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Abstract

Multi-sided media market is a rapidly evolving phenomenon where practice is ahead
of research. In this market, a media platform usually manages the interaction be-
tween multiple groups of participants, such as consumers, advertisers, and content
suppliers. Because of strong cross-side externalities, when making important deci-
sions such as pricing and content provision, it is crucial for a media platform to
deeply understand the likely strategic responses of all other sides. In this disserta-
tion, I explicitly model these strategic interactions and examine a media platform’s
price customization strategy (Essay 1) and content provision strategy (Essay 2).
Essay 1 studies whether a competing platform should customize its consumer
price by offering an option of paying for not seeing advertisements. I further ex-
amine how the possibility of agent multihoming would affect a platform’s pricing
strategy and profits. This analysis helps one to better appreciate the pricing strat-
egy of media platforms such as Pandora and Spotify, and extends the literature on
price discrimination in one-sided markets to two-sided markets. Essay 2 explores
media platforms’ content provision strategy and source of profits. I propose a model
where a media platform interacts with three sides: content suppliers, consumers, and
advertisers, and examine how a platform allocates its limited space between content
and advertising. This analysis offers insights on how a platform’s choice of content
provision strategy and source of profits vary with the the structure of the content

market as well as the platform market. Collectively, these two essays address man-

v



agerial questions on media platforms’ pricing strategy and content provision strategy,
and will help better understand the strategic interactions in media markets and serve

as a useful theoretical framework for empirical research on media firms.
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Introduction

Multi-sided media markets, and more generally multi-sided markets, are growing in
commercial significance. Media platforms such as streaming music platforms, news-
papers, mobile apps, bring consumers and advertisers together and generate revenues
from one side or both sides of the market. The rise of Internet and consumers’ mi-
gration to digital platform, create firms unprecedented opportunities to advertise
through media outlet. However, our intuitions honed on one-sided markets need
not necessarily extend to these emerging markets because of cross-side externalities
(Rochet and Tirole (2003, 2006)). In this dissertation, I closely scrutinize the in-
teraction among the multiple strategic players in media markets: content suppliers,
advertisers, media platforms, and consumers, and study two important managerial
questions confronting a media platform: First, when is it optimal for a media plat-
form to adopt price customization? Second, how should a media platform allocate its
limited bandwidth or space for content and advertising, and relatedly what should
be a platform’s source of profits? By theoretically examining the two questions,
this dissertation clarifies why one’s intuition on one-sided market may not apply to

mutli-sided media market, and addresses important managerial questions on media



platform’s pricing strategy and content provision strategy.

Essay 1 (Chapter 2): Price Customization in Two-sided Media Markets

Media platforms generate revenue by bringing consumers and advertisers to-
gether. Sometimes consumers and advertisers join a single media platform (single-
home) but other times they join multiple platforms (multi-home). In this essay, I
examine media platforms’ equilibrium pricing strategy in the presence of cross-side
externalities between consumers and advertisers. Even when consumers are hetero-
geneous in their sensitivity to advertising, I find that competing media platforms
do not simultaneously adopt a customized pricing strategy for consumers and at
least one platform pursues a uniform pricing strategy if agents single-home on both
sides of the market. However, multi-homing agents induce the platforms to adopt
a symmetric customized pricing strategy when consumers are quite heterogeneous.
Finally, when only advertisers multi-home, I observe a symmetric customized pricing
strategy (unlike in a single-homing model), asymmetric pricing strategies (unlike in
a multi-homing model) or a symmetric uniform pricing strategy depending on the
relative size of the cross-side network effects.

FEssay 2 (Chapter 3): Media Platforms’ Content Provision Strategy and Source
of Profits

We see media platforms earning their profits from both consumers and advertisers
(e.g., the New York Times), advertisers only (e.g., the Huffington Post), or consumers
only (e.g., Tidal). This essay theoretically investigates two important strategic issues
confronting a media platform: what proportion of its limited bandwidth or space
should a platform allocate for content (instead of advertising)? and what should
be the source of a platform’s profits? To facilitate this analysis, I propose a model
where a media platform interacts with three sides: content suppliers, consumers,
and advertisers. In a perfectly competitive content market, my analysis shows that
competing platforms will adopt a free-content strategy even in circumstances where a

2



monopoly platform adopts a paid-content-with-ads strategy. However, the result can
get reversed if the content supplier is a monopoly. Counter to conventional wisdom,
inter-platform competition helps a platform to earn more profits when they adopt
a free-content strategy. Next, despite paying a lower price to content suppliers, a
media platform may still get hurt. Furthermore, though advertisers’ higher valuation
for consumers benefits a media platform, it can hurt a content supplier’s profits when
a monopoly supplier sells content to a platform using paid-content-with-ads strategy
or when duopoly suppliers can shape consumers’ preference at a low marginal cost
and sell to a platform using free-content strategy. Finally, if advertising is quite
annoying, even while a monopoly platform shuns the advertising market, duopoly

platforms may cater to advertisers.
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Price Customization in Two-sided Media Markets

2.1 Introduction

Media platforms bring consumers and advertisers together and often generate rev-
enues from both sides of the market. Examples of media markets include streaming
music platforms (e.g., Spotify, Pandora), newspapers (e.g., Wall Street Journal, New
York Times), streaming videos (e.g., Hulu, Youtube), and mobile apps (e.g., Flappy
Bird, Jump). While advertisers strive to reach more consumers, consumers dislike
the advertisements on these platforms. Recognizing the heterogeneity in consumers’
dislike for advertisements, some media platforms offer customized prices for con-
sumers. Kindle users, for example, pay $119 for a base e-reader with advertisements
and $139 for an ad-free e-reader. Spotify’s customers pay nothing to listen to music
streamed along with advertising, or pay $9.99 per month to enjoy music devoid of
any advertisement. Likewise, one can watch streaming videos on Hulu without the
nuisance of advertisements by paying $11.99, or with advertisements by paying $7.99
per month. However, not all media platforms offer customized prices. Until recently,

even Hulu charged a uniform price of $7.99 for all its viewers, and it did not give them



the option of avoiding advertisements. The New York Times does not provide its
subscribers with an ad-free version of the newspaper. In practice, a media platform
needs to carefully evaluate an important trade-off when deciding whether to use a
customized pricing strategy or a uniform pricing strategy: even though customized
prices help a platform to earn more profits on the consumer side of the market,
the profits from the advertiser side of the market could decrease because advertisers
might want to pay less for reaching fewer consumers. This trade-off raises the ques-
tion: when should a media platform adopt a customized pricing strategy, and when
should it pursue a uniform pricing strategy?

Another feature of a two-sided media market is the nature of homing. A consumer
(or an advertiser) is said to single-home if she joins only one platform but multi-
home if she joins multiple platforms. In the case of streaming music, consumers
typically join either Pandora or Spotify but not both. On the other hand, many
consumers subscribe to multiple newspapers, such as the Wall Street Journal and
New York Times. Similarly, advertisers can also choose to place advertisements in
one platform or multiple platforms. This feature of two-sided markets poses another
question: how does the scope for multi-homing on one or both sides of the market
alter a platform’s pricing decisions?

In this paper, we seek to theoretically examine how the characteristics of the
two sides of a media market affect a platform’s pricing strategy. In particular, we
investigate how the pricing equilibrium might be affected by the relative strength
of cross-side externalities and the scope for multi-homing. For this purpose, we
consider a model of competing platforms that is faithful to the two-sided structure
of media markets. Our model captures the two types of cross-side externalities
observed in media markets: consumers’ dislike for advertisements and advertisers’
desire for consumers.

We begin the analysis by considering a media market where consumers single-

5



home on one side and advertisers single-home on the other side of the market. The
consumers are of two types; H-type consumers have a high dislike for advertising
and L-type consumers have a low dislike for advertising. The conventional wisdom
is that if consumers are heterogeneous, a firm could offer customized prices and earn
more profits. Yet, even when the two types of consumers are quite heterogeneous
in their sensitivity to advertising, we do not observe both platforms simultaneously
adopting a customized pricing strategy in equilibrium. On the contrary, platforms
adopt either asymmetric pricing strategies (i.e., one platform using a uniform price
and the other offering customized prices) or a symmetric uniform pricing strategy
(i.e., both platforms setting a uniform price for both types of consumers). To un-
derstand why, first note that in the asymmetric pricing equilibrium, the platform
offering customized prices protects H-type consumers from advertisements and thus
attracts more H-type consumers while the platform using a uniform price serves more
advertisers since it provides them with access to H-type consumers. This permits
each platform to focus on one side of the market and differentiate itself from the
competitor. When advertisers’ desire for consumers is low and H-type consumers’
dislike for advertisements is high, the benefit of differentiation is high enough that
we observe an asymmetric pricing equilibrium. Otherwise, both platforms adopt a
uniform pricing strategy in equilibrium. Note that a symmetric customized pricing
cannot be observed in equilibrium for the following reasons. On the one hand, if
consumers’ dislike for advertisement is low, it is not feasible for both platforms to
use customized prices because H-type consumers will not choose the price intended
for them. On the other hand, when consumers’ dislike for advertising is high, even
if a symmetric customized pricing is feasible, a symmetric uniform pricing strategy
yields more profits than a symmetric customized pricing strategy. This is because
the dislike for advertising makes it less attractive to acquire an additional advertiser

and thus softens the competition on the advertiser side of the market.
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Next, when consumers and advertisers can multi-home, we observe a very different
pattern of results. Although both platforms do not adopt a symmetric customized
pricing strategy when agents single-home, they use such a strategy when agents
multi-home. Moreover, we observe asymmetric pricing strategies when agents single-
home, but not when agents multi-home. This is because, when agents multi-home,
it eliminates the competition between the platforms; specifically, the two platforms
do not compete for the same marginal agent on either side of the market. With
the elimination of competition, the (indirect) strategic effect of consumers’ dislike
for advertising and advertisers’ desire for consumers is wiped out, and the choice of
pricing strategy is determined by the direct effect of these cross-side externalities.
Moreover, the strategy that is best for one platform is also the best for the other
platform when they are not competing for the same marginal consumer.

At times, multi-homing might be confined to one side of the market. For ex-
ample, advertisers might multi-home while consumers single-home. On examining
such a situation, we find that the equilibrium outcome crucially hinges on the rel-
ative size of the two externalities. Now, when advertisers’ desire for consumers is
quite strong compared to consumers’ sensitivity to advertising, it intensifies the inter-
platform competition for consumers. Consequently, the competition moderating role
of cross-side externalities gains significance, and in equilibrium advertisers’ desire for
consumers hurts a platform’s profits while consumers’ dislike for advertising improves
profits (as is also the case where consumers and advertisers single-home). We obtain
the reverse results when advertisers’ desire for consumers is quite low compared to
consumer sensitivity to advertising, because now the competition on the consumer
side of the market is weaker. Thus, the strategic effect of cross-side externalities is
weaker, and the direct effect dominates the equilibrium outcome. Hence, a platform’s
profits increase with advertisers’ desire for advertising but decrease with consumers’

dislike for advertising (as is also the case where consumers and advertisers multi-
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home). Yet, when the two cross-side externalities are of a comparable size, both
of them have a positive effect on platform’s equilibrium profits. Recall that when
agents single-home, platforms do not adopt a symmetric customized pricing strategy,
whereas when they are allowed to multi-home, platforms do not use asymmetric pric-
ing strategies. However, when advertisers multi-home and consumers single-home,
we observe all of the three possible configurations of pricing strategies in equilib-
rium. The asymmetric pricing equilibrium arises because when consumers single-
home, they induce competition between the platforms, motivating the platforms
to adopt differentiated pricing strategies to soften the inter-platform competition.
The symmetric customized pricing equilibrium is observed because multi-homing by
advertisers eliminates the competition on the advertiser side of the market, encour-
aging both platforms to simultaneously adopt a customized pricing strategy (instead
of asymmetric pricing strategies) when H-type consumers’ sensitivity to advertising
is high (and thus the IC constraints can be satisfied).

This paper examines the impact of cross-side externalities on the equilibrium pric-
ing strategies of competing platforms under different types of homing, and makes
useful contributions to the literature. First, it extends the research on price dis-
crimination to two-sided markets by studying customized pricing in a media market
where consumers are heterogeneous in their sensitivity to advertising. In particular,
we identify the conditions under which competing platforms may customize prices for
different segments of consumers and when they might choose not to customize prices.
Second, the paper shows how a platform’s motivation to adopt customized pric-
ing strategy systematically changes across different types of homing: single-homing,
multi-homing, and asymmetric homing on both sides of the media market.

The rest of the paper is organized as follows. In the next section, we relate our
work to prior literature. Section 2.3 lays out the structure of a two-sided media mar-

ket. Section 2.4 analyzes a duopoly platform where both consumers and advertisers
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single-home. Section 2.5 examines the shift in pricing strategy when both consumers
and advertisers multi-home. Section 6 studies a model of multi-homing advertisers
and single-homing consumers. Finally, Section 2.7 concludes the paper. The proofs

for all the claims made in the paper can be seen in the appendices.
2.2 Related Literature

Our work builds on prior literature on two-sided markets. The seminal work of
Caillaud and Jullien (2003) and Rochet and Tirole (2006) provides a theoretical
foundation for investigating two-sided markets. Caillaud and Jullien (2003) consider
a platform as a matchmaker that facilitates transaction between buyers and sellers,
and show that the side which single-homes will be treated favorably compared to
the side that multi-homes. Specifically, the side that multi-homes will have all its
surplus extracted. Rochet and Tirole (2003) examine how price is allocated between
buyers and sellers in a two-sided market. They also define a two-sided market as
one where the total transaction volume depends not only on the total price borne
by the two sides of the market but also on how much each side of the market pays
(see Rochet and Tirole (2006)). Armstrong (2006) considers a market where one side
single-homes while the other side multi-homes. He finds that in equilibrium the price
for the single-homing side is low compared to the price for the multi-homing side.
Weyl (2010) shows that a platform can reach a unique equilibrium in a two-sided
market by choosing the participation rates and then translating them to prices for
the two sides of the market. Most of the above-mentioned literature considers a
uniform price for each side of the market. In contrast, we consider the possibility
a platform could charge customized prices for different segments on the same side
of the market in the presence of cross-side externalities. Thus, our research extends
the literature on price discrimination in one-sided markets to two-sided markets (see

Armstrong (2006) for a review on one-sided market analyses). More recently, Liu
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and Serfes (2013) examine first-degree price discrimination in a buyer-seller market,
which however cannot be implemented in practice. We, on the other hand, investigate
customized pricing which media platforms can implement.

In our formulation, the agents within a segment are homogeneous in their sen-
sitivity to externality but heterogeneous across segments. Moreover, differentiated
platforms compete against each other. Ambrus and Argenziano (2009) investigate a
model where agents are heterogeneous in their valuation of the externality. They find
that a monopolist platform can increase its profits by establishing two asymmetric
platforms with each platform primarily catering to one side of the market. Simi-
larly in a duopoly, each platform can focus on one side of the market and improve
its profits in equilibrium. Our goal is different from Ambrus and Argenziano (2009).
We analyze single-homing, multi-homing and asymmetric-homing on the two sides of
the market, and identify the conditions where symmetric uniform pricing, symmetric
customized pricing, and asymmetric pricing will be observed in equilibrium.

Our research is related to the literature on media markets. Gal-Or and Dukes
(2003) investigate the competition between two broadcasters using a two-sided model.
Contrary to conventional wisdom, they show that competing broadcasters may offer
minimally differentiated programs. This is because when programs are minimally
differentiated, advertisers choose lower levels of advertising. The lower levels of
advertising soften the competition in the product market, help advertisers earn higher
profits, and in turn enable broadcasters to earn higher payments for advertising
space. Dukes and Gal-Or (2003) show that broadcasters can benefit from offering
exclusive advertising contracts. Note that exclusive advertising reduces the levels
of advertising. This leaves consumers less informed about competing products and
helps advertisers earn higher product margins on their products; recognizing this,
broadcasters charge a higher price for advertising. Anderson and Coate (2005) show
that the advertising level in a two-sided media market can be lower than the socially

10



optimal level. This is because each platform does not fully internalize the nuisance
costs of advertising and sets a high price for advertisers due to its local monopoly
power. In addition, as in Gal-Or and Dukes (2003) and Dukes and Gal-Or (2003),
each platform may strategically hold down the advertising level in their competition
for consumers (see also Peitz and Valletti (2008)). One might assume that platforms
would set a low price for content in an attempt to draw more consumers, and leverage
the larger consumer base to charge a higher price for advertisers. However, Godes
et al. (2009) show that in a duopoly, because of increased competition for advertisers
and the resulting lower price per impression, competing platforms charge a higher
price for content (compared to a monopolist). In contrast to prior papers, Ambrus
et al. (2016) allow for the possibility that consumers could multi-home. They find
that in the presence of multi-homing consumers, platforms have an incentive to
strategically increase the level of advertising. Note that multi-homing consumers
are exposed to advertisements on both platforms, and advertisers find them less
valuable compared to single-homing consumers. Thus a platform does not generate
as high an advertising revenue from the multi-homing consumers as it does from the
exclusive consumers. Given this reality, by increasing the level of advertising, both
platforms can reduce the body of multi-homing consumers and earn higher profits.
As discussed so far, prior literature primarily focuses on the advertising level. We,
however, examine the equilibrium pricing strategies and how they are affected by
single-homing, multi-homing, and asymmetric homing on the two sides of a media
market.

Our work also builds on the empirical literature on two-sided media markets.
Kaiser and Wright (2006) examine German magazine data in light of Armstrong
(2006). In keeping with Armstrong (2006), readers are subsidized. And unlike Arm-
strong (2006), but consistent with our framework, advertisers view the magazine as
differentiated. Wilbur (2008) estimates demand on both the advertiser and the con-

11



sumer sides of television industry. He finds that a 10% decrease in advertising level
increases audience size by 25%. Our formulation reflects this distaste for advertising

and explores its implications for the pricing strategy and profits of a platform.
2.3 Model

In this section, we present a duopoly model of a two-sided media market. The
two competing platforms offer consumers media content, and host the promotional
material of advertisers. Below we describe consumers, advertisers, and platforms in
order. We use the subscript I to denote the consumer side of the market and the

subscript J to indicate the advertiser side of the market.
2.3.1 Consumers

Let v; denote the base value that consumers derive from the contents of a media
platform. Consumers are heterogeneous in their preference for the two platforms,
and we let consumers be uniformly distributed on a Hotelling line of unit length
with Platform 1 located at the left end of the line and Platform 2 at the other end
of the line. The intrinsic utility that a consumer located at 6 on the Hotelling line
derives from joining Platform 1 is vy — t;6, where t; is the consumer’s sensitivity
to platform characteristics. However, if the consumer were to join Platform 2, the
corresponding intrinsic utility will be v; — ¢7(1 — ). Because each platform offers a
single product for consumers, the differentiation captured in the model reflects the
differentiation in content and the way in which the content is delivered to consumers.

Consumers are also heterogeneous in their dislike for advertising. We consider
two types of consumers: H-type consumers have a high sensitivity to advertising
(denoted by i), whereas L-type consumers have a low sensitivity to advertising
(denoted by vF with v# > ~4F). For expositional reasons, we assume that the mass

of each type of consumers is % Our analysis holds if we allow [ fraction of consumers
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to be of L-type and the remaining (1 — /) fraction of consumers to be of H-type with
0 < B < 1. Furthermore, without loss of generality, we normalize v = 0, implying
that L-type consumers do not mind receiving advertisements, and that the two-sided
market thus will not degenerate to a one-sided market. The indirect utilities that a
consumer of type A € {H, L}, who is located at 6 on the Hotelling line, derives from
joining Platform 1 and Platform 2 are given respectively by:

Ul)\I(e) = vy — 170 — "VY?O&J - p?} (2-1)

U2>\I(0) =vr —t;(1—-0)— ’W?C@J _pé\b (2.2)

where af ; is the expected number of advertisers in Platform k € {1,2}, p}; is the
price set by Platform k for a consumer of type A, and

o { 1 if the consumer is exposed to advertisements (2.3)

0 otherwise.

One can also view af ; as the expected intensity of advertising in Platform £ emanat-
ing from the unit mass of advertisers by virtue of their decision to join the platform.
As we will discuss later, the platform may allow consumers to avoid advertisements

by offering a menu of prices.
2.3.2  Advertisers

Advertisers join a platform to advertise their products and services. We assume
that advertisers are heterogeneous in their preference for the platforms, and let ad-
vertisers be uniformly distributed on a Hotelling line of unit length with mass one.
Consider the advertiser located at 6. If this advertiser expects to reach af; con-
sumers through Platform k, then the value of reaching those consumers is v oy,
where v;(> 0) represents the advertiser’s desire for consumers. The disutility the
advertiser experiences because of lack of fit with Platform 1 is ¢;60, and that with
Platform 2 is t;(1 — ), where t; is a measure of the advertiser’s sensitivity to plat-

form characteristics. Moreover, the advertiser derives some base value, vy, if it joins
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a platform and if the expected number of consumers in the platform is positive.
Thus, the (indirect) utilities that the advertiser at 6 derives on joining Platform 1

and Platform 2 are as follows:
U1J(9)=UJ—tJ9+’)/Ja§I—p1J (24)

Ug](e) ZUJ—tJ(l—Q)—F’}/JOlSI—pQJ, (25)
where pgs is the price Platform k sets for advertisers.
2.3.3 Platforms

Each platform earns profits from consumers and advertisers. In choosing its pricing
strategy for the consumer side of the market, a platform has two options: it can
either charge a uniform price for all consumers or offer a customized price for each
segment of consumers. When a platform offers customized prices, consumers can
choose to pay the high price and avoid advertisements or pay the low price and be
exposed to advertisements. Thus, consumers self-select the price they want to pay.
On the advertiser side of the market, each platform always sets a uniform price for all
advertisers. We normalize each platform’s marginal cost to zero so that a platform’s
profit maximization problem reduces to one of maximizing its revenue. Then, the

profits of Platform k are given by,

I QKT * Pkl + QkJ - DiJs under the uniform pricing strategy
k= : ..
ok pE+afl - pfh 4+ g pry, under the customized pricing strategy
(2.6)

where ar and «y; represent the realized demand from each side of the market.
2.8.4 Decision sequence

The game unfolds in three stages. In the first stage, both platforms simultaneously
decide whether to adopt a uniform pricing strategy or a customized pricing strategy
for the two segments of consumers. In the second stage, each platform sets the
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prices for consumers (pgr or {pt;, pk;}) and advertisers (pys) depending on the pricing
strategy chosen in the first stage of the game. This reflects the reality that media
firms can often change their prices without changing the broad pricing strategy.
Then in the third stage, consumers and advertisers simultaneously decide whether
to join both platforms or join one platform (and if so, which platform to join).
Consumers make this decision based on the observed prices and the expected level
of advertisements in each platform, whereas advertisers choose the platform to join
depending on the observed prices and the expected number of consumers joining each
platform. We assume that consumers and advertisers form rational expectations,
implying that the expectations are fulfilled in equilibrium. Furthermore, the two
sides of the market are fully covered in that consumers and advertisers join at least
one platform. To study the two platforms’ pricing decisions, we examine the subgame
perfect equilibrium. When there are multiple equilibria in the platforms’ pricing
strategy setting game, we focus on the equilibrium yielding the highest profits for
both platforms.

In the next section, we start our analysis by examining the simplest case where
both consumers and advertisers join only one platform (i.e., single-home). In subse-
quent sections, we explore the implications of agents multi-homing on one or both

sides of the platform.
2.4 Single-Homing Analysis

Suppose both consumers and advertisers join only one platform. To fully analyze
this case, we examine all three possible configurations of pricing strategies for the
two platforms in the following three subgames: Subgame 1 where both platforms
use a uniform pricing strategy, Subgame 2 where both platforms follow a customized
pricing strategy, and Subgame 3 where one platform adopts a uniform pricing strat-

egy and the other pursues a customized pricing strategy. Based on the equilibrium
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outcomes of the three subgames, we examine the platforms’ decisions on the pricing
strategies. We use the single-homing analysis provided in this section as a benchmark

to better understand other homing conditions analyzed in later sections.
2.4.1 Subgame 1: Symmetric Uniform Pricing Strategy

Recall that A € {L, H} denotes the type of consumers. If both platforms set a uniform
price for consumers, the location of the A\-type consumer who is indifferent between

joining Platform 1 and Platform 2 is given by:

07 = 5=(par — pir +77(05; — a$))) + 5. (2.7)

Since H-type consumers and L-type consumers pay the same price under a uni-
form pricing strategy, we can view the two segments as a composite market with the
“average” marginal consumer being

_ or+or
0r = =5

= ﬁ(pﬂ —pu +(as; —afy)) + %, (2.8)

H
where 77 is the weighted average of v* and v, implying 77 = % (since vF = 0).
Furthermore, we can treat v; as the “average” consumer’s dislike for advertisements.

The advertiser who is indifferent between joining Platform 1 and Platform 2 is

given by
0, = %(pw —pis — (g —af;)) + 5 (2.9)
In equilibrium, we have af; = 0; , af; = 0;, a5, = 1 —0; and o, = 1 — 0.

Let p denote the price vector (pir, p1s,p2r, p2s). Then, each platform’s profits can

be written as:
I = aq7(p) - pir + s (P) - pis (2.10)

I3 = aor(p) - par + 2s(P) - pas, (2.11)
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where the superscript “ss” denotes single-homing consumers and single-homing ad-
vertisers, the superscript “1” indicates Subgame 1 in which both platforms offer a
uniform price to consumers, and the subscript & € {1, 2} indicates the identity of the
platform.

On solving for the Nash equilibrium prices, we obtain:
Pir =P =tr =" (2.12)

Py =D =ts+ (2.13)

It follows that oy = ap = ay; = ayy = % Then each platform’s profits are given
by:

H‘iﬂ* = H;SI* = %(t[ + tJ) + %(”)/I - ’VJ) (214>

Detailed derivation of the equilibrium solution and the proofs for the claims made

in the paper are presented in the appendix.
2.4.2  Subgame 2: Symmetric Customized Pricing Strategy

Here we consider the case where competing platforms customize the price for each
segment of consumers. Recall that consumers can either pay a higher price and avoid
advertisements, or pay a lower price and tolerate advertisements. Therefore, when
both platforms adopt a customized pricing strategy, advertisers reach only consumers
who pay the low price. The platforms charge a uniform price to advertisers.

In our analysis, we first solve for the equilibrium solution assuming that H-type
consumers self-select to pay the high price whereas L-type consumers self-select to
pay the low price in both platforms. Later, we derive the conditions under which
the incentive-compatibility (IC) constraints for both types of consumers are satisfied.
Due to consumers’ ability to self-select, the original two-sided market is divided into
a one-sided market comprised of only H-type consumers, and a two-sided market
involving L-type consumers and advertisers. Therefore, the equilibrium solution

17



for the one-sided market consisting of only H-type consumers is derived as in the
standard Hotelling model, whereas the equilibrium solution for the two-sided market
involving L-type consumers and advertisers is similarly derived as in the previous
section. Below we present the equilibrium prices for consumers and advertisers,

relegating details of the derivation to the appendix:

prt = e =t (2.15)
P = =t (2.16)
piy =D =1t (2.17)

where p* is the price for H-type consumers, pZ¥ is the price for L-type consumers,

and py; is the price for advertisers (k = 1,2). In equilibrium, each platform’s share

of H-type consumers, L-type consumers and advertisers are as follows: afl* = afl* =

1
5

L¥x _ Lx __ 1 * 0 %
aif =y = gand aj; = ag; =

Given the equilibrium solution, we assess whether the IC constraints are satisfied.
It is sufficient to check the IC constraints for consumers joining Platform 1 because
the same conditions apply for consumers joining the other platform as well.! Since
L-type consumers joining Platform 1 would prefer to pay pXf and tolerate advertise-
ments instead of paying p* for an advertisement-free content, the IC constraint is
given by piF +~Fat, < pit*, or equivalently, pff < pil* (since vF = 0). On the other
hand, H-type consumers would prefer to access the platform without the nuisance of
advertisements, suggesting pil* < pk¥ + ~vHa¥ . Together, we have:
PiT <Pirf <piT taran, (2.18)
On substituting (2.15) and (2.16) into (A.22), the IC constraints can be simplified
to:

0 <~y <2 (2.19)

I More precisely, IC constraints include conditions where neither H-type consumers pay the low
price nor L-type consumers pay the high price of the other platform. Given symmetric prices, these
conditions are automatically satisfied as long as (A.22) holds because moving to the other platform
decreases the utility by an amount equal to the transportation cost.

18



Note that the left-hand side inequality always holds. Thus, L-type consumers
always choose the low price and tolerate the advertisements. The right-hand side
inequality requires that v be sufficiently large so that H-type consumers prefer to
pay the high price and avoid the advertisements. If the right-hand side inequality
fails, both L-type and H-type consumers would pay the low price and tolerate ad-
vertisements, implying that the equilibrium in which both platforms use customized
pricing will not exist.

Finally, each platform’s equilibrium profits are given by:

HiSQ* _ H§S2* _ %(tl + tJ) _ 4117‘] (220)

where “2”7 in the superscript indicates Subgame 2 in which both platforms set cus-
tomized prices for the two segments of consumers. It is useful to note that v# does
not affect a platform’s equilibrium profits. This is because when H-type consumers

are insulated from advertisers, the price advertisers pay is not affected by 7.
2.4.8 Subgame 3: Asymmetric Pricing Strategies

Now we turn to the case where one platform implements a uniform pricing strategy
while the other platform uses a customized pricing strategy for consumers. Without
loss of generality, assume that Platform 1 uses a uniform pricing strategy whereas
Platform 2 adopts a customized pricing strategy.? Both platforms charge a uniform
price for advertisers.

Because Platform 2 uses customized prices, H-type consumers can insulate them-
selves from advertising by choosing Platform 2. The resulting smaller customer base

makes the platform less attractive to advertisers. We find that the marginal consumer

2 Given that both platforms are symmetric, the equilibrium results will remain the same if the
strategy choices of the two platforms are reversed.
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of type A € {H, L} who is indifferent between the two platforms is as follows:
07 = 5 (P57 — pu) + 3 (2.21)

0f = 505 —pir —f'as,) + 3, (2.22)

and the marginal advertiser who is indifferent between the two platforms is given by:

0y = %(Pw —pry — vs(as; —afp)) + 3. (2.23)

L H
Furthermore, because the expectations are rational we have af; = fr+6r ;91 ,of; =0y,

oL

as; = ! 29’ and of; = 1 — 0. Then each platform’s profits are given by:
1'[?53 = ai7(p) - pir + a1s(P) - P1s (2.24)
I3 = ag;(p) - 3y + 037(P) - P37 + 025 (P) - P2, (2.25)
L _ L . H Lo 107 o ol = 20 he ab fi
whnere p = (pl]>p2j7p217le7p2J)7 Qop = 2 and Qo = 2 In the above pro t

expression, the superscript “ss3” indicates single-homing consumers, single-homing

advertisers, and Subgame 3. Using these profits and assuming that IC constraints

are satisfied, we derive the Nash equilibrium. Details of the derivation, equilibrium
prices, and profits can be seen in the appendix.

Given the equilibrium solution, the IC constraint that permits Platform 2 to

L Hx

implement two-tier pricing is similar to that in (A.22): pl* < pll* < pl* 4+ yHas

which can be rewritten as follows:
— 93 —6(y +tp)ys + (711—{2 + 6tpyE 4+ T2ty + T2ttty > 0 (2.26)

2 3
93 — 6(29H — t))72 + (8yHT — 18ty — T2t 1t )y — Ty + T2ty >0 (2.27)

Note that if any of these IC conditions is not satisfied, then we will not observe an

equilibrium in this subgame.
2.4.4  Platform Pricing Strategy

Based on the equilibrium profits of the preceding three subgames, we investigate the

pricing strategy that competing platforms might adopt in a two-sided market. To
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facilitate this analysis, we focus on the region where both platforms cater to both
sides of the two-sided market (see Lemma A.4 in the appendix for specific condi-
tions). Below we discuss the existence of equilibrium in the first-stage supergame
and then examine how consumers’ and advertisers’ sensitivities to each other affect
a platform’s pricing strategy. When two segments of consumers are heterogeneous
in their sensitivity to advertising, one might expect platforms to offer customized
prices. Yet we have the following result on customized pricing strategy when agents

single-home.

Proposition 2.1. In equilibrium, both platforms will not simultaneously adopt a

customized pricing strategy.

The rationale for this finding is two fold. First, when it could be profitable for
both platforms to adopt a customized pricing strategy, the IC constraint is violated
and thus a symmetric customized pricing cannot be implemented. Second, when
customized pricing could be implemented by platforms, it is Pareto dominated.

To appreciate the first rationale, note that given competing platform’s decision
to adopt a customized pricing strategy, a platform will prefer to offer customized
prices (instead of a uniform price) if ¥ is small but ~; is large. To see this, con-
sider the case where one platform chooses a uniform pricing strategy while the other
adopts a customized pricing strategy. In this case, many H-type consumers will join
the platform offering customized prices and insulate themselves from advertisements,
but many advertisers will be motivated to join a platform that charges consumers a
uniform price and provides them with access to H-type consumers. Then, by focusing
on a different side of the market, the two platforms can avoid intense competition
and earn more profits. However, the gains from this differentiation are reduced when
7vH is small and v is large. This is because a small v weakens H-type consumers’

preference for the platform offering customized prices, thus making both platforms
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focus on the L-type consumers and advertisers. In addition, a large 7, strength-
ens advertisers’ preferences for the platform with more consumers, thus intensifying
competition for L-type consumers. Therefore, the differentiation benefit is lost when
7vH is small and vy is large. In such a case, the platform is better off adopting a cus-
tomized pricing strategy when the competing platform employs a customized pricing
strategy. However, this is not feasible because when v is small and v, is large, the
IC constraint for the H-type consumers will not be satisfied. Specifically, when ~; is
large, p¥ (= t; — ~y;) is very small compared to pi%,. Moreover, because v is small,
H-type consumers are less sensitive to advertisements and are willing to pay the low
price and be exposed to advertisements rather than pay the high price and avoid
advertisements: p¥; + v#ay; < pf,. Therefore, it is not feasible for both platforms
to adopt a customized pricing strategy.

To see why customized pricing strategy is Pareto dominated, focus on the situ-
ation where platforms cannot pursue asymmetric pricing strategies because the IC
constraint for an asymmetric strategy is violated. In this case, both platforms can
use either a symmetric uniform pricing strategy or a symmetric customized pricing
strategy. However, a symmetric uniform pricing strategy yields higher profits than
a symmetric customized pricing strategy, whenever platforms can customize prices
H
i

ar
2

for the two types of consumers (that is, > 7y as given in equation A.23). To
understand this, note that under symmetric uniform pricing strategy, consumers’
dislike for advertisements reduces a platform’s incentive to compete for an extra
advertiser. This is because when more advertisers join a platform, it decreases the
utility consumers derive from the platform and thus fewer consumers join the plat-
form. As given in equation (2.13), the price for advertisers is ¢ + 77, which rises with
consumers’ dislike for advertisements. Thus, the profits of both platforms increase

with v, On the other hand, under symmetric customized pricing strategy, since

22



H-type consumers are insulated from advertisers, their dislike for advertisement is
irrelevant to the equilibrium profits of the platforms. Therefore, when ¥ is large
enough, by implementing a uniform pricing strategy, platforms can provide advertis-
ers with access to H-type consumers and thereby dramatically soften the competition
on the advertiser side of the market. Consequently, both platforms will not choose
a customized pricing strategy even when it is feasible.

Given the above impossibility result, we identify in the next proposition what

pricing strategies the competing platforms can adopt in equilibrium.

8t;. Then there exist thresholds vHA° and +Y such

Proposition 2.2. Suppose t; > =

that (1) when v > ~HY and v; < 7Y, competing platforms adopt asymmetric pricing
strategies with one platform using a uniform price and the other offering customized

prices; (2) otherwise, both platforms pursue a symmetric uniform pricing strategy.

Recall from Proposition 1 that both platforms will not offer customized prices
in equilibrium. Now Proposition 2 implies that when ¢; > %tl, it is possible for
one platform to offer customized prices if the other platform sets a uniform price
for consumers. To follow the intuition for this finding, first note that when ¢; >
%t 1, advertisers are less price sensitive than consumers (see also Iyer and Soberman
(2000)). At a given price, when advertisers become less sensitive to price, their
demand is likely to grow, exerting a greater negative externality on H-type consumers.
Then H-type consumers are likely to pay the high price and avoid advertisements
rather than pay the low price and tolerate the advertisements. This implies that
H-type consumers’ IC constraint is more likely to be satisfied in such a situation,
permitting one firm to offer customized prices and earn more profits from consumers
while the other firm offers a uniform price to both types of consumers and earns

more profits from advertisers.> Therefore, when t; > %t}, the two platforms can

3 Observe that the left-hand side of (A.49) increases with ¢; when v; < v# | which always holds
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implement different pricing strategies in equilibrium.

Now to understand the conditions when an asymmetric pricing strategy and a
uniform pricing strategy respectively emerge in equilibrium, suppose Platform 1 uses
a uniform price while Platform 2 adopts customized prices. Notice that Platform 2
appeals to H-type consumers because it can shield them from advertisements. This
gives Platform 2 an opportunity to charge a higher price for H-type consumers than
what it would charge under a uniform pricing strategy. Thus, Platform 2 earns
higher profits from H-type consumers by offering customized prices rather than a
uniform price for the two segments of consumers. On the other hand, advertisers
will find Platform 2 less attractive because it provides them with limited access
to consumers. Recognizing this, Platform 2 charges advertisers a lower price and
earns lower profits on the advertiser side of the market (compared to the case where
Platform 2 charges a uniform price to consumers). From Platform 2’s standpoint,
therefore, the relative profitability of adopting a customized pricing strategy (instead
of a uniform pricing strategy) depends on these two countervailing forces. When
grows larger, Platform 2’s profits from the consumer side of the market increase
because the utility that H-type consumers derive from Platform 1 is lower. In this
case, the gain on the consumer side of the market outweighs the loss on the advertiser
side. On the other hand, when v; becomes larger, the loss on the advertiser side
of the market increases because the competing platform (i.e., Platform 1) can offer
advertisers a higher utility. Moreover, the loss on the advertiser side of the market
may outweigh the gain on the consumer side of the market. Therefore, when Platform
1 adopts a uniform pricing strategy, it is more profitable for Platform 2 to choose a
customized pricing strategy if v is large but ; is small. Otherwise, it is optimal

for both firms to follow a uniform pricing strategy.

when asymmetric strategies constitute an equilibrium (i.e., when v# > 4H9 and ~v; < 79). Fur-
thermore, L-type consumers’ IC constraint is always satisfied as long as the equilibrium demand
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Symmetric Uniform Pricing Equilibrium

Advertisers' desire for consumers y,

Asymmetric Pricing Equilibrium

Consumers' dislike for advertisements yf,"

FIGURE 2.1: Pricing Strategy when Consumers and Advertisers are Single-homing
(t; =1, t; = 5).

Figure 2.1 illustrates how a platform’s choice of pricing strategy varies with v¥
and ;. In the blue-colored region we observe the symmetric equilibrium where both
platforms adopt a uniform pricing strategy, whereas in the red-colored region the
asymmetric equilibrium prevails. Having considered single-homing agents thus far,
we advance to investigate the equilibrium outcome when agents can multi-home on

one or both sides on the market.
2.5 Multi-Homing Analysis

We see consumers reading multiple newspapers, such as the Wall Street Journal
and New York Times, and firms releasing advertisements in both newspapers. This
section considers a model where both advertisers and consumers have the option of

joining either one platform (single-homing) or two platforms (multi-homing). Us-

for each platform is nonnegative.
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ing the model, we explore how the prospect of multi-homing influences equilibrium
pricing strategies.

Suppose both consumers and advertisers could join both platforms. When a con-
sumer single-homes, her utility from joining each platform is as given in equations
(B.37) and (B.38), whereas the corresponding utility for a single-homing advertiser
is given by equations (2.4) and (2.5). If a consumer chooses to join both platforms,
she obtains not only the intrinsic utility of joining one platform (v;) but also the
additional benefit of joining the second platform (d;). To appreciate the incremental
utility captured in d;, consider a consumer already subscribing to the Wall Street
Journal. By subscribing to the New York Times as well, the consumer could ben-
efit from the additional news and analysis covered in the New York Times that do
not appear in the Wall Street Journal. A downside to a consumer of joining both
platforms is that she experiences disutility from the total number of advertisements
in both platforms. Thus, the indirect utility derived from joining both platforms is
given by:

U?I(Q) =v;+ 07 —t; — 7}‘(1@10zi’J + Koty ;) — P11 — Dar (2.28)

where A\ € {L,H} is the type of consumer, k; € {0,1} indicates whether or not
consumers are exposed to advertisements in Platform & (k = 1,2), and of; and af;
are the expected amount of advertisements in each platform. Moreover, of ;+a5; > 1
since advertisers are allowed to multi-home. In addition, p;; and po; are the prices
set by the platforms. Recall that when a platform sets two prices, the price that
a consumer pays is denoted by py; where k € {1,2} and X\ € {H, L}. Furthermore,
the utility derived by a multi-homing consumer does not depend on her location ().
This is because, regardless of her location, the consumer should travel to both ends

of the Hotelling line to reach both platforms: 6 + (1 —6) = 1.
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Similarly, the utility of advertising in both platforms can be derived as:

U3J(9):'UJ"‘(SJ—tJ‘F/YJ(OZiI—{‘O{SI)_plj—pgj, (229)

where 07 is the incremental intrinsic value from the second platform, and of; and
a§; are the number of consumers that the advertiser expects to reach through each
platform. As noted earlier, af; + a5, = 1 since consumers are allowed to multi-home.

As in the previous section, we first discuss the three subgames: Subgame 1 where
both platforms use a uniform pricing strategy, Subgame 2 where both platforms
adopt a customized pricing strategy, and Subgame 3 where one platform uses a
uniform pricing strategy while the other uses a customized pricing strategy. Then,

we examine the equilibrium pricing strategies of both platforms.
2.5.1 Subgame 1: Symmetric Uniform Pricing Strategy

Suppose both platforms adopt a uniform pricing strategy for consumers. Since con-
sumers are allowed to either multi-home or single-home, we have two marginal con-
sumers: one indifferent between joining Platform 1 only and joining both platforms
(67y;), and the other indifferent between joining Platform 2 and multi-homing (655;).
Denote the utility that a consumer located at 6 derives from joining Platform 1,
Platform 2 and both platforms by U (6), Usy(9), and Usy(0) respectively. Then by
solving U (0) = Uz () and Usy(0) = Usy(6), we obtain 035, and 05, as follows:

O =1 — i - (0r =77 - ol — par) (2.30)

92/\31 = % (01 =7 - af; = pur)- (2.31)

Now to ensure that at least one consumer multi-homes, we should have 035, < 0,
A € {H,L}. Hence we focus attention on the parameter space where this condition
holds. Given this, consumers in the interval [0, 67y;) join only Platform 1, consumers
in the interval [07y;, 655;] join both platforms, and consumers in the interval (63;;, 1]
join only Platform 2 where A\ € {H, L}. Then, as in the previous section, we define
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« ”» . _ 01500y, _ 035 +055; .

the “average” marginal consumers 60137 = =213 and fy3; = 232 as follows:
O3 =1 — % ) (51 — V1 Qgg — sz) (2'32)
o3r = % : (51 — 1 a1y —pll) (233)

,YH
where 77 = .

Similarly in the advertiser market, we consider two marginal advertisers:
913]21_%‘<5J+'7J'Oégl_pgj)7 (234)

923J= %-(5J+’)/J'()é§[—plj>. (235)

Note that marginal advertiser #,3; is indifferent between joining Platform 1 and
multi-homing while 3 is indifferent between joining Platform 2 and multi-homing.
Thus, advertisers in the interval [0,6;35) join only Platform 1, advertisers in the
interval [0137, 6237] join both platforms, and advertisers in the interval (13, 1] join
only Platform 2. Also note that to ensure the existence of multi-homing advertisers,
we consider the parameter space satisfying 0135 < fa3;.

Then we obtain the demand functions by solving Os3; = af;, bhsr = 1 — o5,
Os3; = af;, and 0135 = 1 — af;. The profits of the two platforms are as given

in equations (2.10) and (2.11). The resulting equilibrium prices and profits are as

follows:
piy = phy = Aot Gyt (2.36)
p>1kJ _ p;J _ 2tJt16J+(Zglirji)(gléijj)yé,—yl)ylaj (2‘37)
Iyt — g — SO Oy, (2.38)

where the superscript mm1 denotes Subgame 1 in which both consumers and adver-

tisers multi-home.
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2.5.2  Subgame 2: Symmetric Customized Pricing Strategy

Now suppose both platforms set customized prices for consumers. As in the single-
homing case, the two-sided market is divided into a one-sided market comprised of
only H-type consumers and a two-sided market with L-type consumers on one side
and advertisers on the other side.

Assuming that H-type consumers self-select to pay the high price and avoid ad-
vertisements while L-type consumers choose to pay the low price and tolerate adver-

tisements, we derive the equilibrium prices of this game as follows:

pit =i =4 (2.39)
—~2)—

pif =i = MG (2.40)
S7+4t16

Phy = pay = MO (2.41)

where pl* and pll* are the prices for H-type consumers, pl# and pl are the prices for
L-type consumers, and p}; and p3; are the prices for advertisers as set by Platforms
1 and Platform 2, respectively. Given these equilibrium prices, L-type consumers
always choose to pay pXf and tolerate the advertisements. On the other hand, H-
type consumers choose to avoid advertisements and pay pit* if and only if v; < 2vE.

It follows that the equilibrium demand of each platform on each side of the market

‘e o . Hx __ _Hx __ 0 Lx _ Lx _ 2tj01+v50y * % _ vg0r+4tryg
is given by: ai}" = a5} = ool = agp = St 2 and af; = a5; = St

By definition, we should have a;; < 1 and ax; < 1 for k € {1,2} and X € {H, L}

in equilibrium. Furthermore, to ensure at least one multi-homing consumer and

advertiser, we have a;F > 1 and o ; = 2. When these conditions are satisfied, the

1
1
equilibrium profits are given by,

mm2% _ pymm2% _ 16t1(650%4+t163)+v507(8t165—v561)
11y =1 - 8tr(8trts—v7) ’ (2.42)

where the superscript mm2 denotes Subgame 2 in which both consumers and adver-

tisers multi-home.
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2.5.8 Subgame 3: Asymmetric Pricing Strategies

Next we turn attention to the subgame where one platform (Platform 1) implements
a uniform pricing strategy while the other platform (Platform 2) adopts a customized
pricing strategy for consumers. Given that Platform 2 is offering customized prices,
as in the single-homing case, H-type consumers can choose Platform 2 and insulate
themselves from advertisements or choose Platform 1 and tolerate advertisements.
Irrespective of the chosen platform, however, L-type consumers will be exposed to
advertisements. In this setting, advertisers have access to both types of consumers
if they choose Platform 1 but only to L-type consumers if they choose Platform 2.
It is useful to note that because agents can multi-home, H-type consumers can also
join both platforms, in which case they will be exposed to advertisements only in
Platform 1. L-type consumers and advertisers can also join both platforms.

As in the previous section, we obtain the equilibrium prices of this game as

follows:
Pl = Q(V}q*%J)Zéf;;gg?i;jggf{+2’YJ)5J} (2.43)
port =% (2.44)
ph = Mttt (2.45)
P, = (QWﬂfhisij:f_t‘(]y{?fti‘g)(ﬁHW)&I} (2.46)
phy = M) (2.47)

Observe that the prices that Platform 1 charges remain identical to those in Subgame

1 where both platforms adopt a uniform pricing strategy (after applying v; = g},
while the prices that Platform 2 sets are exactly the same as those of Subgame 2
where both platforms adopt a customized pricing strategy. This observation implies
that the IC constraints of this game are identical to those in Subgame 2, and thus

equivalent to v; < 2y, Tt also implies that the equilibrium demand of Platform 1
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in each market is identical to that in Subgame 1 while that of Platform 2 is identical

to that in Subgame 2. Finally, the equilibrium profits are given as follows:

mm3x __ 467(t501+7565)+20(2t16;—vH61)
I - 16trt;—(vf —27.7)?) (2.48)

mm3% _ 16t1(t 67 +t16%)+vs01(8t185—561)
I 8tr(8trty—v7) ’ (2.49)

where the superscript mma3 denotes the third subgame when both consumers and

advertisers multi-home. Again, note that II7"™3* = TI7"™!* and that T15"3* = 152+,
2.5.4  Platform Pricing Strategy

Now using the equilibrium profits of the three subgames, we examine the supergame
where platforms decide on the pricing strategy for consumers. In particular, we
explore whether a platform should adopt a uniform pricing strategy or pursue a
customized pricing strategy. On studying the supergame, we have the following

results on the existence and the condition of the pricing equilibrium.

Proposition 2.3. When both consumers and advertisers multi-home, the two com-
peting platforms will not use asymmetric pricing strategies in equilibrium. However,

they can simultaneously adopt a customized pricing strategy.

It is important to note that this finding is different in significant ways from the
single-homing results. First, when agents single-home, platforms can use asymmetric
pricing strategies (see Proposition 2.2); but when agents multi-home, we do not
observe asymmetric pricing strategies in equilibrium. Second, both platforms cannot
simultaneously adopt a customized pricing strategy when agents single-home (see
Proposition 2.1), but they can if agents multi-home.

To understand the proposition, note that multi-homing by consumers and adver-
tisers fully softens the competition between the two platforms. To further appreciate

this, observe that a platform’s demand on both sides of the market is a function
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of only its own prices, not the other platform’s prices: for example, in the case of

symmetric uniform pricing by both platforms, we have:

arr = g [(0r = i)ty — (65 — pig)i] (2.50)
ary = s [0 = pu)ts = (01 = par)vs] (2.51)
aar = g [(0r — par)ty — (87 — p2s)i] (2.52)
Qo = m [(05 = pas)tr — (0r — par)vs] (2.53)

The reason why a platform’s demand is not affected by its competitor’s price is
because each platform’s demand is determined by the marginal agents (marginal
consumer as well as marginal advertiser) who are indifferent between joining only
the competing platform and joining both platforms. For example, the total consumer
demand for Platform 1 is determined by the marginal consumer 6s3; who is indif-
ferent between joining only Platform 2 and joining both Platform 1 and Platform 2.
These marginal agents decide whether or not to join the focal platform while always
joining the competing platform. Thus, their decision is driven by the price of the fo-
cal platform, not the price of the competing platform, implying that each platform’s
demand on each side of the market is determined only by its own price. There-
fore, when consumers and advertisers multi-home, they effectively turn the duopoly
market into two local monopolies. Consequently, the profits of a platform are not
affected by the competing platform’s pricing strategy. Thus, if a platform finds a
pricing strategy (either uniform or customized) more profitable, the other platform
also finds the same strategy more profitable. In equilibrium, therefore, both plat-
forms always choose identical pricing strategies. On further examining when we
will observe symmetric uniform pricing strategy and symmetric customized pricing

strategy, we have the following result:

Proposition 2.4. When both consumers and advertisers multi-home, there exists
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FIGURE 2.2: Pricing Strategy when Consumers and Advertisers are Multi-homing
(tr=1,t;=5,0; = 1.5, 6, = 7.5).

HO00

a threshold yH% such that if v > 7% both platforms adopt a customized pricing

strateqy; otherwise both platforms implement a uniform pricing strategy.

This proposition clarifies that both platforms will adopt a customized pricing
strategy when H-type consumers’ dislike for advertisements is above a threshold, but
adopt a uniform pricing strategy otherwise. The rationale for this finding is as follows.
When ~v# is large, H-type consumers dislike advertisements so much that they will
not join a platform implementing a uniform pricing strategy because it will expose
them to advertisements. Then, a platform can draw more consumers by offering
customized prices and insulating H-type consumers from advertisements. However,
advertisers will find this platform less attractive because it does not provide access
to H-type consumers. Nevertheless, when v > H00 the gain from the consumer
side is large enough to compensate for the loss on the advertiser side of the market.
Therefore, it is more profitable for a platform to adopt a customized pricing strategy.
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Because a platform’s profits do not depend on the decision of the other platform,

both platforms adopt a customized pricing strategy when vH > ~00

. In contrast
to the single-homing case analyzed in the previous section, now the IC constraints
do not contradict the condition for platforms to implement a customized pricing
strategy. Under the IC constraints, H-type consumers would choose to pay the high
price because they strongly dislike advertisements. In such a case, shielding H-type
consumers from advertisements by offering customized prices is more profitable for
the platform.

Next, if v/ is not large enough, insulating H-type consumers from advertisers
would just reduce the demand on the advertiser side of the market without a large
increase in the demand on the consumer side of the market. Consequently, both
platforms find it more profitable to pursue a uniform pricing strategy. To help
appreciate these results, Figure 2.2 illustrates how a platform’s choice of pricing
strategy varies with 47 and v;. In the blue-colored region both platforms adopt
a uniform pricing strategy, while in the yellow-colored region both platforms use a

customized pricing strategy.
2.6 Analysis of One-Sided Multi-Homing

Section 4 examined the pricing strategy of duopoly platforms when both consumers
and advertisers single-home, whereas Section 5 investigated the pricing strategy when
agents on both sides of the market multi-home. In practice, we also observe cases
where only one side of the market multi-homes. For example, in the streaming
music market, consumers are most likely to join either Spotify or Pandora but not
both, whereas advertisers could promote their products in one or both platforms.

In this section we consider a two-sided media market where advertisers multi-home

34



but consumers single-home.* This analysis helps us to understand how the strategic
implications of one-sided multi-homing are different from those of two-sided multi-
homing (section 2.5) and two-sided single-homing (Section 2.4).

Consider the case where advertisers multi-home but consumers do not. The
utility that consumers derive on joining a platform is the same as that given in
Section 2.4 (see equations (B.37) and (B.38)). Likewise, the utility that advertisers
derive from joining a single platform is as given in equations (2.4) and (2.5). However,
when an advertiser joins both platforms, its utility is given by equation (A.162). As
discussed earlier, the total consumer demand for the two platforms adds up to 1
(i.e., af; +a5; = 1) because consumers single-home, but the total advertiser demand
could exceed 1 (i.e., af; + a5; = 1) because advertisers may multi-home.

As in the previous two sections, we start our analysis by deriving the equilibrium
solution for each of the three subgames. Because the analysis is very similar to those
reported in the previous two sections, we do not repeat it here but present it in
the appendix. Furthermore, we focus attention on the key results that are different
from the single-homing analysis reported in Section 4 and the multi-homing analysis
reported in Section 5.

In this section, we first examine how the profits of the platforms are affected by
H-type consumers’ sensitivity to advertising and advertisers’ desire for consumers.
For clarity, we focus on the subgame where both platforms use a uniform pricing but
qualitative results also hold for the other subgames. To begin, we note that when
both consumers and advertisers single-home, each platform’s profits decrease in 7;
but increase in ;. This is because a greater +; softens competition for an additional
advertiser while a greater «y; intensifies competition for an additional consumer (see

also Armstrong 2006). When both consumers and advertisers multi-home, on the

4 Tt is less likely that when consumers can multi-home, advertisers only single-home. However,
the analysis of such a market yields qualitatively similar results as those reported in this section,
and it can be availed upon request.
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other hand, each platform’s profits increase in 4; but decrease in ;. This is because
multi-homing agents effectively turns a duopoly into two local monopolies and thus,
the competition-moderating effect of cross-side network externalities has no ground.?
We now examine the platforms’ profits when consumers single-home but advertisers

multi-home.

Proposition 2.5. When only advertisers multi-home and both platforms set a uni-
form price for consumers, a platform’s profits (a) increase in vy but decrease in v,
when vy < %VJ, (b) decrease in ~y; but increase in vy when vy > 37y, (¢) increase in

both v; and ~v; when v is between %w and 3.

Notice that Part (a) of the above result is akin to what we observe in the single-
homing model, whereas Part (b) is similar to what we see in the multi-homing model.
This is because when one side of the market single-homes while the other side multi-
homes, the equilibrium result depends on the balance of two forces: the intensity of
competition on the single-homing side of the market (i.e., the consumer side), and
the market expansion on the multi-homing side of the market (i.e., the advertiser
side). The size and direction of these forces depend on the relative size of the two
externality parameters.

When v; < %’y 7, H-type consumers are less sensitive to advertising and advertisers
have a higher desire for consumers. In this case, each platform can build a larger
base of advertisers. Moreover, because now an additional consumer could increase the
willingness to pay of its entire base of advertisers, the competition on the consumer
side of the market is in general, very intense. In this context, an increase in v,
expands the advertiser side of the market for each platform, thereby intensifying
the competition for consumers. This hurts each platform’s profits. On the other

hand, an increase in v# (and thus in ;) makes H-type consumers more sensitive

5 See Claims A.1 and A.2 in the Appendix for the proof of the single-homing and the multi-homing
cases.
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to advertisements and thus renders expanding the advertiser side of the market less
attractive for both platforms. This attenuates the competition for an additional
consumer, and thus increases both platforms’ profits.

We observe the opposite result when v; > 3v;. To appreciate this finding, note
that when H-type consumers are more sensitive to advertising and advertisers care
less for consumers, it is harder for each platform to build a large base of advertisers,
in which case the value of attracting an additional customer is low. Hence the two
platforms do not fight intensely for an additional customer on the consumer side
of the market. In this situation, an increase in 7, increases advertisers’ utility and
thus expands the advertiser market for both platforms, but this market expansion
minimally affects the competition for consumers, since the advertiser base is relatively
small. Hence we see an increase in each platform’s profits. On the other hand, an
increase in ; makes consumers more sensitive to the number of advertisements,
shrinks the advertiser side of the market, and decreases each platform’s profits.

For intermediate values of advertiser’s sensitivity to advertising (%v 7 <71 <3vy),
we find that an increase in 7y softens competition for consumers without substantially
shrinking the advertiser market. Moreover, an increase in v; expands the market for
advertisers without intensifying competition on the consumer side of the market.
Consequently, an increase in either v; or v, improves a platform’s profits.

Shifting attention to the equilibrium pricing strategy, first note that three con-
figurations of pricing strategies are possible: both platforms using a uniform pricing
strategy, both platforms using a customized pricing strategy, and platforms using dif-
ferent pricing strategies. Recall that when consumers and advertisers single-home,
both platforms cannot simultaneously adopt customized pricing in equilibrium (See
Proposition 2.1). Also recall that when consumers and advertisers multi-home, they
cannot use asymmetric pricing strategies (See Proposition 2.3). When only adver-
tisers multi-home, we have the following result.
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Symmetric Uniform Pricing Equilibrium
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FIGURE 2.3: Pricing Strategy when only Advertisers are Multi-homing (¢; = 1,
t;y=5,0;,="75).

Proposition 2.6. When advertisers multi-home and consumers single-home, both
platforms can adopt a customized pricing strateqy and asymmetric pricing strategies

i equilibrium.

To appreciate the intuition, let us examine how changes in v affect equilibrium

behavior (while keeping 7, fixed). Define ”yf](l) and 7}{(2) as thresholds in v at which

(1), a uniform pricing

one platform changes the pricing strategy. First, when v < 'yfl
strategy is more attractive to both platforms. This is because if platforms were to
adopt customized prices, they will protect H-type consumers from advertisers, and

shrink the advertiser market without substantially increasing the revenue from H-

type consumers (compared to the case of adopting a uniform pricing strategy). Next,

H(1)

H(2
when 7 € [y, 47 ®)]

, adopting a customized pricing strategy becomes more attrac-
tive. Now, one of the two platforms is willing to switch to a customized pricing while
the other stays with a uniform pricing strategy. This is because differentiated pricing
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strategies help the two platforms avoid intense price competition on the consumer
side of the market. Recall that when both consumers and advertisers multi-home,
we do not observe such an asymmetric pricing equilibrium because the two platforms
are not competing for the same marginal consumer. Finally, when v# > 7}1(2), the
benefit of adopting differentiated pricing strategies is outweighed by the relative at-
tractiveness of using a symmetric customized pricing strategy. Therefore, the second
platform also switches to a customized pricing strategy. Recall that in the single-
homing analysis, we do not obtain such a symmetric customized pricing equilibrium,
because the incentive compatibility constraints are not consistent with the condition
for the equilibrium. Now the IC constraints hold whenever both platforms choose a
customized pricing strategy. Figure 2.3 illustrates how the equilibrium pricing strat-
egy changes with v and ;. We observe a symmetric uniform pricing equilibrium in
the blue-colored region, an asymmetric pricing equilibrium in the red-colored region,
and a symmetric customized pricing equilibrium in the yellow-colored region. Thus,
when only advertisers multi-home, we observe in equilibrium all the three possible

configurations of pricing strategies.
2.7 Conclusion

The goal of the paper is to investigate the issue of price customization in a two-
sided media market. Some of our intuition might suggest that a platform should
offer customized prices if two segments of consumers are quite heterogeneous in their
sensitivity to advertisements. Yet, when two platforms compete for single-homing
consumers on one side and single-homing advertisers on the other side of the market,
it is not possible for both platforms to adopt a symmetric customized pricing strategy.
In fact, often both platforms will adopt a symmetric uniform pricing strategy. This
is because when both platforms adopt a uniform pricing strategy they can leverage
H-type consumers’ dislike for advertising to soften the competition on the advertiser
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side of the market. Even in instances where advertisers’ desire for consumers is low
and H-type consumers’ dislike for advertising is high, only one platform will offer
customized prices. This is because by adopting asymmetric pricing strategies, the
platform with uniform prices can focus on profiting from the advertiser side of the
market, whereas the platform with customized prices can earn more profits from
the consumer side of the market, and this differentiated strategy helps to soften
inter-platform competition.

When both consumers and advertisers multi-home, however, competing plat-
forms do not adopt asymmetric pricing strategies. Moreover, both platforms might
adopt a symmetric customized pricing strategy. To understand why, recall that when
consumers multi-home, they eliminate the competition between the two platforms.
Then, cross-side externalities no longer play a role in moderating competition and
there is also no need to soften competition by adopting differentiated pricing strate-
gies. Hence, both platforms behave as though they are local monopolists. Therefore,
the direct effects of the cross-side externalities determine the pricing decisions of
both platforms: when advertisers’ desire for consumers is higher, both platforms use
a symmetric uniform pricing strategy; whereas when H-type consumers’ dislike for
advertising is higher, both platforms pursue a symmetric customized pricing strategy.

Sometimes, multi-homing is observed on only one side of the market. In a market
where consumers single-home and advertisers multi-home, we obtain a very different
pattern of results. First, in contrast to the multi-homing model, both platforms can
pursue asymmetric pricing strategies. This is because when consumers single-home,
they make the platforms compete head to head for the marginal consumer, and thus
platforms strive to soften the competition by employing differentiated pricing strate-
gies. In this case, one platform adopts a customized pricing strategy while the other
platform uses a uniform pricing strategy. Second, in contrast to the single-homing
model, both platforms may adopt a symmetric customized pricing strategy. We ob-
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tain this result because when advertisers multi-home, platforms no longer compete
for the same marginal advertiser and hence differentiated pricing strategies become
less attractive to both platforms. Thus, platforms use a symmetric customized pric-
ing strategy when H-type consumers’ sensitivity to advertising is high. Moreover,
the IC constraints are consistent with the condition for the symmetric customized
pricing equilibrium.

Our results have important implications for the pricing strategies of media plat-
forms. For example, when both consumers and advertisers can multi-home, as in
the case of newspapers such as the New York Times and Wall Street Journal, com-
peting platforms might optimally choose the same pricing strategy given any pair of
externalities. Thus, in the absence of the information on cross-side externalities, it
is optimal to follow the pricing strategy of the competing platform. However, when
consumers rarely multi-home, as in the case of music streaming services such as Spo-
tify and Pandora, it is possible for competing platforms to adopt asymmetric pricing
strategies. Finally, the changes in the magnitude of the externalities may motivate
firms to alter their pricing strategies. Perhaps, Hulu’s recent change from a uniform
to a customized pricing strategy could be ascribed to an increase in consumers’ sen-
sitivity to advertising. A decrease in the advertisers’ desire for consumers could have
also motivated Hulu to adopt a uniform pricing strategy. Thus, it is important for a
media platform to carefully examine the characteristics of both sides of the market
and its competitor’s action when formulating a pricing strategy.

Two-sided media markets constitute a thriving business. In this paper, we have
theoretically analyzed some relevant issues and many others await further research.
For example, future work could consider extending the model to include more than
two sides. While our model allowed for two consumers segments, there was no
strategic interaction between them. Further research could explore the implications
of such a strategic interaction. There is an opportunity to empirically validate our
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model predictions using field data (e.g., Tucker and Zhang (2010), Sen et al. (2012)
as well as lab experiment (e.g., Lim and Ho (2007) , Amaldoss and Shin (2011) ).
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3

Media Platforms’ Content Provision Strategy and
Source of Profits

3.1 Introduction

A media platform, such as Spotify, the Wall Street Journal or Hulu, leverages the
content produced by artists, columnists, or studios to attract consumers. Advertisers
are keen to reach these consumers to promote their products and services. This
gives the media platform an opportunity to earn profits from the two sides of its
market: consumers and advertisers. We see platforms, such as the paid newspapers
and paid TV channels, generating revenue from both sides of the market. Some
other platforms, such as the Huffington Post, offer free content to consumers and
earn all their profits from advertisers. In contrast, ad-free platforms, such as the
streaming music platform Tidal, earns its entire profits from consumer subscription.
Tidal explicitly announces to the public that it “does not generate revenue through
advertising placement in its service.” ! Thus media platforms employ a variety of
strategies, and this divergence in practice raises an interesting question. When should

a media platform adopt each of these strategies: paid content with advertising, paid

L http://tidal.com/soc/
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content with no advertising, and free content with advertising? Underlying this issue
is an inherent tradeoff that media platforms face. On the one hand, media platforms
need to allocate space or bandwidth for content so that more consumers are drawn to
the platform. On the other hand, the space or bandwidth could be used to generate
advertising revenue, but too much advertising can deter consumers from visiting the
platform.

Prior research on two-sided markets has not focused attention on how a platform
allocates its limited space (or bandwidth) for content and advertising. This allocation
decision is crucially related to a platform’s source of profits. The literature simply
assumes the way a platform earns profits, without making the source of profits an
endogenous outcome of the model. For example, in Rochet and Tirole (2006) it
is assumed that the platform charges both consumers and advertisers, whereas in
Anderson and Coate (2005) the platform is assumed to operate on both sides of the
market but earns all its profits from advertisers. The literature ignores the fact that
some platforms, such as Netflix, strategically choose to forgo advertising revenue.

In this paper, we take a step toward theoretically examining a media platform’s
strategic allocation of bandwidth for content and advertising, and its source of profits.
Consider a media market where consumers are on one side and advertisers are on
the other side. To cater to its consumers, a media platform procures content from
independent content supplier(s). Upon analyzing this three-sided market, we find
that as long as advertising does not significantly annoy consumers, a platform earns
profits from advertisers by allocating a proportion of its space for advertisements.
Whether or not a platform earns profits from consumers profits, however, depends
on the price of content. If content price is low, a platform purchases a large amount
of content and charges consumers for it. But if the content is expensive, a platform
purchases the bare minimum content, provides it for free and generates all its profits
from advertisers. On studying how a platform’s source of profits is moderated by the
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structure of both the content market and the platform market, we observe interesting
results.

First, one may expect inter-platform competition to force a platform to allocate
a higher proportion of space for content, and earn less profits from advertisers. In
contrast to this intuition, our analysis of a perfectly competitive content market
shows that inter-platform competition motivates a platform to rely more on adver-
tising profits by switching from paid-content-paid-content strategy to free-content
strategy. By strategically reducing the proportion of content, a duopoly platform
reduces the competition for consumers. Yet, the opposite can happen in monopoly
content market: inter-platform competition may motivate a platform to switch from
a free-content strategy to a paid-content-with-ads strategy. To understand the ratio-
nale for this reversal in result, note that the price of content is its marginal cost in a
perfectly competitive content supplier market. A monopoly content supplier, how-
ever, sets different prices for content depending on whether it is facing a monopoly
platform or a duopoly platform. The monopoly content supplier recognizes that a
duopoly platform is more sensitive to the content price than a monopoly platform be-
cause hosting less content reduces a duopoly platform’s competition for consumers.
Additionally, if consumers’ desire for content is low, a duopoly platform is even
more price sensitive than a monopoly platform. As a result, if consumers’ desire for
content is sufficiently low, the monopoly supplier charges a low content price for a
duopoly platform and it motivates the platform to use a paid-content-with-ads strat-
egy, whereas the monopoly content charges a higher content price for a monopoly
platform and it induces the platform to adopt a free-content strategy.

Second, one may expect a platform to earn higher profits when paying a lower
price for the content it procures from the supplier. Counter to view, we find that
a lower content price can hurt a platform. This happens when platforms compete.

To appreciate the result, notice that though a lower content price helps a competing
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platform save on the cost of content, it motivates them to compete for consumers by
allocating more bandwidth for content, thereby reducing advertising revenue. Now
if the original content price is high, then the cost saving may not compensate for the
loss in advertising revenue, thus hurting the profits of competing platforms.

Third, the conventional view is that a monopoly platform can earn more profits
than a duopoly platform. Yet our analysis shows that a monopoly platform can earn
less profits. In particular, a monopoly content supplier extracts all the profits of
a monopoly platform but not those of a duopoly platform when platforms adopt a
free content strategy. To follow the intuition, note that when a monopoly platform
pursues a free-content strategy, it strives to attract consumers so that it can profit
from the advertisers (who are interested in reaching those consumers). In this case,
the platform provides the bare minimum content to sustain its customer base. In-
terestingly, this minimum level of content is inelastic to content price, helping the
content supplier to extract all the surplus from the media platform. The result,
however, is very different when media platforms compete. Now each platform care-
fully balances the revenue from allocating more bandwidth for content against the
foregone advertising revenue as well as its cost (i.e., the content price). Hence, each
competing platform’s demand for content is sensitive to content price, and this helps
the platform to earn positive profits.

Fourth, when advertisers’ valuation for consumers increases, one may think that
a platform will host more advertising. This intuition, however, is incorrect when a
platform adopts a free-content strategy. To see why, notice that if the platform is a
monopolist, it provides consumers the minimal amount of content and thus cannot
further reduce the content to accommodate more advertising. If the platform is a
duopolist, it hosts even less advertising because each consumer can bring more adver-
tising revenue as advertisers’ valuation of consumers increases. Then to compete for
these valuable consumers, a duopoly platform ends up offering a higher proportion of
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content, thus reducing the advertising in its platform. Consistent with our intuition,
when a platform adopts a paid-content-with-ads strategy, its hosts more advertising.
This is because when consumers become more valuable, now a platform can attract
them consumers with a lower price. This flexibility enables a platform to host more
advertising and take advantage of advertisers’ higher willingness to pay.

Finally, as advertisers’ higher valuation for consumers benefits a media platform,
one may believe that may also benefit a content supplier. But we identify circum-
stances when a content supplier is hurt by an increase in advertisers’ valuation of
consumers. First, when a monopoly supplier sells content to a platform using a paid-
content-with-ads strategy, then for a given content price the platform purchases less
content if advertisers valuation of consumers increases . This resulting inward shift
of the content demand curve hurts the monopoly content supplier’s profits. Next,
when a duopoly content supplier sells to a platform using a free-content strategy,
the duopoly supplier earns more revenue from selling content because it can charge
a higher content price (if it faces a monopoly platform), or because the content de-
mand curve shifts outward (if it faces duopoly platforms). This increase in revenue,
however, motivates each supplier to exert more effort toward shaping consumers’
preference for its content. Now if the marginal cost of shaping consumers’ preference
is small, each supplier spends more on shaping consumes’ preference, and the result-
ing the increase in content revenue does not make up the incremental expenditure.
Consequently, each supplier is worse off.

Related Literature. The seminal work on two-sided platforms highlights the cross-
side externalities in buyer-seller markets and provides a theoretical framework for an-
alyzing these markets (e,g., Caillaud and Jullien (2003), Rochet and Tirole (2003),
Rochet and Tirole (2006), Armstrong (2006) , Armstrong and Wright (2007)). Re-
searchers have examined various issues such as platform competition ( Rochet and
Tirole (2006), Armstrong (2006)), pricing (Weyl (2010) , Chao and Derdenger (2013),
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and network asymmetry (Ambrus and Argenziano (2009)) in these two-sided mar-
kets.

Our research is directly related to the literature on two-sided media markets.
Empirical evidence suggests that consumers dislike advertisements (Wilbur (2008)),
whereas advertisers like to reach consumers (Argentesi and Filistrucchi (2007)).
Dukes and Gal-Or (2003) show that broadcasters can benefit from offering exclu-
sive advertising contracts. This is because exclusive advertising contracts soften the
competition in the product market and help advertisers earn more profits, which per-
mits the broadcasters to charge higher prices for advertisers. Anderson and Coate
(2005) show that depending on the extent to which consumers regard advertising as
a nuisance, competing platforms may over-provide or under-provide advertisements
(compared with the socially optimal level of advertising). Godes et al. (2009) find
that competition for advertisers makes a competing platform less willing to under-
cut the price for consumers. Amaldoss et al. (2016) identify the conditions under
which competing platforms may offer consumers the option of paying a high price
in order to avoid advertisements and when they would not offer consumers such an
option. Research shows that consumers who switch between channels are less valu-
able than exclusive consumers (Ambrus et al. (2016) and Athey et al. (2013)). As
the proportion of such multi-homing consumers increases, each platform increases
the advertising level and earns less profits. This body of literature focuses on the
consumer-side and the advertiser-side of the media market but abstracts away from
the content-side of the market. The platform in our model connects three sides of the
media market: consumers, advertisers, and content suppliers. Moreover, unlike most
existing studies that only capture consumer’s dislike for advertisements and adver-
tiser’s desire for consumers, our framework captures consumers’ desire for content.
Furthermore, we examine how a platform should allocate its limited bandwidth for

content and advertising.
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In a related paper, Prasad et al. (2003) consider a two-sided model where con-
sumers are heterogeneous in their valuation for the platform’s program, and advertis-
ers are heterogeneous in their profits margin. They show that a monopoly platform
is better off offering consumers two options, namely ”higher-price-fewer-ads” and
”lower-price-more-ads. We consider a three-sided market involving consumers, ad-
vertisers and content suppliers. Moreover, we allow inter-platform competition as
well as inter-supplier competition. In contrast to Prasad et al. (2003), we show when
a platform will adopt a free-content strategy, a no-ad strategy, and a paid-content-
with ads strategy, and how a platforms choice of strategy varies with the structure
of the content market as well as the platform market.

Our work also adds to the literature on content provision by media firms (see Peitz
and Reisinger (2015)). Gal-Or and Dukes (2003) show that competing platforms
might offer minimally differentiated content. This reduces the intensity of advertising
and thereby the competition among advertisers in the product market, which helps
the platforms to charge more for advertising. Upon empirically examining the content
quality of 3000 bloggers in China, Sun and Zhu (2013) report that bloggers, who
partake in the advertising revenue of the platform, write about popular topics such
as the stock market and celebrity news. Yao et al. (2017) find that within-show
TV commercials creates a better viewing experience for highly-rated content but
not for poorly-rated content. In contrast to this body of work where a platform is
assumed to produce its own content, our work separates the content supplier and
the media platform. In doing so, our work offers insights on how a supplier prices
its content, and how a supplier’s ability of capturing a platform’s profits varies with
the platform’s content provision strategy. Furthermore, the separation of the two
parties permits us to understand how the market environment, such as advertisers’
desire for consumers, affects a media platform and a content supplier differently.

The rest of the paper is organized as follows. Section 3.2 lays out the model
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structure. Section 3.3 analyzes a perfectly competitive content market. Section 3.4
examines a monopoly content market. We extend the model in section 3.5, and
analyze a moderately competitive content market where suppliers need to put effort
to shape consumers’ preference. We also explore the possibility of no-ad strategy.
Finally, Section 3.6 concludes the paper. The proofs for all the claims made in the

paper can be seen in the appendix.
3.2 Model

Consider a media market with three sides, namely consumers, advertisers, and con-
tent suppliers. The platforms procure content from suppliers, allocate a proportion
of bandwidth for content to attract consumers, and host the promotional messages

of advertisers. Below we describe the three sides of the market and the platform.
3.2.1 Consumers

Consumers join a platform to enjoy its contents. The utility that a consumer derives
from the contents of platform i is given as:

v (i — %af) (3.1)

where v represents the strength of consumers’ desire for content and «; is the pro-
portion of platform i’s bandwidth or space allocated for content (a; € [0,1]). This
formulation captures in a parsimonious way the reality that as the proportion of
content increases, the utility of the incremental content is likely to be lower because
consumers do not value all content equally, and because it takes more effort to process
the incremental content. As «; is the proportion of the platform’s space allocated for
content, the remaining (1 — ;) proportion is allocated for advertising. An important
implication of this formulation is that when deciding on the proportion of space for

content, a platform needs to recognize that the marginal utility of content declines,
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and carefully balance the potential revenue from consumers and that from advertis-
ing. Furthermore, consumers are heterogeneous in their preference for a platform (for
reasons such as interface and service), and we capture the heterogeneity by assuming
that consumers are uniformly distributed on a Hotelling line of unit length. Con-
sider a consumer located at distance x from platform i. The disutility this consumer
experiences because of lack of fit with the platform is given by tx, where ¢ denotes
consumers’ sensitivity to platform characteristics. Thus, the consumer derives the

following (indirect) utility on joining platform i:

1
2
Uic(z) = v- (o — 5041-) - t-x — Dic (3.2)
[ —— ——
utility from content  disutility from lack of fit price

where p;c is the price paid by the consumer for joining the platform.
3.2.2  Advertisers

Advertisers join a platform to promote their products and services to the consumers.
Let v4 denote advertisers’ valuation of a consumer. In other words, 74 is the value ad-
vertisers place on a consumer’s eyeball. When an advertiser can reach n;c consumers
through platform ¢, the utility the advertiser derives from joining platform i is given
by va - nic. Given that advertising space is scarce, we assume that a platform can
capture the entire surplus from advertisers. Consistent with our assumption the ad-
vertising price is often as high as advertisers’ full valuation in competitive advertising
markets, such as advertising auctions (e.g. Shin (2015)). Moreover, the assumption
allows us to focus on the issue of content provision while abstracting away from the
dynamics of the advertising market. Thus a platform sets the advertising price for
one unit of space as:

DiA = YA " NiC- (3.3)
Then, platform i’s advertising revenue from its (1 — «;) unit of advertising space is
given by v4 - nic - (1 — o).
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3.2.3  Content Suppliers

Independent content suppliers produce the content. The platform buys the content
from the suppliers and makes them available to consumers, and thus serves as a
channel for suppliers to reach consumers. We use ¢ to denote the marginal cost of
producing content. Since platform ¢ allocates «; proportion of its bandwidth for

content, the content supplier earns the following profits from the platform(s):

HS = pPs - Eiai —C- Ziai (34)
where pg is the price the supplier charges for a unit of content.
3.2.4 Media platforms

While media platforms pay the supplier for the content, they can potentially earn
profits from both consumers and advertisers. Platform i’s profits are given by:

ILp = nic - pic + (1 — ) - pia — o - ps. (3.5)

In this setting, a platform faces two key decisions: 1) what proportion of its lim-
ited bandwidth should it allocate for content? and 2) what prices should it charge
consumers? In its attempt to maximize profits, a platform could pursue one of the

following strategies:

e “Free-content” strategy, where the platform allocates a fraction of its bandwidth
for content and offers the content for free to consumers, implying 0 < a; < 1
and p;c = 0. In this strategy, the platform chooses to earn all its profits from

advertisers.

o “No-ad” strategy, where the platform allocates all its bandwidth for content and
charges consumers a price for the content, implying o; = 1 and p;c > 0. Now
the platform earns its entire profits from consumers and eschews the advertisers.
More precisely, the platform is adopting a “paid-content-with-no-ad” strategy.

However, for the sake of brevity, we refer to it as a “no-ad” strategy.
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o “Paid-content-with-ads” strategy, where the platform allocates a fraction of its
bandwidth to content, and charges a positive price for consuming the content,
suggesting 0 < o; < 1 and p;c > 0. In this case, the platform earns profits

from both sides of the market.
3.2.5 Decision Sequence

The decisions are taken in three stages. In the first stage, the content supplier sets
a price for content (pg). In the second stage, after observing the content supplier’s
price, each media platform decides on the proportion of content («a;) and the price for
consumers (p;c). Finally, in the third stage, after observing the price for consumers
and the proportion of content, consumers decide which platform to join.

To understand the strategic behavior of market participants, we examine the
subgame perfect equilibrium of this game. Furthermore, to help us better appreciate
the effect of market structure on equilibrium outcome, we focus on the parameter
space where platform(s) choose to cover the entire consumer market. The precise
conditions for the market to be fully covered are specified in the appendix (See

Lemmas A.2, A.6, and A.9)
3.3 Analysis of a Perfectly Competitive Content Market

We begin our analysis by considering a content market where an infinite number of
homogeneous content suppliers engage in Bertrand competition. Because of intense
competition, the equilibrium content supllier price is driven down to the marginal

cost of producing content:

ps =c¢ (3.6)

Recognizing that content is sold by suppliers at marginal cost, media platform ¢ sets

the consumer price p;c and chooses the proportion of content a;. Next we examine

93



the strategic interaction between the content suppliers and a monopoly platform as

well as duopoly platforms.
3.3.1 Monopoly Platform

Assume that the monopoly platform, say Platform 1, is located at zero on the
Hotelling line. In this case, the consumer located at distance x from the platform

will join the platform only if Ujc(z) = 0, where

1
Uie(z) = v - (ag — éa%) —t-z—pio (3.7)

Let the marginal consumer who is indifferent between joining and not joining the
platform be x,. Because our analysis focuses on the parameter space where the
market is fully covered, the number of consumers in the platform is nic = zo = 1.
Therefore, the price the monopoly platform would charge consumers is given by:

Oé2

pl(;:v-(al—#)—t-xo
2
=v‘(a1—%)—t, (3.8)

whereas the price for advertisers is:
Pia = 7A-1uc

=4 (3.9)

Upon substituting pg, pic and pi4 in (3.5), we obtain the monopoly platform’s

profits:

Hg:plC'nlC+p1A'(1_041)_175"041

1
:*t*C'Oélﬁ’(l*Oél)"}/A+(OV/1*§O£%)"U, (3.10)

where the superscript “M” indicates that the platform is a monopolist. The platform

2

chooses «; to maximize Hé‘/[ subject to 0 < oy < 1 and pi¢ = v - (a1 — %) = 0.
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Upon solving this optimization problem, we obtain the monopoly platform’s optimal

proportion of content:

M v/ v (v—21) .
a =0 = ife=Ty (3.11)
a% = =ty if ¢ < 7y

where 7y = —7ya4 + /v (v —2t). Note that o}’ and a), give the demand for
content from the monopoly platform when it adopts a free-content strategy and a

paid-content-with-ads strategy, respectively?.
3.3.2  Duopoly Platforms

Now consider a media market with two platforms. Assume that Platform 1 is located
at z = 0 while platform 2 is located at x = 1 on the Hotelling line. Given that the
content supplier’s price pg = ¢, each platform chooses the consumer price p;c and the
proportion of content «;. Consider a consumer located at distance z from Platform
1. The indirect utility that the consumer derives on joining Platform 1 is given
in equation (3.7), and the corresponding utility the consumer derives from joining

platform 2 is as follows:

Use(x) =v- (g — %a%) —t-(1—x)— pac (3.12)

The marginal consumer who is indifferent between joining the two platforms is given

by:
1 V() —V(a) pic—pac
= — — 3.13
S 21 ot (3.13)
where V(o;) = v+ (a; — 3a?) is the gross utility a consumer derives from joining a

platform which has «; fraction of content and (1 — ;) fraction of advertisements. We

assume that consumers single-home. Then the consumer base of platform 1 is given

2 Note that 7/ is not necessarily positive. If 73y < 0, then free-content strategy is the equilibrium
strategy because ¢ > 7, always hold.
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by nic = z¢ and corresponding base of platform 2 is nyc = 1 — xg. Thus, depending

on its customer base, each platform charges advertisers:

PiA = YA Nic (3.14)

Substituting ps, nic, pia (i = {1,2}) in(3.5), we can obtain platform i’s profits I15,
as a function of its two decision variables {«;, p;c}. Both platforms simultaneously
choose «; and p;c to maximize their own profits Hf]); subject to 0 < «o; < 1 and
pic = 0. Upon solving the equilibrium, we find that each platform’s proportion of

content is as follows:

af =1— G Y
a; = AV tvya(2et+va) (3.15)
0451 = w, if c<1p
where and 7p = 5 - (=74 + £%). Moreover, o and o, are the demand for content

from a duopoly platform when it pursues a free-content strategy and a paid-content-

with-ads strategy, respectively.?
3.3.8  Platform’s Strategy

Recall that a platform could adopt one of the three different strategies: a free-content
strategy, a paid-content-with-ads strategy, or a no-ad strategy. However, from (3.11)
and (B.40), we find that neither a monopoly platform nor a duopoly platform adopts
no-ad strategy. To understand why, note that advertising reduces the space available
for content and thus reduces the utility consumers derive from joining the platform.
In the current formulation, advertising does not annoy consumers and directly induce
a disutility. As a result, a platform can always allocate a proportion of its space for
advertising and earn from profits from advertisers. One could argue, however, that
consumers dislike advertising because it is a nuisance, and we explore this possibility

in Section 6.

3 Similarly, 7p is not necessarily positive. If 7p < 0, then free-content strategy is the equilibrium
strategy because ¢ = 7p always hold.
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Given that a platform is not motivated to adopt a no-ad strategy, it could poten-
tially adopt a free-content strategy or a paid-content-with-ad strategy. From (3.11)
and (B.40), we know that both a monopoly platform and a duopoly platform use
a free-content strategy if the marginal cost of producing content is large, otherwise
pursue a paid-content-with-ads strategy. To appreciate this result, recall that con-
tent price is ¢ as suppliers face an intensely competitive market. As content price
¢ increases, it becomes costly for a platform to attract consumers by offering them
more content. Hence, a platform allocates a lower proportion of its space for con-
tent, and comes to rely more on profits from advertisers. When the content price is
sufficiently high, a platform allocates too little space for content and generate all its
profits from advertising. Thus after a content price threshold a platform transitions
from pursuing paid-content-with-ads strategy to adopting a free-content strategy.

So far, we have examined some similarities in the strategy of a monopoly platform
and a duopoly platform. However, their strategies are not identical. The following
result summarizes how inter-platform competition influences a platform’s strategy

and the source of its profits:

Proposition 3.1. The presence of inter-platform competition can motivate a plat-
form to change its strategy from offering paid-content-with-ads to providing free-

content, but not the other way round.

To appreciate the intuition for this finding, first consider a situation where content
price is low enough that both a monopoly platform and a duopoly platform uses
a paid-content-with-ads strategy. As the marginal cost of content increases, the
platform responds to the increase in content price by procuring less content and
allocating a larger proportion of its space to advertising. Furthermore, when content
is expensive, a duopoly platform finds it less appealing to compete for consumers

by offering more content and this softens the price competition for consumers. Note
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that for a monopoly platform —Z

= —11] whereas for a duopoly platform
implying that a duopoly platform turns more rapidly toward the advertising market
as the marginal cost of producing content price. Consequently, even when a monopoly
platform pursues paid-content-with-ads strategy, a duopoly platform may adopt a

free-content strategy.
3.3.4  Platform’s Profits:

In this section, we examine how the marginal cost of producing content affects a
platform’s profits. One might expect a platform’s profits to increase as content price

decreases. Yet we have the following result.

Proposition 3.2. A reduction in the marginal cost of producing content can hurt

a competing platform’s profits when the cost is above a threshold.

When the marginal cost of producing content is lower, platforms pay less for the
content and this cost saving is a direct positive effect. However, as content becomes
cheaper, each platform competes more aggressively for consumers by purchasing more
content, and this is an indirect negative effect. The overall effect of a lower marginal
cost of content depends on the relative size of these two effects.

When the marginal cost of content is sufficiently high, a platform allocates only
a small proportion of space for content. In this context, a reduction in content cost
results in a small cost saving, but this direct effect is dominated by the negative
effect of intensified competition for consumers. This is why a decrease in content

cost can come to hurt a platform’s profits when the cos=t is sufficiently high.
3.4 Analysis of a Monopoly Content Market

The last section examines a perfectly competitive content market where content

suppliers have no market power and hence set the price equal to marginal production
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cost. In this section, we examine a monopoly content market where the monopoly
content supplier chooses the content price pg to maximize its own profits. As a
monopolist, the content supplier does not have to set the price at the marginal
cost c¢. For expositional reasons, we normalize the cost to zero, that is ¢ = 0. We
next examine the strategic interaction between the monopoly content supplier and

a monopoly platform as well as duopoly platforms.
3.4.1 Second stage of the game

In contrast to the perfectly competitive content market described in the previous
section, the content price is pg (instead of ¢). On solving for the equilibrium content

offered by a monopoly and duopoly platform, we obtain the following.

e Monopoly Platform:

ay = , ifps =7
onlps) =40 — v bs = Tm (3.16)

pa v ) 1fpS <Tm

M v—y/v(v—21)
(0%

where Tpy = —y4 + +/v - (v —2t). Note that aj‘f and a% are the demand for
content from a monopoly platform when it adopts a free-content strategy and

a paid-content-with-ads strategy, respectively.

e Duopoly Platform:

D _ t(2ps+y4) ;
af =1 — 2L if po > 7
a;(ps) = f Vtvya(ps+ya) bs b (3.17)
aﬁ = —72}’5;“”, if ps < 7
where and 7p = 5 - (—ya + £%). Moreover, af and ay;, are the demand for

content from a duopoly platform when it pursues a free-content strategy and

a paid-content-with-ads strategy, respectively.
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3.4.2 First stage of the game

The monopoly content supplier foresees the demand for its content and accordingly
chooses the optimal content price to maximize its own profits. Specifically, in the
presence of a monopoly platform, the content supplier’s profit maximization problem

is as follows:

max g = ps - an(ps) (3.18)

While in the presence of duopoly platforms, the content supplier’s profit maximiza-

tion problem is given by:

ps

2
max I15 = pg - Z a;(ps) (3.19)
i—1

3.4.8  Platform’s Strategy

Broadly, both a monopoly platform and a duopoly platform use a free-content strat-
egy if advertisers’ desire for consumers is high; otherwise, they pursue a paid-content-
with-ads strategy. To further appreciate a platform’s choice of strategy note that
when advertiser’s desire for consumer is weak, the platform cannot earn much revenue
from advertisers by allocating a higher proportion of space for advertising. Hence,
a platform allocates more space for content pursues a paid-content-with-ads strat-
egy in such a situation. On the other hand, when advertisers’ desire for consumers
is strong, the platform sees an opportunity to earn more profits from advertisers.
Hence, the platform offers less content and earns all its profits from advertising by
pursuing a free-content strategy.

According to Proposition 1, if the content market is perfectly competitive, inter-
platform motivates a platform to rely more on advertising profits. However, when
the content supplier is a monopolist who endogenously chooses the optimal content

price, we observe a different result.
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Proposition 3.3. In a monopoly content market, the presence of inter-platform
competition can motiwate a platform to switch from a free-content strategy to a paid-

content-with-ads strateqy when v is small.

To follow the intuition for this finding, first recall that in a perfectly competitive
content market, content suppliers offer the content at marginal cost to the platforms.
The content price is the same for both a duopoly platform and a monopoly platform.
In this context, a duopoly platform is more motivated to increase the proportion
space for advertising as it not only increases advertising revenue but also softens the
competition for consumers. In contrast, in a monopoly content market the supplier
sells content at different prices to a monopoly platform and a duopoly platform. In
particular, when v is small, the monopoly content supplier set a high content price
ps = Ty for a monopoly platform. This is because when consumers’ desire for content
is low, the platform chooses to earn all its profits from the advertising and offer
consumers minimal content. Recognizing this, the monopoly content supplier chooses
to charge a high price for content. On the other hand, the monopoly content supplier
charges a low content price ps < 7p for a duopoly platforms. We observe this because
when consumers’ desire for content is low, duopoly platforms find the consumer

market for content less attractive and moreover their demand for content is quite

.. . . ool oabl
f — _ t pa _ 2
sensitive to price. Specifically, e = TRy and e = T Therefore, the
monopoly content supplier offers content at lower price to duopoly platforms and

induces to adopt a paid-content-with-ads strategy (even though it charge a monopoly

platform a high content price and induces it to pursue a free-content strategy).
3.4.4 Platform’s Profits

It is natural to think that a monopoly platform would earn more profits than a

duopoly platform. However, as we hinted in explaining the intuition for the previous
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proposition, this belief may not be always valid. Specifically, we have the following

finding.

Proposition 3.4. A monopoly platform may lose all its profits to the content sup-

plier even when a duopoly platform earns positive profits.

To follow the intuition for this finding, focus attention on a free-content strat-
egy. Further recall a monopoly platform’s demand for content under a free-content

strategy is:

(3.20)

Thus, under a free-content strategy, a monopoly platform’s demand for content is
inelastic to content supplier’s price. This is because when the platform offers free
content, it provides content solely to build a consumer base that can be leveraged
to attract advertisers. Hence, the platform offers the minimal amount of content to
minimize its cost. Recognizing that the platform needs to offer this minimal amount
regardless of the content supplier’s price, the content supplier raises its price until it
extracts all the profits of the monopoly platform.

According to the second part of the proposition, however, a duopoly platform can
earn positive profits when a monopoly platform cannot do so. Intuitively, platforms
compete for consumers by offering consumers a higher proportion of content. In
doing so, they carefully balance the benefit of allocating additional bandwidth for
content against its cost, which includes not only the foregone advertising revenue
but also the payment to the content supplier. Under a free-content strategy, both
platforms offer more than the minimal amount of content, and moreover a platform’s

demand for content is sensitive to the content supplier’s price:

t(2ps + ’VA)
V- vya(2ps + 7a)

af =1- (3.21)
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Hence, if the content supplier’s price increases, a platform may compete less for
consumers and allocate more bandwidth for advertising. Thus the elastic demand
for content prevents a competing platform from losing all profits to the content
supplier under a free-content strategy.

The above proposition only pertains to a free-content strategy. This may raise
the question whether the content supplier can extract all the profits of a monopoly
or a duopoly platform under a paid-content-with-ads strategy. To understand this
issue, note that a monopoly platform can earn positive profits when it adopts a
paid-content-with-ads strategy. In this case, the amount of content provided by the
platform is more than the minimum level, ozj‘/f . In particular, the platform’s demand

for content under a paid-content-with-ads strategy is given by,
—Ps — YAtV

- (3.22)

04% (ps) =

Observe that the platform’s demand for content is now sensitive to the content
supplier’s price. This implies that if the content supplier raises its price, the platform
can reduce the proportion of content and allocate more bandwidth for advertising.
Thus, the elastic demand for content protects a platform from losing all its profits
to the content supplier. Second, even when platforms compete, a platform’s demand

for content remains sensitive to content supplier price:

—2ps —yat+w
. .

a;i(ps) = (3.23)

Thus both a monopoly and duopoly platform earn positive profits under a paid-

content-with-ads strategy.
3.5 Model Extension

In the previous two sections, we considered two polar content markets where con-
sumers’ preference for content is exogenous to the model. Consumers view the con-
tents from all suppliers as perfectly substitutable in the perfectly competitive content
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market, whereas consumers view the content as non substitutable in the monopoly
content market. In Section 5.1, we consider a duopoly content supplier market where
consumers’ preference for content is endogenous to the model. Using this model, we
explore content suppliers’ effort to shape consumer preference and, in turn, plat-
forms’ content provision strategy and profits. Next one could argue that consumers
regard advertising as a nuisance (e.g., Wilbur 2008), implying that advertising di-
rectly decreases the utility consumers derive from joining a platform. In Section 5.2,

we explore the strategic implications of such a possibility.
3.5.1 Moderately Competitive Content Market

Consider a content market with two suppliers, namely 1 and 2. Consumers’ pref-
erence for each supplier’s content depends on the supplier’s effort toward shaping
consumer preference. Let supplier j exert effort x; at a cost qﬁm? to make consumers
prefer its content. Given {ki, ko}, the ideal proportion of content that consumers

prefer from supplier 1 is given by:

1
1+ exp(ke — K1)

h(Hl, /’62) = (324)

It follows that the ideal proportion of content that consumers prefer to consume
from supplier 2 is 1 — h(k1, k2). In the first stage of the game, each content supplier
chooses the effort level x; and the content price pjs.

In the second stage of the game, each platform decides on the proportion of
space to allocate for content «; and the consumer price for content p;c. In addition,
each platform decides on the fraction of content to procure from each of the content
suppliers. Let h; denote the fraction of content that platform ¢ purchases from
supplier 1. In the third stage of the game, each consumer decides on which platform

to join. Consumers are distributed on a Hotelling line of unit length. The utility
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that the consumer located at = derives on joining platform 1 is given by:

1
Uc(z) =v-(1—=|h—hy]) - (a1 — éa%) —t-x—pic (3.25)

Note that when the fraction of content from content supplier 1 is misaligned with the
ideal proportion of content from the supplier, consumers experience a disutility. We
let the strength of consumers’ desire for content v shrink by the factor (1 — |h — h;|).
But for this shrinkage in consumers’ desire for content, the utility formulation is
identical to the one in our original model (See Section 2.1). The corresponding

utility that the consumer derives from joining platform 2 is as follows:

Use() = v+ (1 — [h — hol) - (s — %a%) (1= ) — pac (3.26)

Next we examine the conduct of a monopoly platform and duopoly platforms in
this market. In the presence of a monopoly platform, a consumer located at x join
platform 1 if Uj¢(z) is positive. However, in the presence of duopoly platforms, the
consumer compares Ujc(z) and Use(z) and joins the platform that yields a higher
utility. Let n;c denote the number of consumers that join platform i. Then platform

1’s profits are given by:

Iip = nic - Pic + (I—a) pa - ;- hi - pis — ;i (1= hy)  pas
— —_— —_— N ~ =~
revenue from consumers  revenue from advertisers  cost of content from supplier 1  cost of content from supplier 2
(3.27)

Based on each content supplier’s price, the cost of effort toward shaping consumer
preference, and the demand for the supplier’s content from the platforms, we have

the following profits:
HlS = P1s - Zz (ai . hz> - gb : I{% (328)

Has = pas - X (Oéi (1- hﬁ) — ¢ K3 (3.29)

We assume that the cost parameter ¢ is above a certain threshold so that each
supplier’s profit function is concave in k; and well behaved (see Appendix for the

details).
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Recall that in a monopoly content market, when a platform adopts a free-content
strategy, the monopoly content supplier’s profits increase with advertisers’ valuation
of consumers. This result holds for a a monopoly platform as well as duopoly plat-
forms.* To understand why we obtain this result in the case of a monopoly platform,
note that when advertisers’ valuation of consumers increases, the monopoly platform
can earn more advertising revenue. Then, the monopoly content supplier extracts
the increased advertising revenue by raising the price of content. The rationale for
the result in the case of a duopoly platform is slightly different. When advertis-
ers’ valuation of consumers increases, a duopoly platform wants to compete more
aggressively for consumers so that it could earn more advertising revenue by giving
advertisers access to the valuable consumers. Given that platforms offer consumers
the content for free, they cannot lower the price any further, and hence they com-
pete for consumers by offering a higher proportion of content. Thus the monopoly
content supplier earns more profits as y4 increases even when platforms compete.
This result, however, does not hold in a duopoly content supplier market, and we

have the following proposition:

Proposition 3.5. Under free-content strategqy, in contrast to a monopoly content
supplier, a duopoly content supplier earns lower profits as v increases when ¢ is

below a threshold.

In a duopoly content market, each supplier maximizes its profits by setting the
price for its content (p;s) and by shaping consumer preference for its content (k;).
We find that as 7, increases, platforms are motivated to offer consumers more con-
tent, and this increases the revenue of the duopoly content suppliers. The higher
revenue, in turn, encourages each content supplier to exert more effort to increase

consumers’s preference for its content. The resulting increase in cost has a negative

4 See Corollary 1 in the Appendix for the proof.
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effect on profits. We find that when the cost of shaping consumer preference, ¢,
is sufficiently low, the negative effect of an increase in y4 may dominate its posi-
tive effect, and competing content supplier’s profits may reduce. This qualitative
result holds irrespective of whether the content suppliers are providing content to a
monopoly platform or a duopoly platforms.

To clearly see the positive and negative effects of an increase in v,4, consider the
case where the duopoly content suppliers provide content to a monopoly platform.

Now as 74 increases, each supplier’s revenue from selling content increases at the rate

v(v—2t . . .
of &Rgvenue = ( ), whereas its cost of shaping consumers’ preference increases
YA 2v
0Cost _ (v—=2¢)ya . . .
at the rate of yaliiia e Clearly, the negative effect of an increase in 74
A/ v(v—2t)v4

outweighs its positive effect on the content supplier’s profits when ¢ < 6o
In the Appendix, we present the corresponding threshold ¢ below which the content
suppliers’ profits will hurt when they provide content to duopoly platforms.

The above proposition may lead one to wonder whether a similar result will be
observed under a paid-content-with ad strategy. Recall that under a paid-content-
with-ads strategy, a monopoly content supplier’s profits decrease with v, irrespective
of whether it supplies content to a monopoly platform or duopoly platforms.?. This
is because when a platform charges consumers a positive price, it can compete for
consumers by setting a lower price or offering more content. This flexibility permits
the platform to attract consumers with a lower price but host a higher proportion of
advertising and take advantage of advertisers’ higher valuation of consumers. Con-
sequently, for any given content price, a platform’s demand for content decreases as
~v4 increases. The resulting inward shift in the demand curve hurts the content sup-

plier’s profits. However, in a duopoly content supplier market, we obtain a different

result.

5 See Corollary 1 in the Appendix for the proof.
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Proposition 3.6. Under paid-content-with-ads strategy, in contrast to a monopoly

content supplier, a duopoly content supplier earns higher profits as va increases when

¢ 1s below a threshold.

In a duopoly content market, on the one hand, the content suppliers’ revenues de-
crease as 74 increases because platforms buy less content (but host more advertising
and charge consumers a lower price). On the other hand, content suppliers reduce
their expenditures on shaping consumer preference as 4 increases. The resulting
cost savings may dominate the loss in revenue when ¢ is below a threshold. We ob-
tain this result irrespective of whether the content suppliers are providing content to
a monopoly platform or duopoly platforms. To take a closer look at the net positive
effect, consider the case where duopoly content suppliers cater to a monopoly plat-

form. Now if v,4 increases, each content supplier’s revenue decreases at the rate of

2(v— . .
‘aRg‘;‘:n“e = (Ugv“), while the cost of shaping consumers’ preference decreases at the
dCost | _ (v=y4)? : : I :
rate of ’ T | = szmes Given that v4 < v is a necessary condition for paid-content-

with-ads strategy (as noted in the Appendix), the cost savings dominate the loss in

(v—74)*
revenue when ¢ < ~—*

. This qualitatively result also holds when duopoly content
suppliers face duopoly platforms, and we prove this claim in the Appendix. It is
useful to clarify that though a content supplier’s profits may increase or decrease

with v4 depending on ¢ and the platform’s strategy, a platform’s profits(weakly)

increases with 74.°
3.5.2  No-ad Strategy

In developing our model, we assumed that consumers are not annoyed by advertising.
Consequently, media platforms never shun the profits from the advertisers. Now we

entertain the possibility that advertising could be viewed as nuisance by consumers

6 When a platform is a monopoly and adopts free-content strategy, it earns zero profits; but in
other situations, a platform strictly benefits from a larger 4.
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and explore its implications for platform’s choice of strategy. To facilitate exposition,
we focus on the perfectly competitive content supplier market where the marginal
cost of producing content is ¢.”

Recall that platform ¢ allocates «; proportion of its space for content, implying
that advertising accounts for the remaining 1 — «; proportion of space. Let v¢ denote
consumer’s consumers’ dislike for one unit space of advertisements. Then a consumer

is located at distance = from platform ¢ will derive the following utility on joining

the platform:

1
2
Uic(z) = v+ (a; — 50@) — v (1 — o) - t-x — pic (3.30)
utility from content  distuility from ads disutility from lack of fit price

As a duopoly platform needs to compete for its customer base, one might think
that a duopoly platform is likely to allocate a lower proportion of space for content
compared to a monopoly platform. This reasoning may lead one to believe that
duopoly platform is more likely to adopt a no-ads strategy. On closing scrutinizing

this issue, we obtain the following result.

Proposition 3.7. Even when a monopoly platform adopts a no-ad strategy, a

duopoly platfiorm may not find it a profitable strategy.

Consistent with one’s intuition, a platform adopts no-ad strategy when con-
sumer’s dislike for advertising (7¢) is large. Interestingly, when ~¢ is moderately
large ¢ € [ya + ¢,74 + 2¢), a monopoly platform adopts a no-ad strategy whereas
a duopoly platform shifts to catering both sides of the market. To appreciate this
finding note that a duopoly platform earns more advertising revenue by allocating a
higher proportion of space for advertising and in addition it can also soften the inter-

platform competition for consumers (and the resulting desire to offer more content).

" Note that similar qualitative results prevail in a monopoly content market as well as a moderately
competitive content market.
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Therefore, when consumer’s dislike for advertising is moderately large, even when
a monopoly adopts a no-ad strategy, a duopoly platform turns to the advertising

market because of the added benefit.

3.6 Conclusion

The purpose of the paper is to theoretically examine a media platform’s content
provision strategy, and its implications for a platform’s profits and a content sup-
plier’s profits. Toward this goal, we build a model where a media platform interacts
with three sides of the market — content suppliers, consumers, and advertisers. On
examining a platform’s content provision strategy, we find that unless consumers are
sufficiently annoyed with advertising, a platform never shuns the advertising mar-
ket; thus pursues either a free-content strategy or a paid-content-with-ads strategy.
Broadly, if the price of content is above a certain threshold, a platform purchases
the least amount of content, offers it to consumers for free, and earns all its profits
from advertisers. But if the price of content content price is below the threshold, a
platform purchases more content, charges consumers for the content, and generates
additional revenue from advertisers by providing them access to its consumer base.
Upon further analyzing how a platform’s strategy changes with the structure of the
platform market and the structure of the content market, we offers useful insights

on a few questions of managerial significance.

e How does inter-platform competition affect a platform’s content provision strat-
eqy?
One may expect platforms to compete for consumers by offering them more
content, and thus host less advertising and earn a lower advertising revenue.
In a perfectly competitive content market, however, we obtain the opposite

result. Specifically, inter-platform competition motivates a platform to offer
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minimal content and pursue a free-content strategy (instead of adopting a
paid-content-with-ads strategy). We observe this because if duopoly platforms
allocate a larger proportion of space for advertising, they can afford to compete
less aggressively for consumers. Thus, when content becomes expensive, we see
a duopoly platform adopting a free-content strategy even in a situation where

a a monopoly platform adopts a paid-content-with-ads strategy.

The results are reversed, however, if the content supplier is a monopolist.
Now inter-platform competition can motivate a platform to switch from a free-
content strategy to a paid-content-with-ads strategy. To appreciate why, note
that a supplier in a perfectly competitive content market sells the content at
marginal cost to both a monopoly platform and a duopoly platform, whereas
a monopoly content supplier sells the content at different prices to a monopoly
platform and a duopoly platform. In particular, the monopoly content supplier
carefully considers the price sensitivity of a monopoly platform and that of the
duopoly platforms, and accordingly sets the prices. Given a duopoly platform’s
desire to soften the competition for consumers by allocating a higher propor-
tion of space for advertising, a duopoly platform is more price sensitive than a
monopoly platform. On top of this, if consumers’ desire for content is small,
a duopoly platform becomes even more sensitive to price than a monopoly
platform. Recognizing this, the monopoly content supplier sells content to a
duopoly platform at a lower price (compared to its price for a monopoly plat-
form). Because of its lower content price, a duopoly platform adopt a paid-
content-with-ads strategy (whereas a monopoly platform adopts a free-content

strategy because of its higher content price).

Can a media platform earn more profits when it pays a lower price to the

content supplier?
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Interestingly, we find that in the presence of inter-platform competition, a lower
content price can hurt a platform’s profits. To appreciate this result, first note
that a lower content price has two opposing effects. On the one hand, it
reduces a platform’s payment to the content supplier (holding the amount of
content fixed). But, on the other hand, it motivates a platform to purchase
more content to compete for consumers. The increased proportion of content
reduces the space for advertising and, in turn, the advertising revenue. In this
context, if the price of content is sufficiently high and each platform purchases
a small amount of content, then the cost saving due to a lower content price
is not enough to make up for the loss in advertising revenue. Consequently,
a duopoly platform can earn lower profits despite paying a lower price to the

content supplier.

e Can a media platform leverage its market power to earn more profits?

One naturally expects a media platform to benefit from its market power. Sur-
prisingly, we find that a monopoly platform can lose all its profits to the content
supplier, even in a situation where a duopoly platform earns positive profits.
To see this, note that when pursuing a free-content strategy, the monopoly
platform allocates minimal space for content regardless of the price of content,
implying the demand for content is inelastic to price. The inelastic demand
permits the content supplier to charge a high price and extract the entire sur-
plus of the monopoly platform. However, a duopoly platform’s demand for
content is elastic to price because a duopoly platform uses the proportion of
content as a strategic lever to attract consumers. It is the elastic demand of a
duopoly platform that makes it difficult for the content supplier to extract all

the surplus from the platform.

e When advertisers valuation for consumers increases, should a platform allocate
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a higher proportion of its space for advertising?

One may be inclined to answer yes to this question. The answer, however, is
no when platforms adopt a free content strategy. Recall that when a monopoly
platform is not charging consumers for joining the platform, it offers them the
minimal amount of content. Thus, under the free-content strategy, there is
no opportunity for the monopoly platform to further reduce the proportion of
content and host more advertising. Even in the case of a duopoly platform,
the answer to the question remains no. In contrast to a monopoly platform,
a duopoly platform provides more than the minimal content in its pursuit to
compete for consumers. Now as advertisers’ valuation of consumers increases,
each consumer brings in more advertising revenue. To attract these more valu-
able consumers, a duopoly platform is motivated to offer a higher proportion

of content.

Consistent with our intuition, under a paid-content-with-ads strategy, a plat-
form allocates a higher proportion of space for advertising as advertisers’ val-
uation of consumers increases. The key reason why we observe this result in
the case of paid content-with-ads strategy is that now a platform can make
it attractive for consumers to join its platform either by lowering the price of
content or increasing the proportion of content. Given this flexibility, a plat-
form takes advantage of an increase in advertisers’ valuation of consumers by
allocating higher proportion of space for advertising but charging consumers a

lower price.

When a media platform earns more profits from the advertising market, can

the content supplier also earn more profits?

Counter to some of our intuition, a content supplier may be hurt by an increase

in advertisers valuation of consumers in two specific instances. First, consider
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the case of a monopoly content supplier providing content to a platform adopt-
ing a paid-content-with-ads strategy. In this case, an increase in advertisers’
valuation of consumers, encourages a platform to allocate a higher proportion
of space for advertising to increase advertising revenue but attract consumers
by offering a lower price. The resulting lower demand for content hurts the
monopoly content supplier’s profits. Second, consider the case a duopoly con-
tent supplier providing content to a platform pursuing a free-content strategy.
On the one hand, the competing content suppliers can earn more revenue be-
cause of the increased demand for its content or the ability to charge a higher
price, but on the other hand the content suppliers also compete to influence
consumer preference for their content. If the marginal cost of shaping consumer
preference is small, then the incremental effort on shaping consumers’ prefer-
ence can be so high that a content supplier’s expenditure on it can exceed the
increase in its revenue. It is useful to clarify that consistent with our intuition,
a content supplier can benefit from an increase in advertiser’s valuation of con-
sumers in two situations: when a monopoly content content supplier caters to
a platform adopting free-content strategy, and when a duopoly content sup-
plier caters to a platform pursuing paid-content-with-ads strategy. Both these
instances the content supplier can extract some of the increased revenue of the

platforms.

In this paper, we investigate a content supplier’s pricing decision and its im-

plications for a platform’s content provision strategy and the source of its profits.

In practice, the content supplier also makes important decisions on the quality of

content as well as the distribution of content (either through a traditional media

platform or a new aggregator). Future research can explore these strategic decisions.

More broadly, multi-sided media market is a rapidly evolving phenomenon where
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practice is ahead of research, and it presents several interesting opportunities for

both theoretical and empirical research.
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4

Conclusion

Multi-sided media market is a rapidly evolving phenomenon. Research on media mar-
kets is burgeoning, but still falls behind the industry development. The complexity
comes from the market’s multi-sidedness feature, and the strategic interaction be-
tween multiple players, including content suppliers, advertisers, media platforms,
and consumers. This dissertation explicitly models these strategic interactions, and
answers important managerial questions on a media platform’s pricing strategy and

content provision strategy.

e Essay 1 examines when it is optimal for a media platform to adopt price cus-
tomization. It also examines how the nature of consumer/advertiser homing
changes a platform’s incentive of offering customized prices. If agents single-
home on both sides of the market, even when consumers are quite heterogeneous
in their sensitivity to advertising, I find that least one platform pursues a uni-
form pricing strategy, as it can leverage consumer’s dislike for advertising to
soften platforms’ competition for consumers. However, when both sides multi-

home, the competing platforms adopt a symmetric customized pricing strategy
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when consumers are quite heterogeneous, but never adopt asymmetric pric-
ing strategies. Finally, when only advertisers multi-home, depending on the
relative size of the cross-side network effects, competing platforms can adopt
a symmetric customized pricing strategies (unlike in a single-homing model),
asymmetric pricing strategies (unlike in a multi-homing model), or a symmetric

uniform pricing strategy.

Essay 2 proposes a novel model where a media platform interacts with three
sides: content suppliers, consumers, and advertisers, and examines a platform’s
content provision strategy and source of profits. First, I find that the structure
of content market and platform market critically influence a platform’s content
provision strategy and its choice of source of profits: In a perfectly competitive
content market, inter-platform competition motivates a platform to switch from
paid-content-with-ads to free-content strategy. However, if the content supplier
is a monopoly, this result can get reversed. Second, I show how inter-platform
can protect a platform from losing all profits to the content supplier. Next, I
explore how market environment affects a content supplier’s profits and a media
platform’s profits differently. Specifically, though advertisers’ higher valuation
for consumers benefits a media platform, it can hurt a content supplier’s profits
when a monopoly supplier sells content to a platform using paid-content-with-
ads strategy or when duopoly suppliers can shape consumers’ preference at a
low marginal cost and sell to a platform using free-content strategy. Finally, on
examining the use of no-ad strategy, I find that compared to duopoly platform,

a monopoly platform is more likely to shun the advertising market.
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Appendix A

Proot for Chapter 2

In this appendix, we provide the proofs for propositions in chapter 2. We first state
the lemmas that describe the equilibrium outcome of each subgame and define the

parameter space. We then prove propositions and claims based on these lemmas.
A.1 Single-Homing Analysis

Lemma A.1. If both platforms set a uniform price for consumers, the equilibrium

o

profits of each platform are TI5*%* = TI551* = %(tl — 5 +t;+ 1), where vy = L.

Proof. Let p;; and po; denote the prices set by Platform 1 and Platform 2, respec-
tively, for consumers. Further let p;; and ps; denote the corresponding prices for
advertisers. For a A\-type consumer who is located at 8, the utility of joining Platform
1is

Uy () = vp — t,0 —y7aS; — pir (A1)

where A\ € {L, H}. The utility derived on joining Platform 2 is

U2/\1<9) =vr —t;(1—0)— V?QEJ — P21 (A.2)
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The X -type consumer who is indifferent between the two platforms is given by

07 = ﬁ(pzf —pu +77(as; —afy) + 3 (A.3)

. _¥F . , . _ 0 +of g

By defining 77 = -, we obtain ‘average’ marginal consumer ; = ~5-%. Further
more,

0r = i(pzf—pujL’y](a;J—o/fJ)) —I—%. (A4)

The marginal advertiser who is indifferent between the two platforms is similarly

given by
0; = %(pzj —piy —s(agy —afp)) + 5. (A.5)
In equilibrium, a5, = 0;, af; = 0, a5; =1 —0; and o5; = 1 — ;. On solving

the system of equations, we have the following demand functions pertaining to each

platform for each side of the market:

ay = m[—tj(pu — par) + v1(prs — p2s)] + & (A.6)
g = m[—tl(pu —p2y) — s (prir — par)] + & (A7)
Qor = m[*w(pzl —pu) + (P2 —p1s)] + 4 (A.8)
oy = m[—tl(pzj —p1g) = Ys(par —par)] + & (A.9)
Profit function for each platform is

3 = auy - pu + o - prs (A.10)
5" = vgr - por + Q2 - P2g (A.11)

Then the hessian of Platform 1’s profit function is given by:

a;n;zl aam{;sl . .

HOGD = | g e | = [;L = ] e (8-12)

0p170P11 op15?

The hessian of Platform 2’s profit function is the same.
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To ensure that both profit functions are concave, the hessian needs to be negative

definite. The sufficient and necessary condition is given by

4t]tJ—(")/[—’}/J)2 >0 <A13)

By simultaneously solving 601'1{) il = 0, 661; il = 0, 661}) il = 0, and 661; 281 = 0, we
obtain the following unique equilibrium prices:

Pir =Py =tr =" (A.14)

piy =D =ts+r (A.15)

At the equilibrium prices, platforms evenly split both the consumer market and the

17 21 1J 2J _

advertiser market: o' = o = o’ = o* = The resulting profits of each

N |+

platform are given by:

Hisl* _ H;sl* _ %(tl — vyt + /VI) (A16)
U

Lemma A.2. If both platforms set customized prices for the two segments of con-

sumers, the equilibrium profits each of platform are TI$5%* = I155%* = %(t; +t5)— iw.

Proof. First note that if both types of consumers choose either the high price or
the low price, then it is equivalent to both platforms adopting a uniform pricing
strategy. Thus, we solve for the equilibrium solution assuming that H-type consumers
choose the high price while L-type consumers choose the low price in both platforms.
Later we derive the conditions under which the corresponding IC conditions hold in
equilibrium.

When both platforms set customized prices for the two segments of consumers,
the original two-sided market is divided into a one-sided market consisting of H-type
consumers, and a two-sided market consisting of L-type consumers and advertisers.
Therefore, we can separately solve the equilibrium of the one-sided market and that

of the two-sided market.
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The market consisting of H type consumers is a stylized Hotelling model, and the

equilibrium price is consumer’s transportation cost. Thus

P =5t =t (A.17)

The equilibrium solution for the two-sided market consisting of L-type consumers
and advertisers is obtained in the same way as in Lemma A.1. In this two-sided
market, the sufficient and necessary condition for each platform’s profits function to

be concave is given by

475[25] — %(’}/}' — ’YJ)Q = 4t[tJ — %73 >0 (AIS)

The corresponding equilibrium prices are given by:

P =paf =t = (A.19)
Piy =Dy =17 (A.20)

Then in equilibrium, platforms evenly split the H-type consumer market, L-type
consumer market, and the advertiser market. Then, each platform’s profits are given
by:

T2 = 32 = 3(t + t) — 1y, (A.21)

Finally, given the equilibrium solution, we derive conditions where the IC con-
straints are satisfied. Note that it is sufficient to establish the IC constraints for
the consumers joining Platform 1 because the same conditions apply for the other
platform. Since L-type consumers joining Platform 1 would prefer to pay pf; and
tolerate advertisements instead of paying pl, for an advertisement-free platform, the
IC constraint is given by pl, + vFa;; < pfl. On the other hand, H-type consumers
would prefer to access Platform 1 without the nuisance of advertisements, suggesting
pil < ply + vHay ;. Together, since vF = 0, we have:

pir < pir < piy + 71 as (A.22)
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On substituting the equilibrium solutions into (A.22), the IC constraints can be

simplified to
i
T .

0<ys < (A.23)

]

Lemma A.3. If Platform 1 sets a uniform price while Platform 2 sets customized

prices for consumers, the equilibrium profits of each platform are

mes3* - 1 [165888t4t2 + 1152t3¢ 5 (144t2 — v H2 12t 5 (v H — 7y5) + 194H v, — 3542
1 4tI(28811t‘]77’yf12+187}{’y,]739w2])2 [ Ity 7t ( J v g1 ) vr vJ v

2 H4 H3 H2 2 H_3 4 2 H4 H3 H2 2 H_3 4
+ 726y T =TTy g + 14657 7 + 517 v — 907 ;) — 2t7(—49y] 4+ 266y vy — 856y 7 + 1350v7 vy — 12157
11 2, H?2 H 2 H3 H2 H_2 3 H4 H3
+1152t5(vp ~ — 9vp v +21y)) + 24t 5 (Tyy T — 175y Ty + 357y 5 — 501v7)) — trvy (1197 — 53457 vy
2 3 2
+ 15407 772 — 10387 43 4+ 14853 + 2475 (5vE " + 8vE Py s + 12072 — 17443)] (A.24)

mes3® _ 1 - [165888t4¢2 + 115263t 5 (144t + 60t jvH — 7vH2 — 132t 5y + 177H vy — 4142)
2 atp288trty;—7vH2 118y Hy ;—8942)2 =g 1 J ! ! ! 7

HS5 - H4 H3_2 . H2_3 - H_4 5 2 H4 . H3 H2_ 2

+ vy (=14~y7 "~ +65y] vy —200v; TG + 29677 Ty — 318y vy — +4577) — 2t7(—49y;  + 238~y vy — 859y v
2 3 2 5
+1392vF 3 — 1674y + 14442 (13477 — 18y H 4 +153+2) + 24t 5 (777 E 7 — 3267 F 5 + 7897 F v — 90073)) + 1 (494 F

- H4 H3_2 o H2_ 3 | H_4 400045 H4 H3 o H2 2 H_3 .0 4
— 31577 g + 121977 7 — 2773~) Ty 4 3984~ v — 3060~ — 4t (Typ  — 17Ty g +237Typ g — 38Ty vy — 648v5)]
(A.25)

Proof. Let pi; denote the price that Platform 1 charges its consumers, and let pil
and pZ; denote the prices that Platform 2 charges its H-type and L-type consumers,
respectively. Similarly, let p;; and py; denote the prices for advertisers charged by
Platform 1 and Platform 2, respectively. Then the utility that a H-type consumer
at 0 derives from joining Platform 1 and Platform 2 are as follows:
UlT(0) = v — t10 — 71 ol — piy (A.26)
Usi(0) = vr — t;(1 — 60) — pih. (A.27)

The utilities that a low-type consumer at 6 derives from joining each platform are
given as in (A.1) and (A.2). Then the A-type consumer indifferent between the two

platforms is given by:

0F = 5 (03 — par =1 af)) + 5 (A.28)
0f = 505 — pu) + 3. (A.29)
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Likewise, the advertiser indifferent between the two platforms (see Lemma A.1 ) is
given by:

05 = 5 (p2s — prs + 7s(as; — a5p)) + 3. (A.30)

L gH
07 +07
2

Le __ 1_91L He __ 1_6’1H
o = 5o, o = — and

In equilibrium, we have af; = , oy =05, «
a5; = 1 —0;. Upon solving this system of equations, we can rewrite the demand
functions ay7 , ayy, ak;, all and ayy as functions of the prices (pi7, p&;, pih, p1s, and
pas) and the parameters (t7, ty, v, and 7;). Given these demand functions, the

profits of each platform are given by:

5% = ay7(p) - par + a1s(P) - p1y (A.31)
I3 = ag;(p) - piy + a3 (p) - P37 + a2s(P) - pa, (A-32)

where p = (pu,péppﬁ,pu,pw)-

Then the hessian of Platform 1’s profit function is given by

(‘7\2HTS3 (921—1‘;33 290142 "
op112 Op110 Zostrty AN Vg _
H<Hi83> = ‘\QPII 3 p;I pzliJ = 4t1 H Stl : 8trt i H <A33)
0°115° 0°119° —8t1 v — 3%] Ity +yyr g
0p170p11 op1.?
The hessian of Platform 2’s profit function is given by
aQHSSS aQHSSS 62H§s3
dpart®  OpEropY;  Op2sopky _ Stitytyi'vs At —2y,
2t 1 2ty
27171553 2717553 2717553
H(H;SS) _ 6LH2 - 0115 . 0°115 - _ ~Hy; y I ) ;H
apQIaPQI apZIH 0P2Jap21 2t1 J ’}/] /y(] 8tItJ+'YI v
Py Pyd Py —2vy VY —~; =8t
opLOpay  Opihopas 0p2j?
(A.34)

To ensure that both profit functions are concave, the hessian of each profit func-
tion needs to be negative definite. The corresponding sufficient and necessary con-

ditions are:

64t st — v + 29Hy; — 942 > 0 (A.35)
6432 + 8trt vy — 7{{273 >0 (A.36)
32t 1t — B + 2vH~y, — 592 > 0. (A.37)
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Assuming these conditions are satisfied, we derive the equilibrium prices by si-

. oIIss3 OTISs3
multaneously solving 21— = 0, 72

aTIg*3
ops 7 opk,

oty
6p§II

o1l
Op2J

=0, =0 and = 0. The

unique equilibrium prices are then given by:

2 2
p¥ = 2887t +27 (Vf =597 7y +15v5) —t1 (Tof " — 167 vy +4575 424t (v +97.)) (A.38)
17 288t 1ty —TvH 2 +18vH v ;—39+2 ’

2 2 2
o = 9617t 5 (12t s +3vF +v )+ vy @ P s +993) —t1 @4ty (vF 2 +743) (T F P 167 F v, +3343)) (A.39)
21 4t7(288trt;—TyH 2 +18yH~;—-3972)
2 2 .
oL % 288t2t s vy (8yH 2 —1avH 51 43372) —t 1 (T 7 17y H v ;43002 112t 5 (v H 4214 )) (A.40)
2 = 2 .
288t 1ty —7yH 2 +18vH~;—3942
2, . ) an 2
pHE 288tF ¢+t (=T " +60ty (v —3v.)+23vf 77 =867F) +75 (9] " =207 v +24) (A.41)
21 288t 1t 7 —7vH 2 +18vH v ; —3042 :
2 2 2
Pt = 963ty (12t 5 +3v1 =7 1) 437 o @y =11y vy +695) +tr (v (=T " +23~7 T 7y —4873) +4t 5 (v " +9v{ v —3643))
2J 4t7(288t1t —TvH > +18vH~ 5 —3942)

(A.42)

At the equilibrium prices, the demand for each platform in the two markets are

given by:
2 2
o = 576t2¢ g+~ (v “ 4Ty H vy —3+2) 2t (24t gy E 47y H 7 —167H v +2742) (A.43)
11 4ty (288trt —TvHZ +18vH~;—3942) :
_ 3Gy =Ty ) v+t (A2t ) (A.44)
Qo = —H? Ho ao.s .
288trt =Ty T +18vy7 vy —3973
2 2
L% _ 288t7t 4ty (=TyfT " =12ty (V' —3v) 17 vy =54y ) 95 (=69 " +avf 7 =3+F) (A.45)
0421 = .

4ty (288trt;—TvH? 118y H~;—3942)

2 2
QH* 288t2t 7 +t7 (60t ;v H —7yH =36t ;v s +23vH v —4872) +v @ 117 F v 5 +64%) (A.46)
2 atp(288trt;—TvHZ 118y H~;—3942)

2
144t rty—TyH 12t 17 ;499 H v ;-1842
Qa5 H2 H 2
288ttty —Tvyy " +18vy7 vy =397

(A.47)

Note that the demand has to be properly bounded in equilibrium: 0 < aQLI* < %,
0<all” < 1, and 0 < o, < 1 for Platform 2. Because the market is fully covered,
these conditions also ensure that the demand for Platform 1 is bounded as well:
0<of;<l,and 0<oj;, <L

In equilibrium, the IC constraints that need to be satisfied are: p¥, < pil <
¥, + 72 ay;. On substituting equilibrium solutions into these inequalities, the IC
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constraints can be simplified to

—99% — 6(vf + tr)V3 + (vE + 6ty T2ty + T2ty > 0 (A48)
993 — 6(298 — t1)73 + (89" — 18t,yfT — T2t 1)ys — Tyi + T2t i > (M.A9)

Finally, given the equilibrium demand and prices, each platform’s equilibrium profits

can be calculated as in (A.24) and (A.25) O

Lemma A.4. Define the parameter space ©% as the pair (vH,~;) satisfying second-

order conditions and demand conditions of the three subgames as well as v; <

H / —
min {W’ i t1(51+4t']) i) 3V tr(tr + 4t])_tl}}- Then in ©%, neither platform com-

pletely abandons advertisers and serves only consumers.

Proof. We establish this claim in four parts. In part (a), we first specify the param-
eter space ©%. Then in Part (b) and Part (c), we solve for the equilibrium of two
potential subgames where one platform abandons the advertiser side of the market.
Finally, in Part (d), we show that neither platform has an incentive to abandon
advertisers by ruling out these two subgames.

Part (a). Based Lemmas A.1-A.3, we define the parameter space ©°° as the pair

(vH~;) satisfying the following three sets of conditions:

1. In this parameter space, both platforms’ profits are concave with respect to
their own prices across all three subgames. Hence, the parameter space satisfies

the second-order conditions given in (A.13), (A.18), (A.35), (A.36), and (A.37).

2. Recall that the equilibrium demand of each platform when both platforms

use a symmetric uniform pricing strategy or a symmetric customized pricing

strategy is i on each side of the market (See Lemma A.1 and Lemma A.2).

2
However, when competing platforms adopt asymmetric pricing strategies, the

equilibrium demand of each platform varies with model parameters (See Lemma
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A.3). Furthermore, the equilibrium demand should be within proper bounds:
0<al” <1 0<all™ <3 and0 < af; <1 for Platform 2. Because
the market is fully covered, these conditions also ensure that the demand for

Platform 1 lies with proper bounds: 0 < af; <1, and 0 < af; < 1.

3. Finally, in the parameter space, the following inequality holds:

H —
vy < min { BN 30 fo 4 4t) — ). (A.50)

Part (b). Here we derive the equilibrium profits in the subgame where Platform
1 abandons advertisers to serve only consumers while Platform 2 chooses to serve
both sides of the market and uses a uniform pricing strategy for consumers. First
note that there is competition only on the consumer side of the market. Given
the absence of competition from Platform 1 on the advertiser side of the market,
Platform 2 takes the entire advertiser market, implying #; = 0, and charges the
price poy = vy — t; + g - vy Given the competition on the consumer side of
the market, the marginal consumer 6; is given as in (A.4) with of;, = 6; = 0 and
a5; = 1 —0; = 1. Also, note that a;; = 0y and as; = 1 — 0;. Then the profit
functions of the two platforms are as follows:
5% =0 piy (A51)
5" = (1= 67) - par + (1= 60,) - pay, (A.52)

where the superscript sd1 denotes the first subgame pertaining to a one-sided market

strategy in the single-homing model. Both profit functions are concave with respect

. . . . o113
to their own price for consumers, since the second-order conditions are o =
11
0211841 1 . . . . a1 - .
= T < 0. On solving this game, we obtain the following equilibrium prices:
21
* ’YIH—Q’YJ
H
* 4
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and the following equilibrium profits:

sdlx _ (6tr+yH—2v,)?
IT3 = e (A.55)
6tr+vH —2+7)2 3vy—3t;j—vH 42
H;dl* _ (6tr+y7 —295) 4 Swmdty o 42y (A.56)
72t; 3

Note that for the equilibrium demand to be within proper bounds (i.e., 0 < §#* < 1
and 0 < 0F* < 1), we should have v; < 2y — 3t; and v; < 3t; — .

Part (c). In this part, we derive the equilibrium profits pertaining to the second
subgame where Platform 1 abandons advertisers while Platform 2 caters to both
sides of the market and uses a customized pricing strategy for consumers. On the
advertiser of the market, as in Part (a), we have 0; = 0 and pyy = vy —t; + oz%l g
On the consumer side of the market, the marginal consumer 67 is given as in (A.30)

(1 —6F) and

with af; = 6, = 0. Furthermore, we have a5; = 1, ai; = 0;, of; = 1

adi = (1 —6{"). Then the profit functions of the two platforms are given by:
HidZ _ 9[ - pir <A57>
1 1
5% = 5(1 —07) par + 5(1 —07") - pop + (1= 05) - pay, (A.58)

where the superscript sd2 denotes the second subgame pertaining to a one-sided

market strategy in the single-homing model. Both profit functions are concave with

respect to their own price for consumer because %%dl = —% < 0 and the hessian of
I15% is
L —_—
g - | e (A.59)
opgropy;  opll’ !

which is negative definite. On solving this game, we obtain the following equilibrium
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prices:

pr=tr—% (A.60)
psi =t — % (A.61)
Pyt =t — %, (A.62)

and the following equilibrium profits:

HidQ* _ (67517—2?7J)2 (A63)
Qoo _ gty A.64
2 = ’UJ =+ 2 tJ + 288t; + 6 ( 6 )

Note that for the equilibrium demand to be within proper bounds (i.e., 0 < 05* < 1
and 0 < 07* < 1) and for the IC conditions to be satisfied (i.e., plf < pl* <
p5i +~f as;), we should have vy < 297 and v; < 2¢;.

Part (d). Based on the equilibrium profits derived in Parts (b) and (c) above,
we rule out the possibility that a platform will adopt a one-sided market strategy
where it abandons the advertiser side of the market. First, when the competing
platform offers a uniform price, neither platform has an incentive to adopt the one-
sided market strategy if II5*1* > TI59* where I1551* is as given in (A.16) and TI5!* is

as given in (A.55), which is equivalent to

< 7}{_5_3{\/@—151}‘ (A.65)

Similarly, when the competing platform offers customized prices, neither platform
has an incentive to adopt the one-sided market strategy if II$5%* > TI139%* where

I1552* is given in (A.21) and II?* is as in (A.63), which is equivalent to

75 < 3{Vtr(tr +4t) — tr}. (A.66)

H / —
Since in ©%°, we have ~; < min {% bl tI(ZtIHtJ) ) 3{/tr(tr +4ty) — t]}}, neither
platform has any incentive to adopt a one-sided market strategy where it abandons
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the advertiser side and serves only the consumer side of the market.!

A.1.1 Proof of Proposition 2.1

Proof. We prove the proposition in two parts. In Part (a), we prove that such an
equilibrium does not exist when the asymmetric pricing equilibrium is feasible, by
showing a profitable unilateral deviation to the uniform pricing strategy. In Part (b),
we show that even when the asymmetric pricing equilibrium is not feasible, both
platforms’ using the customized pricing strategy will not be the Pareto dominant
equilibrium.

Part (a) In this part, we consider the case where the asymmetric pricing equi-
librium is feasible (i.e., the IC constraints of the asymmetric pricing strategy are
satisfied). We prove that there does not exist an equilibrium where both platforms
adopt a customized pricing strategy by showing IT§¥%* — TI5%3* < 0 whenever the IC
constraint of the customized pricing strategy (v > 2v;) holds.

First, by Lemma A.4, note that the parameter space ©°*° satisfies the following

two conditions:

1. One of the second-order conditions of the asymmetric pricing equilibrium given

in (A.37) : 32tt; — 1 + 29H — 542 > 0 (Call it C1)

2. One of the demand conditions of the asymmetric pricing equilibrium given in

144t 1ty —TvH2 12ty +97H~;— 1842 .
(AA47): b, = —2— I 2V s () (Call it C2).
288trt =7y " +18v7 v —3975

It is easy to see that the denominator of aj; is positive whenever both C1 and

v# > 2v; hold. Thus, C2 becomes equivalent to the numerator being positive:

! In fact, when t; < 2t7, the condition in (A.65) is automatically satisfied in the space where the
demand conditions are satisfied. In addition when t; < 12t;, the condition in (A.66) is satisfied in
the space where the demand conditions are satisfied. Thus, the condition specified in the lemma is
sufficient but not necessary.
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144t,t; — 77{12 — 12t77y5 + 9vH~; — 18y% > 0, which in turn, is equivalent to

2 H 2
Ty H 121y =9y +184%
ty > 144, (: tjo) (A67)

Thus, from this point on, we confine our attention to the case where (A.67) holds,
that iS, t; > tyo.

Now, based on profits derived in Lemma A.2 and Lemma A.3, we have

At%2 +Bt ;+C
Hiﬂ* - H§S3* = v - H 2)2° <A68)
4t1(288t1t,]—7’)/] +18’YI ’yJ—39'yJ)

where

A =2{-1382483 (T — 7y) — 115263 (57f"" — 343))

B =217 {4971 — 1929375 + 966v/°3 + 1447 f1y3 — 56773 — 5761375 (v + 471)
+ 24t (TyE° = 9192y, + 14197 4% — 33y — J3)}

C =1y (=269 + TT s = 14698%5,% — 51903 + 907%) + 43 (77 + 79,
— 27y HA2 115373 + (707 — 28297 1 67077742 — 534748 — 3691,

First observe that the denominator of (A.68) is positive as shown above. Then the
sign of (A.68) is determined by the sign of the numerator of (A.68). Now, define the
numerator of (A.68) as a function of ¢;: N(t;) = At% + Bty + C for t; > t 0. Since
A < 0 holds when v > 2v; > 0, we have N”(t;) = A < 0 and thus, N(¢;) is a

concave function of t;.
We now evaluate N(t;) and N’(t;) at t; = tjo. In this calculation, since v >
277, we let v = kv, with k& > 2. First, notice that

Nty =ts0) = =5 {7y + 3(8tr — 7)75){(36 + 24k)tr7s + (—18 — 15k + 13k%)73} < 0,

(A.69)
since —18 — 15k + 13k% > 0 when k > 2.
In addition, we have
N'(ty =ty) = — 6(384 + 576k)t3y2 — 6(—408 — 264k + 376k? + 168k>)t3~3
— 6(45 + 24k — 138k% — 56k3 + 77kt < 0, (A.70)
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since k > 2 implies that 384 + 576k > 0, —408 — 264k + 376k* + 168k®> > 0 and
45 + 24k — 138k* — 56k3 + 77k* > 0.

By the above calculations, we have N(t; = t;) <0 and N'(t; = t;9) < 0. Since
N(t;) is a concave function of ¢;, we have N(t;) < 0,Vt; > tj9, which implies that
[1552* — T15%3* < 0 holds in ©%.

Part (b) In this part, we consider the case where the asymmetric pricing equi-
librium is not feasible (i.e., the IC constraints of the asymmetric pricing strategy are
not satisfied). In this case, both platforms’ adopting the customized pricing strategy
is an equilibrium, since there is no potential for unilateral deviation for any platform.
At the same time, however, for the same reason, both platforms’ using the uniform
pricing strategy can be an equilibrium. Given the multiplicity of equilibria, the plat-
forms will choose the equilibrium that generates higher profits for both platforms
(that is, Pareto dominant equilibrium). From the profits derived in Lemma A.1 and

Lemma A.2, we have

1

since vH > 27v; > 0. Therefore, the two platforms will choose the equilibrium where

both platforms use the uniform pricing strategy. This completes the proof. O]
A.1.2  Proof of Proposition 2.2

Proof. We prove the proposition in two parts. In Part (a), we prove the existence of
the asymmetric pricing equilibrium and the symmetric uniform pricing equilibrium.
Then in Part (b), we prove the existence of the thresholds v#° and ~9.

Part (a) First, the symmetric uniform pricing equilibrium always exists in the
parameter space ©% since IC condition is not required in this type of equilibrium.
We now prove the existence of the asymmetric pricing equilibrium by showing the

existence of a pair of (v, ~,) satisfying II5*1* < TI5%3* in the intersection of ©* and
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the region where the IC constraints hold. Call this intersection ®.
Suppose 7 is an infinitesimally small positive number, i.e., €. As e approaches to

2t[tJ)

zero, of all conditions in @, the IC condition for H type (i.e., 77 < 6 is binding

6 t (56t +25t57)—5t
H -1 7 o S/t 1;- 7) J})

ift; < %t;. Otherwise, the demand condition aj; < 5 (9 <

is binding. Below we consider these two cases.

Case 1. When t; < 8¢, at (v = 64/2142 —¢,v; =€), we have

(ISIAI)% H;Sl* o H;s3* _ 2’\/14t£[1t2(]—7t‘] < 0, (A?Q)

if and only if £; > %L, Since %L < %L we have II§** < II5%* at (7] = 64/ 248 —

€,vs = €) for a sufficiently small e, when t[ t; < tI

/ _
Case 2. When t; > %tl, at (v = i tJ(%tI:ZStJ) StJ},'yJ =€), we have

1% 3 tJ{2548t?_1125tJ('\/tJ(56tI+25tJ)—5tJ)—35t]('\/31t](56t1+25t])_335tj)}
lim I15°+* — II5°°* = <0

€50 2 175{/t 5 (56t +25t 1) 5t}

. . 1183t . 1183¢; 63t; Trsslx _ TTss3%

if and only if £; > F5b. Since ot < %, 115 II5°* < 0 always holds at
H 6{+/ts(56t1+25t7)—5t s} 63

(vf = - ,VJ =€) when t; > 5tr.

Across the two cases, it is possible to have II$¥* — II5*3* < 0 at some pairs
of (v',7s), if t; = 2t;. Therefore, when ¢; > £t;, there exists an asymmetric
equilibrium.

Part (b) To begin with, note that we prove the proposition when 7, > 0, and

v > 0 holds (by definition) and in the parameter space ©%. First, the IC constraint
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of the asymmetric equilibrium is equivalent to v; < 7Y, where

1 2 407 3
Vg = T{ —tr + 81+ (4(2t7(t +54ty) + 19tryf —ay[ 7)) - | (=8tF + 7’7}{ + 60ty (—27t; + 5y ) — 6t7(108t; + 194 )

ol

1 23 2 32|
+ 5\/732(2“(1&1 + 54t ) + 19t vH — ayH2" 4 (16¢2 (¢ + 81ty) + 12t (19t + 270t 5 )vH — 600t ;v H 2 — 4074 H

2 .
+23 [ — 1663 + 4074F% 4 120t ;4 F (=27t + 54 F) — 1262 (1088, + 1947)

ol

+ 4/ —32(tr (t1 + 54ty) + 19t v — 47{12)3 + (16t2(t1 + 81ty) + 12t (19t + 270t 7 )vH — 600t1'y}{2 — 4077{13)2]

} (A.73)

Given v; < 79, it is easy to see that II55* < TI5*3* is equivalent to v > ~HO
where /0 is implicitly defined by II5*'* = TI5*3*. (To confirm the direction of
the inequality, it helps to note that (1) at (v = €,v;, = 0), II5* — TI5%* =

3et 7{2304t2¢ ;+21e3—8et 1 (90t 7+ 7€)}

2(288tt;—7e2)? >0 and (2) at (77" = 64/ 2L, = 0), T5¥* — T3 =

7 I

@ < 0 since t; > %t 7 holds.) Thus, the asymmetric equilibrium is obtained
when v; <19 and v > 4H0.

On the other hand, we know from Proposition 2.1 that symmetric customized
pricing strategy is not an equilibrium. Then, noting that the symmetric equilibrium
with a uniform price does not require any condition other than the second-order con-
dition (which is already satisfied in ©%°), we find that the symmetric uniform pricing
strategy is an equilibrium, if and only if ITI5*™* > TI5*3* or the asymmetric equilib-
rium’s IC condition is not satisfied. Therefore, both platforms adopt a symmetric

uniform pricing strategy in equilibrium when v; > 79 or v# < 4HO. O
A.2  Multi-Homing Analysis

Lemma A.5. If both platforms set a uniform price for consumers, the equilibrium

— [pmmlx _ 703 +t10%—(v1—v5)016s
= 11} =

H
pr— 4
dtrt j—(vr—v7)>? » where vy = 2

profits of each platform are I

Proof. For a A-type consumer who is located at €, the utility of joining only Platform

1 is given by (A.1), and the utility of joining only Platform 2 is given by (A.2). If
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the consumer joins both platforms, the utility derived is as follows:
UQI(Q) = vy — t19 - ’Y}\Oéi] —pirt+ 5[ — t[(l — 9) — "}/}\OCSJ — Par <A74)

=vr —tr— %A(ai] + 5;) — pir — par + 01 (A.75)

where A € {L, H}.

Since consumers can join two platforms, there are two marginal consumers: 637
and fy37. The marginal consumer 6;3; is indifferent between joining Platform 1 alone
and joining both platforms, while the marginal consumer 6,37 is indifferent between
joining Platform 2 alone and joining both platforms. Then, #,3; is given by solving
Uty (0) = Uz (0):

01\31 =1- i (0r =7 - a5y — par) (A.76)

and 037 is given by solving Usy(0) = U3y (0):

Osr = % (0 =77 - af; — pur) (A.77)

To ensure that at least one consumer multi-homes in each segment, we assume
05 < 0355, A€ {H, L}, and later derive the conditions under which this assumption
holds. This assumption implies that consumers in the interval [0,67y;) join only
Platform 1, consumers in the interval [07y;, 655;] join both platforms, and consumers

in the interval (625, 1] join only Platform 2.

: 0 +08, 0%, +05,
We define the “average” marginal consumers 637 = =3-1L and fp3 = 2323
as follows:
Oar =1 — % (07 =1 - a5y — par) (A.78)
31 = % (61 =1 - afy — pur)- (A.79)

Similarly, the advertiser who is indifferent between joining Platform 1 alone and

joining both platforms is given by
Oz =1 — ¢ - (05 + 77 - a5p — pag), (A.80)
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and the advertiser who is indifferent between joining Platform 2 alone and joining

both platforms is given by

O3y = % (65 + vy - afp — prg)- (A.81)

To ensure the existence of a multi-homing advertiser, we assume 6#,3; < 537 and
later derive the condition under which this assumption holds. Thus, advertisers in the
interval [0, 613;) advertise only on Platform 1, advertisers in the interval {037, 023/]
advertise on both platforms, and advertisers in the interval (237, 1] advertise only
on Platform 2.

Then, in equilibrium, af; = b3y, af; = O3y, a5, = 1 — b137 and a§; = 1 — Oa3;.

On solving this system of equations, the demand functions for each platform are

given by:
arr = s [0 = pi)ty = (65 — pug)i] (A.82)
a1y = o [0 = pu)tr — (0r = par)vs] (A.83)
aor = g [(0r = par)ty — (8 — p2s)i] (A.84)
Qo = m [(05 = pas)tr — (0r — p1r)vs] (A.85)

It can be easily seen that each platform’s demand is only affected by its own prices
for consumers and advertisers, but not affected by its rival’s prices.
Each platform’s profit function is as follows:
"™ = ayr - pir + aag - pus (A.86)

5™ = o - par + Qg - Pay (A.87)

The hessian of Platform 1’s profit function is given by:

aZH'inml aZH'inml
H(Hmnﬂ) _ op1r°? Op110p1J _ _QtJ Yr— g . 1 (A 88)
1 aZH'inml aZH'inml f}/I — ny —2t1 trtg+vrvg ’
Op150p1r op1°?

The hessian of Platform 2’s profit function is the same.
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The hessian needs to be negative definite so that both platform’s profit functions

are concave. The corresponding sufficient and necessary condition is given by:

dtrty — (i —7s)* >0 (A.89)
mml mml mml mml
Then on solving % = 0, 61;;1] =0, 61;;2[ = 0, and aggw = 0, we obtain

the following equilibrium prices:

x % 2rtydr—(yr+ya)trds+(vr—v)vs91

Pir = Doy = atrt g —(yr—v7)2 (AQO)
x ok 2tgtrdg+(vatyntsdr+(ya—y)vida

Pry = P2 = dtrty—(vr—v7)? ' (A.91)

Given the above prices, the equilibrium market sizes are given by:

* % _ 2t501—(vr—7)0s
Qpp = Qo = atrtg—(yr—7)2 (A92)

* % _ 2t165—(yi—7)01
Qrg = Qg5 = atrty—(y1—v7)? (A93)

Note that by definition, 0 < o; <1 and 0 < of; < 1 for k € {1,2}. In addition,
multi-homing by advertisers and consumers implies that af, > % and of; > £ for
k € {1,2} because af; = ai; and af; = a3 ;. When these conditions and (A.89) hold,

the equilibrium profits of both platforms are given by:

mmls _ pymmls _ tg07+t16%—(v1—vs)816,
Hl - HQ - atrt;—(vr—7)2 . (A94)

Finally, note that 035, < 0; (A € {H,L}) and 6135 < 6o3; are respectively

equivalent to of; > 1 and af, > 1§ for k € {1,2}. O

Lemma A.6. If both platforms set customized prices for the two segments of con-

167 (703 +16%)+7s01(8¢167=701)

sumers, the equilibrium profits of each platform are IIJ™** = TI5™m** = 8t7 82—
J

Proof. Following a similar procedure as in Lemma A.5, we derive the profits of both

platforms as follows:

2 = afh - pih 4+ afy - ply + any - puy (A.95)
15" = gy - Por + gy - Py + Qg - Pay (A.96)
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where

afy = 2B (A.97)
afl = % (A.98)
oy = b (A.99)
afh = 2kt (A.100)
Ly = 71(51—17%12)::3?(51—17@ (A.101)
ny — w(51—1)512);??(51—112.1) (A.102)

Then both platforms’ profit functions are concave if and only if

8tit; — 5 >0 (A.103)

On solving this game, we obtain the following equilibrium prices:

Pt =i = % (A.104)
—~2)—
pif = w7 = MO (A.105)
t Sr+4trd
ply = psy = MR, (A.106)

and the following equilibrium market shares:

Hx _ _Hx _ 01
Lx _ _Lx _ 2t;01+vs907

iy = Oy = m (A108)
* % ~yy0r+4trvy

Ny = X7 = Ry, 2 (A.109)

Note that by definition, 0 < aff* <1, 0 < aff <3, and 0 < of; <1 for ke {1,2}.

Because both consumers and advertisers can multi-home and aff* = ofl* af¥ = ol

for k € {1,2}. Finally,

k0 ok Hx* 1 L 1 * 1
and aj; = az;, we have ;" > 7, apf = 7, and af; = 3
according to the IC constraints, we have:
L H L H
Pir <Py <Pir +71 0y (A.110)
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vg(vs0r+4t1dy)

2Bt 2 0, which always holds as

The left-hand side inequality is equivalent to

long as (A.103) is satisfied. The right-hand side inequality is equivalent to 2vH > ~; |,
which holds given that (A.103) is satisfied. When all of these conditions are satisfied,

the equilibrium profits of each platform are given by:

mm2% _ pymm2% _ 16t1(t5024+t162)+v567 (8165 —.01)
ITY =I5 = T T rp— (A.lll)

]

Lemma A.7. If Platform 1 sets a uniform price while Platform 2 sets customized

prices for the two segments of consumers, their equilibrium profits are TI7"™3* =

481 (tyS1+7165)+265(2t1867—v§ 61) and TImm3% — 16t (t70%+1763)+v501(8t165—>501)
16t1t‘]7(’y}172’y‘])2) 2 8t1(8t1t‘]7')/3) .

Proof. Following a procedure similar to that used in the previous two lemmas, we

derive the profits of the two platforms as follows:

7™ = onp - pur + o1y - pug (A.112)
5™ = oy - pyy + @37 - Pyy + Q2 - P2g (A.113)
where
R T (A.114)
oy = Yha (A.115)
ofy = Uk (A.116)
e (A.117)
ny — 7](61_p£]2)23j1(6J_p2J) (A.118)

Both platforms’ profit functions are concave if and only if the following conditions

hold:
16tst; — (v —2v,)2 > 0 (A.119)

8tity — 75 >0 (A.120)
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On solving this game, we obtain the following equilibrium prices:

= 20y —QVJ)Z.éfII;;t_IE{j?i;;igzﬁ +2v4)8s} (A.121)
phr — At Jhrsby (A.122)
part =% (A.123)
p}y — S b Bty O 4 )or) (A.124)
psy = MO, (A.125)

and the following equilibrium market shares:

oy = S (A-120
asf = g (A.127)
agft = 2k (A.128)
oy = Ao (A.129)
a3, = WLt (A.130)

Note that by definition, 0 < of; < 1,0 < od* <3, 0< odf <3, and 0 < of,; <1

for k € {1,2}. Furthermore, af; + oy + ofl* > 1 and af; + a%; > 1 because both

consumers and advertisers can multi-home. Note that the IC constraints are given

L H

by pif < pi* < pl¥ + vHay;. The first inequality is satisfied when (A.120) holds

and the second inequality is equivalent to 2v# > ~; when (A.120) holds. Then, the
equilibrium profits of the two platforms are given by

mm3x _ 467 (ts0r+v5065)+265(2t16,—vH ;)
Iy o 16trt —(vF —27,)?) (A.131)

mm3% __ 16tr(ty07+t185)+v01 (8187 —7.0r)
I 8L1 (81t —72) (A.132)

]
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Lemma A.8. Define the parameter space ©™™ as the pair (v, ~;) satisfying second-
order conditions and demand conditions of the three subgames. Then in ©™™  neither

platform completely abandons advertisers and serves only consumers.

Proof. We prove the lemma in four parts (see also Lemma A.4). In Part (a), we
specify the parameter space ©™™. Then in Part (b) and Part (c), we derive the
equilibrium profits of two subgames where one platform chooses to completely aban-
don advertisers. Finally, in Part (d), we prove that such a one-sided strategy is not
possible in equilibrium.

Part (a). Based on Lemmas A.5-A.7, we define the parameter space ©™™ as one

in which the following conditions hold:

1. Both platforms’ profits are concave with respect to their own prices across all
three regions. Thus, (A.89), (A.103), (A.119), and (A.120) are satisfied in
",

2. The demand conditions as well as the multi-homing conditions are satisfied

across all three subgames.

Part (b). In this part, we derive the equilibrium profits where Platform 1 aban-
dons advertisers while Platform 2 serves both sides and sets a uniform price for both
segments of consumers. Since there is no competition on the advertiser side, Plat-
form 2 caters to all advertisers with the marginal advertiser being located at 6; = 0
and the price for advertisers being po; = vy — t; + Qor7yy.

Because the two platforms compete on the consumer side of the market and be-
cause consumers can multi-home, there are two marginal consumers in each segment.

The first marginal consumer in each segment is indifferent between joining Platform
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1 and multi-homing, and they are as follows:

Ofyy =1 + 22121 (A.133)

@gl =1+ 'Y}—IOZZJZZPQI*(SI (A134)

The second marginal consumer in each segment is indifferent between joining Plat-
form 2 and multi-homing, and are given by:

Ogp =17 (A.135)

tr

Oghy =72 (A.136)

tr

Based on this, in equilibrium, we have ai; = 205, + 205, asr = 2(1—61,) + 3(1—
011,), any = 1. Then, the profit functions of the two platforms are:

Hle =17 " P11 (A137)

5" =aar - par + ay - pas (A.138)

Both profit functions are concave with respect to their own price for consumers, since

PPt _ P _ 2 (. On solving th find that the equilibrium pri
i = e < 0. On solving the game, we find that the equilibrium prices
are:
P =% (A.139)
_ _~H
phy =20 (A.140)
and the equilibrium profits are,
md 67
It =4 (A.141)
H_ _ 2
Mgt =y — ¢, + QL2200 (A.142)

where the superscript “md1” represents the first subgame of the one-sided market
strategy in the multi-homing model.
Part (c). Here we derive the equilibrium profits when Platform 1 abandons ad-

vertisers while Platform 2 serves both sides of the market and sets a customized price
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for each segment of consumers. As in Part (a), we have 6; = 0. Because advertisers
can only reach low type consumers, the price Platform 2 charges advertisers is given
by pay = vy —ty + k.

On the consumer side of the market, the marginal consumer in each segment
(H and L-types), who is indifferent between joining Platform 1 and multi-homing is
given by:

oL —1 4 P A.143
157 =1+ =— (A.143)

o, =1 + B (A.144)

Likewise, the marginal consumer in each segment who is indifferent between joining

Platform 2 and multi-homing is given by:

Og =L (A.145)
Ogsr =158 (A.146)
Based on this, in equilibrium, we have ay; = 303, + 305, af = (1 — 0y)),

adh = (1 —0f%;) and any = 1. The profit function of each platform is:
HTd2 =011 " P11 (A147)

Hmd2 :aé} . pé] + Oé{I . ngI + Qg - Pog (A148>

Both profit functions are concave with respect to their own price(s) for consumers,

2qppnd2 9 . md2
since a—2 =—7 < 0 and the hessian of I17** is
52H5nd2 aQHngQ
1
md?2 6;0[‘ 2 ap%]apé{] I 0
H<H2 ) = (921—[2;1112 Q2112 = 0151 _ti (A149)
oplopk;  opht? !
On solving the game, we obtain the following equilibrium prices:
P =% (A.150)
phF =41 (A.151)
pir =4 (A.152)
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Then the IC constraints, ply < pif* < pl¥ + yHay;, are satisfied if and only if

77 < 2vH. Finally, the equilibrium profits are given by:

Hmd2* _ ﬁ
1 4ty

(A.153)

2 2
M5 =y — ¢y + 2P0 (A.154)

Part (d). In this part, we prove that Platform 1 never abandons the advertiser

side in equilibrium. To see this, first note that from (A.94) and (A.141), we have

mml mdls _ (vFor—2v,61—4t16,)?
™ = I = 4t11(16t1tJ—(’Yf{—2’YJ)2) >0, (A.155)

which implies that a platform has no incentive to adopt the one-sided market strategy

when its competitor operates on two sides and sets a uniform price for consumers.

Second, from (A.111) and (A.153), we have

mm m Or-+4t7dy)
[Imm2e _ [rrd2e % >0, (A.156)

which implies that a platform has no incentive to adopt the one-sided market strategy
when its competitor operates in two sides and sets customized prices for the two
segments of consumers.

Therefore, in ©", no platform abandons the advertiser side.

Lemma A.9. Ift; < ; <2t; andt; < 65 < 2ty, then O™ # (.

Proof. To prove that ©™™ is a non-empty set, it suffices to show that there exists
a point that satisfies all conditions pertaining to ©™™. Consider a point (v, ~;) =
(€,€), where € is a very small positive number. In Subgame 1 (where both platforms

use the uniform pricing strategy), at this point, as € approaches to zero, we have:
1. 2 <af; <1 (k=1,2) is equivalent to t; < §; < 2t;.

<af; <1 (k=1,2)is equivalent to t; < d; < 2t.

N |—=
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3. (A.89) is equivalent to =~ > 0, which always holds.

In Subgame 2 (where both platforms use the customized pricing strategy), at (v, ~;) =

(€,€), as € approaches to zero, we have:

1. Zi < all* < % (k =1,2) is equivalent to t; < d; < 2t;.
2. L <aff <1 (k=1,2)is equivalent to ¢; < d; < 2¢;.
3. 3 <af; <1 (k=1,2)is equivalent to t; < d; < 2t,.

4. (A.103) is equivalent to 75— > 0, which always holds.

In Subgame 3 (where the two platforms use distinct pricing strategies), at (v, ;) =

(€,€), as € approaches to zero, we find:
1. 0 < af; < 1is equivalent to 6; < 2t;.
2. Both 0 < odf* < 1 and 0 < a4 < 5 are equivalent to §; < 2¢;.
3. 0<ap; <1 (k=1,2)is equivalent to §; < 2t,.
4. af; + ok + olfl* > 1 is equivalent to 6; > ;.
5. af; + a5, > 1 is equivalent to d; > ¢;.

6. (A.119), and (A.120) are respectively equivalent to -~ > 0 and - > 0, both

of which always hold.

Therefore, if t; < 6; < 2t; and t; < d; < 2t;, we have (vF,v;) = (e,¢) € ©™™ for a

very small e. This implies that @™ is not an empty set. ]
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A.2.1 Proof of Proposition 2.3

Proof. We prove the two claims of the proposition in the following two parts.

Part (a). First, we show that the two platforms cannot use asymmetric pricing
strategies in equilibrium. Suppose there exists an equilibrium where Platform 1 uses
a uniform pricing strategy while Platform 2 uses a customized pricing strategy. This
implies both TT{*™3* > TI"2* and T15"™3* > T17*™*. However, since by Lemmas A.5-
A7, TIPm3* = TI5m* and TIP™2* = T15"3* but II7™3* £ 115"™3* both inequalities
cannot simultaneously hold, which is a contradiction. Therefore, there does not exist
such an asymmetric equilibrium.

Part (b). The existence of the symmetric customized pricing equilibrium can
be shown by an example. Suppose t; = 1, t; = 5, 6; = 1.5, and d; = 7.5. Since
tr < 05 < 2ty and t; < §; < 2ty, by Lemma A.9, ©™™ # ¢ (i.e., the parameter
space is a non-empty set). In fact, ©™™ is given as 0 < v; < 0.63941. Further,
let (v 7v;) = (0.5,0.1) € ©™™. For this pair, [I7™2* — II7™3* = (0.1096 > 0,
which implies that both firms will choose the customized pricing strategy when the
competitor also does so. Moreover, the IC constraint for customized pricing (v, <
2vH) holds at this pair. Therefore, there exists an equilibrium where both firms

simultaneously adopt a customized pricing strategy. O]
A.2.2  Proof of Proposition 2.4

Proof. First, the condition for each symmetric equilibrium is given as I15""* >
[15™3* (for the symmetric uniform pricing equilibrium) and TI7*"2* > TI7"™3* (for the
symmetric customized pricing equilibrium).

Note that TI™* > TI5"3* is equivalent to IT{"™3* > TI7"™** since I5""1* =

[I77m3% and T15™3* = T17"2* . In addition, these inequalities are equivalent to v# <
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H00 " where

,YHOO = 1
! V262 — 16t26% — 8t107(2t ;01 + 7507)

2{7?}5? — 16t76,1(2t ;01 + 7505) — Atrv,01 (4t 501 + 740.)+

2\/151(%51 + 4t105)2(—t Y707 + 2t (8507 + 4t y,0105 + ’7?153))}

Therefore, when vH < 1% the symmetric uniform pricing equilibrium is obtained
but otherwise, the symmetric customized pricing equilibrium is obtained.

Finally, note that /"% > % holds for any v, € [0,44/%;¢;] and that in ©™",
vy < 44/tit; always holds by (A.103). This implies that whenever the customized
pricing is an equilibrium strategy for both platforms (i.e., when 1 > 4H90) the IC

constraints for customized pricing (' > %) also holds. O
A.3 Analysis of Multi-Homing Advertisers

Lemma A.10. If both platforms set a uniform price for consumers, the equilibrium

profits of each platform are II5™* = TI5M* = %t] + ﬁ{%g — (v} 4+ 7% — 6v170)

oI

where yr = L.

Proof. Because consumers single-home, they only join one platform. As in Lemma

A.1, A-type consumer who is indifferent between the two platforms is given by

07 = %(pﬂ —pir + 77 (a2y —ang)) + 5 (A.157)
and the ‘average’ consumer 0; = w is
0 = ﬁ(pzl —pur + vi(agy — o)) + %7 (A.158)
i

where 77 = L.
Because advertisers can multi-home, we have two marginal advertisers who are

denoted by #1357 and fy3;. The marginal advertiser at 63, is indifferent between
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advertising only on Platform 1 and advertising in both platforms, and the marginal

advertiser at o3 is indifferent between advertising only on Platform 2 and advertis-

ing in both platforms.
Advertiser’s utility from advertising only on Platform 1 is:

Upj(0) = vy —t,0 + vs07; — pJ,

the utility from advertising only on Platform 2 is:

Us(0) = vy —t;(1 —8) + vy05; — p1y,

and the utility from advertising on both platforms is:

U3J(9) :’UJ—tJQ—F")/JCYTI—p1J+(SJ—tJ(1—9)+’}/]CY§I—p1J
= vy —t;+ys(af; +ag) — prs — pas + 4y,

By solving Uy ;(0) = Us;(0) and Us;(0) = Us;(0), we obtain:

Ozg=1— %(5J + 7y - aS; — Day)

sy = %(d} + 775 —p1g)

(A.159)

(A.160)

(A.161)

(A.162)

(A.163)

(A.164)

To ensure the existence of a multi-homing advertiser, we assume 6#,3; < 537 and

later derive the condition under which this assumption holds. This assumption im-

plies that advertisers in the interval [0, 613;) advertise only on Platform 1, advertisers

in the interval [6137, 023] advertise on both platforms, and advertisers in the interval

(023, 1] advertise only on Platform 2.

Then in equilibrium, we have af; = 0;, af; = Os3;, &5, = 1 — 07, and af; =

1 — 6135. These lead to the following system of demand:

= % + m [vr(prr — p2s) — tr(pir — par)]

Qo1 = 5+ sy i (p2r = pr) = ti(par — )]

(A.165)

(A.166)

a1y =55 (205 + % — ) = wmn ey Ertapis + Y1vup2s + s (pa = par)]

(A.167)

oy = g7 (200 + 5 = P2s) = sy Litapes + Yrvapis + trvs(par — pu)]
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Then each platform’s profit function is given by:

Himl :Oélj’p1[+alj‘plj (A169)

Hgml = Qg1 * P21 + Qo - Pag (Al?O)

The hessian of TI§™! is

62 H‘iml 62 H‘iml

NI—J
op1r? dp110p1J —t
smly __ _ 2 L1
H(Hl ) - 62H‘im1 62Hfm1 ’YI;’YJ _2tItJt+’YI’YJ trtg+yrvs (A'171)
J

Op1.70p11 dp1°2
The hessian of Platform 2’s profit function is the same. The hessian needs to be neg-
ative definite so that each platform’s profit function is concave. The corresponding

sufficient and necessary condition is given by:

8tit; — (i +77 — 6v17s) > 0 (A.172)
. ansml 0Hsm1 (}Hsml aHsml
Then by solving aplu =0, aplu =0, 6;0221 = 0, and 010221 = 0, we have the
following equilibrium prices:
Pir =Py =t — (=3 + s + 245) (A.173)
piy = Pay = 3 (1 + 70 +20,). (A.174)

Given this, the equilibrium market size of each platform is given as,

o =ai =3 (A.175)

afy = agy = g (= + 75+ 205) (A.176)

Note that by definition, o} ; < 1 should hold for £ € {1,2}. In addition, multi-homing

. . . * 1 . * _ * o . .
by advertisers implies aj ; = 5, Vk, since af; = a3;. These conditions lead to:

2(ts —04) + 377 < vy <2(2t; —65) + 371 (A.177)

Note that these conditions lead to 0135 < fh3;, implying some advertisers indeed
multi-home in equilibrium. Finally, when both (A.172) and (A.177) hold, the equi-

librium profits of each platform is given by:

I = T = %tI + ﬁ{%?} — (v + 75 = 6vv)} (A.178)

]
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Lemma A.11. If both platforms set customized prices for the two segments of con-

sumers, the equilibrium profits of each platform is: TI™%* = TI5m** = %tﬁ-ﬁ(l&?,—

v3)-

Proof. Using a procedure similar to that used in Lemma A.10, we derive the profits

of the two platforms as follows:

2 = o pf 4 ol ph + any - pry (A.179)
157" = adt - pit + ady - py + qag - pag (A.180)
where
off =14 I’H%IpH' (A.182)
ok =14 Pf%lp%z (A.183)
ofl =14 p{f%lpéi (A.184)
Ly = 46J+Z;:1J—4p1.f _ W(I‘;%;pfl) (A.185)
py = B J+Zij—4p2 5 _ w(z;%;p&) (A.186)

Both platforms’ profit functions are concave if and only if

16t;t; —v5 >0 (A.187)

Then the equilibrium prices for L-type consumers and advertisers are given by
Pif =t =t — gk - (v +46)) (A.188)

Piy =Dy =5 (v +407). (A.189)

In equilibrium, the demand for each platform in each market is given by all* =

H% _ Lx __ Lx _ 1 * % 1 : * %
ayf = o] = apf = 3, and af; = a3; = g-(7s + 49;). Note that since af; = a3y,
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multi-homing by advertisers implies that % < aj; <1 for k e {1,2}. This leads to

the following condition:

4(tJ—5J) < g <4(2tj—5j). (A190)

Finally, IC constraints require

pif <pit <pif +rau (A.191)

The left-hand side inequality is equivalent to %J;M") > ( and it always holds. The

right-hand side inequality is equivalent to v > ~;. When these conditions hold, the

equilibrium profits of the two platforms are given by

HimQ* _ H§m2* _ %tl + $(165(2] — ’y%) (A192)

O

Lemma A.12. If Platform 1 sets a uniform price for consumers while Platform 2

sets customized prices for consumers, their equilibrium profits are

sm3%k __
1137 =

yE {294912t§t?, — 3072644 (3yH? — a4y H ) + 2672 + 16956, — 167,06, — 486%)—

trt sy (3295785 + dy365 (Tyy + 1665) + 4vF 73 (1493 — 407,65 — 11967)—

2y (1642 + 71,0, + 4802) + vH P (14292 + 233765 + 11262) + v 242 (=21642 + 197,55 + 42063))—
32t315 (487{13(27J —67) + 8yH A (12172 — 82,8, — 17662) + 772 (—68292 + 3047, + 12862)+

V2 (=21792 + 40076, + 118462)) + 1263, (— 647 (4 — 65) + 4y A2 (57773 — 680,06, — 214462)+
1677%(9072 + 317,68, — 2462) + 473 (—497% + 264,68 + 74062+

Iy (=3T617% + 11047565 + 37216%)) + I 73 (2vf 65 (vs +87) — 47365 (s +265)~

3 2
Y (VG + 97565128%) + 41 G (40T + 11785 + 1385) + 47 (45 + 147}’;5_2,))} (A.193)
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2

1
TIgm3* “ i (2949126345 — 30726343 (897 + 4175 + 167,65 — 4853 — 8+F (T +20,))—

326343 (2577 — 4y F (837 + 346) + 292(28172 + 244,65 — 5206%) — 8vF 77 (22972 + 166,06, — 14063 )+
4yf1% (30093 + 2547585 +462)) + 7F V3 (W (vg +82)% + 495 (43 + 3ysbs + 263)—

27?7%673 + 14v;085 + 553) + 7{1273(573 + 97585 + 653) - ’Y}_I4’YJ(5’Y% + 127565 + 753)+

VP2 (673 + 17758 + 1162)) + 1362 (192vF s + 16vF 43 (41142 + 509,86, — 28652)—

6474 (1592 + 1970 — 3202) + ~H*(—945+2 — 1248+,6; + 646%) — 47H 12 (206142 + 2762756 + 37263)+
AyH2 (93972 + 134278 + 41662)) + trt v (129 %y + 4y ® (1342 + 1076, — 462)

+1675(73 + 276 — 62) — 4y F Y4 (7297 + 145,85 + 663) + 497 * 75 (14193 + 27376, + 10953)

Ty (2292 + 5576 + 1286%) — vH 42 (28072 + 639,05, + 53253))} (A.194)

2 3 2
where A = T6813t% —8t 1t ;(2vH " — 1677~y +1372) +747 (27" =377~ ;= Ty H A2 +273).

Proof. Let piy, pk, ¥, p1s, and poy denote the prices charged to consumers of Plat-
form 1, H-type consumers of Platform 2, L-type consumers of Platform 2, advertisers
of Platform 1, and advertisers of Platform 2, respectively. Then, using a similar pro-

cedure as in the previous two lemmas, we derive the profits of the two platforms as

follows:
57 = cup - pu + aug - puy (A.195)
5™ = oll - pf ok - pl + gy - poy (A.196)
where
any = tJ(p§1+p§1*425;2127?1);%{(puf&) (A.197)
ok =14 PH4+IP§I (A.198)
ag _ 4t1t‘](p11*pg+t1)71?[{(1;(]?;;{13’7;)745‘])7'yJ(p1]7p£‘I)} (A.199)
Ly = w(pZerézzi’;i?)v;%(puﬂi}) (A.200)
Gy = § + P2t us o) (A.201)
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Both platforms’ profit functions are concave if and only if the following conditions

hold:
32trt; — (v —275)% >0 (A.202)
641715 + vf 7, (16t — v vs) > 0 (A.203)
64t7t5 + 4ty (4y1" —v0) = v 5O + 7)) > 0. (A.204)

Then the equilibrium prices are given by

1
Pir =y 1 (7686365 + 86332817y — 3175 — 89f18y — 40956) = 4F A5 (4F (v + 8) = 290 (s +26))+

2
bt (v (200 + 6) + 293y + 1687) — vfTy, (4775 + 448,) } (A.205)

1

2 2
Py 12{9615%153(7}{ +2v5 +467) + Vv (YT v T8 — 4327 +505)) + trty (167 (g — 6)—

295 (T + 1885) + 7f75 (2575 +566,)) } (A.206)

* 1 2
Phr =t7{768t§t3 — 823 (v — 34y vy + 283 + 4y + 44v587) — NS (v (vr + 8) — 27 (vs + 60)+
J

3 2
+trtyys (=67 —18vF v (37 + 465) + 872(27s + 565) + v (297, + 286J))} (A.207)
s Atrtg +yHyy 2
Py = {19%?% =27ty (TvF " = 22vF vy + 2293 — 209§78 5 + 20758) + (VF — v v (vF (v + 60)—
J
2vs (s + 26J))} (A.208)

1

2
Py, :Z{%t%rt?r(% +487) + v v (v (g +85) — 27 (vs +64)) — trtg (1643 (v + 385) — 107 v (vs + 68,)

+ A (g + 851)} (A.209)

2 3 2
where A = 768t3t% —8tt;(2v" =167 v +137%) +7, (297" =37y v, = TvF 2 +243).
At the equilibrium prices, the demand for each platform in both markets are
given by
o, :%{38%?1&3 Aty (167, — 773 — 8yH 6, + 87,6,) — 70 (=296, + 4265 + vH v (2vs + 5J)} (A.210)
oy =i{ = 967¢5 (71 — 2(vs +26.5)) + 1 AT O (v +85) = 275 (v +260))+

J

2
bty (=16f = 2y, (Tyy + 188,) + 4f (397, +406,)) } (A.211)
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affi™ —%{19%%3 — 27t 5 (1% = 229f 55 + 2293 — 2090785 +200585) + (VF — v )vs(F (v + 60)—
2y (vs + 25J))} (A.212)
aky* == {192?5?#2] — 207ty (v = 107H vy + 1693 + 4vF S5 — dys85) + v (v E S + TyH 65 — 2938 —
V2 (4 +50.5)} (A.213)
aj; =ﬁ{96t§t3(w +48,7) + V2 (v (v +6.5) = 2va (v + 265)) — t1t5 (1643 (v + 36.)—

10vE v (7 +665) + 72 (v + 8&;))} (A.214)

Note that the demand has to be properly bounded in equilibrium: 0 < af; < 1,
0<al, <1,0<al” < 5,0 < adl” < 1, and 0 < of; < 1. In addition, because

advertisers can multi-home, we have of; + a3; > 1.

Next, given the equilibrium solution, the IC constraints also need to be satis-

fied: pl¥ < pb* < pl* + ~vHa,;. On substituting equilibrium solutions into these

inequalities, we have

1 2 2
tTA{vF V3T (s +6) — 2vs(vs +265)) — 4815 (v T = 291 (v + 265) — v (s +465))+

3 2
trtgvs (=8v7 " = 2v1 v (v — 665) — 8v5 (s +385) +v1 (1975 + 165J))} >0 (A.215)
2
{4833 (vf = 4)(F + 75 +480) + A OF = ) v O (v + 6) = 29 (s +26))+

tyA

trt s (v (Tvy — 857) + 893 (v +387) — 29F 73 (T +308,1) + v F 275 (—97s + 445J))} >0 (A.216)

Finally, when all of these conditions are satisfied, given the equilibrium demand and
prices, each platform’s equilibrium profits are calculated as in (A.193) and (A.194).
]

Lemma A.13. Define the parameter space ©°™ as the pair (v, ~;) satisfying second-

order conditions and demand conditions of the three subgames as well as v; < 75 <
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7 where

2 2
— max {0 48tItJ+27t['y{_I+8tJ'y{{—6\/5\/751(4tJ('y{"I +46 52)+t1 (3262424 ;v H +9(vH 7 262)))
NI = ) 2(9t7 +8t )
2 2
— . 48tIzJ+27zlwf1+stJ~/P+6\/§\/t1(4tJ(w{1 +46 52)+t1 (3262424 ;v H +9(vH " 262)))
7 = min - i
(9t7+8t )

2,2 L 94242 2
12,\/4tItJ+\/l6tItJ+9t16J+8tItJ§J
9t;+8t :

Then in ©°™, neither platform completely abandons advertisers and serves only con-

sumers.

Proof. As in Lemma A.4, we prove the lemma in four parts. We first establish the
parameter space ©°". Then we derive the equilibrium profits when one platform
abandons the advertiser side of the market. Finally, we show that neither platform
finds it profitable to do so.

Part (a). Based Lemmas A.10-A.12, we define the parameter space ©*™ where

the following conditions hold:

1. In ©°", (A.172), (A.187), (A.202), (A.203), and (A.204) are satisfied. Thus,
both platforms’ profits are concave with respect to their own prices in all the

three subgames.

2. The demand conditions as well as the multi-homing conditions are satisfied

across all three subgames in ©°.
3. In ©", v; < vy <77 is also satisfied (with 7, and 77 as defined above).

Part (b). Suppose Platform 1 abandons advertisers to serve only consumers
while Platform 2 serves both sides of the market and sets a uniform price for con-
sumers. Note that because consumers single-home, this subgame is the same as the

one in Part (a) of Lemma A.4. Therefore, the equilibrium profits of each platform
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are:

H_ 2

Hidl* _ (6t1+'?;12t1 2vs) (A217)
H_ 2 _ _~H

HZdQ* _ (6t1+77,2t1 2v7) 4 3vy 3tJ371 +2vs (A.218)

For the equilibrium demand to lie within proper bounds, we need the following
conditions: v; < 2y — 3t; and vy < 3t; — v,

Part (c). Now suppose Platform 1 abandons advertisers to serve only consumers
while Platform 2 serves both sides of the market and adopts a customized pricing
strategy for consumers. Again, this subgame is the same as the one in Part (b) of

Lemma A.4. Hence, the equilibrium profits of each platform are:

H:id2* _ (67517—2?17.7)2 (A.219)
2
H;dQ* = vy + %[ —t;+ 215;‘; + 'YFJ (A.ZQO)

To ensure that the demand is within proper bounds and IC conditions are satisfied,
we need the following conditions: ~v; < 27{{ and vy < %tl.

Part (d). In this part, we show that it is not profitable for a platform to abandon
the advertiser side of the market. First, when a platform’s competitor operates on
two sides of the market and uses a uniform pricing strategy for consumers, the
platform has no incentive to adopt the one-sided market strategy if I1§™* > TI541*,
This implies

V<V <7, (A.221)

48t]tj+27t]"/}{+8tj’y}{76\/5\/t] (4tJ(’yfI2+45‘]2)+t](32t‘2]+24\]’)/{1+9(’y}{2+253))) }

where 7; = max{0, 2(9t,+8L,)

and 7 — A8trt s +27t v H 48ty +67/24/t1 (485 (v +46,2) +11 (3263 +24 ;vH +9(yH? +262)))
na vy = 2(9t,+8L,) :

Similarly, when a platform’s competitor uses a customized pricing strategy, the
platform has no incentive to abandon advertisers if II§™%* > I13%2*. This is equivalent
to:

Y5 <A (A.222)
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b ~ 12\/4t1tJ+\/16t%t2J+9t§53+8t1tJ63
where 7y = 9t;+8t;

. Now let 75 = min{%,%}}. Since in ©°",
7J <77 <7 holds, neither platform completely abandons the advertiser side of the

market. ]
Lemma A.14. [ft; < d; < 2t;, then O™ # (.

Proof. Suppose t; < 6; < 2t;, and consider a point (€, ¢) in the (v, ;) space,
where € is a very small positive number. As e approaches to zero, this point satisfies
both (A.172) and (A.177), which are the second-order condition and the demand
conditions (including the multi-homing conditions) of Subgame 1 where both plat-
forms use a uniform pricing strategy. Similarly, it is easy to see that, as e approaches
to zero, (e,¢€) satisfies (A.187) and (A.190), which are the second-order condition
and the demand conditions of Subgame 2 where both firms use a customized pricing
strategy. Next, at (e, €) with € being close to zero, we have 0 < af; < 1,0 < af; < 1,
0<ak” < 1,0< adl® < $,0< a3, <1,and ay;+a9y > 1, which are the conditions
pertaining to Subgame 3 (where both platforms use asymmetric pricing strategies).

In addition, (A.202), (A.203) and (A.204) are satisfied at this point. Finally, note

6{dtrty+/tr {16113 +(9t;+8t,)52}}
9t +8ty

that we have lim._,o7%; = > 0 and lim. o7, = 0 (where
7; and 7, are as defined in Lemma A.13). Then the point (e, ¢€) also satisfies the
condition for Lemma A.13. Therefore, if t; < §; < 2t;, (€, €) is included in ©*™ and

thus, ©*™ is not an empty set. m

Claim A.1. When consumers and advertisers single-home and both platforms set a

uniform price for consumers, each platform’s profits decrease in ~v; but increase in

V-

Proof. By Lemma A.1, each platform’s profits are II§*!* = TI§""* = 1(t;—~,+t,+71).

The claim immediately follows. O
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Claim A.2. When consumers and advertisers can multi-home and both platforms

set a uniform price for consumers, each platform’s profits increase in vy but decrease

m Yr-

Proof. By differentiating the equilibrium profits in Lemma A.5 with respect to v

and vy, we obtain:

ouymtt oMy 2ty8r—(vi—vs)ds | 2tr8s—(vi—=7s)dr
oI oI dtty—(vr—s)? Aty —(vr—vs)?
and
QU™ * OME™M* ot y8r—(vi—v4)8s | 2t165—(v1—72)d1
v v dtrtyg—(vi—vs)?  Atrty—(vr—vs)?
ok
=y -ay; >0, (A.224)

because the market sizes are positive (that is, of; = a3; € (5, 1) whereas af; = a3; €

(3,1) by Lemma A.5). O

A.3.1 Proof of Proposition 2.5

smlkx aHsml*
2

Proof. Using the profits derived in Lemma A.10, we find that analw = —%— =

smlkx
1

% - (=7 + 3vs) > 0 which is equivalent to 7; < 37,;. Furthermore, e =

sml
% = % - (377 —vs) > 0 which is equivalent to 7; > %v,. Hence the results
follow. O

A.3.2  Proof of Proposition 2.6

Proof. Tt suffices to show an example of both possibilities in equilibrium. Given the
two platforms’ profits derived in Lemmas A.10-A.12, we define ¢35 = II§™* — [15m3*
and gz = TI5™2* — TI573*,

Now suppose t; = 1,t; =5, and §; = 7.5. Because t; < d; < 2t;, the parameter
space is a non-empty set according to Lemma A.14. Further let v; = 2. Then the
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parameter space O™ is given by 0 < v¥ < 7.3056. Moreover, in ©°™ §;3 > 0 is
equivalent to v < 2.5994 while dy3 > 0 is equivalent to v > 2.9151. Then we have

the following equilibria:

1. The Subgame 1 equilibrium where both platforms use uniform pricing exists

when 0 < 7f < 2.5994.

2. The Subgame 2 equilibrium where both platforms use customized pricing exists
when 2.9151 < v# < 7.3056. Note that in this interval, the IC condition:

vH > 2 is satisfied.

3. The Subgame 3 equilibrium where both platforms use distinct pricing strategies
exists when 2.5994 < v; < 2.9151. Note that the IC constraints do not alter
this condition. This is because the IC condition for L-type consumers is always

satisfied in ©*™ and that for H-type consumers is satisfied when ¥ > 2.0158.

Thus, when t; < d; < 2t;, both platforms can adopt a customized pricing strategy

and asymmetric pricing strategies in equilibrium. ]
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Appendix B

Proot for Chapter 3

B.1 Analysis of a Perfectly Competitive Content Market

We first characterize the equilibrium solution corresponding to the monopoly and
duopoly models of platforms in a series of lemmas, and then use them to prove the

main propositions.
B.1.1  Monopoly Platform

Lemma B.1. The equilibrium is characterized as follows:

o Ifps = T, the platform adopts a free-content strategy and

t(2
ai‘:ayzl— (2e+74) ,
\/t-v”yA(20+’yA)

Do = p% 0. (B.1)

e If ps < Tar, the platform adopts a paid-content-with-ads strategqy and

—C—7A+V 2_9ut—c2—2v,-c—7>
« M _ ¥ M v2—2vt—c?—2y4-c—%
Q= Ay = v ) Pc = Ppac 20 : (B2)

where Ty = —ya4 + 4/ - (v —21).
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Proof. Because the content market is perfectly competitive, the content price is equal

to the marginal cost of producing it

ps =¢ (B.3)

Given the assumption that the market is fully covered (nic = 1), as given in equation

(3.8) in the main paper, the price charged to consumers is

2

«
pic=v- (o — ?1) —t (B.4)

Moreover, the monopoly platform’s profits, as give in equation (10) in the main

paper, are

1

The condition pic = 0 is equivalent to

o (v—2t
ap = ay =7 v- (v ) (B.6)
v

where aj\/ is the proportion of content the platform provides when adopting a free-
content strategy (pic = 0). Notice that o} € (0,1).

Now the platform chooses a; € [ay , 1] to maximize its profits. The monopoly

. . . oy .
platform’s profits TT¥ ’ is concave in a;. On solving =% = 0, we obtain:
nic=1 oJory
—C— YAtV
M _
) = ozpa = f (B?)

Note that a% < 1 always holds. Then depending on content supplier price

(ps = ¢), we could have one of the following two situations: (1) a7 < a} and (2)

pa

af' < api < 1, which are respectively equivalent to (1) ¢ > 7y, and (2) ¢ < 7y,

where
v = —va + m (B.8)

Next, we proceed to analyze the three cases mentioned above.
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Case L1.1: ¢ = 1y

Because oM < o and II¥ is a concave function of oy, we know that for
pa f Pl c )
o=

1
any oy € [a?/[ 1], ¥ {n1c:1 decreases with ay. Further, since the platform chooses

aj = ay to maximize its profits, we have pi, = pJ]YIC = 0, implying the platform

adopts a free-content strategy.

Case L1.2: ¢ < 7

Since aﬁ\/ < apy < 1 and H%‘nw:l is maximized at a; = a), the platform
chooses af = o In this case, we have from (B.4) that pf, = pM = 27 Nt
1= Q- 5 . Pic = ppaC - 2v :

M

Now because pic > 0 and «,

< 1, the platform adopts a paid-content-with-ads
strategy.

]

Lemma B.2. The market is completely covered if the following conditions simulta-

neously hold: v4 >t and v = max{4t, %}

Proof. 1f the platform sells to cover nic consumers, from equation (3.8),(3.9), and

(3.10) of the main paper, we have the platform’s price for consumers p;c = v - (o —
%%) —t - nio, the platform’s price for advertisers p;4 = 74 - n1c, and the platform’s
profits 1Y = —n?, -t —c-a; + nic <7A(1 —ap) — %(—2 +ay) - aq - v).

The market is completely covered in equilibrium if and only if the monopoly

platform chooses njc = 1. It is optimal for the monopoly platform to do so if

[I¥ increases with nic for nyc € [0,1]. Thus, we find a condition under which

M
ng’c =—5- a?+ (=ya+v) -y +va —2t-nic = 0 holds for any nic € [0, 1] and any

[U—«\/U'(’U—Qt'nlc) 1 a_%

, 1] (noting that, p1c = v - ( — 3

v—q/v-(v=2tn1¢c) )

v

) —t-nic = 0 is equivalent to
oy =

. oM . . . . ..
Since ﬁ is decreasing in nc and concave in «q, it suffices to find a condition
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for the following two inequalities:

oy :fyA-v«/v(v—Qt-)_t>0
anlC’ {061:1}71/’0.(1};21&-”10),nlc:l} v

TTM

olp — S(v—4t) =0

anlc {a1=1,n10=1}

On solving the two inequalities, we obtain:

2t -3

v = max{4t, —=
va -t

} (B.9)

YA > t (BlO)

Therefore, these conditions ensure that the monopoly platform fully covers the con-

sumer market. OJ

B.1.2  Duopoly Platforms

Lemma B.3. Suppose v, > \/(2 —/3) vt holds. The equilibrium is characterized

as follows:

e [fc > T1p, the platform adopts a free-content strategy and

of =al=af=1- H2e + 74)
d Vit vya2e +94)

Pic = DPac = p?c =0. (B.11)

e [fc < 1p, the platform adopts a paid-content-with-ads strateqy and

—2c =4+
* * D __ A * _ % _ D
Qp = Qy = O, = v v Dic = Pac = Ppac

—2c-ya =i+t
” .

(B.12)

where Tp = 5 - (—va + %)

Proof. In this game, as described in Section 3.2 of the main paper, both platforms

simultaneously choose a; and p;c to maximize their own profits I15, subject to 0 <
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D D D D
a; < 1 and p;c = 0. We first solve gﬂlp =0, a(?“’ =0, (;HQP = 0, and a(?”’ = 0, and

pic a1 p2c a2

obtain the following symmetric solution:
—2c— 4+ v
a; = g = ozfa =TTy (B.13)
v
—2c-ya—Yi+t-v

P1C = D20 = Ppuc = 4 (B.14)

[

'To begin, note that 0451 > 1 always holds, and pfac < 0 is equivalent to ¢ > 7p,
where

(—va+ t'—”). (B.15)

1
D= ="
P72 YA

Then, depending on the content supplier price (ps = ¢), we could have one of the

following two situations: (1) pg = 7p, and (2) ps < 7. We analyze these two cases.

Case L5.1: ¢ = 1

In this case, since pﬁlc < 0, the constraint on the consumer price is binding.

Thus, we set p1c = poc = 0 and simultaneously solve 6;{3; =0 and % = (. Then,
we have:
t(2¢c +
a =g = a]l? =1 2+ 3a) (B.16)

At vya2e +v4)

The second-order condition is also satisfied as shown below. Because of symmetry,

we focus attention on only one platform’s second-order condition.

2 4t -v - (2
o the _ _3aldtre-@etral (B.17)

4t

oy =O¢2=Ot? ,p1c=p2c=0)

L In this proof, we focus on the symmetric equilibrium. This is because the goal of this paper is
to derive the implications of different content market structure on the platform’s content provision
strategy. As will be seen in the supplementary analysis (Lemma B.14), asymmetric solutions are
ruled out when the content supplier is a monopoly. Therefore, we also focus on the symmetric
equilibrium here so that we are making fair comparisons.
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Note, however, that the above solution {a; = ay = a?,plc = poc = 0} is a corner
solution. Hence, we check whether it is possible to deviate to an interior solution.

One can see that

oIl 2t v — 4t - v - (2¢ +
a 1P _ v \/’YA[ v ( c IYA)] (B].g)
plC (alza?,plc:(] | agza?,pzczo) 4 ’ t v
2t v — 4t -v - (217p +
< v \/WA[ v ( TD /YA)] — 0’ <B19>

4-t-v

which implies that given (a; = af, as = af) neither platform has an incentive to
unilaterally deviate from p;c = 0. Therefore, when pg > 7p, the equilibrium is given

as {ag = ag = a?,plc = poc = 0} and both platforms pursue a free-content strategy.

Case ILb.2: c < 1p

In this case, since p» > 0 and 0 < a ., < 1, the solution given in (B.13) and
(B.14) is indeed an equilibrium solution. Note that no deviation is possible from
this solution because this is an unconstrained solution. The second-order condition

is satisfied as shown below:

0Tl p deya + 294+t ~0
: - _
0o (ar=az=al, pro=p2c=p}, ) 2t
01l p 1
Opc? =30
P1C” (a1=az=al, pro=psc =pl.c)
<52H1p 1L, p 1, p 2) =2+t - —2mp? +t-v =0
6@12 (9]9102 (90616]910 - 212 2t2

(a1=az=af, prc=p2c =P,?ac)

The last inequality holds since we impose the condition: ~y4 > \/ (2—+/3)-v-t.
Therefore, when pg < 7p, the equilibrium is given as {a; = @y = ozpDa, Pic = Poc =

pﬁlc} and both platforms pursue a paid-content-with-ads strategy.
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Lemma B.4. The market is completely covered in equilibrium if the following con-

ditions simultaneously hold: v4 > t, v = max{2t, i} and ¢ < T =

(v=2t)va
7,247t2 .

2t

Proof. In a duopoly, the market is completely covered if and only if the utility of the

marginal consumer (who is indifferent between the two products) is non-negative.

By the symmetry of the solution, the marginal consumer’s location is given as x = %

Thus, we derive the condition for U 10(%) > 0, given the equilibrium price and content

demand derived in Lemma B.3 for each strategy choice.

First, under a free-content strategy, we have

1 c-t w
Uc(=)= ——+ - —t B.20
elg) == (5.20)
which is equivalent to
— 2t

This defines the upper bound of the marginal cost of producing content. Note that

T = ¢ = 0 also implies that

v =2t (B.22)

Second, under a paid-content-with-ads strategy, we have

1, —A+3-3t-v+0?

Ulc(§> - 2v

>0, (B.23)

which is equivalent to

1
c < 5«/%24 — 3tv + v? (B.24)

Given that ¢ < 7P under the paid-content-with-ads strategy, the above inequality

holds as long as 7p < %« /74 — 3tv + v2, which is equivalent to

74
Vit

ya>t and v = (B.25)

Therefore, when both of (B.21), (B.22),and (B.25) simultaneously hold, the mar-
ket is completely covered across the two strategies. O
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B.1.3  Proof of Proposition 3.1

Proof. From Lemma B.1 and B.3, a competing platform chooses free-content strategy
if and only if ¢ > 7p, while the monopoly platform chooses paid-content-with-ads
strategy f and only if ¢ < 73;. Therefore, the presence of competition motivates
a platform to change from paid-content-with-ads to free-content if and only if ¢ €

[max{7p,0}, 7). For this to happen, we need

Ty > max{7p, 0} (B.26)

To show this is not a null set, note that {t = 1,v = 5,4 = 3} satisfy the equality
(and all the conditions in lemma B.1 - B.4). Therefore, the presence of competition
can motivate a platform to change from paid-content-with-ads to free-content.

On the other hand, a competing platform chooses paid-content-with-ads strategy
if and only if ¢ < 7p, while the monopoly platform chooses free-content strategy f
and only if ¢ > 7. Therefore, the presence of competition motivates a platform to
change from free-content to paid-content-with-ads if and only if ¢ € [max{7p, 0}, 7).

For this to happen, we need

Tp > max{7y, 0} (B.27)

Next we show this inequality cannot hold. To see this, note that 7p > 0 is equivalent

2 _y. . . el
to y4 < Vv -t. We also have a(Tg;ATAf) _ 7%2 ' This implies that conditional on
A

A(rp— .
7p > 0, we have % < 0. Therefore, upon solving 7p > 77, we have

Ya < A/v(=2t +v) — V=3tv + 02 (B.28)

Note from lemma B.2 that the monopoly platform’s full market coverage requires

(Y
’7A>t'4lv_2t (B29)
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Therefore, the necessary condition for (B.27) is

t-“vi}%<\/U(—2t+v)—\/—3tv+v2 (B.30)

However, by solving this inequality, one gets {v > 0, < 0} or {v < 0,5 <t < 0},

neither of which is a feasible parameter set. Therefore, (B.27) does not hold, implying
that the presence of competition cannot motivate a platform to change from free-

content to paid-content-with-ads. O
B.1./  Proof of Proposition B.2

Proof. When ¢ > 7p, free-content is the equilibrium strategy. A completing plat-

form’s profits are

D _ t- (26 + ’VA)2
P 24/t - vya(2¢ + 7a)

—c (B.31)

Taking derivative, 51;?3 > 0 if and only if ¢ > 24 . (22 — 9). Therefore ag?’a > 0 if

¢ > max{rp, 4 - (% — 9)}. This implies that when c is large, a decrease in ¢ hurts a

competing platform’s profits. n

B.2 Analysis of a Monopoly Content Market

B.2.1  Monopoly Platform

Lemma B.5. There exists a threshold v such that:
o Ifva <~N, a paid-content-with-ads strategy is adopted;

o Ifya =Y, a free-content strategy is adopted.

Proof. The result in Lemma B.1 pertains to the second-stage equilibrium, except that
the content price c is replaced by pg. Therefore, the monopoly platform’s optimal

proportion of content is
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M v—q/v-(v—2t)

ot = —Y——— ifpg =1y
ai(ps) =1 7 v (B.32)
{a% = —7”7“”, if pg < s

where 7jy = —y4 + /v (v—2t). Note that o and o give the demand for
content from the monopoly platform when it adopts a free-content strategy and a
paid-content-with-ads strategy respectively.

Given the second-stage equilibrium, the content supplier’s profits can be rewritten

as a function of pg:

ps (v—A/v-(v—21))

if pg >
H?(ps)={ v o BPs =M (B.33)

ps(—ps—ya+v) :
PEPS AT, if ps < Tm

First, note that, under a free-content strategy (i.e., when pg = 7/), the content
supplier can increase its price until it extracts all of the platform’s profits because

af’ is not a function of pg. Thus, on solving Hg‘{nlc:ml:a;ﬂ} = 0, we obtain

om _Yary/u-(v=21)
Ps = Dts U_m, (B.34)

which maximizes the content supplier’s profits under the free-content strategy. Note

U‘((’YA—t)Jr(v—t— ”(”_2”)>

we also need to ensure p}§ > 7). This can be verified as pjg—7y =

vf\/'u(vat)
> 0. The inequality holds because y4 —t > 0 (Lemma B.1), v —t — y/v(v — 2t) > 0,
and v — 4/v(v — 2t) > 0.

Second, under a paid-content-with-ads strategy (i.e., when pg < 7)), the price pg

that maximizes the content supplier’s profits is obtained upon solving ap%(ps : a%)

0. We have:

Ps = Dpas = = - (=74 + v). (B.35)

N —
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Note that p% g is relevant only if p%s < Tpr, which is equivalent to
Ya <A = —v+ 24/v(v — 2t). (B.36)

We consider the following two cases depending on the region where v, falls: (1)

va = A, and (2) va <4

Case L4.1: 4 = AL
In this case, the profit function IT¥ increases with ps when pg € [0, 7)), and it
continues to increase with pg when pg € [TM,p%]. Therefore, the content supplier

chooses p§ = pjg to maximize its profits. It is useful to note that pjg = L((U_Z))
v— v-(v—
is always positive. At this content supplier price, the platform pursues a free-content

strategy but earns zero profits.

Case 14.2: v4 < ~AL.
In this case, since p%s < Tu, the profit function IT¥ is concave in pg when
ps < T4, and it increases with pg when pg € [Ty, p%] Moreover, when pg = p%s,

it can be calculated that the monopoly platform’s profits are I3 (ps = phig) =

v(v—2t)+6v(y4—t)
8v

2
A4 > 0, so that the platform earns positive profits. Thus, to determine

the content supplier’s choice of price, we compare I (pg = p%) and ¥ (ps = p%s)

where
—Va +v)?
5 (ps = Ppas) = (’Z—) (B.37)
v
Ya - (A/v - (v—2t
Y (ps = plf) = 2 ( . =20 (B.38)

In doing so, it is useful to note that p%s is non-negative. This is because when
Ya <4y, we have pllo = 2 (—ya+v) > - (=741 +v) = v—+/v(v —2t) > 0. Given

(B.37) and (B.38), when v4 < 741, TI§' (ps = p}s) = 11§ (ps = ppas) is equivalent
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to va = v4l, where

YA = v+ 24/v(v — 2t) —2\/1)(1}—215—#«/1}(1}—275)) (B.39)

Thus, given 74 < v}, a free-content strategy is adopted if v4 = 74!, otherwise a
paid-content-with-ads strategy is chosen.
Combining the two cases, in sum, a free-content strategy is adopted if and only

if v4 = ). This completes the proof. O

B.2.2  Duopoly Platforms

Lemma B.6. Then, there exists a threshold v% such that:

o Ifva <%, a paid-content-with-ads strategy is adopted;

—~

o Ifya =R, a free-content strategy is adopted.

Proof. The result in Lemma B.3 pertains to the second-stage equilibrium, except that

o1l

D
the content price c¢ is replaced by ps (Note that when solving (;1;_115 =0, =3

onyb,
——2£ = (), and

Op2c

ong,
oao

= 0, we also obtain asymmetric solutions, as we show later (in
Lemma B.14). However, they generate less profits to the content supplier than the
symmetric solution; hence the asymmetric solutions are ruled out in the content sup-
plier’s decision). Therefore, each duopoly platform’s optimal proportion of content
is

D t(2ps+y4) :
af =1——200 0 ifpg>71p
u(ps) = { ST Vet (B.40)

D _ —2ps—ya+tv :
— U , if ps <

where and 7p = % (—ya + %) Note that 04]’? and aﬁb give the demand for content
from a duopoly platform when it pursues a free-content strategy and a paid-content-

with-ads strategy respectively.
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Based on the second-stage equilibrium the content supplier’s profits and the total

channel profits can be written as a function of pg as shown below:

Ia(l — —t2pstya) if po >
ps( t-vya(2c+74) )7 HPs =D (B.41)
2ps(—2ps—ya+yc+v) if ps < 7p

H?@S) = {

We further define total channel profits as the sum of the profits earned by the
monopoly supplier and both platforms given by 12 = T1% + 117, + 112,
toya(2ps+va) .
1 (ps) = { v » itps 2 7o (B.42)
t, if ps <7
As will be seen later, TIZ is useful in assessing each platform’s IR constraint. Also
note that I1Z2(ps) is a continuous function of pg, which is constant when ps < 7p
but increases with pg when pg > 7p.
From the second-stage analysis, we know that no-ad strategy is not adopted.
Therefore, we only consider the other two strategies. In particular, we prove the

proposition by establishing the following three claims:

1. If a free-content strategy is adopted at y4 = 7}, then a free-content strategy

is adopted at as well any v4 great than vj}.
2. There exists a v4 at which a free-content strategy is adopted.
3. There exists a 74 at which a paid-content-with-ads strategy is adopted.

We prove each of these claims in order.

Claim B.1. If a free-content strategy is adopted at ya = 7%, then a free-content

strategy is adopted as well at any ya great than 3.

Proof. Suppose the free-content strategy is adopted at 74 = 74. And denote the
equilibrium content price at y4 = v} by p&: p§ = ps(v7). Note that pf > 7p., where
Tp« 1s defined as 7p evaluated at v4 = 73.
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When 7p, < 0, the claim trivially holds. This is because ang(ZA) = —%‘;;t” 0
A

and thus, in this case, 7p(v4) < 0,Vy4 > ~%, which implies that for any positive
ps, ps = Tp always holds. Thus, for the rest of the proof, we will focus on the case
where 7p, > 0.

In this case, at y4 = 7}, the content supplier earns more profits by choosing p§
than any other ps € (0, 7p«]: TR (pklv%) > 115 (ps|y%), Vps € (0,7ps]. First, note
that, given the second-stage profits in (B.41), under a paid-content-with-ads strategy,

we have

—§Hg<ps> = —@ <0 Vpg < Tp

5’7,4 v

which suggests that for any given pg, the content supplier’s profits under a paid-
content-with-ads strategy decrease as v4 increases beyond v4: T1Z (ps|v%) > 115 (ps|ya >

%), ¥ps < 7p(74). This implies that for a given 79 such that 74 > %,

I (psv%) > 5 (ps]7%), Vps < 70 (74))- (B.43)

Second, given the second-stage profits, under a free-content strategy, we have

oIS (ps) _ 2p5t >0, ¥ps > 7p

3
V4 YAVtv(2ps + Va)

which implies that if pg = p¥, the content supplier’s profits increase as 4 increases

beyond ~%. Then, for any given 14 such that 4 > %,

IS (p5li) < IS (p512)- (B.44)

Combining (B.43) and (B.44), we have

12 (pi7%) > TIE (ps|h%), ¥ps < 70(7%)), Y74 = 74, (B.45)

which implies that the content supplier would rather choose p% than any ps < 7p(7%)
for a given 79 > ~%, as long as 117, (p[7%) = 0. In other words, a paid-content-with-
ads strategy is ruled out if 15 (p%|7%) = 0 holds.
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Even if TTD(p%]79) < 0, there always exists a p&* € (p%,7) such that
(DIH(P5"|7a) = 0 (B.46)

I (p5 1Y) > 5 (ps|h%), ¥ps < 70 (7%))- (B.47)

—2t
where 7 = ©=2074 Qt)“

is the highest content price the content supplier can choose (from
Lemma B.3). We obtain (1) shown above because 1D, (p%|7%) < 0, H5(F|YS) >
0,V~% (by Lemma B.7 given below), and 115 (ps|74) is a continuous function of pg.
We obtain (2) shown above because I12 (pg|y%) increases with pg and thus, whenever
(1) holds, we have T2(p*h%) = TR(EHY) > T2(roh%) = T2(nshd),Vos <
7p(7%). This implies that a paid-content-with-ads strategy is still ruled out even
when T3 (p5|7%) < 0.

Therefore, a free-content strategy is adopted at any v4 greater than v%. W
Claim B.2. There exists a va at which a free-content strateqy is adopted.

Proof. First, under the free-content strategy, because I15 (pg) is concave in pg >

Tp, the price pg that maximizes the content supplier’s profits is obtained upon solving

D
5H5p(:s) = 0 for ps = 7p. We obtain:

’YA(U — 3t + /v(3t + v))

Ps = Pfs = 5 . (B.48)

Note that pJ’?S is valid if and only if p]’?s > Tp, or equivalently,
Ya =5 = —v++/v(v+3t). (B.49)

Second, under a paid-content-with-ads strategy, since I15 (pg) is concave in pg <

Tp, the price pg that maximizes the content supplier’s profits is obtained upon solving

g (ps)
ops

= 0 for < pg < 7p. We find that:

Ps = Phus = = (—74 + ) (B.50)

A~ =
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Note that pﬁl ¢ is valid if and only if p;%s < Tp, which is equivalent to:

1
YA <Ry = —g +3 v(v + 8t). (B.51)

On comparing v, and v%,, we have v§, < v%,.

Now suppose 74 > 7i,. Then, since pfs > 7p and plg > 7p, the content
supplier’s profits 11X (ps) increases in pg when pg < p?s and then decreases when
ps > Pfs. In this case, the content supplier chooses ps = pfs as long as I/ (ps =
p]l?s) > 0. Otherwise, it chooses ps = p&* (€ (pk,T)) satisfying 111 (pE*) = 0, following
the same argument in the proof of Claim 1 (see the last paragraph). Therefore, a

free-content strategy is adopted when 4 > v%,. This completes the proof. B

Claim B.3. There exists a v4 at which the paid-content-with-ads strategy is adopted.

Proof. Suppose y4 < 7%,. Then, since p]’?s < 7f and p]?as < 7, the content

supplier’s profits T1Z (pg) increases in ps when pg < p]?aS and then decreases when
ps > phs- In this case, the content supplier chooses pg = ph¢ as long as II/5(ps =
pfas) > 0, which is equivalent to v —2v/tv < y4 < v+2+/tv. Finally, it is easy to show
that v%, < v + ¢ + 2v/tv always holds and that v, > v — 24/tv holds for some set
of parameter values. Hence, when v — 2v/tv < v4 < 7%,, the paid-content-with-ads

strategy is adopted. This completes the proof. B

Taken together, these claims complete the proof of the lemma. O

Lemma B.7. The market is completely covered in equilibrium if the following con-

8t ty%

dition hold: 4 >t and v = max{z=, el

Proof. The analysis in Lemma B.4 also pertains to here, except the content price is
ps is chosen by the content supplier. Therefore, we only need to derive the condition

when the equilibrium content price under the free-content strategy satisfies ps < 7.
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Note that, under a free-content strategy, the equilibrium content price is given as

either pfy (interior solution) or p§* (corner solution). First, upon solving pfs < 7,

we have

- 8t

Next, because the platform’s IR condition is binding at ps = p&* (i.e., I (ps =

(B.52)

pi*) = 0), note that p&* < 7 suggests 11, (ps = 7) = 0. Note that 11D, (ps = 7) =

<2tv—t\/m+v(—v+\/M)) YA

2tv

. Upon solving IT7,(ps = 7) = 0, we have v > t.

This is automatically satisfied by the condition v > 2t.

Combining (B.52) with v4 > ¢ and v > max{2t, th} and noting that \/5 >
2t, we get the full market coverage condition as in the lemma.
m

B.2.3  Proof of Proposition 3.3

Proof. Define v' as the largest root of G(v) = 0, where
G(v) = —17Tv* — 92t - v® + 1242t - v? + 3492t - v — 11025¢*

If v < ¢/, then ¥4 < 4%, holds because v} < ~%, is equivalent to G(v) > 0. Since,

according to the proof of Lemma B.6 (see Claim B.3), we also have v§ > ~%|, it is

o~ o~ o~ o~

easy to see that v35 < ~v%, implies 7} < 4% . Therefore, if v < v/, we have v} < 42,
which implies that in the presence of inter-platform competition, a platform switches
from a free-content strategy to a paid-content-with-ads strategy but not the other

way round.

B.2.4  Proof of Proposition 3./

—~

Proof. According to Lemma B.3, when 74 > ~4, a monopoly platform chooses
ps = p% and pursues a free-content strategy. In this case, by the definition of p%
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(see (B.34) and the paragraph above), II¥ (ps = p%) = 0 holds. This proves the
first part.

Next, according to Claim B.2 of Lemma B.6, when v4 > v%,, a duopoly platform
pursues a free-content strategy. It also chooses ps = pPg when II[5(pg = pfs) > 0
which holds for any v4 as long as both v < 6.9641%.

Therefore, when y4 > max{y},v4,} and v < 6.9641¢, under a free-content strat-
egy a duopoly platform earns positive profits while a monopoly platform loses all its
profits to the content supplier. This completes the proof.

O

Corollary B.1. The content supplier’s profits benefit from a larger v4 under free-

content strateqy, but are hurt by a larger v under paid-content-with-ads strategy.

Proof. This claim holds when the platform market is either a monopoly market or a

duopoly market. We prove the result for the two markets in the following two parts:

Part 1: In the presence of a monopoly platform
Under free-content strategy, the content supplier captures all the revenue from the
platform. Because the platform only earns advertising revenue, the content supplier’s

profits are equal to the platform’s advertising revenue : IT* = v, - (1 — ay ), where

aff = N VUU(U_%) given in (B.32). Because a}' is not a function of v, it immediately
follows that TI¥* increases with 4.

Under paid-content-with-ads strategy, the demand function facing the supplier is

M = ZPS=YAEY oiven in (B.32). Note that

pa v
oaM 1
- =—=-<0 (B.53)
0Ya v

which implies that a increase in 4 shifts the supplier’s demand curve inwards. As a

result, the supplier’s equilibrium profits are hurt by a larger v4
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Part 2: In the presence of a duopoly platforms

Under free-content strategy, the demand function facing the supplier is 204J’cj =

2(1 — M) given in (B.40). Note that

t-vya(2ps+ya)

0202 2pg - t
- ps >0 (B.54)
YA yan/tvya(2ps + 7a)

which implies that a increase in v4 shifts the supplier’s demand curve outwards. As
a result, the supplier’s equilibrium profits benefit from a larger 4.
Under paid-content-with-ads strategy, the demand function facing the supplier is

208 = 2. =259 given in (B.40). Note that
02aP 4

e _ 2o B.55
e 57 (B.55)

which implies that a increase in 4 shifts the supplier’s demand curve inwards. As a
result, the supplier’s equilibrium profits are hurt by a larger 4.

This completes the proof.

B.3 Model Extension

B.3.1 Analysis of a Moderately Competitive Content Market

We establish 6 lemmas to prove Proposition 3.5 and 3.6. Lemma B.8,B.9 and B.10
are the analysis in the presence of a monopoly platform, and derive each supplier’s
profits under different strategies. Lemma B.11, B.12 and B.13 are the analysis in
the presence of duopoly platforms, and derive each supplier’s profits under different

strategies.
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Monopoly Platform

Lemma B.8. In the second stage, the platform’s optimal choice of {1, h1,pic} needs

to satisfy the following condition

0, if pis— pas € (—0, @)

hi =< h, if pis—pag e [—HE5o) Hian)] (B.56)

17 Zf Pis — Pa2s € (@700)

Proof. Given each supplier’s choice of {x;,p;s}, j € {1,2} in the first stage, h =
m is realized. After observing (pis,p2s), the monopoly platform chooses

{1, h1,p1c} to maximize its own profits. Given the market is fully covered, the

consumer price and the platform’s profits are given as

2
a
pc=v-(1— |h—h1|)-(a1*?1)*t (B.57)
1
MY =—t—ps-ar+ (1 —ay) ya+ (g —=ai)-v-(1—|h—hi]) (B.58)

2

where Pg = hy - p1s + (1 — hy) - pas is the “average” price of one unit of content. By
oM
calculating 7=, we have

oy —2p1s + 2pas —v(=2+ ) ) - on, if by <h

ohy

(B.59)

= N

—2p15 + 2pas +v(—2 4+ ay) ) cay, ifhy>h

This suggests that I1¥ is linear in h; when h; € [0, h) and when h; € (h, 1]. Further-

more, when p1g — pag < —@, we have % > 0 for hy € [0,h) and hy € (h,1];

When —22-21) < g — < Y22 e have DE > 0 for h € [0,h), while
2 = M1S P2s = 2 ) ohi & 1 )y 1)

MY <0 for by € (h,1]; wh 22-a1) e have e < 0 for hy € [0, h
i < 0 for hy € (h,1]; when pi1g — p2s > ===, we have;= < 0 for hy € [0,7)

and hy € (h,1] . Also note II¥ is continuous in hy. Therefore, given {ay, hy,pic} is

the monopoly platform’s optimal choice, h; needs satisfy the following condition:

07 if P1s —P2s € (—OO, @)

hi =13 h, if pig— pag e [—2250) v (B.60)

17 if P1s —P2s € (@700)
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This completes the proof. O

Lemma B.9. When free-content strategy is adopted, in the symmetric equilibrium,

each content supplier’s profits are

N o(v —2t) - — 2t) -4
- v(v — ) A (v 64v.)¢%4’ jef{1,2) (B.61)

Proof. In this proof, we first derive a content supplier’s profits when the media
platform adopts free-content strategy. Then we give a sufficient condition for free-
content strategy to be adopted.

Given that we focus on the symmetric equilibrium, from Lemma B.8, we know

that in equilibrium h; = h. Then the platform’s profits function (B.58) becomes
1
H]‘P4:—t—p_5‘041+(1—Oé1)'%4+(041—§04%)'U (B.62)
The above profits function is identical to (B.5) if we were to replace ¢ with pg. This
implies that in the second stage, given the content suppliers’ prices, the monopoly

platform’s demand for content is given as

O[?/[ _ U—«/U'(U—Qt)’ lfp_s > 1y
a1 (pis, pas) = M it o (B.63)
QApe = — % lfps <Tm

where pg = h-p1s+(1—h)-pas (because hy = h), and 75y = —wﬁ—m. Fur-
thermore ozﬁ‘f and a% give the demand for content from the monopoly platform when
it adopts a free-content strategy and a paid-content-with-ads strategy respectively.
Next we move to the first stage. Foreseeing the monopoly’s demand function,
each supplier’s profits are
s =pris-ay-h—¢- K (B.64)
Mas = pag - o1 - (1 —h) — ¢ - K (B.65)

1

where b = Togie

. Each supplier chooses its content price p;s and effort x; to

maximize its own profits.
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The adoption of free-content strategy implies a; = ay . Substituting o (p1s, pas) =

af’ in (B.64) and (B.65), we have the two content supplier’s profits functions as

Mis(a = aff) = P V2 g (B.66)
Mys(ay = oty = 22 WV WZ) gy e ()

(%

Note that each supplier’s profits is a linear function of its own price. This implies
that the monopoly platform must earn zero profits in equilibrium. The reason is
that, if not, each supplier can continue to increase price to improve profits. Con-
sequently, from (B.34) in Lemma B.5, we know that the equilibrium content prices
pair {p1s, pag} must satisfy

B o M:’}/A-«/’U'(’U—Qt)
h'p15+(1 h) s P2s = Ps _pfS— v_m (B68)

On the other hand, for any given h, the content prices pair {p;g,p2s} that satisfies
(B.68) constitutes equilibrium, because no content supplier can further increase its
own price to improve profits. Therefore, there is a continuum of equilibrium. We

focus our attention on the symmetric equilibrium where piq = piq = p}”s.

We then solve the equilibrium x;. Given h = 1 L by solving dls — (

T+exp(kz—r1) R

and aaHTQQS = 0 simultaneously, we obtain

Kt = %jtm, jef1,2) (B.69)

S

Next we check the second order condition:
0?15
0K VG0

K1=K2 5o

= 20, je{l,2) (B.70)

Therefore the SOC is satisfied as long as ¢ > 0.Given p1g = pog = p% and k1 =
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AV o(v—2t)74

Ko = , each supplier’s equilibrium profits under free-content strategy are

8vop
v(v—=2t)-va (v—2t) 2 ,
;S = % - 640 - ¢ A7 J € {LQ} (B71)
Note the first term v(v;ft)'“ is the revenue from selling content. The second term
(v—2t)42 .
T 4 is the cost of ;.

Lastly, we give a sufficient condition for free-content to be adopted. According
to (B.63), free-content strategy is adopted if pg > 75;. Note that if 7y, < 0, then
Ps = 7 trivially holds, suggesting that free-content strategy is the equilibrium.
Upon solving 7y < 0, we get y4 > m . Therefore, a sufficient condition
for free-content strategy is y4 = 4/v - (v — 2t).

This completes the proof. n

Lemma B.10. When paid-content-with-ads strategy is adopted, in the symmetric

equilibrium, each content supplier’s profits are

s _ (=) (v—ya)
38 9u 129602 - ¢

jef{l,2} (B.72)

Proof. In this proof, we first derive a content supplier’s profits when the media
platform adopts paid-content-with-ads. Then we give a sufficient condition for paid-
content-with-ads to be adopted.

From (B.63), when paid-content-with-ads strategy is adopted, we have oy =

apt = =E5—1att - Upon simultaneously solving ?;—115 = 0, 8;17115 = 0,%2—225 = 0,and
a(,l}bs = 0, we obtain
K2
2(v —7a) (v—74)?
bjs = 3 ) Rj = 36’U¢ ) J € {172} <B73)
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Next we check the second condition:

0115 1
e =5 <0 (B.74)
v
Pis (p15=P2s= (v;’YA),ﬂl:KQZ(v;G’Iz)Q)
01,
e — 2% <0 (B.75)
K4
79 (Prs=pas=20"14) o) —pp— (U;f;ﬁf )
*Ijs  °l;s iy 0°;s 2 9 (=)’ (B.76)
2 2 - = ——— (B.
@pjs (9,%]» Pi5R, (prs=pas="F4) ki =ry= (U;&@)Q ! Hdv7

Therefore, the SOC condition is satisfied if and only if ¢ > (”;41‘1‘})2. Given that SOC

is satisfied, each supplier’s profits under paid-content-with-ads strategy is

. (=747 (v—7a)!

g = — e {1,2 B.77
iS 90 120602 0 €L (B.77)
Note the first term % is the revenue from selling content. The second term
(w=34) i the cost of K,
129602 -¢ j

Lastly, we derive a sufficient condition for paid-content-with-ads to be adopted.
All we need to do is to ensure that no supplier wants to unilaterally significantly
increase its price to induce a platform to switch to free-content strategy. From
Lemma B.9, we know that under free-content strategy, the two content suppliers
fully extract a monopoly platform’s revenue. Furthermore, depending on how the
two suppliers split the platform’s revenue, there is a continuum of equilibrium. We
assume that the two suppliers choose the equilibrium where they equally split the

revenue from the platform. Note under free-content, the total revenue a monopoly

AV v(v—2t)va

platform earns is y4 - (1 — a}') = "

, where o}' is given in (B.63). This

means each supplier gets half of it: —”U(v;ﬂ“ Therefore, incorporating the cost on

K;, the profits of deviating to free-content strategy is

o — 91 - EPVIRY
H;)Sematwn _ U<U ) VA (U fyA) <B78)

20 129602 -
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. Upon

If each supplier has no incentive to deviate, we must have II7g > H?Se”m”‘m

solving this, we have

A <v+ Z\/m . Zv o —2t) +§ Voo = 20) (B.79)

Therefore, a sufficient condition for paid-content-with-ads strategy is 4 < v +

V(v —2t) — %v\/g(v_%Hg V) i completes the proof. O

v

Duopoly Platforms

Lemma B.11. In the second stage, each platform’s optimal choice of {cv;, hi, pic},i €

{1,2} needs to satisfy the following condition

Zf P1s — P2s € (—007 ”(2’%)(%2:’7/&(1*%)))

0,
hi = h, if pis— pas € [~ U2 tializon) pC-a)pictiale)] (B g)
1 v(2—ai)(pictya(l1—c))

4t
if pi1s — pas € ( yn ,0)

Proof. Given each supplier’s choice of {x;,p;s}, 7 € {1,2} in the first stage, h =
m is realized. After observing (pig, p2s), each platform chooses {«;, h;, pic}
to maximize its own profits. The utility that the consumer located at x derives on

joining platform 1 and 2 are given as:

1
Uic(z) =v-(1—|h—Nh]) - (al—ﬁaf)—t-x—plc (B.81)
1
Usc(x) =v- (1 —|h — hy|) - (ag — §a§) —t-(1—1x)—pc (B.82)
By solving Ujc(x) = Uyc(x), we have the marginal consumer who is indifferent

between joining the two platforms:

1 V(ay, hy) —V(ag, h —
To= -+ (a1, ) (a2, 2)_p10 D2c

2 2t 2t

(B.83)

where V (o, hi) = v-(1—|h—hs|)- (s, —30?) is the gross utility a consumer derives from
joining platform i. Therefore, each platform’s number of consumers are nic = xg
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and nye = 1 — xy. Consequently, platform ¢’s profits are

jp = nic - pic + (1 = i) - pia — @i - Bis (B.84)

where p;4 = 4 - 1o, and Pis = h; - p1s + (1 — h;) - pegs is the "average” content price

to platform i. By calculating 6;23,’ we have
GIEA ;- (= (pr1s — pag) + 2C=edleictnallza)) ) =i < (B.55)
oh; N a; - | — (Pls _ p25) _ U(2_ai)(pii:7A(1_ai)) . ifh;>h )

This suggests that 15, is linear in h; when h; € [0,h) and when h; € (h,1]. Fur-

(s o D
thermore, when pig — pag < —U(Qfal)(p’i:“(l @) we have ag,;f > 0 for h; € [0,h)

and h; € (h,1]; When —tC=e@ictialo)) ) o p)o < 2C-oliotyalzod) e

4t 4t )
have 22 > 0 for h; € [0,h), while 282 < 0 for h; € (h,1]; Wh
ave & = 0 for h; € [0, k), while - < 0 for h; € (h,1]; en pig — pPag >

”(270"‘)(”2:“(17%)), we have% < 0 for h; € [0,h) and h; € (h,1]. Also note 15,

is continuous in h,;. Therefore, if {c;, h;, pic},i € {1,2} constitutes the second stage

equilibrium, h; needs satisfy the following condition:

0, if pig—pos € (—OO, v(2—oci)(piiz-7A(1—ai)))

hi= < h, if pig — pog € [-2E-llmealizen) sl allpetali-adl] - (B.86)

1, if prg— pag € (U(2*ai)(l’ic4t+’m(1*ai)) : OO)

This completes the proof.
m

Lemma B.12. When Free-content strategy is adopted, in the symmetric equilibrium,

each content supplier’s profits are

. (2v — 5t + /v (5t + 4v)) <5v - \/0(515 + 8v + 44/v (5t + 41})) YA

s 1250t

(5t(—4v ++/v(5t + 4v)) + v(2v + \/M))2 YA
B 2500004202 - ¢ (B.87)
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Proof. In this proof, we first derive a content supplier’s profits when media platforms
adopt free-content strategy. Then we give a sufficient condition for free-content
strategy to be adopted.

Given that we focus on the symmetric equilibrium, from Lemma B.11, we know
that in equilibrium h; = hy = h. The consumer utility derived from joining two

platforms, (B.81) and (B.82), then become

Uic(x) =v - (ag — %a%) —t-x—pic (B.88)
Use(x) = v - (s — %ag) (1= 2) - pao (B.89)

which are the same as those in a monopoly content market. Furthermore, h; =
ho = h implies that each content supplier faces the same "average” content price:
Pis = Pas = Ps = h-p1s + (1 — hy) - pag. This implies that each platform’s profits
function (B.84) is identical to that in a monopoly content market, if we were to
replace ¢ with pg. As a result, given the content suppliers’ prices, each platform’s

demand for content is given as

D _ t(2ps+v4) e
af =1———22— ifpg>71p
a;(p1s, pas) = { g oY t'le(QpSﬂA) _ (B.90)
aﬁlz—psv“ Ul if ps < 7

where Pg = h-pis + (1= h) - pas and 7p = 5 (=4 + 5%). Furthermore, af and ay,,
give the demand for content from a duopoly platform when it pursues a free-content
strategy and a paid-content-with-ads strategy respectively.

Next we move to the first stage. Foreseeing each platform’s proportion of content,

each supplier’s profits are

s = pis- X (Oéi : hi) — ¢ K (B.91)

o5 = pag - X (ai (1 - hz)) — ¢ k) (B.92)

1

where b = Tegie

. Each supplier chooses its content price p;s and effort x; to
maximize its own profits.
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The adoption of free-content strategy implies o; = Oé? . Substituting a; = ay =

af in (B.91) and (B.92), and simultaneously solving %1;11: =0, 6;115 = 0,%1;2255 = 0,and

?—25 = (0, we obtain
K2

2(20 = 5t + \/o(Bt + 40) ) 4

Pis = P2s = Pjg = 5 (B.93)
(575(—41) + +/v(5t 4+ 4v)) + v(2v + /v(5v + 4t)>’yA
/{1:,{2:/{;‘5 500tv¢ ) jE{]_,Q}
(B.94)
Next we check the second condition:
21 5vt<15t +7(20 + A/v(5t + 4v))
P =— 3 <0 (B.95)
ij (pls=pzs=P;<S,m=H2=n;‘ 4(’0(5t + 8?) + 4\/1}(515 + 41))) : - YA
621'[]-5
= -2 0 B.96
8&?5 ¢ < ( )

(P1s=p2s=pjg,p1=HK2=K]

621_[]‘5 821_[]'5 o 62HjS

vt (15t + 7(20 + /o(5t + 40))

)2

opis  OKj (('}ij(')/fj

(5t — 120 — 64/0(5t + 4v) + 5\/1)(525 +8v + 4«/@)2

_ (B.97)

400v(5t 4+ 8v + 44/v (5t + 4v))

Therefore, the SOC condition is satisfied if and only if

3
(prs=pas=ps w1 =ra=r¥) 2(v(5t +8v + 4y/o(5E + 4v)> *

"¢

2
\/v(5t 1+ 8u + 44/o(5t + 4v) - (5t — 120 — 64/0(5¢ + 40) + 5\/v(5t + 80 + 44/v(5t + 4v)> v

¢> 1000tv (15t + 7(2v + /v (5t + 4v))
(B.98)
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Given the SOC is satisfies, each supplier’s profits under free-content strategy is

. (20 — Bt + /v(5t + 4v)) <5U - \/0(575 + 8v + 44/v (5t + 41})) YA
35 1250t
(5t(—4v + /v(5t + 4v)) + v(2v + /v (5t + 41})))2 A

- B.
250000¢202 - ¢ (B.99)

(2v—5t+4/v(5t+4v)) <5v7\/v(5t+8v+4 v(5t+4v)> YA

BE is the revenue from

Note the first term

2
<5t(_4v+ v(5t+4v))+v(2v+ v(5t+4v))) YA

2500006202 - is the cost of

selling content. The second term
K.
Lastly, we give a sufficient condition for free-content to be adopted.According to
(B.90), free-content strategy is adopted if pg = 7p. Note that if 7p < 0, then pg = 7p
trivially holds, suggesting that free-content strategy is the equilibrium. Upon solving
p < 0, we get 74 = v/vt. Therefore, a sufficient condition for free-content strategy
is 4 = Vot
This completes the proof.
O

Lemma B.13. When paid-content-with-ads strategy is adopted, in the symmetric

equilibrium, each content supplier’s profits are

s _ (=) (v—74)
is 180 518402 - ¢

(B.100)

Proof. In this proof, we first derive a content supplier’s profits when media platforms
adopt paid-content-with-ads strategy. Then we give a sufficient condition for paid-
content-with-ads to be adopted.

—2ps—yatv

From (B.90), when paid-content-with-ads is adopted, we have «; = ozfa = -
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Upon simultaneously solving 5 aHlS =0, 9i1ls 0,%1;235 0,and %_ITQQS = 0, we obtain

v —Ya (v—7a)? .
g = = 1,2 B.101
Djs 3 3 R 72U¢ ) JE { ) } ( )

Next we check the second condition:

0211, 1
- 2JS =__ <0 (B.102)
? v
Pis (P1s=p2s= _WA K1= “2_@7;{3&)2)
o1,
2]5 =20 <0 (B.103)
a"‘ﬁjs (prs=pagm= =24 s1 = _ (v=7y4)?
P15=P2s=—3 R1=K2= 500 )
Plys Plls  Pls _20_ (=) (B.104)
o0t o2 \opigom; 14402
Pjs Rj PjsOh; (prs=pas="54 K1=Ko= “?zl‘iﬁ ° ‘

Therefore, the SOC condition is satisfied if and only if ¢ > ”2878“ Given that SOC

is satisfied, each supplier’s profits under paid-content-with-ads strategy is

s _ (=) (v—ya)
Js 18v 518402 - ¢

je{1,2} (B.105)

Note the first term % is the revenue from selling content. The second term

(v—y4)*
5184020

is the cost of k;.

Lastly, we derive a sufficient condition for paid-content-with-ads to be adopted.
Again we only need to ensure that no supplier wants to unilaterally significantly
increase its price to induce a platform to switch to free-content strategy. Because of
symmetry, we only need to find the condition that supplier 1 does not want to deviate.
Note from (B.90), the platforms switch to free-content if and only if pg = 7p. Given
V—YA

p2s = —3*, upon solving pg = 7p, we obtain pig = v - (WLA -4 - Q’YA Therefore,

supplier 1 needs to deviate to p1g = v- (WLA — %) — Z’YTA so that platforms will switch to

free-content strategy. Platform 1’s profits from deviating to p;g = v - (VLA — %) — QVTA
is

Deviation D
IT ¢ =pis-ay -h
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é\QHDeviation 3t2 9 4 8 . . R
1S — _\[ vy4(9p1s+4v+ ’Y/g) < 0’ 1mply1ng that H?gvzatwn

where h = % Note 052 3
Pis 4(tvya(3p1s+v+2v4))2

is concave in p;g. Furthermore, by continuity, we know that Ty > TIPgviation <p1 g =

t 1 274 : i * Deviati
v (55 —3)— %) Therefore, one sufficient condition for IIfy > IIy§v e on (Vpls >

v (

W=

) — ZVTA) is that

L

Deviation
OIS

opis

prs=v (55—

Upon solving this inequality, we get

7 1
Ya < —ZU + Z V72tv + 4902 (BlOG)

Therefore, a sufficient condition for paid-content-with-ads strategy is v4 < —%U +

i\/ 72tv + 4902

This completes the proof.

B.3.2  Proof of Proposition 3.5

Proof. Note that the statement holds when the platform market is either a monopoly
market or a duopoly market. We prove the result for the two markets in the following

two parts.

Part 1: In the presence of a monopoly platform
According to Lemma B.9, under free-content strategy,each supplier’s equilibrium

profits in the presence of a monopoly platform I} are given in (B.61). Upon solving

oI, .
= < 0 we obtain
YA

¢ < Vol =207 (B.107)

16v
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Part 2: In the presence of duopoly platforms
According to Lemma B.12, under free-content strategy,each supplier’s equilibrium
profits in the presence of a monopoly platform II7¢ are given in (B.87). Upon solving

oIr%,

= < 0 we obtain
YA

(125t3 + 402(20 + A/0(5t + 40)) + 50£2(110 — 4r/0(5t + 40)) — 5tv(Tv + 44/v(5v + 4t))> -

¢
- 1000t (20 — 5t + /v(5¢ + 40)) <5v - \/v(5t +8v + 4y /o5l T 41)))
(B.108)

Note from (B.98) in Lemma B.12, the SOC condition requires

2
\Jo(5t+80+44 /(51 +-4v)- <5t—12v—64 fo(5t-+40) +54/v(5t+8v-+4 v(5t+4v)> 4

1000tv(15¢+7(20+4 /v(5t+4v))

To ensure that

o >
we are not discussing a null set, we can set {¢ = 1,v = 5}, then (B.108) becomes
¢ < 0.0123607v,4, while the SOC (B.98) becomes ¢ > 0.006792857,. Therefore,
(B.108) does not contradict the SOC.

This completes the proof. n
B.3.3  Proof of Proposition 3.6

Proof. Note that the statement holds when the platform market is either a monopoly
market or a duopoly market. We prove the result for the two markets in the following

two parts.

Part 1: In the presence of a monopoly platform
According to Lemma B.10, under paid-content-with-ads strategy,each supplier’s

equilibrium profits in the presence of a monopoly platform IT}g are given in (B.72).

*
Upon solving a;/ f > (0 we obtain
(v —a)®
B.109
¢ < T2v ( )

Note that this condition does not contradict the SOC ¢ > % derived in Lemma

B.10.
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Part 2: In the presence of a duopoly platforms
According to Lemma B.13, under paid-content-with-ads strategy,each supplier’s

equilibrium profits in the presence of duopoly platforms II7s are given in (B.100).

*
Upon solving a;{ ;S > (0 we obtain
(v —7a)°
< — B.110
¢ 144v ( )

Note that this condition does not contradict the SOC ¢ > (vgséif derived in Lemma
B.13.

This completes the proof.

B.3.4 No-ad Strategy

We analyze the perfectly competitive content supplier market where the marginal
cost of producing content is ¢. In Lemma B.12 and B.13, we derive the conditions
for a no-ad strategy to be adopted, in the presence of a monopoly platform or duopoly

platforms respectively. Using the two lemmas we prove proposition 3.7.
Monopoly Platform

Lemma B.14. When no-ad strateqy is feasible, a monopoly platform adopts no-ad

if and only if v = v4 + c.

Proof. Given the content market is perfectly competitive, the content price is equal
to the marginal cost of producing it: ps = c¢. Because the consumer market is fully

covered (njc = 1), the price the monopoly platform would charge consumers is

2

a
P10=U-(a1—71)—70-(1—a1)—t (B.111)

whereas the advertising price is

P1a =74 (B.112)
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As a result, the monopoly platform’s profits are

H%IZPIC‘nlC+p1A'(1_041)_175'@1

1
=—t—c-a1+(ya—v)1l—a1) + 5(2 —ay)-aq v, (B.113)

No-ad strategy means the platform chooses the corner solution a; = 1 and earns

profits I¥ (o, = 1) = 5 —t — c. Therefore, no-ad strategy is feasible only when

c< s —t.

[\J[S

Given that no-ad strategy is feasible, we characterize the condition for it to be

21T M
adopted. Note that IT¥ is concave in a; because aagé’ = —v < 0. Upon solving
1
(?H%{ . —c—ya+yc+v f . if if
7 = 0, we obtain oy = ——4=<—. Therefore, no-ad is adopted if and only i

—2a29¢8Y > 1, which is equivalent to y¢ = 74 + ¢. This completes the proof.

Duopoly Platforms
Lemma B.15. A duopoly platform adopts no-ad strategy if and only if v¢ = vya + 2c.

Proof. Given the content market is perfectly competitive, the content price is equal
to the marginal cost of producing it: ps = c¢. If a consumer is located at x, her utility

derived from joining the two platforms are

1

Uie(z) = v - (ag — 50@) —vo-(1—ay)—t-z—pc (B.114)
Use() = v (cp — %a%) e (1 —an) —t- (1—2) — pac (B.115)

By solving Ujc(x) = Uye(x), we obtain the marginal consumer

I V() —=V(ag) pic—pac
—_ + J—
2t 2t

o =

(B.116)

where V(o;) = v (o — 302) — v¢ - (1 — o). It follows that the consumer bases of

the two platforms are given by nic = xg and nyc = 1 — z¢. Thus, depending on its
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customer base, each platform charges advertisers:

Pia = YA Nic (B.117)

Hence, platform i’s profits are given by:

Hf])g:pz-c-nic +pia-(1—a;) —c-ay (B.118)

Note that no-ad strategy means a; = ap = 1. We first solve the consumer price

under no-ad strategy, then derive the condition for both platforms to adopt no-ad

. onL, onLy, :
strategy. Given aq = ap = 0, we solve o = 0 and T = 0, and obtain
pic =pc =1 (B.119)

Each platform earns profits II;p = [Irp = % — c. Therefore, no-ad strategy is feasible

DO |

only when ¢ <

Given that no-ad is feasible, next we derive the condition such that {a; = g =
1,p1c = pac = t} is the equilibrium. That is, no platform wants to unilaterally
change its proportion of content and consumer price. Because of symmetry, we

analyze platform 1’s incentive of deviation.

. o21IP -2 3y4(1—
First note that : - Yavc+p1cv+3va(l—aq)v

; <0. If{oy = a2 = 1,p1c = pac =

t} is the equilibrium, we must have

OTip

1
= —(— — 2 N .
o 2( 2c —ya+ ’)/c) 0 (B 120)

1 e =az=1,p1c=p20=t}
so that the platform has no incentive to decrease its ;. This is equivalent to vo >
2¢ + 4. Next note that % = —%. This means the platform has no incentive to
deviate its price from p,c = t, because pic = t satisfies the FOC.

ont,
Lastly, because —
oo

= 0 when v¢ = 2¢ + v4, we also need to
{a1=a2=1,p1c=p2c=t}

verify the hessian condition for this special case. This can be see as when vo = 2c¢+7v4

<62H1p 0’1, p I, p 2)

(% 02

0o Oprc? 0oy 0p1c

{al =2 :aﬁl yP1Cc=P2C :ppDac}
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To see why the inequality holds, first note that the IR condition of consumer located

at r = % requires v - (1 — %) —t—pic = ”’T?’t > 0, equivalent to v > 3t. Together with

the condition for no-ad to be feasible (¢ < %), it follows that & — ;—z >3-1=-2>0.
This completes the proof.

O

B.3.5  Proof of Proposition 3.7

Proof. From Lemma B.12; a monopoly platform adopts no-ad strategy if and only if
Yo = Y4 + ¢. From Lemma B.13, a duopoly platform adopts no-ad strategy if and
only if 7o = 4 + 2¢. As a result, when ¢ € [v4 + ¢,774 + 2¢), a monopoly platform
adopts no-ad strategy, while a duopoly platform starts to hosts advertising.

This completes the proof. n
B.4 Supplementary Analysis

In Lemma B.6, we focus on the symmetric equilibrium. However, there also exist two
other asymmetric equilibria in the second stage of the game. In the next lemma, we
show that these two asymmetric subgame equilibria are dominated by the symmetric
subgame equilibrium, in the sense that the content supplier earns more profits under

the symmetric equilibrium than under the asymmetric equilibria in the supergame.

Lemma B.16. The content supplier earns more profits under the symmetric equi-

librium than under the asymmetric equilibria.

Proof. The two asymmetric solutions to e _ e _ e =0, and 2 2P =
) 8@1 ) 8p
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, that can satisfy the constraints p;c = 0 and 0 < o; < 1 are 2

6% + 6tv + 24/3t —W%+%-u%+m< SNGTRE NS T )

I

Pic

6v
(B.122)
—673 + 6tv — 2v/3t, /- 2es 1 By +7A(_3\/@_3 s +%,v)
P2c = v v
6v
(B.123)
_2’}/14_\/%4‘2/04‘\/@@
‘e 5 - (B.124)
v
*2%*\/@+2vf\/m.v
@2 3 n (B.125)
v
and
_671%+6t7j—2\/§ _2\/67%4_%,0%_’_714(_3\/6%_3 _4\/67%15195_}_%‘@)
Pic = v v
6v
(B.126)
—6’721-1—6“)4-2\/% 2\Cp5+3t 0%4-%4( 3\/@+3\/m )
P2c = v
6v
(B.127)
—27A—\/6tiv+2v—\/w.v
@ 50 - (B.128)
274 = V/Bw + 20 + /- s 4 &y
@ = 5 = (B.129)
v

As these two asymmetric solutions are essentially the same, we only analyze the first
solution.

To begin with, note that both the asymmetric equilibria solutions are real only

2 There are two other asymmetric solutions. However, the solutions violate the demand constraints
that p;c = 0 and 0 < a; < 1, so that they cannot be the candidate for second stage equilibrium
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when —@ + % > (. This implies
v2

%
~
4

—~

Ds < Ps

; (B.130)

In other words, when pg > pg, the two asymmetric solutions do not exist.

Next, we prove that even when the asymmetric solutions can be the second stage
equilibrium, the content supplier earns less profits under the asymmetric equilibria
compared to those under the symmetric equilibrium presented analyzed in the main
paper.

If the asymmetric equilibrium is played in the second stage, then the content

supplier’s profits are

Hasymmet?"ic,s =DPs- (al + CYQ)|asymmetricequilbirium

—27A+2’Yc—\/%+2v—\/@.v
:ps< V2

2v
—27A+2'yc—\/6tv+2v+4/—4\@%+%-U
* 2v )
—2 270 — V/6tv + 2
P Skt v (B.131)

(Y

If the symmetric equilibrium is played in the second stage, by lemma B.6, the

content supplier’s profits are

Hsymmetric,s =Ds- (041 + a2)|symmetricequilibrium

=pg 20451
o TAps =274+ 2yc +2v (B.132)
'U .
Therefore,
—4dpg + \/671)
Hsymmetric,s - Hasymm@tric,s =Ps- Sf (B133)
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This 1mphes Ds < ]/)E = @ — Hsymmetric,S - Hasymmetm’c,S > 0. The inequahty

strictly holds when ps < pg
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