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ABSTRACT
Platform interoperability is considered a powerful tool to promote competition in digital markets when network effects are at
play. We study the incentives of two competing ad-funded platforms to provide interoperability in a setting where consumers can
single-home or multi-home and decide how much time to spend online. When the platforms are symmetric, perfect interoper-
ability emerges in equilibrium and is socially efficient. When a larger platform has an installed base of customers, its incentive
to make its services interoperable is lower than for the smaller platform. Interoperability does not emerge in equilibrium if the
installed base is sufficiently large. However, mandating interoperability between the asymmetric platforms is not always socially
optimal.
JEL Classification: C12, C22, G01

“The Internet was made in universities, and it was
designed to interoperate. And as we’ve commercial-
ized it, we’ve added more of an island-like approach
to it, which I think is somewhat a shame for users.”
Larry Page, Google cofounder, December 11, 2012.1

1 | Introduction

The Internet was originally designed as an interoperable network
between open systems. For example, email services are based on
an open and interoperable protocol for online communication,
regardless of a person’s email service or the type of device used
to send emails. In contrast, today’s most widely used instant
messaging services rely on proprietary protocols, and users can-
not send messages from one messaging service to another (e.g.,
from WhatsApp to Signal or Snapchat). Thus, consumers have
no choice but to join the same platform as the users they want to
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communicate with. As a result, network effects play a key role in
the competition between messaging service providers.

However, strong network effects can make it difficult for new
entrants to compete with incumbent platforms. Users are often
reluctant to switch to a new platform, even if it offers better ser-
vices, because they would have to coordinate their move and
may face individual switching costs, such as rebuilding their pro-
file or providing data again. While platform differentiation and
multi-homing may allow multiple platforms to coexist in the mar-
ket, a platform with a large installed base will still be more attrac-
tive to consumers than a smaller one.

Recently, policymakers and academics (see, e.g., [1–10]) have
been advocating for greater interoperability between digital
platforms. In September 2022, the European Commission (EC)
introduced the Digital Market Act (DMA),2 a regulatory frame-
work aimed at promoting fairness and contestability in digital
markets. In particular, the new law mandates large dominant
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platforms (the so-called “gatekeepers”) offering messaging
services to provide interoperability with smaller messaging plat-
forms upon request and free of charge. The EC will assess the
extension of this interoperability provision to social media in the
future. Similar legislation, the ACCESS Act, is currently under
consideration in the U.S. Congress.3

In this paper, we study the incentives of ad-financed messaging
platforms to make some features of their services interoperable,
and how these incentives compare to the social optimum. We
develop a model in which two horizontally differentiated plat-
forms offer communication services to consumers. Consistent
with the business model of messaging service providers, we
assume that the platforms are free to users and generate revenue
solely through advertising. Consumers can decide to single-home
on a given platform or to multi-home, taking into account the
size of each network. Once they join a platform, consumers
decide how much time they want to spend communicating
with other users, considering the nuisance from advertising on
the platform. A consumer’s exposure to advertising—and the
nuisance it causes—increases with the amount of time spent on
the platform.

We first consider a benchmark case where the two platforms are
symmetric. We show that interoperability reduces multi-homing
on the consumer side, decreasing the total demand addressed to
each platform. The composition of demand is also affected, with
an increase in single-homing and a decrease in multi-homing for
each platform.

Interoperability has conflicting effects on platform profits.
First, greater interoperability enhances the market power of
the platforms relative to advertisers (the market power effect).
Interoperability increases the single-homing demand of each
platform, which benefits the platforms as they can charge higher
ad prices for (exclusive) single-homers than for (non-exclusive)
multi-homers. This is because even though multi-homers spend
more time communicating than single-homers and are thus
more exposed to advertising, a platform can only charge adver-
tisers for the incremental value it provides. Second, a higher level
of interoperability reduces the total demand of each platform,
which shrinks the audience they offer to advertisers and reduces
their profits (the total viewership effect). Third, as interoperability
increases, single-homers spend more time communicating on
their host platform. This increases their exposure to advertis-
ing, leading to higher ad revenues for the platforms (the usage
intensification effect).

Overall, the (positive) market power and usage intensification
effects always dominate the (negative) total viewership effect.
Therefore, platforms have a strong incentive to interoperate,
and without any cost of implementing interoperability, perfect
interoperability emerges in equilibrium.

We show that the equilibrium outcome is efficient from a
social point of view. This is because consumers also prefer
perfect interoperability, in particular because it increases the
quality of interactions between the single-homers of each
platform, while advertisers are indifferent because their sur-
plus is always fully extracted by the platforms. Therefore, in
a symmetric environment, the level of interoperability chosen

by the platforms should not be a concern. This result becomes
more nuanced when we consider the fixed costs of implementing
interoperability. In this case, the equilibrium level of interoper-
ability may be too low compared to the social optimum when
implementation costs are intermediate. This is because, when
choosing its level of interoperability, a platform does not consider
the positive effect of interoperability on consumer surplus.

However, the market for messaging services is highly asymmet-
ric, with a few dominant players (e.g., Facebook Messenger) fac-
ing smaller rivals (e.g., Telegram). Therefore, we next consider
the case where one platform is larger than its competitor. Specifi-
cally, we assume that one platform has an installed base of users.
We then examine the incentives of the large and small platforms
to make their services interoperable, and how the asymmetry
between them affects these incentives.

We find that the large platform can charge higher ad prices
for single-homers and multi-homers than the small platform,
and that the difference in ad prices increases with the size of
the installed base. However, greater interoperability reduces this
price differential, thereby leveling the playing field between the
small and large platforms in the advertising market. Similarly, the
large platform’s installed base advantage allows it to attract more
users than the small platform. Again, greater interoperability mit-
igates this advantage by reducing the difference in total consumer
demand between the small and large platforms, thereby leveling
the playing field in terms of network effects.

In this asymmetric environment, we find that the large platform
is less willing to interoperate than the small platform. This is
because the (positive) market power and usage intensification
effects of interoperability on profits are stronger for the small plat-
form than for the large platform, while the (negative) total view-
ership is smaller in absolute terms. As the level of interoperability
is determined by the preferences of the platform that values it the
least, the equilibrium level of interoperability is determined by
the largest platform. We find that if the installed base advantage
is large enough, interoperability does not arise in equilibrium.

The equilibrium level of interoperability is weakly too low for
consumers and total welfare. Therefore, in some cases, interop-
erability may not materialize even though it would be efficient
for consumers and the welfare. However, the absence of inter-
operability in equilibrium does not necessarily justify regulatory
intervention. Although interoperability levels the playing field
between platforms, it may reduce consumer surplus and total
surplus in highly asymmetric markets. Specifically, we find that
mandating interoperability can harm consumers and welfare
when the dominant platform’s installed base is very large.

1.1 | Related Literature

We contribute to the literature analyzing firms’ incentives to
make their products compatible (interoperable) in the presence
of network effects (see, e.g., Katz and Shapiro [11] and Farrell
and Klemperer [12]). Whether compatibility arises in equilib-
rium depends on the balance between two opposing forces: the
demand expansion effect and the leveling effect. On the one
hand, compatibility increases the value of firms’ products by
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enhancing network benefits. As they can attract more users
to the market, firms have a mutual interest in making their
products compatible. On the other hand, when firms have differ-
ent installed bases (see, e.g., [13–15]), compatibility diminishes
the competitive advantage of larger firms, while smaller firms
favor compatibility as it allows them to catch up with their larger
rivals. Therefore, interoperability is likely to emerge voluntar-
ily when firms are relatively symmetric. But when firms are
asymmetric, dominant (large) firms can resist interoperability,
making it less likely to emerge.

Our contribution to this literature is twofold. First, the liter-
ature either ignores multi-homing or models it exogenously.
Doganoglu and Wright [16] examine firms’ incentives to make
their networks compatible in a setting where multi-homing can
occur but is mostly exogenous.4 Crémer, Rey and Tirole [14] con-
sider endogenous multi-homing in an extension of their main set-
ting, but only in the extreme case where networks are incompat-
ible. In contrast, we fully endogenize consumers’ multi-homing
decisions and show that interoperability reduces multi-homing,
which affects platforms’ incentives to interoperate. Second, while
the literature focuses on subscription-based business models, we
consider advertising-based business models (i.e., the type of busi-
ness model used by messaging service providers or social media).
Our analysis reveals three novel effects of interoperability on
profits in this context: the market power, total viewership, and
usage intensification effects. The market power and total viewer-
ship effects arise because interoperability affects multi-homing,
and multi-homers are less valuable to advertisers than
single-homers. The usage intensification effect arises because
greater interoperability increases the time that single-homers
spend online and thus their exposure to advertising.

Our paper is also closely related to Bourreau and Kraemer [17].
Like in the present paper, they show that interoperability reduces
multi-homing and that this can have important implications for
competition between digital platforms. However, their focus is
different; they examine the impact of mandating interoperabil-
ity on market contestability, that is, the possibility for a more
efficient entrant to displace an incumbent platform, when the
market has a strong tendency to tip. By contrast, we consider a
setting in which two platforms can both be active in the market
and study whether interoperability can emerge as the outcome of
non-cooperative strategies depending on the degree of asymme-
try between them. Besides, while Bourreau and Kraemer [17] pro-
pose a dynamic model of network adoption with consumer het-
erogeneity in network effects and a fixed ad revenue per capita, in
the present paper, we model the amount of time that consumers
spend online and analyze the impact of interoperability on the
advertising market.

We also relate to the literature on ad-financed media markets
in the presence of shared viewership (see, e.g., [18–21]). This
literature emphasizes the importance of demand composition
as opposed to total demand, given that firms compete on the
advertiser side only for multi-homing users while acting as gate-
keepers for single-homers. In particular, Anderson, Foros and
Kind [20] show that the incremental pricing principle, accord-
ing to which multi-homing consumers are less valuable than
single-homing consumers, has implications for firms’ revenues
and their incentives to differentiate. The idea is that if firms earn

more profit from their single-homing users, they will avoid differ-
entiation to minimize multi-homing.

We contribute to this literature by developing a model in which
exposure to advertising depends on the amount of time con-
sumers spend online. Relatedly, Anderson and Peitz [22] study
advertising congestion in a model where a representative con-
sumer allocates a fixed amount of time across media.5 Our mod-
eling approach differs in two key ways: we allow the amount
of time that consumers spend online to be endogenous, and we
consider heterogeneous consumers, resulting in an equilibrium
where some consumers single-home while others multi-home.

1.2 | Structure of the Paper

The rest of the paper is organized as follows. In the next section,
we present the model. In Section 3, we solve for the equilibrium
level of interoperability between two symmetric platforms and
compare it to the social optimum. In Section 4, we extend our
framework to consider interoperability between a small and a
large platform. We conclude in Section 5.

2 | Model

We study a model in which two communication platforms (e.g.,
messaging platforms) compete for consumers and advertisers,
and decide non-cooperatively on their level of interoperability.

2.1 | Platforms

Two platforms, 𝐴 and 𝐵, offer communication services to con-
sumers. In line with prevailing industry practice for messaging
services, we assume that the platforms are free to users and gen-
erate revenue through advertising.6 Specifically, each platform
𝑖 ∈ {𝐴,𝐵} charges advertisers a price per ad 𝑝𝑖, but users can
access the platforms for free. However, as we will see, the pres-
ence of ads on the platforms is a nuisance to them.7 The platforms
incur no costs in providing services to consumers and advertisers.

The platforms offer a mass of communication features, such as
sending and receiving text or video messages, or sharing a loca-
tion. Each platform 𝑖 chooses a subset of features [0, 𝜙𝑖] to make
interoperable with the other platform, with 𝜙𝑖 ∈ [0, 1]. Commu-
nication is only effective if the sending and receiving parties
use the same features. So, the resulting level of interoperability
𝜙 between platforms is determined by their common features,
that is, 𝜙 = min{𝜙𝐴, 𝜙𝐵}. Thus, a consumer using platform 𝑖 can
interact on-net with other users of platform 𝑖 with the full set of
features (i.e., a quality of 1), and off-net with users of the other
platform through interoperability, but with a lower interaction
quality 𝜙 ≤ 1. We assume that implementing interoperability is
costless for the platforms.8

2.2 | Consumers

The platforms are horizontally differentiated à la Hotelling, with
platform𝐴 located at 𝑦𝐴 = 0 and platform𝐵 at 𝑦𝐵 = 1 on the unit
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interval. A unit mass of consumers is uniformly distributed over
this interval. Each consumer can decide to single-home (join one
platform) or multi-home (join both).

A consumer located at 𝑦 who single-homes on platform 𝑖 ∈
{𝐴,𝐵} derives the utility

𝜈0 − 𝑡|𝑦 − 𝑦𝑖| + 𝑢(𝜏𝑖)(𝑛𝑖 + 𝑛𝑖,𝑗) + 𝜙𝑢(𝜏𝑖)𝑛𝑗 ,

where 𝜈0 is the stand-alone benefit of joining the platform,9 𝑡|𝑦 −
𝑦𝑖| represents the transportation cost (e.g., the utility loss due
to preference mismatch), 𝑢(𝜏𝑖)(𝑛𝑖 + 𝑛𝑖,𝑗) is the gross surplus from
on-net interactions with the 𝑛𝑖 single-homing users of platform 𝑖

and the 𝑛𝑖,𝑗 multi-homers, and 𝜙𝑢(𝜏𝑖)𝑛𝑗 is the gross surplus from
off-net interactions with the 𝑛𝑗 single-homing users of platform
𝑗 ≠ 𝑖.10 The gross surplus of an on-net interaction is given by

𝑢(𝜏) = 𝜅
𝜏

1− 1
𝛽

1 − 1
𝛽

,

where 𝜏 is the time spent communicating and 𝛽 > 1 is a measure
of demand elasticity.11 The gross surplus of an off-net inter-
action is 𝜙𝑢(𝜏), reflecting the lower quality of interoperable
communications (𝜙 ≤ 1).

When using a platform to communicate, consumers are exposed
to advertising. Specifically, we assume that the more time a user
spends on the platform, the more advertising she is exposed to,
which is perceived as a nuisance. Formally, if the user spends an
amount of time 𝜏𝑖 on platform 𝑖, the disutility from advertising
is 𝛾𝑟𝑒

𝑖
𝜏𝑖, where 𝛾 > 0 and 𝑟𝑒

𝑖
denotes the ad level (i.e., the number

of advertisers) expected on platform 𝑖. Thus, the net utility of an
on-net communication is 𝑢(𝜏𝑖) − 𝛾𝑟𝑒

𝑖
𝜏𝑖. Similarly, the net utility

of an off-net (interoperable) communication of duration 𝜏𝑖 is
𝜙𝑢(𝜏𝑖) − 𝛾𝑟𝑒

𝑖
𝜏𝑖.

Finally, a multi-homing consumer receives the stand-alone
benefit (1 + 𝜂)𝑣0 by joining both platforms, where 𝜂 ≤ 1 cap-
tures the overlap in the standalone benefits offered by each
platform. Multi-homing consumers always use the best avail-
able technology to interact with another user. They can choose
to communicate with a single-homing user either on-net,
using the same platform as the user, or off-net using the other
platform via interoperability. Multi-homers can interact with
other multi-homers twice, but only one interaction has value
(i.e., there is no double-counting of network benefits).12 Thus,
multi-homers derive the utility

(1 + 𝜂)𝜈0 − 𝑡 +
∑
𝑖=𝐴,𝐵
𝑗≠𝑖

max{𝑢(𝜏𝑖) − 𝛾𝑟𝑒
𝑖
𝜏𝑖, 𝜙𝑢(𝜏𝑗) − 𝛾𝑟𝑒

𝑗
𝜏𝑗}𝑛𝑖

+ max{𝑢(𝜏𝐴) − 𝛾𝑟𝑒
𝐴
𝜏𝐴, 𝑢(𝜏𝐵) − 𝛾𝑟𝑒

𝐵
𝜏𝐵}𝑛𝐴,𝐵.

2.3 | Advertisers

A unit mass of homogeneous advertisers wants to inform con-
sumers about their products. We assume that a fraction 𝜇 of con-
sumers are interested in each advertised product and have a will-
ingness to pay 𝜔, while the rest have a willingness to pay of 0.
Advertisers are monopolists in their product markets, and thus
charge the price 𝜔.

Each advertiser decides on which platform(s) to advertise on,
with at most one ad per platform. The probability 𝜖 that a
consumer will pay attention to an ad increases with the amount
of time 𝜏 of exposure to the ad across all platforms, so 𝜖 = 𝜖(𝜏),
with 𝜖′(𝜏) > 0. Therefore, the expected value of this consumer to
an advertiser is 𝜋𝑒 = 𝜇𝜔𝜖(𝜏). For simplicity, we assume that 𝜖(𝜏)
is linear, that is, 𝜖(𝜏) = 𝜖0𝜏. We assume that 𝜅 < 𝛾 to ensure that
𝜏 ≤ 1 in equilibrium and that 𝜖0 is small enough so that we always
have 𝜖(𝜏) ∈ [0, 1]. Then, the expected value of the consumer to the
advertiser can be written as 𝜋𝑒 = 𝜎𝜏, with 𝜎 ≡ 𝜖0𝜇𝜔.

2.4 | Timing

First, platforms non-cooperatively choose their level of interoper-
ability𝜙𝑖. The resulting level of interoperability𝜙 = min{𝜙𝐴, 𝜙𝐵}
is made public. Second, platforms simultaneously choose their
price per ad 𝑝𝑖. Advertisers observe the ad prices and decide on
which platform(s) to buy ad space, anticipating the number of
users on each platform. Third, consumers decide which plat-
form(s) to join and how much time they want to spend commu-
nicating on-net and off-net. Following Anderson et al. [20], we
assume that consumers do not observe the ad prices or the ad
levels, but rationally anticipate them.

We look for the Subgame-Perfect Nash Equilibrium of this game.
Consumers form rational expectations about the user base of each
platform. The fact that consumers do not observe the ad prices or
the ad levels means that they do not respond instantaneously to
a change in ad levels, which seems reasonable in the context of
messaging services. Following Crémer et al. [14], we also assume
that the equilibrium level of interoperability is min{𝜙⋆

𝐴
, 𝜙⋆

𝐵
},

where 𝜙⋆
𝑖

is the level of interoperability that maximizes
platform 𝑖’s profit.13

In the next section, we solve for the equilibrium of the game with
symmetric platforms. In Section 4, we introduce platform asym-
metry by considering that one platform initially has an installed
base of users. All proofs can be found in the Appendix.

3 | Symmetric Platforms

In this section, we solve for the equilibrium when platforms are
symmetric. As usual, we solve the game backwards, starting from
the last stage.

3.1 | Choice of Time Spent Communicating

In the last stage, consumers decide how much time to spend com-
municating with other users.

Consider a consumer who single-homes on platform 𝑖 = 𝐴,𝐵.
The consumer chooses the amount of time 𝜏 spent commu-
nicating on-net with other users to maximize her net surplus,
𝑢(𝜏) − 𝛾𝑟𝑒

𝑖
𝜏. Solving for the first-order condition,14 we obtain

the optimal time spent communicating on-net, 𝜏∗(𝑟𝑒
𝑖
) =

(
𝛾𝑟𝑒

𝑖

𝜅

)−𝛽
,

which decreases with the expected ad level 𝑟𝑒
𝑖
. Thus, when

users are exposed to more (annoying) ads, they spend less time
communicating on the platform, with 𝛽 representing the (con-
stant) elasticity of platform usage to the level of advertising. The
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associated surplus derived from an on-net communication is

𝛼(𝑟𝑒
𝑖
) = 𝑢(𝜏∗(𝑟𝑒

𝑖
)) − 𝛾𝑟𝑖𝜏

∗(𝑟𝑒
𝑖
) = 1

𝛽 − 1
(𝛾𝑟𝑒

𝑖
)−(𝛽−1)

𝜅−𝛽 ,

which decreases with the expected level of advertising as
𝛼′(𝑟𝑒

𝑖
) = −𝛾𝜏∗(𝑟𝑒

𝑖
) < 0.

Similarly, the consumer chooses the amount of time 𝜏 spent com-
municating off-net with other users to maximize her net sur-
plus, 𝜙𝑢(𝜏) − 𝛾𝑟𝑒

𝑖
𝜏. Solving for the first-order condition gives the

optimal amount of time spent communicating off-net, 𝜏∗(𝑟𝑒
𝑖
) =(

𝛾𝑟𝑒
𝑖

𝜙𝜅

)−𝛽
. Note that for a given level of advertising, consumers

spend less time communicating off-net than on-net (𝜏∗(𝑟𝑒
𝑖
) ≤

𝜏∗(𝑟𝑒
𝑖
)) due to imperfect interoperability (𝜙 ≤ 1). The associated

net surplus from an off-net communication is

𝛼̂(𝑟𝑒
𝑖
) = 𝜙𝑢(𝜏∗(𝑟𝑒

𝑖
)) − 𝛾𝑟𝑒

𝑖
𝜏∗(𝑟𝑒

𝑖
) = 1

𝛽 − 1
(𝛾𝑟𝑒

𝑖
)−(𝛽−1)

(𝜙𝜅)−𝛽
,

which decreases with the expected level of advertising 𝑟𝑒
𝑖
.

Now, we can define 𝜃 ≡ 𝛼̂(𝑟)∕𝛼(𝑟) = 𝜙𝛽 , so that 𝜏∗(𝑟) = 𝜃𝜏∗(𝑟) and
𝛼̂(𝑟) = 𝜃𝛼(𝑟). Note that 𝜃 ∈ [0, 1], as𝜙 ∈ [0, 1]. The utility of a con-
sumer single-homing on platform 𝑖 = 𝐴,𝐵 (gross of transporta-
tion costs) can then be written in a simple way as:

𝜈0 + 𝛼(𝑟𝑒
𝑖
)
[
𝑛𝑖 + 𝑛𝑖,𝑗 + 𝜃𝑛𝑗

]
, (1)

where 𝑛𝑖 and 𝑛𝑗 are the number of single-homing users of plat-
form 𝑖 and platform 𝑗 ≠ 𝑖, respectively, and 𝑛𝑖,𝑗 is the number of
multi-homers.

In the utility function (1), 𝜃 represents the effective level of inter-
operability for consumers. It increases with the technical level of
interoperability 𝜙 and decreases with the elasticity of demand 𝛽.
In the rest of the analysis, we will refer to 𝜃 as the level of inter-
operability and consider that each platform 𝑖 chooses a unilateral
level of interoperability 𝜃𝑖 instead of 𝜙𝑖.

3.2 | Consumer Homing Decisions

We now turn to the consumer’s decision on which platform(s) to
join. First, we determine which platform the multi-homers use to
interact with other users. Then, we analyze the consumer’s choice
between single-homing and multi-homing. In this analysis, we
assume that 𝑟𝑒

𝐴
≤ 𝑟𝑒

𝐵
, which is without loss of generality since the

two platforms are symmetric.

3.2.1 | Choice of Communication Platform
for Multi-Homers

A multi-homing consumer always uses the best available technol-
ogy to communicate with other users, choosing the platform that
delivers the highest surplus from interactions.

Lemma 1 (Platform choice for multi-homers). If 𝛼(𝑟𝑒
𝐵
) ≥

𝜃𝛼(𝑟𝑒
𝐴
), a multi-homer will use platform 𝐵 to communicate with

platform 𝐵’s single-homers, and platform 𝐴 to communicate with

all other users. Otherwise, the multi-homer will always use platform
𝐴 to communicate with other users.

The condition 𝛼(𝑟𝑒
𝐵
) ≥ 𝜃𝛼(𝑟𝑒

𝐴
) in the lemma means that

multi-homers prefer to use platform 𝐵 to communicate with
the single-homers of platform 𝐵. It holds in particular when
𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
(as 𝜃 ≤ 1), so it will hold in the equilibrium of the

advertising market where 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
= 1, as we will show below. To

simplify the exposition, we thus focus on this case in the follow-
ing. We will reconsider the other case where 𝛼(𝑟𝑒

𝐵
) < 𝜃𝛼(𝑟𝑒

𝐴
)

when we determine the equilibrium in the advertising
market.

3.2.2 | Single-Homing Versus Multi-Homing

We can now analyze the consumer’s choice between single-
homing and multi-homing.

Consumers form rational expectations about platforms’ user
bases, expecting 𝑥𝑒

𝐴
users on platform 𝐴 and 1 − 𝑥𝑒

𝐵
users on plat-

form 𝐵. Based on the above analysis, the expected net utility of
multi-homing is:

𝑢𝐴𝐵 = (1 + 𝜂)𝜈0 − 𝑡 + 𝛼(𝑟𝑒
𝐴
)𝑥𝑒

𝐴
+ 𝛼(𝑟𝑒

𝐵
)(1 − 𝑥𝑒

𝐴
). (2)

The expected net utility of a consumer located at 𝑥 and
single-homing on 𝐴 is given by:

𝑢𝐴 = 𝜈0 + 𝛼(𝑟𝑒
𝐴
)
[
𝑥𝑒
𝐴
+ 𝜃(1 − 𝑥𝑒

𝐴
)
]
− 𝑡𝑥, (3)

which is positive if and only if

𝑥 ≤ 𝑥𝐴 ≡ 𝜈0 + 𝛼(𝑟𝑒
𝐴
)
[
𝑥𝑒
𝐴
+ 𝜃(1 − 𝑥𝑒

𝐴
)
]

𝑡
,

and the expected net utility of single-homing on 𝐵 is

𝑢𝐵 = 𝜈0 + 𝛼(𝑟𝑒
𝐵
)
[
1 − 𝑥𝑒

𝐵
+ 𝜃𝑥𝑒

𝐵

]
− 𝑡(1 − 𝑥). (4)

Using (2) and (4), we can compute the incremental utility the con-
sumer gains by joining platform 𝐴 in addition to platform 𝐵:

𝑢𝐴𝐵 − 𝑢𝐵 = 𝜂𝜈0 − 𝑡𝑥 + [𝛼(𝑟𝑒
𝐴
) − 𝛼(𝑟𝑒

𝐵
)][𝑥𝑒

𝐴
− 𝑥𝑒

𝐵
]

+ [𝛼(𝑟𝑒
𝐴
) − 𝜃𝛼(𝑟𝑒

𝐵
)]𝑥𝑒

𝐵
.

By joining platform 𝐴 in addition to platform 𝐵, the consumer
gains additional standalone benefits of 𝜂𝜈0, but incurs additional
transportation costs 𝑡𝑥. Additionally, the consumer can interact
with other multi-homers on platform 𝐴 rather than on platform
𝐵, which provides an additional interaction benefit 𝛼(𝑟𝑒

𝐴
) − 𝛼(𝑟𝑒

𝐵
)

since 𝑟𝑒
𝐴
≤ 𝑟𝑒

𝐵
. Furthermore, the consumer can interact on-net

with platform 𝐴’s single-homers rather than off-net through
platform 𝐵 via interoperability, which brings an additional
interaction benefit 𝛼(𝑟𝑒

𝐴
) − 𝜃𝛼(𝑟𝑒

𝐵
).

Therefore, consumers of type 𝑥 ≤ 𝑥̂𝐴 join platform 𝐴 in addition
to platform 𝐵, with

𝑥̂𝐴 =
𝜂𝜈0 +

[
𝛼(𝑟𝑒

𝐴
) − 𝛼(𝑟𝑒

𝐵
)
]
𝑥𝑒
𝐴
+ (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)𝑥𝑒

𝐵

𝑡
. (5)
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Assuming that consumers’ expectations about network sizes
imply some degree of multi-homing (i.e., 𝑥𝑒

𝐴
> 𝑥𝑒

𝐵
), we have 𝑥̂𝐴 <

𝑥𝐴. Therefore, consumers of type 𝑥 ≤ 𝑥̂𝐴 join platform𝐴 either as
single-homers or as multi-homers.

Similarly, using (2) and (3), the incremental gain from joining
platform 𝐵 in addition to platform 𝐴 is:

𝑢𝐵𝐴 − 𝑢𝐴 = 𝜂𝜈0 − 𝑡(1 − 𝑥) +
[
𝛼(𝑟𝑒

𝐵
) − 𝜃𝛼(𝑟𝑒

𝐴
)
]
(1 − 𝑥𝑒

𝐴
),

where 𝑢𝐵𝐴 = 𝑢𝐴𝐵 . Thus, users of type 𝑥 ≥ 𝑥̂𝐵 join platform 𝐵 in
addition to platform 𝐴, with

𝑥̂𝐵 = 1 −
𝜂𝜈0 +

[
𝛼(𝑟𝑒

𝐵
) − 𝜃𝛼(𝑟𝑒

𝐴
)
]
(1 − 𝑥𝑒

𝐴
)

𝑡
. (6)

We have 𝜕𝑥̂𝐴∕𝜕𝑥𝑒𝐵 < 1 if and only if 𝑡 > (1 − 𝜃)𝛼(𝑟𝑒
𝐵
) and

𝜕𝑥̂𝐵∕𝜕𝑥𝑒𝐴 < 1 if and only if 𝑡 > 𝛼(𝑟𝑒
𝐵
) − 𝜃𝛼(𝑟𝑒

𝐴
). As we will see

below, we have 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
= 1 in equilibrium. Therefore, to ensure

the existence of a stable equilibrium where both platforms are
active, we must assume that 𝑡 > (1 − 𝜃)𝛼(1) for all interoperabil-
ity levels 𝜃 ∈ [0, 1], which is true with the following assumption:

Assumption 1 (Market sharing). 𝑡 > 𝛼(1).

In equilibrium, we have 𝑥𝑒
𝑖
= 𝑥̂𝑖 for 𝑖 = 𝐴,𝐵. Solving for the sys-

tem of equations defined by (5) and (6), we find the marginal con-
sumers indifferent between single-homing and multi-homing, 𝑥̂𝐴
and 𝑥̂𝐵 . Define 𝜆(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) ≡ 𝛼(𝑟𝑒

𝐴
) − 𝛼(𝑟𝑒

𝐵
) and 𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) ≡ 𝛼(𝑟𝑒

𝐵
) −

𝜃𝛼(𝑟𝑒
𝐴
). We have:

𝑥̂𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
)

=
𝜂𝜈0(𝑡 − (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)) + (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)(𝑡 − 𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
))

𝑡(𝑡 − 𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)) − (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)

,

𝑥̂𝐵(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
)

=
(𝑡 − 𝜆(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) − 𝜂𝜈0)(𝑡 − 𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)) + 𝜂𝜈0𝜆(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)

𝑡(𝑡 − 𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)) − (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)

.

Figure 1 shows the demand structure when there is partial
multi-homing (0 < 𝑥̂𝐵 < 𝑥̂𝐴 < 1). Consumers located at 𝑥 < 𝑥̂𝐵
single-home on platform 𝐴, while consumers of type 𝑥 > 𝑥̂𝐴
single-home on platform 𝐵. Consumers located between 𝑥̂𝐵 and
𝑥̂𝐴 multi-home. The number of single-homers on platforms 𝐴

and 𝐵 are then 𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) ≡ 𝑥̂𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) and 𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) ≡ 1 −

𝑥̂𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
), respectively, and there are 𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) ≡ 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) −

𝑥̂𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) multi-homers.

Note that, as we have assumed that consumers do not observe
ad prices or ad levels, the numbers of single-homers and
multi-homers depend on consumers’ expectations about ad levels
(𝑟𝑒
𝑖
), rather than on the realized ad levels.

FIGURE 1 | Demand structure with partial multi-homing. Notes:
[Colour figure can be viewed at wileyonlinelibrary.com]

3.3 | Advertising Decisions

In Stage 2, the platforms set their advertising price 𝑝𝑖, and then
advertisers decide on which platform(s) to buy advertising space.

To simplify the exposition, we denote 𝛼 ≡ 𝛼(1) and 𝜏∗ ≡ 𝜏∗(1)
(with a little abuse of notation). The following lemma character-
izes the equilibrium in the advertising market.15

Lemma 2 (Incremental pricing with usage-based adver-
tising). There is a unique equilibrium in which each plat-
form 𝑖 ∈ {𝐴,𝐵} sets the advertising price 𝑝𝑖 = 𝜎𝜏𝑆𝐻𝑆𝐻𝑖(1, 1) +
𝜎𝜏∗𝑀𝐻(1, 1)∕2, where 𝜏𝑆𝐻 =

(
𝑥̂𝐴(1, 1) + 𝜃(1 − 𝑥̂𝐴(1, 1))

)
𝜏∗ is

the time spent online by single-homers, and the numbers of
single-homers and multi-homers are

𝑆𝐻𝐴(1, 1) = 𝑆𝐻𝐵(1, 1) =
𝑡 − 𝜂𝜈0

𝑡 + (1 − 𝜃)𝛼
and

𝑀𝐻(1, 1) =
2𝜂𝜈0 + (1 − 𝜃)𝛼 − 𝑡

𝑡 + (1 − 𝜃)𝛼
.

Each advertiser places an ad on each platform, and users rationally
expect 𝑟𝑒

𝑖
= 1.

Therefore, as in Anderson et al. [20], each platform charges adver-
tisers a price equal to the value of its exclusive single-homing
users, plus the incremental value associated with multi-homers,
and all advertisers multi-home in equilibrium.16

For simplicity, for the rest of the analysis, we will use the notation
𝑥̂𝑖 instead of 𝑥̂𝑖(1, 1), 𝑆𝐻𝑖 instead of 𝑆𝐻𝑖(1, 1), and 𝑀𝐻 instead
of 𝑀𝐻(1, 1).

We are interested in market structures with both single-homers
and multi-homers, that is, where 0 < 𝑥̂𝐵 < 𝑥̂𝐴 < 1 in equilibrium
for all 𝜃 ∈ [0, 1]. This is true if:17

Assumption 2 (Partial multi-homing). 𝑡∕2 < 𝜂𝜈0 < 𝑡.

Under Assumption 2, the advertising price for a single-homer,
𝜎𝜏𝑆𝐻 (𝜃), increases with the level of interoperability 𝜃.18 This is
because at higher levels of interoperability, single-homers spend
more time on their host platform and are therefore more exposed
to advertising. By contrast, the ad price for a multi-homer,
𝜎𝜏∗∕2, does not depend on the level of interoperability because
multi-homers never communicate via interoperability.

3.4 | Platforms’ Interoperability Decisions

In Stage 1, platforms decide non-cooperatively on their level of
interoperability. We begin by studying the impact of interoper-
ability on consumer demand for each platform.

The following lemma shows that interoperability affects
multi-homing.

Lemma 3 (Interoperability and multi-homing). An
increase in the level of interoperability reduces consumer multi-
homing.

To understand this result, we analyze how interoperabil-
ity affects the consumer’s choice between single-homing and
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multi-homing. Consider Equation (5), which gives the location
𝑥̂𝐴 of the marginal consumer indifferent between single-homing
on platform𝐵 and multi-homing. Differentiating (5) with respect
to the level of interoperability 𝜃 at 𝑟𝑒

𝐴
= 𝑟𝑒

𝐵
= 1, we obtain

𝑑𝑥̂𝐴

𝑑𝜃
= 𝛼

𝑡

[
−𝑥̂𝐵 + (1 − 𝜃)

𝑑𝑥̂𝐵

𝑑𝜃

]
. (7)

Equation (7) shows that increasing the level of interoperabil-
ity has two effects on the location of the marginal consumer.
First, taking the single-homing demand of platform 𝐴, 𝑥̂𝐵 , as
given, a higher level of interoperability reduces the incentives to
multi-home and pushes users to single-home on 𝐵. Indeed, for a
user of platform 𝐵, a higher level of interoperability improves the
quality of interactions with the exclusive users of 𝐴 via interop-
erability, making multi-homing less attractive. A second effect is
that a higher level of interoperability increases the single-homing
demand of platform 𝐴 (as 𝑑𝑥̂𝐵∕𝑑𝜃 ≥ 0 under Assumption 1),
making multi-homing more attractive for a given level of inter-
operability. Overall, we find that the first effect always dominates
the second.

Lemma 3 implies that interoperability affects the demand struc-
ture of each platform in the following way:

Corollary 1 (Interoperability and consumer demand).
An increase in the level of interoperability leads to an increase in
the single-homing demand of each platform and a decrease in their
total demand.

We now consider the (non-cooperative) interoperability decisions
of the platforms. As in the equilibrium of Stage 2, all advertisers
multi-home, platform 𝑖’s profit is given by:

Π𝑖(𝜃𝑖, 𝜃𝑗 ) = 𝜎𝜏𝑆𝐻 (𝜃)𝑆𝐻𝑖(𝜃) +
𝜎𝜏∗

2
𝑀𝐻(𝜃), with 𝜃 = min{𝜃𝑖, 𝜃𝑗}.

(8)
Single-homers are exclusive to their host platform, which
can then extract all the surplus from advertisers. In contrast,
multi-homers are less valuable because platforms can only charge
advertisers for the incremental value. Single-homers, however,
spend less time communicating than multi-homers, so their
potential attention to ads is lower.

We find that in this symmetric environment, platforms have a
strong incentive to interoperate:

Proposition 1 (Equilibrium level of interoperability).
The equilibrium level of interoperability is 𝜃⋆ = 1.

Although in equilibrium interoperability is perfect, interoperabil-
ity has conflicting effects on the platforms’ profits. To see this, we
compute the effect of a higher level of interoperability on platform
𝐴’s profit using Equation (8):

𝑑Π𝐴

𝑑𝜃
=
(
𝜎𝜏𝑆𝐻 (𝜃) − 𝜎𝜏∗

2

)𝑑𝑥̂𝐵
𝑑𝜃

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
(+)

+ 𝜎𝜏∗

2
𝑑𝑥̂𝐴

𝑑𝜃
⏟⏞⏟⏞⏟

(−)

+ 𝜎
𝑑𝜏𝑆𝐻 (𝜃)

𝑑𝜃
𝑥̂𝐵

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
(+)

. (9)

The first term in Equation (9) represents a market power effect,
which is positive as 𝑑𝑥̂𝐵∕𝑑𝜃 > 0 and 𝜏𝑆𝐻 (𝜃) > 𝜏∗∕2. When the
level of interoperability increases, some multi-homers become

exclusive users of platform 𝐴 (the marginal consumer 𝑥̂𝐵 shifts
to the right) due to the substitutability between interoperability
and multi-homing (Lemma 3). The platform can then charge the
monopoly price 𝜎𝜏𝑆𝐻 (𝜃) instead of the incremental value 𝜎𝜏∗∕2.
This gain increases with the level of interoperability, since 𝜏𝑆𝐻 (𝜃)
increases with 𝜃. In other words, a higher level of interoperability
increases the market power of platforms over advertisers.

The second term represents a total viewership effect, and it is neg-
ative since 𝑑𝑥̂𝐴∕𝑑𝜃 < 0. A higher level of interoperability reduces
the total viewership that the platform can offer to advertisers, and
therefore, reduces its profits. This is because there is less need to
multi-home to interact with users on other platforms. Thus, the
total user base of each platform decreases.19

Finally, the third term represents a usage intensification effect:
when the level of interoperability increases, single-homers spend
more time communicating on their host platform, increasing
advertising revenue.

Proposition 1 shows that the two positive effects always dominate
the negative effect, resulting in a maximum level of interoperabil-
ity in equilibrium. Note that the usage intensification effect is key:
indeed, the sum of the first two effects in Equation (9) is negative.
So, if interoperability does not stimulate usage (𝑑𝜏𝑆𝐻∕𝑑𝜃 = 0),
platforms choose not to interoperate.

3.5 | Welfare Analysis

Finally, we examine the effect of interoperability on the surplus
of market participants and study the optimal choice of interop-
erability by a welfare-maximizing regulator. We define welfare as
the sum of consumer surplus and producer surplus.

Consumer surplus is given by

𝐶𝑆(𝜃) = ∫
𝑥̂𝐵 (𝜃)

0
𝑢𝐴(𝜃, 𝑥)𝑑𝑥 + ∫

𝑥̂𝐴(𝜃)

𝑥̂𝐵 (𝜃)
𝑢𝐴𝐵𝑑𝑥 + ∫

1

𝑥̂𝐴(𝜃)
𝑢𝐵(𝜃, 𝑥)𝑑𝑥.

(10)
Lemma 4 (Consumer surplus). Consumer surplus
increases with the level of interoperability.

To understand this result, consider the differentiation of con-
sumer surplus, given by (10), with respect to the level of inter-
operability 𝜃:

𝑑𝐶𝑆

𝑑𝜃
= ∫

𝑥̂𝐵 (𝜃)

0

𝜕𝑢𝐴

𝜕𝜃
(𝜃, 𝑥)𝑑𝑥 + ∫

𝑥̂𝐴(𝜃)

𝑥̂𝐵 (𝜃)

𝜕𝑢𝐴𝐵

𝜕𝜃
𝑑𝑥

⏟⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏟
=0

+ ∫
1

𝑥̂𝐴(𝜃)

𝜕𝑢𝐵

𝜕𝜃
(𝜃, 𝑥)𝑑𝑥

+
𝑑𝑥̂𝐵

𝑑𝜃

[
𝑢𝐴(𝜃, 𝑥̂𝐵) − 𝑢𝐴𝐵

]
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

=0

−
𝑑𝑥̂𝐴

𝑑𝜃

[
𝑢𝐵(𝜃, 𝑥̂𝐴) − 𝑢𝐴𝐵

]
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

=0

= 2𝛼
(
𝑥̂𝐵

)2 − 2𝛼𝑥̂𝐵(1 − 𝜃)
𝑑𝑥̂𝐵

𝑑𝜃
, (11)

where we have used the fact that 𝑥̂𝐵 = 1 − 𝑥̂𝐴 in the symmetric
equilibrium.
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The first term in Equation (11) represents a direct effect of
increasing the level of interoperability for a given demand struc-
ture. A higher level of interoperability increases the quality
of off-net interactions between the single-homers of each plat-
form, in volume 2(𝑥̂𝐵)2. The second term in Equation (11) rep-
resents an indirect effect of a change in the level of interop-
erability. As the level of interoperability increases, the mass
of single-homers on each platform increases. This represents a
loss of utility from interactions for the single-homers on both
platforms, since single-homers can only be reached by other
single-homers through interoperability. The result in Lemma 4
then follows from the fact that the first effect always dominates
the second:

𝑑𝐶𝑆

𝑑𝜃
=

2𝛼(𝑥̂𝐵)2𝑡

𝑡 + 𝛼(1 − 𝜃)
> 0.

We find that producer surplus, defined as the sum of adver-
tiser surplus and platforms’ profits, also increases with the
level of interoperability. This is because, first, advertisers have
zero surplus in equilibrium. Their surplus from advertising to
single-homers is fully extracted by the platforms, which have
monopoly power. Then a multi-homer is worth 𝜎𝜏∗, but each plat-
form charges advertisers 𝜎𝜏∗∕2 for multi-homers, leaving adver-
tisers with zero surplus.20 Since the platforms’ profits increase
with the level of interoperability, the producer surplus increases
with the level of interoperability.

Therefore, total welfare increases with the level of interoperabil-
ity. So:

Proposition 2 (Regulator’s interoperability choice). A
welfare-maximizing regulator sets the maximum level of interoper-
ability 𝜃𝑊 = 1. Therefore, the equilibrium level of interoperability
always coincides with the social optimum.

Therefore, in a symmetric environment, there should be no con-
cern about the level of interoperability chosen by the platforms.

However, this conclusion becomes more nuanced when the costs
of implementing interoperability are taken into account. Sup-
pose that each platform incurs a fixed cost 𝐹 to implement
interoperability, independent of the level of interoperability.21

In this case, perfect interoperability arises in equilibrium if and
only if 𝐹 < 𝐹

Π ≡ Π𝜃=1 − Π𝜃=0, whereas perfect interoperability
is socially optimal whenever 𝐹 < 𝐹

𝑊 ≡ (
𝑊𝜃=1 −𝑊𝜃=0

)
∕2, with

𝐹
𝑊

> 𝐹
Π

.22 Thus, the equilibrium level of interoperability may
be too low compared to the social optimum when implementa-
tion costs are intermediate. This is because, when choosing its
level of interoperability, a platform does not internalize the posi-
tive effects of interoperability on consumer surplus.

4 | Platform Asymmetry

In this section, we extend the baseline model by introducing an
asymmetry between the platforms. We want to study the incen-
tives of a large and a small platform to interoperate, and how the
asymmetry between them affects these incentives.

Specifically, we assume that there is a mass 𝛿 > 0 of users located
at 𝑦𝐴 = 0. In equilibrium, these users will always choose to

single-home on 𝐴. So, we refer to them as the installed base of
platform 𝐴. Because of this installed base, we refer to platform 𝐴

as the large platform and platform 𝐵 as the small platform.

Again, we proceed backwards, starting with the last stage.

4.1 | Consumer Homing Decisions

Once they have joined their platform(s), users spend time com-
municating on-net and off-net, as described in Section 3.1. We
now turn to their homing decisions.

For the moment, we assume that the installed base users join plat-
form 𝐴; we will verify that this is indeed true in equilibrium. We
can now focus on the decision of the mass 1 of consumers located
on the semi-open interval (0, 1], which we call the competitive seg-
ment. A consumer located at 𝑥 ∈ (0, 1] has the following expected
utility from single-homing on 𝐴 and 𝐵:

𝑢𝐴 = 𝜈0 + 𝛼(𝑟𝑒
𝐴
)
[
𝑥𝑒
𝐴
+ 𝛿 + 𝜃(1 − 𝑥𝑒

𝐴
)
]
− 𝑡𝑥,

𝑢𝐵 = 𝜈0 + 𝛼(𝑟𝑒
𝐵
)
[
1 − 𝑥𝑒

𝐵
+ 𝜃(𝑥𝑒

𝐵
+ 𝛿)

]
− 𝑡(1 − 𝑥).

By single-homing on platform 𝐴, a consumer can interact with
the installed base of that platform with the full set of features.
However, consumers single-homing on platform 𝐵 can only
interact with 𝐴’s installed base via interoperability, so with a
degraded quality of interaction.

We assume without loss of generality that 𝑟𝑒
𝐴
≤ 𝑟𝑒

𝐵
and we

focus, as above, on the case where 𝜃𝛼(𝑟𝑒
𝐴
) ≤ 𝛼(𝑟𝑒

𝐵
), meaning

that multi-homers use platform 𝐵 to communicate with the
single-homers of platform 𝐵. This condition will be satisfied in
equilibrium. Using similar reasoning as in the baseline case, we
obtain the utility derived by a multi-homing user:

𝑢𝐴𝐵 = 𝜈0(1 + 𝜂) − 𝑡 + 𝛼(𝑟𝑒
𝐴
)(𝑥𝑒

𝐴
+ 𝛿) + 𝛼(𝑟𝑒

𝐵
)(1 − 𝑥𝑒

𝐴
). (12)

A consumer located at 𝑥 joins platform 𝐴 in addition to platform
𝐵 if and only if 𝑢𝐴𝐵 − 𝑢𝐵 ≥ 0, that is, if 𝑥 ≤ 𝑥̂𝐴, where

𝑥̂𝐴 =
𝜂𝜈0 +

(
𝛼(𝑟𝑒

𝐴
) − 𝛼(𝑟𝑒

𝐵
)
)
(𝑥𝑒

𝐴
+ 𝛿) + (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)(𝑥𝑒

𝐵
+ 𝛿)

𝑡
.

(13)
Similarly, a consumer located at 𝑥 joins platform 𝐵 in addition to
platform 𝐴 if and only if 𝑢𝐴𝐵 − 𝑢𝐴 ≥ 0, that is, if 𝑥 ≥ 𝑥̂𝐵 , where

𝑥̂𝐵 = 1 −
𝜂𝜈0 + (1 − 𝑥𝑒

𝐴
)
(
𝛼(𝑟𝑒

𝐵
) − 𝜃𝛼(𝑟𝑒

𝐴
)
)

𝑡
. (14)

In the fulfilled expectations equilibrium, we must have 𝑥𝑒
𝑖
= 𝑥̂𝑖.

Replacing 𝑥𝑒
𝑖

for 𝑥̂𝑖, we solve the system of equations given by
(13) and (14) for 𝑥̂𝐴 and 𝑥̂𝐵 . Denoting 𝜆(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) = 𝛼(𝑟𝑒

𝐴
) − 𝛼(𝑟𝑒

𝐵
)

and 𝜓(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) = 𝛼(𝑟𝑒

𝐵
) − 𝜃𝛼(𝑟𝑒

𝐴
), we obtain:

𝑥̂𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) =

𝜂𝜈0[𝑡 − (1 − 𝜃)𝛼(𝑟𝑒
𝐵
)] + (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)[𝑡 − 𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)]

+ 𝛿𝑡[𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) + (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)]

𝑡[𝑡 − 𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)] − (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)

,

𝑥̂𝐵(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) =

[𝑡 − 𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) − 𝜂𝜈0][𝑡 − 𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)] + 𝜂𝜈0𝜙(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)

+ 𝛿[𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) + (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)]𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)

𝑡[𝑡 − 𝜆(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)] − (1 − 𝜃)𝛼(𝑟𝑒

𝐵
)𝜓(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)

.
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Provided that 0 ≤ 𝑥̂𝐵 ≤ 𝑥̂𝐴 ≤ 1, the numbers of single-homers
and multi-homers on the competitive segment are then given
by 𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) ≡ 𝑥̂𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
), 𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) ≡ 1 − 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) and

𝑀𝐻(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) ≡ 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) − 𝑥̂𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
).

4.2 | Advertising Decisions

In Stage 2, platforms set their price per ad, and advertisers decide
on which platform(s) to buy ad space. The following lemma char-
acterizes the equilibrium in this stage of the game.

Lemma 5 (Advertising equilibrium with platform asym-
metry). There exists a unique equilibrium where platforms
set the price per ad 𝑝𝐴 = 𝑝𝑆𝐻

𝐴
(𝛿 + 𝑆𝐻𝐴(1, 1)) + 𝑝𝑀𝐻

𝐴
𝑀𝐻(1, 1)

and 𝑝𝐵 = 𝑝𝑆𝐻
𝐵

𝑆𝐻𝐵(1, 1) + 𝑝𝑀𝐻
𝐵

𝑀𝐻(1, 1), with 𝑝𝑆𝐻
𝐴

=
𝜎𝜏∗(𝛿 + 𝑥̂𝐴 + 𝜃(1 − 𝑥̂𝐴)), 𝑝𝑀𝐻

𝐴
= 𝜎𝜏∗(𝛿 + (𝑥̂𝐴 + 𝑥̂𝐵)∕2), 𝑝𝑆𝐻

𝐵
=

𝜎𝜏∗(1 − 𝑥̂𝐵 + 𝜃(𝑥̂𝐵 + 𝛿)) and 𝑝𝑀𝐻
𝐵

= 𝜎𝜏∗(1 − (𝑥̂𝐴 + 𝑥̂𝐵)∕2). Each
advertiser places an ad on each platform, and users rationally
expect 𝑟𝑒

𝑖
= 1 for 𝑖 = 𝐴,𝐵. In equilibrium, the platforms’ demands

in the competitive segment are as follows:

𝑆𝐻𝐴(1, 1) = 𝑥̂𝐵(1, 1) =
𝑡 − 𝜂𝜈0

𝑡 + (1 − 𝜃)𝛼
+ 𝛿

(1 − 𝜃)2𝛼2

𝑡2 − (1 − 𝜃)2𝛼2 ,

𝑆𝐻𝐵(1, 1) = 1 − 𝑥̂𝐴(1, 1) =
𝑡 − 𝜂𝜈0

𝑡 + (1 − 𝜃)𝛼
− 𝛿

(1 − 𝜃)𝛼𝑡
𝑡2 − (1 − 𝜃)2𝛼2 ,

𝑀𝐻(1, 1) = 𝑥̂𝐴(1, 1) − 𝑥̂𝐵(1, 1) =
2𝜂𝜈0 + 𝛼(1 − 𝜃)(1 + 𝛿) − 𝑡

𝑡 + (1 − 𝜃)𝛼
.

For simplicity, as in the baseline case, we omit the arguments of
𝑥̂𝑖, 𝑆𝐻𝑖, and 𝑀𝐻 in the rest of the analysis.

Platform asymmetry and the level of interoperability affect the ad
prices of the small and large platforms, as shown in the following
lemma:

Lemma 6 (Platforms’ ad prices with platform asym-
metry). The large platform can charge a higher price for
single-homers and multi-homers than the small platform (𝑝𝑠

𝐴
> 𝑝𝑠

𝐵

for 𝑠 = 𝑆𝐻,𝑀𝐻). The price difference increases with the installed
base, but decreases with the level of interoperability (𝜕(𝑝𝑠

𝐴
−

𝑝𝑠
𝐵
)∕𝜕𝛿 > 0 and 𝜕(𝑝𝑠

𝐴
− 𝑝𝑠

𝐵
)∕𝜕𝜃 < 0 for 𝑠 = 𝑆𝐻,𝑀𝐻).

Thus, a higher level of interoperability 𝜃 reduces the difference
in ad prices between the large and small platforms and levels the
playing field in the advertising market, though not completely.
Interestingly, as interoperability becomes perfect (𝜃 → 1), the dif-
ference in ad prices becomes 0 for single-homers, while it remains
strictly positive for multi-homers. This is because the incremen-
tal value that platform 𝐴 can charge for multi-homers includes
the incremental value of its installed base.

As in the baseline case, we are interested in market struc-
tures in the competitive segment with both single-homers and
multi-homers, that is, where in equilibrium,𝑆𝐻𝑖 > 0 for 𝑖 = 𝐴,𝐵

and 𝑀𝐻 > 0, for all 𝜃 ∈ [0, 1]. This is true if:23

Assumption 3 (Partial multihoming with platform asym-
metry).

𝑡

2
< 𝜂𝜈0 < 𝑡 − 𝛿𝑡𝛼

𝑡 − 𝛼

FIGURE 2 | Asymmetric shift in the composition of demand
induced by an increase in 𝛿. Notes: [Colour figure can be viewed at
wileyonlinelibrary.com]

We assume that 𝛿 < 𝛿max = 𝑡−𝛼
2𝛼

to ensure that there are values
of 𝜂𝜈0 that satisfy this assumption.24 Under Assumption 3, we
have 𝑥̂𝐵 > 0, so the installed base users all join platform 𝐴 in
equilibrium.

The following lemma characterizes how the installed base advan-
tage of platform 𝐴 affects the demand of each platform and the
composition of demand in the competitive segment.

Lemma 7 (Effect of installed base on consumer demand).
A larger installed base 𝛿 leads to an increase in the demand for plat-
form𝐴 and a decrease in the demand for platform𝐵 in the compet-
itive segment. Single-homing on 𝐴 increases, while single-homing
on 𝐵 decreases. Multi-homing increases.

Intuitively, the installed base advantage of platform 𝐴 allows the
large platform to attract more demand than the small platform in
the competitive segment due to network effects.

The installed base also affects the composition of demand. Con-
sider the variations in the location of the marginal multi-homers
given by differentiating Equations (13) and (14) at 𝑟𝑒

𝑖
= 1 with

respect to 𝛿:

𝑑𝑥̂𝐴

𝑑𝛿
= 𝛼(1 − 𝜃)

𝑡

[
1 +

𝑑𝑥̂𝐵

𝑑𝛿

]
𝑑𝑥̂𝐵

𝑑𝛿
= 𝛼(1 − 𝜃)

𝑡

𝑑𝑥̂𝐴

𝑑𝛿
.

First, an increase in the size of the installed base 𝛿 makes
second-homing on platform 𝐴 more attractive to interact with
the installed base of that platform. Thus, the marginal con-
sumer indifferent between multi-homing and single-homing on
𝐵, located at 𝑥̂𝐴, shifts to the right, reducing the exclusive
user base of platform 𝐵. This, in turn, reduces the incentive
to second-home on platform 𝐵. Therefore, the marginal con-
sumer indifferent between multi-homing and single-homing on
𝐴, located at 𝑥̂𝐵 , also shifts to the right, though less so than for
𝑥̂𝐵 (see Figure 2 for an illustration). Since this increases the size
of platform 𝐴’s exclusive user base, it further increases the incen-
tives to second-home on that platform, and so on. Assumption 1
ensures that the market does not tip and that both platforms
remain active in equilibrium. Overall, a larger installed base
increases the single-homing demand of the large platform and
decreases that of the small platform.

4.3 | Platforms’ Interoperability Decisions

In Stage 1, platforms decide non-cooperatively on their level
of interoperability. We begin by characterizing the impact of
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interoperability on the consumer demand for each platform in
the competitive segment.

Lemma 8 (Interoperability and consumer demand
with platform asymmetry). An increase in the level of
interoperability:

• reduces consumer multi-homing;

• decreases the single-homing demand of platform 𝐴 if 𝜃 < 𝜃̂

and increases it if 𝜃 > 𝜃̂, where 𝜃̂ ∈ [0, 1) and 𝜃̂ > 0 if 𝛿 is high
enough;

• increases the single-homing demand of platform 𝐵.

Similar to the baseline case, interoperability reduces multi-
homing when platforms are asymmetric. However, an increase
in interoperability affects the demand composition of the small
and large platforms in the competitive segment differently. While
the single-homing demand of the small platform always increases
with the level of interoperability, the single-homing demand of
the large platform may decrease at low levels of interoperability
and increase at higher levels. To understand the intuition, con-
sider the variations of the location of the marginal users 𝑥̂𝐴 and
𝑥̂𝐵 , given by Equations (13) and (14), with respect to the level of
interoperability 𝜃, at 𝑟𝑒

𝑖
= 1 and 𝑥𝑒

𝑖
= 𝑥̂𝑖:

𝑑𝑥̂𝐴

𝑑𝜃
= 𝛼

𝑡

[
−(𝑆𝐻𝐴 + 𝛿) + (1 − 𝜃)

𝑑𝑥̂𝐵

𝑑𝜃

]
, (15)

𝑑𝑥̂𝐵

𝑑𝜃
= 𝛼

𝑡

[
𝑆𝐻𝐵 + (1 − 𝜃)

𝑑𝑥̂𝐴

𝑑𝜃

]
. (16)

As in the symmetric case, the first terms in Equations (15) and
(16) represent a direct effect of a higher level of interoperabil-
ity, taking the demand composition as given. Since it increases
the quality of off-net interactions, a higher level of interop-
erability reduces the incentive to multi-home and pushes to
single-home. Also, since we have 𝑆𝐻𝐴 + 𝛿 > 𝑆𝐻𝐵 , the increase
in single-homing is greater for the small platform (𝐵) than for the
large one (𝐴).

The second terms in Equations (15) and (16) represent an
(opposite) indirect effect: since a higher level of interoperabil-
ity increases the single-homing demand of each platform, it also
makes multi-homing more attractive. For example, an increase in
the single-homing demand of platform𝐵 (𝑑𝑥̂𝐴∕𝑑𝜃 ≤ 0) increases
the incentives of the single-homing users of platform 𝐴 to
multi-home.

Since the direct effect is larger for the small platform than for the
large platform, this negative feedback loop is more significant for
the large platform. Therefore, a higher level of interoperability
leads to a greater increase in single-homing demand for the small
platform than for the large one. For low levels of interoperabil-
ity, the indirect effect plays a more important role, and the large
platform’s single-homing demand may actually decrease with a
higher level of interoperability.

Since the total demand of a platform decreases with the
single-homing demand of the competing platform, Lemma 8
implies that:

Corollary 2. An increase in the level of interoperability
decreases platform 𝐴’s total demand in the competitive seg-
ment. Platform 𝐵’s total demand increases if 𝜃 < 𝜃̂ and decreases
otherwise.

Therefore, interoperability reduces the total demand of the large
platform in the competitive segment, but it does not always ben-
efit the small platform. While the single-homing demand of the
small platform increases with interoperability, the number of
multi-homers decreases, and thus its total demand may either
increase or decrease. However, we find that the difference in total
demand between the large and the small platforms decreases
with the level of interoperability. Hence, interoperability levels
the playing field between them in terms of network effects.

We now turn to the non-cooperative interoperability decisions of
the platforms. In Stage 1, the platforms’ profits are:

Π𝐴(𝜃𝐴, 𝜃𝐵) = 𝑝𝑆𝐻
𝐴

(𝜃)(𝛿 + 𝑥̂𝐵) + 𝑝𝑀𝐻
𝐴

(𝜃)
(
𝑥̂𝐴 − 𝑥̂𝐵

)
Π𝐵(𝜃𝐴, 𝜃𝐵) = 𝑝𝑆𝐻

𝐵
(𝜃)

(
1 − 𝑥̂𝐴

)
+ 𝑝𝑀𝐻

𝐵
(𝜃)

(
𝑥̂𝐴 − 𝑥̂𝐵

)
,

with 𝜃 = min{𝜃𝐴, 𝜃𝐵}.

We begin by characterizing the level of interoperability that each
platform would prefer (i.e., if it could choose the level of interop-
erability 𝜃 between them):

Proposition 3 (Platforms’ interoperability choices with
platform asymmetry). The small platform always prefers per-
fect interoperability (𝜃∗

𝐵
= 1). Besides, there is a threshold 𝛿Π𝐴

such
that the large platform prefers perfect interoperability (𝜃∗

𝐴
= 1) if

𝛿 < 𝛿Π𝐴
, and no interoperability (𝜃∗

𝐴
= 0) if 𝛿 > 𝛿Π𝐴

.

Thus, if the platform asymmetry is large enough, the large plat-
form will be less willing to interoperate and the small platform
more willing to interoperate compared to the baseline case with
symmetric platforms.

To understand this result, we examine how platform asymmetry
affects the three key effects of interoperability on platform profits
that we introduced in the baseline case: the market power effect,
the total viewership effect, and the usage intensification effect.25

In the baseline case, the market power effect arises because
interoperability increases the single-homing demand for each
platform. This benefits the platforms because they can charge
higher ad prices for (exclusive) single-homers compared to
multi-homers. Under platform asymmetry, platforms still charge
higher prices for single-homers, and this effect is even more
pronounced for the smaller platform. Moreover, the increase in
single-homing demand is larger for the smaller platform than for
the larger one (Lemma 8). Consequently, the market power effect
is stronger for the smaller platform, and may even be negative for
the larger platform.

The total viewership effect in the baseline case reflects how inter-
operability reduces the total demand of each platform by decreas-
ing multi-homing. With platform asymmetry, the reduction in
total demand due to interoperability is more significant for
the larger platform than for the smaller platform. In addition,

10 The Journal of Industrial Economics, 2026
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because the larger platform can charge more for multi-homers,
it is more negatively affected by the total viewership effect than
the smaller platform.

Finally, the usage intensification effect in the baseline case cap-
tures how interoperability increases platform usage, thereby
increasing exposure to advertising and benefiting the platforms.
Under platform asymmetry, this effect is also stronger for the
smaller platform than for the larger one. This is because inter-
operability helps level the playing field in the advertising market
(Lemma 6).

Since the small platform has a higher incentive to interoperate
than the large platform, the equilibrium level of interoperabil-
ity, 𝜃⋆ = min{𝜃⋆

𝐴
, 𝜃⋆

𝐵
}, is always determined by the large platform

(i.e., equal to 𝜃⋆
𝐴

). Therefore, we have:

Corollary 3. In equilibrium, the level of interoperability is
𝜃⋆ = 1 if 𝛿 ≤ 𝛿Π𝐴

and 𝜃⋆ = 0 otherwise.

Therefore, if the large platform’s installed base advantage is not
too strong (𝛿 ≤ 𝛿Π𝐴

), the equilibrium outcome is the same as
in the symmetric case. Otherwise, if the large platform has a
large installed base (𝛿 ≥ 𝛿Π𝐴

), interoperability will not arise in
equilibrium.

4.4 | Welfare Analysis

We now discuss how interoperability affects the surplus of mar-
ket participants and the optimal choice of interoperability by a
welfare-maximizing regulator.

Taking into account the surplus of the installed base users, con-
sumer surplus is given by:

𝐶𝑆(𝜃) = 𝛿𝑢𝐴(𝜃, 0) + ∫
𝑥̂𝐵 (𝜃)

0
𝑢𝐴(𝜃, 𝑥)𝑑𝑥 + ∫

𝑥̂𝐴(𝜃)

𝑥̂𝐵 (𝜃)
𝑢𝐴𝐵𝑑𝑥

+ ∫
1

𝑥̂𝐴(𝜃)
𝑢𝐵(𝜃, 𝑥)𝑑𝑥. (17)

We find that:

𝑑𝐶𝑆

𝑑𝜃
= 2𝛼

(
𝛿 + 𝑥̂𝐵

)
(1 − 𝑥̂𝐴) + 𝛼(1 − 𝜃)[

(𝛿 + 𝑥̂𝐵)
𝑑𝑥̂𝐴

𝑑𝜃
− (1 − 𝑥̂𝐴)

𝑑𝑥̂𝐵

𝑑𝜃

]
. (18)

As in the symmetric case, the first term in Equation (18) rep-
resents the gain in consumer surplus from a higher quality of
interaction between single-homers, where the volume of these
interactions is equal to 2(𝛿 + 𝑥̂𝐵)(1 − 𝑥̂𝐴).

The second term in Equation (18) represents a change in util-
ity for the single-homers of both platforms as the marginal con-
sumers located at 𝑥̂𝐴 and 𝑥̂𝐵 shift toward single-homing (loss) or
multi-homing (gain). A priori, the sign of this term is ambigu-
ous, since 𝑑𝑥̂𝐵∕𝑑𝜃 can be either positive or negative. However,
we find that it is always negative. Indeed, according to Lemma 8,
consumer multi-homing decreases as interoperability increases.
Thus, we have 𝑑𝑥̂𝐴∕𝑑𝜃 < 𝑑𝑥̂𝐵∕𝑑𝜃, with 𝑑𝑥̂𝐴∕𝑑𝜃 < 0. As the mass

of platform𝐴’s single-homers (𝛿 + 𝑥̂𝐵) is higher than platform𝐵’s
(1 − 𝑥̂𝐴),26 this second term represents a loss of utility.

Overall, how consumers value interoperability depends on the
degree of platform asymmetry:

Lemma 9 (Consumer surplus with platform asymmetry).
Under platform asymmetry, there is a threshold 𝛿𝐶𝑆 such that con-
sumer surplus is maximized with perfect interoperability (𝜃 = 1)
if 𝛿 < 𝛿𝐶𝑆 , and with no interoperability (𝜃 = 0) otherwise. This
threshold is lower than the maximum allowed value of 𝛿 if (𝑡 −
𝜂𝜈0)∕𝑡 is low enough.

Thus, like the platforms themselves, consumers may prefer no
interoperability when the platforms are highly asymmetric. How-
ever, we find that:

Proposition 4 (Misalignment of interoperability choices
with platform asymmetry). Under platform asymmetry, the
level of interoperability resulting from the market equilibrium is
(weakly) too low from the users’ point of view.

Indeed, the threshold below which interoperability arises in
equilibrium is lower than the corresponding threshold for
consumer surplus (𝛿Π𝐴

< 𝛿𝐶𝑆 ). Moreover, both thresholds
decrease when network effects become stronger relative to the
degree of differentiation (i.e., when 𝛼 is larger relative to 𝑡) and/or
when the additional standalone benefits from multi-homing,
𝜂𝜈0, are greater.

Since the equilibrium level of interoperability is (weakly) too low
for consumers and the small platform, it is also (weakly) too low
from a total welfare point of view.27 This is shown formally by the
following result:

Proposition 5 (Total welfare with platform asymmetry).
Under platform asymmetry, there exists a threshold 𝛿𝑊 such that a
welfare-maximizing regulator sets the maximum level of interoper-
ability 𝜃𝑊 = 1 if 𝛿 < 𝛿𝑊 , and the maximum level of interoperabil-
ity 𝜃𝑊 = 0 otherwise. This threshold is higher than the threshold
for perfect interoperability in the market equilibrium (𝛿Π𝐴

< 𝛿𝑊 ),
so the equilibrium level of interoperability is (weakly) too low from
a welfare point of view.

Therefore, in asymmetric markets, regulatory intervention can
be necessary to achieve perfect interoperability, as it may not
emerge as the market equilibrium, even when it is socially
desirable. Conversely, if platforms implement interoperability
voluntarily, which happens if the degree of platform asymme-
try is not too pronounced, it is also efficient from a social
welfare perspective.

However, the absence of interoperability in the market equi-
librium does not necessarily call for regulatory intervention.
Although interoperability levels the playing field between plat-
forms, it may negatively affect consumer surplus and total
surplus in highly asymmetric markets. Specifically, mandating
interoperability is socially desirable when 𝛿 ∈ (𝛿Π𝐴

, 𝛿𝑊 ), but
it harms welfare when 𝛿 > 𝛿𝑊 , that is, when the market is
highly asymmetric.
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Introducing a fixed cost to implement interoperability creates
additional distortions. As in the baseline case, when the imple-
mentation cost is intermediate, interoperability may not emerge
when 𝛿 < 𝛿Π𝐴

even though it could be socially optimal. This is
because platform 𝐴 does not take into account the effect of inter-
operability on platform𝐵, which may benefit from implementing
perfect interoperability, and on consumer surplus. Furthermore,
the smaller platform may face a higher fixed cost of implement-
ing interoperability than the larger platform. For instance, sup-
pose interoperability is costless for the larger platform (𝐹𝐴 = 0)
but costly for the smaller one (𝐹𝐵 > 0). If 𝛿 < 𝛿Π𝐴

and Π𝐵
||𝜃=1 −

Π𝐵
||𝜃=0 < 𝐹𝐵 , interoperability arises in equilibrium because the

larger platform has an incentive to implement it, but it harms the
smaller platform because of high implementation costs.

5 | Conclusion

In this paper, we have studied the incentives of ad-financed
platforms to make their services interoperable and how these
incentives compare to the social optimum. We showed that
interoperability affects the demand composition of the platforms
by reducing multi-homing and increasing single-homing. As
multi-homers are less valuable to advertisers than single-homers,
interoperability increases the market power of platforms over
advertisers. Additionally, it stimulates the engagement of
single-homers due to higher-quality interactions, increasing
their exposure to advertising. However, interoperability also
reduces the total viewership that the platforms can monetize on
the advertiser side. Overall, the first two positive effects outweigh
the last negative effect, and perfect interoperability emerges in
an unregulated environment with symmetric platforms. This
equilibrium outcome coincides with the social optimum when
the costs of implementing interoperability are not too high.

In markets where a large, dominant platform competes with
a smaller platform, interoperability levels the playing field by
reducing the difference in network effects between them. It also
levels the playing field in the advertising market by reducing the
difference in ad prices between the small and large platforms.
As a result, the large platform is less willing to make its service
interoperable than the small platform. We then find that inter-
operability does not emerge in equilibrium if the installed base
of the large platform is sufficiently large. However, mandating
interoperability between the asymmetric platforms is not always
socially optimal.

Our results are relevant for assessing the potential impact of
interoperability obligations for ad-financed platforms, such as
the horizontal interoperability obligation for messaging services
implemented in the Digital Markets Act in the European Union,
or a possible extension of these obligations to social networks
(e.g., TikTok or Instagram). We show that it is important to
consider the multi-sided nature of these platforms, as interop-
erability on the consumer side has implications on the adver-
tiser side through the changes in demand composition and con-
sumer engagement that it induces. Thus, a regulator should bal-
ance the consumer benefits of interoperability against the poten-
tially adverse effects on other market participants. In particular,
we show that interoperability may increase the market power of

platforms in the advertising market, which may raise antitrust
concerns.

In our framework, a merger between the platforms would result
in monopoly pricing in the advertising market for all consumers.
The merged entity would thus have no incentive to implement
interoperability between its two services. In practice, messag-
ing platforms owned by the same company (such as Facebook
Messenger and WhatsApp) are not interoperable. Hence, when
assessing mergers in digital markets, antitrust authorities should
take into account the reduced incentives for interoperability as a
potential adverse effect.

In this paper, we focused on interoperability between ad-funded
platforms. However, platforms may adopt a variety of busi-
ness models, and some may instead be user-funded.28 In
the case of messaging services, for instance, some platforms
are user-funded—such as Threema,29 or Apple’s iMessage,30

which are financed directly by their users rather than through
advertising.31 If an ad-funded platform competes with a
user-funded one, the former would enjoy a monopoly over
multi-homing users in the advertising market. In this case, the
market power effect would vanish, whereas the total viewership
and usage intensification effects would remain at play.32

Finally, in the paper, we have abstracted away from the imple-
mentation issues raised by interoperability.33 A key trade-off
is between standardization, which requires firms to adopt a
common interoperability standard, and reliance on proprietary
interfaces (APIs), where firms implement each other’s inter-
faces. Standardization facilitates effective interoperability, but it
requires industry-wide agreement, which takes time and involves
uncertainty. Proprietary access, on the other hand, leaves control
with the gatekeeper, which may have the ability and incentive to
restrict or degrade access.34 A second trade-off concerns security
and privacy. Interoperability can expand attack vectors, reduce
security, and alter firms’ incentives to invest in cybersecurity.35

Interoperability may also create tension between privacy and
security, as secure communication often requires exchanging
data or metadata to verify authenticity.36 These questions are
fruitful directions for future research on interoperability in digital
markets.
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Endnotes
1Fortune, Larry Page on Google, December 11, 2012.
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2Regulation (EU) 2022/1925 of the European Parliament and of the
Council of 14 September 2022 on contestable and fair markets in the
digital sector, http://data.europa.eu/eli/reg/2022/1925/oj.

3See https://www.congress.gov/bill/117th-congress/house-bill/3849/
text.

4In their model, there are two types of consumers with either a low or
a high valuation of network benefits. When considering multi-homing,
they focus on equilibria where low types single-home, while high types
multi-home.

5See also Gabszewicz, Laussel and Sonnac [23].
6Examples of ad-supported messaging services include Facebook Mes-
senger, Telegram, Snapchat, Kik, Line, Viber, and WeChat.

7Alternatively, our modeling approach could be reinterpreted to capture
platforms that collect and monetize user data. In this case, consumers
suffer from nuisance from data monetization.

8Introducing an (engineering) cost to implement interoperability would
not qualitatively change our results, but would lead to a lower level of
interoperability in equilibrium.

9Messaging services often offer stand-alone features in addition to
communication capabilities, such as photo editing (Instagram), AI
chatbots (Snapchat), or access to broadcast channels (Telegram). The
stand-alone benefit may also reflect the fear of being left out if one does
not join (Bursztyn, Handel, Jiménez-Duran and Roth [24]).

10In principle, single-homers on platform 𝑖 could interact with
multi-homers on platform 𝑗 via interoperability. However, in our
model, on-net interactions always deliver higher interaction benefits
than off-net interactions via interoperability, as 𝜙 ≤ 1.

11This utility function has been used in the telecommunications context
by Laffont, Rey and Tirole [25, 26] and Nevo, Turner and Williams [27],
among others. As we will see below, the parameter 𝛽 represents the elas-
ticity of time spent on communication to the level of advertising.

12We could consider additional learning costs for a multi-homing con-
sumer, or costs of maintaining and managing contacts across platforms.
However, this would not affect the analysis.

13If firm 𝑗 chooses 𝜙𝑗 < min{𝜙⋆
𝐴
, 𝜙⋆

𝐵
}, firm 𝑖 has no incentive to choose

a 𝜙𝑖 greater than 𝜙𝑗 , as the resulting level of interoperability will
remain at 𝜙𝑗 . For this reason, there can be multiple equilibria with
𝜙 < min{𝜙⋆

𝐴
, 𝜙⋆

𝐵
}. Note that the assumption we make is equivalent

to selecting the Pareto-dominant equilibrium when there are multiple
equilibria.

14The second-order condition is satisfied as 𝑢′′(𝜏) ≤ 0.
15Our results are robust if platforms and advertisers can identify whether

consumers are single-homers or multi-homers. In this case, plat-
forms could charge different prices per impression for single-homers
and multi-homers. Each platform 𝑖 would charge for single-homers
a price of 𝑝𝑆𝐻

𝑖
= 𝜎𝜏𝑆𝐻 and for multi-homers a price of 𝑝𝑀𝐻

𝑖
=

𝜎𝜏∗∕2, leading to full participation from advertisers. Thus, plat-
form 𝑖 would derive the same ad revenue 𝑝𝑖 = 𝑝𝑆𝐻

𝑖
𝑆𝐻𝑖(1, 1) +

𝑝𝑀𝐻
𝑖

𝑀𝐻(1, 1) = 𝜎𝜏𝑆𝐻𝑆𝐻𝑖(1, 1) + 𝜎𝜏∗𝑀𝐻(1, 1)∕2, as with a fixed
ad price.

16If advertisers are heterogeneous (e.g., because they promote prod-
ucts of different qualities), those with a high valuation for an impres-
sion will tend to multi-home, while those with a lower valuation will
tend to single-home. This might give rise to asymmetric equilibria,
where one platform attracts a larger consumer demand than its rival
(see Anderson and Jullien [28]).

17In Appendix B, we show that under Assumptions 1 and 2, there is a
unique equilibrium with market-sharing and partial multi-homing.

18Indeed, we have 𝜕𝜏𝑆𝐻

𝜕𝜃
= 𝑡(𝑡−𝜂𝜈0)𝜏∗

[𝑡+𝛼(1−𝜃)]3
> 0.

19In [14], increasing interoperability increases total demand due to higher
quality interactions. In our case, it reduces the total demand of each

platform due to decreased multi-homing, while we do not consider the
possibility of market expansion since the market is always fully covered.

20This is due to our assumption that the probability 𝜖 that a consumer will
pay attention to an ad increases linearly with the amount of time 𝜏 of
exposure to the ad across all platforms. If instead we assume that 𝜖 is
strictly concave in 𝜏, advertisers will derive a positive surplus.

21We could also consider that the implementation cost increases with the
level of interoperability. However, this would not alter our point.

22Perfect interoperability is socially optimal if 𝑊𝜃=1 −𝑊𝜃=0 > 2𝐹 . Thus,
we have 𝐹

𝑊
= (𝑊𝜃=1 −𝑊𝜃=0)∕2 = Π𝜃=1 − Π𝜃=0 + (𝐶𝑆𝜃=1 − 𝐶𝑆𝜃=0)∕

2 > Π𝜃=1 − Π𝜃=0 = 𝐹
Π
.

23In Appendix C, we show that under Assumptions 1 and 3, there is a
unique equilibrium with market-sharing and partial multi-homing. As
in the baseline case, the equilibrium is stable if 𝑡 > (1 − 𝜃)𝛼, which is
true for all 𝜃 ∈ [0, 1] if 𝑡 > 𝛼 (Assumption 1).

24For larger values of 𝛿, there can be equilibria where platform 𝐵 has no
single-homers, only multi-homers (i.e., 𝑥̂𝐴 = 1 and 𝑥̂𝐵 > 0). In this case,
we find that the number of multi-homers is independent of the level
of interoperability. Therefore, interoperability does not affect firms’
profits.

25See Appendix D for details.
26Indeed, we have 𝛿 + 𝑥̂𝐵 − (1 − 𝑥̂𝐴) = 𝛿𝑡∕(𝑡 − 𝛼(1 − 𝜃)) > 0.
27As in the baseline case, advertisers derive zero surplus in equilibrium.

See the discussion in Footnote 20.
28On competition between ad-funded and user-funded platforms, see, for

example, Etro [29] and Allain, Bourreau and Darlas [30].
29Individual users pay a one-time fee of six euros to use the app, while

corporate users are charged three euros or more per month per user.
30The messaging service is bundled with the purchase of Apple devices.
31WhatsApp used to charge a $0.99 annual subscription fee after the first

year of free use. However, in January 2016, the fee was discontinued,
and the app became free. In mid-June 2025, WhatsApp announced that
it would start showing ads in its app.

32See also Dhakar and Yan [31], who study the impact of interoperability
in a model of competition between a low-privacy ad-funded platform
and a high-privacy user-funded platform.

33See Bourreau and Kraemer [32] for a discussion of some of the imple-
mentation issues for messaging services.

34On cost-increasing and demand-reducing sabotage tactics in vertically
integrated industries, see, for example, Mandy and Sappington [33].

35For example, Comino, Fedele and Manenti [34] show that interoperabil-
ity can promote security investments at low levels but may discourage
them at high levels.

36See, for example, the concerns raised about the Meta Interoper-
ability proposal based on API access, “Detailed technical briefing:
The Case for XMPP—Why Meta Must Embrace True Messaging
Interoperability”, Key Concern 3, https://xmpp.org/announcements/
open-letter-meta-dma/technical-briefing/.
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Appendix A

Proofs

Proof of Lemma 1. When a multi-homing consumer interacts with a
single-homer, she can either use the same platform as the single-homer
or the other platform via interoperability. To interact with a single-homer
on platform𝐴, the multi-homing consumer will always use platform𝐴, as
we have 𝛼(𝑟𝑒

𝐴
) ≥ 𝜃𝛼(𝑟𝑒

𝐵
) because 𝛼′(𝑟) < 0, 𝑟𝑒

𝐴
≤ 𝑟𝑒

𝐵
, and 𝜃 ≤ 1. When com-

municating with a single-homer on 𝐵, the multi-homing consumer will
use platform𝐵 if 𝛼(𝑟𝑒

𝐵
) ≥ 𝜃𝛼(𝑟𝑒

𝐴
), and platform𝐴 otherwise. Finally, when

communicating with another multi-homer, the multi-homing consumer
will always use platform 𝐴, as 𝑟𝑒

𝐴
≤ 𝑟𝑒

𝐵
implies that 𝛼(𝑟𝑒

𝐴
) ≥ 𝛼(𝑟𝑒

𝐵
). There-

fore, the multi-homer will always use platform 𝐴 except when 𝛼(𝑟𝑒
𝐵
) ≥

𝜃𝛼(𝑟𝑒
𝐴
), in which case the multi-homer will use platform𝐵 to interact with

platform 𝐵’s single-homers. ◽

Proof of Lemma 2. We proceed in two steps: We determine (1) the equi-
librium ad prices for any given consumer expectations about ad levels,
(2) the equilibrium where consumers make rational expectations about
ad levels.

1. Equilibrium ad prices for any given consumer expectations
about ad levels
To determine the equilibrium ad prices for any given consumer
expectations about ad levels, we begin by determining the value of
single-homers and multi-homers to advertisers.

Value of single-homers
Consider a consumer who single-homes on platform 𝐴.
She will spend an amount of time 𝜏∗(𝑟𝑒

𝐴
) for on-net com-

munications, and 𝜏∗(𝑟𝑒
𝐴
) for off-net communications. Thus,
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the total amount of time she will spend on platform 𝐴 is[
𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜃(1 − 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
))
]
𝜏∗(𝑟𝑒

𝐴
) ≡ 𝜏𝑆𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
). If platform 𝐴

has only𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) single-homing users, the total value generated

by this platform for advertisers is 𝜎𝜏𝑆𝐻
𝐴

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
). Simi-

larly, if platform 𝐵 has only 𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) single-homing users, the

total value it generates for advertisers is 𝜎𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
),

where 𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) ≡ [

1 − 𝑥̂𝐵(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) + 𝜃𝑥̂𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)
]
𝜏∗(𝑟𝑒

𝐵
).

Value of multi-homers
Now, consider a multi-homing consumer. We have to distinguish
two cases, depending on whether 𝑟𝑒

𝐴
= 𝑟𝑒

𝐵
or 𝑟𝑒

𝐴
< 𝑟𝑒

𝐵
(remember

that we have assumed that 𝑟𝑒
𝐴
≤ 𝑟𝑒

𝐵
).

Case 1: 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
. In this case, a multi-homer will be indifferent

between using platform𝐴 or platform𝐵 to communicate with other
multi-homers, and we assume that she will use 𝐴 or 𝐵 equally. She
will thus spend a total amount of time on both platforms equal
to 𝜏∗(𝑟𝑒

𝐴
)
[
𝑥̂𝐵 + (𝑥̂𝐴 − 𝑥̂𝐵)∕2

]
+ 𝜏∗(𝑟𝑒

𝐵
)
[
(𝑥̂𝐴 − 𝑥̂𝐵)∕2 + (1 − 𝑥̂𝐴)

]
=

𝜏∗(𝑟𝑒
𝐴
). The total value of multi-homers for an advertiser who

buys ad space on both platforms is then 𝜎𝜏∗(𝑟𝑒
𝐴
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
).

However, a platform can only charge the advertisers for the
incremental value that it provides to them. For example, plat-
form 𝐴 can only charge the difference between the total value of
multi-homers, 𝜎𝜏∗(𝑟𝑒

𝐴
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
), and the value of multi-homers

if the advertisers only buy ad-space on platform 𝐵, which is
equal to 𝜎𝜏∗(𝑟𝑒

𝐵
)
[
(𝑥̂𝐴 − 𝑥̂𝐵)∕2 + (1 − 𝑥̂𝐴)

]
𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
). Thus,

the incremental value offered by platform 𝐴 to advertisers is
𝜎𝜏∗(𝑟𝑒

𝐴
)
[
𝑥̂𝐵 + (𝑥̂𝐴 − 𝑥̂𝐵)∕2

]
𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) = 𝜎𝜏∗(𝑟𝑒

𝐴
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2,

given that 𝑥̂𝐵 = 1 − 𝑥̂𝐴 if 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
. Since this case is symmetric, this

is also the incremental value offered by platform 𝐵 to advertisers.

Case 2a: 𝑟𝑒
𝐴
< 𝑟𝑒

𝐵
and 𝜃𝛼(𝑟𝑒

𝐴
) ≤ 𝛼(𝑟𝑒

𝐵
). In this case, from Lemma 1,

multi-homers use platform 𝐴 to communicate with other
multi-homers and single-homers of this platform, and plat-
form 𝐵 to communicate with platform 𝐵’s single-homers. They
thus spend a total amount of time on both platforms equal to
𝜏∗(𝑟𝑒

𝐴
)𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜏∗(𝑟𝑒

𝐵
)(1 − 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)). Using a similar logic as

above, the incremental value offered by platform 𝐴 to advertisers is
𝜎𝜏∗(𝑟𝑒

𝐴
)𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) and the incremental value offered by

platform 𝐵 is 𝜎𝜏∗(𝑟𝑒
𝐵
)(1 − 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
))𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
).

Case 2b: 𝑟𝑒
𝐴
< 𝑟𝑒

𝐵
and 𝜃𝛼(𝑟𝑒

𝐴
) > 𝛼(𝑟𝑒

𝐵
). In this case, from Lemma 1,

multi-homers always use platform 𝐴 to communicate with other
users. As a result, they spend a total amount of time on platform
𝐴 equal to 𝜏∗(𝑟𝑒

𝐴
). Therefore, the incremental value offered by plat-

form𝐴 to advertisers is 𝜎𝜏∗(𝑟𝑒
𝐴
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
), while platform𝐵 offers

no incremental value.

Equilibrium ad prices for any given consumer expectations
about ad levels
We now assume that platforms have both single-homers and
multi-homers, and we determine the equilibrium ad prices given
consumer expectations about ad levels 𝑟𝑒

𝐴
and 𝑟𝑒

𝐵
, using the analysis

above.

Case 1: 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
. In this case, there is a unique equilibrium

where each platform prices at the incremental value, with
𝑝𝐴 = 𝜎𝜏𝑆𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜎𝜏∗(𝑟𝑒

𝐴
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2 and 𝑝𝐵 =

𝜎𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜎𝜏∗(𝑟𝑒

𝐵
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2. It is an equilib-

rium, because if firm 𝑗 prices as such, it is a best response for
firm 𝑖 to do so as well. Any higher price would lead to zero demand
from advertisers. Conversely, any lower price would not attract more
advertisers. The equilibrium is also unique: since all platforms must
sell ad space in any equilibrium, all advertisers must be on both
platforms. If they are all on each platform, then platform 𝑖 must be
pricing at the incremental value.

Case 2a: 𝑟𝑒
𝐴
< 𝑟𝑒

𝐵
and 𝜃𝛼(𝑟𝑒

𝐴
) ≤ 𝛼(𝑟𝑒

𝐵
). Using a similar reasoning as in

Case 1, in the unique equilibrium, platforms set the ad prices 𝑝𝐴 =
𝜎𝜏𝑆𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜎𝜏∗(𝑟𝑒

𝐴
)𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) and 𝑝𝐵 =

𝜎𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜎𝜏∗(𝑟𝑒

𝐵
)(1 − 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
))𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
),

and all advertisers buy ad space on both platforms.

Case 2b: 𝑟𝑒
𝐴
< 𝑟𝑒

𝐵
and 𝜃𝛼(𝑟𝑒

𝐴
) > 𝛼(𝑟𝑒

𝐵
). Again, using a similar rea-

soning as in Case 1, in the unique equilibrium, platforms set the
ad prices 𝑝𝐴 = 𝜎𝜏𝑆𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) + 𝜎𝜏∗(𝑟𝑒

𝐴
)𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
) and

𝑝𝐵 = 𝜎𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
), and all advertisers buy ad-space on

both platforms.

2. Equilibrium ad prices with rational expectations about ad
levels
In equilibrium, consumers must rationally anticipate the levels of
advertising on the two platforms. In all the equilibria described
above, all advertisers participate on both platforms. Given that there
is a unit mass of homogeneous advertisers, the realized level of
advertising in equilibrium—which we defined as the number of
advertisers—is 𝑟𝐴 = 𝑟𝐵 = 1. Consequently, consumers must ratio-
nally anticipate 𝑟𝑒

𝐴
= 𝑟𝑒

𝐵
= 1, and Cases 2a and 2b, in which 𝑟𝑒

𝐴
< 𝑟𝑒

𝐵
,

cannot arise in equilibrium. Thus, the unique equilibrium corre-
sponds to Case 1, with 𝑟𝑒

𝐴
= 𝑟𝑒

𝐵
= 1. The equilibrium ad prices are

then given by:

𝑝𝑖 = 𝜎𝜏𝑆𝐻
𝑖

(1, 1)𝑆𝐻𝑖(1, 1) + 𝜎𝜏∗(1)𝑀𝐻(1, 1)∕2.

◽

Proof of Lemma 3. Under Assumption 2, we have 𝑑𝑀𝐻∕𝑑𝜃 < 0, which
gives the result. ◽

Proof of Proposition 1. We show that platforms’ profits increase with the
level of interoperability. Platform 𝐴’s total advertising revenues are:

Π𝐴 = 𝜎𝜏∗
(
𝑥̂𝐵

(
𝑥̂𝐴 + 𝜃(1 − 𝑥̂𝐴)

)
+ (𝑥̂𝐴 − 𝑥̂𝐵) ×

1
2

)
.

Differentiating this profit function with respect to the level of interoper-
ability 𝜃, we find that

𝑑Π𝐴

𝑑𝜃
= 𝜎𝜏∗

(𝑡 − 𝜂𝜈0)2(𝑡 − (1 − 𝜃)𝛼)
(𝑡 + (1 − 𝜃)𝛼)3 > 0,

since 𝑡 > (1 − 𝜃)𝛼 under Assumption 1. Thus, platform 𝐴’s profit
increases with the level of interoperability 𝜃. Due to the symmetry of the
model, the same holds for platform 𝐵. As 𝜃∗

𝐴
= 𝜃∗

𝐵
= 1, the equilibrium

level of interoperability is 𝜃∗ = 1. ◽

Proof of Lemma 5. Using similar reasoning as in Lemma 2, we find that
platform𝐴 can charge advertisers the price 𝑝𝑆𝐻

𝐴
= 𝜎𝜏𝑆𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) for reach-

ing its𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) + 𝛿 single-homers, where𝑆𝐻𝑖(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) represents plat-

form 𝑖’s number of single-homers in the competitive segment, with
𝜏𝑆𝐻
𝐴

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) ≡ [

𝛿 + 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) + 𝜃(1 − 𝑥̂𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
))
]
𝜏∗(𝑟𝑒

𝐴
). Platform 𝐵 can

charge 𝑝𝑆𝐻
𝐵

= 𝜎𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) for reaching its 𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) single-homers,

with 𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) ≡ [

1 − 𝑥̂𝐵(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) + 𝜃(𝛿 + 𝑥̂𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
))
]
𝜏∗(𝑟𝑒

𝐵
).

Now, consider a multi-homing consumer and suppose that 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
.

Multi-homers always communicate with all (1 + 𝛿) users with the
highest quality of communication, hence spend a total of time
(1 + 𝛿)𝜏∗(𝑟𝑒

𝐴
). Therefore, the value of a multi-homer for an adver-

tiser who buys ad space on both platforms is 𝜎(1 + 𝛿)𝜏∗(𝑟𝑒
𝐴
). If,

instead, the advertiser single-homes on platform 𝐵, a multi-homer
is exposed to its ads for the time spent communicating with plat-
form 𝐵’s single-homers, 𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
)𝜏∗(𝑟𝑒

𝐵
), and half of the time

spent communicating with multi-homers, (𝑀𝐻(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)∕2)𝜏∗(𝑟𝑒

𝐵
).

Hence, the incremental value of advertising on platform 𝐴 in addi-
tion to 𝐵 is 𝜎(1 + 𝛿)𝜏∗(𝑟𝑒

𝐴
) − 𝜎(𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) +𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2)𝜏∗(𝑟𝑒

𝐵
) =

𝜎𝜏∗(𝑟𝑒
𝐴
)(𝛿 + 𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) +𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2) ≡ 𝜎𝜏𝑀𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
), using the

fact that 𝑆𝐻𝐴 + 𝑆𝐻𝐵 +𝑀𝐻 = 1. Therefore, platform 𝐴 sets its price
for accessing multi-homing consumers, 𝑝𝑀𝐻

𝐴
, equal to this incremental

value. Hence, the price for ad space charged by the platform 𝐴 is:

𝑝𝐴 = 𝜎𝜏𝑆𝐻
𝐴

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
=𝑝𝑆𝐻

𝐴

(𝛿 + 𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
)) + 𝜎𝜏𝑀𝐻

𝐴
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
=𝑝𝑀𝐻

𝐴

𝑀𝐻(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
).

Similarly, the incremental value of advertising on platform 𝐵 in
addition to platform 𝐴 is 𝜎(1 + 𝛿)𝜏∗(𝑟𝑒

𝐵
) − 𝜎(𝛿 + 𝑆𝐻𝐴(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) +𝑀𝐻

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)∕2)𝜏∗(𝑟𝑒

𝐴
) = 𝜎𝜏∗(𝑟𝑒

𝐵
)(𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) +𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2), again using
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the fact that 𝑆𝐻𝐴 + 𝑆𝐻𝐵 +𝑀𝐻 = 1. Thus, platform 𝐵 charges a
price for multi-homers of 𝑝𝑀𝐻

𝐵
= 𝜎𝜏𝑀𝐻

𝐵
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
), with 𝜏𝑀𝐻

𝐵
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
) =

𝜏∗(𝑟𝑒
𝐵
)(𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟

𝑒
𝐵
) +𝑀𝐻(𝑟𝑒

𝐴
, 𝑟𝑒

𝐵
)∕2). Thus, the advertising price set by

platform 𝐵 is:

𝑝𝐵 = 𝜎𝜏𝑆𝐻
𝐵

(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
=𝑝𝑆𝐻

𝐵

𝑆𝐻𝐵(𝑟𝑒𝐴, 𝑟
𝑒
𝐵
) + 𝜎𝜏𝑀𝐻

𝐵
(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
)

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
=𝑝𝑀𝐻

𝐵

𝑀𝐻(𝑟𝑒
𝐴
, 𝑟𝑒

𝐵
).

Using similar reasoning as in Lemma 2, we can show that the prices 𝑝𝐴
and 𝑝𝐵 given above constitute a unique equilibrium, where all adver-
tisers multi-home on both platforms. So, the realized number of ads
on each platform is equal to 1. Thus, consumers should rationally
expect that 𝑟𝑖 = 1, which excludes the case where 𝑟𝑒

𝐴
< 𝑟𝑒

𝐵
. As 𝑟𝑒

𝐴
= 𝑟𝑒

𝐵
=

1, we have 𝜃𝛼(𝑟𝑒
𝐴
) ≤ 𝛼(𝑟𝑒

𝐵
) in equilibrium. Users spend an amount of

time 𝜏∗ for each on-net communication. Single-homers of platform 𝐴

spend a total amount of time communicating with all users 𝜏𝑆𝐻
𝐴

=(
𝛿 + 𝑥̂𝐴(1, 1) + 𝜃(1 − 𝑥̂𝐴(1, 1))

)
𝜏∗ and single-homers of platform 𝐵 spend

𝜏𝑆𝐻
𝐵

=
(
1 − 𝑥̂𝐵(1, 1) + 𝜃(𝛿 + 𝑥̂𝐵(1, 1))

)
𝜏∗. ◽

Proof of Lemma 6. For single-homers, we have

𝑝𝑆𝐻
𝐴

− 𝑝𝑆𝐻
𝐵

= 𝜎𝜏∗𝛿𝑡(1 − 𝜃)
𝑡 − (1 − 𝜃)𝛼

,

which is positive, increasing in 𝛿, and decreasing in 𝜃. For multi-homers,
we have

𝑝𝑀𝐻
𝐴

− 𝑝𝑀𝐻
𝐵

= 𝜎𝜏∗𝛿𝑡

𝑡 − (1 − 𝜃)𝛼
,

which is also positive, increasing in 𝛿, and decreasing in 𝜃. ◽

Proof of Lemma 7. The total demand of platform 𝐴 on the competitive
segment is equal to 𝑥̂𝐴 and the total demand of platform 𝐵 is equal to
1 − 𝑥̂𝐵 . We have 𝑑𝑥̂𝐴∕𝑑𝛿 > 0 and 𝑑𝑥̂𝐵∕𝑑𝛿 > 0. We also have 𝑑𝑆𝐻𝐴∕𝑑𝛿 >
0, 𝑑𝑆𝐻𝐵∕𝑑𝛿 < 0 and 𝑑𝑀𝐻∕𝑑𝛿 > 0. ◽

Proof of Lemma 8. Derivating Equations (13) and (14) with respect to
the level of interoperability 𝜃 at 𝑟𝑒

𝑖
= 1 and 𝑥𝑒

𝑖
= 𝑥̂𝑖, we obtain:

𝑑𝑥̂𝐴

𝑑𝜃
= 𝛼

𝑡

[
−(𝑆𝐻𝐴 + 𝛿) + (1 − 𝜃)

𝑑𝑥̂𝐵

𝑑𝜃

]
,

𝑑𝑥̂𝐵

𝑑𝜃
= 𝛼

𝑡

[
𝑆𝐻𝐵 + (1 − 𝜃)

𝑑𝑥̂𝐴

𝑑𝜃

]
.

Let 𝑒𝑖 be the exclusive demand of platform 𝑖. So, we have 𝑒𝐴 = 𝑆𝐻𝐴 + 𝛿

and 𝑒𝐵 = 𝑆𝐻𝐵 , with 𝑒𝐴 − 𝑒𝐵 = 𝛿𝑡∕(𝑡 − 𝛼(1 − 𝜃)) > 0. Solving the system
of equations above for 𝑑𝑥̂𝐴∕𝑑𝜃 and 𝑑𝑥̂𝐵∕𝑑𝜃, we obtain:

𝑑𝑥̂𝐴

𝑑𝜃
= −𝛼

𝑡2 − 𝛼2(1 − 𝜃)2

[
𝑡𝑒𝐴 − 𝛼(1 − 𝜃)𝑒𝐵

]
,

𝑑𝑥̂𝐵

𝑑𝜃
= 𝛼

𝑡2 − 𝛼2(1 − 𝜃)2

[
𝑡𝑒𝐵 − 𝛼(1 − 𝜃)𝑒𝐴

]
.

It follows that:

𝑑𝑀𝐻

𝑑𝜃
=

𝑑𝑥̂𝐴

𝑑𝜃
−
𝑑𝑥̂𝐵

𝑑𝜃
= −

(𝑒𝐴 + 𝑒𝐵)𝛼
𝑡 + 𝛼(1 − 𝜃)

< 0,

which proves the first point of the lemma.

Besides, since 𝑡 > 𝛼(1 − 𝜃) from Assumption 1 and 𝑒𝐴 > 𝑒𝐵 , then
𝑑𝑥̂𝐴∕𝑑𝜃 < 0, which implies that 𝑑𝑆𝐻𝐵∕𝑑𝜃 > 0. By contrast, the sign of
𝑑𝑥̂𝐵∕𝑑𝜃 is ambiguous. We find that:

𝑑𝑆𝐻𝐴

𝑑𝜃
=

𝑑𝑥̂𝐵

𝑑𝜃
= 𝛼

2

[
−𝛿𝑡

[𝑡 − 𝛼(1 − 𝜃)]2 +
2(𝑡 − 𝜂𝜈0) + 𝛿𝑡

[𝑡 + 𝛼(1 − 𝜃)]2

]
.

This expression is increasing in 𝜃, thus 𝑑𝑆𝐻𝐴∕𝑑𝜃 > 0 if and only if 𝜃 >
𝜃𝑠𝑢𝑝, where

𝜃𝑠𝑢𝑝 =
−(𝑡 − 𝛼)(𝑡 − 𝜂𝜈0) − 𝛿𝑡2 + 𝑡

√
𝛿𝑡
[
2(𝑡 − 𝜂𝜈0) + 𝛿𝑡

]
(𝑡 − 𝜂𝜈0)𝛼

.

Besides, we have 𝜃𝑠𝑢𝑝 > 0 if and only 𝛿 > 𝛿, with

𝛿 =
(𝑡 − 𝛼)2(𝑡 − 𝜂𝜈0)

2𝛼𝑡2
< 𝛿max.

To complete the proof, we define 𝜃̂ = max{0, 𝜃𝑠𝑢𝑝}. ◽

Proof of Proposition 3. The variations of platform 𝐵’s profit with respect
to the interoperability level 𝜃 are given by:

𝑑Π𝐵

𝑑𝜃
⋅

1
𝜎𝜏∗

= −
𝑑𝑥̂𝐴

𝑑𝜃

[
𝜃(𝑥̂𝐵 + 𝛿) + 𝑥̂𝐴 − 𝑥̂𝐵

]
−
𝑑𝑥̂𝐵

𝑑𝜃

[
1 − 𝑥̂𝐵 + (1 − 𝜃)(1 − 𝑥̂𝐴)

]
+ (1 − 𝑥̂𝐴)(𝛿 + 𝑥̂𝐵)

= −
𝑑𝑥̂𝐴

𝑑𝜃

[
𝜃(𝑥̂𝐵 + 𝛿) + 𝑥̂𝐴 − 𝑥̂𝐵

]
−
(
𝑡

𝛼

)
(1 − 𝑥̂𝐴)

𝑑𝑥̂𝐴

𝑑𝜃
−
𝑑𝑥̂𝐵

𝑑𝜃

(
1 − 𝑥̂𝐵

)
= −

𝑑𝑥̂𝐴

𝑑𝜃

[
𝜃(𝑥̂𝐵 + 𝛿) + 𝑥̂𝐴 − 𝑥̂𝐵

+ (𝑡∕𝛼)(1 − 𝑥̂𝐴)
]
−
𝑑𝑥̂𝐵

𝑑𝜃

(
1 − 𝑥̂𝐵

)
,

where we have used (15) to simplify between the first and second lines.
Now, using the expressions for 𝑑𝑥̂𝐴∕𝑑𝜃 and 𝑑𝑥̂𝐵∕𝑑𝜃 in the proof of
Lemma 8, we have:

−
𝑑𝑥̂𝐴

𝑑𝜃
−
𝑑𝑥̂𝐵

𝑑𝜃
=

𝛼(𝑒𝐴 − 𝑒𝐵)
𝑡 − 𝛼(1 − 𝜃)

> 0.

as 𝑒𝐴 = 𝑥̂𝐵 + 𝛿 > 1 − 𝑥̂𝐴 = 𝑒𝐵 . Moreover, we have 𝜃(𝑥̂𝐵 + 𝛿) + 𝑥̂𝐴 − 𝑥̂𝐵 +
(𝑡∕𝛼)(1 − 𝑥̂𝐴) > 𝜃(𝑥̂𝐵 + 𝛿) + 𝑥̂𝐴 − 𝑥̂𝐵 + (1 − 𝑥̂𝐴) = 𝜃(𝑥̂𝐵 + 𝛿) + 1 − 𝑥̂𝐵 as
𝑡∕𝛼 > 1 under Assumption 1. Since −𝑑𝑥̂𝐴∕𝑑𝜃 > 𝑑𝑥̂𝐵∕𝑑𝜃 and
𝜃(𝑥̂𝐵 + 𝛿) + 1 − 𝑥̂𝐵 ≥ 1 − 𝑥̂𝐵 > 0, then 𝑑Π𝐵∕𝑑𝜃 > 0. So, platform 𝐵

always prefers perfect interoperability (𝜃⋆
𝐵
= 1).

We now turn to the variations of platform𝐴’s profit with respect to 𝜃. First,
we show that the profit function Π𝐴 is convex in 𝜃. Indeed, 𝑑2Π𝐴∕𝑑𝜃2 can
be written as the sum of three terms, 𝑑2Π𝐴∕𝑑𝜃2 = 𝑡0 + 𝑡1 + 𝑡2, by collect-
ing the terms in 𝛿0, 𝛿1 and 𝛿2, each of which is positive. First, we have

𝑡0 =
2𝛼(𝑡 − 𝜂𝜈0)2(2𝑡 − 𝛼(1 − 𝜃))𝜎𝜏∗

[𝑡 + 𝛼(1 − 𝜃)]4 ≥ 0.

The second term can be written as:

𝑡1 = 𝛿𝜎𝜏∗ ⋅
2𝑡𝛼

(𝑡 + 𝛼(1 − 𝜃))(𝑡2 − (1 − 𝜃)2𝛼2)3

⋅
[
(𝑡 − 𝜂𝜈0)(𝑡 − 𝛼(1 − 𝜃))3(2𝑡 − 𝛼(1 − 𝜃))

+ 𝜂𝜈0𝛼(𝑡 + 𝛼(1 − 𝜃))(𝑡2 + 3𝛼2(1 − 𝜃)2)

+ 𝛼2(1 − 𝜃)(𝑡 + 𝛼(1 − 𝜃))(3𝑡2 + 𝛼2(1 − 𝜃)2)
]
,

which is positive. Finally, the third term is

𝑡2 = 𝜎𝑡𝛼𝛿2𝜏∗

2

[
3𝑡2

[𝑡 − 𝛼(1 − 𝜃)]4 − 𝑡 − 3𝛼
[𝑡 − 𝛼(1 − 𝜃)]3

+ 3𝑡2

[𝑡 + 𝛼(1 − 𝜃)]4 − 𝑡 + 𝛼

[𝑡 + 𝛼(1 − 𝜃)]3

]

= 𝜎𝑡𝛼𝛿2𝜏∗

2

[
3𝑡2 − (𝑡 − 3𝛼)(𝑡 − 𝛼(1 − 𝜃))

[𝑡 − 𝛼(1 − 𝜃)]4

+ 2𝑡2 − (2 − 𝜃)𝛼𝑡 − (1 − 𝜃)𝛼2

[𝑡 + 𝛼(1 − 𝜃)]4

]
,

where we have simplified the first two terms and the last two terms in
brackets in the first line to get the second line. The nominator of the first

16 The Journal of Industrial Economics, 2026

 14676451, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joie.70018 by M

arc B
ourreau - G

E
N

E
S , W

iley O
nline L

ibrary on [04/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



term in brackets in the second line is greater than the nominator of the
second term, as the difference is equal to 2𝛼(2𝑡 + (𝑡 − 𝛼)(1 − 𝜃)), which
is positive under Assumption 1, while the denominator of the first term
is lower than the denominator of the second term. So, we conclude that
𝑡2 ≥ 0.

Since Π𝐴 is convex in 𝜃, it is maximized at either 𝜃 = 0 or 𝜃 = 1. Let us
define ΔΠ𝐴

≡ Π𝐴(𝜃 = 1) − Π𝐴(𝜃 = 0), which can be written as:

ΔΠ𝐴

𝜎𝜏∗
= −𝛿2 2𝛼𝑡(2𝑡2 − 𝛼2) + 𝛼2(𝑡2 − 𝛼2)

2(𝑡2 − 𝛼2)2

− 𝛿
2𝑡3(𝜂𝜈0 + 𝛼) − (𝑡2 − 𝛼2)(𝑡(𝑡 + 𝜂𝜈0) + 𝛼𝜂𝜈0)

𝑡(𝑡2 − 𝛼2)(𝑡 + 𝛼)

+
(𝑡 − 𝜂𝜈0)2

(𝑡 + 𝛼)2 .

First, we have
Δ𝐴

||𝛿=0 =
(𝑡 − 𝜂𝜈0)2𝜎𝜏∗

(𝑡 + 𝛼)2 > 0.

Second, 𝜕Δ𝐴∕𝜕𝛿 has the sign of a function 𝑓 (𝑡, 𝛼, 𝛿, 𝜂𝜈0). We find that
𝜕𝑓∕𝜕𝛿 = −𝑘𝑡5[4 + 𝑘(1 − 𝑘(2 + 𝑘))] < 0, where 𝑘 ≡ 𝛼∕𝑡 ∈ (0, 1). Hence, 𝑓
decreases with 𝛿. Besides, 𝑓 |𝛿=0 can be either positive or negative. If
𝑓 |𝛿=0 < 0, 𝑓 is always negative and thus, Δ𝐴 decreases with 𝛿. If 𝑓 |𝛿=0 >

0, then𝑓 is first positive then negative, soΔ𝐴 first increases then decreases
with 𝛿. Since Δ𝐴

||𝛿=0 > 0 and Δ𝐴 < 0 when 𝛿 goes to infinity, there is a
threshold 𝛿Π𝐴

such that Δ𝐴 > 0 for 𝛿 < 𝛿Π𝐴
and Δ𝐴 < 0 for 𝛿 > 𝛿Π𝐴

. Thus,
platform 𝐴 would like to set 𝜃⋆

𝐴
= 1 if 𝛿 < 𝛿Π𝐴

, and 𝜃⋆
𝐴
= 0 otherwise.

Defining 𝑦 = (𝑡 − 𝜂𝜈0)∕𝑡 and 𝑧 = 𝛼∕𝑡, we find that:

𝛿Π𝐴
=

𝑦
(
1 − 2𝑧 + 2𝑧2 − 𝑧4)

− 𝑧(1 − 𝑧)(1 + 𝑧)2 + 𝑧(1 − 𝑧2)(1 + 𝑧)√
1 − 2𝑦(1−𝑧+𝑧2+𝑧3)

𝑧(1+𝑧)2
+ 𝑦2(1+4𝑧−4𝑧2+𝑧4)

𝑧2(1+𝑧)2

4𝑧 − 𝑧4 − 2𝑧3 + 𝑧2 .

Note that 𝑦 ∈ (0, 1∕2) from Assumption 3 and 𝑧 ∈ (0, 1) from
Assumption 1. We can then plot 𝛿Π𝐴

(𝑦, 𝑧) and 𝛿max(𝑧) = (1 − 𝑧)∕(2𝑧), and
we find that 𝛿Π𝐴

(𝑦, 𝑧) ≤ 𝛿max(𝑧) for all 𝑦 ∈ (0, 1∕2) and 𝑧 ∈ (0, 1). ◽

Proof of Lemma 9. We find that consumer surplus is convex with respect
to the level of interoperability 𝜃:

𝑑2𝐶𝑆

𝑑𝜃2 = 3𝑡𝛼2

2

[
𝛿2𝑡2

(𝑡 − 𝛼(1 − 𝜃))4 +
(
𝛿𝑡 + 2(𝑡 − 𝜂𝜈0)

)2

(𝑡 + 𝛼(1 − 𝜃))4

]
> 0. (A1)

Therefore, 𝐶𝑆 is maximized at either 𝜃 = 0 or 𝜃 = 1. Denoting Δ𝐶𝑆 ≡
𝐶𝑆(𝜃 = 1) − 𝐶𝑆(𝜃 = 0), we have:

Δ𝐶𝑆 = −𝛿2 ⋅
𝛼2𝑡(3𝑡2 − 𝛼2)
2(𝑡2 − 𝛼2)2 + 𝛿 ⋅

𝛼(2𝑡 + 𝛼)(𝑡 − 𝜂𝜈0)
(𝑡 + 𝛼)2

+
𝛼(2𝑡 + 𝛼)(𝑡 − 𝜂𝜈0)2

𝑡(𝑡 + 𝛼)2 .

Making the change of notations 𝑦 = (𝑡 − 𝜂𝜈0)∕𝑡 and 𝑧 = 𝛼∕𝑡, we find that
Δ𝐶𝑆 < 0 if and only if 𝛿 > 𝛿𝐶𝑆 with

𝛿𝐶𝑆 =
2 − 3𝑧 + 𝑧3 +

(
1 − 𝑧2)√4 − 𝑧2

(3 − 𝑧2)𝑧
𝑦.

This threshold can be lower or higher than the maximum allowed value
for 𝛿, 𝛿max, defined after Assumption 3. Specifically, we have 𝛿𝐶𝑆 (𝑦, 𝑧) <
𝛿max(𝑧) if and only

𝑦 < 𝑦̂(𝑧) = 𝑧(1 + 𝑧) − 2 + (1 + 𝑧)
√

4 − 𝑧2

4𝑧(1 + 𝑧)
,

with 𝑦̂(𝑧) ∈ (0, 1∕2) for 𝑧 ∈ [0, 1]. ◽

Proof of Proposition 4. We find that 𝛿𝐶𝑆 > 𝛿Π𝐴
for all 𝑦 ∈ (0, 1∕2) and 𝑧 ∈

(0, 1). For example, this can be seen in the 3D plot of 𝛿𝐶𝑆 (𝑦, 𝑧) − 𝛿Π𝐴
(𝑦, 𝑧).

Therefore, for 𝛿 < 𝛿Π𝐴
or 𝛿 > 𝛿𝐶𝑆 , the equilibrium level of interoperability

coincides with the consumers’ preferred level of interoperability. How-
ever, for 𝛿Π𝐴

< 𝛿 < 𝛿𝐶𝑆 , it is too low from a consumer perspective. ◽

Proof of Proposition 5. Total welfare is defined as the sum of platforms’
profits and consumer surplus, that is, 𝑊 = Π𝐴 + Π𝐵 + 𝐶𝑆 (the surplus
of advertisers is zero). First, we show that the sum of platforms’ profits is
convex in 𝜃. Indeed, we have:

𝑑2(Π𝐴 + Π𝐵)
𝑑𝜃2

= 2𝜎𝜏∗
[

2𝛿2𝛼𝑡3
[
𝑡4 + 8𝛼2𝑡2(1 − 𝜃)2 + 3𝛼4(1 − 𝜃)4]

(𝑡2 − (1 − 𝜃)2𝛼2)4

+
2𝛿𝑡𝛼(𝑡 − 𝜂𝜈0)(2𝑡 − 𝛼(1 − 𝜃))

(𝑡 + (1 − 𝜃)𝛼)4

+
2(𝑡 − 𝜂𝜈0)2𝛼(2𝑡 − 𝛼(1 − 𝜃))

(𝑡 + 𝛼(1 − 𝜃))4

]
≥ 0.

Since 𝐶𝑆 is also convex in 𝜃, then 𝑊 is convex in 𝜃, and it is maximized
at either 𝜃 = 0 or 𝜃 = 1. Let ΔΠ = (Π𝐴 + Π𝐵)(𝜃 = 1) − (Π𝐴 + Π𝐵)(𝜃 = 0),
we find that ΔΠ = 𝜎𝜏∗ΔΠ, with:

ΔΠ = −2[𝛿 + 𝑦(1 − 𝑧)] × [𝛿𝑧 − 𝑦(1 − 𝑧)](
1 − 𝑧2

)2 .

where we have made the change of notations 𝑦 = (𝑡 − 𝜂𝜈0)∕𝑡 and 𝑧 = 𝛼∕𝑡.
We find that ΔΠ > 0 if 𝛿 < 𝛿Π ≡ 𝑦(1−𝑧)

𝑧
≤ 1

2
(1−𝑧)
𝑧

= 𝛿max, as 𝑦 ∈ (0, 1∕2).
Besides, we find that 𝛿Π𝐴

< 𝛿Π < 𝛿𝐶𝑆 . Therefore, there exists a threshold
𝛿𝑊 ∈ (𝛿Π, 𝛿𝐶𝑆 ) such that 𝑊 is maximized as 𝜃 = 1 if 𝛿 < 𝛿𝑊 , and at 𝜃 = 0
otherwise. ◽

Appendix B

Equilibria in the Baseline Case

In this appendix, we show that under Assumptions 1 and 2, there is a
unique equilibrium with market-sharing and partial multi-homing.

i. Equilibria with market-sharing and partial multi-homing
A market-sharing equilibrium with both single-homers and
multi-homers exists if 0 < 𝑥̂𝐵 < 𝑥̂𝐴 < 1, where

𝑥̂𝐵 =
𝑡 − 𝜂𝜈0

𝑡 + (1 − 𝜃)𝛼
and 𝑥̂𝐴 = 1 −

𝑡 − 𝜂𝜈0

𝑡 + (1 − 𝜃)𝛼
.

We have 𝑥̂𝐵 > 0 and 𝑥̂𝐴 < 1 if and only if 𝜂𝜈0 < 𝑡. Then, we have
𝑥̂𝐵 < 𝑥̂𝐴 if and only if 𝜂𝜈0 > 𝑡∕2 − (1 − 𝜃)(𝛼∕2), which is true for all
𝜃 ∈ [0, 1] if and only if 𝜂𝜈0 > 𝑡∕2. Thus, we have 0 < 𝑥̂𝐵 < 𝑥̂𝐴 < 1
if and only if Assumption 2 holds. Under Assumptions 1 and 2,
this is the unique equilibrium with market-sharing and partial
multi-homing.

ii. Other possible equilibria
Under Assumptions 1 and 2, there are no other equilibria. First,
there is no equilibrium with no adoption. A consumer located at
𝑦 who expects no other users to join would receive the net utility
𝜈0 − 𝑡|𝑦 − 𝑦𝑖|, with 𝑦𝑖 ∈ {0, 1}. However, since 𝜈0 > 0, consumers
close to 𝐴 or 𝐵 would derive a positive utility from joining and
would thus join. Therefore, consumers should expect at least some
of them to join.

Second, there are no equilibria with tipping. Assume, without loss
of generality, that the market tips towards 𝐴, meaning that all the
single-homers join 𝐴. Thus, we have 𝑥̂𝐴 = 1. Using (6), when 𝑥𝑒

𝐴
=

𝑥̂𝐴 = 1, 𝑥̂𝐵 satisfies:
𝑥̂𝐵 = 1 −

𝜂𝜈0

𝑡
,
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which is positive and less than 1 under Assumption 2. Thus,
although 𝐴 captures all the single-homers, 𝐵 obtains some users
through multi-homing. This is an equilibrium if, when consumers
expect 𝑥𝑒

𝐵
= 𝑥̂𝐵 = 1 − 𝜂𝜈0

𝑡
, the realization of 𝑥̂𝐴, given by (5) for

𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
= 1, is such that

𝜂𝜈0 + (1 − 𝜃)𝛼𝑥̂𝐵
𝑡

≥ 1.

that is,
𝜂𝜈0

𝑡
+ (1 − 𝜃)𝛼

𝑡

(
1 −

𝜂𝜈0

𝑡

) ≥ 1.

Since 𝛼 < 𝑡 under Assumption 1, 𝜃 ∈ (0, 1), and 𝜂𝜈0∕𝑡 ∈ (1∕2, 1)
under Assumption 2, this condition is never satisfied. So, there are
no equilibria with tipping under Assumptions 1 and 2.

Appendix C

Equilibria With Asymmetric Platforms

In this appendix, we show that under Assumptions 1 and 3, there is a
unique equilibrium with market-sharing and partial multi-homing when
the platforms are asymmetric.

i. Equilibria with market-sharing and partial multi-homing
A market-sharing equilibrium with both single-homers and
multi-homers exists if 0 < 𝑥̂𝐵 < 𝑥̂𝐴 < 1, where

𝑥̂𝐴 =
𝜂𝜈0 + 𝛼(1 − 𝜃)
𝑡 + (1 − 𝜃)𝛼

+ 𝛿
(1 − 𝜃)𝛼𝑡

𝑡2 − (1 − 𝜃)2𝛼2 and

𝑥̂𝐵 =
𝑡 − 𝜂𝜈0

𝑡 + (1 − 𝜃)𝛼
+ 𝛿

(1 − 𝜃)2𝛼2

𝑡2 − (1 − 𝜃)2𝛼2 .

We have 𝑥̂𝐵 < 𝑥̂𝐴 if and only if 𝜂𝜈0 > (𝑡 − (1 − 𝜃)𝛼(1 + 𝛿))∕2, which
holds for all 𝜃 ∈ [0, 1] if 𝜂𝜈0 > 𝑡∕2. In addition, we have 𝑥̂𝐵 > 0 if
and only if

𝜂𝜈0

𝑡
< 1 +

𝛿𝛼2(1 − 𝜃)2∕𝑡
𝑡 − 𝛼(1 − 𝜃)

,

and 𝑥̂𝐴 < 1 if and only if

𝜂𝜈0

𝑡
< 1 − 𝛿𝛼(1 − 𝜃)

𝑡 − 𝛼(1 − 𝜃)
. (C1)

The more stringent condition is the latter one. Since the right-hand
side of this condition increases with 𝜃, it holds for all 𝜃 ∈ [0, 1]
if it holds for 𝜃 = 0. Therefore, to obtain an equilibrium with
market-sharing and partial multi-homing for all 𝜃 ∈ [0, 1], we
assume that:

1
2
<

𝜂𝜈0

𝑡
< 1 − 𝛿𝛼

𝑡 − 𝛼
,

which corresponds to Assumption 3.

ii. Other possible equilibria
Under Assumptions 1 and 3, there are no other equilibria. First, for
the same reasons as in the baseline case, there is no equilibrium
with no adoption (see Appendix B).

Furthermore, there is no equilibrium with tipping towards 𝐴, that
is, where 𝐴 wins all the single-homers in the competitive segment.
To see that, assume that 𝐴 wins all the single-homers, that is, 𝑥̂𝐴 =
1. Using (14) for 𝑥𝑒

𝐴
= 𝑥̂𝐴 = 1, 𝑥̂𝐵 satisfies:

𝑥̂𝐵 = 1 −
𝜂𝜈0

𝑡
,

which is positive and less than 1 under Assumption 3. Thus, 𝐵
obtains some users through multi-homing. This is an equilibrium

if, when consumers expect 𝑥𝑒
𝐵
= 𝑥̂𝐵 = 1 − 𝜂𝜈0

𝑡
, the realization of 𝑥̂𝐴,

given by (13) for 𝑟𝑒
𝐴
= 𝑟𝑒

𝐵
= 1, is such that

𝜂𝜈0 + (1 − 𝜃)𝛼(𝑥̂𝐵 + 𝛿)
𝑡

≥ 1.

that is,
𝜂𝜈0

𝑡
≥ 1 − 𝛿𝛼(1 − 𝜃)

𝑡 − 𝛼(1 − 𝜃)
,

which does not hold under Assumption 3, as this assumption
implies that condition (C1) holds (see above). So, there are no equi-
libria with tipping towards𝐴 under Assumptions 1 and 3. Similarly,
we can prove that under Assumptions 1 and 3, there is no equilib-
rium where 𝐵 wins all the single-homers, that is, 𝑥̂𝐵 = 0. Using the
same approach as above, this would require that

𝜂𝜈0

𝑡
≥ 1 +

𝛿
(
𝛼(1−𝜃)

𝑡

)2

1 − 𝛼(1 − 𝜃)∕𝑡
,

which cannot hold under these assumptions.

Appendix D

Effects of Interoperability on Profits Under Platform Asymmetry

In this appendix, we determine how platform asymmetry affects the three
key effects of interoperability on platform profits.

Market power effect

The market power effect for platform 𝐴 and platform 𝐵 is given by:

𝑚𝑝𝐴 =
(
𝑝𝑆𝐻
𝐴

− 𝑝𝑀𝐻
𝐴

)𝑑𝑥̂𝐵
𝑑𝜃

=
[
𝜃(1 − 𝑥̂𝐴) +

𝑥̂𝐴 − 𝑥̂𝐴

2

]
𝑑𝑥̂𝐵

𝑑𝜃

𝑚𝑝𝐵 =
(
𝑝𝑆𝐻
𝐵

− 𝑝𝑀𝐻
𝐵

)(
−
𝑑𝑥̂𝐴

𝑑𝜃

)
=
[
𝜃(𝑥̂𝐵 + 𝛿) +

𝑥̂𝐴 − 𝑥̂𝐴

2

](
−
𝑑𝑥̂𝐴

𝑑𝜃

)
.

Let Δ𝑝𝑖 ≡ 𝑝𝑆𝐻
𝑖

− 𝑝𝑀𝐻
𝑖

, for 𝑖 = 𝐴,𝐵, denote the premium that platform
𝑖 can charge for its exclusive single-homers relative to (non-exclusive)
multi-homers. We find that Δ𝑝𝐵 − Δ𝑝𝐴 = 𝜃

(
𝑥̂𝐴 + 𝑥̂𝐵 + 𝛿 − 1

)
=

𝛿𝑡

𝑡−𝛼(1−𝜃)
> 0. We also have −𝑑𝑥̂𝐴

𝑑𝜃
>

𝑑𝑥̂𝐵

𝑑𝜃
(see the proof of Proposition 3). It

follows that 𝑚𝑝𝐵 > 𝑚𝑝𝐴.

Total viewership effect

The total viewership effect for platform 𝐴 and platform 𝐵 is given by:

𝑡𝑣𝐴 = 𝑝𝑀𝐻
𝐴

𝑑𝑥̂𝐴

𝑑𝜃
=
[
𝛿 +

𝑥̂𝐴 + 𝑥̂𝐴

2

]
𝑑𝑥̂𝐴

𝑑𝜃

𝑡𝑣𝐵 = 𝑝𝑀𝐻
𝐵

(
−
𝑑𝑥̂𝐵

𝑑𝜃

)
=
[

1 −
𝑥̂𝐴 + 𝑥̂𝐴

2

](
−
𝑑𝑥̂𝐵

𝑑𝜃

)
.

We have 𝑝𝑀𝐻
𝐴

= 𝛿 + 𝑥̂𝐴+𝑥̂𝐴
2

> 1 − 𝑥̂𝐴+𝑥̂𝐴
2

= 𝑝𝑀𝐻
𝐵

and 𝑑𝑥̂𝐴

𝑑𝜃
< − 𝑑𝑥̂𝐵

𝑑𝜃
. There-

fore, 𝑡𝑣𝐴 < 𝑡𝑣𝐵 , with 𝑡𝑣𝐴 < 0. So, the negative total viewership effect is
larger (in magnitude) for platform 𝐴 than for platform 𝐵.

Usage intensification effect

The usage intensification effect for platform𝐴 and platform𝐵 is given by:

𝑢𝑖𝐴 =
𝑑𝑝𝑆𝐻

𝐴

𝑑𝜃
(𝑥̂𝐵 + 𝛿) +

𝑑𝑝𝑀𝐻
𝐴

𝑑𝜃
(𝑥̂𝐴 − 𝑥̂𝐵)

𝑢𝑖𝐵 =
𝑑𝑝𝑆𝐻

𝐵

𝑑𝜃
(1 − 𝑥̂𝐴) +

𝑑𝑝𝑀𝐻
𝐵

𝑑𝜃
(𝑥̂𝐴 − 𝑥̂𝐵).
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First, we have 𝑑𝑝𝑀𝐻
𝐵

𝑑𝜃
> 0 >

𝑑𝑝𝑀𝐻
𝐴

𝑑𝜃
, so the usage intensification effect for

multi-homers is greater for the small than for the large platform. Second,
we have

𝑑𝑝𝑆𝐻
𝐴

𝑑𝜃
(𝑥̂𝐵 + 𝛿) −

𝑑𝑝𝑆𝐻
𝐵

𝑑𝜃
(1 − 𝑥̂𝐴)

= −
𝛿𝛼𝑡2(1 − 𝜃)

[
2(𝑡 − 𝜂𝜈0) + 𝛿𝑡

]
[𝑡 − 𝛼(1 − 𝜃)]2[𝑡 + 𝛼(1 − 𝜃)]2 < 0,

so the usage intensification effect for single-homers is also greater for the
small than for the large platform.

The Journal of Industrial Economics, 2026 19

 14676451, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joie.70018 by M

arc B
ourreau - G

E
N

E
S , W

iley O
nline L

ibrary on [04/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Interoperability Between Ad-Financed Platforms With Endogenous Multi-Homing
	Abstract
	1 | Introduction
	1.1 | Related Literature
	1.2 | Structure of the Paper

	2 | Model
	2.1 | Platforms
	2.2 | Consumers
	2.3 | Advertisers
	2.4 | Timing

	3 | Symmetric Platforms
	3.1 | Choice of Time Spent Communicating
	3.2 | Consumer Homing Decisions
	3.2.1 | Choice of Communication Platform for Multi-Homers
	3.2.2 | Single-Homing Versus Multi-Homing

	3.3 | Advertising Decisions
	3.4 | Platforms' Interoperability Decisions
	3.5 | Welfare Analysis

	4 | Platform Asymmetry
	4.1 | Consumer Homing Decisions
	4.2 | Advertising Decisions
	4.3 | Platforms' Interoperability Decisions
	4.4 | Welfare Analysis


	5 | Conclusion
	Acknowledgements
	Endnotes
	ReferencesAUTHOR: Reference numbers have been reordered to appear sequentially. Please check and confirm this was done correctly.
	Appendix A Proofs
	Appendix B Equilibria in the Baseline Case
	Appendix C Equilibria With Asymmetric Platforms
	Appendix D Effects of Interoperability on Profits Under Platform Asymmetry

