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1. Introduction

Recent decades have seen a massive growth of large digital platforms such as Alphabet, Ama-
zon, Apple, Meta, and Microsoft, among others. Competition concerns about these platforms
abound, including the potential harms of acquisitions of competitors, predatory behaviors, and
other practices such as self-preferencing (e.g., |Australian Competition and Consumer Commis-
sion, 2018 [Khan, 2017; [US House of Representatives Subcommittee on Antitrust, 2020).

A common issue in these competition concerns is the role that network effects and two-
sidedness play in making these practices anti- or procompetitive. For example, in the merger
cases, some scholars discuss the possibility that network effects would make mergers desirable
because it allows a beneficial network expansion (Evans and Schmalensee, |2016|), whereas others
raise the concern that network effects make mergers anticompetitive by amplifying market power
of merged platforms (Ocello and Sjodin, 2018]). The theoretical assessment of such competition
concerns requires a framework for analyzing oligopolistic platform competition that allows for
the coexistence of large dominant platforms and small fringe platforms. Yet, as Jullien, Pavan
and Rysman| (2021)) note, “the literature still lacks a tractable model of platform competition
in asymmetric [...] markets.”

To overcome such a difficulty, I develop a tractable yet flexible model of asymmetric oligopolis-
tic platform competition in two-sided markets. Specifically, I represent price competition be-
tween two-sided platforms as an aggregative game so that an arbitrary platform asymmetry
can be incorporated in a tractable manner. The framework consists of a demand model with
network effects that derives an ITA demand system as a unique stable consumption equilibrium,
and an oligopolistic platform competition represented as an aggregative game.

To derive a well-behaved demand for platforms, I consider a class of discrete-continuous choice
models of demand for platforms in two-sided markets that combinines a discrete-continuous
choice model of ITA demand (Nocke and Schutz, 2018b) and a discrete-choice model of the
demand for multi-sided platforms (Tan and Zhou, [2021). Imposing logarithmic form on network
effects and the type-I extreme value distribution of taste shocks, both of which are widely
adopted in the empirical literature (Ohashi, 2003; Rysman, 2004, 2007)), I obtain a unique stable
consumption equilibrium despite the presence of network effects. Furthermore, the derived
demand function generalizes canonical IIA demand systems, such as the nested-logit demand
system, to two-sided markets. The ITA property allows each platform’s profit to depend only
on its own strategy and the “aggregators” that summarize the intensities of the competition on
the two sides of the market.

Using the demand function obtained from the demand model, I represent platform com-

petition as an aggregative game by extending the techniques of Nocke and Schutz (2018b)



and |Anderson, Erkal and Piccinin| (2020). Specifically, the strategic interaction between plat-
forms are determined solely by the aggregators that summarize the intensities of competition
on the two sides. Therefore, each platform’s pricing can be represented as a best-response
to the aggregators, and the equilibrium value of the aggregators are determined in the way
that is consistent with the platform’s pricing. I provide sufficient conditions under which the
unique equilibrium aggregators exist regardless of the platform’s characteristics, which enables
analyzing an arbitrary heterogeneity between platforms.

As is common in the literature of two-sided markets, the prices set by each platform on
each side involves a discount to attract consumers on the same or another side, a subsidization
triggered by the within- and cross-group network effects. The tractable characterization of the
asymmetric platform competition allows us to examine how the sizes of platforms affect these
subsidization incentives along with their market power, which in turn allows us to conduct the
competition analysis in the presence of network effects. I apply the the equilibrium character-
ization to three competition analysis: platform asymmetry, horizontal mergers and free entry.
In all the analysis, the demand-side scale economy of network effects and two-sided pricing play
important roles that qualitatively affects the welfare results.

The analysis of platform dominance compares consumer welfare under market structures with
difference asymmetries. With network effects, asymmetric market structure has both positive
and negative effects on consumers. Because the asymmetry increases the size of the large
platform, it increases the benefits of network effects, which benefits the consumers. On the
contrary, the large platform use its dominance to increase the markup, hurting the consumers.
Whether an asymmetric market structure is associated with higher consumer surplus depends
on the relative sizes of these two effects. I show that, for the consumer on one side to benefit
from platform asymmetry, they need to benefit from both network effects and two-sided pricing.
This implies that, in one-sided markets, a dominance of large platform is always associated with
lower consumer surplus. Even in two-sided markets, at least consumers on one side are worse
off with platform dominance.

In the analysis of horizontal mergers, I first examine whether a merger-specific technological
synergy, in the form of cost reduction or quality improvement, improves consumer surplus. I
find that although synergies always improve consumer surplus in one-sided markets, a synergy
on one side may hurt consumers on the other side in two-sided markets. Therefore, competition
authorities may need a caution when using synergies as a benefit to consumers. With this cau-
tionary remark in mind, I characterize the level of CS-neutral synergies, the synergies required
for a merger to be neutral to the consumer surplus on both sides because it provides a useful
information on the potential effects of mergers and can be interpreted as synergies necessary to

improve consumer surplus whenever it is increasing in the synergy (e.g., Nocke and Whinston),



2010, |2021)).

The characterization of CS-neutral synergies reveals the roles that network effects and two-
sidedness play in merger analysis. To separately identify the importance of network effects and
two-sidedness, I first consider the mergers in one-sided markets with within-group network ef-
fects and then analyze the general case of two-sided markets. The analysis of one-sided markets
shows that network effects may serve as a synergy but also amplifies the market power of large
platforms. Because a merger allows merging platforms to expand the network size, consumers
benefit from larger network effects. Therefore, as long as the merging platforms do not increase
their markups too much, the platform merger benefits consumers even without technological
synergies. On the contrary, when merging platforms are sufficiently large compared to the
industry, network effects enable a merged platform to easily increase the markup, making it
more likely to hurt consumers.

In two-sided markets, the pre-merger price structure of merging platforms provides informa-
tion about the additional effects of two-sided pricing. For example, if merging platforms set
negative markups on one side, the CS-neutral synergy on that side is always negative. This is
because when merging platforms subsidize consumers on one side through negative markups,
an increase in the market power raises the merged platform’s incentive to subsidize those con-
sumers further. In this way, the two-sided pricing of platforms changes the direction in which
a merger-induced increase in market power affects the prices.

Finally, I analyze long-run equilibria with the free entry of fringe platforms. I use |Anderson,
Erkal and Piccinin| (2013)’s notion of free entry equilibrium with marginal entrants to model
the entry of fringe platforms. In the free entry equilibrium of two-sided markets, the aggregate
consumer surplus is no longer neutral to competitive environments, which holds in one-sided
markets (e.g., Davidson and Mukherjee| 2007; Anderson et all 2020)). Therefore, the strategic
behaviors of the incumbent platform, such as cost-reducing or quality-improving investments,
affect the long-run consumer surplus in two-sided markets. Furthermore, a strong see-saw
property holds in the long run. That is, any change in competitive environments that benefits
the consumer on one side inevitably hurts consumers on the other side. Therefore, the effects of
the strategic behaviors of the incumbent platforms must always involve the conflict of interest
between two groups of consumers.

The remainder of the paper is organized as follows. The rest of this section discusses the
contribution to related literature. Section [2] I present and analyze the general framework of
oligopolistic platform competition, which is then used in Section [3| to analyze platform domi-
nance, Section [4] to analyze horizontal mergers, and Section [5] to analyze free entry, respectively.

Section [6] concludes.



Related literature This study contributes to the literature on platform competition, aggrega-
tive game analysis of oligopoly, and discrete choice theory of demand. Below, I discuss the
contribution to each liteature.

The literature on platform competition in multi-sided markets has examined the importance

of network effects in platform competition (see Belleflamme and Peitz, [2021}; Jullien et al.|
2021}, for the review of the literature). A methodological contribution of this study to this lit-

erature is to develop a tractable and general framework to incorporate both two-sided network

effects and platform asymmetry in an oligopolistic setting. Some studies have theoretically an-

alyzed mergers and entry in platform marketsEl Gama, Lahmandi-Ayed and Pereiral (2020) and

(Correia-da-Silva, Jullien, Lefouili and Pinhol (2019)) use homogeneous-product Cournot model

to examine the welfare effects of a change in the number of platforms in one-sided and two-sided

markets, respectively, and find that a reduction in the number of platforms may improve con-

sumer surplus due to network effects. Baranes, Cortade and Cosnita-Langlais| (2019) analyze

4-platform oligopoly in a circular city and find that synergy on one side may hurt consumers
on the other side. This study shares these findings and, on top of that, provides a general and
platform-specific prediction on the likely effects of mergers on consumers using the notion of
CS-neutral synergies. One novel result compared with the existing literature is that network

effects can make large mergers more harmful to consumers, which is informally discussed by

scholars but not established in the context of platform competition (e.g.|Faulhaber, |2002; Ocello|

and Sjodin, 2018)). Tan and Zhou| (2021)) examine the welfare property of the number of sym-

metric platforms in free entry equilibria, whereas this study focuses on the effect of incumbent

platform’s behavior on long-run consumer surplus. |Adachi, Sato and Tremblay| (2021)) and Liu,

'Teh, Wright and Zhou| (2021) also consider the oligopolistic platform competition, but their

focus is on the role of consumer multihoming.

This study is also related to the literature of an aggregative-games analysis of oligopoly
that provides a workhorse framework for analyzing mergers and free entry (see
Schutz, 2018b; Anderson et al., 2020, for general treatments). The methodological contribution

of this study is to generalize the technique Nocke and Schutz| (2018a)b)) to incorporate two-

sided network effects. Technically speaking, the generalization to two-sided markets makes the
existence of equilibrium nontrivial. Nontheless, the existence and uniquness of the equilibrium
are established. Based on this technical contribution, this study examines the role that network
effects and two-sidedness play in merger analysis and free entry. For example, in the presence

of network effects, merger may improve consumer surplus even without synergies, which is

not the case in a standard oligopoly (e.g., Williamson), 1968} [Farrell and Shapiro|, 1990; Nocke

!Some empirical studies also propsed methods to quantify the effects of mergers in two-sided markets, including
WJeziorski| (2014) and [Song (2021)), using simulation analyses.




and Schutz), 2018al). Furthermore, under free entry equilibrium, consumer surplus is no longer
neutral to welfare in two-sided markets, as opposed to that in one-sided markets (e.g.,|[Davidson
and Mukherjee, 2007; [no and Matsumura, [2012; Anderson et al., 2013,|2020). As an application
of an aggregative-games analysis to two-sided markets, |Anderson and Peitz (2020b) also use an
aggregative-games approach to analyze mergers and entry in media markets. This study differs
from [Anderson and Peitz (2020a,b) in homing structure: this study considers singlehoming
consumers on both sides, whereas they consider multihoming consumers on advertising side.
Lastly, this study contributes to the literature of discrete choice model of demand (Anderson,
De Palma and Thisse, 1989, [1992; |Armstrong and Vickers|, 2015; Nocke and Schutz, [2018b} Tan
and Zhou, [2021). The consumer demand in this study is understood as a combination of Tan
and Zhou| (2021))’s discrete-choice model of platform choices and |[Nocke and Schutz (2018b))’s
discrete-continuous choice model of demand. Furthermore, the demand function derived in this
study generalizes nested-logit demand models (Anderson and De Palmal, 1992). The novelty
of this study in this literature lies in establishing a natural extension of nested-logit demand
model that allows complementarity between the products sold by the same platform, whereas

a standard discrete choice model requires all products to be substitutes (see Armstrong and
Vickers, 2015)).

2. Model of Platform Oligopoly

I present a framework of platform oligopoly that is used for analyzing platform asymmetry,
mergers, and free entry. Consider a two-sided market served by a finite number of platforms,
where the sides of the market and the set of platforms are indexed by { A, B} and F, respectively.
Each platform f € F charges a price p’]‘é € R on side k.

In the following, I first describe the demand model that forms the basis for the analysis
of platform competition. Then, I analyze the price competition between platforms. After
completing the equilibrium characterization, I introduce an extension to multiproduct platform
oligopoly, which is used for modeling platform asymmetry and platform mergers. Lastly, I

disuss the modeling assumptions.

2.1. Consumer Demand

On each side k € {A, B} of the market, a unit mass of consumers choose which platform to
join. In the model, the word “consumer” represents the users of the platforms. For example,
in online marketplaces, buyers and sellers correspond to respective consumers in the model.

Each consumer’s utility from the joining a platform consists of a stand-alone value, network



effects, and an indiosyncratic preference for the product. Formally, on each side k € {A, B},

consumer z’s indirect utility from joining platform f is given by

u’;z = log h;i(p’}) + oy, log n’; + Bk log nlf + g’}z, (1)

The first term log h’} (p’ji) is the stand-alone indirect subutility from using platform f at price
p’} € R, where h’} (p’}) is assumed to be decreasing and log-convex in p’}. The second and third
terms, ay, log n’} and [y, log nlf, are the benefits of within-group and cross-group network effects,
where oy, € [0,1) and 5y, € [0, 1) are the parameters representing the magnitude of within-group
and cross-group effects, and n’} and nlf are the numbers of consumers on side k and [ # k& who
join platform f. The last term, 8’}2, is an idiosyncratic taste shock that follows an i.i.d. type-I
extreme value distribution. I assume that network effects are not too strong so that a4+, < 1
holds for each k € {A, B} and [ # k, which precludes the possibility that some platforms set
infinitely negative prices on one side. The logarithm specification of network effects is not only
broadly adopted in the empirical literature (e.g., |Ohashi, 2003; Rysman, 2004, 2007), but is
also crucial for obtaining the tractable demand function, as I discuss after Proposition [1}

Consumers choose which platform to join and the amount of usage based on the prices
p = (p?, pf )rer set by platforms and the expectation n® = (n?’ﬂn?”z) fer over the network
sizes. I assume that there is no outside option and that consumers single-home, so that all
consumers on side k € {A, B} purchase exactly one product from the set N*. The demand
for each product is derived as a rational-expectation equilibrium among consumers. That is,
based on the expectation over the network sizes n®, each consumer chooses the product that
maximizes the utility, and the realized network sizes n = (n’}‘, n? ) fer are consistent with the
original expectation. I call an equilibrium choice of products a consumption equilibrium and the
equilibrium network sizes consumption equilibrium network sizes. In the following, I characterize
the consumer demand for each product as an outcome of a consumption equilibrium.

First, consider the usage of a platform conditional on membership. Applying Roy’s identity,
the conditional demand function for platform f conditional on the membership is given by
—(h5) (P}) /15 (p}). Next, consider each consumer’s membership choice given the expectation
over the network sizes n°. Because 6’}2 follows the type I extreme value distribution, a consumer

on side k joins platform f € N ]’f with probability

n’;f (n®) =Pr (u'}z > ufuz for all f' € F)
i) (o) ()" ®
Sper Wt ()" (vi)”




The consumption equilibrium network sizes n satisfy the condition ﬁ’;(n) = nl} forallk =A,B
and f € F.

Due to complementarity in network choices, there may be multiple consumption equilibrium
network sizes when the network effects are too strong relative to product differentiation, an
issue pointed out by |Anderson et al. (1992) and Tan and Zhou| (2021), among others. The
possibility of multiple equilibria prevents us from deriving a well-behaved demand function.
In the context of the present setting, equation (2)) indicates that whenever consumers expect
n?e = 0, such an expectation will be self-fulfilling, and ﬁ’fc(ne) = 0 holds. Therefore, there
are a number of equilibria in which a subset of platforms will never be chosen. To rule out
such an extreme outcome, I select an equilibrium based on some criteria. The literature has
used Pareto dominance (Katz and Shapiro| 1986; [Fudenberg and Tirole, 2000)), coalitional
rationalizability (Ambrus and Argenziano, [2009), focality advantage (Caillaud and Jullien),
2003; Halaburda, Jullien and Yehezkel, 2020), and potential maximization (Chan| [2021)). In
this study, I use asymptotic stability derived from the best-response dynamics as an equilibrium

selection criterion, which is formally defined below.

Definition 1. Define the best-response dynamics and asymptotic stability of network sizes as

follows:

0

1. A best-response dynamics {n'} from the initial network sizes n’ = (nﬁo,nfo)fef is
defined by a sequence of network sizes n' = (n?’t,nﬁt) such that n?t = ﬁ]fc (nt=Y) for

allt=1,2,..., fe Fand k= A,B.

feF

2. A network size n = (n?,n?)fef is the limit of the best-response dynamics {n'} from the

initial network size n® if n = lim;_, . {n'}.
3. Network sizes n are asymptotically stable if for any strictly positive n°

the best-response dynamics from the initial network sizes n°.

, n is the limit of

Definition 1| refines the consumption equilibrium by requiring the asymptotic stability of the
network sizes. It rules out unstable equilibria wherein some perturbation of network sizes leads
to a different allocation of network sizes as a result of best-response dynamics. Compared to
existing selection methods that choose a focal platform (Katz and Shapiro, |1986; Caillaud and
Jullien, [2003)), the asymptotic stability only requires robustness to perturbation in network sizes,
which is similar to the requirement of evolutionary stability (e.g., [Weibull, [1997). Therefore,
any equilibrium with an asymptotically stable netowrk sizes does not rely on any normative
selection criterion other than stability. I call a consumption equilibrium that has asymptotically

stable network sizes an asymptotically stable consumption equilibrium.



Using the notion of asymptotic stability, I select a plausible consumption equilibrium that
derives a well-defined demand function. To this end, consider a consumption equilibrium in
which all network sizes are strictly positive. I call such an equilibrium interior consumption
equilibrium. Provided that n’} > 0 for all f € F and k = A, B, equation has a closed-form

solution

[Rh5)]) ™ [ ()] ™ )

") = )

for all f € F and k € {A, B}, where, H* is the industry-level aggregator defined by

H (p) = [E(%)]™ [)]™
feF

and [y, and I'y; are given by

el and
(1 - ak)(l - Oéz) — Bk’
B

Fkk =

The network sizes in equation have the following interpretation. Due to network effects,
the stand-alone values h and A% are amplified to (R)"*(h%)™ as shown at the numerator
of the right-hand side of equation . The industry-level aggregator H* is the sum of such
amplified values.

Along with its intuitive interpretation, the interior consumption equilibrium characterized
by equation turns out to be asymptotically stable. Particularly, Proposition |1| shows that
the interior consumption equilibrium with the network sizes given by equation is the unique

asymptotically stable consumption equilibrium.

Proposition 1. There exists a unique asymptotically stable consumption equilibrium. In the
asymptotically stable consumption equilibrium, the network sizes are given by equation . The
demand for each product i € N* under the asymptotically stable consumption equilibrium is

given by

D¥(p) = Df [pi, K (p%), By (), H* (p)]

_— L T hkl (4)
= — [ ()] [y (0] %

-

~—

Proposition [1| provides a tractable characterization of the demand system with within-group

and cross-group network effects. Unlike Tan and Zhou (2021)’s model with general network



effects and distribution of taste shocks, the demand for each product has an explicit expression
along with incorporating within-group and cross-group network effects. The reason why the
demand function has a tractable closed-form expression even in the presence of network effects
is similar to the reason why existing linear demand models with linear network effects obtain
closed-form demand functions (e.g., Armstrong, 2006). In a linear demand model with linear
network effects, the interdependence between expected and realized network sizes can be written
in a linear form, which allows us to use linear algebra to obtain the closed-form solution for
network sizes. In the present study’s setting with logarithm network effects and type-I extreme
value distributions of taste shocks, the interdependence between the expected and realized
network sizes can be written in a log-linear form. Then, using a linear algebra to the log of
network sizes, we can obtain the closed-form solution. The assumption of the logarithm form
of network effects is crucial because it is necessary for obtaining a log-linear relation between
the expected and realized network sizes.

The network sizes characterized by equation exhibit an ITA property, which allows us
to generalize the aggregative-games analysis of Nocke and Schutz (2018b)) and |/Anderson et al.
(2020) to two-sided markets, thereby making it possible to introduce an arbitrary heterogeneity
between platforms. In summary, the demand model of this study simplifies [Tan and Zhou
(2021) in two dimensions, the forms of network effects and taste distributions, and makes it
possible to derive a tractable demand function that allows for an arbitrary platform asymmetry

in two-sided markets.

Consumer surplus Consumer surplus C'S* on side k is given by the expected indirect utility
of consumers, and the aggregate consumer surplus C'S is given by the sum of the consumer

surplus on both sides:

ko \Tkk 30\ Lkt 1
CS" =log ;(hf) (hf> (Hk)ak<Hl),8k

=(1- ak)long — B log H,

and

CS=Cs"+CS”
= (1 —as—Bp)log H* + (1 — ap — B4)log H®.

Note that C'S* is increasing in H* but decreasing in H'. Because the side-k aggregator H*
measures the intensity of competition on side k, it is natural for H* to have a positive impact

on CS*. On the contrary, a large value of side-l aggregator H' reduces the network sizes of

10



platforms on side [. This reduces side-k consumer’s benefit from cross-group network effects,
thereby negatively affecting C'S*. Nontheless, in aggregate, consumer surplus is increasing
in both aggregators, which is shown by the fact that the aggregate consumer surplus C'S is

increasing in both H4 and H?Z.

Logit demand specification As Nocke and Schutz (2018b) discuss, the function A% can take

ak:_ k
a flexible form, including multinomial-logit specification where h%(p}) = exp( : Akpf ) with

A > 0 and CES specification where hfc (p’}) = a’} (p’})lfﬂk with o® > 1. In both specifications,
a’fc represents the quality of the platform. More generally, the framework allows for any log-
convex function h’]‘i(p;i) In the following, to simplify the analysis, I assume that h’} takes the
multinomial-logit form. A similar analysis is applicable to other specifications such as the CES

specification.

Assumption 1. For each k € {A, B} and f € F, h’fc is given by

where al} € R and \¥ > 0.
The demand system that satisfies Assumption [1| has the form

Tpr(af—p§) | Trlal—ph)
eXp [ Ak + 2\

Tri(ak,—p%) Dpi(al,—ph )]
)‘ka/e}‘eXp[ )J:k ! + J;\l L }

Di(p) = (6)

The demand system given by equation (@ is a natural and tractable generalization of logit
demand system to two-sided markets. To see this, suppose that o, = 8, = 0 for all £ = A, B.
Then, the demand system is a standard multinomial-logit demand system in one-sided markets.
The parameterization of network effects and two-sidedness through two parameters a4 and [y
allows us preserve the usefull ITA property of logit demand system, which in turn allows us to

employ an aggregative-game approach to platform competition.

2.2. Platform competition

Using the demand system obtained in Proposition [ analyze price competition between
platforms.
Each platform f € F incurs a constant marginal cost c’} > 0 on side k. Given the demand

system {(D?)fe]-‘}ke{A’B}’ the profit function of each platform f € F is written as a function

11



of the profile of the platform’s own prices py := (pj), p? ) and aggregators H* and HP:

I [py, H'(p), H" (p)] = I} + 117, (7)

where
115 = Df [py, R5(0%), by (), HE ()] (0 — f). (8)

The pricing game consists of a demand system {(D’Jf) ferFtkega,B), a set of platforms F, and
a profile of marginal costs (C?,C?) fer. In a pricing game, platforms simultaneously set the
prices py of their products, with the payoff function II; defined by equation . I call a Nash
equilibrium of this pricing game as a pricing equilibrium. In the following analysis, I often

suppress the arguments of functions for ease of exposition.

Optimal pricing for each platform The first-order condition for the profit-maximizing prices

set by each platform f is given by 0Il;/0p; = 0, which can be transformed into the following

equation:
()"
f
where l
1 n
/ f
network-ext;;nality terms cannibalizﬂartion terms

The right-hand side of equation is independent of the index of the product . Therefore, the
optimal pricing of each platform equates the left side of the equation @ with some common
value ,u’]‘i. Following Nocke and Schutz (2018b)), I call /ﬂ} as the -markup of platform f on
side k. The property that all prices of the products sold by a platform on the same side are
summarized into a single (-markup is driven by the property that the network sizes n’} have an
ITA property.

The -markup concisely summarizes the pricing incentive of each platform. The first term,
1, in equation is the baseline (-markup, which would be set under the monopolistic com-
petition. The second term is the downward-pricing pressure due to the within-group and
cross-group network effects. The third and fourth terms are the upward-pricing pressure due
to the cannibalization effects under oligopoly. The relative magnitudes of the second and last
terms on each side determine the price level and the price structure of each platform.

Under Assumption , we have —(h’;)”/(h’;)’ = 1/)\* and thus p’fc = c’} + )\k,u’}, implying that

all the product of the same platform on one side has the same markup. Then, the profit of

12



platform f on side k can be written as its network size multiplied by the common markup:
H’Ji = nl;ul} (11)

Using this relation, the formula for the (-markup can be simplified to

1 n!
b = . (1 — o — @n—g) (12)

1—nf 7

Equation provides a simple generalization of the markup set by a firm facing a logit demand
system. In a standard logit model with oy, = 8, = 0, the (-markup is set to 1/(1 — n%). In
the presence of within-group network effects aj > 0, the (-markup is compressed by ay. This
discount is due to the increase in price elasticity of demand, driven by the positive feedback
effects. Lastly, in the presence of cross-group network effects 5; > 0, the (-markup is further
discounted by the amount ﬁlnlf / n’} This discount is due to the cross-subsidization incentive of
the platform to expand the network on side k to attract consumers on side [, which is widely
observed in the models of two-sided platforms (Armstrong, 2006; Rochet and Tirole, 2006}
Weyl, 2010; Tan and Zhou, 2021)).
The stand-alone value h%(p}) also be simplified to

hy(pf) = Tf exp(—pf), (13)

akick
where TJ’f = exp ( I ) is the “type” of platform f that equals the stand-alone value of the
platform f when it engages in the marginal cost pricing. Solving the system of equations ({12))
and , along with equation , the (-markup ,u’} and the network size n’} consistent with the

platform’s optimal pricing are obtained as functions of Tf‘, TJ?, H#, and H?, which I write as
py =m" (T5, Ty, H*, H') (14)

and
ny = N* (T}, Ty, H* H'). (15)

When the system of equations and has multiple solutions, let the profit-maximizing

one be mF and N*.
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Pricing equilibrium Finally, the equilibrium aggregators (H*, H?) must satisfy the condition

that the network sizes of the platforms add up to 1:

> NE(T}, T, H* H') =1, Je€{A B}, 1#.J (16)
feN]’f

The analysis so far has characterized the necessary conditions that the pricing equilibrium
must satisfy. Proposition[2]shows that these necessary conditions are also sufficient and provides
several important cases in which the equilibrium is unique regardless of the type profiles. The

proof of this proposition is relegated to the Online Appendix.

Proposition 2. For any pair of aggregators (H*, HP), each platform’s corresponding optimal
pricing is uniquely given by p’} = c’} + Mk (TJ’?,T},H’“,HZ). Furthermore, the following

statements hold:

1. If only within-group network effects exist (B4 = P = 0), then a unique pricing equilibrium

exrists.

2. If only cross-group effects exist (an = ap = 0), then a pricing equilibrium exists. Fur-
thermore, there exists 3 such that if B4 < B or Bp < B, then the pricing equilibrium is

unique.

Because a pricing equilibrium is characterized by the pair of industry-level aggregators
(HA*, HP*) that satisfies the system of equations , the characterization of equilibrium
is simplified to the characterization of the system of equations . Furthermore, because the
consumer surplus C'S* = (1 — ay) log H* — B, log H' is determined solely by industry-level ag-
gregators (H#, HP), the characterization of equilibrium aggregators directly characterizes the
equilibrium consumer surplus. These properties are typically obtained in the aggregative-games
frameworks of oligopoly (e.g., |Anderson et al., 2020; [Nocke and Schutz, [2018b) and simplify
the comparative statics and welfare analyses in Sections [3] [4] and

2.3. Extension to multiproduct-firm oligopoly

Our baseline analysis can be generalized to the setting where platforms offer multiple services.
Specifically, we can consider the situation where each platform f € F sells a finite set N/ ﬁ of
products on side k € {A, B}, where each product i € N} is priced at p; € R. Let N* :=
U fe N }“ be the set of all products on side k sold by the platforms. The baseline setting is a
special case where [N7| =1 for all k = A, B and f € F.

On each side k € {A, B} of the market, a unit mass of consumers choose which product to

purchase. Each consumer’s utility from the purchase of a product consists of a stand-alone value,
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platform-level network effects, and an indiosyncratic preference for the product. Formally, on
each side k € {A, B}, consumer z’s indirect utility from the purchase of product i € N ]'f is
given by

ul? = log hF(p;) + oy log '’ + i log nlf + ek, (17)

The term log h¥(p;) now represents the stand-alone indirect subutility from product i at price
pi € R, where h¥(p;) is assumed to be decreasing and log-convex in p;.

The assumption of platform-level rather than product-level network effects is motivated by
the observation that the products provided by the same platform (e.g., a group of smartphones
and tablets that support the same OS or the services offered by Meta, such as Facebook
and Instagram) exhibit greater interoperability than those provided by different platforms do.
This assumption holds true in some applications but not in others. For example, if a single
firm offers multiple different services as independent incompatible platforms, then the network
effects would work at the product level. Nonetheless, as far as single-product platforms are
concerned, the platform-level network effects are equivalent to the product-level network effects.
In this regard, as long as the analysis focuses on single-product platforms, the model also allows
for product-level network effects that apply to prominent two-sided markets such as online
marketplaces.

Consumers choose which product to purchase and the amount of purchase based on the prices
p = (pi)ienauns set by platforms and the expectation n® = (n?’e, nf’e)fef over the network
sizes. I assume that there is no outside option and that consumers single-home, so that all
consumers on side k& € {A, B} purchase exactly one product from the set N*. The demand
for each product is derived as a rational-expectation equilibrium among consumers. That is,
based on the expectation over the network sizes n®, each consumer chooses the product that
maximizes the utility, and the realized network sizes n = (n?, n? ) rer are consistent with the
original expectation. I call an equilibrium choice of products a consumption equilibrium and
the equilibrium network sizes consumption equilibrium network sizes.

In Online Appendix [ show that all the analysis of single-product setting can be general-
ized to to the multiproduct setting just by defining the platform’s type as T% = JENTH h;? (¢;)-
Particularly, for any pair of aggregators (H*, H?), each platform’s corresponding optimal pric-
ing is uniquely given by p; = ¢; + \em* (T}, Tf, H*, H'). The property that all the pricing
information is summarized by unidimensional type Tf is called the type-aggregation property
(Nocke and Schutz, 2018b)), which simplifies the analysis of platform dominance and platform
mergers.

Note that in the multiproduct extension, the demand system that satisfies Assumption [1| has
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the form

W] (1] exp (“5*)

Df(p) = ke \] Tk RSV a;—p;\’
Zfle]-' [Hf/(pf/>] [Hf/(pf/)} A ZjeNf exp( \F )

(18)

aj—P;

where Hf(ph) = 37 . Ak €XD (“42) is a platform-level aggregator on side k. The demand system

given by equation is a tractable generalization of nested-logit demand system to two-sided
markets. One difference between the demand function in equation and the standard nested-
logit demand is that the demand function in equation has the nest coefficient I'y, > 1,
whereas a standard nested-logit demand function based on discrete-choice model must have
a nest coefficient less than 1. This is because if 'y, > 1, two products in the same nest
are complements when ny < (I'yy — 1)/, whereas standard discrete-choice models require
every pair of products to be substitutes (Armstrong and Vickers, |2015)). In other words, by
incorporating network effects as a microfoundation for nested-logit demand functions with
nest coefficients greater than 1, the demand function given by equation ((18) allows for the
complementarity between products within a logit-demand framework.

The multiproduct extension allows us to introduce an appropriate notion of platform asym-

metry and define the platform mergers as the changes in ownership structures.

2.4. Discussion

Before applying the general framework, I discuss the specific assumptions made on the demand
and supply models. The discussions include non-price competition, partially covered markets,
general form of network effects, multihoming, and other demand specifications such as CES

demand.

Non-price competition The main framework assumes that consumers’ stant-alone utilities
depend only on the prices set by the platforms. The assumption of price competition might be
at odds when platforms do not charge prices on one side. For example, social media typically
charges advertisers but does not charge users. The present framework can be extended to
such cases, by introducing non-negative price constraints (Choi and Jeon, 2021} Kawaguchi,
Kuroda and Sato, 2021)) to allow for endogenous zero prices or by using a competition-in-utility
frameworks (Armstrong and Vickers, 2001} |de Corniére and Taylor} [2021)) to allow for non-price
competition. However, the type-aggregation property may not continue to hold in general in
the extended analysis, although platform competition can still be represented as an aggregative

game.
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Partially covered markets The main analysis also assumes that there is no outside option.
This assumption can be relaxed in the following manner. Suppose that each consumer z has
an outside option with value log HY + &f,, where &f, follows an i.i.d. type-I extreme-value
distribution, and chooses whether to join one of the networks. Then, the probability that a

consumer joins some network is characterized by the following equation:

(15 wp)] ™ [yon)] ™

AT | T
(p) + HE L pzn]k)% (L.Sfif |
f f

for k= A, B and I # J. Solving for the system of equations, we can express the network sizes
as the function 7*(hk, hY., H* H'). Because the network size depends only on (h%, hl., H* H'),

the platform competition can be formalized as an aggregative game, so similar analysis can be

made with this demand system. The case where H} = 0 for k = A, B corresponds with the
model of the main analysis, and as ay and Sy approach 0, the demand system converges to that
of Nocke and Schutz (2018b)).

General form of network effects The crucial assumption in this study is the logarithm form
of the network effects along with the logit taste shocks. This specification can be regarded
as a special case of the model Tan and Zhou| (2021). Other theoretical studies also use more
general forms of network effects (Hagiu, [2009; [Weyl, 2010; Bellelamme and Peitz, |2019). As
I discussed after Proposition (1} the logarithm form of network effects along with logit taste
shocks is necessary for obtaining the demand system that has both two-sided network effects
and ITA property and for conducting aggregative-games analysis. Therefore, any generalization
beyond the logarithmic network effects would require giving up an aggregative-games analysis,

which poses a challenge in terms of tractability.

Multihoming The main also analysis assumes that the consumers on both sides singlehome.
This specification is widely adopted by the literature, including Armstrong| (2006) and Tan
and Zhou| (2021)). In some environments, however, consumers on one side often multihome as
analyzed by |Anderson and Peitz| (2020b)), and consumers on both sides multi-home in another
environment, as analyzed by |Adachi et al.| (2021]), Anderson and Peitz (2020a)), and |Liu et al.
(2021). To focus on the roles of network effects and two-sidedness themselves, I stick to the

setting of singlehoming consumers.

CES demand Although the main analysis focuses on the multinomial logit demand system,

the same analytical technique can be used for the CES demand system wherre h’} (pi) = afc (p’})"k.
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In this case, we have —h’jﬁ”(p'})/h’}’(p’}) = ak/p’}, so the equation (9) is written as p’; = c’}/(l —
15 /o*). Accordingly, h%, IT%, and T} are given by

Then, using equations @ and , each platform’s optimal prices can be obtained.

In the following, I apply the general framework to analyze the competition issues surrounding
large platforms. In Section [3, I analyze the welfare property of platform asymmetry. Subse-
quently in Section {4 I analyze the welfare effects of horizontal mergers between platforms.
Finally, in Section [5] I introduce the free entry of entrant platforms and examine the welfare

properties of incumbent platforms’ strategic behaviors.

3. Platform Dominance and Consumer Welfare

As a first application, I examine the welfare property of platform dominance by comparing
the different market structures with different degree of platform asymmetries. Such a welfare
analysis provides an insight on how the dominance of particular platform is associated with
consumer welfare, which in turn provides some theoretical guidance on the structural regulation

against dominant platforms.

3.1. Modeling platform asymmetry

To simplify the analysis, I focus on the duopoly platform competition. Suppose that the market
is duopoly, that is, F = {S,W}. The platform S is strong, and the platform W is weak. We

consider a class of type profiles (T4, T#, T, TE) satisfying
TE+ T =Ty, (19)

for k = A, B. That is, the aggregate productivity > ¢y, h’}(c’}) is constant. Then, this class

of type profiles can be parameterized by asymmetry parameters (§4,dp) such that

_ T8

Op = —.
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Given the asymmetry parameters (d4,d5), the type of platform S can be written as Th =
6kTr/(1 + 1), and that of platform W can be written as T, = T /(1 + 0x).

By comparing the equilibrium consumer surplus under different asymmetry parameters, I an-
alyze the welfare properties of platform asymmetry. The comparison across different asymetry
parameters can be regarded as a comparison across the different allocation of the production
technology available in the economy. As we observed in Section in the multiproduct set-
ting, the type T]’f =53 JENTH hé? (¢;) is additive over the products each platform owns. Therefore,
given a fixed production technology, the sum of the types is fixed at T, = > SN h? (¢;). Then,
the asymmetry parameter captures the fraction of the production technology that the strong
platform owns relative to the weak platform. For example, when an asset is transfered from the
weak platform to the strong platform, it does not change the sum of the types, but increases the
fraction of the type of strong platform relative to the weak platform, increasing the asymmetry
parameter.

To simplify the exposition, instead of directly conducting the comparative statics with re-
spect to asymmetry parameters, I analyze the network sizes induced as an equilibrium under
corresponding asymmetry parameters. Consider the network sizes of strong platform (ng,n%).
Such network sizes may or may not be realized as an equilibrium outcome. The following lemma
show that for any network sizes of strong platform, there exists an asymmetry parameter that
induces the network sizes as an equilibrium outcome. This allows us to analyze the platform
asymmetry in terms of the equilibrium network sizes (ng,nZ), rather than the asymmetry

parameters (04,0p).

Lemma 1. For any network sizes (na,n5) € [1/2,1)? of platform S, there exists the asymmetry

parameters (04,0p) under which the equilibrium network sizes of platform S are given by

(n§,ng)-

Based on Lemma [I] we compare the consumer welfare under different market structures.
Generally, there are two-dimensional asymmetry in two-sided markets, which complicates the
analysis. Therefore, to further simplify the exposition and the result, I consider the uni-
dimensional platform asymmetry by using the notion of “balanced asymmetry.”

Consider the class of market structures in which the equilibrium network size of platform S
is given by (n4,n%) = (n,n) for a given n € [1/2,1). In this case, platform asymmetry can be
captured by a uni-dimensional market structure n > 1/2.

Under the balanced asymmetry with asymmetry parameter n > 1/2, the type asymmetry
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consistent with market structure (n,n) is given by

= (1) oo (- D) 0w (20)

N N /

TV TV
size component markup component

The asymmetry parameter O is composed of two components. First, suppose for a moment
that the markups set by the strong and weak set the same markup. The asymmetry parameter
needs to be large enough to achieve the network size n > 1/2, which is represented by the
size component in equation . Second, consider the true setting where platforms set the
different markups. Because the strong platform with n > 1/2 sets relatively higher markup
than the weak platform, the asymmetry parameter also needs to be large to compensate for
the difference in the markups, which is represented by the markup component on equation ([20)).
Finally, total value of the asymmetry parameter consistent with the equilibrium network size

n is given by 6.

3.2. Welfare analysis

By comparing the market structures characterized by balanced asymmetries, characterize the
welfare properties of asymmetric market structures in two-sided markets.

Given the pricing equations under the balanced asymmetry, the equilibrium markup set
by platform f is given by

= 1 —ag— G
I 1—ny 7

for f =S, W, k,l=A,B, 1 # k. Under the balanced market structures, the price structure,
,u? / ,u? is invariant, but price levels changes proportionally. This simplifies the welfare benefits
and costs of platform asymmetry. The welfare benefit of platform asymmetry the increase in
the benefit of network effects of larger platform as compared to the decrease in the network
effects of smaller platform, captured by oy + 8. The welfare cost of platform asymmetry is the
increased markups set by the larger platform as compared to the decreased markups set by the
smaller platform. On side k, the scale of markup is given by 1 — ay — f;.

When platform S has a network size (n,n), the consumer surplus on side k is given by

- =6
1—n

CS5y(n) ZIOngJrlog( () )

1+ 0x(n) (1~ ax — fi) logn. (21)

The platform asymmetry is beneficial to side-k consumers if C'S}(n) increases with n.
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The following proposition shows the condition on the network effects under which platform

asymmetry is associated with higher consumer surplus.

Proposition 3. Consider the side-k consumer surplus C'S}(n) realized under balanced asym-

metry n.
1. If By > By or ag + By = 0, then C'Si(n) decreases with n.

2. If ax + B > 0, then for any n € (1/2,1), there exists € > 0 such that if 5, > 1 — oy — €,
then CS;(n) increases with n € (1/2, 7).

Proposition [3| implies that there are two necessary conditions for the consumers on one side
to benefit from platform asymmetry. First, consumers on one side must benefit from network
expansion. Second, the associated increase in the markup is compressed by the two-sided
pricing. If one of these conditions fails to be satisfied, then the consumers are worse off with
the platform asymmetry.

For the consumer on side k to benefit from platform asymmetry, it is necessary that the
benefit of network expansion of large platform outweighs the cost of the associated increase
markup. Because the scale of the markup set on side k is given by 1 — a; — [, the cost of
increased markup can be small when ay + ; is large, that is, the markup is compressed bacause
of the cross-subsidization incentive.

It turns out that if 5, > [;, that is, side-k consumers benefit more from cross-group network
effects than side [ agents, then the platform asymmetry is associated with the lower consumer
surplus on side k. This implies that at least consumers on one side are worse off with the
increase in the platform asymmetry.

On the contrary, when «ay + 8, > 0, and oy + [; is large, then an increase in platform
asymmetry may benefit consumers on side k. This is because the increase in the markup on
side k is sufficiently compressed, and the benefit of network expansion outweighs the loss from
increased markups.

To summarize, an increase in the platform asymmetry may benefit consumers on one side
because the increased network effects may outweigh the increased markups, but the it is unlikely
that consumers on both side benefit from platform dominance. This implies that as long as
the aggregate productivity Ty, = T& + T%, is fixed, any platform asymmetry would hurt some
consumers. Therefore, for the platform dominance to be beneficial to all consumers, it is
necessary that such a dominance accompanies an increase in the aggregate productivity 7}.

Recent policy discussion, such as the proposal of the Digital Markets Acts (European Com-

mission), 2020)), is driven by the presence of platform dominance. Typically, competition and
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regulation authorities are concerned about the dominance of specific cplatforms such as Al-
phabet, Amazon, Apple, and Meta. The results found in this section reveal that unless it is

induced by an efficiency gain, platform dominance cannot benefit all the consumers.

4. Merger Analysis

As a short-run competition analysis, I analyze horizontal mergers between platforms. To do so,
I first model platform mergers and define merger-specific synergies. Then, I discuss the extent
to which a merger-specific synergy improves consumer surplus and then characterize the level

of synergies required to make a merger neutral to consumer surplus.

Modeling mergers [ model a merger between platforms as a transformation from two plat-
forms f and g with the types (Tf‘, TfB) and (T ;‘,TQB) into a new platform M with the type
(Tﬁ,Tfj). The merger may exhibit a technological synergy, which is captured by AF :=
TF, — Tff — Tgk’. The source of technological synergies may be cost reduction, quality im-
provement, or introduction of new products. For this study, I assume that such synergies are
exogenous primitives of the merger rather than an endogenous choice of the merged platform.

Because I assume that network effects work at the platform level, the products of merging
platforms become compatible after the merger. This might hold true or not in reality. For
example, in 2020, Facebook, the acquirer of Instagram, integrated the messaging services of
Instagram and Messenger, so that the users of these services can communicate with each other.
Also, [Farronato, Fong and Fradkin| (2020) document that when a pet-sitting platform Rover
acquired another pet-sitting platform DogVacay and decided to shut down DogVacay, Rover
allowed the DogVacay users to migrate their accounts. Such a migration can be interpreted
as another example of compatibility between merging platforms. In other cases where merged
platforms remain incompatible, the assumption of compatible platforms may not hold. Such
an example includes online travel agencies Booking.com, Kayak, and Priceline that are owned
by Booking Holdings but operate as different platforms.

Based on this specification of mergers, I examine the impact of a merger on consumer surplus.
This can be done by examining its impact on equilibrium aggregators, because the consumer
surplus on each side depends only on H# and HZ. Specifically, the post-merger consumer
surplus is the same as the pre-merger consumer surplus if the post-merger aggregators remain
the same. I call such a merger CS-neutral merger. Suppose that the pre-merger aggregators

are given by (H4*, HP*). Then, using equation , the post-merger equilibrium aggregators

2«Say to Messenger: Introducing New Messaging Features for Instagram”: https://about.fb.com/news/
2020/09/new-messaging-features-for-instagram/
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remain the same if and only if the equation
N* (T3, Ty, H™, H) = N* (T}, T}y, H*, H") + N* (T}, T,, H*, H") (22)

holds for k = A, Band I # J. Let (T{}, TE) be the types of merged platform under a CS-neutral
merger. | define CS-neutral technological synergy as the technological synergy of CS-neutral
merger, which is given by the pair (AA, AB) such that A% = T]’\} — Tf — Tgk for k= A, B.

The next lemma shows that there exists a unique pair of CS-neutral technological synergy.

Lemma 2. For any merger between platforms f and g, there exists a unique pair of technological

synergies (AA, AB) such that the merger is strictly CS-neutral and thus satisfies the condition
(22).

The characterization of CS-neutral synergies informs the size of synergies required to make the
merger neutral to competition. Furthermore, if consumer surplus is monotonically increasing in
synergies, then the characterization of CS-neutral synergies also provides a characterization of
synergies required to improve consumer surplus. One question is whether the consumer surplus
is monotonically increasing in synergies. The following proposition shows that in one-sided
markets, consumer surplus is always increasing in synergy, but in two-sided markets, consumer

surplus on one side may decrease with the synergy on the other side.

Proposition 4. Regarding the impact of platform’s types on consumer surplus, the following

statements hold true:

1. In one-sided markets (B4 = Bg = 0), the equilibrium consumer surplus on each side is

increasing in T]é“ and T}B forall f € F.

2. In two-sided markets (4 > 0 or Bg > 0), there ezists a parameterization under which the
equilibrium consumer surplus on one side decreases with a platform’s type on the other

side.

An intuition is in order. First, consider the case of one-sided markets and suppose that the
type of platform M increases by either a reduction in costs or an increase in qualities. Fixed
the behaviors of other platforms, such an increase in the type increases the consumer surplus
because of the direct benefit of lower prices or higher qualities. Because other platforms shrink
their network sizes, they react to the increase in platform M’s type by lowering prices, further
increasing consumer surplus. Because both of the two effects work in the direction of increasing
the consumer surplus, a synergy always improves consumer surplus in one-sided markets.

Second, consider the general case of two-sided markets. In this environment, a synergy on

one side does not necessarily benefit consumers on both sides. To see its reason, consider the
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case where platform M’s type on side A increases. Such a change increases platform M’s
network size on side A, and platform will set a lower price on side B to attract more consumers
and exploit network effects. Such a change, however, also reduces the network sizes of other
platforms on side A, which in turn reduces the incentive to set low prices on side B. If the
latter adverse effect dominates the former benefit, consumers on side B would be worse off due
to the synergy of platform M on side A.

This proposition provides the following implication on the welfare properties of mergers in
two-sided markets. Unlike one-sided markets, merger-specific synergy may not always benefit
consumers on every side. Therefore, competition authorities need to be careful about the use
of merger-specific synergies as the benefits to consumers. Note that a similar result is obtained
by Baranes et al.| (2019)).

With these cautionary remarks in mind, I characterize CS-neutral mergers, because it still
provides useful information about the potential effects of mergers on consumer welfare. In the
following analyses, I separately examine mergers with one-sided network effects and mergers
with two-sided network effects. In the analysis of mergers with one-sided network effects,
I examine the extent to which the network effects serve as a form of merger-specific synergy,
thereby improving consumer surplus without technological improvements. Then, in the analysis
of mergers in two-sided markets, I examine the additional effects brought about by two-sided

pricing.

One-sided markets Consider the case of one-sided markets where 54 = g = 0. Because no
interaction between the two sides exists, I drop the index for the side of the market. To highlight
the impact of network effects, I also assume that « is strictly positive. By examining the impact
of network effects on the CS-neutral synergies, I examine the extent to which network effects
serve as a synergy or amplify the market power of platforms.

Because the benefit from network effects is large when the size of a platform is large, a
merger-induced increase in the size of platform is beneficial to consumers, unless the merged
platform raises the markup. Therefore, network effects may serve as a merger-specific synergy.
Particularly, when one of the merging platforms is small, the increase in the markup accom-
panying the merger is small, leading to an increase in consumer surplus. By contrast, when
the merging platforms are large, such benefits from network expansions are offset by the ac-
companying increase in the markup, harming consumers. These jointly lead to the conjecture
that the CS-neutral synergies are negative as long as the merging platforms are small, and
then become positive when the sizes of the merging platforms exceed a certain threshold. The

following proposition formalizes such an intuition.

24



Proposition 5. Consider a merger between one-sided platforms f and g with pre-merger
network sizes Ny and Ny and pre-merger equilibrium aggregator H*. There exists a critical
value of network size N;y(N,) > 0 such that A < 0 if and only if Ny < Ny(N,).

Proposition [f|implies that as long as the pre-merger network sizes of the merging platforms are
below certain critical values, the merger between them is CS-increasing without technological
synergies. This proposition indicates that for small mergers, network effects serve as a synergy,
and merger policy should be lenient to small mergers in the presence of network effects. Note
that in the absence of network effects (i.e., & = 0), CS-neutral synergy is always positive (Nocke
and Schutz, 2018a).

As the next question, we consider the impact of network effects on large mergers. To this
end, I introduce some terminologies to describe the platforms’ strength, based on the relation
between the magnitude of network externalities and the pre-merger network shares. To this

end, I first establish the following lemma.

Lemma 3. For any type profile {Ts}ser of one-sided platforms and within-group network effect
«, there is a threshold value T™ such that the equilibrium network size of platform f increases

with a local increase in « if and only if Ty > T*.

This result is an example of positive feedback effects. Network effects expand the market
shares of large platforms and shrink those of small platforms. The threshold type T* stands for
the critical value that defines the direction in which the positive feedback effects influence the
market shares. I call the platforms with Ty > T™ as strong platforms and the platforms with
Ty <T™ as weak platforms.

Based on the terminology of strong and weak platforms, I analyze the impact of network
effects on CS-neutral technological synergies. The following proposition characterizes how the
impact of network effects on CS-neutral technological synergies varies with the sizes of merging

platforms.

Proposition 6. Consider a one-sided market with a type profile {1y} rer and a merger between

platforms f and g with pre-merger equilibrium network sizes Ny and Ny.
1. If both f and g are weak, then A decreases with «.

2. If f is strong and g is weak, then there exists N e (0,1) such that if Ny + N, < N, then

A decreases with o.

3. If both f and g are strong and Ny + N, is close to 1. Then A increases with «.
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The underlying intuition of the first part of Proposition [0] is similar to that of Proposition [5]
Weak platforms suffer from the inability to exploit network effects due to their small network
sizes. The stronger the network effects are, the more serious the weak platforms’ inability to
exploit network effects is. In such cases, mergers involving small platforms soften this problem.
Therefore, mergers between weak platforms become more desirable as the magnitude of network
effects increases. A similar argument partially extends to the case where one platform in the
merging party is strong and the other is weak, leading to the second part of Proposition [6]

The impact of network effects on mergers between strong platforms is ambiguous. When
both of the merging parties are strong, the demand-side scale economy may not be enough to
compensate for an increase in the markups caused by a greater concentration. When the joint
market share of the two platforms is too large, the merged platform will have an extremely
strong market power. An increase in the consumer gain from a further increase in the network
effects is offset by an increase in the markup of the merged platform. Therefore, when the joint
market share of merging platforms is sufficiently large, a greater magnitude network effects
would require greater synergy to improve consumer welfare. Note that the role of network
effects as synergy is also discussed in existing studies such as |Gama et al. (2020). By contrast,
the formal result that network effects may make large mergers more likely to harm consumers
is a novel result of this study.

In summary, network effects make mergers more likely to improve consumer surplus when
the merging parties are small. However, as the sizes of the merging platforms become large
relative to the size of the industry, network effects make mergers more likely to harm consumers.
Therefore, competition authorities should take the merging platform’s sizes into account when

evaluating the mergers involvin digital platforms characterized by network effects.

Two-sided markets I now consider the general setting of two-sided markets to highlight the
additional effects of two-sided pricing.

Recall that the formula for the markup set by each platform f is given by

1 nt
—ny ny

The denominator of the right hand side, 1 — n’}i, represents the platform’s market power: the
ability to set prices away from marginal costs. The numerator, 1 —ay — ﬁmlf / n’fc, represents the
direction in which prices diverge from marginal costs. In one-sided markets, the direction in
which prices diverge from marginal costs is always positive. By contrast, in two-sided markets,

the platform may have an incentive to set prices below marginal costs to expand the network
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and attract consumers on the other side. When this subsidization effect is so strong that the
markup on one side is negative, an increase in the market power allows the platform to lower
the markup. Consequently, a merger may also decrease the prices set by merging platforms.
To illustrate this point, consider a merger between two platforms that have exactly the same
network sizes before the merger. In a CS-neutral merger, the merger doubles the sizes of the
merging platforms. Such a change in network size has two effects. First, an increase in network
size directly benefits consumers. This makes mergers require a smaller synergy. Second, an
increase in network size allows the merged platform to set prices further away from marginal
costs. When the merging platforms subsidize consumers on one side, the merged platform uses
its increased market power to lower prices. This makes mergers beneficial to consumers on the

subsidized side. The following proposition summarizes these two effects.

Proposition 7. Consider a merger between platforms with the same pre-merger network shares
n? and n®. Then, A* > 0 if and only if

1 1 n!
ok " T ) \L Tk Bp ) = (et Fr)log2 >0

fork=A, B and I # J. Particularly, the following holds true.

1If1—ap— B <0, then A* <0.

2. If 1 —ay — 512—,1 > 0 and ay + B > 0, then there exists an increasing function ﬁk(nl) >0
such that A¥ < 0 if and only if n* < a*(nl).

3. ]fl—ozk—ﬁlg—,i>0andozk+ﬁk:0, then A* > (.

Note that in this setting, the condition 1 — oy, — Blg—,i < 0 is equivalent to the condition that
merging platforms set negative markups on side k. Therefore, the CS-neutral technological
synergy on one side is negative if the merging platforms set negative markups on that side
before the merger. This provides a practical test for evaluating the impact of two-sidedness on
platform mergers, that is, consumers who are subsidized through negative markups are likely to
benefit from mergers. Note that a similar result is obtained by |Correia-da-Silva et al. (2019)’s
analysis of Cournot competition between homogeneous platforms. The difference is that the
prediction in this study is at the platform level, whereas the prediction in (Correia-da-Silva et
al.[ (2019) is at the market level. Furthermore, the characterization of Proposition [7|shows that
merging platform’s pre-merger network sizes provide useful information about the competitive
effects of mergers. [Song) (2021)) also shows a similar result by using a simulation analysis based
on an estimated structural model. Proposition [7|can be considered as a theoretical counterpart
of the result of [Song (2021)).
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Overall, in two-sided markets, mergers affect not only the network sizes but also the price
structures, by affecting two-sided pricing. When a group of consumers are subsidized before the
merger, such consumers are likely to benefit from platform mergers through increased network

sizes and lower prices.

5. Long-Run Equilibrium with Free Entry

As a long-run competition, I analyze a platform competition with free entry of fringe platforms.
To this end, I extend the baseline framework by incorporating Anderson et al.| (2013)’s notion
of symmetric marginal entrants.

Suppose that, along with the set of incumbents Z, the set £ of marginal entrants choose
whether to enter the market where each platform e € £ has type (Tg‘,Tg ) and incurs fixed
cost K > 0 for entry. Let A be the set of active entrants. Each incumbent platform f € Z may
have different types (Tf‘, TJ{B ). The set of active platforms in the market is given by F = ZU A.

Let ng (H A H B) be the post-entry profit of a marginal entrant when the values of the
aggregators are given by H* and H”. Specifically, the post-entry profit 7z (H A HB ) is given
by

Z Tk)rkk (Tg)m exp (—Trply — Traptly)

p(HA HP) =
HF ’

(23)

where p¥ = my(T% Tk, H*, H'). Using this notation, I define the free-entry equilibrium as

follows.

Definition 2. The set of active marginal entrants A constitutes a free-entry equilibrium if the

triplet (H*, H,|A|) satisfies the following conditions:

s (H*, H?) — K =0, (24)
S N (TP TP HA HP) + |AIN (T, TF, H* H) = 1, (25)
fez
S ONP(TP, T HP HY) + |AINP (TS, T3, H? H*) = 1. (26)
fez

The definition of free-entry equilibrium endogenizes the number of active marginal entrants
|A| by requiring zero-profit condition . Marginal entrants enter the market as long as the
post-entry profit exceeds the entry cost, and the entry stops once the additional entry becomes
unprofitable. Using Definition [2] I examine the welfare effects of the incumbent platforms’

strategic investments, which is captured by a change in (T]é“, Tf ) for f€T.
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In the aggregative-games analysis of oligopoly in one-sided markets, the zero-profit condi-
tion of marginal entrants uniquely pins down the value of the aggregator (e.g., Davidson and
Mukherjee, |2007; |Anderson et all 2013; Ino and Matsumuray, [2012; |Anderson et al. 2020]).
Because consumer surplus is determined solely by the value of the aggregator in one-sided mar-
kets, any change in competitive environment, such as incumbents’ entry and mergers, does not
affect consumer surplus. By contrast, in two-sided markets, zero profit condition only pins
down the relation between two aggregators (H#4, H?). Therefore, competitive environments
are no longer neutral to the consumer surplus on each side and the aggregate consumer sur-
plus. As an example illustrating this property, I show strong see-saw property: the property
that any change in competitive environments that improves consumer surplus on one side hurts
consumer surplus on the other side.

To see this, I reformulate the profit of marginal entrants and consumer surplus as a function
of the network sizes of marginal entrants. Using equations and , the profit of marginal

entrants can be written as

A B B A

n n n n
py=—2F 1—a,— gL 2 l1—ap— 8,2 ) - K. 27
E 1—71/2( QA ﬁBné>+1_ng< ap BAnlEg ( )

The free-entry condition can be written as II, = 0. The equilibrium consumer surplus can be

written as a function of the marginal entrant’s type T and its equilibrium network sizes:

"y
1 —ap— B f
E

"5 (28)

CSy = log Ty + Brlognt, — (1 — ay) lognf, — :

Therefore, a change in competitive environments affects the consumer surplus on each side
through changes in the relation between (n7,n%). Note that as long as two-sided network
effects (B4, Bp) are not too strong, an increase in network sizes is associated with low consumer
surplus, because a large network size of marginal entrants implies a small value of industry-level
aggregators.

To see the idea behind the strong see-saw property, consider the case where an incumbent
invests in side A so that the marginal entrant’s network size on side A decreases. In a standard
scenario, competition on side A becomes intense due to the incumbent’s investment. At the
same time, the entry of marginal entrants decreases, so the competition on side B becomes
weaker. In two-sided markets, a subtler strategic interaction may exist due to network effects

and changes in two-sided pricing. Nontheless, the following proposition shows that the reasoning

of standard scenario still holds in general.

Proposition 8. Consider an equilibrium with the set of active marginal entrants that constitutes

a free entry equilibrium. Any change in competitive environments that increases consumer
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surplus on one side decreases consumer surplus on the other side. Formally, holding the
parameters (aa,ap, Ba, Bp, Ta, TE, K) fived, compare two long-run equilibria that differ in
other parameters. Letting the equilibrium consumer surplus under two settings denoted by

(CSa0,CSpo) and (CSa1,CSp1), we have

(CSa0 — C'Sa1)(CSpo — CSp1) < 0.

The strong see-saw property poses a challenge to competition authorities facing the strategic
behavior of large incumbent platforms in the face of fringe platforms. Because the incumbent
platform’s strategic behavior generically benefits consumers on one side at the expense of those
on the other side, the competition authority must decide which consumers to protect. In some
markets, such as on-line commerce, the current antitrust policy is mainly based on “consumer
welfare standard,” which is focused on the consumer surplus on a particular side. [Khan| (2017)
argues that such an approach fails to recognize other harms of the dominant platform’s prac-
tices, including the harm to third-party sellers. Proposition |8 indicates that such a conflict is

inevitable in two-sided markets with free entry.

6. Conclusion

In this study, I developed an aggregative-game framework for studying oligopolistic platform
competition, allowing for an arbitrary asymmetry between platforms. By establishing the
existence and uniqueness of equilibrium, I apply the framework to analyze horizontal mergers
and free entry of platforms in a unified manner. The framework’s ability to incorporate platform
asymmetry provides rich implications for the role of network effects and two-sidedness in an
asymmetric platform competition.

This study abstracts several aspects of platform competition, which leaves the avenue for
future research. First, the analytical framework is static and does not consider dynamics such
as R&D competition. Incorporating such dynamics would enrich policy prescriptions. One
way would be to use Motta and Tarantino| (2021))’s approach to analyze competition in prices
and investments in the framework of this study. Second, the framework of this study focuses
on the case where consumers on both sides single-home. However, in various online services,
consumers often multihome. The possibility of multihoming affects platform competition and
the potential effects of mergers on competition in important ways, as discussed by |Anderson,
Foros and Kind (2019). Unfortunately, the discrete-choice framework of this study does not fit
well to address this issue. Therefore, I leave these issues for future research.

Finally, although I only analyzed horizontal mergers and free entry, the framework of this
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study can be applied to other analyses of oligopolistic platform competition. For example,
Sato (2021) applies the framework of this study to analyze the relation between equilibrium
market shares and the profits of platforms. Also, the framework of this study can be used as a
structural model to estimate using observed data on platform markets, as a multinomial-logit

model used as a tractable model for estimating the demand for differentiated products.
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A. Proofs

Proof of Lemma Fix the equilibrium network size of platform S at (ng4,n%). To show the

existence of asymmetry parameters (§4,0p) that induces (ng,n%).

Using equation , the -markup set by platform S and W on side k are given by

1 nl
k S
= l—ar—08—21,
Hs 1—nl§< K Bln’é)
1 1—nt
k S
w=—7I1—0a,— ,
a n@( K ﬂlln@)

where I used the fact that n{iv =1- nlg for k = A, B. Finally, the market share should satisfy the

equation

k k
ko VS/Viw
s = Vk vk ’

where
e AR A k l
Vf = (Tf) (Tf) exp (—Mfrkk; - Mfrkl)
A calculation shows that the unique value of &), consistent with market shares (ng,nZ) is given by

nk 1—ag nl —Bk . .
0k = <1 _Snk > (1 _Snz > m~ Pk exp {Ms - UW} ;
S S

which completes the proof. [

Proof of Proposition When (n4,n%) = (n,n), by the proof of Lemma the asymmetry pa-
rameters consistent with the network sizes are given by dx(n) for k = A, B, where 0 (n) is given by

equation ([20)).
Next, we establish that if the platform f of type (Tj‘f‘7 Tf ) has network sizes (n?, n? ) in the equi-
librium, then the side-k consumer surplus is given by

CSk = long - uljc — (1 —ag) lognl} + B 1ognlf. (29)
To see this, note that the value of side-k aggregate Hj must satisfy the relation
i\ Lk 1\ Dkt
(Tf) <Tf) exp (—pkLkk — ul'ki)

k
Ny = .
f H,

Using this relation and the fact that C'Sy = (1 — ay) log Hy, — Bx log H;, we obtain the equation ([29)).
Therefore, at the balanced asymmetry, we have
dk(n)

= CSi(n) =logTy, +1 —— | (1 —ap— )l -
CS, =CS;(n) =logT) + 0g<1—|—6k(n)> (1 —ag — Bx)logn

1—ar— 5
1—n

(30)

Taking the derivative of C'S}(n), we obtain

Xi(n)

CSi(n) = [+ op(n)]n2(1 — n)2’
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where

Xi(n) = {1 — g — B)n(l —n) [n— (1 —n)ok] — (1 — g, — B) [n%0x — (1 —n)?] }.

Note that because 6 > 1, n25; — (1 —n)? > 0 for any n > 1/2.
Now we proof the statements of Proposition

1. When §; < S,

Xk(n) < (1 — Qp — Bk)(l -—n+ n2)[(1 — n) — nék]
< w[l_ék]
Sov

for all n > 1/2 with equality only if n = 1/2.

2. Let B =1— ag — €, where € > 0. Then,

NI A A S YR |

— €e[n?6, — (1 —n)?].

Because

1—n

n —ar—PBk
li_%é’(k(n):(l—ak—ﬁk)nQ(l—n) [1—( > ] >0

for all n > 1/2 with equality only if n = 1/2, there exists ¢ > 0 such that X;(n) > 0 for all
€ <e.

Proof of Lemma First, consider the type (T4, TF) of a platform that is consistent with the
network sizes (N4, N) and aggregators (H4, H?). Explicitly solving for (T4, T?) that is consistent
with (N4, NB) and (H4, HP), we obtain the solution

krrk\1—ok l
- A B A B_(NH) 1 N
TF = (N4, NP 0 HP) = (NZHZ)Bk exp[l_Nk 1_0"“_51W .

Next, I compute CS-neutral synergy given pre-merger network sizes. Let N* be the equilibrium
market share of platform a € {f, g} on side J € {A, B}. Let N¥, = N}‘; + Ng’C for each k € {A, B}.
Consider the merging entity’s type (T5y, TH) such that

NA(T]{/‘IvTj\élaHAvHB) = N]\é[
NB(Ti, T, HY, HP) = Nfj

Then, we must have 7%, = Tk(N]@, NE. HA, HB), and the CS-neutral type is given by
A A A A A A A
A:Tk(NM7N]@7H 7HB)_Tk(Nf7NF7H aHB)_Tk(Ng>NgB)H 7HB)

for k=A,B. O
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Proof of Proposition |§| First, I show that in the case where 84 = 8g = 0, consumer surplus on
each side is monotonically increasing in the types of the platforms. Because two sides are independent,
I drop the indices of the sides.

In the case of one-sided markets, the condition for the optimal pricing @ can be rewritten as

1l -«

= ) 31
W=, (31)
Inserting equations and into equation , we obtain the condition for the network size of
platform f when it sets the optimal prices as below:

ny = ’Ygf) exp (—1_1nf), (32)

where v(z) = xT=a. Let No(v(Ty)/H) be the solution to equation (32). As Ny(-) turns out to be an
increasing function, platform f has a large network size ny = No(v(Ty)/H) either when it has a high
type T or the value of industry-level aggregator H is small.

The equilibrium condition for the industry-level aggregator H is given by the condition

> N (7(HTf)) =1. (33)
feF

Solving this equation for the industry-level aggregator H, the equilibrium industry-level aggregator,
H* is obtained. Applying the Implicit Function Theorem, we have

N ’Y(Tf) N (’Y(Tf) )

T Y(T¢r) Y(Tr)
M Sper N (YF)

>0,

which proves that the equilibrium consumer surplus is increasing in the type of platform, because
consumer surplus in monotonically increasing in H*.

Next, I prove the second part of the proposition. To show the existence of the case where an increase
in the type of one platform lowers the consumer surplus on the other side, I consider the case where
ap=ag=pFg=0and 84 =08 > 0.

As a preliminary, I consider the effects of the type T]’f‘ on (-markups and network sizes. To see the
effects of T]’fl on n’;‘ and n]]? note that

omA n4 ny 1
ory TA det( 7)

A n?
uf( ?uf +1-— nf +B )+uf,82nB] >0

f f
omP ? 1- njc‘
BT};A - TA det ( T;:” —B)+B n? <9,
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and thus

ONA n? R A B B B ”?

ON” nf 1 o L-nf\ 5
= —=pr (1 — < 0.
oTA = TAdet(Gy) <5 A

Using the above result, consider the effect of Tf on HA4. By the Implicit Function Theorem, we

have
aN ON dHA oNy
> oHT 2 gEE aryg |\ _ | 0T
ONp ONP dHB - NP ’
2 GHE 2 oEE dTf! aTa
for T]’f‘. Using Cramer’s rule, we obtain
A A B B A
s iz ) e |55 (3 55 ) + 5t | 2
f ro\yer o \ser

Since ONJ‘?/@HB > 0 for all f € F and 3NJ’§/8TJ24 > 0 for any k € {A, B}, we have 8HA/8TJ$4 > 0.
Next, consider the effects of TJf1 on HB. Using the Cramer’s rule, we have

~ (oHB ' ONP ONf ON ONp
wien <6T}4> I ,Ze;aHA Y 2. GHA

f'eF

A calculation shows that

y dH?B
121 e
& a7}

nfuf(1=B) +1-nf S per (nhup(1=B)+1-nf)

=sign

A\ n4,
=) (w4 1= 450+ 9% ) Sper [0 np) (o 4102450+ 5)7 )]

I provide an example where dHP? /dT }4 < 0. For simplicity, suppose that g ~ 0. Then, we have

A A A

Sign <dHB> N Sign n?u? +1-— n? Zfle]: (TLf/,Uf/ +1-— TLf/) (34)

— | = _
T’ (1—n‘]§‘) (n?,u?-l—l—n?) dopeF [(1—71?/) (n?u?—l—l—n?)]

Consider further the case where all platform but platform f are symmetric, and platform f’s shares
are given by n’;‘ ~ 0 and n? ~ 0. Then, the terms in the brackets in the second line of equation (34))

can be rewritten as
1+ | F12—|Fl+1
1+ |F|2=|F|+1 ’
[F]
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which shows that dH? /dT]’c4 < 0. Because the consumer surplus on side B is given by CSp =
log HZ — Blog HA, C'Sp decreases with T]‘fX in such a case, which completes the proof. [

Proof of Proposition [5] When 84 = 85 = 0, we have

1— 1—
(NN HA HP) = #(NFHY) = (R ox (V) “ixp(l ;@).

Therefore, the CS-neutral synergy in one-sided market is computed by
7‘:(‘Nf + N97H) - %(waH) - %(NQ,H),

which is positive if and only if

_ 11—« 1— 11—« 1— 11—«
w(Ny) = (Nf + N,)" O‘exp<>—(]\7) O‘exp( >—(N) O‘exp( >
f f g 1_Nf_Ng f 1_Nf g
> 0.

Note that we have w(0) = 0, limy, 1N, w(Ny) = oo. Furthermore, the derivative of w(N) is given
by

1 l—«
N N,)™¢ N N, _
( I g) <(1_Nf_Ng)2 A g) exp<1_Nf_Ng)

(e ()

which is positive if and only if

N\ ¢ 1 11—«
Ny i=(1+22 Ny + N, .
o = (1+32) (= =+ 2+ %) e (=5, )
1 11—«
_ +N>exp<>>o
<(1_Nf)2 d 1—Ny— N,

We have p(0) < 0, and p/(N) > 0, implying that there exits N > 0 such that o/(N) < 0 for all
N; < N and '(Ny) > 0 for all Ny > N. Consequently, there exists a critical value Ny(N,) € (0, 00)
such that w(Ny) < 0 for all Ny € (0, Ny(Ny)) and w(Nys) > 0 for all Ny > Nf(N,), which completes
the proof. [J

(N = (1 - a)

Proof of Lemma Using the Implicit Function Theorem, we have the following relation:

()
d (’Y(Tf)> ! V(Tf)zf’ef(long*long’)Né(WHJ*C )

da\ T )~ 1-a)? H* S per Ny (y(;“i,)> (35)

From this equation, the lemma is directly obtained.
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Proof of Proposition [6] Using the Implicit Function Theorem, we have

~ A -1 ~
dA _ [ d o (T d oy (AT, 4 (1) d ()
da:{dAN0< HM>} {daNO< i)+ i H*g)_daNO< HM>}

Therefore, dA /do < 0 if and only if

A(Ty + Ty + B)B(Ty + Ty + A) > A(Ty)B(Ty) + A(Ty)B(T,) (36)
where
A(Ty) = Np (fyg)) VIST)
and
P v d (v(T)\ 1 > prer(logT —log Ty )Ny <7(§£/))
0 =i () -

1— «a)? y(Tyr)
(1-a) S per Ny (T72)

Note that B(T) is an increasing function.

I first analyze the concavity and the convexity of the function N’ (z)x with respect to the network
size, and then use this analysis to prove Proposition [6]1 and Proposition [6]2.

Note that

No(2)=N  N2-_N+1

N3 —2N?2+N

Ny(w)a — 6(N).

We have (1 - N)(N3—-N?+3N —1)

which is nonnegative in N € [0, N] and negative in (N, 1] for some critical value N € (0,1) that
satisfies
N®—N?4+3N —1=0.

Furthermore, Nocke and Schutz| (2018al) show that ¢(N) is concave in N. Therefore, ¢(N) is increasing
in N € [0, N), nonincreasing in N € [N, 1], and concave in N € [0, 1]

Using this result, I prove Proposition [6}1 and Proposition [6]2.

Suppose that two merging platforms f and g are weak. If the merged entity is strong, the left-hand
side of equation is positive while the right-hand side of equation is negative. Next, suppose
that the merged entity is weak. We have A(Ty +T,+ A) < A(Ty)+ A(Ty) by the concavity of Nj(z)x
in N € [0,1] . Finally, we have the following inequality

ATy + T, + A)B(Ty + Ty + A) > (A(Ty) + A(T,))B(Ty + Ty + A)

> (
> A(Ty)B(Ty) + A(T,) B(T),

where the last inequality follows from the fact that B(T) is increasing in 7" and Ty + Ty + A >
max{T¢,T,}. Thus, A decreases with c.
Next, I show that A for the merger between platform f and g decreases with « if platform f is
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weak and the platform g is strong and if Ny + N, < N. This can be observed by
A(Ty + T, + A)B(Ty + T, + A) > A(Ty)B(Ty)
and
A(T,)B(T,) < 0.
Next, I prove Proposition @3. When Ny + Ny ~ 1, then A(Ty +T, + A) ~0.
R 1 1-a
Tr+T,+A = |H"(Ns+ N, v .
r I+ [ (Ny + g)eXp<1_Nf_Ng>]

Thus, we have

N 1
log(Ty +Ty+A) = (1—a) |logH" +1og(Nf + Ng) + ————
1—-N;— N,

As a result,
N'(z)zlog(Ty + T, + A) =0 as Ny + Ng — 1.

Thus, A(Ty + Ty + A)B(Ty + T, + A) — 0 as Ny + N, — 1. Thus, if two merging platforms are
strong, the LHS of the equation is zero, while the RHS of the equation is positive. Thus, A
increases with a. [

Proof of Proposition First, for the fixed network sizes n and n®, compute the types that are
consistent with network sizes (n4,n?):

Tk(nA7nB)HA7HB): (n ) exp 1_0516_5[”7 .
(anl)ﬂk 1 —nk nk

k 17k 1—ayg 1
Ao B A By _ ol—ap—py (W) 1 o — B
(20", 2n”  H? H”) = 2 (anl)Bk exXp | T 1—ay ﬂlnk .

The CS-neutral technological synergy on side k is positive if and only if

*(2nA, 2nB, HA, HB)

>1
27k(nA,nB,HA7HB) ’
which is equivalent to the condition
nk nl
(1 — nF)(1 — 2nkF) (1 —ap — ﬂln’“) — (ag + Br)log2 >0 (37)

for kK = A, B. Based on this analysis, I prove the proposition.
1. If 1 — oy, — ,Bml/nk < 0, then condition never holds, implying that A <o.
2. If 1 —ap — Bnt /nF > 0 and oy, + By = 0, then condition always holds, implying that A > 0.

3. If 1 —ay — 5ml/nk > 0 and ay, + 0 > 0, then there exists a critical value #* such that condition
always holds if and only if n* < Ak,
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Proof of Proposition Define Iz by

A B B A
n n n n
I = EA(l—OéA—ﬁB§>+ EB<1—OéB—ﬁA£>—K. (38)
1—n% ng 1—ng ng
The free entry condition can be written as Il = 0.
The equilibrium consumer surplus can be written as the function of the marginal entrant’s type T
and their equilibrium network sizes:

1 -y - B2
- "E

k

CSy =log T + Brlognky — (1 — ay) lognk — .

(39)

Suppose that né > ng and that let n’é and ng be written as ng =n and nj% = nf using # > 1 and

n < 1/6. Then, we have

0—aad—FBp 1—ap— [0
g = - K 4
B n( T—on 1—n ’ (40)

which has a unique solution in n(6) € (0,1/6) given 6.
Using the Implicit Function Theorem, we have

iy W)
n'(0) = 70 (41)
where B i 5,
wW(0) = m(l —aq—nPp) — T
and
0 BB 1 —ap—Bal 0 BB 1 —ap—Bal
V<0)_1—9n<1_aA_9>+ 1—n +(1—9n)2<1_aA_0>+ (1—-n)?

I show that W () > 0 for all § > 1. Note that at 6 such that W (6) = 0, or n’(6) = 0, the derivative
of W () with respect to 6 is given by

2n  Ba
1—-6nl—n

W’ () > 0.

Provided that V(6) is positive, there exists 6 such that W (#) > 0 if and only if # > 6. Note that at

0 = 1, we have
K

2—aax—ap—fa—Pp+ K’

n(1)
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W) = g | (0= = n(U) - 6

1 (2—-as—ap—Pa—Bp+K)?*(1—as)—(4—2a4 —2ap —28a— 26+ K)KBp
1—n(1) (2—as—ap—Pa— P+ K)?

1 (2—aa—ap—PBa—Bs)*(1—aa)
“1-n(l) (2—aa—ap—PBa—PBp+K)?

> 0,
(42)

which implies that < 1, implying that W(0) is always positive, provided that the denominator is
positive, which I show below.

To show that V(0) > 0, note that V(0) is written as

V(o) =" <1_aA_ﬁB>+1—aB—ﬂA9+ 0 (1_QA_BB)+1—aB—ﬁA9

1—6n 0 1-n (1 —6n)? 0 (1 —mn)?
0 n S nfa 4 BB l—ap 1—ap—[ab
n[(1—9n)2< @A 9) 1—n}+1—9n< @A 9>+1_n+ 1 —n)?
0
_w4x,
n

(43)

where

Be(—=1—n%+20n) 6 01 —aa) (2—n)(1—ap)—pab

X=""gr  TaPr T (1—n)? )
(1 —6%*)n? 0 01 —as) (2—n)1—ap)— Bl
_BB_(l—GnFﬁB—i_EBA—i_ T—6on (1—n)?
I show that X > 0. Because 6 > 1, we have
x Z9(1 —ayq)—(1—60n)Bp n n(2 —n)(1 —ag) —[3n — 1 —n?]0Ba

1—6n n(1l —n?) (45)

(1+n)0—1 n(2—-n)(1—ap)—[3n—1-n?08a

S Tt n(l—n2) '

If3n—1—-n?><0,X>0.If3n—1—n?>0, we have

(14+n)d—1 3
x> TRV g —(1- 0
- 1—0n ( aA)+n(1+n)( ap) >0,
Therefore, X > 0 always holds, and we have
w n
W)= Ve (o).
©) Sw+ X 0

Using this result, I show that dCS4/df < 0 and dCSp/df > 0. To see that dCS4/df < 0, note
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that

dCSy  0CSy  OndCSy

a0 20 96 on (46)
We have
9CSy _ 1-ax  Bp 1 m <1—aA—ﬁB>
26 6 T—ne® (1—6n)? 6
<— 1_90‘A - _ii)292(1—29n)—0_77W(1—aA) <0,
and 9CSs  1—ax—fa 0 By
on  n T (1= 6n)? <1_O‘A_9> (47)

Because 0CS4/00 < 0 and On/08 < 0, if 0CS4/0n > 0, dCS4/df always holds. Consider the case
where 0C'S4/0n < 0. In this case, we have

dCS 4 1—ay 6B 1 0 on n BB 1l—ays— 04
do 0 1—6n6? (1 n80> (1—6n)? (1 aa 0> 0 (48)
Ba BB
i - A .
=T 9n)2(1 20n) <0

Next, I show that dC'Sg/df > 0. To see this, note that

0CSp B | Ba
0 6 T1i-n " (49)

and
8053:_1—a3—ﬁ3_1—aB—BA9 (50)
on n (1-n)2
If 0CSp/on < 0, dCSp/do > 0. If 0CSp/0n > 0, we have
1- - 1—
dCSpg < ap (I1-2n)Ba n(l—ap) S0 (51)

o - 6 T—nZ 81 —np

Therefore, along the Iy = 0 curve with nf/n2 > 1, CSp is increasing in (na/nZ) and CS, is
decreasing in (ng/n2).

Next, consider the case where n% > nf. Then, we can write (ng,n2) as (n$,n2) = (n,0'n), where
0’ > 1. Using the same analysis, we can show that C'S4 increases with " and C'Sp decreases with 6.
Therefore, along the Il = 0 curve with ny/nP < 1, again CSp isincreasing in (ng/nB) and CSy is
decreasing in (ng/n%).

Finally, compare the long-run equilibria with the same parameters (o4, ap, f4, 8B, Tjg, Tg, K) but
different parameters other than that. Then, the two equilibria are characterized by the network
sizes of marginal entrants (ng',nf) and (n{',n?) along the Iz = 0 curve. Let (C'Sag,CSpo) and
(CSa1,CSp1) be the consumer surplus on two sides under respective equilibria. Suppose without loss

of generality that n64 / nOB > n‘f‘ / n{g. Then, we have C'S49 < CS41 and CSpy > CSp; with equality if
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and only if (nf',nf) = (nf!, nP). Therefore, we have

(CSAO — CSAl)(CSB() — CSBl) <0,

which completes the proof. [

46



B. Online Appendix (Not for Publication)

B.1. Full analysis of multiproduct-firm oligopoly

I present a multiproduct version of the platform oligopoly presented in Section 2l Consider a two-sided
market served by a finite number of platforms, where the sides of the market and the set of platforms
are indexed by {4, B} and F, respectively. Each platform f € F sells a finite set N }“ of products on
side k € {A, B}, where each product i € /\/'J]f is priced at p; € R. Let N* := Ufefj\/jf be the set of all
products on side k sold by the platforms.

In the following, I first describe the demand model and derive the demand function as an equilibrium
outcome of the demand model, which forms the basis for the analysis of platform competition. Then,
I analyze the price competition between platforms using the derived demand function.

B.1.1. Consumer Demand

On each side k € {A, B} of the market, a unit mass of consumers choose which product to purchase.
In the model, the word “consumer” represents the users of the platforms. For example, in online
marketplaces, buyers and sellers correspond to respective consumers in the model.

Each consumer’s utility from the purchase of a product consists of a stand-alone value, platform-level
network effects, and an indiosyncratic preference for the product. Formally, on each side k € {A, B},
consumer 2’s indirect utility from the purchase of product i € N° Jf“' is given by

uird = log hf (pi) + a log i + By log 'y + €l (B.1)

The first term log hf (pi) is the stand-alone indirect subutility from product i at price p; € R, where
hf (pi) is assumed to be decreasing and log-convex in p;. The second and third terms, oy log n’} and
B log nlf, are the benefits of within-group and cross-group network effects, where oy € [0,1) and
Br. € [0,1) are the parameters representing the magnitude of within-group and cross-group effects,
and n’]‘i and nlf are the numbers of consumers on side k and [ # k who purchase products provided
by platform f. The last term, 54?2, is an idiosyncratic taste shock that follows an i.i.d. type-I extreme
value distribution. I assume that network effects are not too strong so that ap + 5; < 1 holds for
each k € {A, B} and [ # k, which precludes the possibility that some platforms set infinitely negative
prices on one side.

Consumers choose which product to purchase and the amount of purchase based on the prices
p = (pi)iepauns set by platforms and the expectation n® = (n’}l’e7 n?’e)fe]: over the network sizes. 1
assume that there is no outside option and that consumers single-home, so that all consumers on side
k € {A, B} purchase exactly one product from the set N k. The demand for each product is derived as a
rational-expectation equilibrium among consumers. That is, based on the expectation over the network
sizes n°, each consumer chooses the product that maximizes the utility, and the realized network sizes
n = (n;}, n? ) rer are consistent with the original expectation. I call an equilibrium choice of products
a consumption equilibrium and the equilibrium network sizes consumption equilibrium network sizes.
In the following, I characterize the consumer demand for each product as an outcome of a consumption
equilibrium.

First, consider the demand for each product conditional on purchase. Applying Roy’s identity, the
conditional demand function for product i conditional on the purchase is given by —(h¥) (p;)/hF(p:).
Next, consider each consumer’s choice of products given the expectation over the network sizes n.
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Because ef’z follows the type I extreme value distribution, a consumer on side k chooses product i € N f
with probability

s¥(n®) = Pr (ufz’f > u?jzf for all j € J\/k)
B
hf(pi) (n’?e) ag (nlje) k (B.2)

- k K, Qg 1, Br*

The realized network size of each platform f is given by the sum of the probability that a consumer
chooses the product provided by platform f:

i) = Y s (nf). (B.3)

Ak
ZENf

The consumption equilibrium network sizes n satisfy the condition ﬁ’; (n) = n’} for all kK = A, B and
ferF.

Due to complementarity in network choices, there may be multiple consumption equilibrium network
sizes when the network effects are too strong relative to product differentiation. The possibility of
multiple equilibria prevents us from deriving a well-behaved demand function. In the context of
the present setting, equation indicates that whenever consumers expect n?e = 0, such an
expectation will be self-fulfilling, and ﬁ’}(ne) = 0 holds. Therefore, there are a number of equilibria
in which a subset of platforms will never be chosen. To rule out such an extreme outcome, I use
asymptotic stability derived from the best-response dynamics as an equilibrium selection criterion,
which is formally defined below.

Definition B.1. Define the best-response dynamics and asymptotic stability of network sizes as follows:
1. A best-response dynamics {n'} from the initial network sizes n® = (n‘ﬁo,nﬁo) rer is defined by

a sequence of network sizes n! = (n‘;‘,t,n?J

feFandk=AB.

rer such that né‘ét = ﬁ’} (nt_l) forallt=1,2,...,
6 b

2. A network sizen = (n?, n?)f - is the limit of the best-response dynamics {n'} from the initial
€

network size n® if n = limy_,oo{n'}.

3. Network sizes n are asymptotically stable if for any strictly positive n°, n is the limit of the
0

best-response dynamics from the initial network sizes n”.

I call a consumption equilibrium that has asymptotically stable network sizes an asymptotically
stable consumption equilibrium.

Using the notion of asymptotic stability, I select a plausible consumption equilibrium that derives a
well-defined demand function. To this end, consider a consumption equilibrium in which all network
sizes are strictly positive. I call such an equilibrium interior consumption equilibrium. Provided that
nlj‘é > 0 for all f € F and k = A, B, equation has a closed-form solution

(b)) ™ [h] B
H*(p)
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forall f € F and k € {A, B}, where, H ’J? and H* are the platform-level and industry-level aggregators
defined by

H}C(Pl}) = Z hf(?i),

N}
k NN R
#p) =3 [Hfwh] " [Heh]
feF
and 'y, and I'y; are given by
1-— [¢%)
Fk:k = s and
(1 —ap)(1 —ar) — Bef
T, = Bk

(1 —ar)(l =) = Bifr

The network sizes in equation have the following interpretation. The platform-level aggre-
gator H J’? is the total value provided by platform f on side k. Due to network effects, platform-level
aggregators H* and H' are amplified to (H*)"#* (H!)I'* as shown at the numerator of the right-hand
side of equation . The industry-level aggregator H” is the sum of such amplified values.

Along with its intuitive interpretation, the interior consumption equilibrium characterized by equa-
tion turns out to be asymptotically stable. Particularly, Proposition shows that the interior
consumption equilibrium with the network sizes given by equation is the unique asymptotically
stable consumption equilibrium.

Proposition B.1. There exists a unique asymptotically stable consumption equilibrium. In the asymp-
totically stable consumption equilibrium, the network sizes are given by equation (3). The demand for
each product i € N* under the asymptotically stable consumption equilibrium is given by

DE(p) = D b, HE ), Hy (), H ()]
Ferp—1 T (hEY (p; (B.5)
= [Hkeh] " )] (fjﬂz((g)'
Proof. 1 first derive an interior consumption equilibrium and the demand for each product. Then I
show that the best-resopnse dynamics from any starting value of network sizes converges to the interior
consumption equilibrium.

Applying Holman and Marley’s Theorem, the consumer choice probability s¥ of product i € N ]’f
given the expectation over network shares n® = (n?,’e, n?,’e) freF is given by equation . I require
that the network share is consistent with the consumers’ behaviors, that is, the network share nl} of
platform f on side k is given by equation . From equations (B.2))) and , the share of product
ieN ]]f in the set of products sold by platform f is given by

= o (B.6)

The network share nl} of platform f on side k£ in the interior consumption equilibrium is given by

equation (B.4).
Combining equations and (B.4), the probability that product i € N }“ is purchased by a
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consumer is given by the equation

Finally, the demand for the product i € " J’f given the profile of prices p has the following form.

DE(p) = Df (pi HF (05), Hy (), HE(p) )
—(h}) (pi)
=0 TG

=[] ™ o] S

I next show that the best-resopnse dynamics from any starting value of network sizes converges
to the interior consumption equilibrium. First, fix an initial value of the vector of network shares
(nl;,o)fe]: such that n?o > 0 for all f € F and k € {A, B}. Next, for each ¢t > 0, update the network
share based on the value of network share in the previous iteration ¢ — 1. Then, the sequence of
network shares {(n?)fe}‘ } is obtained. Here, for any ¢ > 0, we have

t=

0....
k Hk k AU ] B
e B B A Mpt-1
nge  Hg \nga Mg
By taking the logarithm and letting = := log(nl;yt/nlg’t) and * .= log(HJ];“/H;“), we have
), [
wf ol ) P

aa 514]‘

Be ag

where

A=

If any eigenvalue of A has an absolute value less than 1, (:Uf‘, xP) converges to a unique value (x4, 2B)

regardless of the initial value (z¢',zZ) (see [Luenberger, 1979). At such value, we must satisfy zF =
g 070 t

z¥ | = 2%, Solving for ¥, we have

ok (1 — ap)ypk + Byt

(I —ap)(l —a1) = BB

Then, using the relation (n’} / n’;) = gk

, we can solve for the value of n’}, which corresponds with that
of . Therefore, from any starting value of positive network shares, the best-response dynamics
converges to the interior consumption equilibrium.

Lastly, I show that any eigenvalue of A has an absolute value less than 1. A scalar b is an eigenvalue

of A if and only if it is the solution to the quadratic equation

£(b) = b* — (aa + ap)b+ (caap — BafBp) = 0.
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Because

&(-1) =1+ aa+ap+ asap — Bafip >0,
£<04A—|—ozB> _ _Oé?A—i-OZZB-FQBABB <

0
2 2 ’

£(1) = (1 —aa)(1 —ap) — BaBp >0,

The two solutions to £(b) = 0 lies in (—1, 1), which completes the proof.
O

The network sizes characterized by equation exhibit an ITA property, which allows us to
generalize the aggregative-games analysis of Nocke and Schutz| (2018b) to two-sided markets, thereby
making it possible to introduce an arbitrary heterogeneity between platforms. In summary, the demand
model of this study simplifies [Tan and Zhou| (2021)) in two dimensions, the forms of network effects
and taste distributions, and makes it possible to derive a tractable demand function that allows for
an arbitrary platform asymmetry in two-sided markets.

Consumer surplus Consumer surplus C'S* on side k is given by the expected indirect utility of

consumers, and the aggregate consumer surplus C'S' is given by the sum of the consumer surplus on
both sides:

Trk Ly 1
k k l
=1 H H —_—
=(1- ak)long — By log H',
and

Ccs=cst+cs?
= (1 —as—Bg)logHY + (1 — ag — Ba)log HP.

Logit demand specification The demand system that satisfies Assumption [1| has the form

[H}“(pfv)rkk [H}(pﬂv)rkl exp (“) (B.7)

Fkk Fkl k a;—p; °
Sper [HE05)] " [H )] Siens e (“5)

D;(p) =

B.1.2. Platform competition

Using the demand system obtained in Proposition I analyze price competition between platforms.

Each product i € N'* has a constant marginal cost ¢; > 0 of production. Given the demand system
{(DF),c N }re{a,B), the profit function of each platform f € F is written as a function of the profile
of the platform’s own prices py := (pi)/\/;*uj\ff and aggregators H4 and HP:

Iy [py, H(p), H® (p)] = 1} + 107, (B.8)
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where
1= " DF |pi Hf(0). Hy (b)), H ()] (pi = co). (B.9)
iENT
The pricing game consists of a demand system {(DF),. Nk Jre{4,B), a set of platforms F, and a profile
of marginal costs (¢;);c NAUNE- In a pricing game, platforms simultaneously set the prices ps of their
products, with the payoff function II; defined by equation (B.8]). I call a Nash equilibrium of this

pricing game as a pricing equilibrium. In the following analysis, I often suppress the arguments of
functions for ease of exposition.

Optimal pricing for each platform The first-order condition for the profit-maximizing prices set
by each platform f is given by 0ll;/0p; = 0, which can be transformed into the following equation:

(h)" K
=0 = (B.10)
i
where
l
k 1 k I k ey
Wy = 1-— ﬁ [(Fkk — 1)Hf + 5lrlknf] +Fkk:Hf + Flkﬁﬂf . (B.ll)
f f
network-externality terms cannibalization terms

The right-hand side of equation is independent of the index of the product i. Therefore, the
optimal pricing of each platform equates the left side of the equation with some common value
ufc. Following Nocke and Schutz (2018b), I call ,u,lji as the (-markup of platform f on side k. The
property that all prices of the products sold by a platform on the same side are summarized into a
single (-markup is driven by the property that the network sizes n];c have an ITA property.

Under Assumption |1} we have —(h¥)”/(h¥) = 1/\¥ and thus p; = ¢; + /\k/ﬂ]ﬁ, implying that all the
product of the same platform on one side has the same markup. Then, the profit of platform f on
side k£ can be written as its network size multiplied by the common markup:

Hlj‘é = n’},u’} (B.12)

Using this relation, the formula for the (-markup can be simplified to

l

1 n

PRSI s
l—nf n'

The formula for the platform-level aggregator can also be simplified to

H}“ = Tf exp(—,ul}), (B.14)

i—Ci

where T]’f =D e Nk €XP (aT) is the “type” of platform f that equals the value of the platform-level
aggregator of platform f when it engages in the marginal cost pricing. Solving the system of equations
and , along with equation , the -markup ,u/} and the network size nljﬁ consistent with the
platform’s optimal pricing are obtained as functions of TfA, T]P , HA, and HE, which I write as

uh = m* (T]f,T;, H*, Hl) , (B.15)
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and
nk = N* (T}f,T},H’f,HZ) . (B.16)

When the system of equations (B.13]) and (B.14) has multiple solutions, let the profit-maximizing one
be mF and N*.

The property that all the pricing information is summarized by unidimensional type T}f is called

the type-aggregation property (Nocke and Schutz, 2018b)), which simplifies the analysis of horizontal
mergers and free entry.

Pricing equilibrium Finally, the equilibrium aggregators (H4, H?) must satisfy the condition that
the network sizes of the platforms add up to 1:

3 Nk (Tf,T},Hk,Hl) =1, JE{AB), 1#J (B.17)
fenNy

The analysis so far has characterized the necessary conditions that the pricing equilibrium must
satisfy. Proposition shows that these necessary conditions are also sufficient and provides several
important cases in which the equilibrium is unique regardless of the type profiles. The proof of this
proposition is relegated to the Online Appendix.

Proposition B.2. For any pair of aggregators (HA,HB), each platform’s corresponding optimal
pricing is uniquely given by p; = ¢; + A\F¥m¥ <T;§,T}, HF Hl). Furthermore, the following statements
hold:
1. If only within-group network effects exist (Ba = Bp = 0), then a unique pricing equilibrium
exists.

2. If only cross-group effects exist (vy = ap =0), then a pricing equilibrium exists. Furthermore,
there exists 3 such that if B4 < B or B < 3, then the pricing equilibrium is unique.

Because a pricing equilibrium is characterized by the pair of industry-level aggregators (H A H Bx)
that satisfies the system of equations , the characterization of equilibrium is simplified to
the characterization of the system of equations . Furthermore, because the consumer surplus
CS* = (1 — ap)log H* — B log H' is determined solely by industry-level aggregators (H4, H?), the
characterization of equilibrium aggregators directly characterizes the equilibrium consumer surplus.

B.2. Proof of Proposition

Before proceeding to the proof, I introduce several notations that are used in both proofs. First, let

1—oy Bk
T=a0=a)=F.5; Ao (0=a)) =B 5]
Ql}l(pf) — (H}“(pii))“ (A=) = BB, (H}(plf)) (=ap)(1—a))— BB,

and

F'eF\{f}

Then, the profit-maximization problem of platform f the problem can be rewritten as

max Gyps) =y (ps. QP () + HA;, QF A (pg) + HE ) (B.18)

A B
pre{RUfoc}} 7N

AT



I show that the solution to (B.18)) takes unique finite value and given by the first-order condition
(B.10). Here, I list the steps of the proof.

1. Fixing p‘]?, p]]? that maximizes G f(p‘]?, p? ) is finite and unique. Let ]5}3 (p?) denote such p?.
2. pf that maximizes G s (p‘;‘, ﬁf (p?)) is finite and unique.

3. Setting infinite price for some good is never optimal.

4. The optimal prices should satisfy the first-order condition (B.10|).

I first show that all platforms’ prices are bounded below. Next, I show that all platform’ prices are
bounded above.

Fix lec = (pé)z’e/\/}' Then, I show that the value of (p’;) = (pf)ie/\/f that maximize the profit of
platform f has finite absolute values. To see this, note that

(1—ap) —A{(1 —Oél)ak‘f‘ﬁlﬁk}%ﬂk B 5 (1*nl)ﬂz
I (1= a)(d - ax) — BiBs n f

=sign | 1 — h\ + (1 —a)(1 — ag) — BiBr

the last term converges to 0 as p; — —oo because nlf — 1 as p; =& —oo. The sum of the second and
the third terms is nonnegative as p; — —oo because

(1 =) —{(1 —ag)ou + 5151&%

bi — ¢ k
— + II
A (1 —a)(1 =) — BiBr !
i — ¢ k
pi — ¢ kDi — G
S S A

as p; — —oo. Thus we have 0G/dp; > 0 for sufficiently small p;.

The fact that platform never sets infinite price is shown in the same manner as |[Nocke and Schutz
(2018al).

As a result, fixed the values of plf, the platform’s optimal pricing p’; is restricted to a compact cube
[ﬁ'},?l;]w 7l Since the profit function is continuous in p’}, Wierstrass’ theorem implies that there is
optimal price in [B, E]N 7. In particular, since optimal price is interior, p’]‘é is given by the common
t-markup pricing, which is given by . Let ,u]J‘é (plf) be the optimal -markup on side k£ given the
profile of prices on the other side plf. Then, under MNL demand, we have p; = ¢; —I—AM} (plf) fori e NV j]f

Next, I show that the optimal value of plf that maximizes G(p) where p’}i = (¢ + )\ulj‘é(plf))ie NE is
finite. To see this, it is sufficient to show that

(9GP} (i + M (0 senr)
sign o,
— ¢ . (1_0%)_{(1_04)0419"’/3[/816}% l Bk (1_nk) i

. o -
=sign | 1 A (1—a)(1 —a) — Bib Hr (I—a)(l —ax) = Bifx  nfy g
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becomes positive as p; — —oo0 and negative as p; — oo.
Using the first-order condition for ,u’fc, we have

1 —o ky, k
1—n
=0 —a) =Bt "M
nl exp (aj/ipj/> L
i B 7f(1 nlf) Z AN )by ¢
_ _ k l
(1—ar)(1—op) — BB 1 nf jient Hf A
By I'Hopital’s rule, we have
5 nl exp (aj/;pj/> S e
lim l La—nl) 3O AR
pi——00 (1 — ()ék)(l - Oll) Bkﬁl f j’E./\/'} Hf A
a1 —p.r
— lim b 2N exp( 5) e
pi——o0 (1 —ay)(1 — oq) — B S J/EN [} ©XP ( ) + exp (452 A
= lim B 2 "ENp\(i} P (
pj——o0 (1 —ay)(1 —oy) — Bxfr — limy, o0 Aexp (al)\pl)
=0.
Thus, we have
i (1- nl;)l'[k _ (= ap)(1 — 1) — Brfiy
pj—>—00 nlf 1-— (87 ’
and
o (8G((plf, (ci + Au’}(pﬂ:))ieN;))
sign lim
pj—>—00 8p]
o QM =map) {1 - o)k + 5151&
=sign lim 1-—- L B + " Hf > 0.
pj——00 1—q A (1 —oq)(1— o) — BiPk

as p; — —oo for some ./\/'ch

Again, the fact that platform never sets infinite price is shown in the same manner as Nocke and
Schutz (2018a).

As a result, the platforms’ choice of prices pf can be restricted to some compact cube [Bl B f]IN 7
As a result, an application of Wierstrass’ theorem implies that there exists an optimal price pf in

[ﬁlf,ﬁlf]w 7. Because the optimal proﬁle of prices is interior, which implies that the optimal prices
should satisfy the first-order condition

By the facts that (i) there is ﬁnlte price proﬁle that maximizes the profit and (11) any optimal price
profile should satisfy equation 0) jointly show that there is a solution to ) that maximizes
the platform’s profit. If there is no solution to equation that maximize the platform’s profit,
then there must be some finite price profile that maximizes the platform’s profit but does not satisfy

equation (B.10]), which contradicts the necessity of (B.10)).
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B.3. Proof of Proposition B.2]1

Suppose that 54 = B = 0. Then, two sides of markets are independent, and thus it suffice to focus
on one side of the market. The (-markup is uniquely given by the equation . Solving the equation
(31), the c-markup is obtained as py = m(y(Ty)/H,«). Using this c-markup function, we further
obtain the network share ny as

1(Ty)
@ N ()
nf—N( Q) = g exp = , (B.19)

Finally, since the market share equation N(v(7T')/H, «) defined by equation (B.19)) is monotonically
decreasing in H, lim,_,0 N(z,a) = 0, and lim,_,o, N(z, ) = 1, the intermediate value theorem implies
that the value of aggregator H that satisfies » , N(v(Ty)/H, ) = 1 is unique.

B.4. Proof of Proposition B.2,2

I show that there is the unique pair of (-markup that satisfies the system of equations , and the
existence of equilibrium aggregators when vy = ap = 0. Then I show that there exists 8 > 0 such
that there is the unique pair of aggregators that satisfies the system of equation when 3 < 8.

First, I show the uniqueness of (-markups given the value aggregators. Let :L"Ji for Kk = A, B be

defined by
1 _ B
k\1-6abB 1\ 1-BabBB
. (1) ()
T = Hk

After several manipulations, the system of first-order conditions @ can be rewritten as

0 =ga(uf, 1f)

A B\ ] B B(1 _ — 44 =
= 1—m‘]il exp (—%) ,u? -1 +B32—£ exp <—Mf( fB_) BA/;;( ﬂA)) ,  (B.20)
_ !

B A\ ] A A B
B B 1e + By B 't (1= Ba) — pf (1 - Ba)
= 1—1']0 exp (—]%>- /’Lf _1+BAEGXP <— ]_—BABB . (B21)

Let g(,u]‘?,,u]]?) = {QA(M?,M?,!]B(M?,M?)}‘ To show that this system of equations has a unique
solution, I show that the determinant of the Jacobian of g(u’;‘, u? ) is positiveﬂ A calculation leads to

nA nB
n?u?+ﬂA(1—53)$ n}“u]ﬁ‘+63(1—@,)é

det Gy = (1 =nf) (1 =nf) + (1 - nF) +(1-nf)

1—BaPbB 1—-B84BB

nfpinlul N %[BAU — B) + B3(1 = Ba)Infuf + %[53(1 — Ba) + BE(1 = Bp)Infu?
1= BaBs (1 BaBp)”

9

3See chapter 2 of [Vives| (2001).
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where

3972 (’997%
o o
Gr=\ ogn oap |- (B.22)
8/1? au?
and

kK !
0" _ | .k Ly Bi(1 = Bx) vy
ol P 1= BaBp " 1—BaBs nk’
dgk 1 ko k ny

= n -68il-=8)—1,

ou, 1= BaBs <5k g — Bi 5z)n,}

for J,I € {A,B}, and I # I.

I show that det Gy > 0 for all n?,n?,ﬁA,ﬁB € (0,1). If ,u'} > 0 for k = A, B, det Gy > 0 holds.
Suppose that u? < 0. Then, we must have ﬁBZ—i > 1 and u? > % > 0. Note that, suppressing
the platform index, we have

(1 _ nB) (nA,uA 4 nBMB) (nB _ nA)nBMB

det Gy = (1 —n)(1 —nP) +

1—BaBB 1—BaBbB
>0 ~
(X) ()
L (= n")8al = Bp) iy + (1= n®)Bp(1 — Ba) s
1 —BaBB
>0
nApAn®B B /BAZ%[l — B + Ba(l — Ba)lnut + 53%?[1 — Ba+ Ba(1 - Bp)nBuP
1 —BaBB (1 - BaBB)?
(Z)

First, note that

nt —Bpnf  nP —Bant _ nA(1 - Ba) +nB(1 - Bp) - nB(1 - Bp)
1 —n4 1—nB 1—nB 1—nB

nA A 4 nB B =

Y

where the first inequality follows from the fact that nt — Bpn® < 0 and n* < n®. Using this inequality
and the fact that ﬁBZ—i > 1 we have

nP(1—pp) | (nP)?

1_/3AﬁB 1_nB(1_ﬁB)+(Z)

(X)+ () +(2) >

Further, by additionally using the fact that n4u4 = (n4 — Bgn®)/(1 — n4) > —ppn?, we have
1 nB

(1—BaBB)?1—nB

(2) > (1= BaBp)[1 — (1 — BaBr)Bsn"] — (1 = n®)nPBaBBIL — Br + Ba(l — Ba)]] -

All



Putting them together, we have

(X)+Y)+(2)
1 nB
(1-paBB)?1—nPB

(1—n") [(1 - BaBB) — n"BABE(1 — Ba)]

+nP(1-8p) [(1 - BaBs) — (1 —n")BaBE] + (1 — BaBr)[1 — (1 - waBnB]]

1 n®B

1—BaBB)*1—nPB

(1 =n") [(1 = BaBB) — n"BABE(1 — Ba)]

T

+nP(1 - Bp) [1+ (1 — BaBr)(1 — Bpn®) — (1 - nB)BAﬁé]]
>0.

As a result, det Gy > (X) 4+ (Y) + (Z) > 0 always holds, and the pair of :-markups that satisfies
the first-order condition is unique.

Next, I show the existence of the aggregators that satisfy the equilibrium condition. To do this,
note that the network share n’} under optimal pricing can be written as

TP =5 1 ny 1 i
(1) 7 (1) ™ | ) e (1A
H* 1 —BabB

(B.23)

k _
nf—

I first show that for any fixed value of H4, there exists H?(H4) such that

S NB(Tf TP A HP(HY) = 1.
f

We have limys_,, NP (T]’f‘, T ]{B, H#4, HB) = 1 because the right-hand side of (B.23)) goes to infinity as
HP — 0 if n’; < 1. We also have limgs_, NB(T}“,T]?, HA, HB) = 0 because the right-hand side of
equation (B.23)) goes to infinity as H” — 0. Thus, the intermediate value theorem implies that there
exists HE(H4) such that
S NB(TH TP, A HP(HY) = 1.
!

Similarly, there exists H4 such that

Y NNTH TP, HA HP(HY) = 1.
f

To see this, first consider the case where H4 — oo. T argue that NA(TJ‘f‘, T}B, HA HB(HA)) — 0 for
all f. Suppose to the contrary that n? —n? > 0as H* — oo for some f Then, we must have nf -0
as HA — oo to satisfy equation (B.23)). Next, dividing equations (B.23) for k = A and k = B, we
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have

1-8p _ A _ B
()T g[S (o) - e (1o i)
WA= TE 7B exp Y (B.24)
f

A\ 1-BaPB
(77)

From this equation, we have that if limga_, n?/n]‘? = 0, then limga_, (HA/HB(HA)) = 0. We
also have that if limya_, . (H4/HP(HA)) = 0, then limga_, n?/n? = 0 for all f € F. This implies
that n)]? — 0 for all f as H4 — oo, which contradicts the definition of HZ(H#4). Thus, we must have
limpa_, NATA, TP, H A, HP(H*)) = 0 for all f € F. This implies that

lim
HA o0

> O NNTH TP H A, HP(HY) = 0.
feF

Next, consider the case where H4 — 0. In this case, we must have either n;‘ — 1 or n? — 1 to
satisfy equation . First, by the definition of H5 (H*), there is at most one platform with n? — 1.
Thus, for all other platforms f’ # f, we must have n]‘?, — 1. Next, I argue that limga_,g n? > 0 for
the platform f such that n? — 1. This is because if n? — 0, we have limga_,g n? / n? = 0, which
implies from equation that limya_o(HP(HA)/HA) = 0 and that nj}, — 0 forall f' € F,a
contradiction. Consequently, we have limga_, NA(TJ{‘, TfB, H A, I:[B(HA)) =1 for all but one f and
limga_y NA(Tf,TJ?,HA,ﬁB(HA)) > 0 for one f. This implies that

lim

NATATE. H A, HE(HY)) > 1.
HMOZ (T7, Ty (H?))

feFr

Finally, applying the intermediate value theorem, there exists an aggregator H4 € (0, 00) such that
dofeF NA(T;‘, Tf, H A, HB(H#)) = 1, which implise that there exists a pair of aggregators (H4, HP)
that satisfy the equilibrium condition. This establishes the equilibrium existence.

Finally, I show that there exists > 0 such that if 3 < 8 for some k € {A, B}, then there exists
a unique pair of aggregators that satisfy the equilibrium condition. Because the model is continuous
at B = 0, it suffices to show that there is a unique pair of aggregators that satisfy the equilibrium
condition at B = 0 for some k € {A, B}. Then, by continuity we have the above result. Without loss
of generality, suppose that S = 0. To show the uniqueness at Sp = 0, I present several comparative
statics of m*, k € {4, B}, with respect to several parameters x. This is given by the Implicit Function

omA 994
0 0

Gr | o )=\ da |-
ox

Theorem

by Cramer’s Rule, I obtain

_ %qA ggA gQA _ 857,4
det B z 8MB det 3# A 9 z
ot T ol i on
Ox det Gy " Oz det Gy '

Using this comparative statics in (-markups, I conduct a comparative statics in market shares N4 and
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ONA oA omA A
or  Or 81‘n —fa

ONB  onP  omP g4
= - n

ox ox ox

Based on this observation, I derive the effects of H4 and HZ on N4 and NZ.
Fist, for H4, we have

amB A
ox "

omA B nj;‘ 1

OHA —  HAdet(Gy) 5

A ny 400"
My n?ﬂ?*‘l—n?‘i'ﬁAnfB +,Uf5,24n73 <0

omP B ﬁ 1
OHA  HA det(Gy)

f
f 1—nj}
f vy
and thus
N4 1
OHA ~  HAdet(Gy)

ONB n 1 n4 1—n4
—— ==L (5,471{;#?(1 — Ba) + Ba B ! nf <0.

3

A
ey (-n}) (n?u? +1—nf +Ba(l +ﬂA>};> <0
f

3

OHA ~  HAdet(Gy) 7 :

For HB, we have

A

dm* ”J]‘B 1 B s A A
9HP ~ HBdet(G ) (“f ”AW Pangig >0

omP
9HB ~ HBdet “f+5A (i 1= nif) <0,

and thus
oN4 _ nf ? ny 4
aHB:,BA }BH nfuf + Ba ? (1—nf)>0,
ONP }B A A B 3”? A A

As a result, we have
det( Z% Z% > > 0,
T Tan
which implies that the pair (H A HB ) that satisfies the condition is unique when g = 0. By
continuity, there exists 8 > 0 such that if 8, < 3, there exists a unique equilibrium.
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