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The bundling literature has devoted much attention to the use of this pricing
strategy as a deterrent to entry of a rival or the foreclosing of one. However, there
are numerous industries where a two-product seller is a monopolist in one market
and competes in the second, where neither entry was deterred, nor the rival was
foreclosed. The first chapter makes progress in developing a framework that analyzes
the profitability of bundling for such a two-product firm. Consumers are assumed to
have negatively correlated valuations for the two types of products. We show that
in equilibrium, the two-product seller will offer the products only in a bundle, thus
preventing any consumer from forming his own bundle using the rival’s product.
Furthermore, he ensures himself highest profits by having all consumers interested
in only the monopoly product purchase the bundle. The welfare results under this
strategy show the consumers being harmed the most, as they would prefer variety
in the bundle formation and/or being able to purchase only the monopoly product,

should they choose to.



Compatibility of products has been addressed mostly in a mix and match
scenario, where a consumer must purchase two different components to form the
final system. The components themselves have no individual use. In the second
chapter, we further extend this type of framework, by assuming that one of the
two components (the platform) does have a stand alone use. The other type of
product is offered by only one of the firms in the market, has no individual use,
but could enhance the utility of one’s platform. Therefore, the firm offering the
complement must first decide whether to make it compatible with the rival platform
and, furthermore, what pricing strategy is best. There are two types of consumers
in the market: new and legacies. The new consumers are interested in platforms
and, depending on compatibility, the complement. Legacy consumers are those who
have already purchased a platform in a previous period and, currently, are only
interested, if at all, in the complement.

We find that compatibility is optimal, as it reduces competition and maximizes
profits. In such an outcome, the two-product seller offers the goods a la carte. If
compatibility is not feasible due to exogenous factors, the legacy consumers in the
market are of great importance. Our results indicate that the profit maximizing
strategy depends on the mass of the two-product seller’s legacy consumers in the

market relative to the rival’s.
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Chapter 1: Introduction

1.1 What is bundling and why is compatibility important 7

Bundling is the nonlinear pricing strategy of selling two or more separate goods
and services as a specially priced package. The term "separate” implies that there
already exists a demand for the stand alone product. Computers bundle screens,
memory, modems, and are in turn bundled with operating systems and pre-loaded
software. New cars come with bundle options such as Navigation Systems, heated
seats and DVD players. Many bundles consist of complements (ie. burgers and
fries), others of substitutes (ie. two-ticket combo to consecutive baseball games),
while some are made up of independent products (ie. Hallmark type deals: buy 3
greeting cards and get a teddy bear at a fraction of its original price). A bundle
can also consist of multiple units of the same product: detergent and cereal, for
example, are sold in small and large packages.

The economics literature distinguishes between two different types of bundling.
The first one, price bundling, refers to packages sold at a discount without any in-
tegration of the goods and services involved. A newspaper offers advertising both
in its print and online version; the two products require no integration. The sec-

ond, product bundling, adresses integrated products that give extra value to the



consumer, such as a new car with extra features. It is in this latter case that com-
patibility is an important issue, as many products either cannot be used without a
compatible complement or, even if they do have a stand alone demand, they could
have their value further enhanced by a compatible complement. A first well known
set up is a mix and match type scenario, where two products are only useful if used
together, thus forming a system (ie. computer and operating system). In another
type of setting, the complements have no stand alone use, while the platform itself
does: for example, the motion sensing input devices created for a specific game con-
soles (ie. Kinnect for XBox 360, Wii Remote Plus for Wii and PlayStation Move
for PlayStation 3) cannot be used without the respective console and each is only
compatible with its specific one. In the third possible scenario, the complements can
each be used individually, but bring the consumer extra value when used together:
cars have built in car technology that is compatible with a smart phone. While both
of these products have a stand alone value and use, they create positive externalities
when one is able to use them together.

The literature in this field considers three bundling strategies: (i) Pure Un-
bundling - offer the products individually, at component prices; a consumer inter-
ested in purchasing more than one type of good can do so and he will pay the sum
of prices for each product, (ii) Mixed Bundling - the products are not only available
individually, but also as part of a specially priced package. There are important
subcases to mention and, for simplicity, we discuss the case of a two-product seller:
he can always offer the bundle and only one of the products individually (this is a

degenerate mixed bundling scenario, where the second product is available at a pro-



hibitively high /infinite price). The last potential pricing strategy is Pure Bundling
- selling all products as part of a bundle only.

The bundling and compatibility literature carefully studies the impact of such
pricing and design decisions on competition, entry and market outcomes. In the case
of a two product monopolist, bundling can be used as a tool to discourage entry. In
an imperfectly competitive market, both bundling and incompatibility could lead
to market dominance or to pushing a competitor out of the market (foreclosure).
Of great importance are the welfare implications of each of these strategies. There
has been a growing interest in this topic due to the many recent court cases dealing
with bundling, such as 3M v. LePage, HILTI v Eurofix (nails and nail guns), GE-
Honeywell proposed merger, Kodak v ISO (Independent Service Organizations), US
v Microsoft, etc.

The main goal of this dissertation is to study the role of bundling and the
compatibility choice in an imperfectly competitive market. We first look at the case
of price bundling only and assume a two-product seller facing competition in only one
of its market serves consumers who have negatively correlated valuations for the two
types products. We determine the best pricing strategy and market equilibrium and
focus on the welfare implications. We then analyze the product bundling case, by
assuming the two-product seller offers a monopoly complementary product that may
or may not be compatible with the rival’s competing platform. The consumers in
this case have independently and uniformely distributed valuations for the two types
of products. By synthesizing and extending ideas from both the price and product

bundling literatures, this dissertation makes contributions to both by characterizing



equilibrium market outcomes under a given set of assumptions and by analyzing the

respective welfare implications.

1.2 Literature Review

The questions of "why” and "when” bundling arises have been of great interest
to both economists and entrepreneurs. Three distinct theories have emerged both
from the economics and marketing fields to answer the first question. Firm side
rationales argue that bundling arises due to lower sorting costs (Keeney and Klein,
1983), lower inventory holding costs (Eppen, Hanson and Martin, 1991) or greater
economies of scope (Baumol, Panzer and Willig, 1980; Gilbert and Katz, 2001).
Demand side rationales support the theory of price discrimination (Schmalensee,
1982; Venkatesh and Mahajan, 1993), the seek for variety and the need for balance
within a portfolio (Farquhar and Rao, 1976; Bradlow and Rao, 2000) and com-
plementarity (Tesler, 1979; Venkatesh and Kamakura, 2003). The competitor side
rationales focus on the need for aggregation to reduce buyer heterogeneity (Bakos
and Brynjolfsson, 1999), tie-in sales and entry deterrence (Whinston, 1990; Carbajo,
de Meza and Seidmann, 1990) and the enabling of competition through unbundling
to facilitate market growth (Wilson, Weiss and John, 1990).

In my dissertation, I show bundling is a form of price diserimination and a
way to reduce the variation in consumer valuations. This is in line with the classic
analysis of bundling by a multi product monopolist done by George Stigler (1963) in

regards to block booking of feature films and the Adams and Yellen (1976) model of



consumers with negatively correlated valuations for the two types of products offered
by a monopolist. Both theories show bundling is the best strategy as it reduces the
variation in consumer valuations. Furthermore, Schmalensee (1982) extends Adams
and Yellen's work by allowing for to the presence of a competitor in one of the two-
product seller’s markets. He argues that when the consumer demands for the two
goods are independent, pure unbundling does at least as well as pure bundling. He
further conjectures that mixed bundling may be the most profitable pricing strategy,
particularly when there is a negative correlation between the consumer valuations
for the two goods. His work is seminal in connecting the strategic foreclosure and
the multiproduct monopolist literatures.

When a competitor is present in one of the two-product seller’'s markets, Green-
lee et al. (2004) and Nalebuff (2004a) analyze how offering a bundling discount leads
to foreclosure of the single product competitive firm without the monopolist having
to price below the cost. Bundling has also been argued to be a good deterrent to en-
try in a two-product monopolist’s market, thus avoiding the use of predatory pricing.
Whinston (1990) reexamines the role of tying as an entry deterrent assuming the
potential Entrant to offer a differentiated product from the monopolist’s competing
one. When the monopolist does not precommit to pure bundling prior to entry,
bundling has zero strategic value, and the monopolist does just as well by selling
the products a la carte. However, if the monopolist precommits to pure bundling,
he will price less in order to make sure the monopoly good is being bought. Then
the Entrant’s profits are greatly diminished and entry is deterred. Nalebuff (2004b)

shows that pure bundling is the dominant strategy for entry deterrence and most ef-



ficient when the consumers have positively correlated valuations for the Incumbent’s
products.

Another related literature, the mix-and-match compatibility one, analyzes the
pricing and bundling incentives for a two-product seller offering the two components
to a system and facing a competitor in each of those market. Much like the present
dissertation, there is an assumption of no network effects (a consumer does not
derive extra utility from building the same system as other consumers). Matutes
and Regibeau (1988) develop a differentiated products model where two different
producers offer each two components to a system. Consumers view each component
type as horizonatally differentiated among the two firms. Their framework assumes
the two types of products have no individual use and a consumer only values the
system formed by putting a component of the first type and one of the second type
together. A consumer is then faced with many choices of forming his system. Their
main finding is that compatibility in components across firms is the market equilib-
rium, as it reduces competition and leads to higher profits. When it comes to best
pricing strategies, in a follow up paper, they argue Mixed Bundling is the equilibrium
for both firms, despite it not being profit maximizing. Einhorn (1999) extends these
results to the case of vertical differentiation among firms. Boom (2001) allows each
firm to choose its place in the product space only to find that under compatibility,
firms choose maximum differentiation in both components’ characteristics and un-
der incompatibility, the firms prefer minimum differentiation in one and maximum
differentiation in the other component.

More detailed literature review related to the specific research question of each



chapter can be found in the introduction sections 1.1 and 2.1. The overall structure

of the thesis and a short preview of contributions are outlined next.

1.3  Summary of Contribution

The current thesis contributes to the growing body of literature on bundling
in several important ways. First of all, our first model assumes an environment
where two competitors, a two-product seller and a single product one, coexist and
the two-product firm does not attempt to prevent the rival’s entry or foreclose them,
but simply to best respond to their presence via pricing. Second, consumers who
have negatively correlated valuations for two different types of products had only
previously been addressed in the case of a two-product monopolist offering both of
those goods. Schmalensee (1982) is a notable exception to that, but his analysis
did not extensively focus on these types of consumers, nor did it allow for product
differentiation among the competitors. We develop a differentiated product model
where consumers have negatively correlated valuations for the two-types of products
available. A two-product seller starts out as a monopolist in both markets and he
then faces competition in one of them from a firm offering a differentiated product.

Third, the compatibility literature with no network effects only focuses on
systems that require two different types of products in order to form the final good.
A unit of any of these two types of products has no utility without a unit of the other
type. Our main contribution to this literature is to address a different scenario: two

competing platforms who have stand alone values and whose utility can be enhanced



by a complementary product of no individual use, made available by only one of
the firms. The two-product seller must first decide whether to make its monopoly
product compatible to its rival’s platform or not (product bundling). Afterwards,
he will determine if price bundling is optimal.

The content of the thesis is organized in two separate chapters that do not
rely on each other and can be read on their own in any order. The first chapter
discusses bundling and competition and addresses the issue of price bundling in a
market where consumers have negatively correlated valuations for the two types
of products available. It examines the profitability of bundling for a two-market
monopolist with horizontally differentiated products. We find that when consumers
have negatively correlated valuations for the two types of goods, a bundle can extract
the full consumer surplus. Then, consistent with the previous literature, the two-
market monopolist’s optimal pricing strategy is Pure Bundling.

When competition is present in one of the two-product seller’s markets, Pure
Bundling remains the optimal pricing strategy. Its main strength is derived from its
ability to prevent any consumer interested in both types of products from forming his
own bundle using the monopoly product from one firm and the competing product
from the rival, as the monopoly good is only available in the bundle form. Further-
more, two out of the three types of goods available on the market (product type 1,
product type 2 and the bundle) can only be obtained by purchasing the bundle from
the two-product seller. Total welfare is maximized when the two-product supplier
offers the monopoly good individually, thus showing that while Pure Bundling is

certainly the profit maximizing strategy, it is not welfare maximizing.



The second chapter develops a framework of differentiated platforms with a
stand alone use and analyzes the impact the entrance of a monopoly, no stand
alone value complement has on the market outcomes. First, it addresses a product
bundling problem, as the first decision being made is the level of compatibility be-
tween the complement and the rival’s platform. Second, it examines the profitability
of bundling for the two-product firm offering a differentiated stand alone use, durable
platform and the monopoly durable complementary good. The complement brings
a positive benefit to its owner only if one has a compatible platform for it. There
are two types of consumers in the market: new and legacies. A legacy consumer has
purchased a platform from either firm in a previous period and is only interested
in the complement, if at all. Then, the two-product seller competes against a plat-
form only provider for new consumers and he is a monopolist in the legacy market.
In equilibrium, the two-product seller chooses to make the complement compatible
with its rival’s platform and offer its two products a la carte.

If compatibility cannot be achieved due to exogenous reasons, the two-product
firm’s strategy is dependent on the relative size of its own legacy consumers base. If
these are a relatively high percentage of the total legacy consumers market, then the
two-product seller maximizes profits by reaching out only to its own legacies and by
offering the two goods a la carte. Otherwise, the rival's legacy customers become of
greater importance and the two-product firm is best off offering a mixed bundle: its
own legacy consumers will purchase, at best, the complement alone at a monopoly
price, while the rival’s legacies will buy, if at all, the bundle, since they do need the

two-product seller’s platform in order to derive any utility from the complement.



Chapter 2: Bundling and Competition

2.1 Introduction

2.1.1 Motivation

Bundling is the nonlinear pricing strategy of selling two or more separate
goods and services as a specially priced package. The term "separate” implies that
there already exists a demand for the stand alone product. Flights from Chicago
to Miami are bundled with returns from Miami to Chicago; moreover, this round
trip can be bundled with a hotel and/or a car rental. Pizza places bundle multiple
toppings, fast food restaurants bundle burgers with fries and a drink. Computers
bundle screens, memory, modems, etc. and are in turn bundled with operating sys-
tems and pre-loaded software. New cars come with bundle options such as Naviga-
tion Systems, heated seats, DVD players, etc. Many bundles consist of complements
(pizza and toppings, burgers and fries, etc.), others of substitutes (two-ticket combo
to consecutive baseball games), while some are made up of independent products
(Hallmark type deals: buy 3 greeting cards and get a teddy bear at a fraction of
its original price). A bundle can also consist of multiple units of the same product

(toothpaste, detergent, cereal, for example, are sold in small and large packages).
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It is important to make a distinction between product and price bundling. Product
bundling defines integrated products that give extra value to the consumer (such
as the new car with extra features), while price bundling refers to packages sold at
a discount without any integration of the goods and services involved. This paper
focuses on the second type.

The current work investigates a two-product supplier’s incentives to bundle
his products and the welfare implications of his actions under the scenario of a
two-product monopolist then becoming a single product monopolist facing compe-
tition in his other market. The two products are assumed to have independent
demands, the consumer reservation values are negatively correlated and there is full
information about the products’ quality. The motivation for this paper comes from
both theoretical and empirical grounds. The current state of the single product
monopolist with a competitive market good literature focuses on price bundling as
a deterrent to entry or a way to foreclose an existing rival. Schmalensee (1982) is
the exception to that, but he simply mentions the existence of a competitor and the
effect of that on the two-product supplier’s pricing menu.

From an empirical stand point, there are industries in which entry cannot
be prevented by the monopolist. The news media industry is one such. Over fifty
percent of the zip codes in the US are served by one local newspaper only!. Due
to rapid developments in the world wide web and IT infrastructure, many readers

obtain their news online. In response to that, newspapers created websites with an

'Chandra (2009) finds that about half of the zip codes in the US are only served by one

newspaper, consistent with the scenario presented here.
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online version of their print one (both overlapping and extra content such as more
pictures, videos, real time updates, etc.). Local TV stations have also responded
to the internet boom by creating their own website with similar real time news
updates. Research shows ninety-three percent of internet news readers check two
or more online news sources each day?. The local news media (newspaper -print
and online version- and local TV station website) are each platforms that offer news
content to readers and sell ad space to advertisers. While advertisers value the
number of readers that see their ads, for readers, advertisers come bundled with the
news media of their choice; readers could derive positive or negative value from their
ads, but these ads are not a factor in their media platform choice decision. This is
the type of set up our paper models.

The current paper models competition explicitly. We assume spatial competi-
tion, a la Salop: the consumers’ preferences are proxied by their location on the unit
interval/circle, known to them ex ante and time invariant. Bundling is known to
work best for a monopolist when the consumers have negatively correlated valuations
for its two products. We further investigate if this result is robust to competition
and find that it is.

We first look at the two-market monopolist’s potential pricing strategies: (i)
offer the independent demand products individually, where consumers may buy
both, so to multihome between the two platforms, at component prices (Individual
Pricing), (ii) add a bundle (Mixed Bundling) at a price that will extract the full

surplus of the bundle buyers, (iii) only offer the bundle (Pure Bundling) or (iv) offer

2http://pewresearch.org/pubs/1508 /internet-cell-phone-users-news-social-experience

12



the bundle and one of the individual goods separately. We analyze the case of all
consumers having a positive valuation for each product and find the well known
result that Pure Bundling is the optimal strategy. Furthermore, we consider the
scenario of a strictly positive mass of consumers having a negative valuation for one
of the two products, but a positive one for the other and learn that the two-market
monopolist does strictly better when choosing the Mixed Bundling strategy because
he can extract strictly more surplus from its customers. Moreover, consumers are
better off when they have a negative valuation for one of the products, since Mixed
Bundling leaves them with a positive amount of surplus from singlehoming.

In order to focus on the effect of competition on the market outcome, we
assume entry to be exogenous. When a competitor enters one of the monopolist’s
markets, the latter must explore which pricing strategy (same choice set as in the
two-market monopolist scenario) gives him highest profits. Pure Bundling emerges
as the Incumbent’s optimal pricing strategy, as (i) it prevents any consumer from
forming their own bundle using the rival’s product and (ii) it smooths over the
variation in valuations consumers have for the Incumbent’s products. The result
that Pure Bundling is the optimal pricing strategy for a two-product supplier when
consumers have negatively correlated valuations is indeed robust to competition. To
further determine the ordering of optimality among the other strategies, we show
that the Incumbent’s profits are high when offering one product and the bundle
only, followed by Mixed Bundling and, last. Individual Pricing.

The Entrant has highest profits under Mixed Bundling. In equilibrium, he

is strictly worse off than under Mixed Bundling, worse off than under Product
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”A” /Print and the Bundle when his competitor has a small exclusive mass of con-
sumers, yvet always better off than under Individual Pricing. Consumers are best off
under Individual Pricing, followed by Product "A” /Print and the Bundle, Mixed
Bundling and Pure Bundling. Total welfare is maximized under Product " A” /Print

and the Bundle.

2.1.2 Literature Review

The questions of "why” and "when” bundling arises have been of great
interest to both economists and entrepreneurs. Three distinct theories have emerged
both from the economics and marketing fields to answer the first question. Firm side
rationales argue that bundling arises due to lower sorting costs (Keeney and Klein,
1983), lower inventory holding costs (Eppen, Hanson and Martin, 1991) or greater
economies of scope (Baumol, Panzer and Willig, 1980; Gilbert and Katz, 2001).
Demand side rationales support the theory of price discrimination (Schmalensee,
1982; Venkatesh and Mahajan, 1993, etc.), the seek for variety and the need for
balance within a portfolio (Farquhar and Rao, 1976; Bradlow and Rao, 2000) and
complementarity (Tesler, 1979; Venkatesh and Kamakura, 2003). The competitor
side rationales focus on the need for aggregation to reduce buyer heterogeneity
(Bakos and Brynjolfsson, 1999), tie-in sales and entry deterrence (Whinston, 1990;
Carbajo, de Meza and Seidmann, 1990) and the enabling of competition through
unbundling to facilitate market growth (Wilson, Weiss and John, 1990).

The "when” question is addressed by focusing on the degree of market com-
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petition in a multi good case (generally, the models are developed concerning two
goods only®). At one end of the spectrum stands the classic analysis of bundling by
a multi product monopolist done by George Stigler (1963) in regards to block
booking of feature films. He debunked the leveraging theory and brought forth his
price discrimination hypothesis that bundling the movies (called a pure bundle since
one cannot buy the products separately) reduces the between variation in consumer
valuations for each movie, thus increasing the seller’s ability to extract more of the
consumer surplus. Kenny and Klein (1983) disagreed with this theory and explain
block booking as a way to minimize information costs both by increasing the number
of transactions and the quantity of price information for the sales of a like product
and by preventing the TV stations from investing in information of little social and
private value.

Adams and Yellen (1976) take Stigler’s theory a step further by looking at a
two-product monopolist selling to consumers with negatively correlated valuations.
They take into account the cost of producing the bundle, the possibility of mixed
bundling, and the welfare implications arising from this. McAfee, MacMillan and
Whinston (1989) follow up on Adams and Yellen’s work by arguing that mixed
bundling always dominates pure bundling and further coming up with sufficient
conditions for mixed bundling to dominate individual pricing when the valuations
for the two products are independently distributed. They generalize their result for
any joint distribution of reservation values as long as the monopolist can monitor

purchases.

“Bakos and Brynjolfsson, (1999) are the exception to this.
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Schmalensee (1984) reexamines the Adams and Yellen model under the as-
sumption of Gaussian demand and focuses on non-negatively correlated consumer
valuations. He shows that pure bundling is optimal since bundling of independent
demands reduces the variation in the consumers’ reservation values and allows the
monopolist to extract more of the consumer surplus. Salinger (1995) goes back to
the negative correlation assumption in Adams and Yellen, but introduces the con-
cept of the monopolist benefiting from cost savings when offering a bundle. He then
argues that low costs encourage bundling.

Bakos and Brynjolfsson (1999) further show that in a setting with uncorrelated
demands and zero marginal costs, the more goods in a bundle, the more consumer
surplus extracted. Their result extends to positive correlation in consumers’ val-
uation only when the number of bundled products is large. Choi (2003) takes a
completely different approach by looking at a two-product monopolist who has a
well established product and a new one of uncertain quality. By bundling the two,
the monopolist takes advantage of his reputation in the first market to correct for
the information asymmetries in the other one; he incidentally also reduces the in-
formation costs and increases welfare and efficiency.

When the two-market monopolist faces competition in one of its markets, he
becomes a single product monopolist facing competition in its second good
market. Schmalensee (1982) adapts Adams and Yellen’s theory to show that when
the consumer demands for the two goods are independent, individual pricing does
at least as well as pure bundling, yet mixed bundling may be the most profitable
pricing strategy, particularly when there is a negative correlation between the con-
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sumer valuations for the two goods. His work is seminal in connecting the strategic
foreclosure and the multiproduct monopolist literatures. Greenlee et al. (2004) and
Nalebuff (2004a) show that offering a bundling discount leads to foreclosure of the
single product competitive firm without the monopolist having to price below the
cost. Nalebuff (2004a) looks at a particular case where the demand for the competi-
tive good is perfectly inelastic and proves that under exclusionary bundling, the firm
makes public the threat of raising its unbundled prices if the bundle is not bought.
In response to that, all consumers buy the bundle and so the threat never mate-
rializes. He further develops the Ortho test on whether or not an equally efficient
competitor can be excluded by the bundling monopolist. Greenlee et al. (2004)
relax the strictly inelastic demand assumption for the competitive good and focus
on bundling rebates. The single product monopolist engages in mixed bundling. A
consumer would receive a rebate if he purchased the competitive good from the sin-
gle market monopolist; if the consumer is only interested in the monopoly good, he
has the choice of purchasing it alone. They develop a test to expose bundling that
would reduce the consumer welfare by checking whether the stand alone monopoly
product bundling price is greater than in the case nonbundling.

Bundling has also been argued to be a good deterrent to entry in one of the two-
market monopolist’s markets, thus avoiding the use of predatory pricing. Whinston
(1990) reexamined the role of tying as an entry deterrent assuming the potential En-
trant to offer a differentiated product from the monopolist’s competing one. When
the monopolist does not precommit to pure bundling prior to entry, bundling has
zero strategic value, and the monopolist does just as well by choosing individual
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pricing. However, if the monopolist precommits to pure bundling, he will price less
in order to make sure the monopoly good is being bought, thus keeping more cus-
tomers. Then the Entrant’s profits are greatly diminished and entry is deterred.
Should entry still take place, the Incumbent would go back to his individual pricing
strategy. It is important to note that had it not been for the threat of enfry, the
Incumbent would have not chosen pure bundling, as this lowers his profits both due
to the lower prices in the competitive market and overproduction of the competitive
good and the fewer sales of the monopoly product. Nalebuff (2004b) shows that
pure bundling is the dominant strategy for entry deterrence and most efficient when
the consumers have positively correlated valuations for the Incumbent’s products.
Profits double compared to individual pricing and, present entry, they are still 50%
higher. The two main differences from Whinston's work are that competing market
products are identical and that consumers have heterogeneous valuations for the
monopoly product.

The paper is organized as follows: the two-market monopolist model is pre-
sented in section 2, while the single product monopolist one with competition in
the other good market is discussed in section 3. The latter section also compares
and contrasts the two pricing strategies and their respective equilibrium. Section 4
highlights the welfare implications and we conclude with section 5. All proofs are

in the Appendix.
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2.2 Two-Market Monopolist

2.2.1 Model

There is a two-market monopolist producing two different goods, each a
monopoly in its respective market. Using Hotelling’s framework of product differen-
tiation, assume the two products are located at the opposite ends of the unit interval
[0.1]. Firm 1 offers a type A good/service located at 0 and a distinct type M — A
located at 1 in Figure 1. Both products’ quality is fully disclosed to the consumers
without uncertainty. The monopolist is assumed to have zero costs when producing
both goods. There is a group of consumers of mass normalized to one and uniformly
distributed on the unit interval [0,1] according to Figure 1. The consumers’ pref-
erences are proxied by their location on the unit interval, known to them ex ante
and time invariant. They do not value the interaction with other consumers from
their group. Moreover, these consumers face a positive linear transportation cost of
t per unit of distance, such that a consumer located at x will incur a transportation
cost of ta should he purchase Product "A” /Print, a cost of #(1 — =) if he chooses
Product "M-A" /Ounline and a cost ¢ (sum of the two transportation costs of reach-
ing both products) if he decides to purchase both. The consumers derive a positive
benefit of @ per unit of goods and services obtained, so buying Product "A” gives
them a benefit of A, a benefit of a(M — A) if they purchase Product "M-A" and
a larger benefit of aM if they buy both goods/multihome (simply the sum of the

two individual benefits). Each consumer’s marginal utility from a second unit of
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Figure 2.1: Platform differentiaton a la Hotelling

a good he already purchased is zero. The demand for each good is independent,
meaning that a consumer’s demand for, say Product "M-A", is in no way affected
by his ownership of Product "A”.

We note that our uniformly distributed consumers have negatively correlated
valuations for the two products. The closer a consumer is to Product "A”, the
higher his valuation for this product: @A — tr and the lower for Product "M-A":
a(M — A)—1t(1—x). We make no assumption about the sign of the valuation for the
second good, given one has positive valuation for the first one. Then, in this case,
a(M — A) — (1 — x)0, when aA — tx > 0. To better see the negative correlation
in valuations, assume the consumer currently located at x moves £ units closer to
Product "A”, where ¢ > 0. Then the consumer’s net valuation for this product
has increased to aAd — t(x — ) and his valuation for the other product decreased
to a(M — A) — t(1 — (z — €)), which, again, can have any sign. The change in
the valuations is te for Product "A” and, respectively, — te, for Product "M-A",
a one to one correspondence. The perfectly negatively correlated valuations are a
result of the Hotelling modeling framework chosen. Our goal is to fully model the
competition once entry takes place by building upon the current set up and we argue

this was the most realistic and tractable way to do this.
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Figure 2.2: Salop Circle: differentiation a la Hotelling on the unit circle

Each consumer will have to pay a price for his purchase. First, the two-
market monopolist will announce his pricing strategy and price menu and then the
consumers will decide which good(s) to purchase. We have used the unit line to
show the roots of our model and the basic set up. In order to prepare the reader
for the competition model, we will move the current two-market monopolist from
the unit line to the unit circle, as shows in Figure la. Product "A"’s location is
normalized to zero and Product "M-A" is located at "a”.

To make the arguments below more intuitive, we let a = 1/2 (same place
the monopolist would chose if we solve the endogenous location model on the unit
circle*), but the results hold for any value of "a”.

This model applies to a myriad of markets where the monopolist sells two
goods with negatively correlated customer valuations. Consider the cable industry,

for example. A package of channels can contain all sports channel (ESPN, ESPN 2,

4Proof available from the author upon request
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Figure 2.3: Salop Circle: differentiation a la Hotelling on the unit circle (special

case a=1/2

Fox Sports, CSN, etc.), where the package itself is a bundle of channels viewers have
positively correlated valuations for, as to attract customers with high valuations for
each of these. Another such package would be made up of Lifetime type channels
(Bravo, Style, TLC, Oxygen, Hallmark, E!, Lifetime, etc.). We argue that consumers
who have high valuation for one of these packages, are likely to have a low one for
the other. Some households may only purchase the first package (i.e. male college
students dorm), others will only be interested in the second one (i.e. female college
students apartment) and some consumers will be interested in both (mixed gender
households)

Another such market deals with advertising choices in the media market.
Without loss of generality, I would like to now present our model in the context
of the news media market and use it as an application throughout the paper.

The Two-Market Monopolist
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We can think of these two jointly owned monopolies as the two versions of
a local newspaper: print and online. Readers see these as vertically differentiated
platforms. Online news is inadvertently preferred due to real time updates, videos,
more pictures, thus more informative content. Unless access is blocked, all readers
would prefer internet media. We will refer to the two firms as platforms from now on
whenever in the context of this industry. Advertisers see the two platforms as hor-
izontally differentiated. For example, readers of the print version are considered to
have restricted or inconsistent access to the internet and thus, advertisers associate
them with a lower income bracket.

We assumed the two-market monopolist incurs zero costs. The monopolist
will announce its pricing strategy: Individual Pricing (offering two separate prices
only), Mixed Bundling (offering individual platform prices and a bundle price), Pure
Bundling (one price only for the bundle, only the bundle is available for purchase)
or selling one component and the bundle only. The advertisers will decide which
platform(s) to sign with.

Readers

The type and amount A and type and amount of M-A goods and services
each firm supplies map into a total mass of M readers divided among the two news
platforms. An exogenous, fixed mass A of them only reads the Print version. These
could be readers who do not have regular internet access or are not tech savvy.
Furthermore, a distinct, exogenous, fixed mass M-A of readers choose the Online
version only. To build better intuition for our results, we will assume they pay a

null price for access to each of these platforms and none multihome between the two
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media (assumption both supported empirically’ and explained in our model by the
vertical differentiation of the news platforms and lack of access/technological ability
to the superior one by the group A of readers).

Advertisers

The consumer mass normalized to one franslates into a unit mass of adver-
tisers uniformly distributed on the unit circle. Advertisers only derive utility from
reaching readers and have no benefit from the news content of the two platforms.
Advertisers are aware there is a fixed mass A of Print only readers (most print
readers have subscriptions; alternatively such information and demographics can be
obtained from the Audit Bureau of Circulation) and a fixed mass M — A of On-
line only readers (the newspaper is tracking e-readers via forced account creation,
cookies, ete.). They derive a strictly positive utility o per unit of readers that will
see their ads (i.e. advertising in Print only gives utility awA, Online only a(M — A)
and both aM). Furthermore, since the platforms are differentiated a la Hotelling
and located at diametrically opposite points on the unit circle, the advertisers have
a strictly positive transportation cost t, such that aM — % > 0. Possible inter-
pretations of the transportation cost include the initial set up costs incurred when
learning about the readers, the actual cost of signing up with the platform(s) or the
actual physical cost of reaching the platform(s) or how close the demographics that
read their ads are to their ideal customer base.

Advertisers’ valuations for the two types of readers is negatively correlated:

an advertiser more interested in Online readers targets a higher income group (i.e.

“http://pewresearch.org/pubs/1508 /internet-cell-phone-users-news-social-experience
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luxury/new car dealership) and has little interest in low income readers (Print news-
paper readers). A local community college will advertise in Print as it target low
skill /low income workers and has little interest in educated, richer Online readers. A
local dentist’s office may value both types of customers similarly, so it will advertise
in both. Advertisers endogenously decide whether to reach out to one platform’s
readers only (singlehome) and pay the individual price for advertising on that plat-
form Pp or Pp or sign up with both news media (multihome) and pay the sum of
the two individual prices or a multihoming price Pop.

We refer to Figure 1a to see the net utilities for each of their potential choices
(note that these are net utilities for the right arc, the left arc ones are symmetric):

Up = aA - Pp — t(x) if an advertiser located at z chooses to place an ad
in the Print newspaper version

Up =a(M - A)— P, — ?‘(% —y) if an advertiser located at y chooses to
place an ad in the Online newspaper version

Upp=aM—Pyp—1it it an advertiser located anywhere on any arc chooses
to place an ad in both the Print and Online newspaper versions

{/'TO utside — 0

2.2.2  Analysis

In what follows, we call consumers who purchase both products the mo-
nopolist offers multihomers, so the two-market monopolist will sell his bundle to the

multihoming consumers only. The two independent demand products the monopo-
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list offers will be referred to as goods and services or, in the context of our specific

market application, readers. The bundling price is the price a multihomer would

pay for obtaining both products or, when referring to our specific application, the

price for reaching both Print and Online news readers (price of multihoming).
The Monopolist’s Pricing Strategies

The monopolist can either practice (i) Individual Pricing by offering only two
product (platform) specific prices { Pp, Py} to its consumers (advertisers) and having
any bundle consumers (multihoming advertisers) pay the sum of the two Pp+ P, (ii)
Mized Bundling by offering three separate prices {Pp, P,, P,p}, where the bundle
price Py p extracts the full consumer (multihoming advertiser) net surplus aM — £,
(iii) Pure Bundling {P,p} or (iv) offering the bundle and an individual good. The
Mixed Bundling bundle price result is straightforward from (a) the full information
the monopolist has about the consumers’ (advertisers’') valuation "a” for the good
(readers), (b) the knowledge of a total transportation cost of £ (should one choose
to multihome) and (c) the perfect negative correlation in consumers’ (advertisers’)
valuations for the two products (types of readers).

In practice, often the producer may not know the exact valuations consumers
have and how strong the negative correlation is, therefore, extracting the full surplus
may not be feasible. However, offering a bundle price apart from two individual ones,
does reduce the variation in perceived valuations and is guaranteed to extract more
surplus from the nonextreme consumers (no strong preference for one good or the
other).

In the current work, we always look for the equilibrium where the market is
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fully covered.

Lemma 1 Consumers (advertisers) have an elastic demand that leads to price in-

dependence among the two products (platforms).

Proof. All proofs are contained in the Appendix. m

Assume a consumer purchases one of the monopolist’'s products, therefore
deriving positive utility from doing so. He will be interested in acquiring the other
product too, as long as the additional utility from doing so is positive. The second
purchase decision is independent from his initial one. For example, a consumer
(advertiser) located at k on the unit circle and currently purchasing Product " M-
A” /Online, derives a positive utility a(M — A) — P, —t(1 —k) by doing so. He would
be interested in the other platform if and only the additional utility a A he could get
from that would at least fully cover his transportation cost of getting to Product
"A” /Print and the price on the second platform P, + tk, therefore giving him an
additional net utility of o A — Pp — tk. If this extra utility is not positive, there is

not incentive for the consumer to multihome. Thus, his decision to multihome is

independent of the price of the platform he is already a customer of.

Proposition 2 When all consumers have positive valuations for both of the monop-
olist’s products, Pure Bundling is the optimal pricing strategy, with a full surplus
extracting price of P5F = aM — % and profits 7% = aM — %

When there is a strictly positive mass of consumers with a negative valuation
for one of the two products, a two-market monopolist’s optimal strategy is to offer
a Mized Bundle {P5'?, Pp'P, P3P} where the bundle (multihoming) price PS’
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extracts the full multihoming consumer’s surplus. A unique equilibrium exists, where

the profit maximizing prices are all strictly positive:

2(2M — A) — ¢ _ 20(M + A) — ¢ t
M At pye WA AE pus_an-L )

MB _
P~ =

and the two-market monopolist will make a profit of

_ 202(2A?% — 2AM 4+ M?) 4+ 2aMt — 12
MB _ a?( ] - ) fa (2.2)

In regards to the first part of Proposition 1, Pure Bundling implies all con-
sumers purchase the bundle at the full surplus extracting price, thus maximizing
the two-product monopolist’s profits. Individual Pricing leaves its multihoming
consumers with a strictly positive surplus. To see that, we refer back to Figure 1a
and notice than any consumer located between x and y, will have a positive surplus
from signing up with Firm 1: Product "A” /Print (all consumers located [0,y) have
a strictly positive net utility for doing so) and also a positive net utility from sign-
ing up with Firm 1: Product "M-A"/Online (all consumers located (x,1] derive a
strictly positive surplus from doing so). Then PYEY > { PLP PAP. PP + PIP}, so
the seller’s profits are strictly lower compared to Pure Bundling.

Mixed Bundling does extract the full surplus of the bundle consumers, but
leaves its individual product customers with left over surplus. These buyers are
charged a smaller unit price compared to the Pure Bundle P}5% = aM — z. There-
fore, the two-product monopolist’s profits are lower compared to Pure Bundling.

If the producer offers Firm 1: Product "A” /Print only and the bundle,

the latter being offered at the full surplus extracting price PY§? = oM — £, he still

28



leaves his Product "A” buyers with left over surplus and charges them a price below
PLBY. Profits are below the Pure Bundle outcome. Same holds true for the Firm 1:
Product "M-A” /Online only and the bundle marketing strategy. Therefore,
Pure Bundling is the optimal pricing strategy for a two-market monopolist whose
consumers have negatively correlated, but positive valued valuations for the two
goods.

The following lemma will allow us to build intuition for the second part of

Proposition 1.

Lemma 3 Let consumers (advertisers) have a negative valuation for one of the two

MB
2

products. Under Mived Bundling, the individual component prices { P5'?, P}'?} are

higher than the bundle one Py’ = aM — %.

A consumer that has a negative valuation for the second product will actually
reduce his net utility when buying the bundle (which leaves him with zero consumer
surplus), compared to buying the higher valuation good only, even if the stand alone
good is priced higher than the bundle. We argue the two-market monopolist can
do no better by choosing Pure Bundling, as Pure Bundling is identical to Mixed
Bundling when the consumers located at both extremes derive zero net benefit
from the other good at a null price. If a strictly positive mass of consumers have
strictly negative valuations for the second product, Mixed Bundling does better, as

it manages to capitalize on this market segment via higher individual prices®.

In our cable packaging example, a family with elementary/middle school children may con-

sider certain channels/TV shows to go against the values and morals they want to instill in their
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We have already shown that Individual Pricing leaves its multihoming con-
sumers with a strictly positive surplus and its profits continue to be lowest. The
other two potential strategies are offering (i) Firm 1: Product "A” /Print only and
the bundle and (ii) Firm 1: Product "M-A" /Online only and the bundle, where the
bundle is being offered at the full surplus extracting price aM — . Each of these two
do worse than the Mixed Bundling strategy as we have shown that the component
prices are higher than the bundle price under Mixed Bundling. Then, each of these

two alternative pricing strategies eliminate one individual price that brought in more

offsprings (ie. Sixteen and Pregnant, The Housewives series, etc) and have a negative valuation for
such a cable package. A cable customer may not support a certain TV station/set of station as they
do not allign with his/her personal values (ie. the American Italian community movement against
the TV show Jersey Shore, the Iranian American community’s outrage over Shahs of Sunset TV
show) or political views, so signing up for such a station/package would give him a negative utility
even if it was for free. Other types of consumers are indifferent/ have a null valuation for a certain
cable package. The avid sports watchers roommates have no value for the Lifetime and co. TV
channels, but are also not bothered by their presence as long as they do not cost extra.

In our media market example, a high end jewelry store would only advertise to online readers, as
these are considered higher income. Having their ad ran in the print daily newspaper could be of
negative value even at a null price, as they would have their store frequented by low income window
shoppers taking up staff time asking for assistance with jewelry that they would never be able to
afford, thus taking away from stafl assisting actual buyers. Moreover, this population would take

]

away from the "exclusive” image of the jewelry store and negatively impact their reputation. A
Cash Point type service (take in a car title or proof of future pay to get cash on the spot) has zero

value from advertising in anything more than the print version, as online readers are most likely

not in need of such a service.
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profit per consumer than the bundle. They, however, increase profits compared to
Pure Bundling.

Equilibrium prices and profit when consumers have negative valuations for
one of the products are increasing in the valuation parameter a at different rates.
Singlehoming prices only capture half of this benefit increase to the consumers, while
the multihoming price will fully extract that. In the context of the media market,
the higher the relative number of readers in each media (A vs M — A), the higher
the relative monopolist singlehoming prices.

The current model assumes that a customer’s purchase of a product is identical

to him consuming it. However, in some real life instances”

, a consumer with negative
valuation for a product may still buy the bundle if priced lower than the preferred
individual components and discard the unwanted product. This way, he obtains the

higher valued good at a smaller price. Other times®, like in our model, the consumer

may not discard the negative utility product.

"In our scenario with the parents disagreeing with a certain set of TV shows/channels, a set
of them would buy the bundle if priced lower, as long as they have a TV set that has parental

controls features to block them.

®An advertiser buying a bundle of ad space in both the Print and Online newspaper cannot

choose not to publish in only one of the two if he bought the bundle.
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2.3 Single Market Monopolist Facing Competition in his Second Prod-

uct Market

2.3.1 Model

We now turn to a more complex case, where the Incumbent remains a
monopolist in one of its markets, but faces competition in the other one. Bundling
is known to work best when consumers have a negative correlation in valuations
for the two products in the two-product monopoly case. We further investigate
if this result is robust to competition. We assume Firm 1: Product "A” /Print is
still the only one offering type A goods and services, but Firm 1: Product "M-
A7 /Online now faces an Entrant that also offers a differentiated type M — A good.
Following Salop’s model of differentiation on the unit circle, we normalize Firm
1: Product "A”’s location at 0, assume the Incumbent Firm 1: Product "M-A""s
location exogenous and fixed at a € (0, 1) (our goal is not to compare profits with the
monopoly case, as that would be a trivial exercise, but rather to determine the new
optimal pricing strategy. Therefore, we allow "a” to take more values than a = 1/2.
As an exercise, our reader can always interpret our results with @ = 1/2) and the

Entrant’s location exogenous and fixed at b € (0,1)°. Without loss of generality, we

9For the reader interested in the application to the media markets, we think of Firm 1 as being
our Print newspaper, while Firm 2 being the Online version of this. The Entrant is the equivalent
of a local news website or a local TV station website, a close substitute to the Incumbent’s online
newspaper that also offeres free access to readers. This market set up is consistent with Chandra

(2009). whose data set shows that about half of the zip codes in the US are only served by one
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Figure 2.4: Platform differentiation a la Salop

assume 0 < a < b < 1 and all consumer reservation values are positive.

The first direct result is that consumers have no reason to purchase from both
competitors (advertisers have no incentive to multihome between Firm 1: Product
"M-A” /Online and Firm 2: Product "M-A" /Website platforms, since they will reach
the same mass M — A of readers on each). We model the two competing platforms as

differentiated a la Hotelling (advertisers may prefer Firm 1: Product "M-A"” /Online,

newspaper. Moreover, empirical research shows that 93% of Americans check two or more online
news media a day. We incorporate that in our model by assuming that every internet news reader
(mass M — A) will multihome between the two web news media (Online Newspaper and Local
Website).

When applying this model to the cable packaging example we had previously discussed, we
can think of the Entrant as a website that offers access to all the shows and movies available on
the Lifetime type channels for a fee (ie. Hulu). These two offers, though of the same content,
are differentiated products to our viewers. Some customers will prefer the cable TV package, as
they find viewing on the big screen more engaging, while younger, more tech savvy viewers value
mobility, thus being able to watch a movie anytime, anywhere on various devices (laptop, IPad,

phone, etc).
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say, because they can keep on using the same graphics format, assuming they used
to advertise Online before entry happened; others may prefer Firm 2: Product " M-
A" /Website, because this media identifies with their own political views).

The second direct result is that post entry, consumers (advertisers) can form
their own bundle by buying from different platforms: Firm 1: Product "A” /Print
and Firm 2: Product "M-A" /Website do not offer a pre-made bundle, but any
consumer located on arc (b, 1) can purchase both goods (buy ad slots in both media)
by just paying the individual prices.

The choice set for each consumer is dependent on their location on the Salop
Circle. In Figure 2, consumers located on the (0,a) arc have a strong preference for
Firm 1: Product "M-A"/Online as opposed to Firm 2: Product "M-A” /Website,
while the ones on (b, 1) prefer Firm 2: Product "M-A" /Website to Firm 1: Product
"M-A" /Online. Those who only want to target Internet readers are located on (a, b)
and again their location is a proxy for their preference among the two products based
on their characteristics (news media political views, ad formatting requirements,
etc.). Note that the mass "a” of consumers (advertisers) distributed uniformly on
the (0,a) arc is exclusive to the Incumbent. We will refer to this arc as the Firm
1: Product "A” /Print - Firm 1: Product "M-A”/Online market. The mass "b — a”
of consumers (advertisers) uniformly distributed on arc (a,b) is exclusive to Firm 1:
Product "M-A" /Online and Firm 2: Product "M-A” /Website, so we will call this
segment the Firm 1: Product "M-A” /Online - Firm 2: Product "M-A" /Website
market. The mass "1 — b” of consumers (advertisers) uniformly distributed on
arc (b,1) is exclusive to the Firm 1: Product "A” /Print - Firm 2: Product "M-
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A” /Website market.
Up = a(M — A) — P, — tzow/op
Uy = a(M — A) — Py, — tzow/we
Up=aA— Pp —tzypjop
Upp=0M — P,p — ta
Upy =aM — P, — P, —t(1 —b) U e =}
The timing is as follows: first, firms announce their prices simultaneously

and then consumers make their purchase(s).

2.3.2 Analysis

In order to solve for the market equilibrium, I analyze the interactions on
cach arc and incorporate them in the Incumbent and Entrant’s maximization prob-
lems. Lemma 1 still holds when one consumer is faced with the choice of purchasing
the monopoly good, so arcs (0,a) and (b, 1) in Figure 2. In the competitive market
(a,b), the reaction curves depend directly on the competitor’s price (see Appendix
for proof).

The Incumbent’s Pricing Strategies

The Incumbent can either practice:

(i) Individual Pricing by offering only two individual and product (platform)
specific prices { P, P,} to its consumers (advertisers) and having any bundle con-
sumers (multihoming advertisers) pay the sum of the two PiF + PLP (or PLY + PLP)

(i) Mized Bundling by offering three separate prices {Pp'?, P3P, PAP},
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where the bundle (multihoming) price P, does not extracts the full consumer (ad-
vertiser) net multihoming surplus (different from the two-market monopolist case
where P12 = aM — at).

(iii) Pure Bundling by offering only one bundle price {PFF} to its customers
(advertisers)

(iv) The Bundle and One Individual Good: {P§55, P§¥B} | {PLEE, PEFPE}.

The Entrant’s Pricing Strategy

The Entrant chooses one price Py,. Any consumer forming his own bundle
of (multihoming between) Firm 1: Product "A” /Print and Firm 2: Product "M-
A” /Website will pay the sum of the two prices Pf,‘“mjﬁ + Py

In what follows, I will discuss each Incumbent strategy in the current market

setting.

2.3.2.1 Incumbent Strategy 1: Individual Pricing

(PLP, PP, PYL = PIF + P

Under Individual Pricing, consumers on both the (0,a) arc - interested
in Firm 1: Product "A” /Print and Firm 1: Product "M-A" /Ouline - and (b, 1) arc
- interested in Firm 1: Product "A” /Print and Firm 2: Product "M-A" /Website
- have a symmetric choice set: referring to Figure 2, if located on (0,a), one can
either buy Product "A” /Print, purchase Product "M-A” /Online or acquire both; a
consumer on (b, 1) can also cither buy Product "A” /Print, purchase Product "M-

A” /Website or both. Firm 1: Product "A”/Print is still a monopolist to both
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Figure 2.5: Figure 3: Individual Pricing with Competition: Increase in the Firm 1:

Product "A” /Print price

the (0,a) and (b,1) consumers, as he is the only provider of the good of type A
(offers advertisers access to reader mass A) and prices as such. Its reaction curve
is still constant. Firm 1: Product "M-A”"/Online is still a monopolist when it
comes to consumers on (0,a) as the only supplier of good type M — A (readers
M — A) and Firm 2: Product "M-A” /Website is the same type of a monopolist
to its consumers on (b, 1). Better said, Firm 1: Product "A” /Print and Firm 1:
Product "M-A" /Online still price their products independent of each other, just as
Firm 1: Product "A” /Print and Firm 2: Product "M-A" /Website do.

Figure 3 analyzes the result of a Firm 1: Product "A” /Print price increase.
Let [z, y] represent the mass of consumers purchasing both Product ”"A” /Print and
Product "M-A"/Online. If Firm 1: Product "A” /Print’s price goes up, the consumer
located at x is still indifferent between buying Product ”"A” /Print or both, as he

has to pay the higher price under both circumstances. The consumer located at y
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used to be indifferent between purchasing Product "M-A” /Online and the bundle.
However, now he has a strict preference for the former, since acquiring both became
more expensive due to the Product "A” /Print price increase. The new consumer
indifferent between Product "M-A"/Online and the bundle is much closer to the
Firm 1: Product "A” /Print. Firm 1: Product "A” /Print does have fewer paying
consumers (advertisers) (mass z), while Firm 1: Product "M-A” /Online serves the
same mass of (1 — x) consumers at the same price. The price increase for Product
”A” /Print impacts not only the Firm 1: Product "A” /Print - Firm 1: Product
"M-A" /Online market outcome, but also, symmetrically, the mass of consumers in
the Firm 1: Product "A”/Print - Firm 2: Product "M-A” /Website (arc (b,1)).
Moreover, we note that each firm makes no distinction between component and
bundle consumers, since each type is charged the individual price for a product
(advertising slot).

In a similar way, we can argue the case of the Product "M-A” /Online price
decrease (see Figure 4): a decrease in the Product "M-A”/Online’s price will gain
the Incumbent more consumers (advertisers) in the Firm 1: Product "A” /Print -
Firm 1: Product "M-A”"/Online market. The difference appears in the Firm 1:
Product "M-A” /Online - Firm 2: Product "M-A”" /Website market, where there is a
smaller gain in consumers (advertisers) compared to arc (0, a), due to the direct price
competition and identical products (same type of M — A readers) the consumers
(advertisers) have access to. The case of Firm 2: Product "M-A” /Website price
change is similar.

Therefore, while the competitive firms’ (internet news providers’) reaction
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Figure 2.6: Individual Pricing with Competition: Decrease in the Firm 1: Product

"M-A" /Online price

functions are independent of their monopolist counterpart, they are directly and

symmetrically dependent on each other: Po = f(Pyw) and Py = f(Po).

Lemma 4 When the Incumbent chooses a Individual Pricing pricing strategy, a
unique equilibrium exists, where the two competing products have the same strictly

positive price

,  —2Aa+2aM + (b—a)t ,  —2Aa+2aM + (b—a)t
piP — el rr5 (b—a) pir = Q (&5 (b—a) (2.3)

and each is bought by half of the consumers (advertisers) in the competitive market.

The monopoly product price is

] A..'
PP = 2”. (2.4)

The Incumbent’s profits are

i 25A2a02% + 3(2Aa — 2aM + (—=b + a)t)?

M incumbent — 50t (20)
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and the Entrant will make a profit of

: 3(2Aa — 2aM + (=b+ a)t)? )
Tri‘fntra-m - 50t (26)

The higher the number of consumers on the (a, b) arc (having a distinet interest
in Firm 1: Product "M-A"/Online or Firm 2: Product "M-A" /Website only), the
higher the prices the competing firms (internet news providers) will charge. Their
symmetric prices are directly related to the product type (mass M — A of readers)
they offer and the consumers’ per unit benefit a. Firm 1: Product "A” /Print’s
monopoly price only depends on the product type and the consumers’(readers’) per

unit benefit «.

2.3.2.2 Incumbent Strategy 2: Mixed Bundling

{ P8, PYE PUE <ol = gt}

Under Mixed Bundling, consumers on arc (0,a) (Figure 2) can still pur-
chase Product "A” /Print at a price P38 or Product "M-A” /Online at a price
PA'B or both at the bundle price PP, Consumers interested in Firm 1: Product
"A” /Print and/or Firm 2: Product "M-A” /Website (arc (b,1)) have the option to
buy one product at the respective product (platform) price or purchase both and
pay the sum of the two individual prices P}/F = PM5 4+ PMB. Consumers interested
in Product "M-A" only (arc (a,b)) will purchase it either from Firm 1 or Firm 2 at
their respective price.

While in the two-product monopoly case, we showed that a fixed bundle price

Py = aM —at, where a = % that extracts all the (0, a) exclusive consumers surplus
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was optimal, this is no longer the case. While profits derived from the Incumbent’s
exclusive consumers found on the (0,a) arc would always be maximized, in order
for the Incumbent to push as many of these buyers as possible to purchase the
bundle, he would have to price the individual products very high. But this harms
the Incumbent’s profits in the two adjacent markets: Product "A” /Print - Product
"M-A” /Website and Product "M-A"/Online - Product "M-A"/Website. In the
(b, 1) market, Product "A” /Print is a monopolist, so any price increases will strictly
decrease its profits there. In the (a,b) market, the two firms compete directly, thus
an increase in the Product "M-A” /Online price leads to a smaller, but positive loss
in profits due to the buffer of direct competition. Then, the Incumbent must weigh
in the downward pressures on the individual Print and Online prices coming from
the (a,b) and (b, 1) market and the upward pressure to incentivize as many exclusive
(0,a) consumers as possible to purchase the bundle. Choosing a bundle price lower
than the monopoly case one will generate higher profits for the Incumbent.

Since the bundle price is higher than the individual prices, the Incumbent has
an incentive now to price higher PY'¥ > PP P)'B > PP and push most of its
single product buyers on the (0,a) arc to purchase the bundle at the higher price
P)P > PMEB. Direct competition between Firm 1: Product "M-A”/Online and
Firm 2: Product "M-A” /Website still results in interdependencies between the two
firm (platform) prices, as seen in their reaction curves. However, the symmetry
in their reaction functions found under Individual Pricing is lost, as consumers on
the (b,1) arch can form their own bundle, pay the two individual prices, while the
customers on the (0, a) arch will have to purchase the bundle at the given price.
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While we have argued that, strategically, Mixed Bundling creates an incentive
for the Incumbent to price individual components higher than in the Individual
Pricing case in order to push arc (0, a) consumers to acquire the bundle instead and
pay the higher bundle price PP > max{P¥, PAF}, this will cost the Incumbent
consumers (advertisers), who will now choose the Entrant both on the (a, b) and (b, 1)
arc. In a later section we will discuss if and when this pricing strategy is best for the
Incumbent. The Entrant also charges more compared to its Individual Pricing value,
but it will be the least price increase AP)'P~F > AP E-1F > APYEIP > 0.

Figure 5 works in detail through the differences and effects of the price in-
creases compared to the Individual Pricing pricing strategy. Under Individual Pric-
ing, all consumers on the right side arc (0,y) purchased (subscribed to) Product
"A” /Print, out of which, mass (0, ) acquired the single product only. Therefore,
the advertiser located at y was receiving zero utility from purchasing from Firm
1: Product "A” /Print. Under Mixed Bundling, Firm 1: Product "A” /Print’s price
increases, thus consumers much closer to Firm 1: Product "A” /Print (red line)
is indifferent between Product "A” and the bundle. This same Firm 1: Product
"A” /[Print price increase also reduces the number of Firm 1: Product "A” /Print
customers from z on the arc (b, 1) to the new red line. Following a similar argu-
ment, the Firm 1: Product "M-A"/Online price increase moves the marginal Firm
1: Product "M-A" /Online buyer from x to the blue line. A loss in (a,b) consumers
results under direct competition, due to the higher relative increase in prices for
Firm 1: Product "M-A" /Online compared to its Individual Pricing value than for
Firm 2: Product "M-A” /Website.
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Figure 2.7: Mixed Bundling with Competition (comparing Mixed Bundling and

Individual Pricing/Individual Pricing

The order of magnitude of the price changes compared to Individual Pric-
ing pricing is straight forward given the discussion above AP} 7~ > AP BE-IP
APy """ > 0. Firm 1 has the strongest incentive to raise the Product ”M-A” /Online
price as to push more consumers on arc (0,a) to multihome at a higher price; the
loss of consumers on the direct competition arc is softened by the existence of a
competitor and, even further buffered by the price increase of Firm 2: Product " M-
A” /Website. Firm 1 has the similar strategy with the price of Product "A” /Print
when thinking of the mass "a” of consumers, but does take into consideration the
full impact of its price increase on the adjacent arc (b, 1) and choose to raise its price
by a smaller amount. The Entrant has the smallest price increase compared to its
Individual Pricing level since he does not have an exclusive mass of consumers to

serve.
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Lemma 5 When the Incumbent chooses a Mized Bundling pricing strategy, a unique

equilibrium exists, where the Incumbent and Entrant offer the following prices:

—6Aa 4+ 6aeM + (a + Th)t

. 2a(—A+ M) — 9at + 13bt
pYE _ PUB — . (@
0 19 > Fy 57 (2.7)
P_ﬂJB = 64Aa — TaM + 2laf + 14th (2.8)
114
Pgﬁf‘ _ 14Aa + 43aM — 15at + 28bt (2.9)
114
The Incumbent’s profits are
. ?(1624A% — 1082AM + 541M°
Tr::hiinnbent - i ( 2 e o ) (21[])
2166t
(2.11)
2(331a — 210b)a(A — M)t
61— 210nale— M) (2.12)
2166t
(2.13)
366a> + T0ab + 245b°)t>
(366a +7.n”+ 50°) (2.14)
2166t
and the Entrant will make a profit of
22Aa — 22aM + 9at — 13bt)?

The higher the mass of consumers interested only in Firm 1: Product "M-
A7 /Online or Firm 2: Product "M-A" /Website, the higher the prices the two firms
(internet news providers) will charge, due to less intense competition. Their prices
are also directly related to the good type (mass M — A of readers) and the consumers’
perceived benefit a. Firm 1: Product "A” /Print is the only one that offers good
A (mass A of readers), yet under Mixed Bundling, its monopoly price no longer
depends only on that quantity and the consumers’ valuation for its good (readers),
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Figure 2.8: Pure Bundling with Competition

but also on the bundle (total number of readers). We explain this by the unique
feature of the Mixed Bundling strategy of having an incentive to push as many
consumers (advertisers) to bundling as possible by offering higher individual prices
than under Individual Pricing. As expected, higher differentiation among the three

products means each firm can price higher.

2.3.2.3 Incumbent Strategy 3: Pure Bundling

{Fop’

Pure Bundling is the best strategy in the two-product monopoly setting
when consumers have negatively correlated and positive reservation values, as it
smooths out the variation in valuations. We further inquire if this result is robust
to competition being introduced. The Incumbent offers the bundle only, so the only
way a consumer can obtain the Firm 1: Product "A” /Print or the Firm 2: Product

"M-A” /Online is by purchasing the bundle.
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When choosing Pure Bundling, the Incumbent names a price PS5 for both
the exclusive consumers (advertisers) on arc (0,a) and the ones on the (a,b) and
(b,1) arcs, as seen in Figure 6. Just as before, we still have direct competition on
arc (a,b), but the goods are no longer similar, as consumers now choose between
purchasing the Firm 2: Product "M-A" /Website or Firm 1: Product "M” /Print &
Online. The argument for no multihoming on the consumer (advertiser) side still
holds: no consumer would purchase from (sign on with) both Firm 2 and Firm 1,
since consumers on (a,b) are interested in the similar products of Firm 1: Product
"M-A"/Online and Firm 2: Product "M-A”/Website (or in online readers) and
derive utility only from having one of them (readers already multihome between the
two platforms).

While both Individual Pricing and Mixed Bundling led fo no competition
in the Firm 2: Product "M-A"/Website and Firm 1: Product "A” /Print market
(arc (b,1)), and, furthermore, the consumer was able to form its own bundle, now
direct competition on the (b,1) determines that no consumer would acquire both
Product "M-A" /Website and the Incumbent’s bundle; those interested in Product
"M-A" /Website product only can obtain it by purchasing it from that firm directly
and those interested in the bundle or Product "A” /Print or Product "M-A"/Online

only will have to buy the Firm 1/Print & Online bundle.

Lemma 6 When the Incumbent chooses a Pure Bundling pricing strategy, a unique

equilibrium exists where he prices

P‘PBC . 20:'14 — (—3 + t’]‘.)t
apP 6

(2.16)
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and makes a profit of

PBC (—2aA + (-3 + a)t)?
= : 2.17
Incumbent 36t ( )
The Entrant offers a price of
- ¥=To _2 .'A % t
pEaG,. ~ea T (2.18)
6
and makes a profit of
, —20A + (3 + a)t)?
ﬂ:‘;ft?ant - ( - ( a) ) ' (219)

36t

The bundle price directly depends on the good the Incumbent is still a mo-
nopolist of: the more Print readers, the higher the price for the bundle, so the
Incumbent leverages his advantage from that market. A higher exclusive market
(0,a) decreases the price. There are three forces acting here: first, for the Incum-
bent, a higher exclusive mass of consumers means (i) a lower price due to the higher
transportation cost the bundle customers face, (ii) even stronger negative corre-
lation in consumer valuations for the two bundled goods (a consumer located at
Qpew > Qinitial Will value Product "A” /Print even less and viceversa for a consumer
located closer to Product "A” /Print) and (iii) more intense competition in the (a, b)
market, all exerting a downward pressure on price. While the Entrant’s price faces
the same downward pressure from the third factor, there is an upward force acting
on it as well, since (i) Firm 2 is the only way a consumer on the (a,b) arch can
obtain a Product "M-A” and (ii) there is a smaller transportation cost incurred.

The higher the degree of differentiation among the products (higher t), the higher
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Figure 2.9: Product A" /Print and the Bundle Pricing Strategy with Competition

the price both can charge. More differentiation means a more defined nonexclusive

consumer taste for the good(s), thus a higher willingness to pay.

2.3.2.4 Incumbent Strategy 4: One Product and the Bundle

The Incumbent can also offer one product individually and the bundle only.
In line with the literature on this topic, the current work only looks at the market
covered outcomes. We find that the Incumbent would choose not offer Firm 1:
Product "M-A"/Online and the bundle Firm 1: Product "M” /Print & Online under
this assumption. However, it is feasible for him to offer Firm 1: Product " A” /Print
alone and the bundle.

Under this strategy, all consumers on the (b, 1) arc can form their own bundle
by buying individually from the two rivals. The exclusive Incumbent consumers (arc
(0,a)) must now choose between Firm 1: Product "A” /Print and the bundle, the
bundle being their only way to access Firm 1: Product "M-A”/Online’s product.
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On the (a,b) arc, all consumers are interested in the same type of product (internet
news readers) offered by Firm 2: Product "M-A” /Website and Firm 1: Product "M-
A7 /Online. Given that the latter is no longer available as a standalone product, they
are faced with the choice of Firm 2: Product "M-A" /Website and the Incumbent’s
bundle only. Then, the bundle price is influenced by two distinct forces: (i) the
downward pressure due to direct competition on the (a,b) arch and (ii) the incentive
to reduce the price in order to ensure (0,a) consumers buy the bundle instead of
Product "A” /Print.

Product "A” /Print is a monopolist in the (b, 1) market, therefore the Incum-
bent would feel the full impact of any price increases (no buffer from competition).
Moreover, there is an upward pressure on the Print price in the (0, a) market, where
the Incumbent’s goal is to push Product "A” consumers to purchase the bundle at
the higher price.

Overall, the Incumbent’s bundle price is below its Pure Bundling level. The
Firm 1: Product "A” /Print price is lower than the Mixed Bundling one, yet higher
than the Individual Pricing price.

We note that the price of the Incumbent’s bundle is lower than the Mixed
Bundling bundle price also, due to the competitive frontiers discussed above. How-
ever, the current bundle price is higher than the sum of the individual prices under
Individual Pricing. Furthermore, competing against the bundle, Firm 2: Product
"M-A" /Website’s price choice is PLPBC < PPBC due to its monopoly status in the

(b, 1) market.
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Lemma 7 When the Incumbent chooses to offer Product "A” /Print and the Bundle

only, a unique equilibrium exists where he prices

P& Bdl
Pk

52Aa — TaM + 1lat + 14bt; and bl o= 3‘4“”“‘;—6“”7”(2.20)

and makes a profit of

M Inewmbent T 4232t

B a?(2188A4% — 1732AM + 1041M?) 2

. 2a(a(914A — 913M) + 56D(3A + 8M))t

4232t

(817a* — 672ab + 392b°
4232¢

(2.25)

The Entrant offers a price of

—11Aa + 9aM — at + 5bt
23

P& Bdl __
praBd.

and makes a profit of

P&Bdl _ 3(11Aa — 9aM + (a — 5b)t)?
Entrant 1058¢ .

(2.21)
(2.22)
(2.23)

(2.24)

(2.26)

(2.27)

The bundle price depends directly on the other product the Incumbent offers.

We note that an increase in 7 b”

means a larger consumer mass (a, b), softer compe-

tition and, thus, higher prices for both firms. The bundle price decreases with "a”,



the partial distance any bundle buyer must travel to obtain the bundle. Similarly,
the Incumbent’s Product " A”’s price depends inversely on its other product "M-A"

n

and increases with "a” as now the market Firm 1: Product "A” - Firm 1: Product
"M-A" Print consumers have less of a valuation for the Online product. We note
that again, Firm 1: Product "A” /Print and Firm 2: Product "M-A” /Website are
both monopolists on the (b, 1) arch. Then Product "M-A” /Website’s price depends
inversely on Product "A” /Print, via its participation in the Firm 1: Product "M”
bundle and decreases with the distance between him and his direct competitor Prod-

uct "M”. For all prices, the higher the degree of differentiation "¢, the higher the

bundle price.

2.3.2.5 Comparative Statics and Profits

As the exclusive mass "a” of consumers in the Firm 1: Product " A” /Print
- Firm 1: Product "M-A"/Online market increases and, holding everything else fixed
(so "a” moves closer to ”b”, see Figure 2), there are fewer consumers (advertisers)
Firm 1: Product "M-A”/Online and Firm 2: Product "M-A”/Website compete
for. Referring to Figure 2, Firm 1: Product "M-A” /Online has the same mass of
consumers (advertisers) to reach out to (mass "b”), but their distribution changes
as a smaller amount of them are within the competitive interval (a,b). Firm 2:
Product "M-A" /Website has a smaller mass of potential consumers to serve (mass
"1 — a”) and, while the noncompetitive market consumers are the same ones, the

reduction takes place in the competitive market. Firm 1: Product "A” /Print can



reach a higher total mass of "1 — b+ a” consumers (advertisers).

Under Individual Pricing, both Firm 1: Product "M-A" /Online and Firm
2: Product "M-A” /Website cut their singlehoming prices by the same amount.
The two forces driving each are (i) the direct competition in the Firm 1: Product
"M-A” /Online - Firm 2: Product "M-A” /Website market and (ii) the price change
impact on the number of consumers (advertisers) they serve in their other respective
market. Both Firm 1: Product "M-A"” /Online and Firm 2: Product "M-A" /Website
gain the same amount of advertisers on their noncompetitive arcs, and split the loss
of consumers on the competitive arc (a, b).

Note that the lost mass Aa of consumers (advertisers) from the (a,b) arc
is transferred to the (0,a) arc, thus increasing the number of consumers that are
interested in Firm 1: Product "A” /Print and/or Firm 1: Product "M-A” /Online.
At a first glance, the reader may expect both P and PA” to further increase, since
there are more consumers (advertisers) showing interest in them (a0 + Aa).
However, we have showed that Firm 1: Product "A” /Print has a constant reaction
function which does not depend on the other Firm’s location. Firm 1: Product
"M-A” /Online accounts for its direct competitor Firm 2: Product "M-A” /Website,
but he is a monopolist to the consumers (advertisers) on arc (0,a). Offering equal
prices, both the profits of the Incumbent and the Entrant decrease by the same
amount. The decrease rate in the Incumbent’s profits is the second lowest (after
Mixed Bundling), since he names two prices and is able to respond to market changes
via both.

Under Mixed Bundling, two forces act on Firm 1: Product "M-A” /Online:
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Figure 2.10: Incumbent’s Profits under Individual Pricing (Pure Unbundling) and

Competition

(i) the incentive to reduce its price since the direct competition against Firm 2:
Product "M-A" /Website just became stronger and (ii) the need increase its price in
order to push as many arc (0,a) consumers (advertisers) to buy the bundle (multi-
home) in order to charge them the higher price P}%°. As the mass "a” of consumers,
PA'E is reduced most by the increase in "a”. In other words, the transportation cost
of multihoming increases one to one with the distance between Firm 1: Product
”A”/Print and Firm 1: Product "M-A”/Online, therefore leaving less surplus to be
extracted by the Incumbent from its bundle consumers. The Incumbent is looking
to make up part of that loss by putting more emphasis on the second factor above
and PSP increases by a small amount.

Similarly, Firm 1: Product "A” /Print’s need to push as many arc (0,a) con-
sumers (advertisers) to multihome means an increased price compared to the Indi-

vidual Pricing outcome. Then, this higher-than-monopoly price hurts the Incumbent

in the Firm 1: Product "A” /Print - Firm 2: Product "M-A" /Website market. As
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a result, PMP will increase its value the most as the size of the exclusive market
increases. As a quick note, we mention that the Entrant reduces its price, as he
simply reacts to the more intense competition in the market (a,b), given he is a
monopolist in the (b, 1) one. This points further helps understand why the increase

SB | given the two rival firms’ differentiated products

in PA'P is less compared to P
are strategic complements.
The Incumbent’s profits are decreasing in "a”. Intuitively, for small "a”s, the
market Product "A” /Print-Product "M-A” /Online consumers have high positive
valuations for both of the Incumbent’s products and the PP is highest due to the
small arc one has to travel to reach both Firm 1: Product "A” /Print and Firm 1:
Product "M-A" /Online. Moreover, the individual prices are lowest in order to make
up for the small exclusive market and gain profits in the adjacent ones. However, as
"a” gets larger, the bundle price decrease to account for the higher transportation
cost of the bundle buyers (less valuation for both products) and the individual prices
increase to make up the loss in profits. Overall, the profits on the adjacent arcs
(a,b) and (b,1) are decreasing because of the higher Incumbent component prices
Incumbent profits start decreasing (similar to Figure 8 or see Figure 9). We note
that the decrease in profits is lowest under Mixed Bundling, as the Incumbent has
the ability to name three prices and more flexibility in responding to any changes.
The Pure Bundling (PBC) price decreases at a much slower rate as the size
of the exclusive market increases. The Incumbent faces stronger competition on the

(a,b) arc and less surplus to extract from its exclusive and market (b, 1) consumers

due to the higher distance they have to travel. The fact that the Incumbent has



customers outside of his exclusive market and that he starts with a price less than
the full surplus extracting one Pj}’ allows him to cut price by a lesser amount as
"a” increases. The shape of the profit function is much like the one for Individual
Pricing (see Figure 8), but a bit steeper (see Figure 9).

Under Product ”A” /Print and the Bundle, as "a” increases, competi-
tion becomes more intense in the Firm 1: Product "M” /Print & Online - Firm 2:
Product "M-A" /Website market and the bundle price decreases at a faster rate than
under Pure Bundling. The Incumbent will be raising its standalone Firm 1: Product
"A” /Print price as the mass of exclusive consumers increases since now multihom-
ing between Firm 1: Product "A” /Print and Firm 1: Product "M-A” /Online is
getting more expensive due to the larger distance travelled. Then, Firm 1: Prod-
uct 7A” /Print is suddenly more attractive to the consumers particularly interested
in this product (closer to 0). Firm 1: Product "A” /Print can now extract higher
rents from the exclusive consumers by increasing its price by less than under Mixed
Bundling.

The consumers’ ability to form their own bundle of Firm 1: Product 7 A” /Print
and Firm 2: Product "M-A" /Website is hurting the Incumbent compared to Pure
Bundling. Profits are decreasing at an increasing rate. The decrease in profits rate
as "a” increases is highest under Product "A” /Print and the Bundle when "a” is
small since the Incumbent must respond to the intensifying competition in the (a, )
market and highest under Pure Bundling for large "a”s, as the two-product seller
must take into account the large transportation cost all of its consumers must incur

in order to buy his bundle.



2.3.3  Equilibrium

The key point about Pure Bundling is its ability to restrict the consumer’s
ability to form its own bundle on the (b, 1) arc, as the only available goods are the
Incumbent’s bundle or the Entrant’s product. The Pure Bundling price is higher
than both the Incumbent’s individual product prices under Individual Pricing and
the bundle one too. The Entrant’s price is higher too, as he is the only option
now for an individual good for arc (a,b) and (b, 1) consumers. In the context of
our newspaper market, an advertiser only interested in reaching internet readers
is willing to pay the Entrant much more as he is the only one offering him that
opportunity.

The Pure Bundling price is also higher than the Incumbent’s individual good
prices under Mixed Bundling. The Entrant’s price is higher under Pure Bundling
than its Mixed Bundling equivalent. Since under Product "A” and the Bundle,
the consumers can still form their own bundle by purchasing Product "M-A" from
the rival, the bundle price is below its Pure Bundling value, which also reduces the
Entrant’s price.

Having talked about the forces and incentives present with each of the four
pricing strategies, we are now ready to compare the Incumbent’s profits under the
four regimes.

We argue that the Pure Bundling pricing strategy will always bring the In-
cumbent strictly higher profits than Individual Pricing. Under the former, Firm

1/Print & Online sells one product only and competes head on with the Entrant



both in the (a,b) and (b,1) market. Moreover, no consumer can form his own bun-
dle using the rival’s good. In the Individual Pricing scenario, the direct competition
only happens on arc (a, b), between the providers of similar goods (Firm 1: Product
"M-A” /Online and Firm 2: Product "M-A" /Website) and any consumer on the
(b,1) arc can form his own bundle by purchasing each component separately. The
difference between the two profits is decreasing at an increasing rate.

We further find that the Pure Bundling price strategy will always yield the
Incumbent strictly higher profits than Mixed Bundling. For large values of "a”, the
Mixed Bundling bundle price is higher than the Pure Bundling one, since under
the former any Incumbent’s bundle buyer will travel exactly the distance "a” to
obtain the bundle, while under Pure Bundling, bundle buyers from the (a,b) and
(b, 1) arch have to add to that travel distance. Mixed Bundling loses profits on its
singlehomer consumers who could be purchasing the bundle if there was no other
way to obtain the Incumbent’s products. That is how Pure Bundling extracts more
surplus and it further restricts any consumer from using the rival’s product to form
his own bundle. As "a” increases, the difference between the Pure Bundling (PBC)
and Mixed Bundling profits is decreasing at an increasing rate, yet Mixed Bundling
never quite catches up with Pure Bundling, making the latter the optimal strategy.

Product "A” and the Bundle offers a bundle price lower than its Pure Bundling
equivalent, as now consumers on the (b,1) arch can form their own bundle using
the Entrant’s product. Currently, the Incumbent is selling the bundle to some of its
exclusive consumers and those with a high preference for the rival goods (arc (a,b)).

As 7a” increases, the difference between the Pure Bundling (PBC) and Product
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Figure 2.11: Individual Pricing vs Mixed Bundling vs Pure Bundling vs Product

”A” /Print and the Bundle

"A” and the Bundle profits is decreasing at an increasing rate, yet Product "A” and
the Bundle profits never quite reach the Pure Bundling ones, making the latter the

optimal strategy.

Proposition 8 Once entry occurred in one of the Incumbent’s markets, the In-

cumbent’s profit mavimizing strategy is Pure Bundling with PJEC = M

PBC _ (—20A4+(—3+a)t)®
I'ncumbent — a6t

yielding a profit of ™

Therefore, the result that Pure Bundling is the best strategy in the two-product
monopoly setting when the consumers have positive and negatively correlated val-

uations is robust to the presence of competition.

Deviations from the Market Equilibrium
In this section, we want to see if the Incumbent would ever deviate from the
Pure Bundling strategy. In order to search for profitable deviations, we take the

Entrant’s Pure Bundling reaction function as given and allow the Incumbent to



deviate to:
(i) offering Product "A” and the Bundle;
(ii) offering Product "M-A" and the Bundle;
(iii) offering the products both individually and in a bundle (Mixed Bundling)
(iv) offering the products individually only (Individual Pricing).
[ particularly focus on cases (i) and (iii) in the discussion below, though all

four cases are covered in detail in the Appendix.

If the Incumbent is to deviate to the Firm 1: Product "A”/Print and the Bun-
dle pricing strategy, all consumers on the (b, 1) arc can now form their own bundle
by buying individually from the two competitors. Since there is no competition
between Firm 1: Product "A” /Print and Firm 2: Product "M-A” /Website, there is
also no buffer for any price of Product "A” changes (the two-product seller will face
the full effect of a price change). Moreover, the price of Product "A” /Print faces an
upward pressure on the (0,a) arch in order to push as many exclusive consumers as
possible to purchase the bundle.

The exclusive Incumbent consumers (arc (0, a)) now choose between Firm 1:
Product " A” /Print and the bundle, the bundle being their only way to access Firm
1: Product "M-A” /Online’s product. The bundle price must respond both (i) to the
direct competition against the Entrant’s product in the Firm 1: Product "M” /Print
& Online - Firm 2: Product "M-A” /Online market (downward pressure) and (ii) to
the incentive to offer a lower price in order to determine more exclusive consumers in

the (0, a) market to purchase the bundle instead of Product ”A” /Print. Therefore,



PEDBC < PPBC and while PFPBC > PIP | its value is still below the Mixed Bundling
one.

Since the Entrant’s best response function is the same as under Pure Bundling,
he only takes the rival’s bundle price into consideration. The Incumbent’s bundle
best response takes the Entrant’s reaction function as given and directly depends on
its other product. Then, under this deviation, Firm 2: Product "M-A” /Website’s
price choice is PEPBC < PIBC due both to its monopoly status in the (b, 1) market
(the Entrant faces the full effect of a price change) and the direct competition on
the (a, b) arch.

We find that the Incumbent’s profits from deviating are below the Pure Bundling
level. The consumers’ ability to form their own bundle of Firm 1: Product "A” /Print
and Firm 2: Product "M-A” /Website is hurting the Incumbent compared to Pure

Bundling.

If the Incumbent is to deviate to the Mized Bundling pricing strategy, all con-
sumers on the (b,1) arc can now form their own bundle by buying individually
from the two competitors. Since there is no competition between Firm 1: Product
"A” /Print and Firm 2: Product "M-A" /Website, there is also no buffer for any price
of Product "A” changes (the two-product seller will face the full effect of a price
change). Moreover, the price of Product "A” /Print faces an upward pressure on the
(0,a) arch in order to push as many exclusive consumers as possible to purchase the
bundle.

In the (a,b) market, all consumers now choose between the two rival goods:
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Firm 1: Product "M-A”/Online and Firm 2: Product "M-A” /Website. There are
two forces determining the price of the Incumbent’s product: (i) the direct compe-
tition on the (a,b) arch that pushes the price down and (ii) the incentive to price
higher individually as to determine as many arch (0,a) buyers as possible to pur-
chase the bundle instead of the individual Incumbent goods. We note that the
Entrant’s best response function is the same as under Pure Bundling, he only takes
the rival’s bundle price into consideration. Then both the Incumbent’s bundle price
and the Entrant’s are higher than under Pure Bundling. Moreover, all individual
product prices are higher than under Mixed Bundling, but since the Entrant’s best
response is that of Pure Bundling, its price increase is least, as it only depends on
the deviation bundle price. We find that the Incumbent’s profits from deviating are
below the Pure Bundling level. The consumers’ ability to form their own bundle
of Firm 1: Product "A” /Print and Firm 2: Product "M-A” /Website is hurting the
Incumbent compared to Pure Bundling.

We have argued that there are no profitable deviations for the Incumbent, thus

Pure Bundling is his optimal pricing strategy.

2.3.4 Entrant’s Profits

While in the current paper we do not model the entry decision and take
firms’ locations as exogenous, we note that Whinston (1990) and Nalebuff (2004a)
show that Pure Bundling does deter entry (see the Literature Review section for

more details on this result and their model set up). While our model may resem-
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ble Whinston’s more, since we too assume the Entrant’s good to be differentiated
from the Incumbent’s (Hotelling/Salop differentiation). We also explicitly model
the competition and assume (indirectly, via the nature of the type of differentiation
chosen) negative correlation in consumers’ valuations for the two Incumbent prod-
ucts (two types of readers: Print and Online). In our model, since we assume no

costs, the Entrant’s profits are always positive.

Proposition 9 Under Pure Bundling (PBC), the Entrant is strictly worse off than
under Mized Bundling, strictly worse off than under Product "A”/Print and the
Bundle for

V.- PB_P
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) and always better off than

Individual Pricing.

Following our discussion for the Incumbent’s dominant strategy, under Mixed
Bundling, the Entrant faces competition only on the (a,b) arch from the product
similar to his. Moreover, under Mixed Bundling, all prices are higher compared
to Individual Pricing and Product "A” /Print and the Bundle, thus yielding the
Entrant highest profits. If the Incumbent were to choose the Product "A” /Print
and the Bundle strategy, the Entrant would only face competition in its (a, b) market
and it would be against the Incumbent’s bundle. Then, the price for Product "M-
A” /Website is lower than under Mixed Bundling and Pure Bundling, thus yielding
Firm 2 lower profits than under Mixed Bundling. Moreover, when "a” is small, the

(a,b) market competition is very relaxed under Product "A” and the Bundle and
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since there is no competition in the (b, 1) market, Firm 2 accrues higher profits than
in the Pure Bundling case.

Pure Bundling introduces direct competition in both the (a,b) and (b, 1) mar-
ket. There are two competitive forces the Entrant must take into account: (i) now
the Entrant faces competition on the (a,b) arc against an even more differentiated
product "M” /Print & Online, and (ii) he is no longer a monopolist in the (b, 1)
market and must respond to direct competition against the same product as in its
first market. Then the Entrant’s profits are lower under Pure Bundling compared to
Mixed Bundling. However, Pure Bundling profits are still higher than the Individual

Pricing ones, since under the latter, all prices are lowest.

2.4 Welfare

2.4.1 Two-Market Monopolist

We quickly note that when all consumers have positive valuations for both
products, Pure Bundling is the optimal pricing strategy. Consumers (Advertisers)
have their full surplus extracted. At the opposite end of the spectrum, they have
most surplus left under Individual Pricing. The monopolist has lowest profits under
Individual Pricing and highest under Pure Bundling. Readers are best off under
Pure Bundling as all see all ads. Owerall, total welfare is highest under Individual
Pricing for extreme values of "A” (readers in Print) and low differentiation among
the products.

Proposition 1 states that when a strictly positive mass of consumers have
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a negative valuation for one of the products, a two-market monopolist prefers
a Mixed Bundling pricing strategy, where the bundle price extracts the full sur-
plus of its bundle buyers, while the individual prices are able to extract even more
net surplus for the consumers with a negative valuation for one of the products.
While the monopolist benefits from choosing Mixed Bundling, consumers (adver-
tisers) are worse off than under Individual Pricing and better off than under Pure
Bundling. Under Individual Pricing, we have shown prices are lower, so all con-
sumers (advertisers) are left with positive surplus after making their purchase(s).
Under Pure Bundling, all are forced to buy the bundle, even if it brings them a neg-
ative marginal utility. The total consumers’/advertisers’ surplus is substantially
lower under Mixed Bundling, compared to Individual Pricing and higher compared
to Pure Bundling. It is important to note that consumers are better off if they have
a negative valuation for one of the products, as they are left with positive surplus.

Overall, Mixed Bundling generates lower total welfare than Individual Pricing
and higher total welfare than Pure Bundling and any product and the bundle only
strategy, since some of the consumers with negative valuations will acquire only the
product they have a positive valuation for and have some surplus left over after their
purchase. If we go back to our application of the model to the media market, with
the two markets being the print version of a newspaper and the online one, readers
of each of these versions (note they are a disjoint group, no readers multihome among
the two platforms) benefit from Mixed Bundling compared to Individual Pricing, as
they are exposed to more advertising due to the more multihoming. However, they

are always better off under Pure Bundling, as they are able to see all ads.
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2.4.2  One Market Monopolist and Competition

The first thing to note under Pure Bundling is that consumers are de-
nied the choice of making their own bundle with a product from Firm 1: Product
"A” /Print and another from Firm 2: Product "M-A” /Website or buying only one
of the Incumbent’s bundle components when that would maximize their net utility.
The welfare comparison analysis can no longer be done based on price only, so we
take each type of consumer, analyze his net utility under one strategy, then find his
type under Pure Bundling (i.e., a Firm 1: Product "A” /Print single product con-
sumer on the (b, 1) arc can now become a bundle only buyer or a Firm 2: Product
"M-A" /Website consumer) and do the same. Comparing the net utilities will give
us a detailed break down of the welfare implications.

Pure Bundling (PBC) makes the consumers (advertisers) worse oftf than In-
dividual Pricing. As we have shown before, both the Incumbent and the Entrant’s
Pure Bundling prices are higher than the Individual Pricing corresponding ones.
All consumers who were purchasing both Product "A” /Print and Product M-
A” /Online now derive a lower net utility as we have proved that P)F > PIP prE >
PLY and PYE > PAY . On the (b, 1) arc, previous Firm 1: Product "A” /Print single
product consumers all buy the bundle now, which makes them worse off. Those
acquiring both Product "A” /Print and Product "M-A" /Website under Individual
Pricing will either buy the bundle or Firm 2: Product "M-A” /Website’s product and,
in both cases, do worse. On the (a,b) arc, some Product "M-A" /Online only con-

sumers buy the bundle, while others purchase from Firm 2: Product "M-A” /Website
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and, in both cases, derive less net surplus. Firm 2: Product "M-A” /Website cus-
tomers are strictly worse off due to a higher individual price P?¢ > PLF. Therefore,
advertisers are worse off than under Individual Pricing. We have shown both the
Incumbent and the Entrant makes higher profits under Pure Bundling compared to
Individual Pricing. Ovwerall, total surplus is higher under Individual Pricing for
larger values of "a”.

A Print reader will see all but the Website ads, while an internet news (Online
and Website, since all internet news readers multihome) reader will see all ads. Print
readers are strictly better off compared to Individual Pricing, Internet news readers
are strictly better off with access to all ads, and, overall, readers are better off.

Mized Bundling means lower Incumbent and Entrant individual prices than
Pure Bundling. We note that the Mixed Bundling Product "M” /Print & Online
price is higher than under Pure Bundling for large values of "a”, since under the
former every bundle exclusive consumer incurs a travel cost of ta, while under the
latter, bundle consumers from the (b, 1) and (a, b) market have higher transportation
costs.

The previous Product "A” /Print Mixed Bundling consumers in the (b, 1) mar-
ket are worse off under Pure Bundling, as they (i) can no longer form their own bun-
dle using the rival’s good and (ii) must purchase the Incumbent’s bundle in order to
gain access to Product "A” /Print. The Mixed Bundling multihomers in this market
separate into Entrant and Incumbent customers under Pure Bundling. Each are
worse off: the former since now they must consume a bundle that contains the least

preferred differentiated good Product "M-A”/Online instead of their first choice
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Product "M-A” /Website; the latter since they will now only consume the Entrant’s
good and derive less utility that from the self formed bundle under Mixed Bundling.

»

All other Firm 2: Product "M-A" /Website previous and current singlehomers are
worse off since they pay higher prices under Pure Bundling P{#¢ > P} 5.

The same is true for the Firm 2’s consumers in the (a, b) market. The Entrant
consumers under Mixed Bundling that are still its buyers under Pure Bundling are
worse off because of the Product "M-A”" /Website price increase. We find that some
of Entrant’s previous customers under Mixed Bundling will purchase the Incum-
bent’s bundle under Pure Bundling, but that still brings them lower surplus. All
previous Firm 1 consumers in this market have an ambiguous change in welfare un-
der Pure Bundling, depending on the size of "a” and the degree of differentiation "t”
among the products. All exclusive consumers have an ambiguous change in welfare
as well under Pure Bundling, depending on the same two parameters.

We have found that overall, consumers (advertisers) are better off under
Mixed Bundling. The Incumbent is better off under Pure Bundling, but the
Entrant is worse off. Overall, total surplus is higher under Pure Bundling for
lower values of "a”. If we go back to our example of consumers being advertisers
and the products being reader masses of the Print newspaper or Internet news, we
argue that both Print and Internet news readers see more ads under Pure Bundling
compared to Mixed Bundling, thus readers are better off.

Under the Product "A”/Print and the Bundle pricing strategy, all consumers
(advertisers) are better off due to lower prices compared to Pure Bundling, since

(i) buyers can make their own bundle on the (b, 1) arch using the rival’s product,

67



(i) customers interested in Product "A” /Print only can buy it individually and (iii)
all prices are lower. The Incumbent is worse off under Product ”A” /Print and the
Bundle, while the Entrant is better off for small values of "a” only. Overall, total
welfare is higher under the Product "A” /Print and the Bundle strategy. Again, if
we think of our consumers are advertisers purchasing slots in a news source with a
mass "A” or "M-A" readers or both, Print readers see the most ads compared to all
other marketing strategies.

All in all, consumers (advertisers) are best off under Individual Pricing, fol-
lowed by Product "A” /Print and the Bundle, Mixed Bundling and Pure Bundling
(the dominant strategy brings least surplus to the buyers). Print readers are best
off under Product "A” /Print and the Bundle, followed by Pure Bundling and, re-
spectively, Individual Pricing and Mixed Bundling. Internet readers are best off
under Pure Bundling, then Product "A” /Print and the Bundle, then Individual
Pricing and, at last, Pure Bundling. Total welfare is maximized under Product
"A” /Print and the Bundle, thus showing that while Pure Bundling is certainly the

profit maximizing strategy, it is not welfare maximizing.

2.5 Conclusion

The current work investigates a two-product supplier’s incentives to bun-
dle his products and the welfare implications of his actions under the scenario of
a two-product monopolist then becoming a single product monopolist facing com-

petition in his other market. The two products are assumed to have independent
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demands, with consumers having negatively correlated valuations.

The two-market monopolist can (i) offer the independent demand products
individually and allow consumers to buy both (multihome between the two plat-
forms) at separate prices (Individual Pricing), (ii) add a bundle to the mix (Mixed
Bundling) at a price that will extract the full surplus of the bundle buyers, (iii) sell
the bundle only (Pure Bundling) or (iv) offer the Bundle and one individual prod-
uct. Under the assumption of Hotelling differentiation of the two products, when all
consumers have a positive valuation for both products, we obtain the standard result
in the literature: Pure Bundling is the optimal pricing strategy. If a strictly positive
mass of consumers have negative valuations for one of the two products, the mo-
nopolist can do strictly better by choosing the Mixed Bundling strategy because he
can extract strictly more surplus from its single-product customers. This result does
not contradict the previous literature arguing that bundling is best when consumers
have positive valued, but negatively correlated valuations, but further extends it by
showing that a negative valuation for one of the products can be exploited by the
monopolist via Mixed Bundling.

We show that when a competitor enters one of the monopolist’s markets, the
latter must explore which pricing strategy gives him higher profits: Individual Pric-
ing (offering the two goods separately only, allowing the consumer to make his own
bundle, should he be interested), Mixed Bundling (offering the two goods individ-
ually and as a bundle), Pure Bundling or offering the bundle and one individual
product. Pure Bundling manages to improve the Incumbent’s outcome compared
to all other pricing strategies, as it smooths out the variation in valuations and pre-
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vents any buyer from forming his own bundle using the rival’s product. Therefore,
the result that Pure Bundling is the best strategy in the two-product seller setting
when the consumers have negatively correlated valuations is robust to competition
being introduced.

The Entrant has highest profits under Mixed Bundling. In equilibrium, he
is strictly worse off than under Mixed Bundling and, when "a” is below a cut off
value, also worse off than under Product "A” /Print and the Bundle, yet always
better off than under Individual Pricing. Consumers (advertisers) are best off under
Individual Pricing, followed by Product " A” /Print and the Bundle, Mixed Bundling
and Individual Pricing. Total welfare is maximized under Product "A” /Print and
the Bundle. We note that in the context of our newspaper advertisers, Print readers
are best off under Product " A” /Print and the Bundle, followed by Pure Bundling
and, respectively, Individual Pricing and Mixed Bundling. Internet readers are
best off under Pure Bundling, Product " A” /Print and the Bundle, then Individual

Pricing and, at last, Pure Bundling.
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Chapter 3: Compatibility and Bundling in a Market with a Monopoly

Complementary Product

3.1 Introduction

3.1.1 DMotivation

Many products that have a stand alone demand can have their value
further enhanced when used with a compatible complement. In some cases, the
complements have no value on their own: for example, the motion sensing input
devices created for a specific game consoles (i.e. Kinnect for XBox 360, Wii Remote
Plus for Wii and PlayStation Move for PlayStation 3) cannot be used without the
console and each is only compatible with its specific one. Phone applications are only
useful if one has a smart phone that the application is compatible with (most IPhone
developed applications cannot be used on another platform due to the different
operating systems). In other cases, the complements each have their own stand
alone demand, but bring the consumer extra value when used together: cars have
built in car technology that is compatible with a smart phone. While both of these
products have a stand alone value and use, they create positive synergies when one

is able to use, for example, the phone and the car together.
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Each of these complementary products was the first of its kind in the market
at a point in time or is still the only complement available. Initially, their producer
was faced with the decision of making them compatible with their competitor’s
platform or not. The game consoles producers made their motion sensing inpuf
devices incompatible with their competitors’, as did the IPhone software developers
with many of their applications. However, Apple made its ITunes available for
the competing MP3 player, but not its videos due to its DRM (Digital Rights
Management- technology that inhibits uses of digital content that are not desired
or intended by the content provider).

Network effects are one important focus of the compatibility literature' . Net-
work effects are a special type of externality in which consumers’ utility are directly
affected by the number of consumers or firms’ profits are directly affected by the
number of producers using either a compatible or the same technology. Consumption
network effects can be (i) positive: consumers benefit from an increase in the num-
ber of consumers using the same or a compatible brand or (ii) negative: customers
are worse off when more buyers use the same or a compatible brand. Some authors
distinguish between direct and indirect network effects. Direct network effects in-
volve the presence of an extra user having a direct (positive or negative) effect on
the other members of the network: They get positive or negative value from being
able to interact directly with that extra (new) member. Indirect network effects do
not have that direct component but instead involve economies of scale. For exam-

ple, in a credit card network, a user does not directly gain if one more person has

'See e.g. Katz and Shapiro [1985], Farrell and Saloner [1992] for this line of inquiry.
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a credit card; but the additional person will encourage more merchants to accept a
credit card, so from a cardholder’s perspective there is more choice and variety of
merchants accepting this card.

The compatibility literature in the absence of network externalities to date
focuses on two producers each offering both components needed for a system. Both
the complement and platform produced by each do not have an independent use
and each producer is faced with the choice of making its complementary products
compatible with its competitor’s. Compatibility would mean a consumer can buy
the complement for his platform from any of the duopolists, thus being able to create
a larger number of different systems and build one closer to his ideal.

The current work develops a differentiated products model where two rivals
offer each a durable, stand alone use platform with an individual demand. Further-
more, one of them also sells a unique, durable complementary product with no stand
alone use. A consumer needs a compatible platform in order to be able to use the
complement. There are two types of consumers in the market: new consumers and
legacy consumers belonging to each of the two platforms. We think of the latter as
customers who purchased a stand alone use platform from either of the two sellers
in a time period prior to the existence of the complementary product. In the first
stage, the two-product seller decides whether to make the complementary product
compatible to its rival’s platform. In the second stage, he decides what pricing strat-
egy would maximize its profits. Prices are chosen by each firm in the third stage.
We further explore the impact targeting own versus rival legacy consumers with the
new complementary good has on both the compatibility and pricing decisions. We
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show that making the complementary product always compatible with the rival’s
platform is the optimal strategy and the two-product seller is always best off sell-
ing the products individually. Compatibility reduces competition, thus leading to
higher prices and profits.

It is important to acknowledge that in many industries, due to copyright laws
or high costs, compatibility is not a realistic option. Therefore, we further explore
the two marketing strategies the two-product seller has in the case where compati-
bility is not feasible: (i) targeting only its own legacy consumers and the new ones
with its new complementary product or (ii) reaching to all legacy consumers (in-
cluding those owning a rival platform) and the new ones. The latter case implies
that a legacy consumer owning an incompatible platform will have to purchase both
the complementary good and the compatible platform. Moreover, previous period
preferences are still relevant, as a rival’s legacy consumer must have had a lower val-
uation for the two-product seller’s compatible platform relative to the one he owns
(otherwise, he would have purchased the two-product seller’s platform in a previous
time period instead), so such a consumer has a relative dislike for the compatible
platform compared to the one he previously bought. A rival’s legacy consumer pur-
chases the two-product seller’s platform and complement only if that increases his
utility compared to the status quo of using just the platform he already owns. Our
results show that when a relatively small mass of legacy consumers belong to the
two-product seller, reaching out to all legacy consumers (including his rival’s) and
offering a Mixed Bundle (the platform and the complement sold both individually
and as a specially priced package) is profit maximizing. The two-product firm will
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choose to only reach out to its own legacy consumers when they are a relatively

large part of the legacy market. It is then best to sell the two products individually.

3.1.2 Literature Review

The differentiated products compatibility model presented in this paper
draws upon two different literatures: the miz-and-match compatibility one and the
works analyzing the pricing and bundling incentives for a two-product seller that is
a single product monopolist with a competitive market for its second good. In the
former, Matutes and Regibeau (1988) develop a differentiated products model where
two different producers offer two components to a system, each component type
being horizontally differentiated among the two firms. Their framework assumes the
two types of products have no individual use and a consumer only values the system
formed by putting a component of the first type and one of the second type together.
A consumer is then faced with many choices of forming his system. The authors
show compatibility is the Nash equilibrium of such a game when producers price a la
carte; producers realize that the competition between them becomes less aggressive
when the two components are compatible across manufacturers. Consumer surplus
is also higher under full compatibility. Economides (1989) proves that the above
conclusion still holds for n firms and a more general specification of demand. In
a follow up paper, Matutes and Regibeau (1992) use the same set up from their
previous paper and investigate the possibility of price bundling. They find that the

results of the literature on monopoly bundling do not directly extend. Duopolists
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selling compatible components choose to offer a discount on their full system even
though they would be better off if they could agree not to bundle.

Einhorn (1992) expands on Matutes and Regibeau’s work and further shows
that producers of components still earn higher profits under compatibility even
in industries with quality (vertical) differentiation. The finding is robust to both
components produced by one firm being of higher quality or to each firm having
a quality advantage in only one component. Economides and Salop (1992) gen-
eralize Cournot’s model of complementary duopoly to the case of multiple brands
of compatible components. They describe the conditions on the degree of compo-
nent substitutability under which the equilibrium system price is lower under joint
ownership than with independent ownership of component producing firms. Boom
(2001) uses the same framework to focus on the compatibility decision when the
two firms can choose the location of their two components in the product space.
She finds that under compatibility, firms choose maximum differentiation in both
components’ characteristics and under incompatibility, the firms prefer minimum
differentiation in one and maximum differentiation in the other component. While
compatibility is the equilibrium outcome, contrary to the literature with exogenous
horizontal product differentiation, consumer surplus is decreased.

Matutes and Regibeau (1989) extend their initial model by assuming each of
the components needed for a system to function is produced by a separate manu-
facturer. In the first stage the consumers buy the first component (computer) they
need from one of the two possible sellers and in the second stage they buy the sec-

ond components (the software). Two competing software sellers enter the market
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sequentially and must decide whether to sell software that works with both types
of computers or create one for each. In equilibrium, the first entrant chooses to
offer a software that works with both computers while the second one will offer a
complementary good that works only with one of the computers.

Economides and Salop (1992) generalize Cournot’s model of complementary
duopoly to the case of multiple brands of compatible components. Their main focus
is on defining the conditions on the degree of component substitutability for the
equilibrium system price to be lower under joint ownership than with independent
ownership of component-producing firms.

Farrell, Monroe and Saloner (1998) compare and contrast two forms of organiz-
ing production: firms producing and competing in fully assembled systems (closed
organization) versus components (open organization). They account for costs and
argue that open interaction is always the socially efficient choice because it mini-
mizes costs. However, that doesn’t make it the most profitable, as low costs are
only one of the determinants of profits. Viecens (2009) develops a model where
firms are horizontally differentiated a la Hotelling and are asymmetric in the value
of their fully compatible application. Applications are being produced by a third
party and the platform creates a two sided market environment facilitating access
of developers to consumers and viceversa. The author quantifies firm dominance
by a premium in consumer valuations and studies its impact on firms' attitudes
towards compatibility and, furthermore, how the compatibility decision influences
incentives on investment in product improvement. She finds the dominant firm
is against compatibility and that compatibility reduces the incentive to invest in
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product enhancement significantly more for the dominant firm than the small one.

Since the two-market seller discussed in the current model is a single prod-
uct monopolist (the complement market) facing competition in his other market
(the platform market), it is important to mention some results from the literature
on a single product monopolist with a competitive market for its second good. An
important difference between our model and the mentioned literature is that our
two-product seller does not start out as a two-product monopolist that faces entry
in one of its product markets. He initially produces one good only and is a direct
competitor in a two sellers platform market. He later introduces a monopoly product
with no stand alone use that is a complement to the platforms.

The single product monopolist facing competition in his other market litera-
ture mostly focuses on preventing entry or foreclosing a rival. Schmalensee (1982)
is the exception to that. He adapts Adams and Yellen’s theory about consumers
with negatively correlated valuations for the two goods a two-product monopolist
sells to show that when the consumer demands for the two goods are independent,
individual pricing does at least as well as pure bundling, yet mixed bundling may be
the most profitable pricing strategy, particularly when there is a negative correlation
between the consumer valuations for the two goods. His work is seminal in connect-
ing the strategic foreclosure and the multiproduct monopolist literatures. Vamosiu
(2013) looks at a two-product seller who offers differentiated goods for which the
consumers have negatively correlated valuations. Once a competitor enters one of
the two markets, the two-product seller is best off offering a Pure Bundle only, thus

being the only one to provide a desirable product for two out of the three types of
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consumers (the monopoly product buyers and the bundle buyers).

Greenlee et al. (2004) and Nalebuff’s (2004a) line of research argues that
offering a bundling discount leads to foreclosure of the single product competitive
firm without the monopolist having to price below the cost. Bundling has also
been argued to be a good deterrent to entry in one of the two-market monopolist’s
markets, thus avoiding the use of predatory pricing. Whinston (1990) reexamines
the role of tying as an entry deterrent assuming the potential Entrant to offer a
differentiated product from the monopolist’s competing one. When the monopolist
does not precommit to pure bundling prior to entry, bundling has zero strategic
value, and the monopolist does just as well by choosing individual pricing. However,
if the monopolist precommits to pure bundling, he will price less in order to make
sure the monopoly good is being bought, thus keeping more customers. Then the
Entrant’s profits are greatly diminished and entry is deterred. Should entry still
take place, the Incumbent would go back to his individual pricing strategy. It is
important to note that had it not been for the threat of entry, the Incumbent would
have not chosen pure bundling, as this lowers his profits both due to the lower
prices in the competitive market and overproduction of the competitive good and
the fewer sales of the monopoly product. Nalebuff (2004b) shows that pure bundling
is the dominant strategy for entry deterrence and most efficient when the consumers
have positively correlated valuations for the Incumbent’s products. Profits double
compared to individual pricing and, present entry, they are still 50% higher. The
two main differences from Whinston’s work are that competing market products
are identical and that consumers have heterogeneous valuations for the monopoly
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product.

The paper is organized as follows: the two-product firm model with a comple-
ment of no individual use is presented in Section 2. Section 3 discusses the potential
pricing strategies and the equilibrium. Welfare implications are presented in Section

4. Conclusions are in Section 5 and all proofs are in the Appendix.

3.2 Model

There are two firms in a market, each offering a durable, differentiated
good (platform) that has a stand alone use to the consumers. Using Hotelling’s
framework of product differentiation, assume the two platforms are located at the
opposite ends of the unit segment [0,1]. One of the firms (without loss of generality,
we will assume Firm 0) also offers a complementary good, also durable, but with no
independent use (unless a consumer already owns or will buy a compatible Firm 0 or
Firm 1 platform, the complement brings no benefit to them). The complement is the
only one on the market of its kind. This product is located at point 0 on the vertical
unit segment (see Figure 1). We assume there are no economies of scope and that
all three products are produced at a constant marginal cost which we normalize to
zero. All products’ quality is fully disclosed to the consumers without uncertainty.

There is a group of new consumers of mass normalized to one and uniformly
distributed on the unit square according to Figure 1. These consumers decide
whether to purchase a platform from Firm 0 or Firm 1 and, simultaneously, if to

also buy the complement. It is important to note that the valuations the consumers
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have for the two types of products (platform and complementary good) are inde-
pendently distributed. The consumers’ preferences are proxied by their location in
the unit square, known to them ex ante and time invariant. They do not value the
interaction with other consumers from their group. The consumers derive a gross
positive benefit of h per platform and ¢ per complementary product (as long as
the consumer has a compatible platform to use it with). Each consumer’s marginal
utility from a second unit of a certain type of good he has already purchased is zero.
Moreover, these consumers face a positive linear transportation cost of ¢ per unit
of distance, such that a consumer located at (z,y) will incur a transportation cost
of tx should he purchase the platform from Firm 0. a cost of ¢{(1 — x) if he chooses
Firm 1’s platform and a cost ty if he decides to purchase the complement. Note
that the demand for the complementary good is not independent, as it is affected
by one’s ownership or lack of of the product from Firm 0 or Firm 1.

Then, a consumer located at (x,y) would have the following utility functions,
depending on his purchase:

UWh=h—-tx(z)- P

Ui=h—t+x(1—2x)— P

Useca = h+c—tx(x+y)— Py— Pc; utility function when purchasing Platform
0 and the Complementary Good (CG)

Uigcg =h+c—t* (1 —2z+y)— P, — Pp; utility function when purchasing
Platform 1 and the Complementary Good (CG). Note that his last equation is only
valid when there is full compatibility between Firm 0’s Complement and Firm 1’s

Platform. We will discuss next the utility function when this assumption does not
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Figure 3.1: New consumer valuations for the two types of products (the platform

and the complement)

hold true.
We further assume each firm has been in the market for at least one prior
time period, so each is expected to have an installed base of preexistent consumers.

If we think of the two firms as having been in the market for the same n time

n—1
2

periods, each would have a legacy customer base of . However, to make our
results applicable to more general cases, we do not impose the restriction that the
two firms have participated in the market for the same number of periods, but
simply that, in the current time period, there is a total mass A > ( of previous
consumers who already own a platform from either of the two firms (but not both)
and that Firm 0 has a mass M of legacy consumers, while Firm 1 has the other
mass A — M legacy customers. A legacy consumer is interested in the complement
only if it is compatible with the durable product he already has. Otherwise, the
preexistent consumer would have to buy both a new, compatible platform and the

complementary good, should that bring him a net positive utility. Each legacy
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Figure 3.2: All legacy consumers’ valuations for the complement under full com-
patibility / Two-product seller’s consumers’ valuations for the complement under

incompatibility

consumer has a gross valuation ¢ for the complement and faces a positive linear
transportation cost of ¢ per unit of distance.

If the platform the legacy consumer currently holds is compatible with the
complement, then the legacy consumer located at z (see Figure 2) will incur a
transportation cost of to should he purchase the complementary good.

Usd*¥ =c—t+xz — P,

ole] (&

Lr()utsz’de()ption =0

If the platform the legacy consumer currently owns is not compatible with the
complement, then he must acquire the rival’s platform should he want to purchase
and be able to use the complement. Then, rival legacy consumers who are interested
in the complementary good, must also acquire Firm 0’s platform in order to be able

to use the complement. We assume that once this purchase is made, the new Firm

0 platform becomes their primary use platform. This conjecture reflects a large
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subset of real life choices consumers make: a buyer switching from an Android to an
[Phone because of applications that are only compatible with the IPhone and that
he values, will now start using the TPhone for all purposes (more likely than him
carrying around two phones, the old one for every day use and the new one simply
to use when he needs the complementary applications he wanted). A photographer
purchasing a new camera and its compatible detachable lenses he values (and only
work with the new camera he also purchased) will most likely start using this one
as his primary camera. For simplicity, we do not account for the phone user or the
photographer in our examples selling their previous platform in a secondary market
and subsidizing their current period purchase with those funds.

A rival's legacy dislikes Firm 0’s platform relative to Firm 1's, preference
revealed in their previous period choice. The reasoning is as follows: in a previous
period, when the complement was not yet on the market and consumers did not
foresee its existence in a future period, a then new consumer had to choose between
Firm 0 and Firm 1’s platform. Assuming the same type of Hotelling differentiation,
the classical result of each firm serving half of the market and offering a price equal
to the transportation cost follows. Therefore, it is safe to assume that a present time
rival platform owner was a consumer that purchased Firm 1’s platform in a previous
period, so his location on the unit interval is to the right of %, as shown in Figure 3a.
Then, in order for him to purchase Firm 0’s bundle, he must travel a longer distance
to Platform 0, therefore the relative dislike for the compatible platform compared to
the one he has previously bought. Moreover, given the independent distribution of

valuations consumers have between the platform and the complement, a rival legacy
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Figure 3.3: Legacy consumers’ previous period choices

located at (z,y) in Figure 3b has the following utility function:

rRival'sLegac .
Upeorr. Y = h —tx + ¢ — ty — Pg, where v > - and Pp is the cost of

1

0&CG 2
purchasing both the platform and the complement from Firm 0

or, written more intuitively based on Figure 3b,

[ shesony — fy t(3 + Xg) +c—ty— Py

A rival legacy consumer will find Firm 0’s bundle worth his time only if it
bring him a positive marginal utility over his current one from just using Firm 1’s
platform

Rival' sLegac
[Vl = B—i(l—x), whers o>

b=

or we can rewrite it as

erii-,;ai'.-;}.egacy = Fi— T(% _ XR_)-

An important point to make is related to the two-product seller’s ability to
identify and separate consumers into groups. If we are thinking of the complement
as something that must be installed on the platform during the purchase process, it
is reasonable to think of the complement buyer having to bring the platform at the
store. Then, the two-product seller will be able to tell if this consumer is his own
legacy or a rival platform owner. Note that if the consumer brings a rival platform,

there is no way for the two product seller to tell if he is dealing with a new consumer
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Figure 3.4: Rival’s legacy consumers valuations for the bundle under incompatibility

who purchased the rival’s platform in the current time period or a rival legacy. In
the current paper I will work out both cases: the two-product seller being able to
separate out his own legacies and not being able to and address any differences in
results in each section.

The timing of the game is as follows: in Stage 1, Firm 0 (who puts the new,
unique complementary good on the market) has to decide whether to make it com-
patible with its competitor’s platform or not. We further assume this decision is
irreversible. In Stage 2, Firm 0 chooses a pricing strategy: Individual Pricing (sell-
ing the Firm 0 product and the Complementary Good separately), Mixed Bundling
(selling the two products together at a special price, but also offering them sepa-
rately), Pure Bundling (offering the two products only as a package), offering Firm
0’s platform and the Bundle only and offering the Complementary Good and the

Bundle only. Some of these strategies are not rational depending on compatibility,
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as we will show. In what follows, we will work backwards to solve for the market

equilibrium and only look at the outcomes where the market is fully covered.

3.3 Analysis

3.3.1 Case I: Full Compatibility between the Complement and the
Rival’s Platform

Let us assume Firm 0 decides to produce a Complementary Good that
is also compatible with its rival’s product. In choosing a pricing strategy, Firm 0
must also consider the mass of legacy consumers, who, due to the full compatibility
of the complementary product with both platforms, are only interested, if at all, in
the Complementary Good (see Figure 2). We will show that the two-product firm
is always better off offering the complement a la carte.

The two-product seller has the following pricing strategies to consider: offering
the two product individually (Individual Pricing), selling them both individually and
as a specially priced package/the platform only and the bundle/the complementary
good only and the bundle (Mixed Bundling) and offering the two products as a
bundle only (Pure Bundling). We note that whenever the complementary good is
not available for individual sale, the legacy consumers would have to buy the bundle
in order to obtain in, which includes Firm 0’s platform (a product type they already

own, either from Firm 0 or Firm 1 from a previous time period purchase).

Under INDIVIDUAL PRICING, Firm 0 offers the competing platform and
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the complementary good individually at component prices. All legacy consumers are
be interested in the complement only and a positive mass of them will purchase it.
New consumers have the option to purchase a platform only, or a platform and the
complement, depending on what maximizes their utility. If the complement does not
have to be installed on the platform at the time of the purchase, the two-product
seller will only be able to separate consumers the following way: any consumer
purchasing the platform must be a new Firm 0 one, any customer purchasing the
bundle must be a new Firm 0 one and any customer purchasing the complement
could be either a new rival buyer, an own legacy or a rival legacy. If the platform
was needed upon purchase of the complement, the Firm 0 legacies could be teased
out. However, this makes no difference, since the two-product firm already offers
its complementary good at the monopoly price, thus highest possible profits on this
market segment are already attained. The platforms, strategic complements, are

sold at the identical Hotelling prices and share the market equally.

Remark 10 When the two-product seller’s complementary good and the rival’s plat-

form are compatible, an Individual Pricing strategy implies profit maximizing prices

}_—){.]H’ Comp = P]IP Comp — ¢ (31)
3 C
P(J;I Comp _ 5 (32)

the new platform consumers market is shared equally

* Clom ? Comp 1
Pl & = PR° O = o (3.3)
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and there are

1P Com c B
CGNmLI ' = E (54)
complement buyers and
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legacy purchases. Each firm will make the following profits:

= 1+ A ¢
Héf Comp — % - Eaﬂ'd (3-6)
& T T f" -
Hl’f Comg - 5 (57)

Firm 0's profits are higher by the revenue made on the complement. Their
profit is increasing in the mass A of legacy consumers and the valuation ¢ for the
complement. We note this case is identical to having three distinct firms each selling
one of the products; there is no internalization of complementarity for Firm 0 under

this pricing strategy.

We now turn to the MIXED BUNDLING pricing strategy and discuss the

possible cases.
Case 1: Offering Each Product Individually and as a Specially Priced Package

When the typical mixed bundle is offered, again, all new consumers will choose
between purchasing (i) an individual platform, (ii) the two-product seller’s bundle
or (iii) the rival’s platform and the two-product seller’'s complement. Assuming the
two-product seller chooses an optimal strategy, the bundle price would be higher

than the complement’s individual one; therefore, no consumer interested in the
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complement alone would purchase the bundle and just discard of the platform.
Then legacy consumers will buy, if anything, in the complement. The best strategy
for Firm 0 is to capitalize on the legacy and rival platform consumers by selling
the complement at its monopoly price. Again, following the logic above, there is
no benefit to being able to sort out the Firm 0 legacy consumers. Moreover, the
rival platforms are again sold at equal Hotelling prices and the new buyers market
is shared equally between the two firms. Then, the bundle price is simply the sum
of the component prices.

We note that it is not profitable for the two-product seller to offer a higher
platform price in order to push the consumers to purchase the bundle instead (this
would be a behavior specific to a two-market monopolist). A consumer currently
indifferent between Firm 0’s platform and its bundle would choose the bundle if
such a platform price increase were to take place. A new buyer currently indifferent
between Firm 0’s platform and the rival’s would then be prompted to purchase Firm
1’s platform if Firm 0’s price went up. Therefore, some current platform 0 consumers
would purchase Firm 0’s bundle, others would stick to Firm 0's platform, others
would purchase the rival’s platform and some would form their own bundle using
the competing platform. Then, when the two types of products are compatible and
consumers have independently distributed valuations for the two types of products,
it is in the two-market seller’s best interest to offer the same platform price as its

rival.

Remark 11 When the two-product seller’s complementary good and the rival’s plat-
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form are compatible, a Mized Bundling strategy implies profit mazimizing prices
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The new platform consumers market is shared equally
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Lemma 12 When there is full compatibility between the two-product seller’s com-
plementary good and the rival’s platform, Individual Pricing and Mized Bundling
(offering each product individually and as a specially priced package) are equivalent

pricing strategies.

The intuition for this result comes from the monopoly position the comple-

mentary product has and the separability of demand. Since the types of consumers
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interested only in the complementary good are some of the legacy ones and some
of the new ones purchasing the rival’s platform, the two-product seller is best off
offering the complement individually at its monopoly price. Moreover, by selling the
platform at the Hotelling price, just as his competitor does, pricing the bundle as
the sum of the individual prices makes the marginal consumer indifferent between

the two platforms, but sure to purchase at least the complement from Firm 0.

Case 2: Offering the Platform Individually and the Complement Only as Part

of the Bundle

With the complement not being available for individual purchase, the rival
platform new consumers are no longer able to form the bundle themselves using
Firm 1’s platform and Firm 0’s complement. This case is identical to one of in-
compatibility between the rival’s platform and the complement. We note that any
legacy consumer interested in the complementary good can only obtain it by pur-
chasing the bundle, which includes Firm 0’s platform. Since own legacy consumers
already have a Firm (0 platform from a previous time period, they value a second
unit at zero. The rival legacies have Firm 1’s platform from a previous time period.
They choose to purchase Firm 0’s bundle as long as the utility they receive from
using Firm 0’s platform and the complement is higher than from simply using their
current Firm 1 platform.

We first focus on the legacy consumers; they are of two types: owners of
platform 0 and owners of platform 1. They have the following utility functions:

Firm 0 Legacy Consumers buying the bundle:
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Figure 3.5: Compatibility: The two-product seller’s legacy consumers’ valuations

for the bundle when the complement is not available individually
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Firm 1 Legacy Consumers buying Firm 0’s bundle have the following utility
function from it:

Llré;j?_:x(i;ﬁi.egacy = fe f(% + Xh‘_) g ty - PB

which we compare against their net utility from just using Platform 1, which
they have purchased in a previous period

Drfi’.i.uai'.-;bega.cy . f(% . XR_)

The two-product seller cannot differentiate among the legacy consumers, since
both make the exact same purchase, if any: the bundle. Then, there is no need to
bring in their previous period purchased platform to install the complement, which
is the only way a two-product seller could tell if a legacy is his own or the rival’s.
Moreover, the two-product firm cannot differentiate its own new consumer bundle
buyers and the two types of legacies, since they all make the same purchase: the
bundle.

In order for Firm 0 to attract legacy consumers, he would have to price its

bundle below the classical mixed bundling price. The first thing to consider is
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Figure 3.6: Compatibility: The rival’s legacy consumers’ valuations for the bundle

when the complement is not available individually

whether to price based on its own legacy consumers only or target all legacies.
When choosing the profit maximizing prices taking into consideration only the new
consumer market and own legacies, the bundle price is influenced by the size of the its
own legacy market. If the rival’s legacies are also being targeted as potential buyers,
the bundle price is dependent on the relative mass of its own legacy consumers to its
rival’s and lower due to the rival legacies’ relative dislike for Firm 0’s platform. To
reiterate, the bundle price when reaching out to all legacies is the lowest compared
to the first type of Mixed Bundling, followed by the bundle price when targeting only
its own legacies (still below the Mixed Bundling value). Moreover, due to strategic
complementarity, both platform prices decrease compared to their classical mixed
bundle levels. Firm 0’s platform and the bundle are also strategic complements, and
the bundle views the rival’s platform as a strategic complement too. Then, Firm 0’s

platform price is smaller than its competitor’s and both below their classical mixed
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bundling values. These lower prices are profit maximizing for the two-product seller
(due to the complexity of the closed form solutions, they are not written out here).

If the two-product seller chooses to only focus on the new consumers and
not worry about offering a bundle price to attract the legacy ones, then the two-
product firm offers the bundle at a price equal to the sum of its platform price and
the complement’s monopoly one. The compatible platform’s price is lower than its
rival. Clearly, when Firm 0 lowers the price of one of its components (the platform,
in this case), it attracts additional consumers who buy one or both components from
the firm. The intuition is as follows: since the platform’s price is a part of the bundle
price, a lower platform price relative to its classical mixed bundling equivalent and
to its rival’s ensures a lower bundle price, both leading to more sales and higher
profits. To better see that, let’s start with the scenario of the two platform prices
being equal, just like under the classical mixed bundling scenario and see the changes
in choices when Firm 0 reduces its price further than Firm 1. The first thing we
note is that since the complementary product still has a monopoly price (though
not offered individually, the bundle price is the sum of Firm 0’s platform and the
complement), all the consumers who previously did not purchase the complement
did not because it brought them a negative marginal utility. Given the implicit
complement price has not changed, they are still not interested in the complement,
since it still brings them negative utility. So a consumer that chose a platform only
under the classical mixed bundling scenario, will choose a platform only during the
current scenario.

A consumer who, under Mixed Bundling, is indifferent between purchasing
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the platform from Firm 0 and Firm 1 will now go with Firm 0 when its platform
price goes down more than Firm 1's. A customer otherwise indifferent between
Firm 0’s bundle and Firm 1’s self-formed one will make a purchase from Firm 0
now. A customer indifferent between the bundle and the rival’s platform opts for
the former once it’s price becomes lower (that can only happen if Firm 0’s platform
price becomes lower, since the monopoly complement price is fixed). However, a
buyer indifferent between Firm 0's platform and its bundle sees not change when
the platform price is reduced. Firm 0 affords to offer a lower platform price since

the platform is not its only source of profits.

Remark 13 When the two-product seller’s complementary good and the rival’s plat-
form are compatible, a strategy where only the platform is available individually and

only the new consumers are being targeted yields profit marimizing prices
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If there is a relatively high mass of legacy consumers, offering the platform
and the complement bundle at a lower price that would attract consumers from this

market segment is optimal.

This optimal price choice is quite different from a more common one in the
bundling literature: a two-product monopolist will increase the price of its compo-
nents to push more consumers to purchase the bundle. We argue that the departure
from such a strategy can be explained by (i) the independent valuations a consumer
has for the two types of products and (ii) the presence of a competing platform. By
increasing its platform’s price, the two-product seller will see some of its platform
only consumers shifting to purchasing the bundle, some continuing to purchase the
platform only and some switching to the rival's platform. However, sticking to the
current pricing scheme brings Firm 0 more than half of the new consumer market
and highest profits. While prices are decreasing in the complement valuation c,
profits increase in it at a higher rate for Firm 0.

We note that in this case it is worth reaching out to the legacy consumers with
the low priced bundle as long as there is a relatively high mass of them or they have
a high valuation for the complementary product. Moreover, Firm 0 should reach
out to all if most legacies are rival platform owners and only to its own otherwise.
However, by not offering the complement alone, Firm 0 forgoes monopoly profits
from both its own and rival legacies and the rival’s new consumers. Thus, such a
strategy can never bring the two-product seller higher profits than a strategy where

the monopoly product is sold individually.
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Case 3: Offering the Complementary Good Individually and the Firm 0 Plat-

form as Part of the Bundle

All legacy consumers now have the option to purchase the only product on
the market they have an interest in: the complement. All new consumers choose
between (i) Firm 0’s bundle, (ii) Firm 1’s platform and (iii) Firm 1's platform
and Firm 0’s complementary good. Firm 0’s bundle is a strategic complement
to both the rival's platform and the monopoly product. Firm 1’s platform is a
strategic complement to its rival’s bundle, but views the complement as a strategic
substitute. The consumers have independent valuations between the platform and
the complementary good. When only offering the bundle, Firm 0 must be able to
attract consumers who may have a high valuation for its platform but a very low
one for the complement (those who were previous platform 0 only buyers under
mixed bundling). Before, those type of consumers would have been Firm 0 platform
buyers, but since they no longer have that option, Firm 0 attempts to keep them
as customers by offering a cheaper priced bundle compared to the mixed bundling
bundle price. Due to the strategic complementarity, Firm 1 lowers its platform price
too. Then, Firm 0’s optimal strategy is to offer a complement price such that all
new rival platform consumers would purchase it. Then, between the Firm 0 bundle
buyers and the Firm 1 consumers who form their own bundle, all new consumers
buy the complement. The bundle price is simply the sum of the rival’s platform
price (Hotelling price) and the complement, thus having the two firms share the

new buyers’s market equally. Therefore, the price a new consumer pays for the

98



bundle is the same whether he obtains it from the Firm 0 or forms it himself using
Firm 0’s complement and Firm 1’ platform. Both the bundle price and the price of

the complementary product are lower than in the case of the Pure Unbundle and

the Mixed Bundle.

Remark 14 When the two-product seller’s complementary good and the rival’s plat-
form are compatible, a strategy where only the complement is available individually

implies profit mazimizing prices
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The two-product firm would benefit from being able to separate out its own
legacies and offer them the complement at the monopoly price. These consumers
would have no incentive to cheat and just purchase a new bundle, since the price of
a new bundle is higher than the monopoly price of the complement. Firm 0 would
be better off when selling a complement that required installation on the platform

at the time of purchase.

An immediate observation for PURE BUNDLING is that the two-product
seller will not be able to make a sell to the new consumers interested in the rival
platform, since the complementary product is not for individual sale. When Firm
0 offers its platform and complementary product together only and targets only
the new consumer market, the outcome is indenticaly with the one in Case 3 under
Mixed Bundling, when the two-product seller was offering the bundle only to its new
consumers, he is effectively requiring the legacy consumers to purchase its platform
too in order to have access to the complement or just not make a purchase at all.
The argument is similar to the Case 2 under Mixed Bundling. If the two-product
seller is planning to target the legacy consumers, he must take into account there
are two types: its own and its rivals’, the latter having a relative dislike for Firm
0’s platform. He will offer a very low bundle price, depending on the relative size
of the legacy market, in order to entice some of the legacy consumers to buy the
bundle (note that the new platform that is part of the bundle is of no individual
value to the legacy consumers, as they already have the one of their choice from

a previous time period). Again, the legacy consumers’ valuations are depicted in
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Figures 4 and 5, together with their corresponding utility functions. We find that
Firm 0 considers targeting all legacies when its own legacy consumer mass is a small
share of the legacy market.

Alternatively, when Firm 0 is only focusing on the new consumers, the bundle
price is higher. The market outcome is identical to the one when Firm 0 offers the
complement individually and cannot differentiate its own legacies from the rival’s

new and ]ega(y Cconsumers.

Remark 15 When the two-product seller’s complementary good and the rival’s plat-
form are compatible, a strategy where the two types of products are available indi-
vidually (Pure Bundling) but only the new consumers are targeted implies

profit maximizing prices
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If there is a relatively high mass of legacy consumers, offering the platform and

101



the complement bundle at a lower price that would attract some consumers from this

market segment is optimal.

Then, it is worth reaching out to the legacy consumers with the low priced
bundle as long as there is a relatively high mass of them or they have a high valuation
for the complement. However, not offering the complement alone can never bring the
two-product seller highest profits: not making monopoly profits off the complement
in the legacy consumer market and on the competitor’s new consumers is not a
profit maximizing strategy.

Firm 0’s profits are only higher due to being able to sell the monopaoly comple-
ment to its rival’s consumers and its own legacies. The more legacy consumers (A),
the higher the profits to be made. Higher consumer valuations for the complement
¢ also leads to a higher monopoly price and higher profits for Firm 0. We have pre-
viously argued that it is essential for the two-product seller to offer the complement
alone and sell it at the monopoly price. Any pricing strategy when this is not done,
either completely ignores legacy consumers and the monopoly profits these bring or
offers very low prices in order to determine these consumers to purchase the comple-
ment as part of a bundle, where the other bundle component is a platform (which
legacy consumers already own from a previous purchase and have no value for a
second unit of it). Moreover, such a pricing strategy also prevents the rival’s new

consumers from additionally purchasing the complement.

Proposition 16 When the two-product seller’s complementary good and the rival’s

platform are compatible, the two-product seller’s optimal strateqy is to offer the plat-
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form and the complement individually.

3.3.2 Case II: Incompatibility between the Complement and the Ri-
val’s Platform

We look at two scenarios: (i) the two-product seller reaches out only to
its own legacy consumers and (ii) the two-product seller makes its complement
attractive to the rival’s legacy consumers too. It is important to note that in
the second case, the rival platform’s legacy consumers must also purchase and use
Firm 0’s platform in order to be able to enjoy the complementary product. These
legacy consumers do not own Firm 0’s platform because in a previous time period
they chose Firm 1's over Firm 0’s, due to their relative distaste for Firm 0’s. As
previously shown in Figure 3b, we incorporate this feature into their utility funec-
tion, by assuming that their valuation for Firm 0’s platform is lower to begin with

(U = b= t(4 + X) +c— ty = Py),

3.3.2.1 A: Targeting only its Own Legacy Consumers

Let us start with the first case, where the two-product seller only
targets its own legacy consumers as potential buyers of the complement. Due
to incompatibility between the complementary product and the rival’s platform, any
new consumer that makes a purchase from Firm 1 will not be able to use the comple-
ment. The only potential buyers of the complement are Firm 0’s legacy consumers

and its new consumers. We argue it is always best to offer the complementary
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product for individual sale.

The two-product seller considers the same potential pricing strategies as be-
fore: Individual Pricing, Mixed Bundling and Pure Bundling. In all but the in-
dividual pricing case, the two-product seller is now able to separate out the new
consumers and own legacies. Firm 0 knows that any consumer purchasing the com-
plement alone is a legacy, so charging the monopoly price for this product is profit
maximizing. Therefore, the two-product seller finds it optimal to always offer the

complement alone at the monopoly price.

When the two-product seller offers the goods separately (INDIVIDUAL
PRICING), legacy consumers are interested in the complement only, if at all;
its new consumers may purchase the platform or both the platform and the comple-
ment, while the rival’s new consumers make no purchase from the two-product seller
due to incompatibility between the complement and Firm 1’s platform. Compared
to the full compatibility case, both Firm 0 and Firm 1 reduce the price of their
platforms, with Firm 0 doing it the most, while still offering the complement at its
monopoly price. As expected, by lowering the price of one component, Firm 0 at-
tracts more platform or platform and complement consumers. We will now compare
and contract the full compatibility individual pricing case with the current one by
focusing on the marginal consumers the two firms compete for. A consumer that
used to be indifferent between Firm 0’s bundle and Firm 1’s self-formed bundle will
now become a Firm 0 bundle buyer. A new customer previously indifferent between

Firm 0’s bundle and Firm 1’s platform will now purchase Firm 0’s bundle. A buyer
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who, under compatibility, is indifferent between Firm 0’s platform and Firm 1’s,
will now purchase Firm 0s. The new consumers who would otherwise be indifferent
between Firm (s platform and the Firm 1’s self-formed bundle, will go with Firm
0’s platform since (i) it is priced lower and (ii) a self-formed bundle using Firm 1’s
platform and Firm 0’s complement is no longer possible due to incompatibility. Any
consumer previously indifferent between Firm 0’s bundle and its platform does not
change his preferences. Lastly, any new buyer that used to be indifferent between
Firm 1’s self-formed bundle and Firm 1’s platform, no longer has the option of the
former and may purchase either platform. Since Firm 0 can no longer sell the com-
plement to the rival’s new consumers, it is optimal for them to determine as many
new buyers as possible to purchase its platform, thus also increasing the number
of sales of the complement. Firm 1 cannot afford to decrease its price by the same
amount, given that the platform is its only source of profits.

Under compatibility, any consumer who purchased a platform only had a neg-
ative marginal valuation from buying the complement. Since the complement is
still priced as a monopoly product, its price does not change under incompatibility.
Then, all previous platform only consumers will remain platform only consumers.
However, since Firm 0’s platform price is lower, more will choose its product over
the rival’'s. Those consumers who, under compatibility, formed their own bundle
using Firm 0’s complement and Firm 1’s platform, now no longer have this option.
By reducing the price of its bundle under incompatibility via a reduction in the price
of the platform, Firm 0 attracts most of the rival’s previous bundle formers. The

remainder become Firm 1 platform consumers.

105



Remark 17 When the two-product seller’s complementary good and the rival’s plat-
form are incompatible, an Individual Pricing strategy yields profit mazimizing prices
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While the two-product seller does not target rival legacies directly, some may
still find the bundle worth their time, as shows in the profit function extra term

RivalLegac
s ?’R!‘IJ‘.-’{U, H[] ivalLegacy

}. Prices are both decreasing in the complement valuation c,
with Firm 0 having the most intense negative reaction to any positive changes. Both

prices are increasing in the degree of differentiation . The competing platforms no

longer share the market equally, but Firm 0 becomes the leader platform. Profits are
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substantially lower for both firms compared to the compatibility case, but increasing
in the valuation ¢ for the complement. Note that there would be no benefit to Firm
0 to be able to separate out the new and legacy consumers; they are viewed as
a homogenous group of consumers when it comes to the complementary product

target market.

Under MIXED BUNDLING, the two-product seller is able to discriminate
against the new consumers and own legacies. Firm 0 knows that any consumer
purchasing the complement alone is a legacy, so charging the monopoly price for this
product is profit maximizing. We note that it makes no difference to the two-product
seller if the legacy consumer can be identified as own or not (we had previously
assessed that it could be the case that a legacy must bring his platform at time of
purchase for the complement to be professionally installed), since we assume in this

section that the firm only focuses on targeting its own legacy consumers.

Case 1: Offering both product individually and as a package

Legacy consumers interested in the complementary product will be able to
purchase it individually. All new consumers must choose between Firm 1's platform
and Firm 0’s platform or bundle. As we have argued above, due to incompatibility,
platform prices are lower, with Firm 0 reducing its price the most. Due to the two-
product seller’s ability to separate the new and legacy consumers and discriminate
between the two, the complement is sold at its monopoly price. The two-product
seller’s bundle price is the sum of the monopoly price for the complement and plat-

form price, the latter being lower than the rival’s price for the platform. Therefore,
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we can rule out a case where the bundle price would be below the complement’s,
thus determining the legacies to purchase the bundle instead and discard of the

extra platform, as this is not profit maximizing for the two-product seller.

Remark 18 When the two-product seller’s complementary good and the rival’s plat-

form are incompatible, a Mized Bundling strategy implies profit mazimizing prices
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While the two-product seller does not target rival legacies directly, some may
still find the bundle worth their time, as shows in the profit function extra term +
maz{0, TIF**'59*Y}  We note that the two-product monopolist strategy of offering
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the components at higher prices to determine more consumers to purchase the bundle
does not apply here. Since consumers have independently distributed valuations for
the two types of products, offering the Firm 0 platform at a higher prices will
determine some of the current platform 0 only consumers to either purchase the
bundle or continue purchasing the platform from Firm 0 or buy Firm 1’s platform
instead. Thinking at the margin, a consumer who is currently indifferent between
Firm 0’s bundle and their platform would purchase the bundle is the platform price
increased. A new customer indifferent between Firm 0’s platform and Firm 1’s will
go with the latter after the former’s price increase. Then, the two-product seller is
better off offering the current pricing scheme, where its platform’s price is lower than
its rival’'s and the bundle price is the sum of the components (with the complement
being offered at the monopoly price).

The market outcome we saw under compatibility in Lemma 1 exists here too:
platform prices are identical to their Individual Pricing equivalents and the bundle
price is the sum of the individual prices. The outcome is identical to the Individual

Pricing case.

Lemma 19 When there is incompatibility between the two-product seller’s com-
plementary good and the rival’s platform, Individual Pricing and Mized Bundling
(offering each product individually and as a specially priced package) are equivalent

pricing stralegies.

Case 2: Offering the complement individually and the bundle

The new consumers choose between Firm (’s bundle and the rival’s platform.
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The legacy consumers can purchase the complementary product separately, should
they be interested in it. Therefore, the complement is sold at its monopoly price.
The bundle price is much lower than its counterpart under compatibility, since Firm
0’s only source of profit from the new consumer is the bundle, as the complementary
good can no longer be sold to the rival platform’s new users, due to incompatibility.
The consumers have independent valuations between the platform and the com-
plementary good. When only offering the bundle, Firm 0 must be able to attract
consumers who may have a high valuation for its platform but a very low one for
the complement. Before, those type of consumers would have been Firm 0 platform
buyers, but since they no longer have that option, Firm 0 attempts to keep them as
customers by selling them a cheaper priced bundle compared to the mixed bundling
bundle price.

We find it is optimal to charge a bundle price higher than the complement’s,
therefore expecting no legacy would purchase the bundle and discard the platform in
order to get a better deal on the complement. Firm 1’s platform is also cheaper than
under classical mixed bundling and under the same scenario assuming compatibility,
as the two products are strategic complements. More new consumers purchase the
bundle, but profits for both firms are lower than under compatibility. It is important
to note that the bundle price is less than the sum of the individual prices under
individual pricing and the first type of mixed bundling: since Firm 0 is no longer
offering the platform, offering a lower bundle price is the best strategy to attempt
to keep most of its previous platform consumers from going with the rival’s bundle

and to attract new consumers that used to purchase the rival’s bundle.
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Remark 20 When the two-product seller’s complementary good and the rival’s plat-
form are incompatible, offering the platform only as part of the bundle yields profit

MATIMIZing prices
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While the two-product seller does not target rival legacies directly, some may
still find the bundle worth their time, as shows in the profit function extra term +
mazx{0, Hémm""'ggmy}. Moreover, Firm 1 charges its highest price when its competitor
offers the platform as part of the bundle, since it is now the only firm to offer the

platform individually and, thus, is more differentiated from Firm 0’s product. Then,
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a consumer that was indifferent under mixed bundling between the bundle and Firm
1’s platform will still purchase the bundle since the bundle price decreased while the
platform 1 one increased. A consumer previously indifferent between the competing
platforms will now choose Firm 1’s. Both firm’s profits are increasing in the valuation
of the complement c¢. Firm 1's profits directly change with the size of its own legacy

CONsuImers 1mass.

Proposition 21 When (i) the two-product seller’s complementary good and the ri-
val’s platform are incompatible and (ii) the two-product seller targets its own legacy
consumers only, he will maximize profits by offering the platform and the comple-
ment indiwvidually (Individual Pricing). All profits are lower compared to the full

compatibility case.

While the two-product seller does not target rival legacies directly, some may
still find the bundle worth their time, as shows in the profit function extra term
+ mazx{0, II;"**9°¥} Looking at Remark 6, the higher the valuation ¢ for the
complement, the lower the price Firm 0 will charge for its platform (and Firm 1
will decrease its price too due to the strategic complementarity, but by a smaller
amount, as discussed before). Since any new consumer can only use the complement
if he also buys the compatible platform, Firm 0's strategy is to attract as many new
consumers as possible to purchase its platform, thus indirectly increasing the number
of complement sales. Since a high complement valuation means more consumers
interested in the complement and a higher complement price, the two-product seller

has a strong incentive to reduce its platform price in order to attract those new
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customers to purchase both Firm 0 products. Profits are also increasing in c¢. A
higher mass of own legacies M will also increase the number of sales made to them
and Firm 0’s profit level. Finally, as we have previously discussed, offering the
complement alone will always increase profits since the two-product seller will be
able to offer the product at a monopoly price and make the highest attainable profits

on his own lega(:y COLISUIIers.

3.3.2.2 B: Targeting All Legacy Consumers

We now turn to the second case, where the two-product seller not
only targets its own legacy consumers as potential buyers of the complementary
product, but also its rival’s. The rival’s legacy consumers who are interested in
the complementary good, must also acquire Firm 0’s platform in order to be able
to use the complement. However, they dislike Firm 0’s platform relative to Firm
1’s, feature that is reflected in their previous period choice (they did purchase a
platform from Firm 1 previously and not Firm 0) and in their current period utility
function (see Figure 3b):

Lrég.,();?:}’.-;begacy —h— t(% + Xh‘.) S - ty _ PB

A two product seller can never separate out a new consumer purchasing both
its platform and the complement from a rival's legacy, as the latter must make
the same purchase, but has a lower utility for it. While in the Individual Pricing
scenario, we cannot identify Firm 0’s legacies, under all other pricing strategies, the

two-product seller can price discriminate against this group (being the only type of
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consumers buying the complement only) by always offering the complement at the
monopoly price. We do find that, in certain situations, the bundle price is lower
than the monopoly complement’s, which determines the Firm 0 legacies to simply
purchase the bundle and discard of the extra platform. We note that having to
have the platform present at the time of purchase of the complement in order to
install the complement (mechanism we had previously argued could help identify
a legacy consumer purchase the complement only) does not help the two-product
seller separate out its own legacies, as these are better off showing up empty handed
(as if they did not own a platform already) and just purchasing the bundle, like any

other new or rival legacy consumer.

Under INDIVIDUAL PRICING, the new consumers choose between Firm
0’s platform, Firm 0’s platform and complementary product and Firm 1’s platform.
Firm 0’s legacy consumers are the only ones interested in the complement alone,
if anything. The rival’s legacy consumers either purchase both Firm 0’s platform
and the complement or nothing. Since the rival’s legacy consumers must purchase
both Firm 0’s products, both prices depend on the relative magnitude of the legacy
consumer masses of Firm 0 and Firm 1. We note that the two-product seller is not
able to tell if a bundle buyer is a new one or a rival’s legacy.

Being able to identify its own legacies does make a difference in this scenario.
Assuming a legacy must bring his platform when purchasing the complement for it
to be installed, the two-product seller could price discriminate against this group and

charge them the monopoly price for the complement. This result holds if the sum
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of the components is higher than the monopoly price of the components, which is
always true when we look at the profit maximizing outcome in this case. However, if
identifying its own legacies is not an option for Firm 0, these become a homogenous
group with the new Firm 0 consumers of both products and the rival legacies. We
make a note that in the previous section, we showed that by targeting only its own
legacy consumers, Firm 0 offered the complement at its monopoly price. Reaching
out to its rival’s legacy consumers changes its incentives. The complement is a
strategic substitute of the compatible platform and a strategic complement of the
rival’s product. Its price directly depends on the ratio of legacy consumers by firm:
the more legacy consumers that belong to the two-product seller, the closer the
complement price is to its monopoly value (fewer rival legacy consumers to target
and lower the price for).

Again, due to the attention given to the rival’s legacy consumers, Firm 0’s
platform price also decreases the higher the ratio of the rival’s legacy consumers in
the market. While Firm 1 makes no sale to any legacy consumers, due to strategic
complementarity, its platform price indirectly depends on their ratio. Profits are
the lowest for both firms compared to all other Individual Pricing scenarios and
(in)compatibility cases due to them attempting to attract the rival's legacy con-
sumers. Moreover, profits are higher when the two-product seller can separate out
its own legacies. He would then charge them the monopoly price for the complement

(due to the complexity of the closed form solutions, they are not written out here).

When offering a MIXED BUNDLE, the only type of consumers interested
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in the complement only are Firm 0’s own legacy consumers. Then, the two-product
seller can yet again offer the complement at its monopoly price and make the highest
possible profits on their own legacy consumers. This outcome will take place if there
is a substantial mass of own legacy consumers in the market. If the legacy market
is dominated by the rival’s legacies, the bundle price is often lower than the com-
plement monopoly price. Then, any own legacy has an incentive to simply purchase
the bundle instead and discard of the platform. The rival’s legacy consumers will

purchase, it anything, the bundle.
Case 1: Offering both product individually and as a package

The only type of consumers interested in individual platforms only are the new
ones. Some will prefer Firm 0’s platform, some Firm 1’s. Other new consumers will
go for Firm 0’s bundle. Then the platforms, strategic complements, are sold at higher
prices than under individual pricing, since they do not have to be affordable to the
rival’s legacy consumers. Firm 1’s platform is priced higher compared to its rival’s
since it is its only source of profit. However, the bundle price is lower than under
individual pricing as to capture that previously marginal new consumers who was
undecided between buying Platform 0 or the Firm 0 bundle, as well as to attract
more of the rival's legacy consumers. Compared to individual pricing, any new
consumer indifferent between Firm 0’s platform and the bundle will now purchase
the bundle (higher platform 0 price, lower bundle price). A new customer previously
indifferent between Firm 0's platform and Firm 1’s will go with Firm 0’s due to the

lower price. Any new buyer who, under individual pricing, used to be indifferent
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between the bundle and Firm 1’s platform will now choose the bundle, priced lower
than before and relatively cheaper than Firm 1’s platform.

Since the rival’s legacy consumers are an important part of the market, the
bundle price is a function of the distribution of the legacy consumers among the
two firms and it increases the fewer legacy consumers belong to the rival. Due
to strategic complementarity, higher percentage of own legacies also increases the
platform prices. The intuition for this result is as follows: the more of the legacy
market is composed of the two-product seller’s legacies M, the more important
these ones become, the less the two-product seller has to worry about attracting
the rival’s legacies and accounting for their dislike for the platform 0 part of the
bundle and the more weight Firm 0 puts on its own preexistent consumers when
determining its optimal pricing. Then, the prices converge towards the same classical
mixed bundling ones from the previous section (when targeting only its own Firm
0 legacies). All prices then increase as the share of the the rival’s legacies in the
market decreases, but never quite reach the levels they did when only focusing on
its own legacies.

We have previously shown that when Firm 0's legacies are the only ones in the
market interested in the complement only, by offering the complement alone, the
two-product seller may discriminate against them by selling it at the monopoly price.
We now discuss the circumstances under which Firm 0 legacies have an incentive
to make a different purchase than the complement and/or hide their identify. We
have argued the two-product seller is interested in selling its bundle both to its
new customers and rival legacies; when there is a relatively large mass of rival
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legacy consumers, it is optimal for him to choose a bundle price that is below the
complement’s monopoly price. Then, its own legacy consumers choose to purchase
the bundle themselves rather than just the complement and just discard of the extra
platform. There is no way for the two-product firm to identify its own legacies in
this scenario; we had previously argued that if the complement must be installed
on the platform at the time of purchase, a legacy consumer buying the complement
only would bring his platform with him and the two-product seller would know this
is his own legacy customer. But in this scenario, a Firm 0 legacy could do better
by going to the store without their platform and pretending to be either a new or a
rival legacy in order to get the better bundle price and the two-product seller would
not be able to identify him as its own legacy. When the legacy market is small
to begin with and with most of it being dominated by its own legacies, the rival
legacies become of little importance. The complement is sold and bought at the
monopoly price, the bundle price is higher than the complement’s and all prices are
at their highest. Higher valuations ¢ for the complement also leads to higher prices:
it directly increases the bundle prices and complement price and indirectly, via the
strategic complementarity, the platform prices increase.

All prices and Firm 1 profits are lower (due to the complexity of the closed
form solutions, they are not written out here) compared to the scenario of Firm
0 reaching out only to its own preexistent customers. Firm 0 does makes higher
profits than when reaching out to its own legacy consumers only, as long as its own

preexistent customer base is relatively small.
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Case 2: Offering the complement individually and the bundle

Firm 0’s bundle buyers are both the rival’s legacies and the new consumers.
The bundle price is lower than in all other cases and under all other marketing
strategies, as it must account for (i) the rival’s legacy consumer who have a relative
dislike for Firm 0’s platform that they must also buy in order to be able to use
the complement and (ii) the new consumers who previously only purchased Firm
0’s platform and not the bundle and whom the two-product seller would like to
incentivize to now purchase the bundle instead. Firm 1 offers its highest platform
price from all other pricing strategies when assuming Firm 0 targets all legacies.
Then, the consumer who, under mixed bundling, was indifferent between Firm 0’s
bundle and Firm 1’s platform will purchase the former. A customer previously
indifferent between Firm 0's platform and bundle may now either go with the bundle
or the rival’s platform. The bundle price increases as fewer rival legacy consumers
exist, since the two-product seller now focuses on the relatively higher segment of
the market, the new consumers.

In the beginning of the section we mentioned that Firm 0’s legacies would only
be interest in the complement under the current marketing strategy. However, when
Firm 0’s own legacies are a small share of the legacy market, the focus is on the rival’s
legacies. Then the bundle price will be at its lowest and below the complement’s
monopoly price. Any Firm 0 legacy will cheat by purchasing the bundle at the
relatively lower prices. Their strategy would be to enter the store without their

platform and pretend to be either a new or a rival legacy in order to get the better
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bundle price. The two-product seller would not be able to identify them as their

own legacy. But once Firm 0's legacies become the lion’ share of the legacy market,

the bundle price increases as little attention is given to the rival legacies and the

focus is to extract most surplus from the new and own legacy consumers. The Firm

0 legacies are then better off simply purchasing the complement.

Remark 22 When the two-product seller’s complementary good and the rival’s plat-

form are incompatible, a strategy targeting all legacy consumers with the platform

only available as part of the bundle yields profit mazimizing prices
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rival legacy purchases Each firm will make the following profits:

HB(M&(}'G IncompAll (-"2(2(1 + A)(]- + 2‘4)2 B (1 + 8‘4(1 = A))ﬂf - 8(1 + A Il'fg +8 -1:1‘;1\
n U o

_ \
43+ 44 — 4M)% d
8c(1+2A—2M)(1+A— M)(-1+A— M)t+ 3.63)
- 4(3 + 44 — aM)% i
+8(1+ A — M)(1 — A+ M)*?) (3.64)
4(3 + 4A — 4M)%t ‘
and (3.65)
H{jd!&(l‘(;’ IncompAll _ (((1 + A- i“,f) — 4 - 3(A _ ﬂ[)t)2 (366)

2(3 + 4A — 4M)%t

Bdl&CG IncompAll Bdl&CG IncompAll
Remark 23 When Pp el B “OMPEE no own legacy purchases

the complement alone, but rather the bundle. Then

- (14 2A4+2M)+ 2t — 2t(A— M)
Pb’d!&l’,ﬂ I'neompAll _ (‘( 367
. 3+ 4A 1 4M > A0
i PR —c(1+A+ M 4— A(-3)+5M)t _
pBACE IncompAll _ ¢(1+ +‘ )+ ( (=3) + 5M) (3.68)
3+4A+4M
the new platform consumers market is shared
88 Frcomp (1+ A+ M 245A+4+3M)t
Pléﬂdi&.(,(: I'ncompAll _ (( + +‘ ) + ( +54+3 ) (369)
2(3+4A+4M)t
LOG IncompA —c(1+A+ M)+ (4— A(-3)+5M)t
Plfdi&.(,(z IncompAll — (1( + 1 ) ( ( ) ) (37[])

23+ 4A+4M)t
and there are

oar — c(l1+ A+ M)+ (24 A(5) 4+ 3M)t
new 2(3+ 44 + 4M)t

newcomplementbuyersand (3.71)

Bdl&CQ .‘n(‘ompAI! _ :hf( (1 + A + n"f) ( 1+ A- ﬂ”‘[)f)

CGow Niegacy (3 1 4A 1 40 ownlegacypurchasesand
(3.72)
(A-=M)2c(1+ A+ M)—(54+2A4+6M)t) |
RLogcc = rivallegacypurchases

2(3 + 4A + 4M)t
(3.73)

121



Each firm will make the following profits:
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We have established Firm 1’s platform price is highest under pure bundling, as
it is the only provider of a sole platform and more differentiated from the rival’s only
product: the bundle. When bundle price is higher than the complement’s monopoly
price, the Firm 0 legacies will purchase the complement only. Prices and profits
are lowest than under any other "complement and the bundle” scenario. All are

increasing in the complement valuation ¢ and the share of Firm 0’s legacies M.

Proposition 24 When (i) there is incompatibility among the two-product seller’s
complementary good and the rival’s platform and (i) the two-product seller tar-
gets both types of legacy consumers, the two-product seller will mazimize profits by
offering a Mized Bundle (both products sold individually and as a specially priced

package).

We note that while the Mixed Bundle charges the highest Firm 0 platform
price, it offers the second highest bundle price after Individual Pricing and the
second highest Firm 1 price, after Pure Bundling. This result holds among all
strategies and compatibility levels.

Having discussed all these potential marketing strategies, we are ready to
determine the profit maximizing outcome. We are first going to focus on the case

where incompatibility is not feasible due to really high costs or copyrights issues.

122



Proposition 25 If compatibility is not feasible due to evogenous market conditions

and the two-product seller’s legacy consumer mass is relatively high compared to its

rival, the two-product seller focuses on his own legacy consumers only and mazi-

mizes profits by offering the platform and the complement individually. The profit
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If the rival’s legacy consumers make up most of the preexistent customer mar-

ket segment, a Mized Bundle, where the two goods are sold both individually and as

a bundle, is the optimal strategy.

123



The Proposition above is the case we often see in various industries, as copy-
rights and patents play an important role in a firm’s strategy. It is important to
note that the higher the complementary good valuation ¢, the lower the M mass

that determines the two-product seller to reach out to all rival’s legacy consumers.

3.3.2.3 Equilibrium

We further analyze if. in the absence of exogenous factors preventing it,
compatibility is desired and, if Firm 1 would ever have an incentive to forego the
copyrights for its platform and allow the two-product seller to make a complement
compatible to Firm 1’s platform.

We first investigate when Firm 1 enjoys highest profits. We find it maximizes
profits when the rival’s complement is compatible with its platform and when the
rival’s platform and complement are available for individual purchase (Individual
Pricing). This marketing strategy allows Firm 1 to compete directly with Firm
0 in the same product market and compete against comparable products (both
offer a platform consumers see differentiated, both offer the possibility of using the
complement with the platform, despite the complement only being sold by Firm 0).
We have previously argued in Proposition 1 that Firm 0 would always choose to sell
its products individually under compatibility. Therefore, this is our subgame perfect

equilibrium.

Proposition 26 In equilibrium, the two-product seller will maximize profits by al-

ways making his complement compatible with its rival’s platform and by offering
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his platform and his complement individually (Individual Pricing). The equilib-

rium market prices are
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Firm 0’s profit is increasing in the mass A of legacy consumers and the valu-
ation ¢ for the complement. We note this case is identical to having three distinct
firms each selling one of the products; there is no internalization of complementarity
for Firm 0 under this pricing strategy.

In the current paper, we chose to model the product bundling and pricing
choices as taking place in consecutive stages of the game. We considered products
where the design is dependent on the compatibility decision and, then, so is the
bundling option (i.e. a camera and professional lens, camera and tripods, Mac lap-
tops and their specially shaped batteries). In such scenarios, the product bundling

decision is not as easy one to reverse. There are also cases where a platform and

125



a complement are sold at a discount without actual integration (i.e. new laptop
and accessories: USB, noise cancellation headphones, wireless headphones). Then,
we can safely assume that there are only two stages to the game: the compatibility
decision and the prices choice stage. Our results do not change, in equilibrium the
two-product seller chooses compatibility and offers the two products individually.

There are no profitable deviations.

3.4 Welfare

Both Firm 0 and Firm 1 derive highest profits under compatibility. There-
fore, producer surplus is highest under compatibility, when the two-product seller
offers its goods a la carte.

Consumer surplus ordering is dependent on the share of the own legacy con-
sumers mass in the legacy market and the valuation ¢ for the complement. Incom-
patibility with a focus on all legacy consumers assumes new consumers interested
in Firm 1’s platform do not have access to the complement due to incompatibility.
Moreover, Firm 1's legacies are required to purchase Firm 0’s platform they have
a relative dislike for (otherwise they would have purchased it in a previous period
instead of choosing Firm 1’s over it) in order to be able to derive any utility from the
complementary good. Under this scenario, the two-product firm’s legacies are, at
times, strictly better off under this marketing strategy compared both to compatibil-
ity and incompatibility with own legacies as the only target legacy market, when the

bundle price is often below the complement’s monopoly one and then own legacies
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can keep more of their consumer surplus by just purchasing the bundle instead and
discarding the extra platform. If the bundle price is higher than the complement’s,
then they are just as well off as under compatibility and incompatibility with own
legacies as the only targeted legacy market segment. Firm 0’s new consumers are
relatively better than under compatibility and incompatibility with a focus on its
own legacies only, because they pay lower prices for any platform and the bundle.

Prices are highest under compatibility, but any new consumer interested in
both types of products has the option of creating the bundle that best suits his
preferences, as the complement is compatible with all platforms and the platform
prices are identical. Firm 0’s new consumers interested in the platform only are
always worse off under compatibility due to the highest platform prices. When the
valuation for the complement ¢ is high, a rival new consumer does have a higher
benefit from being able to form his own bundle using Firm 0’s complement and
Firm 1’s platform. But when the valuation ¢ for the complement is low, consumers
overall are better off under incompatibility with a focus on own legacies only. Under
compatibility, the rival’s legacies do not have to purchase a second platform that
brings them a relative disutility in order to use the complement, so they are better off
too. An own legacy under compatibility pays the monopoly price for any product,
which makes it just as well off as under incompatibility with own legacies as the
target market and at most as well off as when all legacy consumers are targeted
under incompatibility.

When own legacies are not the vast majority of the legacy market, compatibil-
ity leaves consumers with most surplus. Overall, incompatibility with a marketing
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strategy focusing on own legacies brings consumers highest welfare only when the
ratio % is close to one (high value). Very few rival legacy consumers are then hurt
by incompatibility and all the new consumers benefit from the lower prices. The
actual own legacies derive the same net surplus as under compatibility, as they still
pay the monopoly price for the complement.

Total surplus is always highest under compatibility, as the profits are sub-
stantially higher under this strategy than any other (see the appendix for further
details). If there were no legacy consumers in the market, the lower prices under
incompatibility would make this the consumer surplus maximizing strategy. To-

tal surplus would still be highest under compatibility due to the high profits the

two-product seller derives under this pricing strategy.

3.5 Conclusion

We developed a differentiated products model where two rivals offer each
a durable, stand alone use platform with an individual demand. Furthermore, one
of them also sells a unique, durable complementary product with no stand alone use.
There is a unit mass of consumers whose valuations for the two types of products
is uniformly and independently distributed on the unit square. We also assume the
existence of a pre-established customer base of the durable platforms, clients who
purchased a platform from either of the two sellers in a prior time period. In the
first stage, the two-product seller must decide whether to make the complementary

product compatible to its rival’s platform. In the second stage, he chooses a pricing
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strategy to maximize its profits.

We find that making the complementary product always compatible with the
rival’s platform is the optimal strategy and the two-product seller is always best off
selling the products individually (Individual Pricing). Compatibility brings highest
profits to the competitor too, thus being the market equilibrium.

We do acknowledge that in many industries, due to copyright laws or high
costs, compatibility is not a realistic option. Therefore, we further explore the
two marketing strategies the two-product seller has in the case where compatibility
is not feasible: (i) reaching out with its new complementary product both to its
own legacy consumers and the new ones or (ii) targeting its new complementary
product both legacy consumers (including those owning a rival platform) and the
new ones. The latter case implies that a rival’s legacy consumer, who owns an
incompatible platform, will have to purchase both the complementary good and the
compatible platform, for which he has a relative dislike. Previous period preferences
are still relevant, as a rival’s legacy consumer must have had a lower valuation for
the compatible platform relative to the Firm 1 one he owns (otherwise, he would
have purchased it in a previous time period instead).

Our results show that when the two-product seller has a relatively small mass
of its own legacy consumers compared to the total legacy market, reaching out to all
legacy consumers (including his rival’s) and offering a Mixed Bundle (the platform
and the complement sold both individually and as a specially priced package) is
profit maximizing. The two-product firm will choose to only reach out to its own
legacy consumers when they are a substantial part of the legacy market. He will
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then sell the two products individually.

The welfare implications of the model for our consumers depend heavily on
the proportion of the two types of legacy consumers and the valuation for the com-
plementary product. Compatibility benefits the consumers most when the legacy
market is not dominated by own legacies. Otherwise, incompatibility allows con-
sumers to keep more of their surplus due to lower prices for the new buyers. Profits
are significantly higher under compatibility, and, therefore, total surplus is always

maximized when the complement is compatible to both platforms.
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Chapter A: Appendix: Bundling and Competition

A1l Two-Market Monopolist

Proof. Lemma 1, Lemma 2 and Proposition 1:

CASE I: Individual Pricing P.. = PL¥ + PP

Figure la shows the Unit Circle where Firm 1: Product "A” /Print is
located at 0 and Firm 1: Product "M-A”" /Online is located at 1/2. We first focus
on the right arc (0%)

A consumer/advertiser will choose platform O only iff

a(M—A)—t(;—y)— P >aM — (PP +PiP) -1
—aA+PIPLE 3 i
% —y < % = Adpgr consumers will singlehome on O

A consumer/advertiser will choose platform P only iff

ad — PiF —t(z) > aM — (PEF + P5F) —

v < ad—aM+PLP+1

< ; = Adpp consumers will singlehome on P

A consumer/advertiser will multihome iff

aM — (PP + PP) — 2 > max{a(M — A) — P’ — f(% —y),ad — P}P — 1z}

M\ 1P TP i
aM—_plF_plP_1

- = Adppr consumers will multihome on OP

Due to symmetry, the left arc (% 1) will yield the same results
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Therefore, the monopolist must solve the following profit maximization

problem:

P(J}‘“; P;,P?'RGIP(‘;P(AdO + Adop) + P‘;{I.(Afi_p + Adop) =
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Notice above the price independence between PA” and Pj.”.We can further

see this in the First Order Conditions (FOC)

FOC(PSF) : a(M—A)-2PF =0 PF = w PAP’s reaction

function is independent of PA”

FOC(PLF) : aA - 2PiF =0 PP = od PLP’s reaction function
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MB

CASE II: Mixed Bundling Py = aM — %

Figure 1a shows the Unit Circle where Firm 1: Product "A” /Print is located
at 0 and Firm 1: Product "M-A”"/Online is located at 1/2. We first focus on the
right arc ([J,%). A consumer /advertiser will choose platform O only iff

a(M—A)—P)P —t(;—y)>2aM —(aM - %) -1 =0

1 a(M—A)-pPA'E _ T
3~y < ———2— = Adpr consumers will singlehome on O
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A consumer/advertiser will choose platform P only iff

aA — PYB _ x>0

aA—PpMB i o
r < ——F— = Adpp consumers will singlehome on P

A consumer/advertiser will multihome iff
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—aM+ Py B4 PB4
t

= Adpp consumers will multihome on OP

Similarly, we solve the left arc problem too.

Therefore, the monopolist must solve the following profit maximization prob-
lem:
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We further show that for a consumer to singlehome under Mixed Bundling, he
must have a negative valuation for the second product:

The marginal consumer of good A only under MB has the following utility

from good M — A: a(M — A) — t(: — AdMPB) = =2datdell=t ¢ )

1
2 4

The marginal consumer of good M — A only under MB has the following utility

from good A: oA — T(% — Ad¥P) = % <0

CASE III: Pure Bundling | P)5 = aM — %

Under Pure Bundling, all advertisers multihome at price Pjp = aM — %

making a profit of the same value.

CASE IV: Product ”A” /Print and the Bundle | P/5” = aM — L

This is a special case of Mixed Bundling, where the bundle consumers have all
their surplus extracted and Product "M-A” is not available for individual sale. We
focus first on arch (0, 1)

A consumer/advertiser will choose platform P only iff

aA — P‘,‘;,’&'B —tx >0

ad_ pP&B
Paialii - -

s ; = Adpr consumers will singlehome on P

A consumer/advertiser will multihome iff

aM — (aM — %) — £ > max{a(M — A) — PrEB _ f(% —y), @A — PPYE _ g

PLRB PLB i
—aM+PEEBL pREDLL
i

= Adppr consumers will multihome on OP right arch

(0,1/2)

Similarly, we solve the left arc problem too. We then solve the profit maxi-
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mization problem and find that

pP&B _ elM+A) L | P&B _ 2a(M—A)+t P&B _ —20(M—A)+t
, = ———%|and |Adpp” = = Adp™® = ——F——

nP&B — PPUB y APEB | (oM — L) x AdEYE = L(da(A+ M)+ 22AM" _ 3

1,
8

CASE V: Product "M-A”/Online and the Bundle | PJ3” = aM — L

This is a special case of Mixed Bundling, where the bundle consumers have
all their surplus extracted and Product "A” is not available for individual sale. We

follow the method in Case IV and find that

poxB _ a@M-A)-3 | 3[4 j0&B _ 24a+t AdOYE — —2Aati

0 - 2 or T T2t 2t

7O%B — POUB 4« AdSYE + (aM — 1) % AdS%EP = L(—da(A - 2M) + 24 _3p)

1
3 t

COMPARISON:

We first note that Pure Bundling and Individual Pricing are the only strategies
available to the two-market monopolist when ALL consumers are assumed to
have strictly positive valuations for both products'. Pure Bundling is the
optimal strategy, since

P PB _ o®(2A°-2AM+M?)

Tt —ntf = = (@M - 3) =

24202 2402 M+ (—aM +1)?
2t

< () using

our set of parameter values.

If a strictly positive mass of consumers have negative valuation for

one of the products, the two-market monopolist can choose between Individual

"We first focus on the restrictions on our parameter set {M, A, a,b,a}. We impose that the
mass of customers that sign up with each firm on each arch are a non negative mass and less
than the size of the customers in that market (i.e. 0 < Aj < a), then assume each consumer is
deriving positive utility from its purchase. All the prices are positive. We then construct the set

of parameters that satisfies all constraints above.
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Pricing, Pure Bundling, Mixed Bundling, Product "A” /Print and the Bundle and

Product "M-A" /Ounline and the Bundle. We compare all these profits.

2t{adM —t)

MB __ ir
:'T —. " + At

. We look for the set of parameters both Individual
Pricing and Mixed Bundling exist for (all advertiser types are positive and all derive

a positive utility from their choice); we find that aM — ¢ > 0 on this subset, so

TMB~ o IP
Then
_PB _ _MB _ foull = %) B 2(1'2(2/-12 —2AM —;ﬂ'fz) + 200 Mt — #? _

AA222 A AM A2 M2Za2 oAt 12
:_(4‘4 a?—4AMa +42;M o —2Mtatt ) <0, so

We now compare Pure Bundling with Individual Pricing:

3 3 t a?(ZA2—_2AM4+M?2) 2A%0% —2Aa’ M+ (—aM+1)?
aPB — P = (aM - ) - £@4-% - — Rl

ﬂJ’B £ ?T‘”’

We follow the same method for the pricing strategies including the bundle and

> 0, so

one of the individual products only and find that:

If a strictly positive mass of consumers have (strictly) negative val-
uation for one of the products, the two-market monopolist’s profits are ranked

as follows:

TL,J\IB e (>)T\'P&B&TFO&B Z (>}ﬂ_1’b’ ~ ?T“,

To build further intuition for the impact of the bundle introduction on the
market outcome, we compare prices under the Individual Pricing and Mixed Pricing
strategies when a positive mass of consumers have (strictly) negative valuation for
one of the products:
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I MB _ a(M—A) a2M-A)-L  aM+i e t
Py — Py " =——— 5 =——F= <0since aM — 5> 0

X A a(M+A)—L aM+L 3 = ¢
PgF — P8 =% — 2 =——52 <0sinceaM - >0
1P MB __ a(M-A) | a4 A ty _ —aM4+t x 1P _ aM—t
Pop—Pgp = S5 +% — (aM —3) = =27 < 0 since Adyp = 25— > 0.

Compare consumers/advertisers mass under the Individual Pricing and Mixed
Pricing strategies when a positive mass of consumers have (strictly) negative valu-

ation for one of the products:

Recall Ady™ = —2£4¢ Ade = 7_“(“;’4)“ Adgp = 2= and
AdYB = zedtt  pAGMB _ —allo At pggMB — ol

Ad;‘)l’ _ Adé})fﬂ = —a.:.—b—r _ —az.*:+t = % = ()

A(ﬁjp _ ‘4d?53 _ —a(!u;:AHQz _ —a(MQ:AHr _ % >0

Adgp — Adgp =2 2 = —1<0 m

Proof. Lemma 3:

ARC (0,a): Referring to Figure Al below, any consumer located right of x
and left of y has to travel both to Firm 1: Product "A” /Print located at 0 and Firm
1: Product "M-A" /Online located at a to get the bundle. We make the assumption
that this travelling will always happen on the arc not including a third firm (in this
case (0,a) and not (0,b,a) arc, as can be seen in Figure 2) and impose conditions

on the model’s parameters such that bundling is incentive compatible.

e Figure Al: consumers must choose between singlehoming on Firm 1:
Product ”A” /Print at price P}", singlehoming on Firm 1: Product

?M-A” /Online at price P!” and multihoming at P/l = PL + pIF
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Firm 1; Product “A°/Print (0)

Firm 1: Product “M-A"/Online (a)

Figure A.1: Firm 1: Product "A” /Print and Firm 1: Product "M-A"/Online dif-

ferentiation a la Hotelling

A consumer/advertiser will choose Firm 1: Product "M-A"/Online only

a(M — A) — PP —t(a—y) > aM — (PiP + PiP) —at

—aA+PLF tat > i s
g—ygs — - — = Adl}, consumers will singlehome on O

A consumer/advertiser will choose Firm 1: Product "A” /Print only iff

aA — PP —tx > aM — (PSP + PLP) — at

. aA—aM+PLF tat
e e S

= Adl), consumers will singlehome on P
A consumer/advertiser will multihome iff
1 p 1P T 1p _ IP _ ¢,
aM — (Pp" + Py ) —at > max{a(M — A)— P5" —tla—y), aA— Py —tx, 0}

aM—PLP—PLP —at . ;
)Ofp = AdY,, consumers will multihome on OP

Similarly, on ARC (b, 1):

Referring to Figure A2, any consumer located left of r when looking at the

arc or right of x when using the line set up, has to travel both to Firm 1: Product
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Finn 1: Product “A”/Print (0)

Firm 2: Product “M-A" Firm1:Product“A™
Y Website (1) Print (1-h)

IEEENDNENENE I.- I .: : l
X Y

Firm 2: Product “M-A"AW ebsite (h)

Figure A.2: Firm 1: Product "A”/Print and Firm 2: Product "M-A" /Website

differentiation a la Hotelling

”A” /Print located at 0 and Firm 2: Product "M-A" /Website located at b to get the
bundle. We make the assumption that this travelling will always happen on the arc
not including a third firm (in this case (b, 1) and not (b, a,0) arc, as Figure 2 shows)
and impose conditions on the model’s parameters such that bundling is incentive
compatible.

A consumer/advertiser will choose Firm 1: Product "A” /Print only iff

aA—PF —t(l—b—y)>aM — (PP + PiP)— (1 —b)t

aA—aM+PLF +(1-b)t > L
1-b—y < - L — AdY, consumers will singlehome on P

A consumer/advertiser will choose Firm 2: Product "M-A” /Website only
iff
a(M — Ay - Pif —tz > aM — (PP + P}F) — (1 - b)t

—aA+P;,F+('l—b]t .

2 . . T
BE R e = AdLF, consumers will singlehome on W

A consumer/advertiser will multihome iff
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Firm 1:
Product “M-A”

Firm 2: , Online (a)
Product “M-A” X
Website (b) | | |
.......... e
| I |
Firm 1: Produet *M-A* Firm 2: Product “M-A"
= Online (0) Website (b-a)

Figure A.3: Firm 1: Product "M-A”/Online and Firm 2: Product "M-A" /Website

differentiation a la Hotelling

aM — (PP +PJF)—t(1—b) > max{a(M —A)—P}f —tz, a A— PEF —t(1-b—1x),

0}

aM—PIP—PLP —(1-b)t
t

= Ady}/p consumers will multihome on WP

ARC (a,b): consumers/advertisers will always singlehome with Firm 1: Prod-
uct "M-A”/Online for P{For Firm 2: Product "M-A” /Website for PP
A consumer/advertiser will choose Firm 1: Product "M-A”"/Online only
iff
a(M — A)— PP —tz >a(M — A)— P}f —(b—a—2)t

. PP —PLF 4 (b—a)t

r ] . .
22t o = Adl)] consumers will singlehome on P

I P [P
—PiF+P)

» - - T
= = Adj},, consumers will singlehome on W

PROFIT MAXIMIZATION

Incumbent: PP PlPmaxPiF(AdS; + Adis + AdLp) + PEF (AdE +
A 1P P P
Adpp + Adsp + Adyrp)
Plug in the functions derives above and take FOCs:
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FOC(FPE): Pt = % Firm 1: Product "A” /Print’s reaction curve-constant

—2Aa+2aM + PP +bi—at

FOC(PAP): P = . Firm 1: Product "M-A" /Online’s

reaction curve - only depends on the direct competitor’s price P/

Entrant: Py maz Py (Adly, + Ady s + Adiyrp)

—2Aa+2aM+ PP +bt—at

FOC(PF): Prr= o Firm 2: Product "M-A” /Website’s

. - . . e
reaction curve - only depends on the direct competitor’s price P

Equilibrium:
1P _ Aa
pip = A
P”J _ —2Aa+20 M 4+ (b—a)t
6
IP _ —2Aa+2aM4(b—a)t
P - 6

P o_ Aa
Adgp=a— %

2t
Adiy = w
AdLE, = — Ao—SaM-+2bt+8at
AH’I,:_ - s —3A(x+$‘1a;11$(—5+-—1b+a)1
Ad{;l{-}, = —Aa+6aM 1!—[]2?(—;'1-5-4!;—;-.1]1
AdlE, =1—p— 4o

[P __ b-a
41(),[, - T2

ir b—a
Adyrp =

2
P 25A%a?4+3(24a—2aM +(—b+a)t)?
M newmbent — 50t
P 3(2Aa—2a M+ (—b4a)t)?
Tbnr'mm 50t u
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A.2  Single Market Monopolist
Proof. Lemma 4:

ARC (0,a), see Figure Al: consumers must choose between single-
homing on Firm 1: Product ”A” /Print at a price PM? | singlehoming
on Firm 1: Product "M-A”/Online at a price P)'” and multihoming at
price P}, Same travelling rules apply (only via the (0, a) arc if multihoming and
not the (1,b,a) arc).

A consumer/advertiser will choose Firm 1: Product "M-A” /Online only
iff

a(M — A) — PY'B —tla—y) > aM — P}}P — at

Aoy pPMEB_pMB . i
a—y<a— —9—9% = AdYF consumers will singlehome on O

A consumer/advertiser will choose Firm 1: Product "A” /Print only iff
aA— PMB —tx > aM — PYE —at

Aa—aM+PMB_pMB
t

r<a+ = Ady);} consumers will singlehome on P

A consumer/advertiser will multihome iff

aM — PP — at > max{a(M — A) — P}B — t(a — y), aA — P}B —tzx, 0}

aM+PMB_spMB, pMB_ ot A ; .
o s = AdY} consumers will multihome on OP

Similarly, on ARC (b,1), consumers/advertisers can choose to singlehome

with Firm 1: Product "A” /Print for P,"}"‘Bor Firm 2: Product "M-A" /Website for

MB

Pj/Por multihome at Py F = Pp'P + PP, Same travelling rules apply (only via
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the (b, 1) arc to multihome and not the (b, a.,0) one).
A consumer/advertiser will choose Firm 1: Product "A” /Print only iff
aA— PMB —t(1—b—y)>aM — (P8 + PYB)— (1-bit

aA—aM+PY B4 (1-b)t
[2

1—-b—y < = Ad}? consumers will singlehome on P

A consumer/advertiser will choose Firm 2: Product "M-A”" /Website only
iff

a(M —A)— PP —tx > aM — (Pp'P + PY'°) — (1 —b)t

—aA+PYE 4 (1-b)t

T < : = Ad{l? consumers will singlehome on W

A consumer/advertiser will multihome iff
aM — (P} + P/P) —t(1 - b) > max{a(M — A) — P}/® —tz, aA — P}E —

t(l—b—ux), 0}

aM—PYME—PME_(1-b)t

: = ;—‘ld'&{fﬁ consumers will multthome on WP

ARC (a.b), consumers/advertisers will always singlehome with Firm 1: Prod-

uct "M-A”/Online for P} Por Firm 2: Product "M-A”" /Website for Py ?
A consumer/advertiser will choose Firm 1: Product "A” /Online only iff

a(M—A)— PP —tz >a(M—-A)— PP —(b—a— )t

PE—PY B+ (b-a)

t oy
< 5 = AdYF consumers will singlehome on P

xr

_pMEB s M B
Py = +Py

57 = Ad}}} consumers will singlehome on W

PROFIT MAXIMIZATION

Incumbent: PYB PME PYBmarP)B(AdYP+AdNE)+ P B(AdY S+
AdYE + AQYE) + PP (ALE)
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Plug in the functions derives above and take FOCs:

FOC(PM5):

action curve depends on the bundle price

FOC(PMB):

reaction curve - depends on the direct competitor’s price

MEB
P(JI’

FOC (PYB):

MEB __
pMB —

64Aa—TaM+21at414bt
114

MB
PO‘(J

MB _
Po =

—6Aa+6alM +(a+Th)t)
19

MEB -
P(JP

14 Aa+43aM —15at4+28bt
114

MEB
P w

Firm 1: Product "A” /Print’s re-

Firm 1: Product "M-A" /Online’s

and the bundle price

Firm 1: Product "M” /Print &

Online’s reaction curve - depends on the two individual Incumbent prices

Entrant: P BmazPMB(Ad}SE + Ad
J 1 MBy. MB _ 22a(—A4+M)—9at+13bt
FOC(PYBY. | pue = £)

reaction curve - only depends on the direct competitor’s price

MB
WR

Equilibrium:
PMB _ 64Aa—TaM +21at+14bt
P 114
P;UB s —6Aa+6aM +(a+T7h)t
(o] = 19
PpMB _ 14Aa+43aM —15at+28bt
or — 114
P‘”B o 22a(— A+ M )—9at413bt
W 57
MB __ —64Aa+TaM+93at—14bt
Adgy = 114¢
MB __ 32Aa—32aM +39at+7ht
Adpg = e
MB _ —at+(aM)/t
Adyp = ———
ME __ 35a(A— M)+ (57—9a—44b)t
Adp; = e
AdMB —20Aa+TTaM +(—3(38+a)+74b)t

114¢

144

+ Ad

W)

Firm 2: Product "M-A" /Website’s

MB
P o



Ad;\-.f}:f _ —5H0Aa—TaM+(114421a—100b)t

WL — 1144
MB _ —4AatdaM —69at+49bt
Adyy = T

Ad;\-fﬂ _ 4Aa—4daM —A5at+65bt
"W h

114t
MBEB (162447 -1082AM 4541 M 2)4+2(331a—210b) a( A— M Yt +4(366a% 4 T0ab+24562 )12
T Incumbent — 21661
MB _ (22Aa—22aM +9at—13bt)2
T Entrant — 2166t

We compare Mixed Bundling singlehoming vs multihoming prices:

; 5 . T AN - TE MB
P(_gi;ﬁ - P_EIB — 14Aa+43aM —15at428bt G4Aa—TaM+421at4+14bt > U, SO P‘” S PO,”

114 114
M B MB 14Aa+43aM —15at+28b6t _ —6Aat6aM +(a+T7h)t pPMB - pMB
Pyp — PP = & 5 S ig >0,s0fo =1lop|m

Proof. Lemma 5:

The Incumbent and the Entrant compete head on both the (a,b) and (b,1)
arcs. The latter is a result of the Incumbent selling the bundle only, therefore no
consumer on (b, 1) would buy from both Firm 1: Product "M” /Print&Online and
Firm 2: Product "M-A" /Website, since access to internet readers is already provided

by the bundle.

ARC (0,a): all a consumers buy the bundle, multihome with the Incumbent
at PEEC

ARC (b, 1): consumers/advertisers can choose to singlehome with Firm 1/Print&Online
at a price PS5 or Firm 2: Product "M-A” /Website for P[?“. No consumer would
multihome, since the bundle already ensures access to the good of Firm 1: Product
"M-A" /Online (or the internet readers that multihome among Ouline and Website,
so any of the internet news media will ensure the advertiser reaches all M — A of
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Firm 1: Preduct *A”
Online & Print (0, a)

Firm I: Product Firm L; Product “}M7
SM-A"Wehsite (0] | | Online & Print (1-h)

o ! |
| ;i |

Firm 2: Produoct “M-4"
Wehsite (b)

Figure A.4: Pure Bundling: Competition on the (b, 1) arch

them), which is a close substitute to Firm 2: Product "M-A" /Website’s product
(same readers). Referring to Figure A4 below, any consumer located left of x when
looking at the arc or right of x when using the line set up, has to travel both to Firm
1: Product "A” /Print located at 0 and Firm 1: Product "M-A" /Online located at a
to get the bundle. We make the assumption that this travelling will always happen
via the (0,a) arc and not (0,5, a) and impose conditions on the model’s parameters
such that is always incentive compatible.
A consumer/advertiser will choose Firm 1: Product "M” /Print&Online iff

aM — PEBC —t(1l—b—z+a) > a(M — A) — PFBC — xt

T < —aA4 PIBC—PIBEC 11(1—bta)
= 2t

— AJEBE spnive —r Hras
= Ady/;” consumers will singlehome/purchase
from Firm 2: Product "M-A" /Website only and

PBC o —aA+PPBC_pPBO 41 biq)
Adppi =1-b—z=1-5b- =

ARC (a,b): consumers/advertisers can choose to singlehome with Firm 1:

Product "M” /Print&Online for PYFY or Firm 2: Product "M-A”/Website for
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Firm 1: Product M[”

Online & Print (0, a)
Firm 2: x
Pl‘Odllﬂ “][—:-X”-"“Tehsife EnmEmn llllb- :
Firm1: Product “} ™ Firm 2: Product “M-A”
X Online & Print (0) Website (b-a)

Figure A.5: Pure Bundling: Competition on the (a,b) arch

PLBC. No consumer would multihome, since the bundle already ensures access to
the good of Firm 1: Product "M-A” /Ounline (or the internet readers that multi-
home among Online and Website, so any of the internet news media will ensure
the advertiser reaches all M — A of them), which is a close substitute to Firm 2:
Product "M-A” /Website's product (same readers). Referring to Figure A5 below,
any consumer located right of x when looking at the arc or left of  when using the
line set up, has to travel both to Firm 1: Product "A” /Print located at 0 and Firm
1: Product "M-A" /Ounline located at a to get the bundle. We make the assump-
tion that this travelling will always happen via the simple (0,a) arc and impose
conditions on the model’s parameters such that this is always incentive compatible.

A consumer/advertiser will choose Firm 1: Product "M” /Print&Online
itf

aM — PEEC —t(x +a) > a(M — A) — PLBEC — (b—a — 1)t
aA—pPLEC+ PEBC 1i(b—2a)

, _ PBC [ loran s
< o = Ad;; consumers will singlehome/purchase

from Firm 1: Product "M” /Print&Online and

Arfi‘ﬁgc =b—a—x=b—a— aA-PGF PP O talb-aa

2 ) buy from Firm 2: Product

"M-A" /Website
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PROFIT MAXTMIZATION

Incumbent: PEB%mazPSBC(AdEES + AdSES + a)

Plug in the functions derives above and take FOCs:

BC > 24a+2PPBC 14 at | . i A i
FOC(PFEC): BogSi= % Firm 1: Product "M” /Print&Online’s

reaction curve depends on the direct competitor’s price P5¢

Entrant: PLECmaz PEBC (AdEEC + AdEEC)
§ 3 T ] —2Aa42PPBC 144 . »” ” : b
F(_)C(Pl_{',-B(‘): PJ BC — i 2z et pirm 2: Product "M-A ' /Website’s

reaction curve depends on the direct competitor’s price P55°

Equilibrium:

PBC _ 2aA—(—3+alt
R}I’ - [

PBC _ —2Aa+(3+a)t
Py 6

PBC _ 3-3b—2a+(Aa)/t
Adopp = —— -

Ad!’B(" Aa+3bt—5at

OPR = 61
PBC __ Aa—3bitat
4‘ ]H R — Gt

41!’3(? _ 3—3b+2a—(Aa)/t

Adrr = 5
PBC (—20A+(—3+a)t X X
Ml enmbent = T Under Pure Bundling with the market covered,

the Incumbent offers only one product, so the competition between the two can be
simplified to the Hotelling model of product differentiation, with the two firms being

located at each at one end point of the unit segment. Therefore, the profit does not

depend on b, the location of the Entrant.

PBC (—24a+(3+a)t)?
ﬂ—bntranr e 361 u
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AMULTIHOME: FIRM FIRM 1: Product “A*/Print {[!:] |
1&22PRINT & WEBSITE

BUNDLE

¥ SINGLE HOME :

3 FIRM LPRINT OR

1 X FIRALI I'PRINT &
ONLINE BUNDLE
FIRM 2: Product “ALAY X
Wehsite (h)
FIRMAD:
SINGLEHOMIE: Product “AN-A"/'Online (a)

FIRM 1'PRINT &ONLINE
ORFIBMZAWEBSITE

Figure A.6: Incumbent offers Firm 1: Product "A” /Print or the Bundle only

Proof. Lemma 6:

We follow the same methodology used to determine the market outcome under
Individual Pricing, Mixed Bundling and Pure Bundling.

The competition on the (b, 1) arc is the same as under Mixed Bundling and
Individual Pricing. The differences appear in the Incumbent’s exclusive market (arc
(0,a)), where each consumer is faced with the choice of Firm 1: Product "A” /Print
only and the bundle, and in the Firm 2-Firm 3 market.

ARC (0,a): A consumer will choose Print iff a4 — PF¥B4 —tx > aM — at —

P& Bdl
P()J’

ARC (a,b): A consumer will choose the Bundle iff aM — (a+ )t — PHSB >
a(M -A)—tlb—a—1x)— Pﬁj&b’d[
Therefore, following the proofs for each of the three strategies before (Individ-

ual Pricing, Mixed Bundling and Pure Bundling), we find:
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PJ’&'.BO!! _ 524Aa-TaM+1lat414bt
* - 92

PI’&'.BO!I _ 3Aa+B8aM —6at4+Tht

or = 23
pP&Bdl _ —11Aa+9aM —at+5bt
Lid - 23
AdP&Bdl — _ ~124a+14aM+(~23+a+18b)t
gL 7 231 ’

Ad."&’.b‘rﬂ _ 52Aa—53aM +5Tat+14bt
PR -

92¢
P&Bdl _ —52Aa+53aM +7(5a—2b)t
Adopr” = 97t

38, ; i
Ad.‘ &Bdl __ 94a+aM —4lat4+21bt

OPL 161
P&Bdl _ 9Aa+aM +5(a—5b)t
Adyy" = —————
AJP&Bdl — —40Aa—TaM+(92+11a—78b)t
WL 92t
Ad,"&Brﬂ _ —BAa+63aM+(—92—Ta+58b)t
PWL = 921

P&Bdl _ o?(2188A4%2 1732 AM +1041M %)+ 2a(a(914A—913M )+ 56b(3ALBM ) )+ (817a” —672ab43026%) 2
or — 4232¢

qP&Bdl _ 3(11Aa—9aM +(a—5b)t)*
w - 1058t

The Incumbent NEVER offers the Firm 1: Product ”M-A” /Online
product and the Bundle (Firm 1/Print & Online) only.

In determining the set of parameters over which our model is defined and
keeping the market covered assumption used in the literature, wefocus on the re-
strictions on our parameter set {M,A,¢,a,b,a}. As before, we first impose that
customers that sign up with each firm on each arc are a nonnegative mass and less
than the size of the customers in that market (i.e. 0 < Ad,, < a), then assume each
consumer is deriving positive utility from its purchase. All the prices are positive.
We then construct the set of parameters on which we will compare the profit under

the deviation with the Pure Bundling one by creating the union of the current set
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and the preexistent one created to compare Individual Pricing, Mixed Bundling,
Pure Bundling and Product "A” and the Bundle. We find they have no common
values, therefore the Incumbent would not find it feasible to offer Firm 1: Product
"M-A” /Online product and the Bundle only. We also construct the set of param-
eters on which we could compare the this current strategy to Pure Bundling and
still find no common parameters. Therefore, when choosing a pricing strategy on
the set of parameters including the other four strategies, the Incumbent would not
take Firm 1: Product "M-A”/Online product and the Bundle into consideration.
Firm 1: Product "M-A"/Online product and the Bundle is an optimal strategy on

its own set of disjoint parameters.

COMPARING PRICES ACROSS THE MODELS

We want to look at some basic comparisons across the four models.

INCUMBENT
* _ Aa
PJ)“ - T

Pz‘LfB _ 64Aa—TaM4+2lat+14bt
3 o 114

PpP&Bdl _ 52Aa—TaM +1lat+14bt
P - 92

PBC _ 20A—(-3+a)t
POJ" - [

1p MB _ Aa _ 64Aa—TaM+2lat+14bt
Ppr = Pp% = 5 — 114 <0

! > & i —Ta ] 14 524a—Tal la
PE‘:!B o Pf: L Bdl — 64Ada 701111'1—;2lat+l-lbf _ 52Aa Ta1g-gl-llat+l4br =0

V1 PJ”K’B(R _ Ao _ 524a—TaM41lat414bt < U S0 PIJ’< PP&BdE< P,‘\'IB
> == . I

- ] 2 92 1) ‘[) 2
PBC IP _ 2aA—(—3+a)t Ao 1 1 -
PEEC — pip = Zed-(cdtal Aa . _1pg—1t(a—3)>0

pPBC _ pMB _ 20A-(-3+a)t _ (44a—7aM{2lat+14bt

or 6 114 >0
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> i i 2
R{)ﬁi(.. - PAPB > PI,.‘

Similarly, we show that | PYEC > PY5> P | and

PBC
P().”

> PLF + PP

i PBC MB =gn_n = . e PBC MB :¢n _»n
but | Pop" > Php” if "a” is small and P55~ < Pyp if "a

is large

ENTRANT

1P _ —2Aa+2aM4(b—a)t
PP = 2

P_.Ub' _ 22a(—A+M)—9at413bt
W

57
PBC _ —2Aa+(3+a)t
P~ ==
PpP&Bdl _ —11Aa+9aM —at45bt
W - 23
> M —24a+2aM+(b—a)t  22a(—A+M)—9at+13bt
Plj;:‘ o P!r:fb‘ s x (:.. (b—a) _ al \.l a /] <0
¥ i
MB P
Py ® > Py
; —24a+(3+a)t  —24a+2aM+(b—a)t - :
PPBO_plp = ~2Mot@talt ~MotleMi(b-alt _ _ 1(_3¢ 4 9Ma — 2at + bt) >
: PBC P
0, so | Py > Py
"BO ] —24a+(3+a)t  22a(—A4M)—9at+13bt BC ]
PIEC . pMB = (.( Bt 22l 1)=98 () so: | PERC 5 PME
] av
] Ty 22a(—A+M)—9at+13bt  —11Aa+9aM —at+5
pys_ P&]&.B:ﬂ — 220(-A+M)-9at+ _ —llAa+9aM —at+5bt -
57 23
5 > —24a+2aM 4 (b—a)t _ _11Aat9aM —at45bt > ]
PP —ppeBdl — o oG (b—a)t _ —11Aa+ )g‘;: at+5bt - () g0 PIP < pP&Bdl o pMB

: P&Bdl MB PBC
Then |PEF< P "< P <P |

Proof. COMPARATIVE STATICS

1. CHANGES IN THE LOCATION OF FIRM 1: PRODUCT "M-

A” /ONLINE: "a”

\aﬂ, (b—a)l, (1-0) 4:»\




Potential Market: Firm 1/Print: (1-b+a)ff  Firm 1/Online: b<=  Firm

2/Website: (1-a){

1A, INDIVIDUAL PRICING: a 1

Holding all prices constant, fewer advertisers from the WO arc joint the two
firms, since (b —a) |}

Competition becomes stronger on the WO arc because of the lower mass of
advertisers available and unchanged on the WP & OP arcs (since we have no com-

petition there to begin with).

| PF § (—t/5)| = | P§ § (—t/5)| > | PF < |]

W has a smaller number of advertisers to reach (1 —a) and since it faces fiercer
competition on WO it must cut its price. O has the same mass of advertisers b to
compete for, his mass of advertisers he is a monopolist for on the OP arc increases,
but the one he competes for decreases. O will also decrease its price, as the reaction
curves (RC) show. P is a monopolist on both OP and WP, so he does not make any

changes to his current strategy.

L — M H atinitialprices| | O

1
e e

%

a” increases, so when preexistent advertisers choose between P and OP, more
choose P only since it’s more expensive to travel all the way to O due to the higher

distance "a”. This does not change the number of advertisers signed with P.

Ploce O o MH| o a 0
— —

p S ——
On the O side, again holding all prices constant, same number of advertisers

n

sign with O. The only change is that as "a” increases and advertisers are choosing
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between O and OP, choose O more.

Pl MH|_| a 0

R ——

As Pg’ decreases, O will attract more advertisers on the OP arc.

P| MH ] e 0

AdIE,(0)+ Adifa(~a/2)+ Adif, (a/5) =Adif (~3a/10) §

AdY (—a/5) + AdP,(4a/5) + AdSp(—4a/5) + Adyy(a/5) =Ady (0) <—
Adl (—a/2) + AdYh(a) + AdYL(—4a/5) =AdY (—3a/10) |

O’s loss is smaller than W's because O loss some "b — a” advertisers to itself

on another arc (OP), while W lost them for good.

OUTCOME: An increase in a hurts Website and Online equally and

does not affect Print.

CHANGES IN PROFIT:

525 A2a? a(24a— 20 M4 (—bta)t)?

[P
-Ine unlbent Tincumbent — ol = —2a(M — A) —Hb—a) <
d[i

da ’J

0since M >0, A>0,b>az>0.

pi2aa—2a M4(—bta)t)?

~Entrant:- f”;””” = 01 =32 (—2a(M — A)—t(b—a) <0

da 2)

The decrease in the two profits is equal, since Firm 1: Product "A” /Print

)

profit is unaffected by changed in "a”.

1B. MIXED BUNDLING: a

| Pop 4 (15t/114) > [PF® 1 (t/19)] = | Pw" | (9t/57) >[PE'® { (21t/114)]

The Print product is a monopolist in both the (0,a) and (b,1) market. In the

former, it faces an upward pressure in order to push as many of the exclusive con-
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sumers as possible to purchase the bundle, since it’s priced higher than any of the
individual Incumbent goods. In the latter, it must account for the full effect of any
price changes, due to the lack of competition and, thus, no buffer. Similarly, the On-
line product faces the same upward pressure in the (0,a) market, an a downward one
in the (a,b) market due to direct competition with the rival’s differentiated product.
Then, the Incumbent must weigh in the downward pressures on the individual Print
and Online prices coming from the (a, b) and (b, 1) market and the upward pressure
to incentivize as many exclusive (0, @) consumers as possible to purchase the bundle.
Choosing a bundle price lower than the monopoly case one aM — ta will generate
higher profits for the Incumbent.

Since the bundle price is higher than the individual prices, the Incumbent has
an incentive now to price higher PA'® > PP PMB = PIP and push most of its
single product buyers on the (0,a) arc to purchase the bundle at the higher price
PM)B > PMB. Direct competition between Firm 1: Product "M-A”/Online and
Firm 2: Product "M-A” /Website still results in interdependencies between the two
firm (platform) prices, as seen in their reaction curves. However, the symmetry in
their reaction functions found under Individual Pricing is lost, as consumers on the
(b,1) arch can form their own bundle, pay the two individual prices and have surplus
left over, while the customers on the (0,a) arch will have their full surplus extracted
when purchasing the bundle.

Ploco M H atinitialprices| | O

L ——

"a” increases
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P| MH| | a O

, o e

prices are held constant

: | P Mo + al | a @)
\.—\’_J \-_.H
P%’IB and P%{[Bdecrease
Pl Ma + a| | a O
“_\,_/ \._.V_J

There is a net gain in MH advertisers on OP compared to the initial "a” case.
On the PW arc, P%B decreases and P%’IB increases. The same is true on the

OW arch, thus the Website ends up with more advertisers from both markets.

CHANGES IN PROFIT:

aMB _ a?(1624A4% —1082AM +541 M?)42(331a—210b) o (A — M )t 4 (3660 + 70ab4245b%)t2
Ineumbent — 21661

MB _ {(224a-22aM +9at—13bt)2
T Entrant = 2166t

anME 602(152-1_43—mwAM+r.-1|,'|12]+2r:;:11a—21uhm[A—M]r+f:us[ja”—:—7(1ab+2-:5b3‘;a3

-Incumbent: T incumbent — 3166t

ncumbent: . = _. <

da da
0
GrMB gl224a—22aM 490t 13bt)

= - e . Entrant — 2166t

Entrant: —#s« os <0

1C. PURE BUNDLING: a {

Holding all prices constant, fewer advertisers from the WO arc joint the two
firms, since (b —a) |}
Competition becomes stronger on the WO arc because of the lower mass of

advertisers available and unchanged on the WP & OP arcs.

PBC _ 2aA—(—34a)t
POJ’ = 6

| PEC | (=t/6)| = | Py 1 (£/6)]

Since now the competition is down to two products essentially (the bundle
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or the Entrant’s good), and it happens on both arcs, a higher @ means a higher
transportation cost for anyone on the arc (b, 1) interested in purchasing the bundle,
as Firm 1: Product "A” /Print and Firm 1: Product "M-A”/Online are further
apart. This allows the Entrant to charge higher prices, as the loss in consumers on

the (a, b) arc is less than the gain on (b, 1) arc.

CHANGES IN PROFIT:

A2
aﬂ.[—"B a\—20A+It.—,1+r1,|ﬁ} _24 s " - "
-Incumbent: “fncumbent - — ELT = at(=3+a)t - ( since PEBC —
da da 18 w
—2Aa4;(;j(3+a)t =~ 0
P 1 2
; onMB pi=2aatdhel) —2Aa+(3+a)t . B 2ad—(—34a)t
-Entrant: —£atent — =l == (13( ta)t < (O since PEEC = 2eA-(-3+ta) (6 LN

0

1D. PRODUCT ”A” /PRINT and the BUNDLE: a {

Holding all prices constant, fewer advertisers from the WO arc joint the two
firms, since (b —a) |}
Competition becomes stronger on the WO arc because of the lower mass of

advertisers available and unchanged on the WP & OP arcs.

| PGBC U (6t/23)] > | PE” 1 (11t/92)| > | P | (t/23)]

Since any bundle consumer has the to travel the extra distance, the bundle
price goes down. The Product "A” /Print price increases in order to push as many
consumers on the (0,a) arch as possible to multihome and to extract more surplus
from those who are not willing to incur the higher transportation cost to get the
bundle. Since the Entrant only competes directly on arch (a,b) against the bundle,
they are strategic complements, thus his price also decreases.
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CHANGES IN PROFIT:

-Incumbent:
. P& Bdl
aw!m:umbem _
da
aryz(ulHHA“—17:52A,\1+1n41.-U'-’)+2ﬂfr;($;1-1A—.t11:mr]+.'aﬁhf:s.4+x}\r]‘;t+[ﬁl?a' —672ab+39262 )42 3
Azt .
o < 0(A.3)
ai ERYEY2
f}arm"'ﬂdf ad\llAa—ua;\_l-!—(a—.)b,lﬁ} . (%+a)f i S
_E ant: " Entrant — 10687 ppe rt{ota)t T PBC _
Entrant: —£s¢ e s < 0 since P,y

200 A—(—3+a)t

= >0 m

Proof. Proposition 2

Case 27 We compare the Pure Bundling (PBC) and Individual Pricing (IP) profits.

AgPBC-IP _ _PBC P | _450A42%a2+25(—2Aa+(—34a)t)2—54(24a—2aM +(—b+a)t)?

Ineumbent — ' Incumbent ?r.‘n.c-umbent il a0t

Since our difference is quadratic in a, we take First and Second Order Condi-

tions to see its behavior:

F()c.aﬂﬂiﬁ:@frif _ O((—450A242425(—2Aa+(—3+a)t)2—54(2Aa—2a M +(—b+a)t)2)/(9001))
i da - da -

—158Aa+108alM +{—T5+:’)4b—29ﬂ)t0

450
P2ARPBC-IP 86({—'ISEJA:!r12+25\'—2A:x+f—:i+ﬂ)\‘]2—Sd[ZAa—'ZQJH+(—b+n)?]2j_.f'(i)1][1r]j
SOC: TIncumbent — Ja = 29t -
2 da? da 450

0 the difference is concave, and we can be both on the increasing and decreasing

portion of it.

’In determining the sign of the Mixed Bundling profits FOC in a, we first focus on the re-
strictions on our parameter set {M, A, L, a, b, o}. We first impose that customers that sign up with
each firm on each arch are a non negative mass and less than the size of the customer mass in
that market (ie. 0 < A‘; < a), then assume each consumer is deriving positive utility from its
purchaset. All the prices are positive. We have now constructed the set of parameters on which

we will determine the sign.
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Let’s find the roots of the difference quadratic equation:

PBC—IP __
Aﬂ}ncmnbem - U'-'

then

A PBC-IP =0,

Ineumbent —
t(—158Aa+108aM —THit+54bt
D =Rl M) 2
20t=
_ H(—158A4a+108a M —T75t+54bt)
Gy = 2012 +
lﬁ\/Z(tz(19.4‘-’0.2—24.4n(‘2nﬂ-1+(—3+h}t]+3(2a_ﬂ,f+(—3+b}t)2)}
+ 5 =2 |
20t
. PBC—-1P " PBC 1P
Sll’l(,e U <a< b < 1'-‘ Aﬁimmmbent > U 50 "rrfncu-m.hent> Trhmumbent

Case 28 We compare the Pure Bundling (PBC) and Mived Bundling (MB) profits.

A MB-PBC MB — ﬂ_J‘BC
: Ineumbent — "' Incumbent I'ncumbent [—

—361(—2Aa+(—3+a)t)2+6(a?(16244% —1082A M +541 M2)+2(331a—210b)a(A— M )i+ (366a%+T0ab+2456%)¢2)
12996t

Since our difference is quadratic in a, we take First and Second Order Condi-

tions to see its behavior:

OATPEC-ME 9708 Aa—1986a M +(1083+1835a-+210b)t

Incumbent ——
FOC: da = 6408 <0
J2ARPBC-MB 18350
SOC: fngymbent = = 4@3-; > 0 the difference is convex, and we are on the

decreasing portion of it.

Let’s find the roots of the difference quadratic equation:

B — M
/_\TFJ BCO-MEB

MB-PBC __
I'ncumbent -

= 0, then a;

2708 Aat+3t(—662aM +(3614+70b)t)

19\/5\/z2 (o2 (—3646 A2 534 AM —929M 2 )+ 2a( (31894 1330b) A—3(3314-420b) M }t+(3294+35(6—35b)b)t2)
- 183512

MB-PBC __ __ 2708Aat+3t(—662aM +(361+70b)t)

3 +

" 19V6 /12 (a2 (—3646A2 1 534AM —920M2) 4 2a((3189+ 1330b) A — 3(331+4206) M )+ (3204+ 35(6—35b)b)12)
183512
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- . - . . . N — e
Using our set of parameter restrictions, we find that Since 0 < aMB-FB¢ <
MB—PBC . PBC MB PBC MB
a < ap <b<1l: "'rr;‘n(.--umbent> T Incumbent- Then ?rfm--umbent> T Incumbent

Case 29 We compare the Pure Bundling (PBC) and Product "A” and the Bundle

(PE&DBdl) profits.

FBC P& Bdl

We follow exactly the same methodology as above and find that | ;- . > @220

PBC
Incumbent

MB 1P P& Bdl

T]‘lerefore, Incumbent? ﬂ—hu:umbem! Incumbent

> max{m

Case 30 [ further determine the ordering of the profits under the nonoptimal pric-

ing strategies.

I use the same method as above and compare the three strategies (Mixed

Bundling, Individual Pricing and Product "A” and the Bundle)

MB
Incumbent

MB

) > ﬂJ P
Incumbent

® T Inecumbent

; P -
and Ty umpens 0 find o

MEB

P Bdl Y P&LBdl MB
Incumbent to find &

and e i banit Incumbent > T Fneumbent

® T

P& Bdl
Incumbent

P& Bdl i

to find T Incumbent - T ncumbent

P 2
® T ncumbent and 7

to find that

PBC & Bdl MB P
"ITI neuwmbent > ?{J neumbent > ﬂ—.f neuwmbent > ?TI neuwmbent 8

Proof. NO PROFITABLE DEVIATION

FROM THE PURE BUNDLING STRATEGY
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MULTIHOME: FIRM FIRAIL: Product “*A"Print {ﬂj |
1&2/PRINT & WEBSITE
BUNDLE

SINGLEHOME :
FIRM 1I'PRINT OR
FIEM 1'PRINT &
ONLINE BUNDLE

FIRM2: Produet “NEA™
Website (b)

FIBM 1:
SINGLEHOME: Product “ALA"/Online (a}
FIRAM 1 PRINT&ONLINE
OR FIRM 2WEBSITE

Figure A.7: Incumbent offers Firm 1: Product "A” /Print or the Bundle only (repost)

CASE 1: Incumbent offers the Firm 1: Product ”A” /Print product

and the Bundle (Firm 1/Print & Online) only.

We keep the Entrant’s reaction function constant, so that is depends only on
the bundle price, as we show in Lemma 6. The Incumbent deviates to offering Firm
1: Product "A” /Print product and the Bundle, while the Entrant’s best response
curve is kept fixed. The competition on the (b, 1) arc is the same as under Mixed
Bundling and Individual Pricing. The differences appear in the Incumbent’s ex-
clusive market (arc (0,a)), where each consumer is faced with the choice of Firm
1: Product "A” /Print only and the bundle, and in the Firm 2-Firm 3 market (see
Figure A6, repasted here for the reader’s convenience).

ARC (0,a): A consumer will choose Print iff ad — PE45d, —tz > aM — at —

P& Bidl
P()I’—DEV

ARC (a,b): A consumer will choose the Bundle iff a M — (a+x)t— PES5H ., >

a(M —-—A)—tlb—a—x) — Pf:ijDEV
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There is no need to find the Entrant’s best response as we are taking the Pure
Bundling one as given.

We solve the Incumbent’s profit maximization problem and find that

PJ’&Bd! _ 14Aa—2aM+i+3at+4bt
_DEV — 741
PJ’&thi _ 2Aa+daM+41—3Jat+4bt
OP-DEV — 12
PJ’&Bd! _ —10Aa+daM+(T+3a+4b)t
W—-DEV — 71
P&Bdl _ 20a%(5A%2—4AM42M %) Lda((1421a+4b) A+2(1—9a+4b) M)t +(33a® —6a(144b) 4 (14+4b)?)¢?
OP-DEV — 192t
P&Bdl  _ _ (38Aa—44aM4(19+15a—20b)¢)(—10Aa+4aM +(7+3a+4b)t)
Tw_DEV = 11521

We compare prices with the Pure Bundling ones and find that

Ty 3 4 Aea M s 200 A—(—3 t 30 3
pPeBd PR __ 2AatdaM ft—3atidbt _ 2a (6 +a)t - () go PPYBd < pPB

OP-DEV — 1 0P — 12 OP-DEV or

PuBd _ pMB > () thus PLYBE > PMB(> PiF)

P& Bl PB P& Bdl PB
Py 55w — Py > 0 therefore Py, peyv > Pyl
. . 2R ) . - e ;)
The difference PSEPE,, — PYE is much higher than PJ¥Bd,. — PEB  the
Incumbent makes lower profits on the (a,b) arch. Moreover, PE%Bdl . pMB g4 the
; ; DEV

Incumbent makes even lower profits on the (b,1) arch. He does make higher profits
on its exclusive consumers though, but these do not make up for the lower profits
in the nonexclusive markets..

Overall, we find that nJ%5% .., < 758, so Firm 1: Product "A” /Print only

and the bundle is not a profitable deviation.

CASE 2: Incumbent deviates to the Mixed Bundling strategy.

We keep the Entrant’s reaction function constant, so that is depends only

on the bundle price, as we show in Lemma 6. The Incumbent deviates to Mixed
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Bundling, while the Entrant’s best response curve is kept fixed. There is no com-
petition on the (b, 1) arc, since each firm is a monopolist. In the (a,b) market, the
rivals compete directly, each offering Product "M-A". The Entrant’s best response,
however, only depends on the Mixed Bundling bundle price.
We repeat the analysis above and find that
MB PB
Por_ppv > Por
MB PB
Py Zppy > Py”.
MB MB
Po ey > Pp
MB MB
Po-pev > Po
Again, we compare the deviation profit to the Pure Bunding one and find that

MB PB o Mi e i ; Ve eviation
Top-_pey < Top, S0 Mixed Bundling is not a profitable deviation.

CASE 3: Incumbent deviates to the Firm 1: Product ”M-A” /Online
product and the Bundle (Firm 1/Print & Online) strategy.

In determining the set of parameters over which our model is defined and
keeping the market covered assumption used in the literature, we focus on the
restrictions on our parameter set {M, A, t,a,b, a}. As before, we first impose that
customers that sign up with each firm on each arc are a nonnegative mass and less
than the size of the customers in that market (i.e. 0 < Ad,p < a), then assume each
consumer is deriving positive utility from its purchase. All the prices are positive.
We then construct the set of parameters on which we will compare the profit under
the deviation with the Pure Bundling one by creating the union of the current set

and the preexistent one created to compare Individual Pricing, Mixed Bundling,

163



Pure Bundling and Product "A” and the Bundle. We find they have no common
values, therefore the Incumbent would not find it feasible to deviate to offer Firm

1: Product "M-A" /Online product and the Bundle only.

CASE 4: Incumbent deviates to the Pure Bundling strategy.
The same result as in case 3 applies.
We have shown that if the Incumbent chose Pure Bundling, he would have no

incentive to deviate from this strategy. m

Proof. Proposition 3:

We compare Firm 2: Product "M-A" /Website's profits under the Incumbent’s

Individual Pricing (IP) and Mixed Bundling (MB) strategies.

MB—IF _ _MB P 41120 A— M)+(51a—61b)t)( Aa—aM +3at+2bt)
Aﬂ—b‘ntr‘ant = Tgntrant — T Entrant |~ — 27075t >0

Since our difference is quadratic in a, we take First and Second Order Condi-

tions to see its behavior:

F()C_amgﬂf};ﬂf,i _ _12(43Aa—43aM +3dai-9bt) _ ()
st da 9025
8;‘37?}”]3_];‘ 1081 . .
SOC:—Ffzrant = —oor < 0 the difference is concave, and we are on the

increasing portion of it.

Let’s find the roots the difference:

¥ e 2
A MB-IF

MB-IP
Entrant 1

= 0, and we show that given our parameters, a; < a < min

{b, (J.i\'w_“’}

" P MB
T]leﬂ T Entrant < T Entrant

Following the same method and steps, we compare
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rB el MBEB > MB PB
T Entrant and T Entrant to find T Entrant > T Entrant

rB

; : 5 X
T Entrant and s to find ?TI b 11

T Entrant Entrant = T Entrant

P& Bdl

MB
™ Entrant

Entrant

MEB P&Bdl

to find ?TJ:.‘nt:-a.n.t = ﬂ—Entrant

and

P Bdl
N Entrant

.~ IP ! P&Bdl ir
and ﬁb‘mmm to find ?TJ:.‘m:‘a.-m > ﬂ—Ent-rmn

P&Bdl PB - P& Bdl PB 5 B e o
® Tonirem: and mgooo0 to find  TEiient = Tentrane When "a” is small and

P& Bdl PR rail PRt o 1: n o
T peimemt < Mpmmane 10T larger values of "a

P& Bdl ) rPB

P& Bdl IP
> ﬁ!:.‘ni'rant = ﬂ—t.‘n.fra-n.t(> n )

> ﬂ—Ent-ru.-n t

. MB
Overall | Te, 5 rane Entrait

Proof. WELFARE

1. TWO-MARKET MONOPOLIST

Positive Valuation: Pure Bundling is the optimal pricing strategy. Con-
sumers/Advertisers have their full surplus extracted. At the opposite end of the

spectrum, they have most surplus left under Individual Pricing.

Consumers’/Advertisers’ Surplus (IP):

P _ a(M—A) IP _ aA 1P _ —aA+t IP . —aM Ayt e =
Po =—=—F— Pp =% Adpg=-S5—  Adpp=—7"—  Adopp =
alM—t
2t
IP _ —aA+t 1P —a(M-A)+t P aM-t
Adyy, = =5+ Adpy = ————— Adopr, = %%

e Purchasing Product "A” /Print consumers/advertisers have a total surplus of:

2*Total Surplus for all Product "A” /Print consumers arc (0,1/2) and (1/2,1

—a(M-—A)+t  aM—t

fo T ok (A) —tx (2) — SPde
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e Purchasing Product "M-A" /Online consumers/advertisers have a total surplus

of:
Total Surplus for all Product "M-A" /Online consumers arc

(0,1/2

—ad4t | ol -t

) and (1/2,1)42x f; * & =

[a* (M — A) —t+ (z) — 2X=A]dz(A 4)

a?(242-2AM+M?)
2t

Producer Surplus (IP):

Consumers’/Advertisers’ Surplus (PB):

e All purchase the bundle and are left with zero surplus

Producer Surplus (IP): aM — /2

Then |CS?(IP) > CS*!(PB)

and ‘PS(IP) < PS(PB)‘

Overall

‘TS(IP) < TS(PB) when A takes on extreme values or ¢ is small

‘TS(IP) > TS(PB) otherwise

Negative Valuation: We have already shown that the two-market monopo-
list strictly prefers Mixed Bundling to Individual Pricing (see proof of Lemma 1 and
Proposition 1). Consumers/Advertisers have no surplus left under Pure Bundling
and some net surplus under Mixed Bundling. Following the proof for the positive
valuation case, we show that Mixed Bundling always generates higher Total Surplus.
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Then |CS*¢(MB) > CS"(PB)

and |PS(MB) > PS(PB)

Based again on proof of Lemma 1 and Proposition 1, we show that

CS*!(IP) > CS*(MB) > CS*(P&Bdl)/CS*(0&Bdl) > CS*(PB)

and ‘PS(MB) > PS(P&Bdl)/PS(0O&Bdl) \

Overall

\TS(MB) > TS(P&Bdl)/TS(0&Bdl) > TS(PB) > TS(IP)‘

Print Readers view:

: > —a(M—A)+t M—t ‘s ;s
o AdL" + AdlL = x( : I+t Lo "; b= % ads under Individual Pricing and
—2a(M—A)+t : ; ;
o AdMB + AdMB = % + O’;i = % ads under Mixed Bundling

) 2 i ! . 3
Then Ady + AdY, < AdYP + AdYF, print readers benefit from more ads

under Mixed Bundling.
Total AdSRem.dﬁ-r.fsf"rmt(IP) <Total AdSReadersPrint(MB)i
iTotal Ads®tedersPrint(Qg&Bdl) <Total AdsReadersPrint(pgRdI) <

Total A dgfieadersPrint (PB)

Online Readers view:

) ) _ M— (M —A .. ..
o Ady + Adyp = ”“:’H + et = o - ) ads under Individual Pricing and
it 2 —20A+4t | oM _ 2a(M—A)+t ; ;
o AdMP { AQNpP = “2aAtt 4 oM _ 0o 545 under Mixed Bundling

Then Adj" + Adl, < AdYP + Ad}Y [P, online readers benefit from more ads
under Mixed Bundling.
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TOtal Adsl:‘.eadew's!n.term—.‘i(IP) <T0tal AdSReaderslnternet(MB)

iTotal AdsReadersPrint(p¢Bdl) <Total AdsReadersPrint(Q¢Bdl) <

Total AdgfieadersPrint (PB)

2. ONE MARKET MONOPOLIST and COMPETITION

PURE BUNDLING vs. INDIVIDUAL PRICING

Consumers’/Advertisers’ Surplus (PB):

e Singlehoming/buying Firm 2: Product "M-A" /Website only consumers/advertisers

have a total surplus of:

: Adyy , =1/6(3—3b+2a—(Aa)/t
Total Surplus for all Entrant consumers arc (b, 1) f; " 2="% (Aa)/ )[m«_ *

(M —A)—t*(z)—1/6(—2Aa + (3 + a)t)]dx

Total Surplus for all Entrant consumers arc (a, b) —l—_f}fldwRz_(ma—%“mmﬁt}][(_1- *

(M—A)—tx*(x)—1/6(—2Aa + (3 + a)t)]dx
e Multihoming/buying both from on Firm 1: Product "M-A" /Online and Firm
1: Product "A” /Print consumers/advertisers have a total surplus of:
Total Surplus for all Incumbent exclusive consumers arc (0, a)ax(a * M —t *
a—1/6(2Aa — (-3 + a)t))
Total Surplus for all Incumbent consumers on the arc (b, 1)

—l—_;'}]AdOPLZUG{S_%_Q“HAQW ax M —tx(x+a)—1/6(2Aa — (=3 + a)t)|dx

168



+Total Surplus for all Incumbent consumers on the arc (a, b)

Adopr=(Aa+3bt—5at)/(6t)[asM —t+(x+a)—1/6(2Aa—(—3+a)t)]dx
0

Consumers’/Advertisers’ Surplus (IP):

e Multihoming/buying both from on Firm 2: Product "M-A” /Website and Firm

1: Product "A” /Print consumers/advertisers have a total surplus of:

Aa —2Aa+2aM+(b—a)ty —Aa+6aM+2(—5+4b+a)t
(@x M —t*(1—-b)— 5 — 5 ) 10t

5]

e Singlehoming/buying Firm 1: Product "A” /Print only consumers/advertisers

have a total surplus of:

.n/-‘ldpg=(3Aa—3aM+bt+4at){(;’:t}[a +A—txz — (Aa)/2dz+

" J'_OAdPL:{—((—3.4a+3a_-1£+{—5+4b+ﬂ)5}/{53)}[a * A —txg— (Aa)/Q]d:H—

e Singlehoming/buying Firm 1: Product "M-A" /Online only consumers/advertisers

have a total surplus of:

Jjdor=a=Aa)/ @ g o (M — A) — t  (z) — 1/5(—2Aa + 2aM + (b — a)t)]dz+

Jdor=0=0q o (M — A) — t = (z) — 1/5(—24a + 2aM + (b — a)t)|dz+

e Singlehoming/buying Firm 2: Product "M-A” /Website only consumers/advertisers

have a total surplus of:

JPdwr=1=b=(Aa)/ 01, o (M — A) — t % (z) — 1/5(—24a + 2aM + (b — a)t)|dz+

Jo FmEArals [ax (M — A) —tx(z)—1/5(-24a + 2aM + (b — a)t)|dr+
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e Multihoming/buying both Firm 1: Product "M-A” /Online and Firm 1: Prod-

uct "A” /Print consumers/advertisers have a total surplus of:

—2Aa+42aM +(b—a)t Aa—6aM f
(a*fh‘—t*a—%— . (b—a) ) * (= Aa 60;111’(;;2bf+8at

Then CSA4(PBC) — CS44(IP) < 0

w

CS*4{(PBC) < CS*(IP)

When we look at welfare by arcs, we start with (0, a). Here, all the multihomers

are better off under IP since PP#¢ > PP + PIP. Consumers who singlehome in this

interval are worse off:

D - 5 2 ¥ § Ao 7 1P _ 3Aa—3aM+bt44at
Remember that Ady, = a — B and Adp, = N

Adgs U;;’Lﬂ = qA — tideSellibiiial _ (Aq)/2
Adgr -":(i;;? =aM —ta— 1/6(—-2Aa + (3 + a)t)

Ullp — U}‘:{iﬁ? > 0, so the same last advertiser on the (0,a) arc interested in
Firm 1: Product " A” /Print only receives more net utility under IP from singlehom-
ing than under PB when purchasing the bundle. How about the first singlehomer
on this arc for each firm:

Consumer located at 707: Uj” = ax A — (Aa)/2

UlB=axM —txa—1/6(—24a + (3 + a)t), then US" > ULE

%In comparing the two results, we first focus on the restrictions on our parameter set
{M,A t a.ba}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0< Aj < a), then assume each consumer is deriving positive utility from its purchase. All the

prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.
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Consumer located at "a”: U!Y =a* (M — A) — 1/6(—24a + (3 + a)t)

Ul =axM —txa—1/6(—2A4a + (3+ a)t), then Uy" > US?

each are better off under IP.

Same way, we show this result holds for the last singlehomer on the (0, a) arc
interested in Firm 1: Product "M-A”" /Online under IP, the last singlehomer on the
(a,b) arc interested in Firm 1: Product "M-A" /Online under IP, the last singlehomer
on (b, 1) interested in Firm 1: Product "A” /Print under IP, all the Firm 2: Product

"M-A" /Website consumers under [P and all the bundle buyers on the (b, 1) arc.

We have showed that CS44(PBC) < CS44(IP) and nFB¢ e

el
newmbent > ?Tf-n cumbent

; PBC p T b mos ey L ool s ‘ :
and gy > T umsent - Ve further combine these to find compare Total Surplus

and find that

‘TS(PBC) < TS(IP) for high values of "a”

READERS’ WELFARE

Total Ads Readers Can View:

e Print Readers can view the following number of ads:
Total Ads (PBC): AdoEC = 1/6(3—3b—2a+(Aa)/t)+(Aa+3bt—5at)/(6t)+a

Total Ads (IP): Adj, + AdY = ((34Aa — 3aM + bt + 4at)/(5t) — (—34a +

3aM + (=5+4b+a)t)/(5t)—
—(Aa — 6aM + 2bt + 8at)/(10t) + (—Aa + 6aM + 2(—5 + 4b + a)t) /(10t)

Then

Total Adsh‘.eadem}’rmt(PBC) ~Total AdSReadersPrint(IP)
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e [nternet Readers can view the following number of ads:
Total Ads (PBC):1 (all ads)

Total Ads (IP): Adyp + AdY = [(—Aa+6aM +2(=5+4b+a)t)/(10t) + 1 —

b— (Aa)/(2t) + (b—a)/2+

+a — (Aa)/(2t) — (Aa — 6aM + 2bt + 8at)/(10t) 4+ (b — a)/2

()V(—?I‘H.IL Total Adsh‘.eﬂdezrs(PBc) ~Total AdSReaders(IP)

PURE BUNDLING vs MIXED BUNDLING

Total Consumers’/Advertisers’ Surplus (PBC):

e Singlehoming/buying Firm 2: Product "M-A” /Website only consumers/advertisers

have a total surplus of:

Total Surplus for all Entrant consumers arc (b, 1)

AdEBC =1/6(3—3b+2a—(Aa)/t) [ar(M —A)—t+(2)—1/6({—2Aa+(34+a)t)|dz

]l" 5 WL

Total Surplus for all Entrant consumers arc (a, b)

AdLBE =— ((Aa—3bt+at)/(6t)) [ (M —A)—t=(z)—1/6(—2Aa+ (3+a)t)]dz
+h v

e Multihoming /buying both Firm 1: Product "M-A” /Ounline and Firm 1: Prod-
uct "A” /Print consumers/advertisers have a total surplus of:
Total Surplus for all Incumbent exclusive consumers arc
(0,a)ax(a* M —txa—1/6(2Aa — (-3 + a)t))
Total Surplus for all Incumbent consumers on the arc (b, 1)
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+JrAdﬁ%C'=1/ﬁ(ii—3b—2a+(Aa)ft[o-s;\'f—t*(z+a)—1{ﬁ(2Aa—(—3+a}i]]d1‘
0

Total Surplus for all Incumbent consumers on the arc (a, b)

]'.A dfBC =(Aa+3bt—5at)/ (6t) ok M —t+(x+0a)—1/6(2Aa—(—3+a)t)]dx
Jo

e Multihoming/buying both from on Firm 2: Product "M-A" /Website and Firm 1:

Product "A” /Print consumers/advertisers have a total surplus of:

— A4 M)—9at+13bt —Tad ] —20A4a+TTaM +(—3(38+a)+74b)t
(a*ﬂf—t*(l—b)—m“( A+1é; 9at+13bt _ 64Aa 7a\f]§21a?+14bt)* 20Aa+;7mmltl(4ta(as a)+74b)t

e Singlehoming/buying Firm 1: Product "A” /Print only consumers/advertisers

have a total surplus of:

] 324a0—32aM +3%9at4+Tht
AdMEB _ 32
PR

,rn a7t [(1 s A —txgp— 64.4&—70.!1-!+Qla.t+14bt]d.r+
¥ 114
Ad,n,.,rg_:;.-'mm_,\{)+(57_ua_44b)r 644 o arn——
PL — BTE - oy 64Aa—-TaM at+14bt .
+Jo [axA—txzx L |dz+

e Singlehoming/buying Firm 1: Product "M-A"” /Online only consumers/advertisers
have a total surplus of:

] —64AatTaM 493at—14bt
AdMB _ =64
OR

_ i ; . —6Aa+6aM+(a+Th)t
f5 la* (M —A)—txz— 5 |dz+
Ad.'\-fB _ —dAatdaM —69at440bt _GAat6aM - (atTh)t
g S lax (M —A) —tsxp - /20 ] |dz+

e Singlehoming/buying Firm 2: Product "M-A” /Website only consumers/advertisers

have a total surplus of:

Ad.‘\j;Bz'lAﬂ—'lﬂA!—’lﬁﬂf-ﬂ-U\'}bf 294 _A M) —9at lef

If e ik [ax (M — A) —t*xx — af +‘_.,$ Dot 199 da: +
Adﬂ.{az—5“.—10—70;\-{4—[1].'|+210—1[H]b)f 294 — A+ M)—0at+13ht

g e = [ax (M —A)—t*xz — a ",J; Qa1 d+

e Multihoming/buying both from on Firm 1: Product "M-A" /Online and Firm
1: Product "A” /Print consumers/advertisers have a total surplus of: 0
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Then | CS*4(PBC) < CS*!(MB)

We do the same type of analysis as before for MB. We look on each arc at the
previous type of each consumer, his current type and how his utility changed. On
arc (0, a) all previous multihomers are better off under PB as the bundle price is
lower and each singlehomer gets more profits from buying the bundle. Take the first
Firm 1: Product "A” /Print singlehomer and compare his utility under MB and PB

(a* A—1/4(2Aa + aM — at)) — (aM — ta — 1/6(2Aa — (=3 + a)t) =

= 1/12(10Aa — 15aM + (6 + 13a)t) < 0

and the first Firm 1: Product "M-A" /Online only singlehomer

(a(M — A) — 1/35(—14Aa + 26aM — 19at + 7bt)) — (aM — ta — 1/6(2Aa —
(=3 +a)t) =

= 1/210(—56Aa — 156aM + (105 — 42b + 289a)t) < 0. Thus, all previous arc
(0,a) singlehomers are better off under PB.

On arc (b, 1), we find that all Firm 1: Product "A” /Print singlehomers now
buy the bundle and have a higher net utility, which is also true for the multihomers
on those arc and the Firm 2: Product "M-A" /Website only consumers.

On the (a,b) arc, all previous Firm 1: Product "M-A” /Online singlehomers

4In comparing the two results, we first focus on the restrictions on our parameter set
{M.A.t a b «}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0 < Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.
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now purchase the bundle and derive more net utility. Some of the previous Firm 2:
Product "M-A" /Website consumers buy the bundle and some stick to purchasing
from Firm 2: Product "M-A” /Website only. The former derive a higher utility the
closer they are to "a” and smaller as they are further away from it. The latter derive
strictly more utility than under MB.

Since CS44(PBC) < CS*4(MB) and

PBC MB ? PEBC MB
ﬁ!m:mn bent - jlTJ’-n::'m':rtb.=.‘1r:.i d.l'ld ﬂ—Entr‘u nt < ﬂ—Ent-:‘u-nt‘J

TS(PBC) > TS(MB) for low values of "a”

PURE BUNDLING vs PRODUCT ”A” /PRINT and the BUNDLE

We do the same detailed analysis as above and find that CSA“!(PBC) < CSM(P&BDL)

5

and [TS(PBC) < TS(P&BDL)

PURE UNBUNDLING vs PRODUCT ”A” /PRINT and the BUNDLE

We do the same detailed analysis as above and find that |CS*?(IP) > CS**(P&BDL)

and | TS(IP) < TS(P&BDL) [

°In comparing the two results, we first focus on the restrictions on our parameter set
{M,A t a.b «}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0 < Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.

%In comparing the two results, we first focus on the restrictions on our parameter set
{ﬂf.A,f._(L, b, u:}. We first impose that under each model, customers that sign up with each firm

on each arch are a non negative mass and less than the size of the customers in that market (i.e.
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MIXED BUNDLING vs PRODUCT ”A” /PRINT and the BUNDLE

We do the same detailed analysis as above and find that |CS*(MB) < CSAd(P&BDL)

and | TS(MB) < TS(P&BDL)[

MIXED BUNDLING vs PURE UNBUNDLING

We do the same detailed analysis as above and find that CSM(MB) < CSM(IP)

and | TS(MB) < TS(IP)

Overall,

CS(IP) > CS(P&Bdl) > CS(MB) > CS(PB)

TS(P&BdI) > max{TS(IP), TS(MB),TS(PB)]

0 < .4;- < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.

"In comparing the two results, we first focus on the restrictions on our parameter set
{J'U. Ata b (t}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0< Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.

8In comparing the two results, we first focus on the restrictions on our parameter set
{M.A t a b a}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0 < Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.
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e READERS’ WELFARE

PURE BUNDLING vs MIXED BUNDLING

We follow the same method as above to show that the following total surplus

inequalities hold:

Total Adsh‘.eadempr.&nt(PBC) ~Total AdSReadersPrint(MB)

TDtal Adsh‘.:mde’r‘s.‘nterne?(PBc) >T0tal AdSReadersInternet(MB) 4

INDIVIDUAL PRICING vs MIXED BUNDLING

Following the steps above, we find that:

Total Adsh‘.eariers."r-mt(IP) —Total AdsReadersPrint(MB}

Total Adsh‘.eudemf-n.re-rme?(IP) >T0tal AdSReaderslnternet(MB] 10

INDIVIDUAL PRICING vs PRODUCT ”A” and the BUNDLE

In comparing the two results, we first focus on the restrictions on our parameter set
{ﬂI.A._.l’:, a. b, n:}, We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0< A;- < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.

YWIn comparing the two results, we first focus on the restrictions on our parameter set
{ﬂf. At a,b, r.::}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0< A; < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.
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Similarly, we show that:

Total Adsh‘.em.rim‘sf’r-mt(IP) <T0tal AdSReﬂderSPﬁnt(P&Bdl)

Total Adsh‘.earicr,‘s.‘n.rf.-rn(;f(IP) <Total AdSReﬂdersInternet(P&,'Bdl) 11

MIXED BUNDLING vs PRODUCT ”A” and the BUNDLE

Similarly, we show that:

Total Adsh‘.:mde’rs."r-&nt(MB) <T0tal AdSReadersPrint(P&Bdl)

(]

Total Adsjie:n.riersfmerner(MB) <T0tal AdSReadersInternet(P&Bdl) 1

PURE BUNDLING vs PRODUCT ”"A” and the BUNDLE

Similarly, we show that:

Total Adsh‘.ea.ders.“r-mt(PB) <T0tal AdSReadersPrint (P&Bdl)

Total Adslieza.rim‘s,‘n.tern(:f(PB) >T0tal AdSReﬂderslnternet(P&_'Bdl) ‘13

Un comparing the two results, we first focus on the restrictions on our parameter set
{M, At a,b a}t. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0< Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.

2In comparing the two results, we first focus on the restrictions on our parameter set
{JU. At a.b, n:}, We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0 < Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.

'%In comparing the two results, we first focus on the restrictions on our parameter set
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Overall,

Total Ads!i’.rz:}.d(—;r.ﬁjf’rinﬁ(P&B{H) > Total Adsh‘.eadm:@.‘-’rini(PB) >

>Total Ads!inuder‘.&-."-r-i-nt(JTP) —Total Adsh‘euders(ﬂ’fB)

Total AdSReadersInternet (PB) 2 Total AdSReadersInternet (P&Bdl) >~

>T0tal Adslieade;~51nte-,»--mzt(IP) >T0tal AdSReadersInternet(MB)

and, when looking at all readers, Total Ads®e2ders(P&Bdl) >Total Ads®e2ders(PB)

for large "a” values. ®m

{M, At a,b,a}. We first impose that under each model, customers that sign up with each firm
on each arch are a non negative mass and less than the size of the customers in that market (i.e.
0 < Aj < a), then assume each consumer is deriving positive utility from its purchase. All the
prices are positive. We then construct the set of parameters that satisfies the restrictions above

and are able to sign the difference.
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Chapter B: Appendix: Compatibility and Bundling in a Market with

a Monopoly Complementary Product

B.1 Compatibility

Unit Mass of New Consumers

We refer to Figure 1 in the paper and use the notation found there.

Uo=h—t+(z)—PF

Ui=h—-tx(1—1z) - P

Useca = h+c—tx(x+y)— Py— Pe; utility function when purchasing Platform
0 and the Complementary Good (CG)

Uwwceg =h+c—t% (1 —x+y)— P, — Pc; utility function when purchasing
Platform 0 and the Complementary Good (CG)

Referring to Figure 2, alegacy consumer’s utility is Ucgiegacy = c—t#(2)—P¢

INDIVIDUAL PRICING:

To determine how many new consumers will purchase Firm 0’s platform only,

Firm 1’s platform only and the complement, we solve the following system of simul-
taneous equations, where Pl stands for Firm 0's platform, Pl; stands for Firm 1’s

platform and CG refers to the complementary product:
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hi— b4 (Pl) — Byi=h — 14 (PL) - P;
h—t*x(Ply) —Py=h+c—t+(Plg+ CGpew) — Po— Po
h—t«(Ply)— Ph=h+c—t#*(Pli+CGpew) — P — Po
h—t«(Ply))—Pr=h+4+c—1t+(Ply+CG,en) — Py — Po
h—t*(Ply)— P =h+c—t* (Pl + CGnew) — PL — P¢

}L-I-C—f*(Pﬂn-l-Cquw)—P(]—JP(:.'Zh—|—c—t*(P£1+CGnew)—P1—PC_.‘

C_t*CGéega.cy/A - PC =0
where Ply+ Pl; =1, and 0 € CGepaey < A

- . _pP 3

We find Pl, = =fothtt
_ PPt

Pl = 2t

r— Py
CGma-u: = =<

t

CGregasy = A%

The profit maximization problem is

Py, P.Maz Py % Ply+ Po % (CGrew+ CGlegacy) = Po, Pr, PeMoag Py x =REA 4
Po* (=52 + A=2)

and

P MazP, « Ply = P, %

We take First Order Conditions (FOCs) with respect to each price and set
them equal to zero:

Py=3¢ P =2k Pc = 5. We then solve the system of these three

simultaneous equations to find:
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PC: .

£
2

Plugging these back into our consumer equations, we get

Plo =1

Pl = 1

CGew = £, where CGLl = £ purchase Platform 0 to use the complement
with and CGLY, = £ purchase Platform 1.

c
CfGIegacy =A 2%

and each firm will earn profits:

> 1+ A)c?
[ P P-rr)fiitsfromCG% +
\.%f'_a

(M

Héf’C:)mp

b | =

MIXED BUNDLING:

A. Each product is sold individually and as part of a bundle:

(SAME outcome as INDIVIDUAL PRICING)

New consumers purchase either Firm 0’s platform, Firm 1’s platform, Firm

0’s bundle or Firm 1’s platform and Firm 0’s complementary product.

Legacy consumers will purchase, at most, the complementary product. Our

system of equations reflecting their new utility functions:
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ho—=1t4 (Plg) — B = h—t % (Ph)— B
h—t*x(Ply) —Pp=h+c—t+(Plg+ CGpew) — P
h—t+(Ply)— Ph=h+c—t*(Pli+CGpew) — P — Pc
h—t«(Ply)—Pr=h+4+c—1t#*(Ply+CG,ew) — Py
B — 4Pl = By= Bk li—t (PO Cen) — B — B

h-l-l?—t*(Pﬂn-l-Cquw)—PB:h—i—C—f*(le—i—CGnmu)—_Pl—P(j

c—t*CGlegaey/A — Po =0
where Pln + Pfl = ].-, 0 S CG'new S 1 and 0 S CGIega(.'y S A

We find that

Py = Py + Pr, same as the Individual Pricing case.

— —Po+ P4t
Ply = —5+—

O e 2 S g
Pl = 2t

n— P,
CG?LEU} = &=°¢

t

CGlegacy = A%

The profit maximization problem is

Py, P.MaxPy* Plo+ Po * (CGrew + CGlegacy) = Po, P-Max Py * —.”[.-;ti’l +€ 4 Pk
(Lo 4 Ae=te)

and

P MazP, x Pl, = P, % %

First, we derive the reaction function:

_ P4t
P, = e

P = P"Qﬁ: so the two platforms are strategy complements.

PCZ'

£
2
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Solving for all prices and consumer mass:

Pr=F

P =t

Po=¢

Pp=t+¢

Ply=1

Ph=3

CGuew = 5, where caih = < purchase Firm 0’s bundle and CGL): = +

form their own bundle using Firm 1's platform and Firm 0’s complement. Our

results are identical to the Individual Pricing case:
_ c
CGIeg{my - A§

and each firm will earn profits:

g B o 14+ A)c?
H{“ ARG P:r'ofit.s’fro:-‘??.-CGi( m ) + %
i, i
IP=MBComp t
11, :

B. The platform is sold individually and as part of a bundle

(the complement is only sold in the bundle)

New consumers purchase either Firm 0's platform, Firm 1’s platform or

Firm 0's bundle. This case looks exactly like a scenario where compatibility was not
possible, therefore Firm 1’s new consumers cannot use the complement. The differ-
ence here is that it is not a compatibility issue that prevents them from enjoying the
complement, but the marketing choice of not offering the complement individually.

When considering the legacy consumers, we have two plausible scenarios:
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Case 1: The Two-Product Seller Does NOT Reach QOut to the Legacy Consumers

to Make a Purchase

Then, only the new consumers are of importance. The rival’s platform buyers

no longer have access to the complement.

h_t*(PEU)_PO:h_l'c_t*(P"{ﬂ+CG':mu.')Bund£e_PB [

h+c—tx (‘P‘rl'l F: CG'new]Bund{e - PB =h-—tx (PIJ_) = Pl
where Ply+ Pl =1,0 < UG, <1

Then

_ =Py Pt
Ply = e

— PP+t
Pl = e

4 Py—P
CGrew = et “t £

We solve profit maximization problem

P[j._, PBJ’“I(LT)P[] * P{En # (1 I CGﬂ,e“;) + PB * (Plr{] * CG-};QTU) —

o —PotPi+i e+ Po—F , (—Po+Pi+t , e+ Py—P
Py, PgMax Py * e (1-— +’3) + Pg * ( LRt - - B)

and

P MazP, % Pl; = P x Boe=Pitt

2t

To build some intuition, we first look at the best response function:

P, = 1? (—c—|—P1+2(PB+t}—\/CZ + P +c¢(Pr—Pg—t)+ Pi(—2Pg +t)+ (P +1)?
PB = %—’— P{]

_ Do+t
P]-%

After taking derivatives:

ar,
g

dPg

> 0 and TN

> 0, the bundle and platform 0 are strategic complements

185



0% ~ () and 22 > (), platform 0 and its rival are strategic complements
ap, 9P, ' 8

61’3 . ar U

81'7] - H."B -

Solving the system of equations:

Py=—-2 +¢

T 6t

PIZ C2+t>P{]

T2t

2

LM e

Ply= 512+ %)
Ph=1-21(12+%)

3 2 . i
CGpow = <, where CGEb — < 4 %(12 -+ ‘;—2) purchase Firm (’s bundle and

2t new 21

the rest make no purchase.
C'Glegacy = 0

and each firm will earn profits:

HI‘E&:B{II(.’"omp _ {e241212)2
0 - 288t?

HJ‘E&:BrJIC‘omp - M
1 = T 2ms®

Case 2: The Two-Product Seller Reaches Out to the Legacy Consumers

to Make a Purchase

Legacy consumers are solely interested, at most, the complementary prod-
uct. However, the differentiation among the legacy consumers comes into play:

OWN legacy consumers: must purchase the whole bundle to obtain the com-
plement. However, they already own Firm 0’s platform from a previous period, so
they have zero valuation for a second unit of it. Their utility function associated

with Figure 4 is

186



.
Usecaown legacy = € — t*z— Pp
Rival’s legacy consumers: must purchase the whole bundle to obtain the com-
plement. They already own Firm 1’s platform from a previous period. By choosing
Firm 1’s platform in a previous period over Firm 0’s, they show a relative dislike
for the latter, thus we incorporate their previous period preference in their utility
function. Their utility function associated with Figure 3 is
riii-uai'si.egm:y o 1 ¢ . - - 1t aoainae
Usvoo =h—t(3 + Xgr) + ¢ — ty — Pp and we must compare it against
their utility from just using their Firm 1 platform purchased in a past time period

; + Rival’ sLegac
without the complement U™ **“*Y = b — #(

— X&)

1
2

Subcase 1: Target ALL legacy consumers

Our system of equations reflecting their new utility functions:

h—t*(Pgn)—P[]:h—t*(Pgl)_Pl
h—ﬁ*(Pﬂn)—P@ :h+l’.’-—t*(PF{0+CGue-m)Bm1d£e_PB
h+l'.’.—t*(PEO‘FCG':w-ru)Bundie_ PB :h_f*(Ph)_Pl >,

c—1=* CG()'LJ;."A.' ‘{egm_.y/ﬂ'ﬂr = PB =1

h—t(%-l-XH)-}—C—tT —PB:h—t(%—XH)
where Ply+ Pl = 1,0 < CG, < 1and 0 < CGowy ;ﬁgmy < M and

0 < RLogcec <A— M.

We first focus on our rival legacies, where the marginal rival legacy consumer
indifferent between purchasing Firm 0’s bundle and just continuing to use his Plat-
form 1 bought in a previous time period is b —{( % +Xg)+e—ty—Pg =h— t(% - Xg)

h—t(3 4+ Xgp)+c—ty— Pg=h—1t(3 — Xg)

e—Pg—yt . . Wi .
Xp = —5— or, to make it more intuitive, a consumer’s total travel distance
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for both the bundle components (Platform 0 and the complement)
(%) +2Xp+y

should be at least as high as the cost

P 1
- I = = (5)
Since all consumers have independently distributed valuations between the
two types of products: the platform and the complement, then the number of sales

made to the rival legacies is

RLogce = Xp*yx (A— M) =I5 4y x(A — M)

2t

We find that

_ =P+ P+t
Plg =21

B Y 5 i
Pl = =

CGpep="2=78

CGOWN legacy = M * #

RLogca = '”_12%‘1” xy*x(A— M)

We then solve profit maximization problem

Py, PeMax Py Plo*(1—CGpew) + Pa*(Plo*CGrew+CGow N tegacy + RLogcc)
and

PiMaxP, x Pl,

To build some intuition, we first look at the best response functions.

R) = %(—F+Pl+2(PB+t)—\/(’2 +P1 +C(Pl — PB — t) -+ P](—QPB -+ t) + (PB -th)z

_ Pyt

Py = o

p —2P24y(— A+ M)E242Py (P +t)+e(—Po+ Pr+(1+A+M)E)
B ==

=P+ Pr+(14+A+ M)

The first thing to notice is that we have three equations with four unknowns:
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each of the prices Iy, P;, Py and y. We remember y is the distance a consumer would
travel in order to reach the complement. Moreover, we know that any rival legacy
consumer is only interested in a bundle purchase (and has no use for only one of the
items involved: Platform 0 or the Complement).

In order to be able to solve our model, we must make some approximations
for y or offer upper and lower bounds. We then solve two extreme cases: the first
one refers to y = 1 and ensures any rival legacy purchasing Firm 0’s platform will
have to travel the maximum distance in order purchase the complement:

h—t(%—l—X;,-_)—l—c—t*l—PB:h,—t( — Xg)

L
2
_ c—Pp-t . . . _ c—Pp-—t y
XH = T dnd RLO&(.JG = XH *y* (A = .ﬂrf) = T * (A — ﬂf)
The second extreme is assuming y = 0, so all rival legacies have the same
high valuation for the complement and do not have to travel any extra distance to

achieve it

h—t(l+Xgp)+c—t*0—Pg=h—1t(— Xg)

Xp = 52 and RLogoc = C_;B x(A— M)

2t

After taking derivatives:

98 ~ (0 and 222 > 0, the bundle and platform 0 are strategic complements
APy APy :
gfj’ > 0 and 22 > 0, platform 0 and its rival are strategic complements

Py a1

?;J? > 0, but 3‘:',’; = 0 the bundle sees platform 1 as a strategic complements

Our closed form solutions are lengthy and available upon request'. We note

'Mathematica was used to solve the system of all these equations given the constraints of having
all net utilities positive and the consumers masses within appropriate ranges by type. The code is

available upon request.
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that all prices are lower than before (regardless of the extreme value choice for y,
but always lower when y = 1 due to the higher distance a consumer has to travel
to reach the complement), in order to determine the legacy consumers to make a

purchase. The profits are below the classical Mixed Bundle ones for both firms.

Subcase 2: Target OWN legacy consumers only

Our system of equations reflecting their new utility functions:

h—tx(Ply) — Py=h—tx(Pl)— P,
h _f;k(an) — -PO =h +c—1x% (PJU + CGne-u))BundIe_ PB

h+ec—t* (P;n + CG'ne-w)Bu-ndEe T Pb’ =h—tx (P‘Il) - ‘Pl

c—1% CGOI-’L"N Eeyar.‘-y/ﬂ'f S PB =f)
where Ply+ Pl; =1, 0< UG,y £ 1 and 0 € CGown tegacy = M

We find that

— —fht A+t
Pl, = 15

_ Py—Pi+t
Pl = 2t

0 e T i ’”t_ ==

CGown tegacy = M * %

We then solve profit maximization problem

Po, PsMax Py x Ply * (1 — CGrew) + P % (Ply * CGrew + CGOWN legacy)
and

P MaxP, x Pl,

To build some intuition, we first look at the best response function:

R):%(—C+PI+Q(PB+TI)—\/(’2+P1+(.’(P1—PB—t)+P1(—2PB+t)+(PB+t)2

_ Pytt
P ==L
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P o 2[’[;(—1”[]+f’1+t}+(3(—f’[p+f’1+t+2}’ut)
B = 2(—Py+ P +t+2Mt)

After taking derivatives:

d 3‘;,’3 > 0, the bundle and platform 0 are strategic complements

gj," > 0 and gfpl > 0, platform 0 and its rival are strategic complements
?;PB > (), but ‘if,l = () the bundle sees platform 1 as a strategic complements

Our closed form solutions are lengthy and available upon request?. We note
that all prices are lower than before, in order to determine the legacy consumers to
make a purchase. The profits are below the classical Mixed Bundle ones for both

firms.

HJ & BdlComp ~ HJ & BdlComp f

DAllLegacy D0wnLegacy <<< L

C. The complement is sold individually and as part of a bundle (the platform

is only sold in the bundle)

New consumers purchase either Firm 0’s bundle, Firm 1’s platform or Firm

1’s platform and Firm 0’s complement.

Legacy consumers are only interested in the complement. if at all.

Then, we conjecture the two-product seller will offer the complement at the
monopoly price and we show below that is true. First, let’s look at our system of

equations reflecting their new utility functions:

Mathematica was used to solve the system of all these equations given the constraints of having
all net utilities positive and the consumers masses within appropriate ranges by type. The code is

available upon request.
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h+e—t* (PIQ + CG,W.,”)B“.,MQ et PB =h +ec—1=% (Ph + CGne-u;) - Pl — P(j
h+c—1t*(Ply+ CGrew)Bundle — Pp = h —t % (Pl,) — P,

h—t%(Ph)—P, =h+c—t*(Pl+ CGpew) — P, — Pg

¢ —t*CGyuey/A—Po =0
where Ply+ Pl; = 1, 0 < CGrew < 1 and 0 < CGleggey < A

We find that

an _ Pi—Pp+Po+t

2t
_ =P+ Pp—Po4t
Pl = 3
CGne-u::]-

n— P,
CG.{egacy = Af =

t

We then solve profit maximization problem
Po, PsMax P (Plo*CG ey )+ Po*(CGlegaey + Pli*xCGhew) = Po, PsMaxPg*

P,— Py +Pe it =B 1y, =B By—Poti
(=22 % 1) + Pox (Ax =2 + = )

and

PiMazP, x Pl; = P, % =P+ Pp—FPott

2
To build some intuition, we first look at the best response function:

PB — Pi42Pc4t _ Pid2e—t

2 2

__ Pg—Pp+t _ Pp—ct2t
Fi = 2 2

Po=c—t

After taking derivatives:

gj)f =1, the bundle and complement are strategic complements
D, . . ”
OB _ -1 platform 1 and the complement are strategic substitutes
aPc 2
Py _ oPy _ 1 ., et Jera T T S
or = U, but 55+ = 5 platform 1 considers the bundle as a strategic comple-
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ments

Solving the system of equations:

P=t

Py =«

Pl = %

Ph=3

CGhew = 1, where (“Giﬁ‘jr, = % purchase Firm 0’s bundle and the rest purchase

Firm 1’s platform and Firm 0’s complement.
CG!egacy =A
and each firm will earn profits:

Bdl&CGCom
Hn( UmpZ(,’.—l—A((:—f)—

b | =+

H.lb’di&f. CGComp

S

PURE BUNDLING:

The two-product supplier offers platform 0 and the complement only as part of

a bundle. New consumers purchase either Firm 0’s bundle or Firm 1’s platform.

This case looks exactly like a scenario where compatibility was not possible, therefore
Firm 1’s new consumers cannot use the complement. The difference here is that it
is not a compatibility issue that prevents them from enjoying the complement, but
the marketing choice of not offering the complement individually.

When counsidering the legacy consumers, we have two plausible scenarios:

Case 1: The Two-Product Seller Does NOT' Reach Out to the Legacy Consumers
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to Make a Purchase

Then, only the new consumers are of importance. The rival’s platform buyers
no longer have access to the complement.

{ h'—l_c_t*(PZﬂ+CG-neir.l)BizndIe_PB :h_t*(PEl)_P] }"

where Ply « CGp + Pli=1and 0 < CG . <1

Then

_ e+ —Pp
Ply = =—5—*%

__ ctPi—Pp—2t
Pl = =
Cva-w:]-

We then solve profit maximization problem

PpMazPg * (Ply % CGpew) = PeMazPp * (525 4 1)

2t
and

PiMaxzP, « Pl = P = (_M)

2t

To build some intuition, we first look at the best response function:

— c+ P
Pp= %
y . —c+Pp+2t
P = —5==

After taking derivatives:

oPp _ 1 .3 8P 1 , e die el gt st maErnla
o = 2 and B the bundle and rival’s platform are strategic comple
ments

Solving the system of equations:

Po=c—1t
P =t
PB:f
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i
Ply = 3
_ 1
Pl = 3
C'Gpew = 1, where C*Gf?_’ii’[_, = ‘J;: purchase Firm 0’s bundle and the rest make no

purchase.
CGlegacy = A
and each firm will earn profits:
HPHC{)mp . Ale ¢ t
0 =cC + ((.- - ,) — E

PBComp i

Case 2: The Two-Product Seller Reaches Out to

the Legacy Consumers to Make a Purchase

Legacy consumers are solely interested, at most, in the complementary
product. However, this is not available individually, so the two-product seller must
reach out either to its own or to both types of legacy consumers and sell them the
bundle, which includes both the platform and the complement. We know the legacy
consumers have no use for another platform.

OWN legacy consumers: must purchase the whole bundle to obtain the com-
plement. However, they already own Firm 0’s platform from a previous period, so
they have zero valuation for a second unit of it. Their utility function associated
with Figure 4 is

UokcGOWN tegacy = ¢ — t % (2) — Pp

Rival’s legacy consumers: must purchase the whole bundle to obtain the com-

plement. However, they already own Firm 1’s platform from a previous period, so

195



they have no stand alone use for a second platform. Even more so, by choosing Firm
1’s platform in a previous period over Firm 0's, they show a relative dislike, which
we must incorporate in their utility function. Their utility function associated with
Figure 3 is

brh’.i-:m!'si.ega.cy

0&CG =h—t(;+ Xg)+c—ty— Pp

Subcase 1: Targeting ALL legacy consumers

Our system of equations reflecting their new utility functions:

h+ec—t=* (Pin -+ CG-ne-w)Bu'ndfe - PB =h-—tx (P’!l) - Pl

/ c—tx* CGOH";\" Eegac-y/—ﬂ'f —Pp=10 ’

h_t(%“‘Xﬁ)“‘(«'_@_PB:h—t(%—Xﬁ.)
where Ply * CGrep + Pl = 1,0 < CGpewy < 1 and 0 < CGown tegacy S M

and 0 < RLygce < A-—M
We first focus on the rival legacies, where the marginal rival legacy consumer
indifferent between purchasing Firm 0’s bundle and just continuing to use his Plat-

form 1 bought in a previous time period: h— t(é +Xg)+c—ty—Pg = h—t(; — Xg)

il
2

h— f(% +Xp)+c—ty— Pg= h—t(% — XR)

Xp = '"71;%’” or, to make it more intuitive, a rival legacy consumer’s total
travel distance for both bundle components (Platform 0 and the complement):

(3) +2Xr+y

should cost the rival legacy at most:

()

Since all consumers have independently distributed valuations between the

two types of products: the platform and the complement, and a rival legacy is only
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interested in both types (Platform 0 and the Complement or none), the number of
sales made to the rival legacies is
RLogoo = Xp*xy* (A— M) =8V 4y« (A — M)

We find that

an = e+ —Pp

2t
et —-Pp-3t
Pl = 2t
CGnem =1

y c—FPp
CGOowN legacy = M x =

RLggoo = 2% xyx (A—- M)

2t

We then solve profit maximization problem
PgMazPg * (Ply x CGrew + CGown tegacy + RLogca)
and

P MaxP, * Ply

and find the following best response functions

_ —c+FPp+42t
Py = 28R

_ (1AL M)+PL—yt(A-M)
Pp = 2(1+A+M)

The first thing to notice is that we have two equations with three unknowns:
each of the prices P,, Pp and y. We remember y is the distance a consumer would
travel in order to reach the complement. Moreover, we know that any rival legacy
consumer is only interested in a bundle purchase (and has no use for only one of the
items involved: Platform 0 or the Complement).

After taking derivatives:

‘?;PB > () and g;,; > 0, the bundle and rival’s platform are strategic comple-
~ 1
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ments

Solving the system of equations:

P = —e(1+A+M)+(A—A(—4+y)+(4+y) M)t
1= 3+4A+4M

P, — c+2442M)4+2t-2yt(A-M)
b= 3+AA+AM

Pl — C0+A+M)+(2+A(E+y)+AM —yM)t
=

24(3 1 4AAM)
P — —e(1+ A+ M)+ (4—A(—d+y)+(d+y) M)t
1= 2t(3+4A+4M)
(1 A+ M)+ (24 A(d+y) E4M —y M)t >
CGrew = & )Qt((3+4_;{+4ﬁ) yM) , where CG;;_‘;} = CGpew* Plppurchase

Firm 0’s bundle and the rest make no purchase.

2M(e(1+A4+M )+ (—14+Ay—yM)t)
t(3+4A+4M)

CGOH’N legacy —

(A= M)(2e(1+AEM)— (24 y(3+2A46M))t)
RLO&C(; - 2H(34+4A+4M)

and each firm will earn profits:

HPBComp (L4 A M) (14244 2M)H2(1— Ay+yM)t)?
0 - 2(3+4A+4M )%t

HI‘BC:}mp (el A4 M)+ (— 4+ A(—d+y)—(4+y) M)t)?
1 - 2(3+4A+4M) %t

We notice the distance a rival legacy would have to travel to reach the com-
plement appears in all our results, as previously explained. In order to be able
to fully solve our model, we must make some approximations for y or offer upper
and lower bounds. We then solve two extreme cases: the first one refers to y = 1
and ensures any rival legacy purchasing Firm 0's platform will have to travel the
maximum distance in order purchase the complement:

h—t(%—i—Xﬁ-_)—i—c—t*l— Pr :h—t(% — X&)

Xi = L=t and RLogco = Xp+y = S22t + (A— M)

The second extreme is assuming y = (0, so all rival legacies have the same
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high valuation for the complement and do not have to travel any extra distance to
achieve it

h—f(%—FXR)—FC—t*U—PB:h,—f(%—XH)

XH. = (:_2'!:}3 and RLU&’_C(}' — C_;:B * (44 = ﬂf)
We note that all prices and profits are lower when y = 1 compared to y = 0

due to the higher distance a consumer has to travel to reach the complement. The

profits are below the classical Mixed Bundle ones for both firms.

Subcase 2: Targeting OWN legacy consumers

Using the same method above in Subcase 1 and comparing the two levels of
profits for Firm 0, we find it is optimal to only target own legacies when they are

the predominant share of the market.

COMPARING PROFITS UNDER COMPATIBILITY

We first put together the set of inequalities that guarantee that the mass of
new consumer is always in the unit interval, the mass of legacy consumers is in its
respective interval: [0, A] for all, [0, M| for own legacy and [0, A — M| for rival’s
legacy and net utilities are always positive.

We compare Firm 0’s profits from all of the pricing strategies above and find

that:

HéP:M BComp >H§3dE&CG‘Comp ~

3 i TP BComp PBComp
= (>?‘f Az“"lG‘rgeHﬂAElf./Ou.l-nLega.cyHﬂ_-'\’oLegacy) >

J"E&Bd.i(:'omp)H."i&BdEC‘omp)

) Pl& BdlComp
00wn Legacy ONoLegacy

!
> (>if Aislarge(> iiqum,afﬂ_[nmuegmy 11

~
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Therefore, Firm 0 is best off offering the two products individually at Py = ¢,
P, =t and P¢ = 5. They share the new consumers market equally. and each serve
e P, " ;
4 of the legacy consumers.

In a similar manner we compare prices and find that

I1P=MBComp I1P=MBComp
Py (= PR+ P )

Bdl&CGComp Pl& BdlComp
> PB > PBN:)Legrmy >
Pi’!&BdlComp P."i&thiCo-mp
BOwnLegacy B AllLegacy
PBComp PBComp
> PH.-'\'OLegﬂc"y PBA!i/{)u.'nLegacy
and
I1P=MBComp __ Bdl&CGComp Pl&BdlComp
Pl e 1 = Pl_-'\-’o.‘_-egacy
Pl&BdIComp Pl&BdlComp PBComp PBComp
= PlO-u:nLegncy > PlAiiLega.cy > PlNoLegm:y = PlAEEL-egac-y
and

I1P=MBComp Plé&BdlComp Pl& BdIComp
Pﬂ > Pﬂ_-'\-’obegacy > PﬂAiiLegucy

and

PI P=MBComp

Bdl&CGC
= > P omp

C

B.2 Incompatibility

B.2.1  A: Targeting only its Own Legacy Consumers

Unit Mass of New Consumers
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We refer to Figure 1 in the paper and use the notation found there.

Uy=h—tx(z)- B

Ui=h—t+x(1—x)— P,

Ueca = h+c—t*(z+y) — Py— Pg; utility function when purchasing Platform
0 and the Complementary Good (CG). There is no U,y cq since no rival platform
consumer can use the complement along with his platform, due to incompatibility.

Referring to Figures 2 and 3, a legacy consumer’s utility is

LrCGO'L‘H\" legacy — € — t = (.‘IJ) = P(_'.'
UcGrivars tegacy = b — f(% + Xi)+ ¢ —ty — Py (which we do not focus on in

this section)

INDIVIDUAL PRICING:

To determine how many new consumers will purchase Firm 0’s platform only,

Firm 1’s platform only or Firm 0’s platform and the complement, we solve the
following system of simultaneous equations, where Pl stands for Firm 0’s platform,

Pl stands for Firm 1’s platform and CG refers to the complementary product:

h—tx(Ply)—Py=h—t%(Pl)— P,
h—ﬁ*(PEn)—_PnZh-l-(.‘.—f*(P\En‘I‘CGuew)_PO_PC-'

h—t*(Ply)—Pr=h+c—t*(Ply+ CCnew) — Po — Po

c—1t* CGOH’N Iz‘gacy/ﬁ'{ s PC — U
where Ply+ Pl; = 1,0 < CGpew < 1 and 0 < CGown tegacy < M

We find P, = =Hothtt

— PP+t
Pl = 2t
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I . =P
CGIegacy =M * d n &
The profit maximization problem is

Py, P.MaxPy # Ply * (1 — CGpew) + Po ¥ CGown tegacy + (Po + Pe) % Pl

OGnem (+ max{[}, (Pﬂ =+ P(l') * RLD&:CC)e

where the last term we assume it is not taken into consideration in the max-

imization problem, but it is part of the final profits. It states that a rival’s legacy

may find it worth its time to form a bundle and purchase it, or he may not. However,

when choosing prices, the two-product seller does not focus on this market segment.

(.‘—f’c’

= Py, P.MazPyx=PutPitt o (1 _e=Poy | Py (M xe=Pe) 4 (Py+ Pp) » —RotPutt

and
PiMazP, * Pl; = P, * W

We take First Order Conditions (FOCs) with respect to each price and set

them equal to zero. We derive the following reaction functions:

2 2 =l -
P, = Bt pPo= ot Pc = £. The two platforms are strategic com-

plements and the complement is a monopoly product priced accordingly. We then

solve the system of these three simultaneous equations to find:

a2
P(j:%
1 2

Ph=1-L1(12+%)
CGuow = <, where CGEle = £ 4 2L,(IQ + ‘;—j) purchase Firm 0’s bundle and

[+
27 new 2t 4
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the rest make no purchase.

2t

M

CGIeg{my - o

To determine how many rival legacies would purchase both produets from
Firm 0, we solve

1 1

h—t(E—FXH)—FC—tT —Pn— P(j;:h—t(E—XR)

ORI SR, = O i R

Xy = <t lovl where RLpgoe = max{0, Xpxy* (A — M) = =Lofeuty
y*(A—- M)}

We remember y is the distance a rival legacy consumer would travel in order

o

to reach the complement. Moreover, we know that any rival legacy consumer is only
interested in a bundle purchase (and has no use for only one of the items involved:
Platform 0 or the Complement). We notice the distance a rival legacy would have to
travel to reach the complement appears in all our results, as previously explained.
In order to be able to fully solve our model, we must make some approximations for

] ; PI
y or offer upper and lower bounds. We then solve two extreme cases: the first one
refers to y = 1 and ensures any rival legacy purchasing Firm 0’s platform will have
to travel the maximum distance in order purchase the complement:

h-—t(%—i—X;g)—i—C—t*]_— PB :h—f(% —X”)

P P — P ¥

XR. s Juzth_- t and RLO&CG sy XR_*'!} s Inmlc L (A— ﬁ.f)

The second extreme is assuming y = 0, so all rival legacies have the same
high valuation for the complement and do not have to travel any extra distance to
achieve it

1 1
h-—t(E—I—XR)—I—C—t*U— Py :h—t(g —XH)

XR_ = % and RLD&C(}' = % * (A — ﬂf)
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Each firm will earn profits:

IPIncomp _ 4242 (143 M )2 14411 o c? c
I, = 28813 +max{0, (=g +t+3)* RLogcc}

HH’Inc:)mp _ (ef=12¢2)
1 - 2R&17

MIXED BUNDLING:

A. Each product is sold individually and as part of a bundle:

(SAME outcome as INDIVIDUAL PRICING)

New consumers purchase either Firm 0’s platform, Firm 1’s platform, Firm

0’s bundle or Firm 1's platform and Firm 0’s complementary product.

Legacy consumers will purchase, at most, the complementary product. Our

system of equations reflecting their new utility functions:

To determine how many new consumers will purchase Firm 0’s platform only,

Firm 1’s platform only or Firm 0’s platform and the complement, we solve the
following system of simultaneous equations, where Pl stands for Firm 0’s platform,

Pl stands for Firm 1’s platform and CG refers to the complementary product:

h-f*(P!g)—P[):}?—?‘*(Pil)—Pl
h_t*(P‘!O)_-PO:h+C—t*(PIO+Ccnew)bundde_PB

h—tx (Ph) - -Pl =h+c—1t* (PJU I CG-ne-m)b-undie G PB

c—1% CGOL‘L";\" £:zgm'-y/ﬂ'j{ - P(.-‘ =0
where Ply+ Pl; = 1,0 < CGprep £ 1 and 0 < CGown tegacy S M
We find Pl = %

Y e e 4
Pl = =

+Po—P
Cane-u.‘ o H“%
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CGIegrmy =M * %

The profit maximization problem is

Py, P, PBﬂ-irﬂ‘..'}’,‘Pn*Pln*(l—CGnem)—l—P(j*CGOWN g.c_-gm;y—l-Pg*Pﬂn*CG-nm,, (—|— max{U, (PB)*
OG‘HH’AL’B Iega::y):

where the last term we assume it is not taken into consideration in the max-
imization problem, but it is part of the final profits. It states that a rival’s legacy
may find it worth its time to purchase Firm 0's bundle, or he may not. However,

when choosing prices, the two-product seller does not focus on this market segment.

= Py, Po, PeMaz Py _P[J;;Pl+t *(1_ C+n"nt—PB ) + Pox (ﬂ,f:k (:_:,C)‘FPB* _IJ[]-IZ—tI’l+t @

e+t Py—Pp
i

and

PiMazP, x Pl = Py % %

We take First Order Conditions (FOCs) with respect to each price and set
them equal to zero. We derive the following reaction functions:

= w P = % Pp = s+ F FPe = 5. The two

platforms are strategic complements and the complement is a monopoly product

priced accordingly. We then solve the system of these four simultaneous equations

to find:
Py = —% + t same as under Individual Pricing (see case above)
Py = —l‘"—; +t > P, same as under Individual Pricing (see case above)
Py =Py+ Po = g — % + ¢ sum of the component prices

Pr = £ monopoly price
2 o

Plo=L1(12+2)
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Ph=1-L(12+%)
CGrew = 5, Where CGEh = £ 4 ﬁ(l? + ‘;—j) purchase Firm 0’s bundle and

Tew 2t

the rest make no purchase.

CGieg:my = %

To determine how many rival legacies would purchase both products from
Firm 0, we solve

h—t(%—l—Xﬁ_)—i—C—ti — Py — Pe :h_t(%—X_{f_)

Xp = =2"% where RLogcg = max{0, Xpxy* (A— M) = 20 J0=¥ 4y 4
(A— M)}

We remember y is the distance a rival legacy consumer would travel in order
to reach the complement. Moreover, we know that any rival legacy consumer is only
interested in a bundle purchase (and has no use for only one of the items involved:
Platform 0 or the Complement). We notice the distance a rival legacy would have to
travel to reach the complement appears in all our results, as previously explained.
In order to be able to fully solve our model, we must make some approximations for
y or offer upper and lower bounds. We then solve two extreme cases: the first one
refers to y = 1 and ensures any rival legacy purchasing Firm 0’s platform will have
to travel the maximum distance in order purchase the complement:

h—t(i+Xg)+c—t*xl—Pg=h—1t(; — Xg)

Xp =02t and RLogog = Xp*y = % * (A— M)

The second extreme is assuming y = 0, so all rival legacies have the same
high valuation for the complement and do not have to travel any extra distance to

achieve it
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h-f(%"‘Xﬁ)"‘C—f*U_ PB :h—f(% _XH)
_ (.‘—.l”[]—f’(_‘f _— — C—f’[p—f’c A
Xp = <B=FPa gnd RLioe = =F0 « (A — M)

2t 2

Each firm will earn profits:

I1P=MBIncompOWN LegacyOnly _ c'4+24c? (14+3M )2 41442 .
I - 28807 +max{0, (Pp)*RLogcc}

IP=MBIncompOWN LegacyOnly (c2—12t%)2
H2 288t

I PIncompOW N LegacyOnly HA-IBI:?.compOH-" N LegacyOnly
1 - 1

since IT; and

1P IncompOW N LegacyOnly M BlInecompOWN LegacyOnly

B. The complement is sold individually and as part

of a bundle (the platform is only sold in the bundle)

New consumers purchase either Firm 0’s bundle or Firm 1's platform

Legacy consumers are only interested in the complement, if at all.

Then, we conjecture the two-product seller will offer the complement at the
monopoly price and we show below that is true. First, let’s look at our system of

equations reflecting their new utility functions:

h +ec—t=* (Plr['j + CG-ne-m]Bu'ndfe = PB =h—1tx* (P’!l) - Pl

l c— 1% CGOW':\"Eegacy/ﬂ{ - PC =0 J
where Ply* CGrew+ Pli = 1,0 < CGrew < 1 and 0 < CGow Niegaey < M and

0< RLogca <A-—M
We find that

PI{] i !'H—f;f—fg

Pfl = c+P—Pp

2t

CGnew:Pgﬂ * 1 = %
—_ y e— Pe
CGowniegacy = M ¥ =<
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We then solve profit maximization problem

Po, PsMazx Ppx(PlyxCG ey )+ PexCGlegaey  (+max{0, (Pg)*CGrrvars tegacy)
where the last term we assume it is not taken into consideration in the maximiza-
tion problem, but it is part of the final profits. [t states that a rival’s legacy
may find it worth its time to purchase Firm (0’s bundle, or he may not. How-

ever, when choosing prices, the two-product seller does not focus on this market

segment. = Pg, PeMaxPg * (% x 1)+ Poox M x %

and

P,MazP, * Pl; = P, % (1 — <tf1=Fs)

2t

To build some intuition, we first look at the best response function:

I
Pp = =+

pP==4ls 4y

P =

c
0= 3
After taking derivatives:

BPB
ar,

a7

> (0 and T

> 0, the bundle and rival’s platform are strategic comple-
ments

Solving the system of equations:

Py =

=1
Py = %M< Py
Pg = %23 < pgo_-u.v

Pl =

=
6t

Lo |bn

CG,ow = 1, where CGFle = 1(2 + %) purchase Firm 0’s bundle and the rest

new 6
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make no purchase.

— cM
CGOWNIegm:y - ot

To determine how many rival legacies would purchase both produets from

Firm 0, we solve
1 ; . 1

h—t(E—FXH)—FC—tT _PB :h,—f(g —X‘:g)

-—Pp—yt , — Pp—yt

Xp = =3 where RLygce = max{0, Xpxyx(A—M) =L xyx(A—-
M)}

We remember y is the distance a rival legacy consumer would travel in order
to reach the complement. Moreover, we know that any rival legacy consumer is only
interested in a bundle purchase (and has no use for only one of the items involved:
Platform 0 or the Complement). We notice the distance a rival legacy would have to
ravel to reach the complement appears in all our results, as previously explained.
t 1t h tl 1 t 1 Its, Iy lained
n order to be able to fully solve our model, we must make some approximations for
I ler to be able to fully sol lel, t mak t f
y or offer upper and lower bounds. We then solve two extreme cases: the first one
refers to y = 1 and ensures any rival legacy purchasing Firm 0’s platform will have
to travel the maximum distance in order purchase the complement:

1 1

h-—t(E—i-X,i,‘_)—i-C—t*]_— PB :h—t(a —X”)

e P — —Pg— ]

XR = LJZ—?; and RLQ&(_‘:(; = XH * Y = % * (A — J“lf)

The second extreme is assuming y = 0, so all rival legacies have the same
high valuation for the complement and do not have to travel any extra distance to
achieve it

h-—t(%—I—XR)—I—C—t*U—PB:h—t(%—Xﬁ)

Xp = 52 and RLogce = 52+ (A= M)
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Each firm will earn profits:

HBd!&CGIncompOl-‘r"N LegacyOnly _ c2(249M)+8ct+8¢t2
1 - 36t

+ max{0, RLygcc}

Bdl&CGIncompOWN LegacyOnly (c—4t]2
IT; oAy

COMPARING PROFITS UNDER INCOMPATIBILITY when

FIRM 1 ONLY REACHES OUT TO ITS OWN LEGACY CONSUMERS

We first put together the set of inequalities that guarantee that the mass of
new consumer is always in the unit interval, the mass of legacy consumers is in its
respective interval: [0, A] for all, [0, M] for own legacy and net utilities are always
positive.

We compare Firm 0’s profits from all of the pricing strategies above and find

that:
HH’:MBh).comp()'lrif’:'\" LegaeyOnly Hb’di&’.CCI'Jmo-m.p()l-‘L-’N LegacyOnly
1 =1
Therefore, Firm 0 maximizes profits when offering the two products individu-
2 2 ;
ally at Py = —~mtbg P = _1%'” and Pr = % Firm 0 serves more new consumers.

Fewer new customers purchase the complement due to incompatibility.
In a similar manner we compare prices and find that

I1P=MBIncompOWN LegacyOnly IP=M BIncompOWN LegacyOnly

P (=P + Fe )

B

Bdl&CGIncompOW N LegacyOnly
> PB P B gacy u

and

1P=MBIncompOWN LegacyOnly Bdl&CGIneompOW N LegacyOnly
Pg = FPe

and
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PU’:M BiIncompOW N LegacyOnly Pi’i&‘Bdifm:omp()l-&’f\’ LegacyOnly PJ'E&’.Brﬂ.!'m:omp()\-‘;f N LegacyOnly
1 > 1NoLegacy > 1Al Legacy

B.2.2 B: Targeting All Legacy Consumers

Unit Mass of New Consumers

We refer to Figure 1 in the paper and use the notation found there.

Uy=h—t+(x)—F

Ui=h—tx(1—-z)- P

Useca = h+c—tx(x+y)— Py — Pe; utility function when purchasing Platform
0 and the Complementary Good (CG). There is no U,y since no rival platform
consumer can use the complement along with his platform, due to incompatibility.

Referring to Figures 2 and 3, a legacy consumer’s utility is

OWN legacy
Ton = o =gtk [2)— P

{/'r[f::i;;_lliiﬁf.egm:y =h-— f(% + Xg) + ¢ —ty — Pg which we compare with the utility

a rival legacy consumer derives from simply sticking to his previously purchased

Platform 1 L"'ln'im'ys“"'egm:y =h — ?‘(% — Xg)

INDIVIDUAL PRICING:

To determine how many new consumers will purchase Firm 0’s platform only,

Firm 1’s platform only or Firm 0’s platform and the complement, we solve the
following system of simultaneous equations, where Pl stands for Firm 0’s platform,

Pl stands for Firm 1's platform and C'G refers to the complementary product:
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h—f'*(Pln)—Pn:h—f'*(Pfl)—FH
h—tx(Ply)—Py=h+c—t*(Ply+ CGpew) — Py — Po
9 h—t*(le)—Pl:h+(_’.—t*(P£0+CG,m.m)—Pﬂ—P(_'; 1

c—tx CGOH’N legacy /fl'f = P( =0

h—t(%—I—Xﬁ)—i—C—tT —(Pn—f—P(j:):h—f(%—XR)
where Ply + Pl = 1, 0 € CGrew £ 1, 0 £ CGOWN tegacy < M and 0 <

RlLogca <A-—M

We first focus on the rival legacies, where the marginal rival legacy consumer
indifferent between purchasing Firm 0’s bundle and just continuing to use his Plat-
form 1 bought in a previous time period: h — f(% + Xp)+c—ty— (Po+ Po) =

h—t(3 — Xg)

h_-—t(%—i-XR)—i-C—tT —(Pn—i-P(j):h—t(i—XR)

2

c—(Po+Po)—ut . . - .
Xp = % or, to make it more intuitive, a rival legacy consumer’s

total travel distance for both bundle components (Platform 0 and the complement):
(é) +2Xp+y

should cost the rival legacy at most:

c—(Po+Pe)
7

i)

Since all consumers have independently distributed valuations between the
two types of products: the platform and the complement, and a rival legacy is only
interested in both types (Platform 0 and the Complement or none), the number of
sales made to the rival legacies is

RLO&C_-G:XR*y*(A—ILf):W*y*(}l—ﬂf)

We find Pl = =RutPutt
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_ Po—Pi 4t
Pl =201

&)

— P
CGnem s L

t
— M\ —e+Po+Peo
CGowN tegacy = M * (—=21¢)
. — o= (Po+Po)-yt
RLogce = e (A— M)
The profit maximization problem is

Py, P.MazPy* Ply* (1 — CGrew) + Po * (CGown tegacy) + (Po + Pc) * (Ply

CGnem + RLU&:(.’-‘G‘)

= Py, PoMazPyx 2Rttty (1 c=Pay 4 Poy(M#=P2) 4 (Po+ Po)x (ZRuthitty

2t 2t

n—:’c + c—(Po+Po)—yt K Y * (A _ ﬂf))

2t

and

P, MazP, % Pl; = P, « 2o=butt

2t

We take First Order Conditions (FOCs) with respect to each price and set

them equal to zero. We derive the following reaction functions:

B = Po(—e+Po)+(P1+(A—M)(c—2Pc ))t+(1—y(A—M))t?
0= 2(1+A-M)t

— P+t
Py ==L

P o —{_A—M)t(21’n+'yt)+c(—.f’|]+f’1 +(1+A+J‘-f}f)
= 2(—Po+ Pr+(1+ AT M)t

The first thing to notice is that we have three equations with four unknowns:
each of the prices P, P, P, and y. We remember y is the distance a consumer would
travel in order to reach the complement. Moreover, we know that any rival legacy
consumer is only interested in a bundle purchase (and has no use for only one of the
items involved: Platform 0 or the Complement). Then, the distance a rival legacy
would have to travel to reach the complement would appear in all our final results,

as previously explained. In order to be able to fully solve our model, we must make
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some approximations for y or offer upper and lower bounds. We then solve two
extreme cases: the first one refers to y = 1 and ensures any rival legacy purchasing
Firm 0’s platform will have to travel the maximum distance in order purchase the
complement:

h—t(%—i—Xﬁ_)—i—c—t*l— (Pl—i—PC):h—t(;f—a—XH)

Xp = SBtP)=t gpd RLggoe = Xpty = =8Pt 4 (4 - M)

The second extreme is assuming y = 0, so all rival legacies have the same
high valuation for the complement and do not have to travel any extra distance to
achieve it

h—t(i+Xp)+c—t*x0—(Pi+Pe)=h—t( — Xg)

Xp = =B and RLogoe = “EH) « (A - M)

Building upon some relevant comparative statics:

aPy _ aP At f S 4ratecic ¢ 3
50, = gp. > U, the platforms are strategic complements

opy 9Pg pa— g : P Tr——
5 s 0 the complement and its compatible platform are strategic sub

stitutes
gj’f > (0 and gf“:l = 0, the complement considers the rival platform a strategic
1 (&)
complement
ary

55t > 0 the fewer rival legacy consumers, the more emphasis on its own who
only need the complement, the higher the platform price Firm 0 can charge

aPo _ _ . 11 . R

17 => 0 the fewer rival legacy consumers, the more emphasis on its own who
only need the complement, the higher the complement price Firm 0 can charge

We then solve the system of these four simultaneous equations. We find that
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our closed form solutions are lengthy (available upon request®). We note that all
prices and profits are lower when y = 1 compared to y = 0 due to the higher distance
a consumer has to travel to reach the complement. We note that all prices are lower
than under any other Individual Pricing scenario, in order to determine the rival’s
legacy consumers to make a purchase. The profits are below any other Individual

Pricing scenario too for both firms.

MIXED BUNDLING:

A. Each product is sold individually and as part of a bundle:

New consumers purchase either Firm 0's platform, Firm 1’s platform or

Firm 0’s bundle.

Firm 0’s own legacy consumers will purchase, at most, the complementary

product. Firm 1’s legacy consumers are interested in the bundle only.

h—t%(Plg) — Py=h—tx(Pl) - P,

h—t*(Ply) — Py=h+c—t*(Ply+ CGrew)bundic — Ps
{ h=tx(Ply))— P, =h+c—t*(Plg+ CGnew)punac — Ps (-
&~ ER0C owy ey M —-By =10

h —T(% —I—X;g) G g Pg=h-— f(% —XR_)
where Ply+ Pl = 1, 0 < CGpew < 1, 0 < CGowN tegacy < M and 0 <

RLogcc <A—M

We first focus on the rival legacies, where the marginal rival legacy consumer

#Mathematica was used to solve the system of all these equations given the constraints of having
all net utilities positive and the consumers masses within appropriate ranges by type. The code is

available upon request.
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indifferent between purchasing Firm 0’s bundle and just continuing to use his Plat-
form 1 bought in a previous time period: h—t(3+Xg)+c—ty— Pg = h—t(3 — Xp)

h— t(% + Xp)+c—ty— Pg=h— f(% — Xg)

Xp = '"_J;%’ﬂ or, to make it more intuitive, a rival legacy consumer’s total
travel distance for both bundle components (Platform 0 and the complement):

(%) +2Xp+y

should cost the rival legacy at most:

==+ (3)-

Since all consumers have independently distributed valuations between the
two types of products: the platform and the complement, and a rival legacy is only
interested in both types (Platform 0 and the Complement or none), the number of
sales made to the rival legacies is

RLogce = Xp*y*x(A— M) = ”_“;%m*y*(fl—fd)

We find that

T o e
Pl{}_ e+ P —Pp

2t
— _etBPi-—Pgp-2t
Pl = 2t
CGma-u: =1

CGOH’N legacy — M x $
RLggce = 2 sy« (A — M)
We then find

— —FBy+ P4t
Ply = =1

_ FPo-DP+t
Ph = ==

— c+FPy—F,
CGnew - %ﬂ
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CGOWN legacy — M %

RLygce = 2wy (A— M)

The profit maximization problem is

Pﬂs Pc, PB}'IGTPD ¥ Plﬂ * ( 1= CG-neu.') =t PC * CGOH";\" legacy RE PB * (PEO* CG'ne-u: +

RL{]&C(})

) —Py+ Pt 4Py —P, o~ P —Py+P
= Py, Po, PeMaz Py =205 148 4 (1 - S0 B ) | P (M % 2=C )4 Ppx(=Sottly

(.‘+f’nf—1’j3 + c_‘p;;_y: * Uy * (A A ﬂf))

and
P,MazP, * Pl, = P, % %
We take First Order Conditions (FOCs) with respect to each price and set

them equal to zero. We derive the following reaction functions:

Pn = %(—(""P]—“?(PB-FT)—\/CZ + P] +(5(P1 — PB — f) —|— Pl(—QPB —|— f) —|— (PB —|—f)2

— P+t
Py ===
D — 2P +y(— A+ M2 42Py (P +t)+e(—Po+ P+ (1+A—M)t)
B = H(—Po+Pi4+(1+A—M))
= ¢
Pe =3

The first thing to notice is that we have four equations with five unknowns:
each of the prices Py, Po, Py and Pp and y. We remember y is the distance a consumer
would travel in order to reach the complement. Moreover, we know that any rival
legacy consumer is only interested in a bundle purchase (and has no use for only
one of the items involved: Platform 0 or the Complement). Then, the distance a
rival legacy would have to travel to reach the complement would appear in all our
final results, as previously explained. In order to be able to fully solve our model,

we must make some approximations for y or offer upper and lower bounds. We then
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solve two extreme cases: the first one refers to y = 1 and ensures any rival legacy
purchasing Firm 0's platform will have to travel the maximum distance in order

purchase the complement:

h—t(%—’—X‘(;)—FC—t*l—PH:h—f(%—X“)

Xp =" and RLygog = Xpxy = 2= % (A — M)

2t 2t

The second extreme is assuming y = 0, so all rival legacies have the same
high valuation for the complement and do not have to travel any extra distance to

achieve it

h—t(%—l—X;,-_)—l—c—t*U—PB:h—t(%—XH)

—P P, 3
XH = 2;3 and RLU&’.CG =L Qtﬁ * (A = ﬂ.!r)
For certain model parameters, Po < Pg (when A — M or ¢ are high), so then

own legacy consumers are better off purchasing the bundle instead and discarding

of the new platform. Profits are then recalculated and always lower.

Then

oy p a o P o W P i ke
ap > 0 and a5, > 0 the two platforms are strategic complements
OPy _ 9Pp _ 9P _

81’(‘; S a.f'(; = 31’(_-

g:,” > 0 and ';‘L,B > ( the bundle and the Firm 0 platform are strategic
B 4]
complements

878 5.9, Bl 28

P, opy = 0 the bundle considers the rival's platform a strategic

complement
We then solve the system of these simultaneous equations to find closed form

solutions. These are quite complicated and available upon request from the author?.

AMathematica was used to solve the system of all these equations given the constraints of having
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We note that all prices and profits are lower when y = 1 compared to y = 0 due to
the higher distance a consumer has to travel to reach the complement.

The market outcome is different than under Individual Pricing as all prices
and profits are higher Hé”momMLL & H;}jmncomp‘ub.

We had previously argued that for certain values of the parameters, Fr > Pg.
Then, any own legacy will simply purchase the bundle and discard of the platform.
In that case, a two-product seller should always resolve his profit maximization

problem assuming all legacies will purchase the bundle and continue doing that for

as long as Pp > Pg.

B. The complement is sold individually and as part of

a bundle (the platform is only sold in the bundle)

New consumers purchase either Firm 0’s bundle or Firm 1's platform.

Firm 0’s own legacy consumers are only interested in the complement, if at

all. Therefore, being they are the only buyers of the component, the two-product
seller is best off offering it at the monopoly price. The rival’s legacy consumers will
purchase the bundle, at most.

First, let’s look at our system of equations reflecting their new utility functions:

h+e—t* (P;U + CG'ne-w)Bu-ndie —Pg=h—tx* (P"Il) —ab

) c—1%* CGiegacy/ﬂ'I T P{_'_.‘ =0 )

h_t(%‘l‘XH)‘l‘C_t?J_PB :h_t(%_xh‘.)
where Ply + Pl; = 1, 0 € CGprew < 1, 0 < CGown tegacy < M and 0 <

all net utilities positive and the consumers masses within appropriate ranges by type. The code is

available upon request.
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Rlogcg £A-—M
We first focus on the rival legacies, where the marginal rival legacy consumer
indifferent between purchasing Firm 0’s bundle and just continuing to use his Plat-

form 1 bought in a previous time period: h— T(% +Xgp)+c—ty—Pg=h—t(; — Xg)

1:
2
h—t(%—i-X‘q)—i-C—tT —PB:jh—f(%—X;g)

+— Pp—yt . oy e .
X = % or, to make it more intuitive, a rival legacy consumer’s total

travel distance for both bundle components (Platform 0 and the complement):
(%) +2Xp+ Yy

should cost the rival legacy at most:

Since all consumers have independently distributed valuations between the
two types of products: the platform and the complement, and a rival legacy is only
interested in both types (Platform 0 and the Complement or none), the number of
sales made to the rival legacies is

RLggoc = Xpxy* (A— M) ==E-t 4 45 (A — M)

2t
We find that

_ ct+P1—Pp
Plp =252

_1_ ctPi—Pp
Pl =1 — S

2 _p
CGNe'u: - PE{] ¥ L= %

— N c—Pr
CGOWNIegm:y =M x 7
—Pp—
RLogce = S sy« (A — M)
We then solve profit maximization problem

PC: PBﬂ'fa--'rPB * (CG-neul + RLU&(}'G] 1 PC # CGOW’N!egacy =
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= Py, P, PgpMaxPy = (S50 1 4 <8820 oy s (A — M) + Poox M+ =22
and
PiMazP, x Ply = P, x (1 — &£5i-Fn)

2t

To build some intuition, we first look at the best response function:

P, — c+2Ac—2cM 4+ P —ty(A—M)
B — 244A—4M

_ —c+Pp42t
Py =55 ans

Pe =

c
2

After taking derivatives:

3 B 2 . -

‘?;1,3 > () and gj; > (), the bundle and rival’s platform are strategic complements-
1

81’3

Sir > 0, the more of its own legacy consumer, the less emphasis on the rival’s

bundle buyers and the more on its new consumer bundle buyers.
Solving the system of equations:

Po =

&
% 2

P = c(—1-A+M)+dt—(—4+y)(A—M)t
L= 3+4A—dM

P e(142A—20M )42t —24y(A—M)
B — 3+4A—aM

The first thing to notice is that we have three equations with four unknowns:
each of the prices Pe, Pg, P, and y. We remember y is the distance a consumer
would travel in order to reach the complement. Moreover, we know that any rival
legacy consumer is only interested in a bundle purchase (and has no use for only
one of the items involved: Platform 0 or the Complement). Then, the distance a
rival legacy would have to travel to reach the complement would appear in all our
final results, as previously explained.

We note that for certain model parameters, Po < Pg (when A — M or ¢ are
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high), so then own legacy consumers are better off purchasing the bundle instead

and discarding of the new platform. Profits are then recalculated and always lower.

— (I A-M)42t+(a+y)(A—M)t
Ply = 2(3+4A—4M)

Pl _oe(—1—A4+M)+4t—(—d+y)(A-M)t
L 2(3+4A—4M)
Ply _ {14+ A—M)42t4+(d4y)(A— M)t
CGne-‘r:: -

ey 1177 ‘a ¢ a1 £
23+ 4A—4M) purchase Firm 0's bundle and the rest make
no purchase.

 (A=M)(2e(1+A—M)—(2+y(3+2A—2M))1)
RLogcc = 2(3+4A—4M)

CGOl-VJ'\’ie'gfrm = £}
-gacy 2t

and each firm will earn profits:
HBdI&CG’I-ncmn.-pALL- o
0

8(1+ A)M? + 8M?)
—8e(1+24A—-2M)1+ A - M)(—1+ Ay — yM )t+

+8(1+ A — M)(1 — Ay + yM)*t?)

calculated assuming P < Pg, We obtain lower profits if the parameters of the

model yield the opposite inequality.

HB‘di&’.CGJncompALL eI+ A—M)—4t4(—44y)(A— M2
1 E 2(34+4A—4M )2t #

In order to be able to fully solve our model, we must make some approximations

for y or offer upper and lower bounds. We then solve two extreme cases: the first

one refers to y = 1 and ensures any rival legacy purchasing Firm 0’s platform will
have to travel the maximum distance in order purchase the complement:

h,—t(%—l—XH_)—l—c—t*l—PB:h,—t(%—X;g)

—Pp—t r—Pp—t
Xp = ‘"Q—f and RLpgcg = Xpry = S8 &

Pat x (A— M)

The second extreme is assuming y = 0, so all rival legacies have the same
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high valuation for the complement and do not have to travel any extra distance to
achieve it
h—f(%—FXR)—FC—t*U— PB :h—f(% —XH)

Xp =52 and RLogoe = 52 + (A — M)

2t 2

We note that all prices and profits are lower when y = 1 compared to y = 0

due to the higher distance a consumer has to travel to reach the complement.

For certain values of the parameters, Po > Pg. Then, any own legacy will sim-
ply purchase the bundle and discard of the platform. In that case, a two-product
monopolist should always resolve his profit maximization problem assuming all lega-

cies will purchase the bundle and continue doing that for as long as Pr > Pg.

Pl’f{] _ c(1+ A+ M)+ 24+ A(44y)+(4—y) M)t

2(3+4A+AM)E
P — —e(l+ A+ M)+ {4—A(—A+y)+(44+y) M)t
L= 2(3+4A+4AM)i
Ply _ cl1+A+M)+(24A(d+y)+d—y) M)t T T (Ve e -
CE 0, = 23+ AA+dM)1 purchase Firm 0’s bundle and the rest

make no purchase.

L (A-M)(2e{14 AL M) (24 y(3 1244 6M))t)
RLogce = 2(3+4AL4M L

it _ 2M{(e(14A4+M ) (—-14+Ay—yM)t)
AT OW Nlegacy — (B+4A+AM )t

PBdI&'.CG IncompAll _ e(142A420M )4+21—2yt(A—M)
B - 3+4A+4M

P = —e(1+ A4+ M)+ (A—A(—4+y)+(A+y) M)t
1= 3+4A+4M

HBdI&CG’I-nco-m-pALL (1 AFM)(e(14+2A4+2M)+2(1— Ay+y M )t)*
0 - 2(34+4A+4M )2t

HBdi&CGJncomp_—‘lLL (el AL M) (— 4+ A(—aty)—(A+y) M)?
1 - 2(34+444+4M)%t

COMPARING PROFITS UNDER INCOMPATIBILITY when
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FIRM 1 ONLY REACHES OUT TO ALL LEGACY CONSUMERS

We first put together the set of inequalities that guarantee that the mass of

new consumer is always in the unit interval, the mass of legacy consumers is in its

respective interval: [0, A] for all, [0, M] for own legacy and net utilities are always

positive.

that:

We compare Firm 0’s profits from all of the pricing strategies above and find

M BlilncompALL LegacyOnl Bdl&CGincompALL LegacyOnl IPIncompALL LegacyOnl
H[] omp gacy y>H[] ¥ gacy y>]._.[ﬂ comp. gacy Y

In a similar manner we compare prices and find that

1PIncompALL LegaeyOnl I PIncompALLLegacyOnl
PB neomp. egacyOn y( P(j: neomp egacyOn y)>

=F+

M BincompALLLegacyOnly Bdl&CGIncompALL LegacyOnly
> PB > PBJ\’OLegﬂny

and

M BiIncompALL LegacyOnly Bdl&CGIncompALL LegacyOnly IPIncompALL LegacyOnly
P = > Py

Bdl&COGIncompALL LegacyOnly, MBIncompALL LegacyOnly TP IncompALL LegaeyOnly
Pl comp gacy J>Pl P gacy J>Pl P gacy Y

and

P;'Lfﬁf-nr'o-mp()l'i-’i\-' LegacyOnly > PH’fnnompOW’N LegacyOnly
0 0

EQUILIBRIUM:

We have shown Individual Pricing is the optimal strategy when the two-

product seller chooses incompatibility and targets only its own legacy consumers.

If he reaches out to the rival’s legacy consumers as well, he is best off offering a
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Mixed Bundle, where the two products are available both for individual sale and in
a package. Comparing the two profits under the conditions of the model, we find
that

M BIncompALL LegacyOnl [PIncompALL LegacyOnl: :
I1 TR i B 9eyEnY  when M is small, so the

0

rival’s legacy consumers make most of the legacy market.
Hg-:’}:ffnnompALL LegacyOnly < Héf’!ncom;ﬂALL Legacy()niy{,’ otherwise.
Once we take one step back and look at the compatibility decision, we find
that
Héf’Cnmp - {HngI-ncmn-pALL Legacy()n!-y.l 1I éf’hmompOWN Legan-yO-néy} always. There-
fore, compatibility is the profit maximizing strategy.
We further look at Firm 1's profits and, following the analysis above, we find
that:

1PCom iCom jIncompALL LegacyOnl jInecompOW N LegacyOnly
Hl P > {Hl P, H{ amp qacy 3:‘1 H.i’ COmp gacy J}, where

i = MB, Pl & Bdl (with or without legacy), Bdl & CG, PB (with or without
legacy) and j = IP, M B, Pl & Bdl (with or without legacy), Bdl & CG, PB (with
or without legacy)

Therefore, both firms prefer compatibility and Individual Pricing in the sub-

game perfect equilibrium.

5 . . - . . . . 3 - ISR
“Mathematica was used to sign this inequality given the constraints of having all net utilities
positive and the consumers masses within appropriate ranges by type. The code is available upon

request.
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Po =3

Pl =1

Oy = %, where CGFle = i purchase Platform 0 to use the complement
with and CG[li, = £ purchase Platform 1.

c
CG!(.-grmy - AE
and each firm will earn profits:

_l’_

STEs

- Comp 1+ A)c?
) P-rof-itsf'romCG%

e
I1PComp t

What if there are only two stages in the game: compatibility decision

in time period 0 and the firms choosing prices in period 1 ?

We argue Individual Pricing under Compatibility is the market equilibrium.
We check for any Firm 0 profitable deviations by computing all the profits where

Firm 1’s reaction function is held constant and Firm 0 deviates to another pricing

strategy.
Firm 1 Firm 0— IP=MB | P1&Bdll | Pl&BdI2 | Bdl&CG | PB1 | PB2
IP=MB, P1&Bdl P, = "“zi AB C,D EF X X X
where
Y
B=}

O = (e?412¢%)?
2 28Rt
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_ (e?—12¢%)?
D= 2887

and E, F (long closed form solutions)
Using Mathematica, we find that A > C and A > E, so it’s not profitable
for the two-product seller to deviate from his Individual Pricing strategy under

compatibility.

WELFARE

COMPATIBILITY-INDIVIDUAL PRICING

A. Consumer Surplus

Firm 0: Individual Pricing Welfare: we use the market outcome from the
Compatibility case when the two-product seller offers the two goods a la carte. We
first look at the consumer surplus:

-new consumer purchasing platform 0 _fnlﬂ(h —tx(Ply) — t)dx

-new consumer purchasing platform 1 fy/*(h — t % (Pl;) — t)dz

[
-new consumer purchasing Firm 0’s complement [ (¢ — t % (C'G,,.) — %)d:{
e
-legacy consumer purchasing the complement A x [ (¢ — t ¥ (CGrew) — 5)d
OMP [P 14+ A)c? 5
Then Consumer Surplus ¢ S¢OMF 1P — p 4 ( Sf) -2

B. Producer Surplus

i

IPComp __ (14A)c”

Hl - 4t + 2
1PComp t

H? — §

C. Total Surplus
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JOMP IP TOMP TP COMP TP 1+A)e* 5t 1+4)e* |t ¢
TGCOMP IP _ (xgCOMP IP | pgCOMP I} :h.+( Bt): _TT+( “}n +iyt—

1 A .
= —t*+4ht + c+ Ac)

INCOMPATIBILITY with OWN LEGACIES - INDIVIDUAL PRIC-

ING

A. Consumer Surplus

Firm 0: Individual Pricing Welfare: we use the market outcome from the
Compatibility case when the two-product seller offers the two goods a la carte. We

first look at the consumer surplus:

1124 2
-new consumer purchasing platform 0 0“( 2 }(h. —tx (Ply) — (=& +1t))dx

(lztﬁ_cz)(h_t*(Ph) _ (_l‘"-_;+t))(f;r

1
-new consumer purchasing platform 1 [

.
-new consumer purchasing Firm 0’s complement [ (¢ — t % (CGrew) —

c .
1 |‘.2
ar*ar(12+37)

-own legacy consumer purchasing the complement M * [, (c —t =

(CGnmu) - E)(fﬂ'f

2

SJ;\-’COM‘ POWN 1P _ p B —32c? —144e? (TH4M )1 4 5760t%)
- 1608t5

Then Consumer Surplus C'

B. Producer Surplus

1P IncompOunlLegac et 42402 (143M )2 414487 IPInecompOwnLegacy
35, p gacy _ il it + + max{0,II i

28813 n&(-'.("[%:uui"sLe.-_qa{:'y

HH’Im:omp()ﬂmi.egm:y _ (e2-12¢2)2
2 — 28887

C. Total Surplus

o >, N > NC I I ] NOOMPOWN >
TSJ‘:'\'(.-OAII OWN 1P _ CS,E_'\((LUI OWN 1T +PSINPO'\J]‘(}L"’J’\ P _

6 99442 1442 Lok a 16
]:].'(.-) 052(. t 144¢ (7 + 4i‘lrff)t + 5?60t )) 4608t5+“4+2_1C2[1;:::;”34_1.]4(’ 5 (r:g‘_;;:‘:;z)z

228



s (4160ct® — 3ct? 4 11 520At* + 80c* — 17 280¢% + 11 520¢* + 2304M ct® + 2880M c*t?)

; 1 PIncompOwn Legacy
+max{0, IMyecq, " }

sLegaey

INCOMPATIBILITY with ALL LEGACIES - MIXED BUNDLING

The closed form solutions are quite lengthy and complicated and are available

upon request from the author.

WELFARE ANALYSIS

Using Mathematica, we compile the final set on which all our parameters have
appropriate values and consumer masses are positive and within the appropriate
bounds. We then analyze consumer wellare by marketing strategy and by type of
consumers (new vs legacy, own vs rival’s legacy, new own vs new legacy) and find

that:

Case 1: % is very small (closer to zero)

TP > TCOMP M NCOCOMPOWN ] op . X
CSrCOIU.‘ 1 > CSrI.-'\COUJ ALL MB - Csi'\( OMPOWN [T \ if ¢ is ].El.]‘g,(—‘

CSc’OM’P irP > CS‘EN(}‘O;U FPOWN IP > CSj'NCOIU PALL l‘JB, otherwise

M -
Case 2: = is very large (closer to one)

CSH\"COJ’U POWN I[P = CS’(.—.‘OM ol ] > CSJ' NCOMPALL MB

where (FGINCOMPOWN IP o, CQUOMPAF o s 0 &M =0 & A > 0.&

A—I—% < %—f—ﬂ'f—l—%& (h>c&2c> 3t & c <21)||(3t > 2c & 2h > 3t))

Case 3: % takes all other values

] 2 & t 2 / TeY 2 AL N 2
CScOMJ 1 - CJSIN(' OMPALL MB > CS,!NCOMI OWN IF any ¢ values
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H(CSCOMP IP_gINCOMPOWN IP) S0and HCSCOMP IP_gINCOMPOWN IP)
de

oM >

Note that

0

Moving to total welfare (we already know the producers’ surplus from the
profits derivation and comparison parts

of the appendix)

Case 1: &L is very small (closer to zero)

COMP IP INCOMPALL MB INCOMPOWN IP it s 1o
TSKEWwrirm1 > TSNEW Firm1 > TSNEW Firm0 , if ¢ is large

COMP IP ' GINCOMPALL MB INCOMPOWN IP i
TSNEWrRirm1 > TONEW Firm1 > TSNEW Firmo ; otherwise

Case 2: "’—df is very large (closer to one)

'qCOMP [P INCOMPOWN IP INCOMPALL MB
TSNEH"Fi'r"ml > TSNEW' Firm0 > TSNE'W Firml

Case 3: % takes all other values

COMP IP ' GINCOMPOWN 1P INCOMPALL MB _if o is sms
TSyEWrirm1 > TSNEW Firmo > TSNEW Firmi ; if ¢ is small

COMP IP ' INCOMPALL MB INCOMPOWN 1P s
TSNEwFirm1 > TSNEW Firm1 > T'SNEW Firmo , otherwise
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