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Abstract

When competing firms make their services compatible, consumers enjoy greater network benefits.

These benefits can also be realized if firms remain incompatible and consumers multihome by

purchasing from each of the firms. We find that such multihoming may be a poor substitute for

compatibility. Multihoming weakens competition and introduces costs that firms do not internalize.

As a result, multihoming can increase the social desirability of compatibility, while making

compatibility less attractive for firms. Surprisingly, policymakers should generally be more concerned

about the lack of compatibility when multihoming is present. Our results extend to two-sided markets.

D 2005 Elsevier B.V. All rights reserved.

JEL classification: D43; L15; L20; L50
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1. Introduction

In an increasing number of situations, agents purchase two competing products in order

to reap maximal network benefits. Consumers may purchase both Microsoft Windows and
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Linux, merchants may accept several types of credit cards, people may sign up to AOL

and MSN instant messaging services, and game developers may produce games for

multiple competing platforms. Such behavior has been termed bmultihomingQ by Caillaud

and Jullien (2003) and Rochet and Tirole (2003).2

Multihoming was commonplace during the early introduction of the telephone in the

United States. At the start of the 1900s, there were competing but not interconnected

telephone networks in many cities. In the absence of interconnection, users would require

separate phone lines connecting to each network so as to reach a wider number of people.

According to a 1910 Bell survey of Louisville, Kentucky, the rate of multihoming was

almost 100% among large-scale enterprises while being under 15% for neighborhood

shops and residences (Mueller, 1989, pp. 255–61). In contrast, the re-emergence of

competing telecommunications networks in the 1990s was based on mandated

interconnection between networks, so that users only required a single phone connection

to obtain maximal network benefits.

Despite compatibility being mandated in the telecommunications sector, in other

network markets such as payment systems and game platforms there seems to be no

serious consideration of network compatibility, arguably because of the presence of

widespread multihoming in these markets. For example, in the merger between AOL and

Time Warner, the fact that consumers often subscribed to multiple instant messaging

services (such as AOL, Microsoft, and Yahoo!) was used as an argument for not requiring

compatibility between these networks.3 This raises the question: does the ability of

consumers to multihome mean policymakers need not be concerned about a possible

bcompatibility problem,Q in which firms do not make their networks compatible even

though doing so is socially desirable?

Our answer is two-fold. The possibility of multihoming makes the compatibility

problem more likely to arise, but on the other hand, firms are less likely to inefficiently

choose to become compatible. To be clear, we are not advocating that compatibility

necessarily be imposed in such settings. Instead, our point is that the presence of

widespread multihoming is not a justification for ignoring the issue of compatibility.

Multihoming is not always a good substitute for compatibility.

Surprisingly, the existing literature on compatibility and standards remains largely

silent on the issue. The literature, starting with Katz and Shapiro (1985) and Farrell and

Saloner (1985), almost uniformly assumes that consumers can purchase only one of the

competing products (for example, VHS versus BETA) and that there are homogenous

network benefits across consumers. An exception is De Palma et al. (1999) who show that

double purchases bdrastically affect the nature of the product market equilibrium as well

as compatibility choices made by the firmsQ (p. 209). Theirs is a model of quantity

competition between two firms in which consumers are heterogeneous with respect to

network benefits but not with respect to how they value the firms’ products. The model
2 Multihoming was originally an Internet term referred to when a host has more than one connection to the

Internet. For instance, multihoming captures the technique of connecting a host to the Internet via two or more

Internet Service Providers (ISPs) to maintain network connectivity even if one connection fails. Multihoming has

been analyzed in this context by Crémer et al. (2000).
3 See Section 2.6 for a detailed discussion of this case.
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implies, in the absence of multihoming, that firms will always differentiate their product

vertically by offering networks of different sizes. The possibility of multihoming

eliminates this vertical differentiation and results in a continuum of symmetric equilibria.

Despite the complex picture they obtain, they are able to use numerical analysis to

conclude that in the presence of multihoming, firms are too likely to become compatible

when it is inefficient and that welfare is maximized by imposing complete incompatibility,

relying instead on multihoming.4

In this paper, we start by considering a simple price-setting model of two differentiated

firms that compete in the presence of multihoming. We assume that there are two types of

consumers who have different valuations on network benefits, which is required to ensure

that multihoming can arise in equilibrium. When the firms’ services are not compatible,

parameter values are assumed so that high types will choose to multihome while low types

will not. For example, in the case of telecommunications, the high types could represent

business users while the low types could represent residential users.

In the absence of multihoming, the model is one in which firms have excessive

incentives to choose compatibility. Firms will sometimes choose compatibility even

though it is not socially desirable, but will never choose incompatibility when it is

inefficient. The ability of consumers to multihome affects this divergence between private

and social incentives for compatibility in several fundamental ways. Under multihoming,

some consumers buy twice, increasing each firm’s total sales. This provides firms with an

incentive to remain incompatible, even though there is no corresponding social gain of

double purchase relative to the alternative of moving to compatibility. The fact that some

consumers buy both products also means that consumer expectations are less responsive to

price changes. This not only shifts each firm’s residual demand upwards but also makes it

less price sensitive relative to each firm’s residual demand when multihoming is not

allowed. These two effects allow firms to sustain higher prices in a multihoming

equilibrium. By relaxing price competition, the presence of some multihoming consumers

reduces any excessive incentive that firms would otherwise have to become compatible. At

the same time, multihoming also results in duplicated costs since consumers buy twice. A

benefit of compatibility that firms fail to internalize is the elimination of these duplicated

costs. Thus, firms may prefer incompatibility in the presence of multihoming even when

compatibility is socially desirable. By the same token, the likelihood of firms inefficiently

choosing compatibility is reduced under multihoming.

We generalize our results to a two-sided market setting.5 Two-sided markets involve

two distinct types of users, each of which values the number of users of the other type, and

platform(s) that sell to both types of users. As Evans (2002, p. 42) notes bMost two-sided

markets we observe in the real world appear to have several competing two-sided firms

and at least one side appears to multihome.Q For instance, some people hold both
4 An early paper to consider multihoming in a network context is Church and King (1993), who consider the

equilibrium versus socially optimal level of learning of a second language.
5 Armstrong (2005) considers models of two-sided markets in which all agents of one type multihome and all

agents of the other type do not. Caillaud and Jullien (2003), and Rochet and Tirole (2003) analyze two-sided

market structures allowing agents to multihome. None of these papers considers the implications of multihoming

on network compatibility.
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MasterCard and Visa credit cards, and most retailers accept both types of cards. Similarly,

some people own both PlayStation and Xbox game consoles, and many game developers

produce games to run on both platforms. We show that our results are robust to moving to

a two-sided market framework. The model in this section also contributes to the growing

literature on two-sided markets, by analyzing the realistic case of (partial) multihoming on

both sides of the market.

We then consider the analysis in the case without product differentiation. In a one-sided

market with strong network effects, it is natural to consider an equilibrium in which all

consumers buy from one firm. In this case, allowing consumers to multihome may be an

irrelevant option, as consumers already get maximal network benefits buying from the

dominant firm. The dominant firm will enjoy high profits and will oppose any move to

compatibility. The social planner will share this preference if it is only concerned with total

surplus. On the other hand, if the social planner prefers lower prices, it may favor a

solution with compatibility but the dominant firm will not sponsor any such move. Then,

the ability of consumers to multihome does not solve (or change) any compatibility

problem that arises when there are strong network effects.

In a two-sided market setting without product differentiation, the dominant platform

will continue to block compatibility. However, we show that the possibility of

multihoming may mean that compatibility is now socially desirable even when the social

planner is just concerned with total surplus. Multihoming (on one side of the market) can

now arise in equilibrium. The social planner will compare the costs of duplicated

purchases under this multihoming outcome to the costs of achieving compatibility directly.

Where the costs of duplicated purchases are higher, the social planner prefers compatibility

even though the platforms do not. A compatibility problem arises due to the ability of

agents to multihome.

The rest of the paper proceeds as follows. Section 2 develops a model in which

consumers can purchase from one or both of two symmetric firms. The model is used to

compare the case with and without multihoming, and with and without compatibility. The

model is extended to a two-sided market setting in Section 3, while Section 4 considers a

version without product differentiation. Section 5 offers some brief concluding thoughts.
2. Hotelling model of multihoming

We start with a standard Hotelling model of competition with network effects similar to

that of Farrell and Saloner (1992). Other similar models include those in Shy (2001),

Armstrong (2005), and Griva and Vettas (2004). We extend this standard approach by

allowing consumers to be heterogeneous in terms of their marginal valuations of network

size so that multihoming arises as an equilibrium outcome.

There are two symmetric firms denoted 1 and 2 which provide a service to consumers at

the constant marginal cost, f. Consumers can subscribe to a service from either firm 1, firm

2, or both firms if this is possible (multihoming). Subscribing to a service gives consumers

network benefits that are linear in the number of other agents that the consumer can access

through the service. There are two types of consumers according to their marginal

valuation of the network size, denoted as b. A fraction k of consumers value the network
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benefits highly (high types) and have b =bH. The remaining consumers, a fraction of 1�k,
do not value the network benefits highly (low types), and have b =bLz0. Naturally, we

assume that bHNbL and 0bk b1.
The net utility of a consumer of type b located at xa [0,1] when she purchases from

firm i is given by

Ui x;b;Nið Þ ¼ v� pi � ti xð Þ þ bNi; ð1Þ

for i=1, 2, where v is the intrinsic benefit6 of the service, pi is the (uniform) subscription

price of firm i, transportation costs ti(x) equal tx for firm 1 and t(1�x) for firm 2, and Ni

represents the total number of consumers that can be reached by subscribing to firm i.

When the same consumer multihomes, subscribing to both firms, the net utility she gets is

U x;b;Nð Þ ¼ v� p1 � p2 � t1 xð Þ � t2 xð Þ þ bN ;

where N represents the total number of consumers that can be reached by subscribing to

both firms.7 The utility of a multihoming customer can be further simplified to

U x;b;Nð Þ ¼ v� p1 � p2 � t þ b; ð2Þ

given N =1 (multihoming ensures all consumers can be reached) and t1(x)+ t2(x)= t (the

total distance of travelling to both firms is always unity).

We assume that firms set prices in stage 1 and consumers subscribe to one or both firms

in stage 2. We look for subgame perfect equilibria, which implies that consumers form

rational expectations to determine the size of each network given the prices set in stage 1.

2.1. Incompatible firms without multihoming

This section provides a benchmark for later results as it corresponds to the existing

literature which ignores the possibility of multihoming. The case without multihoming

also corresponds to a situation where firms choose to make their services exclusive. Let si
and ni denote the share of high and low types that subscribe to firm i respectively. Since

there are k high types and 1�k low types, the total number of consumers that can be

reached by subscribing to firm 1 is N1=ks1+ (1�k)n1. Likewise N2=ks2+ (1�k)n2. The
locations of the indifferent consumers at each segment must solve U1(s1, bH, N1)=U2(s1,

bH, N2) and U1(n1, bL, N1)=U2(n1, bL, N2), which, after simplifications, yield

s1 ¼
1

2
þ p2 � p1

2t
þ bH p2 � p1ð Þ

2t t � bð Þ

n1 ¼
1

2
þ p2 � p1

2t
þ bL p2 � p1ð Þ

2t t � bð Þ ;
6 We assume that the intrinsic benefit, v, is sufficiently high that all consumers subscribe to at least one firm

throughout the paper.
7 We treat transportation costs literally and sum them. Possible interpretations of this include costs of signing up

for a service, or the initial set up costs required for adopting a product or service. However, intrinsic benefits are

only obtained once.
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where s2=1� s1, n2=1�n1 and b =kbH+(1�k)bL is the average value of the network

benefits parameter b. Using these expressions

N1 ¼
1

2
þ p2 � p1

2 t � bð Þ ; ð3Þ

and given that the market is covered, N2=1�N1. Note that the market shares are more

sensitive to prices than a normal Hotelling model due to the effect of prices on consumer

expectations about network sizes. An increase in the price of firm 1 decreases the relative

utility of customers of firm 1 not only due to its direct effect, but also via a decrease in the

expected network size of firm 1 and an increase in the expected network size of firm 2.

To avoid the possibility of cornered market equilibrium, we will adopt the assumption

that the transportation cost parameter is greater than the relevant network benefits

parameter; that is:

Assumption 1. t Nb.

If this assumption does not hold, a consumer located closest to firm 2 may still be

willing to buy from firm 1 at equal prices if she expects everyone else to do so. This raises

the possibility of multiple consistent network sizes for given prices. In Section 4, we relax

Assumption 1 by considering the case without product differentiation. Since bHNbL,

Assumption 1 also implies tNbLN (1�k)bL, a property we use repeatedly.

Firm i obtains profits of

pi ¼ pi � fð ÞNi:

Substituting (3) into profits for i =1, 2, taking the first-order conditions and solving out for

prices implies equilibrium prices of

pN4up14 ¼ p24 ¼ f þ t � b:

These are the same prices that arise in a model in which all consumers have network

benefits parameter equal to b. Equilibrium prices are lower than the usual Hotelling prices

due to the increased price sensitivity of demand under network effects.8 Given that the

firms equally share the market, the corresponding equilibrium profits for each firm equals

pN4 ¼ t

2
� b

2
;

which is positive given Assumption 1.

Aggregate welfare is defined as the weighted sum of the consumers’ and the firms’

surpluses. Since unit demands are assumed, the possibility that higher prices lower welfare

is captured by allowing the possibility that firms’ surplus is discounted relative to

consumer surplus. Let the weight on producer surplus in aggregate welfare be a where

0VaV1. Equilibrium welfare without multihoming is then

WN4 ¼ vþ b
2
� f � t

4
� 2 1� að Þ t

2
� b

2

� �
:

8 This consequence of network effects is known in the theoretical literature (Shy, 2001). It has also been

confirmed in an experimental setting (Bayer and Chan, 2004).
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The first two terms are the intrinsic and network benefits when there is no compatibility

and no multihoming. The third and fourth terms represent the costs of providing the

service and consumers’ average transportation costs. In addition, to the extent the firms’

surplus is discounted, welfare is decreasing in the firms’ margins. Firms earn high margins

if their products are more differentiated (transport costs are high) and low margins if

network effects are strong (in which case firms compete aggressively in an attempt to

capture the whole market).

2.2. Compatible firms

When firms are compatible, there are no product specific network effects as all

consumers will be able to connect with one another regardless of which firm they join.

This means Ni=1, and there is no reason to multihome. As network benefits offered by

both firms are constant and equal, they cancel out in computing the location of the

indifferent consumer, yielding the standard Hotelling share functions in both segments

s1 ¼ n1 ¼
1

2
þ p2 � p1

2t
;

and n2= s2=1�n1.

We assume that achieving compatibility costs each firm a fixed amount F and is

attained only when both firms undertake this investment. This ensures that there is no free

riding problem in our framework since if compatibility raises profits, then each firm will

be willing to incur the cost F given the rival firm also does. Thus, the firms will coordinate

on the equilibrium with compatibility.9

The profit of firm i is therefore

pi ¼ pi � fð Þ ksi þ 1� kð Þnið Þ � F:

Solving the first-order conditions, the corresponding equilibrium prices are the normal

Hotelling equilibrium prices

pC4up14 ¼ p24 ¼ f þ t:

Equilibrium profits are simply

pC4 ¼ t

2
� F;

and equilibrium welfare is

WC4 ¼ vþ b � f � t

4
� 2F � 2 1� að Þ t

2
� F

� �
:

In this case, welfare includes the maximal amount of network surplus. Relative to the no-

compatibility and no-multihoming case, network benefits are doubled but welfare is

lowered by the fixed costs of achieving compatibility and by higher prices (in the case that

consumer surplus is valued more than producer surplus).
9 Alternatively, we could have assumed only one firm has to incur the cost, but still obtained the same outcome

by assuming the firms can first negotiate over whether to achieve compatibility and how to share costs.
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2.3. The benchmark without multihoming

Given the symmetry of firms, their unilateral and joint incentives to make their

services compatible are identical. For a given F, firms will make their services compatible

only if there is an increase in equilibrium profits; that is, if pC* is higher than pN*, or

equivalently if

Fb
b
2
uFP

N :

This condition trades off the higher margins to a firm resulting from compatibility (under

compatibility, firms no longer compete to capture network effects) with the costs of

reaching compatibility. Comparing WN* and WC*, a social planner will wish the services of

the firms to be made compatible if

Fb
b
2
� b

4a
uFW

N :

Whether the firms or the social planner will choose compatibility depends on the value

of the fixed costs of achieving compatibility, F. Their incentives are aligned for both

sufficiently low values and sufficiently high values of F. In contrast, for FN
W bF bFN

P, the

firms will choose compatibility even though this lowers welfare. For this range of costs,

compatibility does not raise network benefits enough to cover the costs of achieving it.

However, it raises industry profits more, reflecting that compatibility makes demands less

price sensitive. This results in a transfer from consumers to firms, which increases profits

but not welfare. We thus have:

Proposition 1. Firms have an excessive incentive to choose compatibility in the absence of

multihoming.

This proposition is consistent with the results from the existing literature on network

compatibility with price competition (such as those in Shy, 2001) and shows that these

results extend to the case where consumers have heterogeneous valuations of network

sizes. However, it is in contrast to the earlier results of Katz and Shapiro (1985) in which

quantity setting homogenous-goods firms may have insufficient incentives to make their

products compatible since they cannot capture the full surplus from doing so. In Section 4,

we consider the case of homogenous products in our framework (by setting t =0), where

like Katz and Shapiro we also find firms can have an insufficient incentive for

compatibility in the absence of multihoming.

2.4. Incompatible firms with multihoming

In this section, we allow consumers to multihome, that is, to subscribe to both firms.

We can immediately rule out some cases. First, there are no equilibria in which all

consumers multihome, since then when faced with positive prices each individual

consumer has no reason to multihome. Second, we are not interested in parameter values

for which no consumer chooses to multihome in equilibrium, as in this case allowing

consumers to multihome will not change the results. Given our assumption bLbb b t, we
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can also rule out the case in which some low types multihome—the added transportation

costs of them doing so always exceeds their gain in network benefits.10 Instead, we will

focus our analysis on an equilibrium where all low types singlehome (subscribe to one

firm only) and all high types multihome. The only other possibility, in which some high

types multihome while all low types singlehome, makes the analysis significantly more

complicated without providing additional insights.

Formally, all high types multihoming and all low types singlehoming implies si =1 and

Ni =k +(1�k)ni for i =1, 2. Subscribing to firm i exclusively allows a consumer to reach

all high types and a share ni of low types. As a result, the share of singlehoming

consumers that join firm 1 is found by solving U1(n1, bL, N1)=U2(n1, bL, N2) for n1
which implies

n1 ¼
1

2
þ p2 � p1

2 t � 1� kð ÞbLð Þ ;

and n2=1�n1. Assumption 1 is sufficient to ensure the market share equation is well-

behaved. Furthermore, it is straightforward to verify using the expression for n1 that the

total demand as well as the network size of firm i is given by

N1 ¼
1

2
þ k

2
þ 1� kð Þ p2 � p1ð Þ

2 t � 1� kð ÞbLð Þ : ð4Þ

Comparing the total demand faced by firm 1 without multihoming from (3) with that in

(4), note that it shifts up by k / 2 and its price sensitivity changes. In particular, the total

demand faced by firm 1 is less price sensitive when multihoming is allowed since

2 t � 1� kð ÞbLð Þ
1� k

� 2 t � kbH � 1� kð ÞbLð Þ ¼ 2k t þ bH � bLð Þ 1� kð Þð Þ
1� k

z0:

The reduction in price sensitivity combined with the upward shift in the demand implies

that firms will charge higher prices when multihoming is allowed.

The profits of firm i are

pi ¼ pi � fð ÞNi:

Substituting the share function into profits for i =1, 2, taking the first-order conditions,

solving out for prices, and simplifying implies candidate equilibrium prices of

pM4up14 ¼ p24 ¼ f þ 1þ k
1� k

t � 1� kð ÞbLð Þ: ð5Þ

Given Assumption 1, candidate equilibrium prices exceed costs f. In a technical Appendix

to the paper, we show that there is a set of parameters for which prices given in (5)
10 A similar logic explains why we need heterogeneous valuations of network sizes to obtain multihoming as an

equilibrium outcome. Suppose all consumers obtain the same network benefits, say b b t, and prices are non-

negative, then a necessary condition for multihoming is that tx bb(1�N1) and t(1�x)bb(1�N2). With some

multihoming, N1N0, N2N0, and N1+N2N1, so that there is no x a [0,1] for which these conditions can all hold.
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constitute a pure strategy equilibrium.11 The existence of such an equilibrium requires bH
to be sufficiently large relative to bL, but not too large, and most importantly that f is not

too high.

In setting its price, each firm trades off the benefits of a higher price on its installed base

of customers with a lower market share of singlehoming consumers. The existence of

singlehoming consumers disciplines the prices that firms can charge, forcing them to take

into account the usual competitive pressures on at least a portion of their customers. The

market share of low types is still more sensitive to price than in a normal Hotelling

framework because of the network benefits that arise from attracting additional low types

(assuming bLN0). However, it is less sensitive to price than the case without multihoming.

This reflects the fact that with multihoming, high types can be reached regardless of which

firm low types subscribe to, reducing the impact of network effects on the pricing behavior

of the firms. Moreover, the number of high types attracted does not depend on prices at the

margin. We therefore get:12

Proposition 2. Equilibrium prices and profits are higher when consumers are able to

multihome compared to when they are not.

Firms earn higher profits when more consumers multihome, both through higher prices

as a result of the reduction in the price elasticity of demand, and through greater demand

compared to the case without multihoming. An implication of this result is that whenever

the firms can decide in a prior stage whether to require exclusivity from their customers

(say as a technology choice, or through the use of an exclusive contract), they will not

want to make their services exclusive. If either firm forces consumers to choose

exclusively between itself or its rival, then price competition will be more intense and the

firms will face lower demand. That firms prefer to allow multihoming, together with the

possibility that it is often difficult (or perhaps illegal)13 to impose such exclusivity, further

justifies our focus on the equilibrium with multihoming.

Equilibrium welfare under multihoming is then

WM4 ¼ vþ kbH þ 1� k2
� � bL

2
� 1þ kð Þf � 1þ 3kð Þ t

4
� 2 1� að Þ

� 1þ kð Þ2

2

t

1� k
bL

� �
:

The first three terms measure the intrinsic and network benefits. The network

benefits obtained by low types are now higher than without multihoming, reflecting

the ability of low types to reach high types that multihome.14 The fourth and fifth
11 This Appendix is available on the journal website.
12 The proof of the proposition, as with all subsequent ones, is given in the Appendix.
13 One can imagine PlayStation only dealing with game developers who write software exclusively for their

platform, or Visa only signing up merchants which do not accept rival cards, but it is difficult to imagine how

firms can enforce exclusivity on consumers.
14 The network benefits obtained by the 1�k low types are equal to bL, a fraction k of the time (since they can

reach all high types) and are equal to bL/2, a fraction 1�k of the time (since they can only reach the low types

that are subscribed to the same firm). Then (1�k) (k +(1�k)/2)bL=(1�k2)bL/2.
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terms represent the costs of providing the service and consumers’ average transportation

costs. Note that the costs of providing the service includes some duplication of

subscription costs to the extent there is multihoming (so costs equal 2f a fraction k of

the time, and equal f a fraction 1�k of the time). Similarly, transportation costs equal t a

fraction k of the time and equal t / 4 a fraction 1�k of the time. In addition, to the extent

that the firms’ profits are discounted relative to consumer surplus (a b1), multihoming

lowers welfare by raising prices and transferring surplus to firms. This is reflected in the

last term.

Given the result in Proposition 2, that firms will prefer not to make their services

exclusive, it is interesting to evaluate the welfare implications of this outcome. Comparing

welfare with and without multihoming, we get that:

Proposition 3. Assume a multihoming equilibrium exists. Then there exists an âa [0, 1]

such that welfare is higher under multihoming (WMzWN) whenever the social planner

values profits sufficiently (az â) and welfare is higher without multihoming (WM bWN)

whenever the social planner puts sufficiently low weight on profits (ab â).

For high values of a, the social planner values firms’ profits similarly to consumer

surplus, so that the increased prices are seen largely as a transfer from consumers to firms.

In this case, the presence of multihoming raises overall welfare. Consumer surplus

increases, reflecting that high types choose to multihome, which also confers a positive

externality on low types. Moreover, firms are also better off (Proposition 2). On the other

hand, multihoming has a negative impact on competitiveness, which obviously decreases

consumer surplus, so that when the social planner is sufficiently concerned about

consumer surplus it will prefer the case with exclusivity.

2.5. Private versus social compatibility decisions

When multihoming is possible, the incentives for compatibility become more

complex. Given that consumers can multihome, firms will prefer to make their networks

compatible if

Fb
1þ kð Þ2bL

2
� k 3þ kð Þt

2 1� kð Þ uFP
M :

Clearly, when bL=0, so that low types get no network benefits, the firms will never make

their services compatible when consumers can instead multihome (at least, for non-

negative costs of achieving compatibility). In this case, the price sensitivity of demand

with multihoming is lower than its level under compatibility. With multihoming, the

demand of high types does not depend on price at the margin, while the demand of low

types has the same sensitivity to price as in the case of compatibility. Furthermore, given

the additional upwards shift in the demand due to double purchase by high type

consumers, firms are able to sustain higher prices and earn higher profits than they can

when they are compatible. Thus, even if there is no cost of achieving compatibility, firms

will prefer to remain incompatible.
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Comparing WM* with WC*, a social planner will wish the networks to be made

compatible if

Fb

1�kð Þ2bL
2

þ kf þ 3kt
4

þ 1� að Þ 1þkð Þ2
1�k t � 1� kð ÞbLð Þ � t

� �
2a

uFW
M :

Compared to the case without multihoming, there are a number of new effects.

Incompatibility now implies duplicated costs of customers subscribing to both firms

(the term kf) and added transportation costs as customers travel to both firms (the term

3kt / 4), neither of which affect the firms’ compatibility decision. On the other hand, the

losses in network benefits due to incompatibility are now less than before since consumers

capture some of these benefits through multihoming anyway. Where the firms’ surplus is

weighted less than consumer surplus, compatibility also leads to an increase in welfare to

the extent that prices are higher under the multihoming equilibrium. With a much reduced

private incentive for compatibility and a generally increased social incentive for

compatibility, for a range of parameter values firms will have an insufficient incentive

to choose compatibility.

Proposition 4. There exists b̄L such that (i) whenever bL b b̄L, firms have an insufficient

incentive to choose compatibility (that is, FP
M bFW

M). (ii) When bL N b̄L, firms have an

excessive incentive to choose compatibility (that is, FW
M bFP

M); and (iii) if in addition

ab â defined in Proposition 3, this excessive incentive of firms to choose compatibility

is reduced as a result of the ability of consumers to multihome (that is, FW
N bFW

M b

FP
M bFP

N ).

Proposition 4 shows that the possibility of multihoming may completely overturn the

excessive tendency towards compatibility obtained for the benchmark case without

multihoming. For instance, when the network benefits of low types are sufficiently low, we

have already noted that firms will prefer incompatibility even if there are no costs to

achieve compatibility. This means that there are times when a social planner will prefer

compatibility although firms will not (but the reverse is not true).

For bLN b̄L, however, firms still have an excessive incentive towards compatibility, as

in our benchmark model (that is, FW
M bFP

M). Nevertheless, the firms’ excessive tendency

towards compatibility is unambiguously reduced as a result of multihoming when the

social planner places a sufficiently low weight on the profits of the firms relative to

consumer surplus. In this case, we find that FW
N bFW

M bFP
M bFP

N , so that for any fixed

costs F where firms choose compatibility inefficiently under multihoming, they will do

the same in the absence of multihoming (but the reverse is not true). In these cases,

multihoming reduces the problem of firms choosing compatibility when they should

not.

Regardless of parameter values, we can show that FP
M�FW

M bFP
N �FW

N . In particular,

whenever bLN b̄, we have 0bFP
M�FW

M bFP
N �FW

N . This result implies that the range

of fixed costs where social and private incentives for achieving compatibility

diverge is reduced. Clearly, this is a weaker statement than that in Proposition 4

as it allows the possibility of some fixed costs F for which multihoming results in firms



T. Doganoglu, J. Wright / Int. J. Ind. Organ. 24 (2006) 45–67 57
choosing compatibility inefficiently where they will not otherwise. Nevertheless, it

implies:

Proposition 5. Whenever bLN b̄L, the ability of consumers to multihome means that there

is a smaller range of fixed costs of achieving compatibility for which firms have an

excessive incentive towards compatibility.

Whether Proposition 5 can be interpreted as a reduced tendency for firms to choose

excess compatibility depends on how one interprets F. Since we wish to consider the

incentives for compatibility over a range of possible values of F, suppose F is randomly

drawn from the uniform distribution. Then, the probability that a compatibility problem

exists is proportional to the range of values of F for which private and social incentives are

not aligned. In this case, Proposition 5 implies that there is a smaller likelihood of fixed

costs F arising for which firms have an excessive incentive towards compatibility as a

result of consumers’ ability to multihome.15

The effects of multihoming on private and social incentives to achieve compatibility

can be explained intuitively as follows. First, take the case without multihoming. There are

two opposing effects. The first effect comes from assuming prices are fixed. With fixed

prices, firms do not profit from compatibility since they each still serve half of all

customers, although compatibility raises network benefits as well as welfare. Thus, firms

would have no incentive to choose compatibility even though welfare increases by b / 2.

The second effect comes from the fact firms will charge higher prices in the presence of

compatibility, given that demand is less elastic. The higher prices have no impact on

welfare (at least when a =1), while they increase industry profit by b. Comparing the two

effects, the increase in profits is higher than the increase in welfare with compatibility,

implying a higher incentive for firms to choose compatibility than the social planner.

Now consider how things change when we allow for multihoming. The first effect

becomes less important, since some additional network benefits are now realized even

without compatibility. The second effect also becomes less important, since firms will

price higher even in the absence of compatibility due to the decreased strength of network

effects as a result of multihoming. The net effect is to reduce the excessive incentive to

choose compatibility.16 In addition, there are a number of new effects that arise from high

types multihoming. First, each firm faces higher demand from high types that buy from

both firms. This raises the firms’ profit directly, and also indirectly by causing them to set

higher prices given that each faces a greater installed base of customers. This increase in

profit is a transfer from consumers to firms, providing firms with too much incentive to

avoid compatibility. In addition, compatibility now results in two new welfare gains which

firms fail to internalize. First, there is the saving of the duplication in costs kf that would
otherwise arise from multihoming consumers. Firms just price to recover their own costs,

so that each firm ignores additional costs to society of kf / 2 under multihoming. Likewise,

there is the saving of the duplication in transportation costs 3kt / 4 that arise from
15 For other distributions for F, this statement needs not be true.
16 The closer bL is to zero, the greater the reduction in the excessive incentive to choose compatibility as a result

of multihoming. To see this, consider the case with bL=0. Then all network benefits are realized both with and

without compatibility, so the first and second effects vanish.
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multihoming consumers which firms ignore. For instance, these costs can include the costs

of consumers having to deal with two different firms or the costs of having to learn to use

two different services. Both of these effects provide further reasons why compatibility is

socially desirable even though firms prefer incompatibility.

Somewhat paradoxically, the ability of consumers to multihome means policymakers

may need to be more concerned about compatibility. Our results imply that this is more

likely to be the case when network benefits are lower for low-value consumers, when there

are more high-value (multihoming) consumers, when transportation costs are higher and

when the cost of providing the service to each user is higher. This suggests that

policymakers may have a reason to be concerned about firms which do not make their

networks compatible in situations in which some consumers choose to multihome, where

this multihoming involves significant duplication of costs, where this multihoming occurs

through consumers subscribing to a second firm’s service that is distant from their

preferred choice and where some consumers put little value on network benefits. On the

other hand, when firms do choose compatibility, our results suggest that policymakers

should be less concerned that such compatibility is actually inefficient (or being used to

reduce competition) given the ability of consumers to multihome.

2.6. An application to instant messaging

A recent public issue where our results could have been of use is related to the merger

between AOL and Time Warner, which the FCC approved subject to conditions in January

2001. One area put under scrutiny was instant messaging (IM) services provided by

AOL.17 These services allow users to exchange messages with members who are present

in a special directory. If competitors’ directories are incompatible, then IM services exhibit

firm specific network effects. A main concern of the FCC was that in the presence of these

network effects, AOL’s resistance to being compatible with competing IM providers,

combined with the assets of Time Warner allowing high-speed data transmission, would

mean that AOL’s dominance of IM would translate to dominance in the market for

advanced IM-based high-speed services.

Initially the FCC was of the view that provided the industry was one in which operators

had similar subscriber bases, then firms would have sufficient incentives to achieve

compatibility.18 At the time, competitors of AOL’s IM, Microsoft and Yahoo! engaged in

significant lobbying activity to get FCC involved in the imposition of compatibility. AOL

(2000) argued that any incompatibilities between different services are mitigated by means

of consumers subscribing to multiple IM services simultaneously (multihoming), a view

the FCC rejected. In fact, the order explicitly states b. . .We find the ability of users to use

several IM services is not a substitute for interoperability. . .Q19 In their arguments, the FCC
17 The discussion we present here is based on official and public documents that can be found at the FCC website

(http://www.fcc.gov/mb/aoltw/aoltw.html). In particular, we use the order conditionally approving the merger

(FCC, 2000), the second order which relieved AOL and Time Warner from the conditions set in the first order

(FCC, 2003) as well as documents submitted by AOL (AOL, 2000) and experts (Faulhaber and Farber, 2003).
18 FCC (2000), paragraph 154, p. 67.
19 FCC (2000), paragraph 164, pp. 71–72.

http://www.fcc.gov/mb/aoltw/aoltw.html
http://www.fcc.gov/mb/aoltw/aoltw.html
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deemed multihoming as an inconvenient solution, imposing a wide variety of costs on

consumers. They interpreted the widespread multihoming as a result of high value placed

by consumers on these services rather than an indication of relatively easy adoption. In

contrast, compatibility was a matter of developing simple software applications and

protocols. On these grounds, FCC approved the merger with the condition that the merged

company could not provide advanced IM-based services until demonstrating that it had

achieved interoperability with its competitors or a sufficiently competitive environment

had emerged.

AOL petitioned in April 2003, documenting that competitors had gained significant

market share and asked for relief from the requirements imposed by the FCC. Despite

warnings of caution, most notably by two advisors to the FCC staff during the merger

review (see Faulhaber and Farber, 2003), the FCC granted the company relief in August

2003. The FCC contended that there was sufficient competition in the market place. In

answering comments, FCC (2003) suggested that the fact that AOL’s competitors have

been gaining market share at the expense of AOL’s IM services, and that many consumers

had subscribed to multiple IM platforms indicated that market tipping to one platform was

not likely. The FCC also noted that Microsoft and Yahoo! were no longer lobbying for

interoperability.

Our model suggests a different interpretation.20 Given product differentiation in IM

services, tipping may not have been the central concern to determine whether

compatibility should be imposed. Instead, our analysis suggests that even if firms have

comparable market shares and consumers multihome in order to reap maximal network

benefits, this does not automatically mean that the issue of compatibility is redundant. In

fact, the subsequent lack of support for interoperability by the major IM providers is

consistent with the predictions of our model. Even though AOL and Microsoft had agreed

on a framework to achieve interoperability, shortly after FCC’s decision to remove the

restrictions on the merger in August 2003, both companies abandoned their efforts in

realizing compatibility.21
3. Two-sided markets

As noted in the Introduction, most of the applications where multihoming arises in

practice involve two-sided markets (payment cards, entertainment platforms, and so on).

In this section, we show that our model and findings can be extended to a two-sided

market context. The model differs from the one presented above in that there are two
20 To apply our model to this case requires some reinterpretation of our results given that IM programs are

generally made available free of charge. A possible modelling approach is to assume that the companies receive a

certain payoff per user, and that they use IM as a way to attract these users. The strategic variable firms can

control is then the value of the IM services provided, which can be analyzed by using the competition in utilities

framework of Armstrong and Vickers (2001). Using this approach, we have verified our main results remain valid

qualitatively.
21 bAOL and Microsoft drop idea to connect IM services,Q New Media Age, 16 October 2003, reported by

Wendy Mcauliffe.
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groups of users that can be distinguished by the side of the market they belong to.

Specifically, we consider two groups of agents A and B, each of which consists of high

and low types with kA=kB=k, just as in our one-sided model. Each group has identical

preferences to those in the one-sided case, except that each group values the number of

agents belonging to the other group, but not the number of agents within the same group.

Consistent with the literature on two-sided markets, we consider two platforms which are

able to set different prices to the two different groups. Finally, to make results comparable

to the one-sided market case, we assume that it costs each platform F to make itself

compatible with the rival’s platform for each group of agents (that is, in total each platform

has to incur 2F to achieve compatibility). With these assumptions, we get:

Proposition 6. Profits and welfare under compatibility, incompatibility and multihoming

in a symmetric two-sided market are equal to two equivalent one-sided markets.

The result demonstrates that there is nothing intrinsic about two-sidedness that causes

results to change one way or another. The effects identified in the one-sided case remain.

In particular, multihoming can result in insufficient incentives for platforms to achieve

compatibility in a two-sided market setting. Once the two sides of the market are allowed

to be asymmetric, the results are no longer identical to before although the same basic

findings can be obtained.22

To understand the underlying mechanism leading to Proposition 6, we present the case

without multihoming. Exactly the same type of argument can be used for the case with

multihoming, which is given in the Proof of Proposition 6 in the Appendix. For the case

with compatibility the result follows directly given that network benefits no longer play

any role.

In the absence of either multihoming or compatibility, demand functions facing each

platform are now different in a two-sided market compared to equivalent one-sided

markets. Previously, demand was given in (3). In the case of a two-sided market, using

superscripts to denote each side of the market, demands are determined by

NA
1 ¼ 1

2
þ

t pA2 � pA1
� �

þ b pB2 � pB1
� �

2 t2 � b2
� �

NB
1 ¼ 1

2
þ

t pB2 � pB1
� �

þ b pA2 � pA1
� �

2 t2 � b2
� � ;

with N2
A=1�N1

A and N2
B=1�N1

B. Given t Nb, demand for group A is more sensitive to

the price charged to group A than the price charged to group B and the demand for group

B is more sensitive to the price charged to group B than the price charged to group A. This

implies that the price sensitivity of each group’s demand will be smaller in magnitude in a

two-sided market compared to an equivalent one-sided market.23 A price change on one
22 A separate Appendix, available on the journal website, analyzes this case.
23 The derivative is now � 1/2(t�b2/t), whereas before it was � 1/2(t�b). Given t Nb, the first expression is

smaller in magnitude than the second.
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side of the market only induces an indirect feedback effect in a two-sided market, given

that the price on the other side is fixed. On the other hand, given that profits are obtained

from both groups, each platform now takes into account that any increase in price on one

side of the market will reduce demand on the other side.

To see how these two effects combine, note that the profit function of platform i is

pi ¼ pAi � f
� �

NA
i þ pBi � f

� �
NB
i :

Choosing the profit-maximizing prices for platform i, and exploiting symmetry

between the two platforms, we can express the equilibrium price on each side of

the market as

pAi ¼ f þ t � b þ b 1� b
t

� �
� b

t
pBi � f
� �

pBi ¼ f þ t � b þ b 1� b
t

� �
� b

t
pAi � f
� �

:

Comparing these prices to the prices ( pN* = f + t�b) in the one-sided market case,

the first additional term measures the extent to which prices are now higher due to

decreased price elasticity, while the second additional term measures the extent to

which prices are now lower due to the cross-market externality effect. Solving the

two equations simultaneously it is clear that the two additional terms exactly cancel

each other out. The result is that platforms will set identical prices to those in the

equivalent one-sided market, so that equilibrium profit for each platform is 2pN* and

welfare is 2WN*, where these expressions are defined in Section 2.1. This analysis

shows that there are offsetting effects when one moves from one-sided to two-sided

markets and it is not necessarily the case that one particular effect will dominate the other.
4. Strong network benefits

So far our results have been derived in situations where the effect of product

differentiation is assumed to be stronger than that of network benefits. In this section, we

explore what can happen if this assumption is reversed by considering the special case in

which there is no product differentiation. It is known that in the absence of product

differentiation firms will generally have insufficient incentives to make themselves

compatible.24 We are interested in how the possibility of multihoming affects this

compatibility problem.

One possibility is that firms are able to choose (in a prior stage) whether to allow

multihoming or whether to make their services exclusive. With pure network benefits, a

dominant firm (enjoying favorable beliefs) will prefer exclusivity, in which case
24 See, for instance, Katz and Shapiro (1985) for the quantity competition case.
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multihoming is not an option that has to be considered in the analysis of compatibility.

This provides one justification for our focus on the case with product differentiation.

Of course, it may not be feasible for firms to stop consumers from multihoming. Even

so, the possibility of multihoming can still be irrelevant. In a one-sided market setting with

price competition it is natural to consider the case where all consumers buy from a single

(dominant) firm. For instance, this outcome arises if beliefs stubbornly favor one firm over

another (say the incumbent over the entrant). A rival firm that undercuts cannot profitably

attract demand since consumers will not join a firm at a positive price if they do not expect

any other consumers to do so. In this case, allowing consumers to multihome may be an

irrelevant option, as consumers get maximal network benefits buying from the dominant

firm and so continue to coordinate on this firm. The dominant firm will be able to exploit

network effects to obtain maximal profits. In contrast, compatibility results in pricing at

cost. The dominant firm will therefore oppose compatibility, as will the entrant if there are

any costs of achieving compatibility. A social planner concerned with total surplus will

also oppose compatibility if there are any costs of achieving compatibility, since with one

firm taking the whole market the full network benefits will be realized. The possibility of

multihoming does not affect this result since multihoming never arises in this setting. On

the other hand, if the social planner prefers lower prices, it may favor a solution with

compatibility, but the dominant firm will not sponsor any such move. Then, the ability of

consumers to multihome does not solve (or change) the compatibility problem that arises

when there are strong network effects.

The fact that the dominant firm will block compatibility when network effects are

strong and multihoming is not allowed also applies in a two-sided market context. To see

this, consider setting transportation costs and intrinsic benefits to zero in the model of

Section 3 but allowing for asymmetry. Suppose group A consists entirely of high types

(kA=1) and group B consists entirely of low types (kB=0). Define the network benefits to

each group as bA and bB, such that bA=bH, bB=bL and bANbB. Finally, assume that the

policymaker is only concerned with total surplus (a =1), which ensures that in the absence

of multihoming both the platforms and the policymaker prefer incompatibility for any

positive cost of achieving compatibility.

Without compatibility or multihoming, the dominant platform will set prices of bA to

group A and bB to group B. If agents coordinate on the dominant platform, it is impossible

for a rival platform to profitably attract agents away.25 The dominant platform will then

make maximal profits of bA+bB� fA� fB, where we have allowed for different costs on

each side of the market. Since the platform extracts all the surplus, total surplus just equals

the platform’s profit. The result is equivalent to the one-sided case above. The dominant

platform will oppose compatibility, which results in pricing at cost, as will the entrant and

the social planner given any costs of achieving compatibility.

Once we allow for multihoming, our model corresponds to that of chicken-and-egg

competition in Caillaud and Jullien (2003, Section 5) in the special case where matching in
25 This is not true if agents can multihome, as then a rival platform can bribe one group to multihome with a

slightly negative price and then attract the other group by slightly undercutting the dominant platform’s price

(a divide-and-conquer strategy).
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their model is perfect. This allows us to make use of their results. Caillaud and Jullien

characterize the maximal profit multihoming equilibria in their Proposition 11. Group A

users are charged bA /2, having all their surplus extracted, while group B users are just

charged cost fB. Group A multihomes, while group B splits between the two platforms.

Assuming bA /2z fA, this gives the platforms a non-negative profit of bA /2� fA each.

Welfare will be bA+bB�2fA� fB reflecting the duplication of costs given group A

multihomes. Platforms will both resist compatibility, which results in pricing at cost. Total

surplus under compatibility is bA+bB� fA� fB�2F, so the social planner prefers

compatibility if 2F b fA.

Summarizing these results, we have that platforms prefer to remain incompatible

regardless of whether users multihome or not, while the social planner’s preference for

compatibility depends on whether users multihome or not. When the costs of compatibility

are not too high compared to the cost of duplication, the social planner will prefer

compatibility to the multihoming outcome, although platforms will never invest to achieve

it. Thus, we have:26

Proposition 7. In a two-sided market setting without product differentiation, and in which

the policymaker weights consumer and producer surplus equally, platforms have the

correct incentive to choose compatibility in the absence of multihoming but an insufficient

incentive to choose compatibility in the presence of multihoming.

The conclusion then is that in a one-sided setting, multihoming does not create a

compatibility problem since multihoming never arises in equilibrium. On the other hand,

in a two-sided setting, multihoming can arise in equilibrium and as a result it can create a

compatibility problem where one previously did not exist.
5. Conclusions

The point of this paper is to illustrate that just because some consumers achieve

network benefits by subscribing to multiple networks does not mean that policymakers can

ignore the issue of compatibility of networks. In the cases we looked at, the ability of

consumers to multihome generally made it more likely (not less) that firms will block

compatibility when compatibility is efficient. By the same token, our results suggest

policymakers can be more relaxed in the case firms do choose to become compatible. In

the presence of multihoming, firms are less likely to choose compatibility when it is

inefficient to do so.

Our findings have implications for a wide range of industries including various

communication services, hardware/software standards, payment networks, and entertain-

ment systems. We discussed the case of instant messaging platforms in Section 2.6. As

another example, consider payment schemes, such as those offered by American Express,
26 When the social planner values consumer surplus more than profits (a b1), there is a compatibility problem

both with and without multihoming. However, for a sufficiently close to 1, multihoming results in a larger range

of fixed costs where platforms do not become compatible even though it is socially desirable.
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MasterCard and Visa. Many consumers now hold multiple such cards and many merchants

accept more than one card. Such multihoming may suggest that from a social point of view

there is no reason to consider the case for forcing these networks to make their networks

compatible. Cardholders can choose to hold a single payment card and yet have little

problem using their card at merchants. Likewise, merchants seldom cannot make a sale

because consumers lack the right card. However, multihoming can be costly, both directly

in terms of duplicated costs and the added inconvenience for users, but also indirectly

because it can weaken competition between the platforms providing these services,

making them less likely to prefer compatibility when it would otherwise be desirable.

Thus, asking whether such networks should be made compatible is an interesting question,

even in the presence of such widespread multihoming.
Appendix A

A.1. Proof of Proposition 2

The difference in equilibrium prices caused by multihoming is

pM4� pN4 ¼ 1þ k
1� k

t � 1� kð ÞbLð Þ � t þ b

¼ 1þ k
1� k

� 1

� �
t � 1� kð ÞbLð Þ þ kbHN0:

The corresponding equilibrium profits under multihoming are

pM4 ¼ 1þ kð Þ2

2

t

1� k
� bL

� �
;

which is positive given Assumption 1. Comparing equilibrium profits with those without

multihoming,

pM4� pN4 ¼ 1þ kð Þ2

2

t

1� k
� bL

� �
� t

2
� kbH þ 1� kð ÞbL

2

� �

¼ 1

2

1þ kð Þ2

1� k
� 1

 !
t � 1� kð ÞbLð Þ þ kbH

2
N0: 5

A.2. Proof of Proposition 3

Let us parameterize the welfare function with a and denote it by Wi(a), i ={M, N}.

Observe that WM(a)�WN(a) is increasing in a, since

B

Ba
WM að Þ �WN að Þ½ � ¼ kbH þ 3þ kð Þk t � 1� kð ÞbLð Þ

1� k
¼ 2 pM4� pN4ð ÞN0;

where the final inequality follows from Proposition 2.
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Setting a =1 in the difference of welfare expressions with and without multihoming, we

obtain

WM 1ð Þ �WN 1ð Þ ¼ 1

2
kbH þ 1

2
k 1� kð ÞbL � kf � 3

4
kt;

which is positive whenever

f V
1

2
bH þ 1

2
1� kð ÞbL �

3

4
tux4:

In a technical Appendix to the paper, available at the journal’s website, we show that

high types multihome in equilibrium if and only if

f b
1� kð ÞbH

2
þ 1þ kð ÞbL �

2t

1� k
ux0:

Therefore, this is a necessary condition for the multihoming equilibrium we focus on to

exist. Using these definitions, we have

x4 � x0 ¼
1

2

3k2bL þ t

1� k
þ 1

2
kbH þ 1

2

t � bL

1� k
þ 3

4

k t � bLð Þ
1� k

þ 1

4

t � kbL
1� k

N0;

and hence x4Nx0, yielding WM(1)NWN(1).

Similarly, setting a =0 in the difference of welfare expressions with and without

multihoming yields

WM 0ð Þ �WN 0ð Þ ¼ � k
2bH

� kf � 7k t � 1� kð ÞbLð Þ
2 1� kð Þ � k t � k 1� kð ÞbLð Þ

4 1� kð Þ

� k2 t � 1� kð ÞbLð Þ
4 1� kð Þ b0;

implying WM(0)bWN(0). Therefore, there must exist an âa [0, 1] such that

WM(â)=WN(â). Thus, for az â , we have WM(a)zWN(a), while WM(a)bWN(a), for
a b â. 5

A.3. Proof of Proposition 4

We have

FP
M � FW

M ¼
2 1þ 5k � 5k2 � k3
� �

bL � 4k 1� kð Þf � k 15þ kð Þt
8 1� kð Þa

¼
1þ 6k þ k2
� �

bL

4a
� kf

2a
� k 15þ kð Þt

8 1� kð Þa ;

which is negative whenever

bLb
2k 1� kð Þf þ k 15þ kð Þt

1� kð Þ 1þ 6k þ k2
� � ub̄bL:

This implies FP
M bFW

M, proving the result in (i) and (ii).
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On the other hand, for bLN b̄L we have FW
M bFP

M, while a b â implies WM bWN from

Proposition 3, so that FW
N bFW

M. From Proposition 2 we have pM* NpN* , so that FP
M bFP

N .

Combining these results gives FW
N bFW

M bFP
M bFP

N , which implies a reduction in the

excessive tendency towards compatibility proving (iii) in the proposition. 5

A.4. Proof of Proposition 5

Regardless of the value of bLb t, we have

FP
M � FW

M � FP
N � FW

N

	 

¼

�
k 12kbL þ 2k2bL þ 2 1� kð ÞbH þ 15t � 14bL þ 4 1� kð Þf þ kt
� �

8 1� kð Þa b0:

In particular, when bLN b̄L, both with and without multihoming firms have excessive

incentives towards compatibility. However, the range of fixed costs where this excessive

incentive occurs is reduced with multihoming. 5

A.5. Proof of Proposition 6

When the platforms are made compatible, the prices will just be the normal Hotelling

prices f + t as consumers get the same (maximal) network benefits irrespective of the

platform they join. Network benefits, regardless of whether they arise from agents from the

same group (in the one-sided case), or across groups (in the two-sided case), drop out of

the demand functions. Facing equal prices, each group will divide equally between the two

platforms, so NA
1 =N

B
1 =1 /2. As a result, equilibrium profit for each firm is 2pC* and

welfare is 2WC*, where these expressions are defined in Section 2.2.

The logic for the multihoming case follows exactly from the case of incompatibility and

no multihoming presented in Section 3. With multihoming, previously demand was given

in (4). In the two-sided market case, demands are determined by

NA
1 ¼ 1

2
þ k

2
þ

1� kð Þt pA2 � pA1
� �

þ 1� kð Þ2bL pB2 � pB1
� �

2 t2 � 1� kð Þ2b2L
� �

NB
1 ¼ 1

2
þ k

2
þ

1� kð Þt pB2 � pB1
� �

þ 1� kð Þ2bL pA2 � pA1
� �

2 t2 � 1� kð Þ2b2L
� � ;

with N2
A=1�N1

A and N2
B=1�N1

B. Using these demand functions, and proceeding as

before, the equilibrium price on each side of the market can be written as

pAi ¼ fþ 1þ kð Þt
1� kð Þ � 1þ kð ÞbLþ 1þ kð Þ 1� 1� kð ÞbL

t

� �
bL�

1� kð ÞbL pBi � f
� �
t

pBi ¼ fþ 1þ kð Þt
1� kð Þ � 1þ kð ÞbLþ 1þkð Þ 1� 1� kð ÞbL

t

� �
bL�

1� kð ÞbL pAi � f
� �
t

:
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Solving the two equations simultaneously shows that platforms will set identical prices

to those in the one-sided market equivalent, so that equilibrium profit for each firm is 2pM*

and welfare is 2WM* , where these expressions are defined in Section 2.4.
Appendix B. Supplementary material

Supplementary data associated with this article can be found, in the online version, at

doi:10.1016/j.ijindorg.2005.07.004.
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