions because the developer-side net-

work effect d is defined net of the commission.

Then, for each platform i € {0, 1}, its payoff is its profit, which is

7 = pind + (q; + mnzc)(nf) + nQD) (2.4)

In this game, the strategy of each platform i € {0,1} is a pair of prices (p;,¢;) € R?

posted to consumers and developers, respectively. Platforms may set negative prices—that

is, subsidize users. The strategy of a consumer is a function L¢ : [0,1] x {0,1} x R* - {0, 1},

where Lo(x,b,p0,q0,01,q1) =@ € {0,1} if and only if a consumer with (z,b) € [0,1] x {0,1}

15These assumptions are for the sake of both simplicity and consistency with real-world practice. In
particular, the assumption that m is identical across platforms is mainly for simplicity. Assuming asymmetry
leaves the model’s results qualitatively unchanged but greatly complicates the associated mathematics. This
symmetry assumption is also consistent with the fact that both Apple and Google have applied a standard
30% commission for a long period of time. As noted in Section 1, the recent changes in their respective
commission rates are responses to antitrust lawsuits rather than to market forces.

10



chooses to use platform i given prices (po, go, P1,¢1). The strategy of a developer is a function
Lp:[0,1] xR* - {0,1,2}, where Lp(y,po,q0,p1,q1) =1 € {0,1,2} if and only if a developer
with y € [0, 1] chooses to (1) operate on platform ¢ only (when i € {0,1}) or (2) multi-home
(when ¢ = 2) given prices (po, qo, P1,q1). All else equal, each user prefers the platform closer to
his or her location, and developers located near the midpoint of the Hotelling line are more
likely to multi-home. Consumers’ switching costs k discourage consumers from switching
away from their initial platforms, while multi-homers’ cost savings r encourage developers
to multi-home.

Finally, among all of the terms defined above, the prices (po,qo,p1,¢1) and the market
shares (n¢)L, and (n?)2, are endogenous and jointly constitute the equilibrium of the game,

while all other terms are exogenous.

3 Equilibrium of the Model

I use subgame perfect equilibrium as the solution concept for this game and refer to it as
equilibrium thereafter. In the equilibrium, (1) given platforms’ equilibrium prices and other
users’ equilibrium strategies, each user optimally chooses platform(s) to use or operate on
to maximize his or her payoff, and (2) given users’ equilibrium strategies and the other
platform’s equilibrium prices, each platform optimally sets its prices to maximize its profit.

Throughout this paper, I focus on equilibria characterized by interior solutions under full
market coverage.!® Such an equilibrium exists and is unique when (1) the degrees of users’
horizontal differentiation are relatively large compared with the magnitudes of users’ network
effects, consumers’ switching costs, and the differences in platforms’ baseline payoffs on both
sides of the market, (2) the platforms’ baseline payoffs to consumers are relatively large
compared with the switching costs and the degree of consumers’ horizontal differentiation,
and (3) the sum of platforms’ baseline payoffs to developers, the magnitudes of users’ network
effects, the commission, and multi-homers’ cost savings are all bounded above and below by
different multiples of the degree of developers’ horizontal differentiation.!”

Assuming these conditions hold throughout the analysis, let [(pg,q5), (p5.q7), L, L]

denote the unique equilibrium of the model with market shares (n¢*)L; and (nP*)2,. The

16Specifically, the market is fully covered on both sides, neither platform serves all users on either side,
and there are always some multi-homers. These resulting patterns are consistent with real-world outcomes
in the smartphone platform market and in more general situations. This consistency justifies the focus.

"For the steps for solving the model and the relevant mathematical content, including the expressions
associated with these conditions, see Appendix A.
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equilibrium prices are

4st —2cd - (d+m)(vy +c+m)

Py =
4t
. [st(2c—d—-m) - Ad]u_ + t[4st —d(3c+d) —m(c+2d) - m?|u_
20 ’
. 4dst=2cd-(d+m)(vy +c+m)
by = 4
t 3.1)
_[st(2c—d-m) - c*d]v_ +t[4st = d(3c +d) —m(c+2d) - m*]u- (3.
2t ’
, vy—c—m [3st—c(c+2d)-m(2c+d)—m?|u_+t(d—c-m)u_
qo = 4 + 2 )
)
, vy—c—m [3st—c(c+2d)-m(2c+d)—m?|v_+t(d—c-m)u_
q1 = 4 - 2¢ )

where ¢ := 6st — c? = d? — ded - 2m(c+ d) —m?, u_ = ug —uy + k(2f = 1), v_ = vy — vy, and
Uy = Ug+ U +d+2r.

The equilibrium market shares are

noc*=1+ (c+d+m)v_ +2tu_

2 2 ’

Co _ 1 (c+d+m)v_ +2tu_

1 2 2¢ Y
nOD*_l_v++c+m+(35t—cd)v,+t(c+d+m)u,7 (3.2)
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The equilibrium strategy of each consumer is

. 0 ifz< z
LC(x7b7p07QO7p17QI) = y (33)
1 elsewhere

where z§ = n* + @ is the location of the consumers who initially patronize platform 0
and are indifferent between the two platforms in the equilibrium, and z} = n§* - % is the
location of the consumers who initially patronize platform 1 and are indifferent between the

two platforms in the equilibrium.
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The equilibrium strategy of each developer is

0 ify<nd*
Ly (y,po,qo,p1,q1) =41 if y>1-nPr, (3.4)

2  elsewhere

*

is the location of the developers who are indifferent between single-homing on

platform 0 and multi-homing in the equilibrium, and 1 - nP* is the location of the devel-

where nj

opers who are indifferent between single-homing on platform 1 and multi-homing in the

equilibrium.

4 Comparative Statics

The heart of my analysis lies in the corollaries presented at the end of each part. These
corollaries describe how restrictions on super apps affect each object of interest, thereby an-
swering my research questions. However, because Apple’s restrictions on super apps degrade
super apps’ functionalities and limit their cross-platform interoperability—therefore raising
consumers’ symmetric switching costs k& and reducing multi-homers’ cost savings r8—in each
part of my comparative static analysis, I begin by examining how k£ and r affect each object
of interest. Intuitively, each platform tends to prefer that consumers face lower costs when
switching to it and higher costs when switching away, so that it can profit from serving more
consumers. Nevertheless, the symmetry of k requires a closer examination of the relevant
effects.

As a result, in each part of my comparative static analysis, the first few results are
propositions that concern the effects of consumers’ switching costs and multi-homers’ cost
savings. These propositions are mainly used to reach the corresponding corollaries, which
concern the effects of restrictions on super apps.'® Meanwhile, throughout the comparative
static analysis in this paper, I hold all other exogenous variables? fixed and assume that the
conditions in (A.1.9) and (A.2.1)—(A.2.4) are satisfied.

18Because both k and r are symmetric and the model abstracts from any direct utility associated with
super apps, Apple’s restrictions on super apps effectively impose the same restrictions on users of i0S’s rival
platforms as well.

19The proofs of Propositions 1 - 7 and Corollary 2 are relegated to Appendix B. The other corollaries follow
directly from the relevant propositions. In particular, the proofs of Corollaries 3 and 4 closely resemble that
of Corollary 2. Therefore, the proofs of these results are omitted from this paper for brevity.

20Such exogenous variables include platforms’ baseline payoffs to users (u;,v;)i_, users’ Hotelling trans-
portation cost parameters s and ¢, users’ network effect parameters ¢ and d, the commission parameter m,
and the initial market shares (f and 1 - f).
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4.1 Market Outcomes

[ start my analysis by examining the equilibrium market outcomes—the prices in (3.1) and
the market shares in (3.2).

Proposition 1 (Effects of Consumers’ Switching Costs on Market Outcomes). When there
is an increase in consumers’ switching costs k, in equilibrium a platform that is strong (weak)

on the consumer side
1. charges a higher (lower) price to consumers;

2. charges a higher (lower) price to developers if and only if the magnitude of the developer-
side network effect is sufficiently large relative to that of the consumer-side network

effect and the commission;
3. serves more (fewer) consumers; and

4. serves more (fewer) developers while serving the same number of multi-homers—that

18, the number of multi-homers remains unchanged.

Proposition 1 describes the effects of consumers’ switching costs k& on the equilibrium
market outcomes. Part 1 concerns the effect on platforms’ consumer-side prices. This effect
is standard in the literature on switching costs and relates to the trade-off faced by the
platforms. For each platform, the trade-off is between attracting more consumers from
its rival by reducing the price and profiting more from each consumer using the platform
by raising the price. When k increases, it becomes more difficult for each platform to
attract additional consumers from its rival. Thus, a platform that is strong on the consumer
side finds it more profitable to raise its consumer-side price because its relatively large
consumer base—that is, its relatively large initial market share—provides a greater scope for
exploitation. In contrast, a platform that is weak on the consumer side, despite the increased
difficulty in attracting consumers, reduces its consumer-side price because it does not have
a sufficiently large consumer base for profitable exploitation. As for the effect via cross-side
network effects, when k increases, though a strong platform has some incentive to reduce
its consumer-side price in order to positively affect the part of its profit that comes from
the developer side, the profitability of exploiting large consumer base turns out to outweigh
this incentive. In contrast, a weak platform reduces its consumer-side price to attract more
consumers—though unsuccessfully (see part 3). When neither of the two platforms holds a
dominant position on the consumer side—that is, when their initial market shares are equal
(f =1- f=0.5)—neither aspect of the above trade-off outweighs the other and, as a result,

changes in k do not affect platforms’ consumer-side prices.
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Part 2 shows that the effect of k on the platforms’ developer-side prices depends on a
comparison that involves the magnitudes of the two groups of users’ network effects and the
commission. In particular,

gy~ Oqi _t(d-c-m)(2f-1)

ok ok 2¢

(4.1.1)

Accordingly, the direction of the effect depends on (1) the platform’s position on the
consumer side, captured by the sign of 2f — 1, and (2) the relative magnitude of cross-side
network effects and fees, captured by the sign of d—c—m. On the one hand, when d increases,
the developer-side network effect becomes larger, making it more profitable for a platform to
use its market power to exploit developers by charging them a higher price. This is the price
dimension through which a platform may profit from adjusting its developer-side price. On
the other hand, when ¢ increases, the consumer-side network effect becomes larger. Then, a
platform finds it more profitable to attract additional developers by reducing its developer-
side price so as to further exploit consumers by using its market power. This is the quantity
dimension through which a platform may profit from adjusting its developer-side price. The
commission boosts the quantity dimension: when m increases, a platform finds it more
profitable to attract more developers—and then more consumers, via the channel of the
consumer-side network effect—so as to earn more from the commission.

The number of consumers served by a platform is related to its consumer-side market
power. A platform that is strong on the consumer side has a larger consumer base to
exploit and therefore possesses greater consumer-side market power than its rival. Thus,
when k increases, such a strong platform would raise its developer-side price if and only if
d > ¢+ m—that is, the extractable surplus associated with the developer-side network effect
is larger than that associated with the consumer-side network effect and the commission. If,
instead, d < ¢+ m, it would reduce its developer-side price to facilitate its extraction via the
channel of the commission and exploitation of the consumer-side network effect.

As for a platform that is weak on the consumer side, its relevant reaction is exactly the
opposite of that of a strong one. A weak platform avoids competing with its strong rival in
the same dimension and shifts to the dimension less profitable for the rival. For example,
when d > ¢+ m, the strong rival finds it more profitable to raise its developer-side price in
order to extract surplus from developers, while the weak platform correspondingly reduces
its developer-side price to profit through the quantity dimension. Similar to the situation in
part 1, the effect in this part disappears when f = 0.5—that is, when no platform holds a
dominant position on the consumer side. It also disappears when d = ¢ + m—that is, neither

of the above two dimensions outweighs the other.
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Part 3 and part 4 reflect how a platform’s market power influences the effect of k£ on
the equilibrium market shares. When k increases, consumers become less willing to switch.
Thus, a platform that is strong on the consumer side ends up serving a larger number of
consumers, even though it raises its consumer-side price to extract more surplus from them.
Meanwhile, this increase in its consumer-side market share increases the amount of network
effect that the developers operating on it can enjoy, enabling it to attract more developers.
The increase in its developer-side market share can further increase its consumer-side market
share via the channel of the consumer-side network effect and, subsequently, its profitability
from raising its consumer-side price, forming a virtuous cycle for it. Moreover, the number of
multi-homers remains invariant to changes in consumers’ switching costs. This is because an
increase in k generates exactly offsetting flows: it pushes as many single-homers who operate
on the weak platform into multi-homing as it induces multi-homers to operate exclusively
on the strong platform. A weak platform faces the opposite situation. In addition, as in
the previous parts, when neither platform is strong on the consumer side, the equilibrium

market shares are invariant to any change in k.

Proposition 2 (Effects of Multi-homers’ Cost Savings on Market Outcomes). When there

s an increase in multi-homers’ cost savings r, in equilibrium each of the platforms

1. charges a lower price to consumers;
2. charges a higher price to developers;
3. still serves the same number of consumers; and

4. serves more developers, with some developers switching from single-homing to multi-

homing.

Proposition 2 is about the effects of multi-homers’ cost savings r on the equilibrium
market outcomes. In contrast to consumers’ switching costs k, the effects of r are symmetric
in that they are invariant to platforms’ consumer-side market power. Part 1 implies that
when 7 increases, both platforms charge consumers lower prices. This is because their higher
developer-side prices—see part 2—respectively incentivize them to charge consumers lower
prices in order to attract more developers via the channel of the developer-side network
effect.

Part 2 shows the direct effect of an increase in r, which is on the developer side. When r
increases, multi-homing becomes more attractive for each developer. This makes it profitable
for both platforms to charge developers higher prices.

Part 3 closely reflects the symmetry of the effects of . Because r affects both the plat-

forms’ consumer-side prices and their developer-side market shares in a symmetric manner,
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combined with (2.1), each consumer’s choice between the platforms is unaffected, leaving
consumer-side market shares unaffected as well.

Part 4 indicates that the increases in platforms’ developer-side prices induce some single-
homers on each platform to multi-home. From (2.2) and (2.3), when r increases, each
developer’s payoff from multi-homing is unaffected, whereas the payoff from single-homing
decreases regardless of which platform the developer operates on.?! Thus, when r increases,
on each platform there are some developers who switch from single-homing to multi-homing.

Because restrictions on super apps affect the market by raising consumers’ switching costs
and reducing multi-homers’ cost savings, Propositions 1 and 2 together yield the following

corollary:.

Corollary 1 (Effects of Restrictions on Super Apps on Market Outcomes). In response to

restrictions on Super apps,

1. a platform that is strong on the consumer side charges a higher price to consumers and

ends up serving more consumers;

2. a platform that is weak on the consumer side charges a lower price to developers and

ends up serving fewer users on both sides;
3. the platforms end up serving fewer multi-homers; and
4. the direction of change in each of the other market outcomes is ambiguous.

Corollary 1 summarizes the effects of restrictions on super apps on the equilibrium mar-
ket outcomes. Each of the effects presented in the preceding three parts is unambiguous
because the effects of the restrictions operate in the same direction through the two chan-
nels—consumers’ switching costs k£ and multi-homers’ cost savings r. For example, both an
increase in k and a decrease in 7 result in a higher consumer-side price of a strong platform.
Therefore, in response to restrictions on super apps, which both raise consumers’ switching
costs and reduce multi-homers’ cost savings, a strong platform charges a higher price to
consumers.

In terms of part 4, for each of the other market outcomes, the effects of the restrictions
operate in opposite directions through the two channels, leaving the overall effect ambigu-
ous. The exact direction of this overall effect depends critically on the extent to which the

restrictions affect the values of £ and r. For example, in response to restrictions on super

2In terms of multi-homing, the positive effect via the channel of r exactly offsets the negative effect via
the channel of gy and ¢4 (%i;’ = 88% = %), whereas for single-homing on platform i € {0,1}, r and ¢,_; are
absent from the payoff, leaving the negative effect via g; alone.
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apps, if the magnitude of the increase in k is sufficiently larger than that of the decrease
in r—so that the positive effect via the channel of k outweighs the negative effect via the
channel of r—a strong platform would end up serving more developers. Otherwise, a strong

platform would end up serving fewer developers in response to these restrictions.

4.2 Profits and Welfare
First, from (2.4), the equilibrium profit of platform i € {0,1} is

7= pinS + (qf + mnl*)(nP* + ™). (4.2.1)
Proposition 3 (Effects of Consumers’ Switching Costs on Profits). An increase in con-
sumers’ switching costs k increases (decreases) the equilibrium profit of a platform if and

only if the platform is strong (weak) on the consumer side.

Proposition 3 illustrates the effects of consumers’ switching costs k on platforms’ equi-
librium profits. When k increases, a platform is better off if and only if it is strong on the
consumer side. From Proposition 1, for a strong platform, an increase in k always increases
its market shares on both sides of the market and its consumer-side price, and its developer-
side price would decrease if and only if it finds such a price reduction to be profitable. As a
result, an increase in k benefits it via the channel of both prices (i.e., intensively) and market
shares (i.e., extensively, via quantities).

In contrast, a weak platform becomes worse off when £ increases. This increase leads to
decreases in both its consumer-side price and its market shares on both sides of the market.
Although it may raise its developer-side price in this situation, its lack of consumer-side mar-
ket power means that any resulting gain is relatively small and cannot completely offset its
losses from the relevant decreases. When neither of the platforms holds a dominant position
on the consumer side, again from Proposition 1, prices and market shares are invariant to
any change in k. Therefore, from (4.2.1), platforms’ profits are invariant to any change in k

as well.

Proposition 4 (Effects of Multi-homers’ Cost Savings on Profits). An increase in multi-

homers’ cost savings r increases the equilibrium profit of each platform.

Proposition 4 is about the effects of multi-homers’ cost savings r on platforms’ equilibrium
profits. It implies that an increase in 7 increases both platforms’ equilibrium profits. From
Proposition 2, for each platform, both its developer-side price and the number of developers it
serves increase in r. The positive effect on equilibrium profits through these two dimensions

outweighs the negative effect through the consumer-side price reductions.
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Propositions 3 and 4 together characterize platforms’ attitudes toward super apps and

the relevant restrictions, yielding the following corollary.

Corollary 2 (Effects of Restrictions on Super Apps on Profits). In response to restrictions

on super apps,

1. the equilibrium profit of a platform that is not strong on the consumer side decreases;

and

2. the direction of change in the equilibrium profit of a platform that is strong on the con-
sumer side is ambiguous: the profit increases (decreases) when the restrictions increase
consumers’ switching costs to a significantly greater (lesser) extent than they decrease

multi-homers’ cost savings.

Corollary 2 presents the effects of restrictions on super apps on platforms’ equilibrium
profits. Because restrictions on super apps affect the market by raising consumers’ switching
costs k and reducing multi-homers’ cost savings 7, such restrictions always reduce a platform’s
equilibrium profit via the channel of r, and they increase its profit via the channel of k if
and only if the platform is strong on the consumer side. Accordingly, part 1 suggests that
restrictions on super apps make a platform that is not strong on the consumer side worse
off. As a result, such a platform does not prefer any restriction on super apps.

In contrast, part 2 shows that a strong platform faces a trade-off between the effects
operating through the two channels and may therefore be better off under such restrictions.
Similar to the situation in Corollary 1, the preference of a strong platform depends on
the extent to which the restrictions affect the values of k£ and r. In particular, for a strong
platform, because its equilibrium profit increases in r, it would find restrictions on super apps
preferable if the resulting increase in k is sufficiently large—compared with the decrease
in 7—to protect it effectively from consumer-side price competition. Similarly, when the
increase in k is relatively small compared with the decrease in r, a strong platform does
not find restrictions on super apps desirable. For example, the numerical simulation results
shown in Figure 1 present scenarios (black region) where restrictions on super apps—which
increase consumers’ switching costs from k;, to k, and decrease multi-homers’ cost savings
from 7, to r,—increase the equilibrium profit of a strong platform. These scenarios are such
that |k, — ky|, the increase in k, is sufficiently large compared with |r, — 14|, the decrease in

r.22 Accordingly, any decision by a strong platform to restrict super apps reveals that it

22Figure 1 was generated using MATLAB. The parameter values used to generate Figure 1 are as follows:
s €[21,213], t =21, ¢c=d =199, m =02, up = uy =vy =v1 =1, k =063, » = 0.03, and f =
0.58—accordingly, platform 0 is strong in the market. These values all satisfy (A.1.9) and (A.2.1)—(A.2.4).
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Figure 1: Direction of the Effect of Super App Restrictions on Strong Platform Profit, Degree
of Consumers’ Horizontal Differentiation s € [2.1,2.13]

expects parameter conditions to lie within the black region, rather than the gray region, of
Figure 1.
Next, by the nature of the two-sided market, I analyze the equilibrium surplus of the

consumers and that of the developers separately. The equilibrium consumer surplus is

C’S*:f[foxé Ug(x,o)de Uf(x,())d:c]+(1—f)[f030I Ug(x,l)der/;;Uf(x,l)dx]
ca_ gy K2IA-F) s
S
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(4.2.2)

where U/ (z,b) is calculated in accordance with (2.1) and denotes the equilibrium payoff

of a consumer with x € [0,1], initially patronizing platform b € {0,1}, and using platform

20



i€{0,1}. The equilibrium developer surplus is

D
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where V.*(y) is calculated in accordance with (2.2) and (2.3), and it denotes the equilibrium
payoff of a developer with y € [0,1] who operates on platform ¢ (when i € {0,1}) or multi-

homes (when i = 2).

Proposition 5 (Effects of Consumers’ Switching Costs on Consumer Surplus). When there

18 an increase in consumers’ switching costs k, the equilibrium consumer surplus

1. decreases when the degree of consumers’ horizontal differentiation is sufficiently large

relative to consumers’ switching costs and the magnitudes of users’ network effects;

2. may increase when the degree of consumers’ horizontal differentiation is not sufficiently

large.

Proposition 5 characterizes how an increase in consumers’ switching costs k affects the
equilibrium consumer surplus. Part 1 indicates that the equilibrium consumer surplus de-
creases in k as long as consumers are sufficiently horizontally differentiated—specifically,
when s, the degree of consumers’ horizontal differentiation, is sufficiently large relative to k
and to the network effect parameters ¢ and d.?> When consumers are sufficiently horizontally
differentiated, many still opt to switch despite rising costs in order to reach their preferred
platform. More formally, when s is sufficiently large relative to ¢ and d, each consumer’s
payoff from using a (weakly) strong platform decreases in k regardless of which platform the
consumer initially patronizes. When £ increases, though the number of developers serving
on a strong platform rises, the platform’s consumer-side price also increases, outweighing

consumers’ additional network-effect benefit.?* Meanwhile, for the consumers who initially

2 2 2
23Mathematically, it requires s > 2k and s > SrdrdedrZmlcrd)ysm 5 o potantial degree of consumers’

horizontal differentiation ensures sufficient heterogeneity for a significant range of consumers to be willing to
switch to the platforms that are respectively closer to them, and an increase in k adversely affects consumers
via this channel. These conditions are qualitatively aligned with the conditions on large degrees of users’
horizontal differentiation stated in Section 3. Quantitatively, however, neither set of conditions implies the
other.

241n particular, assume without loss of generality that f € [0.5,1) so that platform 0 is (weakly) strong

* * 2 Dx* ., D*
on the consumer side. Then, combining % = —% = [45t_d(3c+d)_m§‘;+2d)_m 121 ag% = —ag;c =
d 2f-1 onP* . AU (z,b 2f-1)(p-2st AU} (x,b 2f-1)(p-2st
(et +”2L<)1>( =D and 22— = yields %(]: ) - _@f )2((;5 ) _1[b=1] and 18(]: ) - @f )2(¢¢ D _1[b=0].

2 2 2
: +d°+4cd+2 c+d)+
Since s > < cd+2m(ctd)+m

is equivalent to ¢ > 2st, and because f € [0.5,1), it follows that for any

I’
x€[0,1], dU%i(kx’b) <0 for each b€ {0,1}.
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patronize a (weakly) weak platform, their payoffs from switching to the strong platform al-
ways decrease in k. The only exception is the consumers who initially patronize the weak
platform and choose to continue using it: both their payoffs and their number increase in k
(because the price reduction outweighs the decrease in the number of developers). As long
as k is small relative to s, however, the number of them is relatively small, and the overall
effect of an increase in k on the equilibrium consumer surplus is negative.?> Consequently,
a high value of s relative to ¢, d, and k£ both makes the payoffs of most groups of consumers
decrease in k and reduces the size of the group whose payoffs increase in k. As a result,
the overall effect of an increase in consumers’ switching costs on the equilibrium consumer
surplus is negative in this situation.

In contrast, part 2 suggests that the equilibrium consumer surplus may increase in k
when consumers are not very horizontally differentiated. This happens, for instance, when a
sufficiently large number of consumers and developers cluster on the stronger platform, gen-
erating substantial cross-side network effects. In detail, when s is relatively small compared
with ¢ and d, and one of the two platforms is sufficiently stronger than the other, each con-
sumer’s payoff from using the strong platform increases in k, regardless of which platform the
consumer initially patronizes.?6 In this situation, the strong platform’s consumer-side price
may even decrease in k.2” As a result, when k increases, consumers who use this platform
may benefit both from this price reduction and from the resulting increase in the platform’s
equilibrium developer-side market share, which enlarges the network-effect gain available on
the platform. Thus, the positive effect of an increase in k& on the payoffs of consumers who
use the strong platform may outweigh the negative effect of the increase on the payoffs of
consumers who use the weak platform,?® and the overall effect of an increase in consumers’
switching costs on the equilibrium consumer surplus may therefore be positive. For example,
the numerical simulation results shown in Figure 2 illustrate that the equilibrium consumer
surplus tends to decrease in k when s is relatively large but may increase in k£ when s is

sufficiently small.??

258till assume without loss of generality that f € [0.5,1) so that platform 1 is (weakly) weak on the

consumer side. Then, for payoffs, combined with ¢ > 2st, for any = € [0,1], aU%(]':’O) < d’ 25t -1<0 and
BU%(:’” = (2f_1)2(¢¢_28t) > 0. As for the number of consumers, combining the definition of f Wlth (3.3), the
size of this group of consumers is (1 - f)(1-z%) = (1 - f)(n{* + %), whose derivative with respect to k is
d - s —25
(1= N+ 250 = (1= L - LD = stedldm2e g,
2 2
A +d +4Cd;§:n(c+d)+m I s that ¢ < s and f = 0.75, then for each b e {0,1},
8U%(9C7b) _ _@f-1)(¢=2st) _ [ ] _0.5(¢-8¢) ]]_[b _ 1] =1.75 - ]]_[b 1] > 0.
k 2¢ 2¢
27With f c [O 5 1) Ipy _ [4st—d(3c+d)—m(c+2d)—m 21(2f-1) <0ifs<¢ 2 +d? +4cd+2m(c+d)+m?

26For example, let s <

7 0k 4t

2¢
ZWith f €[0.5,1), for each be {0,1}, 8U1 (‘r b @ 1)(¢ 2 _1[b=0]<0if s<© +d2+40d+42:1(c+d)+m

YFigure 2 was generated using MATLAB The parameter values used to generate Figure 2 are identical

22



01 T T T T T
Actual value of & CS /0 k

- = - = Benchmark value for & CS /0 k=0

0.05

9CS /o k
S
&

-0.1

-0.15

-0.2 I I I I I
2.1 2.105 2.1 2.115 212 2.125 2.13

S

Figure 2: Effect of Consumers’ Switching Costs k& on Consumer Surplus, Degree of Con-
sumers’ Horizontal Differentiation s € [2.1,2.13]

Proposition 6 (Effects of Consumers’ Switching Costs on Developer Surplus). When there

s an increase in consumers’ switching costs k,

1. the equilibrium developer surplus increases if and only if the strong platform serves

more developers in equilibrium than the weak platform; and

2. the resulting change in the equilibrium developer surplus diminishes in magnitude and

ultimately vanishes as consumers become sufficiently horizontally differentiated.

Proposition 6 describes the effect of changes in consumers’ switching costs k£ on the
equilibrium developer surplus. Part 1 identifies the key factor that determines the direction
of the effect: the contrast between the two platforms’ equilibrium developer-side market
shares. From (2.2) and (2.3), consumers’ switching costs affect each developer’s payoff via

two channels: consumer-side market shares and developer-side prices. For the payoff from

to those in Figure 1.
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operating on a strong platform, the positive effect of an increase in k via the resulting
increase in the equilibrium consumer-side market share outweighs the negative effect via the
resulting increase in the consumer-side price, and the directions of these effects are reversed
for a weak platform. Thus, when k increases, each single-homer’s payoff from operating on
a strong platform increases, the payoff from operating on a weak platform decreases, and
each multi-homer’s payoff remains unchanged.?® Therefore, the positive effect of an increase
in k£ on the payoffs of developers operating on the strong platform outweighs the negative
effect on those operating on the weak platform if and only if the strong platform serves more
developers than the weak platform.

Part 2 suggests that the effect of k£ on the equilibrium developer surplus is negligible
when consumers are sufficiently horizontally differentiated. As consumers become sufficiently
horizontally differentiated, the effects of consumers’ switching costs operating through both
consumer-side market shares and developer-side prices diminish in magnitude and ultimately
vanish. Consequently, the overall effect on each developer’s payoff—and hence on the equi-

librium developer surplus—exhibits the same pattern.3!

Proposition 7 (Effects of Multi-homers’ Cost Savings on Welfare). An increase in multi-

homers’ cost savings r
1. increases the equilibrium consumer surplus; and
2. decreases the equilibrium developer surplus.

Proposition 7 is about the effects of multi-homers’ cost savings r on the equilibrium
surpluses. Part 1 indicates that the equilibrium consumer surplus increases in r. The
explanation for this comes directly from Proposition 2, whose part 1 shows that when r
increases, all consumers pay lower prices regardless of the platforms they respectively use;
part 3, together with (3.3), implies that no consumer chooses a different platform when
there is any change in 7; and part 4 indicates that every consumer enjoys a larger amount of
network effect when r increases. As a result, when r increases, each consumer pays a lower
price and enjoys a larger amount of network effect, leading to an increase in the equilibrium
consumer surplus.

Part 2 says that the equilibrium developer surplus decreases in r. This result is quite

surprising because such an increase seems to be directly beneficial to developers. The reason

Cx* Cx* . * * .
30Tn particular, combining f € [0.5,1), (2.2), (2.3), Bgz = —BZ}C = t(QJ;’l), and %L’g = _% - %

ok ok ¢ > Ok Ik 26 T ok
0, since ¢ = 6st — ¢* — d? — 4cd — 2m(c + d) —m?, all of these values converge to 0 as s — +oo.
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for this result lies, again, in Proposition 2, whose part 2 points to the main driving force of
this surprising result: when r increases, both platforms proportionally raise their developer-
side prices. Thus, because the developer-side network effect remains unaffected (by part 3 of
Proposition 2), an increase in r decreases every developer’s payoff from single-homing and
does not affect his or her payoff from multi-homing.?? Therefore, the equilibrium developer
surplus decreases in 7.

Propositions 5 — 7 jointly yield the welfare implications associated with super apps and
the relevant restrictions. When s is small-—that is, when consumers are not very hori-
zontally differentiated so that sufficiently many of them are strongly motivated to switch
platforms—the effects of restrictions on super apps on users are ambiguous. In contrast,
when consumers are sufficiently horizontally differentiated—that is, when s is large—the

three propositions yield some definitive results.

Corollary 3 (Effects of Restrictions on Super Apps on Welfare). In response to restrictions

on super apps,

1. when consumers are sufficiently horizontally differentiated, the equilibrium consumer

surplus decreases, while the equilibrium developer surplus increases;

2. when consumers are not very horizontally differentiated and the restrictions increase
consumers’ switching costs to a significantly greater extent than they decrease multi-
homers’ cost savings, the equilibrium consumer surplus may increase, and the equilib-

rium developer surplus may decrease.

Corollary 3 directly follows Propositions 5 — 7. Part 1 illustrates how restrictions on super
apps affect users when consumers are sufficiently horizontally differentiated. In this situation,
super apps benefit consumers through both channels. Developers, however, are worse off with
super apps, because the effect on the equilibrium developer surplus operating through the
channel of multi-homers’ cost savings outweighs the effect operating through consumers’
switching costs. This is because the latter effect is relatively small in magnitude when s
is sufficiently large—it vanishes as s goes to infinity. Consequently, consumers are worse
off under any restriction on super apps, while developers are better off, as such restrictions
reduce multi-homers’ cost savings and thereby limit platforms’ ability to extract developer
surplus.

Part 2 qualitatively describes the ambiguity in the effects of restrictions on super apps

on users when consumers are not very horizontally differentiated. In this situation, the

* _D* * *
32This explanation is consistent with the quantitative results that agf =1 32 and %ﬁ’ = %} = %: the
fraction of single-homers is 1-n*, and when  increases, the resulting higher developer-side prices adversely

affect all single-homers.
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@ Restrictions decrease both profit and consumer surplus
® Restrictions increase profit but decrease consumer surplus
® Restrictions increase both profit and consumer surplus

|ra-rb|l|ka—kb|

2.1 2.105 2.11 2.115 212 2.125 2.13
S

Figure 3: Direction of the Effect of Super App Restrictions on Strong Platform Profit and
Consumer Surplus, Degree of Consumers’ Horizontal Differentiation s € [2.1,2.13]

equilibrium consumer surplus increases in both consumers’ switching costs and multi-homers’
cost savings, whereas the equilibrium developer surplus decreases in both of them when the
strong platform serves fewer developers in the equilibrium than the weak platform. Because
restrictions on super apps increase consumers’ switching costs and reduce multi-homers’
cost savings, the effects operating through consumers’ switching costs and those operating
through multi-homers’ cost savings may move in opposite directions for both equilibrium
consumer surplus and equilibrium developer surplus. Thus, when the restrictions increase
consumers’ switching costs to a significantly greater extent than they decrease multi-homers’
cost savings, the effects operating through switching costs may outweigh those operating
through cost savings. For example, the numerical simulation results shown in Figure 3
resent scenarios (green region) where restrictions on super apps increase the equilibrium
consumer surplus in addition to increasing the equilibrium profit of a strong platform. These

scenarios are such that (1) |k, — kp|, the resulting increase in consumers’ switching costs, is
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sufficiently large compared to |r, — 3|, the resulting decrease in multi-homers’ cost savings,
and (2) s is sufficiently small.33 As a result, in this situation, restrictions on super apps
may positively affect the equilibrium consumer surplus. Similarly, they may negatively
affect the equilibrium developer surplus when the strong platform serves fewer developers
in the equilibrium than the weak platform, so that the effect operating through consumers’
switching costs is negative.

Corollaries 2 and 3 establish the relationship between platforms’ consumer-side market
power and their attitudes toward restrictions on super apps, as well as the relevant antitrust-

related implications of these restrictions. I discuss these issues in Section 4.3.

4.3 The U.S.—Asia Difference in Apple’s Attitude toward Restric-
tions on Super Apps and the Antitrust-Related Implications

of These Restrictions

Corollary 2 provides an explanation for the regional difference in Apple’s attitude toward
super apps and the relevant restrictions. In Asia, the market share of iOS is lower than that
of Android. Thus, iOS is weak on the consumer side and, therefore, benefits from super apps
via the channels of both consumers’ switching costs and multi-homers’ cost savings. In Asia,
Apple’s restrictions on super apps are largely absent, as my analysis predicts. However, i0OS
holds a dominant position on the consumer side of the U.S. smartphone platform market.
Hence, in the United States, Apple may find it profitable to restrict super apps, and it has
indeed imposed a great variety of restrictions on super apps, implying that it has considered
such restrictions to be profitable. From part 2 of Corollary 2, such restrictions are profitable
when Apple finds that the resulting increase in consumers’ switching costs is sufficiently
large to protect it effectively from consumer-side price competition, so that this positive
effect outweighs the negative effect of such restrictions operating through the decrease in
multi-homers’ cost savings.

The analysis of Apple’s contrasting behavior in Asia and the U.S. also has implications
for its potential antitrust concerns in the United States. From part 2 of Corollary 2, since
iOS is strong in the United States, Apple has an incentive to restrict super apps only when
the restrictions increase consumers’ switching costs to a significantly greater extent than
they decrease multi-homers’ cost savings. In this situation, however, part 2 of Corollary
3 shows that consumers may also benefit from restrictions on super apps when platforms

are sufficiently close substitutes. For instance, Figure 3 implies that when Apple’s revealed

33Figure 3 was produced using MATLAB. The numerical parameter values used in the simulation are the
same as those used for Figure 2.

27



preference is to restrict super apps, the effect of the restrictions on consumer welfare remains
ambiguous. On the other hand, part 1 of Corollary 3 shows that when consumers perceive the
platforms as highly differentiated, the restrictions adversely affect them. In particular, under
this condition, they are worse off under any restriction on super apps via both of the above
channels. The effects via the two channels operate in the same direction, thus reinforcing one
another. Thus, whether Apple’s restrictions adversely affect consumers depends on whether
consumers view platforms as highly differentiated or close substitutes and the extent to
which the restrictions affect consumers’ switching costs and multi-homers’ cost savings—no
definitive conclusion can be reached without these two pieces of information.

In contrast, even when consumers perceive the platforms as highly differentiated, the
restrictions’ effects via the two channels on developers are not necessarily in the same di-
rection. In this situation, only the effect via the channel of multi-homers’ cost savings is
substantial, and it is positive. Thus, developers are better off with the decrease in multi-
homers’ cost savings resulting from the restrictions. Therefore, the above results imply that
in the relevant antitrust-related analyses, the effects of such restrictions on consumers should

be regarded as first-order in importance relative to those on developers.

5 Discussion

The results and implications presented in Section 4 remain robust across all parameter values
that satisfy (A.1.9) and (A.2.1)-(A.2.4). However, several additional influencing factors lie
outside the scope of the baseline model. One of these factors is platforms’ degrees of internal
diversity, that is, the model diversity among manufacturers using the same operating system.
The internal diversity of iOS and Android in the smartphone platform market need not be
the same across regions,?* and the more internally diversified a platform is, the more users
it could easily attract. Thus, I extend the baseline model by letting the two platforms be
respectively located at [y and [y on the Hotelling line with 0 <[y < {; <1 to investigate the
effects of platforms’ internal diversity. The exogenous initial market shares in the baseline
model implicitly capture this factor, whereas this extension incorporates it explicitly. 1 find
that under this extension, all main results presented in Section 4 are still valid as long as an
equilibrium exists.3°

Another factor is platforms’ price rigidity on the developer side. One surprising finding

34For example, many Android manufacturers sell much wider ranges of models in Asia than they do in
the United States. Representative examples of such manufacturers include Huawei and Xiaomi in China.
Several factors contribute to this phenomenon. In addition to political reasons, another relevant factor
concerns carriers: few U.S. carriers officially support a wide range of Huawei and Xiaomi models.

35For the associated mathematical content, see Appendix C.1.
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from the baseline model is that developers prefer r, the cost savings from multi-homing, to
be smaller. This is because, when r increases, platforms proportionally raise the prices they
charge developers in order to extract the additional developer surplus. However, in reality,
neither i0S nor Android changes its developer-side price as frequently as it changes its
consumer-side price.?6 Thus, I extend the baseline model by assuming ¢y and ¢y, platforms’
developer-side prices, to be exogenously fixed so that each platform’s strategy is now a single
price posted to consumers. I still use subgame perfect equilibrium as the solution concept

)

L% and L3 still take the form of cutoff strategies specified in (3.3) and (3.4).

and solve for an equilibrium (p, p7, ﬁg, [2}5) with market shares (A¢*)L, and (nP*)2,,, where

The equilibrium prices are

_2(st—cd) —muv, — (d-m)(qo+ @) [st(2c—m) —cd(2c+m)](q — q1)

A K

0 2t 2t
. [st(2c+d-m) —cd(2¢+d+m)]v_+ 2t(st —cd — dm)u_
29 | (5.1)
o 2(st—cd)-mu, = (d-m)(q+q) [st(2c—=m)—cd(2c+m)](q - q1)
by = + ~
2t 2t
_[st(2c+d-m) —cd(2c+d+m)]v_ +2t(st — cd — dm)u-
26 ’
where ¢ := 3(st - cd) - 2dm.
Combining (5.1) with (A.1.4), the equilibrium market shares are
cr 1 (c+m)vo+tu-—(c—d+m)(q - q1)
ng* ==+ - ,
2 20
A _ 1 (c+m)v_+tu_—(c—=d+m)(q —q1)
1 2 2& )
b 21 - Vi—q-q, (3st = 2c¢d — dm)v_ + tdu_ — (Sist - 2cd —d?—dm)(qo - ql)’ (5.2)
2t 26
Dx vy —qo—q1  (3st=2cd—dm)v_ +tdu_ — (3st = 2cd - d? —dm)(qo - q1)
nl - ]_ - - ~ 9
2t 2t
7¢L2D>+ — U+—C]tO_Q1 -1

The above equilibrium is valid and unique when, as in the baseline model, users are
sufficiently horizontally differentiated, the platforms’ baseline payoffs to consumers are suf-

ficiently large, and the sum of platforms’ baseline payoffs to developers, the magnitudes of

36 As noted in Section 1, on both Android and iOS, the lump-sum fees have remained unchanged for a long
time.

29



users’ network effects, the commission, and multi-homers’ cost savings are all bounded above
and below by different multiples of the degree of developers’ horizontal differentiation.?”
When the above equilibrium is valid and unique, most results stated in Section 4 remain
qualitatively valid under this second extension.?® However, a few results, such as how con-
sumers’ switching costs k& and multi-homers’ cost savings r may affect developer-side prices,?’
are no longer applicable because gy and ¢, are exogenously fixed in this extension, and a few
others, such as how r may affect platforms’ profits and developer surplus,* are no longer

correct here. Instead, the corresponding new results are as follows.

Proposition 8 (Effects of Multi-homers’ Cost Savings on Profits). When the developer-side
prices are fized, an increase in multi-homers’ cost savings r increases (decreases) a platform’s

equilibrium profit if and only if the platform charges developers a positive (negative) price.

Proposition 8 indicates that when the developer-side prices are fixed, since platforms
can no longer adjust their respective developer-side prices in response to any change in
multi-homers’ cost savings r, the relevant effect on each platform’s profit is purely extensive.
In particular, the effect of an increase in r on each platform is only via the additional
developers that choose to operate on it after the increase.*! If a platform charges a positive
developer-side price, the platform would benefit from an increase in r, which increases the
number of developers operating on it and paying it. However, when a platform subsidizes the
developers operating on it—that is, it charges a negative developer-side price—the net effect
of an increase in r is a larger total subsidy that the platform provides to the developers
operating on it, thus being negative. Similarly, a zero developer-side price of a platform
implies the platform’s indifference to any change in r. The other two parts of r’s effect,
which are respectively via the consumer-side price and the commission, exactly offset each

other.42

Proposition 9 (Effects of Multi-homers’ Cost Savings on Developer Surplus). When the

developer-side prices are fized, an increase in multi-homers’ cost savings r increases the

37For the steps for solving this extended model and the associated mathematical content, including the
expressions associated with these conditions, see Appendix C.2.

38However, some of them exhibit minor quantitative differences. The proofs of all valid propositions, the
details about the quantitative differences, and the proofs of Propositions 8 and 9 are relegated to Appendix
C.3.

39These results correspond to part 2 of Proposition 1 and part 2 of Proposition 2.

40These results correspond to Proposition 4 and part 2 of Proposition 7. They may also affect the validity
of part 2 of Corollary 2 and of Corollary 3.

41The fraction of developers that operate on platform i € {0,1} is 7

1 or; _ a

Dx* ~ Dx% O (~Dx ~Dx%\ _
;O +ny ", where oo (R " + 0y )

+ % = %, and where 77 is the equilibrium profit of platform 3.

t or t?
. o 9(pAC* ACH
42The part of the profit that comes from the consumer-side price is p; nic*, where 2®i27) _ _m? , and
N . . A[mal* (AP*+al* D a(p:inl*
the part that comes from the commission is mn{ ™ (A2 + Al*), where [, (g; i Ol - A (P:{;z )
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equilibrium developer surplus.

Proposition 9 shows that when the developer-side prices are fixed, the platforms’ inability
to adjust the prices they charge developers in response to changes in multi-homers’ cost
savings r reverses the direction of r’s effect on developers. In particular, the effect of an
increase in r is now simply that every multi-homer fully benefits from the increase.*? Single-

homers’ payoffs are invariant to any change in r.

Corollary 4 (Effects of Restrictions on Super Apps on Developer Surplus). When the
developer-side prices are fixed, in response to restrictions on super apps, the equilibrium

developer surplus
1. decreases when consumers are sufficiently horizontally differentiated;

2. may increase when consumers are not very horizontally differentiated and the restric-
tions increase consumers’ switching costs to a significantly greater extent than they

decrease multi-homers’ cost savings.

Corollary 4 is about the effect of restrictions on super apps on the equilibrium developer
surplus. This corollary follows directly from Proposition 9 and Proposition 6, and each part
of it is similar to the situation in the corresponding part of Corollary 3. Part 1 shows how
the effect is like when consumers are sufficiently horizontally differentiated, the effect on the
equilibrium developer surplus operating through the decrease in multi-homers’ cost savings
outweighs the effect operating through the increase in consumers’ switching costs—the latter
effect is relatively small. However, Proposition 9 shows that the former effect is negative
when the developer-side prices are fixed. Therefore, the overall effect of such restrictions on
the equilibrium developer surplus is negative as well.

Part 2 qualitatively describes the ambiguity associated with the effect of the restrictions
on developers when consumers are not very horizontally differentiated. Unlike in Corollary 3,
under this extension, the equilibrium developer surplus increases in both consumers’ switch-
ing costs and multi-homers’ cost savings when the strong platform serves more developers
in equilibrium than the weak platform. In this situation, when the restrictions increase con-
sumers’ switching costs to a significantly greater extent than they decrease multi-homers’
cost savings, the positive effect of the restrictions operating through consumers’ switching

costs may outweigh the negative effect operating through multi-homers’ cost savings. As

43Similar to the situation in Proposition 7, this explanation is also consistent with the corresponding
quantitative results: the fraction of multi-homers is 72*, and each of them would fully enjoy any increase

Sk
in 7, corresponding to ng = ﬁQD* > 0.
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a result, the overall effect of the restrictions on the equilibrium developer surplus may be
positive.

In conclusion, this second extension accounts for platforms’ developer-side price rigidity
in reality by holding their developer-side prices exogenously fixed. Such price rigidity disables
platforms from extracting surplus by charging higher prices to developers when there is any
increase in multi-homers’ cost savings. Because platforms’ developer-side prices are almost
always non-negative in practice—that is, platforms hardly ever subsidize developers—a plat-
form tends to be better off when multi-homers’ cost savings increase. Therefore, combined
with part 1 of Proposition 3 and similar to the baseline model, a platform strong on the
consumer side may find restrictions on super apps beneficial, whereas a platform that is not
strong does not prefer any such restrictions.** Overall, this result is qualitatively consistent
with Corollary 2, the corresponding finding in the baseline model. Quantitatively, however,
a strong platform may find these restrictions more attractive than in the baseline model,
since it loses less via the channel of its developer-side price from the resulting reduction in
multi-homers’ cost savings. This is because developer-side price rigidity limits platforms’
ability to reduce developer-side prices in response to any reduction in multi-homers’ cost
savings. The above new results under this extension further corroborate the possible prof-
itability of the restrictions on super apps for a platform holding a dominant position on the
consumer side, like Apple’s iOS in the United States, and they do not fundamentally affect
the validity of the rival-related aspect of Apple’s potential antitrust concerns in the United
States.

In contrast, under this extension, regardless of the values of the developer-side prices,
developers’ attitude toward multi-homers’ cost savings qualitatively differs from that in the
baseline model: the equilibrium developer surplus increases in multi-homers’ cost savings.
Therefore, as indicated in part 1 of Corollary 4, when perceive the platforms as highly
differentiated, developers become worse off under restrictions on super apps. This conclusion
points to an additional aspect of Apple’s potential antitrust concerns in the United States:
Apple’s restrictions on super apps may also adversely affect developers.

On the other hand, developers may also benefit from these restrictions. In particular,
the direction of these restrictions’ effect on developers depends on the contrast in the extent
to which the restrictions on super apps affect consumers’ switching costs and multi-homers’

cost savings—which Section 4 also identifies as determining the direction of the effect on

4 Quantitatively, as an exception, under this extension, when neither platform is strong and the developer-
side price of a platform i is zero (i.e., f = 0.5 and ¢; = 0), this platform is indifferent to restrictions on super

apps. This is because the effect of the restrictions via the channel of consumers’ switching costs is a;ki =
_1)1l=1] _ _ _ A Cx e )
(1) @/ DE;(S"' cd)=dmln; " _ 0, and that operating through multi-homers’ cost savings is 88; = qf =0.
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consumers—and on the contrast between the platforms’ equilibrium developer-side market
shares. From Corollary 2, Apple has an incentive to restrict super apps only when the restric-
tions increase consumers’ switching costs to a significantly greater extent than they decrease
multi-homers’ cost savings. In this situation, when iOS serves sufficiently more developers
than its rivals, developer surplus may decrease in consumers’ switching costs. Therefore,
developers may benefit from Apple’s restrictions on super apps when the effect operating
through consumers’ switching costs outweighs that operating through multi-homers’ cost

savings.

6 Concluding Remarks

This paper investigates a two-sided market where platforms compete for two groups of
users—consumers and developers—that enjoy cross-side network effects. Each consumer
single-homes, begins as a patron of one platform, and incurs a switching cost when choosing
to switch to the other platform. Developers may choose to multi-home, and each multi-homer
enjoys a non-negative cost saving. The two groups of users’ baseline payoffs from choosing
each platform, the degrees of horizontal differentiation, the magnitudes of network effects,
consumers’ switching costs, multi-homers’ cost savings, platforms’ consumer-side initial mar-
ket shares, and the commission each platform charges are all exogenous. These parameters
are key objects to be estimated in the relevant empirical analysis. I put this framework in
the context of Apple’s antitrust concerns in the smartphone platform market, characterize
the market equilibrium, and examine the effects of super apps and the relevant restrictions
on the equilibrium. The paper’s findings explain why Apple’s attitude toward super apps
varies across regions and reveal three possible distinct dimensions of Apple’s potential an-
titrust concerns in the United States, which pertain respectively to iOS’s rivals, consumers,
and developers.

Unlike previous studies that usually consider Apple’s full control over the iOS App Store
to be a market power that mainly affects the developer side of the smartphone platform
market, I identify super apps as a channel via which this market power can directly affect
the consumer side as well. I also find that Apple’s U.S. restrictions on super apps may
indeed give rise to antitrust concerns. My model considers these restrictions a hybrid of
technological tying and refusals to deal. They benefit Apple, whose iOS platform holds
a dominant position on the consumer side of the U.S. smartphone platform market, while
harming iOS’s rival platforms in the United States, which are comparatively weak on the
consumer side. In contrast, Apple does not have a strong incentive to intensively restrict

super apps in Asia, where i0S is weak on the consumer side. When consumers perceive the
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platforms as highly differentiated, these restrictions adversely affect consumers in the United
States via two channels: directly via consumers’ switching costs and indirectly via multi-
homers’ cost savings. When I extend the model to incorporate platforms’ developer-side price
rigidity, such restrictions also adversely affect developers because they reduce multi-homers’
cost savings.

When consumers perceive the platforms as highly differentiated, they may, on the other
hand, be better off under the restrictions—exactly in the circumstances that make restricting
super apps profitable for Apple in the United States: when the restrictions increase their
switching costs to a significantly greater extent than they decrease multi-homers’ cost savings.
In this situation, when there are more apps on Apple’s iOS—which is strong in the United
States—than on its rival platforms, developers may be better off under such restrictions
as well. Evaluating these dimensions of the potential antitrust concerns associated with
Apple’s restrictions on super apps in the United States therefore requires closer empirical
examination of these relevant objects.

The existing literature on two-sided markets that incorporate both switching costs and
other influencing factors remains relatively sparse. This paper is, to the best of my knowl-
edge, the first to analytically examine a setting in which switching costs and another factor—multi-
homers’ cost savings—simultaneously shape the equilibrium in a two-sided market. However,
substantial work remains in this field. First, my model focuses on a static setting, whereas
the smartphone platform market is dynamic in reality. Although the relatively short history
of the current smartphone platform market justifies the usage of initial market shares in my
model, the restrictions on super apps and their associated effects tend to persist for long
periods of time. Even if the effects found in a dynamic setting do not qualitatively differ
from those in my static model, a quantitative comparison between short-term and long-term
effects may still yield valuable insights. Second, iOS and Android compete not only in the
smartphone platform market but also in the tablet market, and Apple’s restrictions on super
apps simultaneously affect both markets. When modeling competition in the tablet market
together with that in the smartphone platform market, the situation may become more intri-
cate because consumers’ platform choices may vary across devices and their switching costs
could depend on these choices. Additional complexity would arise from the fact that tablet
ownership is incomplete among consumers active in the smartphone platform market. The
above considerations point to promising directions for extending models to analyze the joint
effects of switching costs and other factors in two-sided markets, whether in the smartphone

industry or in other sectors.
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A Mathematical Content Omitted in Section 3

A.1 Steps for Solving the Baseline Model

To find an equilibrium [(p, ¢3), (P}, 47 ), L5, L] with market shares (n¢*)L, and (nP*)2,,
I solve the model from the second stage of the game.

First, I solve for (n{*)L, and (nP*)2, from the interaction between users’ optimal plat-
form choices. Because platforms’ prices (p;,q;);, are given at this stage, let z§ and zj

denote the cutoff values of consumers so that the equilibrium strategy of a consumer with
(z,0) €[0,1] x {0,1} is

. 0 ifx<a;
LC(I7b7p07q07p17q1) = y (33)
1 elsewhere

which requires Uy(z;,b) = Uy (x;,b) for each b e {0,1}. Combining this condition with (2.1)
yields

. 1+uo—ul—p0+p1+c(n0*—nf*)+kz
ZL‘O:— ,
2 2s 5 (A.1.1)
. 1 wg—ui—po+pr+e(nf*—nP*) -k
2 2s

Because consumers’ horizontal preferences are independent of the platforms they initially

patronize, the resulting consumer-side market shares are

1 — Uy —po+p1+ fenP) 4 k(2f -1
NG = fay+ (1 fai = & o PP U n) R D)
2 25 (A.1.2)
O . 1 ug—ui—po+pr+e(nf-nPy+k(2f-1)
7”L1 :1_n0 :é_ 28 .

Note that the expressions of (n{*)L, in (A.1.2) are well-defined even though they contain
(nP*)1,, which are obtained from developers’ optimal platform choices. This is because in
equilibrium consumers take developers’ strategies as given when optimizing their own choices.

Similarly, let nf’* and 1-nP* denote the cutoff values of developers so that the equilibrium

strategy of a developer with y € [0,1] is

0 ify<ny*
Ly, po, qo,p1oq1) =41 if y>1-nPr, (3.4)

2 elsewhere
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which requires Vy(ng’*) = Va(n*) and Vi(1 - n{*) = Vo(1 —n*). Combining this condition
with (2.2) and (2.3) yields

vl—q1+dnlc*+r

nOD*:l— ; ,
—qo+dng* +
nP* =1 - Vo — qo t g 7“7 (A.1.3)

nZD* :1_n0 *_n1D*7
which are also well-defined by the same reasoning as for (A.1.2).
Combining (A.1.2) and (A.1.3) yields a system of five equations for five unknowns. Solv-

ing this equation system yields

nC* = 1 + c(v-—qo+q1) +t(u-—po+p1)
¢ 2 2(st —cd) ’
nor 2L c(v-=qgo+q) +t(u-—po+p1)
b2 2(st —cd) ’
npro1- Lo sl a) +d o ep) (A1)
2t 2(st —cd)
nD*:l_U+_CI0_Q1 _S(U__Q()+ql)+d(u_—p0+p1)
' 2t 2(st —cd) ’
né)*: U+ —qo — q1 1

t Y
where u_ == ug—uy + k(2f = 1), v_:= vy — vy, and vy = vy + vy + d + 2r.
Next, I solve for (p;,q;)l, from platforms’ profit maximization problems. For each

platform ¢ € {0, 1}, the problem is

maxm; = pnf* + (g +mnf*) (nf* +ng”). (A.1.5)
Di,qi

The first-order conditions are

o oo tHpitm(nP* +nP*)]  d(gi+mnf¥)

i

= ) - L = 0
op; K 2(st —cd) 2(st —cd) ’ (A16)
om; — pD* 4 pD* c[pi + m(nP* +nP*)] — (g + mn *)[L_Fl] =0 h
oq 2 2(st - cd) ¢ Clo(st—ed) 21T
The second-order conditions are
0?m; 0?m; 0%m; 0*m; [ 0w \2
‘<0, —= <0, and SR ) >0, Al
op? 7 0 7 o op? 0q? (819@'%) (A.1.7)
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where

Pm; _ t[2(st —cd) —dm]

op? 2(st—cd)?

0*m; (28t —cd)[2(st - cd) - cm]

o2 2t(st — cd)? ’ (A-1.8)
Pm;  c+d-F m(st+cd)

Opig;  2(st—cd)  A(st-cd)?

From (A.1.7) and (A.1.8), the second-order conditions hold whenever st > d(c + %),

st >c(d+ %) and 8st —4cd — (m +c+d)? > 0. A sufficient condition for these inequalities is

min{s,t} > max{c,d} + %, (A.1.9)
which I assume throughout this paper. Both this inequality and the above conditions imply
that the degrees of users’ horizontal differentiation are relatively large compared with the
magnitudes of users’ network effects.

The unique solution to the four-equation system constituted by (A.1.6) is (pg, 45, P75, q7),*
whose closed-form expressions are in (3.1). (A.1.9) guarantees that this solution indeed
maximizes each platform’s profit.

When the above solution constitutes an equilibrium, the equilibrium would be charac-
terized by the prices in (3.1), the market shares in (3.2), and users’ strategies in (3.3) and
(3.4), where, from (A.1.1) and (A.1.2), 5 =n§* + A1) xt=nS* - K

S S

A.2 Conditions for Validity and Uniqueness of the Equilibrium

(3.1) presents the unique solution to the equation system given by (A.1.6), and this solution
constitutes a unique equilibrium of the game when it is valid. Because the solution is obtained
from the first-order conditions, it is valid if it is indeed an interior solution. This requires

the following conditions in addition to (A.1.9):

1. Consumers’ participation constraint.

In equilibrium, every consumer prefers using a platform to not using any platform.
Equivalently, Uy(z;,b) = Ur(z;,b) > 0 for each be {0,1}, which holds under

. (c+d+m)v, —6st+c?+3cd+m(2c+d) +m?
2t

45(A.1.6) consists of two equations for each i € {0,1}, giving a system of four equations.

Ug + U7 -k > 0. (A21)
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2. Developers’ participation constraint.

In equilibrium, every developer prefers operating on at least one platform to operating
on neither.*6 Equivalently, Vo(nd*) = Va(ng’*) > 0 and V1(1 - n*) = Vo(1 - n*) >0,
which hold under

vy +c+m=2r-2t>0. (A.2.2)

3. Interior consumer-side market shares.

The equilibrium satisfies x§, 27 € (0,1), meaning that each platform serves some con-
sumers that initially patronize itself and serves some consumers that initially patronize

its rival. This implies n§*,n¢* € (0,1) and holds under

_1+2kf<|(c+d+m)v_+2tu_
S

; |<1- A-S) (A.2.3)

S

4. Interior developer-side market shares.

The equilibrium satisfies nf*,nP* € (0,1), meaning that each platform serves some

4t—(vy+c+ .
(v+20 m) < v++c+m’ this

single-homing developers.*” Given (A.2.2), which implies 5

holds under

‘(3st—cd)v_+t(c+d+m)u_|<4t—(v++c+m) (A.2.4)

1) 2
In summary, the above conditions require that

1. the degrees of users’ horizontal differentiation are relatively large compared with the
differences in platforms’ baseline payoffs on both sides of the market and consumers’

switching costs,

2. the platforms’ baseline payoffs to consumers are relatively large compared with con-

sumers’ switching costs and the degree of consumers’ horizontal differentiation, and

3. the sum of platforms’ baseline payoffs to developers, the magnitudes of users’ network
effects, the commission, and multi-homers’ cost savings are all bounded above and

below by different multiples of the degree of developers’ horizontal differentiation.

46Because r > 0, this condition also guarantees n2* = “*<m=2t 5 ( j o the number of multi-homing

2t
developers is non-negative.
47This condition implicitly requires v, + ¢ +m < 4t, which is equivalent to nf* =
every developer multi-homes.

vit+ctm—2t

> <1, ie., not
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These conditions guarantee the validity of the interior solution shown in (3.1). In the
context of the model, they ensure that the equilibrium is non-trivial: neither platform serves
the entire population of users on either side of the market. The equilibria for the extended
models in Section 5 are also valid under conditions of the same type, and those equilibria

are likewise non-trivial.

B Proofs Omitted in Section 4

Unless specified otherwise, in all proofs presented in Appendices B and C, I assume without
loss of generality that f > 0.5. This means that, on the consumer side of the market, either

platform 0 holds a dominant position or neither platform is strong.

B.1 Proof of Proposition 1
B.1.1 Part 1
From (3.1), with u_ = ug —uy + k(2f - 1),

dpg _8p{ _ [4st—d(3c+d) -m(c+2d) -m?](2f - 1)
ok Ok 26 '

(B.1.1)

Under (A.1.9),
4st —d(3c+d) —m(c+2d) —m?*>3(c+ %)(d-‘r %)+(d+ %)Q—d(30+d)—m(c+2d)—m2

:m(gd+gc+d)+m2—m(c+2d)—m2

(c+d)m
= - >
2 29,
(B.1.2)
and
¢ = 6st — c* —d* — 4ed - 2m(c +d) — m?
> (c+ %)2 +4(c+ %)(m %) +(d+ %)2 ~ P~ ded - 2m(c + d) - m?

(B.1.3)

=m(c+20+2d+d)+ng—Zm(chal)—m2

2
=(c+d)m+m720.

Therefore, combining (B.1.1)-(B.1.3) yields %_p]g = —%—’E > 0, where the weak inequality
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binds if and only if f = 0.5. Accordingly, when k increases, a platform that is strong (weak)

on the consumer side charges a higher (lower) price to consumers. ]

B.1.2 Part 2

From (3.1), with u_ = ug —uy + k(2f - 1),

g 0q; _t(d-c-m)(2f - 1)
L=k 3 . (4.1.1)

Accordingly, when k increases, a platform that is strong (weak) on the consumer side
charges a higher (lower) price to developers if and only if d > ¢+m—that is, the magnitude of
the developer-side network effect d is sufficiently large relative to that of the consumer-side
network effect ¢ and the commission m. O
B.1.3 Part 3
From (3.2), with u_ = ug —uy + k(2f - 1),

Ong* _ ont* t(2f-1)

- - >0 by (B.1.3), B.1.4
e L M EE) (B.1.4)
where the weak inequality binds if and only if f = 0.5. Accordingly, when £ increases, a
platform that is strong (weak) on the consumer side serves more (fewer) consumers. O
B.1.4 Part 4

From (3.2), ag—%* =0. Also, combining (3.2) with u_ =ug —u; + k(2f - 1) yields

ong* _ on?* _ (c+d+m)(2f-1)
ok 0Ok 20

>0 by (B.1.3), (B.1.5)
where the weak inequality binds if and only if f = 0.5. Accordingly, when k increases, a

platform that is strong (weak) on the consumer side serves more (fewer) developers, and the

number of multi-homers remains unchanged. O
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B.2 Proof of Proposition 2
B.2.1 Part1
From (3.1), with v, = vg + vy +d + 2r,

Op;  Opi  —2(d+m) _d+m

= = <0. B.2.1
or  Or 4t 2t ( )
Accordingly, when r increases, each platform charges a lower price to consumers. O
B.2.2 Part 2
From (3.1), with v, = vg + vy +d + 2r,
g _0q; 2 1
= =—==>0. B.2.2
or or 4 2 ( )
Accordingly, when r increases, each platform charges a higher price to developers. O
B.2.3 Part 3
From (3.2),
ong* On{*
= =0. B.2.3
or or ( )
Accordingly, when r increases, each platform still serves the same number of consumers.
[
B.2.4 Part 4
From (3.2), with vy =vg + vy +d + 21,
0 Dx* Dx
no :Gnl :_3:_l<07
ony* 2 1 onf” 0n1*>0 o
or 2t t | or or '

Accordingly, when r increases, each platform serves more developers, and on each plat-

form, some developers switch from single-homing to multi-homing. O]

41



B.3 Proof of Proposition 3

From (4.1.1), (4.2.1), (B.1.1), (B.1.4), and (B.1.5),

%iko = 22—%1 [4st —d(3c+d) — m(c+2d) — m*]n§*
+2tpy + (c+d+m) (g5 +mnS*) +t(d—c—m+2m)(nd* +nl*)}  (B.3.1)
_(2f -1)[8st — 2 - d? - 6cd - 2m(c + d) —m2]nf*

2¢

Because (1) (A.2.3) implies that n{* > 0 and (2) combining (B.1.3) and (A.1.9) implies

that 8st — ¢ — d? — 6ed — 2m(c+ d) —m? > 2(st — cd) > 0, it follows that % > 0, where the

weak inequality binds if and only if f =0.5.
Symmetrically,
ony  —(2f-1)

=0 {[4st - d(3c + d) - m(c + 2d) - m2]n§*

+2tp; + (c+d+m)(qf +mnS*) +t(d - c—m+2m)(nP* +nd*)} (B.3.2)
_—(2f -1)[8st - ? - d? - 6cd - 2m(c + d) - m2In§~ <0
= % <0,

and the weak inequality binds if and only if f = 0.5.

Accordingly, when k increases, the equilibrium profit of a platform increases (decreases)

if and only if the platform is strong (weak) on the consumer side. O

B.4 Proof of Proposition 4

From (4.2.1) and (B.2.1)—(B.2.4),

* Dx* Dx* * C*
org _ng*+ny*  (d+m)ng L Potmngt vt

= >0,
omy  nP*+nd* (d+m)nlc*+p1+mn?*_vl+r>0
or 2 2t 2t 2t '
Accordingly, the equilibrium profit of each platform increases in 7. m

B.5 Proof of Corollary 2

Consider a set of restrictions on super apps that raises consumers’ switching costs from
ky > 0 to k, > ky, and reduces multi-homers’ cost savings from r;, to r, € [0,73), such that
(A.2.1)-(A.2.4) hold for all k € [ky, ko] and all r € [rq, 73]
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Also, from (3.2), (B.2.3), (B.3.1), and (B.4.1),

independent of r, and the value of a;; is independent of k. Denote the overall effect of the

restrictions on super apps on platform ¢’s equilibrium profit by

*
7

ka it Taa *
m;:(k;a_kb)fk - dk:+(ra—rb)f ar. (B.5.1)

B.5.1 Part1l

Because f > 0.5, platform 1 is not strong on the consumer side.
Then, from (3.2), (B.2.3), (B.3.1), and (B.4.1), for any (k,r) € [kp, ko] % [7a,7b],

ony [U1+Ta,vl+rb]§(0,+oo),
ony ; [87Tf| 67rf| ] € (coo.0] 5.
ok Ok k=, Ok lk=ky” ~ T
Therefore, from (B.5.1) and (B.5.2),
Art = (ko - f awl dk + (1o - 1) f 8”1 dr
< (ra =) f i d?“ 887;1 < [k, ko) (B.5.3)

*

"Ly 0forallre [7a,75])-

0 (because r, <1, and

Thus, the equilibrium profit of a platform that is not strong on the consumer side de-

creases in response to restrictions on super apps. ]

B.5.2 Part 2

First, still without loss of generality but for this proof only, assume f > 0.5, so that platform
0 is (strictly) strong on the consumer side.
Second, from (3.2), (B.2.3), (B.3.1), and (B.4.1), for any (k,r) € [ky, ko] X [Ta, 73],

o}
0 ¢

Vo+Tqg Vog+7Tp

i [0 Te 02T ¢ (0, 1o0), o
on; ; [07T5 ong 1€ (0, +0) o
ok Ok k=ky” Ok lk=ka~ ~ '
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Thus, from (B.5.1) and (B.5.4),

*

Ame > (ko - kb)‘?]f R rb)“(];t”’
S 0if by — Ky > (ra—mo) %5 (B:5.5)
omy
T g,
Similarly,
A < (ky — k) on; ‘(. T_b)vo +7q
Ok lk=kq 2t
<0if ko — Ky < (ra=mo) %5 (B:5.6)
%
ok ke=k,

From (B.5.5), Anj > 0 whenever k, — k, is sufficiently large relative to |r, — 1| = 75 — 7.

Similarly, from (B.5.6), Ar} < 0 whenever k, — k;, is sufficiently small relative to ry, — 7.

Accordingly, the profit of a strong platform increases (decreases) in response to restrictions

on super apps when the restrictions increase consumers’ switching costs to a significantly

greater (lesser) extent than they decrease multi-homers’ cost savings. 0

B.6 Proof of Part 1 of Proposition 5

First, part 2 of Proposition 5 entails ambiguity and thus does not come with a proof. The

relevant simulation results are in Figure 2. Below is the proof for part 1.

From (4.2.2), (B.1.1), (B.1.4), and (B.1.5), and because (A.2.3) gives n§* < 1, for any

fel0.5,1),
0CS* [-c(c+d+m)+4st—d(3c+d)-m(c+2d)-m?](2f - 1)
ok 2¢
. 28tn0*;2f—1) ry 2kf(1-f)
s
< [4st — 2 —d? —4ed - 2m(c+d) —m?](2f - 1) . 2st(2f - 1) ry 2kf(1-f)
2¢ ) S
1 st2f-1) 2kf(1-f)
=5t " + ; :

(B.6.1)
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Define g(f) := -1 + St(2£_1) + 2kf(sl_f) for all f€[0.5,1), then

(-2, 202D

Y

" 5 (B.6.2)
9"(f)=-—<0.

From (B.1.3), ¢’(0.5) = % > 0. Thus, to determine the maximum value of g(f) on

[0.5,1), I consider the following two scenarios.

Scenario 1: ¢’(1) >0
Since ¢"(f) =-%<0, ¢/'(f) > 0 for all f€[0.5,1). Therefore,

1 st _ ‘
fen[%g,{l)g(f) =9(1) = ) + g <0 if and only if 2st < ¢, (B.6.3)
ie., > Crridmlerd)
Scenario 2: ¢'(1) <0
In this scenario,
/ 2st 2k
0>g(1)=?_?7 (B64)
ie., % > %

Since ¢'(0.5) >0 and ¢”(f) >0, g(f) attains its maximum at some f’ € [0.5,1) satisfying
g'(f") =0, ie.,
25t 2k(1-2f")
[0} S
B.6.5
s%t ( )

1
P =5 %
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Then

1 st(2f’—1) 2k f'(1- f)
fng]a;g)g(f) g(f)=-5+ . .

1 s3t2 Qk( 54752)
==+ —

2 kg? 4 4k2¢?

342

_ 1, stk (B.6.6)

2 2k¢®  2s

2

L1 i(k) Lk

2 2k 2s
:—1+E<Oifs>2k.

2 s

+d?+4cd+2m(c+d)+m?
4t

when £ increases, the equlhbrlum consumer surplus decreases whenever the degree of con-

Across both scenarios, 805 <g(f)<0if s>2k and s> . Accordingly,

sumers’ horizontal differentiation is sufficiently large relative to consumers’ switching costs

and the magnitudes of users’ network effects. O]

B.7 Proof of Proposition 6

B.7.1 Part1l

From (4.2.3) and (B.1.5),

8DS*:E(c+d+m)(2f—1)x2[(n +nD*) = (nP*+nl*)]
ok 2 2
b+ dem)(f - (" ~nf)
26 '

(B.7.1)

With f € [0.5,1), which indicates that platform 0 is (weakly) strong on the consumer
side, aD 5% 5 0 if and only if f > 0.5 and nP*—nP*> 0. Accordingly, the equilibrium developer
surplus increases in consumers’ switching costs if and only if the strong platform serves more
developers in the equilibrium than the weak platform.

Similarly, and in addition, 8D 5~ = 0 if and only if f = 0.5 or nf* = nP*. In other words,
the equilibrium developer surplus is invariant to any change in consumers’ switching costs
when neither platform is strong or the platforms serve the same number of developers in the

equilibrium. N

46



B.7.2 Part 2

Because (A.2.4) ensures ny*,nP* € (0,1), and since f € (0,1), from (B.7.1)

‘GDS* _tle+d+m)|2f - 1|nd* —nP¥|
ok |~ 20
B.7.2
< t(c+d+m) ( )
20 .
Accordingly, for any € > 0, lag—f*‘ < € whenever t(c;dq:m) <e, le.,
1rt d
a[w+02+d2+4cd+2m(c+d) +m2] <s. (B.7.3)
€

1 [ t(c+d+m)

Define s, = 5| =5 + c? + d* + 4cd + 2m(c + d) + mQ]. Then, from (B.7.3), for any

small € > 0, |ag_5 < € whenever s > s.. In other words, as consumers become sufficiently

horizontally differentiated, the change in the equilibrium developer surplus in response to

any change in k£ diminishes in magnitude and ultimately vanishes. O

B.8 Proof of Proposition 7

B.8.1 Part1l
From (4.2.2), (B.2.1), (B.2.3), and (B.2.4),

0C'S* 1 1. d+m c+d+m
=c(-—+-)+ =
or 2t t 2t 2t

> 0. (B.8.1)

Accordingly, the equilibrium consumer surplus increases in 7. O]

B.8.2 Part 2

From (4.2.3) and (B.2.4),

oDS* t . . 1 1 . . 1 1
= LX) (5 )+ (P B ()] 1
1- Dx e
- - ;2 <0 by (A.2.4).
Accordingly, the equilibrium developer surplus decreases in 7. O
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C Mathematical Content Omitted in Section 5

C.1 Steps for Solving the Extension with Platforms’ Internal Di-

versity

Section 5 first extends the baseline model by allowing the platforms’ locations to be [, and
I; with 0 <y <l <1.%8 In this extension, the equilibrium prices are not necessarily directly
obtainable from the first-order conditions of the platforms’ profit maximization problems.
The reason is that, in some cases, following the argument of d’Aspremont et al. (1979),
platforms’ profit functions may be discontinuous at certain price levels where an entire group
of users is indifferent between the two platforms. As a result, an equilibrium does not always
exist; it exists when all indifferent users lie between the two platforms on the Hotelling line.

The players’ payoffs in this extension are as follows.

e For a consumer with (x,b) € [0,1]x{0, 1} using platform i € {0,1}, the payoff is U;(z,b),
where
UO(‘I.v b) =Up — 8’3: - lO| + C(n(l)) + nQD) —DPo— kﬂ[b = 1]7

. (C.1.1)
Ui(z,b) = uy — s|lz — Iy + c(n? + nl) —p = k1[b=0].

e For a single-homing developer with y € [0, 1] operating on platform i € {0, 1}, the payoff
is Vi(y), where

Vo(y) = vo = tly = lo| + dn§ - qo,

- . (C.1.2)
Vily) = vy —tly = 1] + dn{ — q1.
e For a multi-homer with y € [0, 1], the payoff is
Va(y) = Voly) + Va(y) + 7. (C.1.3)

e For each platform i € {0, 1}, the payoff is its profit, the expression for which is identical
to that in (2.4):

o= pin + g+ mn)(n + ). (C.14)

48This range of parameters includes the baseline setting of Hotelling (1929) and excludes the case with
lp =11 in which the game degenerates into Bertrand competition.
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Accordingly, I find an equilibrium [(p5,5), (55, 45), f/g, EB] with market shares (n*)L,

and (nP*)2, by first solving for (R¢*)L, and (7P*)2, from the second stage of the game.*”
At the second stage, because platforms’ prices (p;,q;);_, are given, denote consumers’

cutoff values by #§ and Z] so that the equilibrium strategy of a consumer with (x,b) €

[0,1] x {0,1} is

0 ifx<a;

Zé’(xab7p07qmpl7q1): (C15)

1 elsewhere .

Accordingly, for each b € {0,1}, Up(#:,b) = Uy(3;,b). With &5,3% € [lo, 1], which is
needed for equilibrium existence, (C.1.1) implies that Uy(7,0) = Uy (5, 0) is equivalent to

ug — s(x —1lp) + c(AY* +nD*) - po = uy — s(ly = x) + c(AP* + AP*) - py — k, i.e.,

~% u0+8l0_u1+3l1_p0 +p1+c(n0*—ﬁ1D*)+k (C16)
x - .

0~ 2s

Similarly, Uy(i7,1) = Uy (&7, 1) is equivalent to

ug = s(x =1lo) +c(ng +n2) po—k=u1~s(lh—x)+c(ny” +”2) p1, Le.,
~*_u0+sl0—u1+sll—po+pl+c(no -nb*) - k
¥ =
2s

(C.1.7)

Because consumers’ horizontal preferences are independent of the platforms they initially

patronize, the resulting consumer-side market shares are

ng* = fig+ (1= )T
ug + sly —uy + sly —po + p1 + c(nY* —=nP*) + k(2f - 1)

2s
:1+ﬂ —po +p1 +c(nd* —nP~) (C.1.8)
2 28 )
R S RS VRSt
2 28 )

where u_ := Ug + Slo - U — S(l - ll) + 1{7(2f - 1)

Similarly, denote developers’ cutoft values by ny* and 1 -ny"*. The equilibrium strategy

49Tn such an equilibrium, the indifferent consumers are located at Z§ and Z7 (see (C.1.6) and (C.1.7)), and
the indifferent developers are located at 7f’* and 1-7AP* (see (C.1.10) and (C.1.11)).
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of a developer with y € [0,1] is

0 ify<ny*
Ly (y,po. 0,01 1) = {1 if y > 1—AP* . (C.1.9)

2 elsewhere

Accordingly, Vo(al*) = Va(id*). and Vi(1 - aP*) = Va(1 - aP*). Combining (C.1.2)
and (C.1.3) with a2*, 1 - 2P* € [ly,11], which is needed for equilibrium existence, Vy(n2*) =

Va(iD*) is equivalent to

0= ‘71(750[)*) +r
=V —t(ll —ﬁ(g)*) -l-d’ﬁl’r -q+r, le.,
U1 —q1+ dﬁlc* +7r (C].].O)
t
B ’U1+t(1—l1)—ql+d’fl,1*+
t

~D>(— ll _

Similarly, V;(1 - 72P*) = Va(1 - 2P*) is equivalent to

0=Vo(1-nP*)+r
=g —t(1-aP* —ly) + dn§* —qo + 7, ie.,

—qO+dﬁ0*+T

~D>(_
- t (C.1.11)
tly - dng™ +
_p- Yot q(;+ "0 T and, by definition,
*=1-ad —abr

Finally, combining (C.1.8), (C.1.10), and (C.1.11) yields a system of five equations for
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five unknowns. The solution to the equation system is

=% _ 1 .\ (- —qo+qr) +t(u_—po+p1)
0 2 2(st - cd) ’
~o% _ 1 (@ —go+q) +t(i-—po+p1)
b9 2(st - cd) ’
D21 - U =go—q1, 5(0-~qo+q1) +d(a-~po +p1)’ (C.1.12)
2t 2(st - cd)
2ps 1 U= @-q $(0-~qo+q) +d(a—po+pi)
! 2t 2(st - cd) ’
’ﬁQD*: U+—qto—6h 1,

where 4_ = ug + slg —uy — s(1 = l1) + k(2f = 1), 0_ = vg + tlp — vy —t(1 = l;), and 0, :=
vo+tlg+vr+t(1—1y) +d+2r.

Accordingly, the only difference between (C.1.12) and (A.1.4) is the replacement of
u_,v_,v, by u_,0_,0,. Thus, in this extension, following the same procedure as in Appendix
A1, the equilibrium prices, market shares, and strategies of users retain the same form as in
(3.1)—(3.4). The only changes arise from substituting @_,o_, 0, for u_,v_,v,. Therefore, the
results in Section 4 remain valid under this extension, and the corresponding proofs follow

directly from the arguments in Appendix B.

C.2 Steps for Solving the Extension with Platforms’ Price Rigid-
ity on the Developer Side

* Sk 1

In this second extension, I find an equilibrium (ﬁo,pl,ig, [:B) with market shares (A{*)L,
and (nP*)2, by solving the model from the second stage of the game.

First, given users’ optimal platform choices, (A¢*)L, = (n{*)L, and (AP*)%, = (nP*)2,,
where (n{*)L, and (nP*)%, are defined in (A.1.4). The relevant derivation is identical to
the corresponding part of Appendix A.1.

Next, I solve for p§ and p; from the platforms’ profit maximization problems. In this

extension, for each platform i € {0, 1}, the problem is
max 7; = pad " + (g; + mad*) (AP + nd*), (C.2.1)
pi

where ¢; is exogenous.
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The first-order condition is

o _ A _ t[pi + m(AP* + pD*)] _d(gi + mn&*) _0, (C.22)
Op; 2(st - cd) 2(st - cd)
and the second-order condition is
27, t|2(st —cd) - d
Oy _H2Ast=ed)=dm] (C.2.3)

op? - 2(st —cd)?

for which (A.1.9) is a sufficient condition.

Under (A.1.9), the first-order condition in (C.2.2) yields a unique profit-maximizing price
for each platform ¢. Combining the two first-order conditions for the platforms yields the
equilibrium prices shown in (5.1), which constitute the unique equilibrium in this extension
whenever the interior solution in (5.1) is valid. Similar to Appendix A.2, a set of sufficient

conditions ensuring this validity includes (A.1.9) and the following four conditions:

1. Consumers’ participation constraint.

In equilibrium, every consumer prefers using a platform to not using any platform.
Equivalently, Uy(z;,b) = Ui (2;,0) > 0 for each be {0,1},°° which holds under

- (c+m)v, —(c—d+m)(qo+q) —2(st —cd) +dm S

t 0.  (C.2.4)

ug+u — k-

2. Developers’ participation constraint.

In equilibrium, every developer prefers operating on at least one platform to operating
on neither.”! Equivalently, Vo(nd*) = Va(nf*) > 0 and V1(1 - aP*) = Vo(1 - nP*) >0,
which hold under

vy —r—t—qo—q 20. (C.2.5)

3. Interior consumer-side market shares.

Ef

k(1 A
+ R0) and 27 =n§* - = are
S S

The equilibrium satisfies &3, 27 € (0,1), where &% = n§*
counterparts of zf and x} defined in Section 3 for (3.3). This means that each platform

serves some consumers that initially patronize itself and serves some consumers that

. ~ ~ k(1- ~ ~
50 Analogous to Section 3, & = a§* + *=0) and &7 = ag* - &L

. o y . S
1Because r > 0, this condition also guarantees n* = “=90=01= > (.
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initially patronize its rival. This implies n§*,n{* € (0,1) and holds under

-1

s 2k f . |(c+m)v_+tu_—(c—d+m)(q0—q1)
. ~

2k(1-f)
& s

| <1 (C.2.6)

4. Interior developer-side market shares.

The equilibrium satisfies nf*,nP* € (0,1), meaning that each platform serves some

single-homing developers.®? This holds under

‘ (3st —2cd — dm)v_ + tdu_ — (3st — 2cd — d? = dm)(qo — q1) ‘

5 <2t-vy+qo+q. (C.2.7)

C.3 Omitted Proofs

C.3.1 Proof of Proposition 1

Part 1.
From (5.1), with u_ = ug —uy + k(2f - 1),

Opy _ Opy _ (st—cd—dm)(2f-1)

= = = C.3.1.1
ok ok ) ( )

Under (A.1.9), !!!

st—cd—dm > st—(s- %)(t—%)—dm
- %(s+t—2d) >0, (C.3.1.2)
¢ =3(st-cd) —2dm > st —cd > 0.

Therefore, combining (C.3.1.1) and (C.3.1.2) yields %—Iz; = —%Lf > 0, where the weak
inequality binds if and only if f = 0.5. Accordingly, when £ increases, a platform that is
strong (weak) on the consumer side charges a higher (lower) price to consumers. O
Part 2.

Because ¢g and ¢; are assumed to be fixed, this part is not applicable in this extension.

Part 5.

®2This condition implicitly requires n2* = %ﬂh*t <1
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From (5.2), with u_ = ug —uy + k(2f - 1),

onS* oSt 1(2f -1)

= = — 50 by (C.3.1.2), 3.1.
B T g 20 (0312) (©3.13)
and the weak inequality binds if and only if f = 0.5. Accordingly, when k increases, a
platform that is strong (weak) on the consumer side serves more (fewer) consumers. O
Part 4.

~ D%
ong

From (5.2), =3~ = 0. Also, combining (5.2) with u_ = u —u; + k(2f - 1) yields

onb+  anP* d(2f -1)
TR TR >0 by (C.3.1.2), (C.3.1.4)

where the weak inequality binds if and only if f = 0.5. Accordingly, when k increases, a
platform that is strong (weak) on the consumer side serves more (fewer) developers, and the

number of multi-homers remains unchanged. O]

C.3.2 Proof of Proposition 2

Part 1.
From (5.1), with v, = vy + vy +d + 27,
dp; Opy  2m  m

5 o o 1 S0 (C.3.2.1)

Accordingly, because m > 0, when r increases, each platform charges a lower price to
developers unless the commission m is 0. Under this extension, this part is quantitatively
different from the corresponding part in the baseline model, where each platform always

charges a lower price to consumers when r increases even if m = 0. [

Part 2.

Because ¢y and ¢; are assumed to be fixed, this part is not applicable in this extension.

Part 3.
From (5.2),
ong*  ong*

or or

- 0. (C.3.2.2)

Accordingly, when r increases, each platform still serves the same number of consumers.
m
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Part 4.

From (5.2), with v, = vg + v + d + 27,

oRb* oaPr 2 1

= =——=-= .3.2.
or or 2t t <0, (C.3.2.3)
onb* 2 ond* onPx
or t | or " or > 0.

Accordingly, when r increases, each platform serves more developers, and on each plat-

form, some developers switch from single-homing to multi-homing. O

C.3.3 Proof of Proposition 3

First, similar to (4.2.1), in this extension, the equilibrium profit of platform i € {0,1} is

77 =Ping + (g + mad*) (AP + Rg*). (C.3.3.1)

i 7

From (C.3.1.1), (C.3.1.3), (C.3.1.4), and (C.3.3.1),

ong (2f = D){(st = cd - dm)n§* +tpg + d(qo + mn§*) + tm(ad* + ad*)}
ok 2
~(2f - D)[2(st - ed) - dm]n§*
é .

Because (1) (C.2.6) implies that n5* > 0 and (2) combining of (C.3.1.2) and (A.1.9)
implies that 2(st — cd) —dm > st — cd > 0, it follows that %—? > 0, where the weak inequality

(C.3.3.2)

binds if and only if f = 0.5. Symmetrically,

orr —(2f - D{(st — cd —dm)na¢* + tp; + d(q1 + mnf™*) + tm(nP* + nd*)}

ok 20

—(2f = 1)[2(st - ed) — dm]nf*
¢

and the weak inequality binds if and only if f = 0.5.

(C.3.3.3)

<0,

Accordingly, when k increases, the equilibrium profit of a platform increases (decreases)

if and only if the platform is strong (weak) on the consumer side. O

C.3.4 Proof of Proposition 8

In the second extension introduced in Section 5, Proposition 8 serves as the counterpart of

Proposition 4 in the baseline model.

%)



From (C.3.2.1)-(C.3.2.3) and (C.3.3.1),

ong  m g, oens 120 g

= U+ (i) (g + D)=,
o1 _ mﬁC*+( +mni*)( +2 -4 o
ar ¢ T\ ! t’ ¢

Accordingly, when r increases, the equilibrium profit of a platform increases (decreases)

if and only if it charges a positive (negative) price to developers. O

C.3.5 Proof of Part 1 of Proposition 5

First of all, similar to (4.2.2), the equilibrium consumer surplus in this extension is

ds’“:f[fo% Ug($,0)dm+/jj U;(;c,O)da:]+(1—f)[[0ng Ug(:c,l)dx+/jj(7f(x,1)dx]
ace gy BIAZT) s
S

= up +c(AP* + D) - pi + sAf

Y

(C.3.5.1)

where U7 (z,b) is calculated in accordance with (2.1) and denotes the equilibrium payoff
of a consumer with z € [0,1], initially patronizing platform b € {0,1}, and using platform
i €{0,1} in this extension.

From (C.3.1.1), (C.3.1.3), (C.3.1.4), and (C.3.5.1), and because (C.2.6) gives n§* < 1, for
any f€[0.5,1),

9CS"  [~ed +2(st - cd - dm)](2f - 1) | 2sthg*(2f ~1) g 2kf(1-f)

ok 20 20 s
< (23t—3cd—2flm)(2f— 1) s st(2f:— 1) ry 2kf(1-f) (C.352)
2¢ ¢ 5
1 stRf-1) 2k(-f)
2 20 S
Define g(f) = -3 + St(zgl) + Qkf(sl_f) for all f€[0.5,1), then
J'(f) = S_At + M’
) s

o (C.3.5.3)
§"(f) = <0.

From (C.3.1.2), ¢'(0.5) = S;f > 0. Thus, to determine the maximum value of g(f) on
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[0.5,1), T consider the following two scenarios.

Scenario 1: ¢’(1) >0
Since §"(f) =-%<0, ¢/(f) > 0 for all f€[0.5,1). Therefore,

1 st

max §(f) =g(1) = —= + — <0 if and only if st < ¢, 3.5.4
fe[w)g(f) 9(1) = -5 2% y ¢ (C.3.5.4)
. %cd+dm
ie., s> 2
Scenario 2: §'(1) <0
In this scenario,
2st 2k
0>¢'(1)= — - —,
§=" -2 (€355)

ie., % > s;f
Since §/(0.5) >0 and §"(f) > 0, §(f) attains its maximum at some f’ € [0.5,1) satisfying
J(f)=0,ie,

2st 2k(1-2f")

0=—
¢ s (C.3.5.6)
5 1 s?t
ff==+—.
2 2k
Then
ey L st2f 1) 2kf(1-f)
_ AN
max g(f) =9(f") = =5+ . .
1 s3t2 Qk(l $4t2)
=t —+ (- - ——
2 kg2 s \4 4k2 2
342
1,58k (C.3.5.7)
2 2kg? 2s
1 s k\2 k
<5 tals) Ta
=—1+E<Oifs>2k.
2 s

a % 3
: oCcs ~ . Scd+dm
Across both scenarios, %5~ < g(f) < 0if s > 2k and s > 2—

increases, the equilibrium consumer surplus decreases whenever the degree of consumers’

. Accordingly, when k

horizontal differentiation is sufficiently large relative to consumers’ switching costs and the
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magnitudes of users’ network effects. Under this extension, this part is quantitatively dif-

ferent from the corresponding part in the baseline model, where the degree of consumers’

c2+d?+4cd+2m(c+d)+m?

horizontal differentiation is sufficiently large if s > 2k and s > m

, rather than
3cd+dm

s> 2k and s > 2— O
C.3.6 Proof of Proposition 6
Part 1.
First, similar to (4.2.3), the equilibrium developer surplus in this extension is
. x ab* AP +al* | 1 .
DS = [T g+ [0 dys [ Ve
0 "o KN (C.3.6.1)

t
- LG ) (P + 2B
where V*(y) is calculated in accordance with (2.2) and (2.3), and it denotes the equilibrium
payoff of a developer with y € [0, 1], operating on platform ¢ (when ¢ € {0, 1}) or multi-homing
(when i = 2) in this extension.
From (C.3.1.4) and (C.3.6.1),

ODS"  td(2f = 1) x2[(a* + d*) - (AP* +7§*)]
ok 2 2¢

_td2f -1)(ng" —A7*)

- 2 ,

(C.3.6.2)

With f € [0.5,1), which indicates that platform 0 is (weakly) strong on the consumer
side, 8D S* 5 0 if and only if f > 0.5 and nf*—nP* > 0. Accordingly, the equilibrium developer
surplus increases in consumers’ switching costs if and only if the strong platform serves more
developers in the equilibrium than the weak platform.

Similarly, and in addition, 8D s

=0 if and only if f = 0.5 or n¥* = nP*. In other words,
the equilibrium developer surplus is invariant to any change in consumers’ switching costs
when neither platform is strong or the platforms serve the same number of developers in the

equilibrium. N

Part 2.

Because (C.2.7) ensures nf*, nP* € (0,1), and since f € (0,1),

(C.3.6.3)

‘azﬁs’ tdj2f ~ Ulag* - ap7| _ td
Ok 20 20
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aDs"

Accordingly, for any € > 0, | < € whenever < _d> <e, le.,

1 /td
— (5 +3ed +2dm) <s. (C.3.6.4)
3t \2e

Define & = & (% + 3cd + 2dm). Then, from (C.3.6.4), for any small € > 0, PDS
whenever s > .. In other words, as consumers become sufficiently horizontally differentiated,
the change in the equilibrium developer surplus in response to any change in k diminishes

in magnitude and ultimately vanishes. O]

C.3.7 Proofs of Propositions 7 and 9

Proof of Part 1 of Proposition 7.
From (C.3.2.1)-(C.3.2.3) and (C.3.5.1),

~ K

1 2
ocs :c(__+_)+m: crm > 0. (0371)
or t t t t
Accordingly, the equilibrium consumer surplus increases in 7. O]

Proof of Proposition 9.

In the second extension introduced in Section 5, Proposition 9 serves as the counterpart
of part 2 of Proposition 7 in the baseline model.

From (C.3.2.3) and (C.3.6.1),

DS ¢
5 =5 2(A8* + D" + AP + Al )y x = —1=nd* > 0 by (C.2.6). (C.3.7.2)
r
Accordingly, the equilibrium developer surplus increases in r. O
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