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I. INTRODUCTION

Tying is a common practice in many markets, i.e., the seller of product A refuses to sell product A
to a consumer unless the consumer also purchases B (in this scenario product A is referred to as the tying
product and B as the tied product). Examples are numerous such as IBM's famous practice of requiring
purchasers of IBM's tabulating machines to also purchase tabulating cards from IBM, and Microsoft's
more recent attempts to bundle Internet Explorer with Windows. Due to the ongoing battles between
Microsoft and the U.S. Justice Department concerning Microsoft's practices, the motivations and rationales
behind tying arrangements have become the subject of both public policy and academic debates. In this
paper we use dynamic models to show that a firm that is currently a monopolist in its primary market can
use tying to preserve and extend its monopoly position by deterring future entry into both the primary
market and related markets. We call this dynamic motive for tying "strategic tying of complementary
products."!

Most previous analyses of tying have not focused on the ability of tying to enhance a monopolist's
market power in its primary market and related markets, but instead have focused either on the ability of
tying to achieve price discrimination or its ability to foreclose competition in the tied market.? A classic
analysis in the price discrimination vein is that of metered sales. In this argument consumers vary in terms
of the quantity of the tied good demanded, where high valuation consumers are assumed to have a hugh
demand for the tied good while low valuation consumers have a low demand. The argument is that by tying
and charging a high price for the tied good the monopolist is able to extract more of the surplus from the
high valuation/high demand consumers. This is the standard interpretation for why IBM required
consumers of its machines to also purchase cards from IBM.

The foreclosure argument is quite different. One variant of this argument is that the monopolist of
one product increases its profits by earning monopoly profits in the now monopolized tied market. This
argument was for a long time quite controversial because many believed that the monopolist need not
monopolize the tied market to earn all the potential monopoly profits (see, e.g., Director and Levi (1956),

Bowman (1957), Posner (1976), and Bork (1978)). In an important recent paper, however, Whinston

10ne of the authors (Carlion) has worked for Sun Microsystems in its lawsuit against Microsoft which alleges
breach of contract and antitrust violations. The opinions expressed here are those of the authors alone.

2Q0ther justifications for tying include increasing efficiency in the presence of variable proportions, avoiding price
regulations, giving secret price discounts, and quality assurance. See Carlton and Perloff (1994) for a discussion of
these other rationales.



(1990) has shown that criticisms of the foreclosure argument depend on the tied market being characterized
by perfect competition and constant returns to scale and, given economies of scale and imperfect
competition, tying can increase monopoly profitability.

In most of Whinston's analyses tying is used to induce exit in the tied market, and the subsequent
lack of substitute producers in the tied market enables the firm to increase its current profits in that market.
For example, suppose that a hotel on a resort island requires its guests to eat their meals at the hotel
restaurant. Local residents may then have fewer choices and be forced to also frequent the hotel restaurant.
In this case tying is profitable because it eliminates competition in the other market.> Whinston does
consider one setting, however, in which tying is used to increase the firm's profits in the initially
monopolized market. In this analysis there is a competitively supplied inferior substitute for the firm's
mitial monopoly product, and products in this market and the potentially tied market are complementary.
The result is that tying and inducing exit in the tied market can be profitable because it eliminates the
competitively supplied inferior product as a potential substitute.#

In this paper we build on and extend Whinston's important work. Our analysis is related to
Whinston's in that we also focus on tying and foreclosure. However, we do not concentrate on the
monopolist's ability to use tying and foreclosure to increase current profitability in the tied market, or to
eliminate inferior substitutes in the initially monopolized market. Rather, we use dynamic models to
concentrate on the monopolist's ability to use tying and foreclosure to increase future profits by deterring
entry of efficient firms into the monopolist's primary market and related markets. It is the strategic use of
tying to deter the entry of efficient firms that raises the most interesting and difficult public policy issues.
In our argument there is a complementary good charactenzed by intertemporal economies of scope, which
makes it more profitable for the alternative producer to be active in the complementary market in the
second period if it was also active in that market in the first peniod (as we discuss, intertemporal economies
of scope result from many simple and standard assumptions in the literature). We show that, because of
such scope econonues, tying a complementary product can deter entry into the monopolist's primary market

and related markets. Indeed, our work suggests that intertemporal economies of scope has not received the

3We thank R. Gertner for this example.

43ee Ordover and Willig (1981) and Ordover, Sykes, and Willig (1985) for analyses related to Whinston's paper.



attention it deserves in the entry-deterrence literature

Our first argument is that tying can be used to preserve a monopoly position. We begin with a
two-period setting in which a firm operates in both its primary market and a market for a complementary
good. In the first peniod the firm is a monopolist in the primary market, say due to patenting, but there 1s
the potential for entry in the second period. The complementary good, on the other hand, can be produced
both by the monopolist and another producer, where the alternative producer faces a cost of entering the
complementary market. We consider a specification in which the monopolist has no incentive to tie if there
is no threat of entry into the primary market, but does have such an incentive when entry mto the pnmary
market is possible. The logic is that the entry cost for the complementary good creates an intertemporal
economy of scope, and as a result it is less profitable for a rival to enter the primary market in the second
period when entry requires entering both markets rather than one.

In addition to the two-period entry-cost analysis just described, we also consider the monopoly
preservation role for tying in a network externalities analysis and a T-period analysis. In the first analysis
we show that network externalities are similar to intertemporal economies of scope, so that we obtain
similar results when the alternative producer faces no entry costs for the complementary good but the
demand side of the market is characterized by network externalities. In the T-period analysis we again
assume entry costs for the complementary good rather than network externalities, and show that the results
of the two-period analysis described above generalize to a T-period setting when the monopolist can
introduce new versions of the primary and complementary products every other period.

In addition to Whinston (1990), the above argument is related to some other earlier papers which
show that tying and related activities can sometimes allow a firm to preserve and/or enhance monopoly
positions. For example, Williamson (1979) argues that tying can reduce the probability of entry if the
potential entrant only has experience relevant for producing one of the goods. His logic is that, if the
potential entrant lacks experience in one of the products, then tying can inhibit entry because it forces the
firm to enter both markets which given its inexperience in one of the markets results in a higher cost of

capital. Another related analysis appears in Comanor (1967) which considers vertical mergers used for

SPapers in this literature include Spence (1977), Dixit (1979, 1980), Milgrom and Roberts (1982), and Fudenberg
and Tirole (1984),



foreclosure rather than tying.¢ In Comanor's argument merging deters entry by causing entry to occur in
two markets simultaneously, where two-stage entry is difficult because higher capital requirements serve as
a barrier to entry.,

Our second argument is that tying sometimes allows a monopolist to acquire a monopoly position
in a newly emerging market. We use two different approaches to show this result. The key 1s that there are
complementary links between the primary and newly emerging markets. In our first approach the newly
emerging market is associated with the same complementary product as the primary market. In that case,
because of the entry cost associated with the complementary preduct, tying primary and complementary
goods lowers the profitability of a rival entering the newly emerging market in much the same way that it
lowered the profitability of a rival entering the primary market in the above discussion. The conclusion is
that tving primary and complementary goods can result in the firm monopolizing the newly emerging
market by lowering the other producer's return to entering that market.

In our second approach the primary and newly emerging markets are initially complementary but
the newly emerging market eventually makes the primary market obsolete. To develop the argument, we
assume a monopolized primary market and a newly emerging market characterized by network
externalities, where the two products are complements in the first period but new versions of the newly
emerging market product make the monopolist's primary product obsolete in the second period. We show
that by initially tying the two goods, the firm can establish a monopoly position in the newly emerging
market and thus retain its monopoly profits even after the primary product becomes obsolete. At the end of
this analysis, we relate this argument to arguments put forth in the recent Justice Department case against
Microsoft.

Throughout the paper, we frequently refer to a firm tying two products without distinguishing
whether the tie is achieved through contract or through product design. In real world settings there are
examples of both types of ties. For example, in the original 1936 1BM case, purchasers of IBM's
tabulating machines were required to also purchase their tabulating cards from IBM -- a tie achieved
through contracting. In contrast, in the later 1970s case, there was an allegation that IBM's new central
processing unit was interface incompatible with the plug-in components of rivals -- a tie achieved through

product design. Similarly, in a 1983 case, Kodak was accused of designing its camera and film so as to

6Qther papers concerning vertical mergers and foreclosure include Salinger (1988), Hart and Tirole (1990), and
Ordover, Saloner, and Salop (1990).



achieve incompatibility with rivals' products. We believe our arguments apply similarly to both types of
ties, so we do not distinguish between the two cases as we proceed through the various theoretical models.
We do distinguish between the two cases in our discussion of antitrust implications, however, because the
importance of alternative efficiency rationales for tying may vary across the two types of ties.

In addition to ties achieved through contracting and product design, we also consider the possibility
that a monopolist can achieve a virtual tie through pricing. For example, suppose the primary and
complementary products are used in fixed proportions. Then a monopolist of the primary product can
achieve a virtual tie by setting a high price on the primary product and a very low price (say zero) on the
complementary product. This achieves a virtual tie since alternative producers of the complementary
product cannot operate profitably given the very low price charged for this product by the monopolist. We
discuss the situations in which a monopolist may employ virtual as opposed to real ties, and show in
particular why a virtual tie may be used in settings characterized by network externalities, but not in
settings characterized by entry costs for the complementary good.

The outline for the paper is as follows. Section II looks at a two-period setting, and shows that a
monopolist in a primary market can sometimes use a tie with a complementary product to preserve its
monopoly in the primary market. Section III uses related arguments to show that tying can sometimes be
used to extend a monopoly position into a newly emerging market. Section IV demonstrates the monopoly
preservation role for tying in a T-period setting. Section V discusses antitrust implications of our analysis.

Section VI presents concluding remarks.

[1. PRESERVING MONOPOLY THROUGH STRATEGIC TYING OF
COMPLEMENTARY PRODUCTS
In this section we show how a monopolist can strategically use the tying of complementary
products to preserve an initial monopoly position. We first show how this works in a two-period setting
characterized by entry costs for the complementary good, and then derive similar results when there are no
entry costs for the complementary good but the demand side of the market is characterized by network
externalities. Our focus is on the ability of tying to make an alternative producer's future production of the
complementary good less profitable, which because of complementarity deters future entry into the primary

market.



A. A Two-Period Model

The monopolist is the sole producer in the primary market in period 1, say due to patenting, while
there is the potential for entry into the primary market in period 2 by a single alternative producer.” The
monopolist and the primary market's alternative producer have the same constant marginal cost for
producing the primary good, denoted c,. There is a complementary good that can be produced by the
monopolist and a single other firm, where the monopolist and the complementary market's alternative
producer have the same constant marginal cost for producing the complementary good, denoted c.. Also,
as described in more detail below, there is a sunk cost associated with entry into each market, and firms
engage in Bertrand competition when more than one firm 1s active.

We assume that the primary market's single alternative producer and the complementary market's
single alternative producer are the same firm. Without this assumption, an entrant into the primary market
would lose money under the model's assumptions of constant marginal costs in the primary market, positive
entry costs, and Bertrand competition. Alternatively, we could assume two different potential entrants and
allow for payments between the firms. Our choice is to assume a single potential entrant that can produce
both products since this avoids the need to describe the bargaining process that would determine the size of
such payments. The results that follow would be qualitatively unchanged if we assumed two different
potential entrants each having the ability to produce only one product and Coasian-type bargaining.

The alternative producer has an entry or R&D cost associated with producing the first unit of the

primary product, denoted E,, while its entry cost for producing the first unit of the complementary product

ap>
is denoted E,.. The monopolist has entry costs for the primary and complementary products, although we
assume these costs are sufficiently small that the monopolist always incurs both costs in the first period.
This allows us to focus on the entry decisions of the alternative producer. We denote the sum of the
monopolist's entry costs as E ;. Note, for both the primary and complementary markets we could add to
the analysis fixed costs in addition to entry costs, but this would not change the qualitative nature of the
results.

Consumers purchase at most one unit of each good which eliminates any variable proportions

rationale for tying. A primary unit can be used either by itself or in combination with a complementary

unit, while a complementary unit cannot be used by itself (e.g., a computer and a printer). We refer to a

7The analysis that follows is also consistent with there being a pool of alternative producers, where the focus is on
pure-strategy equilibria.



primary unit and complementary unit consumed together as a system. Consumers arc indifferent between a
unit of the primary good produced by the monopolist and a unit produced by the alternative producer. In
contrast, in order to address the role that tying can play in deterring entry, we assume that consumers prefer
the alternative producer's version of the complementary good (if consumers exhibited indifference
concerning both the primary and complementary products there would never be entry in this model).?

To be precise, a consumer derives a gross benefit from a primary unit by itself equal to V', he
derives a gross benefit from a system in which the complementary good is produced by the monopolist
equal to V, while his gross benefit from a system in which the complementary good is produced by the
alternative producer is V+A, where V-V'>c and V'-c;>A/2.% The restriction V-V'>c, ensures that the
monopolist would sell complementary units if there was no alternative producer. The restriction V'-c,>A/2
ensures that the primary market monopoly is more valuable to the monopolist than the potential benefits
associated with having the alternative producer offer its higher quality complementary product. We assume
there are two cohorts of N identical consumers. Consumers in cohort 1 are in the market in period 1 while
consumers in cohort 2 are in the market in period 2 (to simplify the analysis, consumers in cohort 1 are
assumed not to be in the market in period 2 even if they do not purchase anything in period 1). We assume
there is no discounting by both the firms and consumers, although incorporating discounting would not
materially change the results.

In the beginning of the first period the monopolist decides whether to offer a tied product consisting
of one unit of its primary and complementary goods or whether to offer the products individually 1° This
decision is binding for both periods 1 and 2 (footnote 14 discusses how the results change if the
monopolist's product choices for period 2 are decided at the beginning of period 2). Following Whinston,

we assume that if the two goods are tied, a consumer cannot undo the tie (if A<c_, then the results are

8As long as consumers do not prefer one version of the primary good much more than the other, the qualitative
nature of the results would be unchanged by allowing consumers to either prefer the alternative producer's version
of the primary good or the monopolist's primary good (see the end of this section for a related discussion). The
qualitative nature of the results would also be unchanged if we assumed that consumers were indifferent between
the monopolist's and alternative producer's versions of the complementary good, but the alternative producer had a
lower marginal cost of production for the complementary good.

9Under the alternative specification that there is a pool of alternative producers (see footnote 7), all that is required
is that a subset of the alternative producers can produce a superior complementary product.

10T here is no reason for a firm to offer both tied and individual products in this medel because consumers are
identical rather than heterogeneous. See Adams and Yellen (1976) for an analysis in which consumers are
heterogeneous and firms sometimes offer both tied and individual products to better price discriminate.



unchanged under the assumption that consumers can undo ties). That is, if a consumer purchases a tied
good consisting of one unit of the monopolist's primary good and one unit of its complementary good. then
the consumer cannot purchase a unit of the complementary good from the alternative producer and create a
system consisting of the monopolist's primary good and the alternative producer’s complementary good.
This means that if the monopolist offers only a tied product, then in the first period the alternative producer
will not be able to sell any units of the complementary good. In contrast, in the second period the
alternative producer would not be locked out of the market because it can produce both products.

In the first period, if the monopolist decides to offer its primary and complementary goods as
individual products, then the alternative producer must decide whether or not to enter the complementary
market. If the monopolist offers its primary and complementary goods as individual products and the
alternative producer enters, then prices are determined by Bertrand competition (footnote 21 discusses how
the results change if in the first period the monopolist's product choice and pricing decisions are
simultaneous). In the second period, the alternative producer decides whether or not to enter the pnmary
market and, if it did not enter the complementary market previously, whether or not to enter the
complementary market. Since in this model there is no incentive for the alternative producer to tie, to
simplify the exposition we assume that when the alternative producer is in both markets in the second
period it offers individual products. As in the first period, if both firms are active in the second period then
prices are determined by Bertrand competition. Finally, we restrict attention to pure-strategy subgame-
perfect Nash equilibna.

In this model, Bertrand competition will not typically result in a unique set of prices. To see this,
suppose the alternative producer has entered the complementary market in period 1. One equilibrium set of
prices in period 1 is that the monopolist charges V-c_ for its primary product and the alternative producer
charges A+c, for its complementary product (here and in the following set of equilibrium prices, consumers
purchase the complementary good from the alternative producer as long as the monopolist charges more
than , for its complementary product). In this equilibrium the alternative producer receives all the surplus
associated with consumers preferring its version of the complementary product. However, another set of
equilibrium prices is the monopolist charges V+A-c,. for its primary product and the alternative producer
charges c,, for its complementary product. In this equilibrium the monopolist reccives all the surplus
associated with consumers preferring the alterative producer's version of the complementary good. In

fact, any division across the two sellers is consistent with equilibrium.



In our analysis, we assume the prices that emerge divide evenly across the two sellers the surplus
associated with consumers preferring the alternative producer's version of the complementary good.!! The
same qualitative results would follow from any division that gave each firm a strictly positive proportion of
the surplus, but the results would not follow if the surplus was either all received by the monopolist or all
received by the alternative producer. In the former case entry into the complementary market in the first
period would be associated with negative profits, and thus the monopolist would not need to tie to deter
first-period entry. In the latter case, if the alternative producer were to enter the primary market in the
second period after entering the complementary market in the first, there would be no increase in the
proportion of the surplus received by the alternative producer. The result is that the alternative producer

would never enter the primary market.

B. Analysis

As a result of our assumption that it faces low entry costs, the monopolist enters both markets in
the first period. Our focus is on the entry decisions of the alternative producer, and the extent to which the
monopolist tries to affect these decisions by offering a tied product. Our main result is that the monopolist
in the first period will sometimes use tying to deter entry by the alternative producer into both the primary
and complementary markets. This strategy increases the monopolist's profitability by preserving its
monopoly in the primary market in the second period.

We begin with a benchmark analysis in which the alternative producer cannot enter the primary
market in either the first or second periods (a simple interpretation is that Eap=oo). In this benchmark
analysis, however, there is still the possibility that the monopolist will use tying to deter entry into the
complementary market, although we will show that the monopolist does not have an incentive to deter entry
in this case. By comparing the results in this case with what happens when the alternative producer can
also enter the primary market, we are able to more clearly show the role that preserving its monopoly
position in the primary market plays in the monopolist's decision concerning whether or not to tie.

Suppose the alternative producer can never enter the primary market. In that case the monopolist
can deter the alternative producer from ever entering the complementary market by offering a tied product.

Proposition 1 answers three questions. First, under which circumstances does the alternative producer

HQOne interpretation of our assumption that the surplus is divided equally between the firms is that prices are
determined by the Nash bargaining solution (see Nash (1950)).
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enter and under which does it stay out? Second, when entry does occur, in which period does it take place?
Third, is the monopolist better off or worse off when the alternative producer stays out of the

complementary market? All proofs are in the Appendix.

Proposition 1: Suppose E,;=c0. Then there exists a value E, ', E;.™0, such that i) and ii) describe
equilibrium behavior if E, . >E, ', while iii) and iv) describe equilibrium behavior if E, <E,.". Also, overall
monopoly profitability is higher when E, .<E, "

1) The monopolist offers individual or tied products.

ii) The alternative producer never enters the complementary market.

iii) The monopolist offers individual products.

iv) The alternative producer enters the complementary market in the first period.

There are three results of interest in Proposition 1. First, the alternative producer enters the
complementary market if its entry cost is small, and does not enter if its entry cost is large. Second, when
entry occurs the alternative producer enters in the first period. This result is not surprising, since there is a
bigger return to entering when entry allows the firm to operate in the market for two periods rather than
one. Third, the monopolist earns higher profits when entry occurs than when it does not. The logic here is
that, since the monopolist is able to capture some of the surplus associated with consumers preferring the
alternative producer's complementary product, the monopolist's profitability rises upon entry.

The last result above tells us that in this model, if there is no threat of entry into the primary
market, then the monopolist has no incentive to deter entry into the complementary market. Thus, although
in this case offering a tied product is an optimal strategy for the monopolist when E, >E, ' (but not the only
optimal strategy), this is not because the monopolist wants to deter entry. Rather, the cause and effect are
in the other direction, Because the alternative producer's entry cost is sufficiently high that no entry will
take place, there is no cost {and no return) to the monopolist from offering a tied product.

We now consider what happens when the alternative producer has the option of entering the
primary market in the second period. This case works quite differently than the benchmark case analyzed
above. The reason is that, as opposed to what is true when the alternative producer only enters the

complementary market, when it enters both the primary and complementary markets overall monopoly
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profitability is hurt rather than helped. As a result, the monopolist sometimes has an incentive to deter
entry into both markets by offering a tied product. We begin with a preliminary result concerning when the
alternative producer has an incentive to enter the primary market in the second period. Below, n,,P¢
denotes the alternative producer's second-period profitability when the alternative producer entered the
complementary market in period 1 and the primary market in period 2, and n,,° denotes the alternative
producer's second-period profitability when the alternative producer entered the complementary market in
period 1 and does not enter the primary market in period 2 (and the monopolist offers independent

products}.

Lemma 1: There exists a value Egy*, E;*>0, such that m,Pe>m o if Egp<Eqp*, while m,,PO<m5° if

Eqp>Eap*.

Lemma 1 is straightforward. It simply says that, if the alternative producer entered the
complementary market in the first period and has the option of entering the primary market in the second
period, it will stay out of the primary market if the cost of entering that market is sufficiently high. But it
will enter if the cost of entry is sufficiently low. The next step is to consider in more detail what happens if
the alternative producer has entered both markets by the beginning of the second period. Below,
denotes overall monopoly profitability, ny,; denotes monopoly profitability in period J» ™, denotes the
overall profitability of the alternative producer, and L denotes the alternative producer's profitability in
period j.

Suppose the alternative producer has entered both markets by the beginning of the second period.
Bertrand competition yields that purchasing a system from the monopolist will cost c;+¢,, purchasing a
system from the alternative producer will cost ¢y ¢ +A, and consumers purchase the complementary
product from the alternative producer (sales of the primary product may be split across the two firms).12 In
turn, second-period monopoly profitability is given by m,,,=0, while na2=NA-Eap if the altemmative
producer had entered the complementary market in period 1 but ,,=NA-E,-E, if it had not. There are
two results of interest here. First, as opposed to what was true when the alternative producer only entered

the complementary market, second-period monopoly profitability is now below rather than above second-

I2[f we allowed the alternative producer to tie, then by tying it could force all consumers to purchase primary units
from itself. However, this would not increase the alternative producer's profitability.
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period profitability in the absence of any entry. Second, the alternative producer’s second-period
profitability depends on whether it had entered the complementary market in the first period. If it had not,
then the alternative producer bears that entry cost in the second period with a resulting decrease in second-
period profitability.

The above analysis suggests that the monopolist sometimes has an incentive to deter entry into the
complementary market in the first period, where this arises not from the effect on first-period profitability
but rather because of the effect on second-period and overall profitability. That is, the benchmark analysis
told us that deterring entry into the complementary market in the first period reduces the monopolist's first-
period profitability. However, this action raises the alternative producer's cost of operating in the
complementary market in the second period, with the possible result that entry into both markets is deterred
in which case second-period and overall monopoly profitability are increased. Proposition 2 shows that this

argument sometimes results in the monopolist offering a tied product.

Proposition 2: If E,;<E,,*, then there exist values E, * and E, **, 0<E, *<E, **, such that for all
E,.*<E,.<E,.** the unique equilibrium is described by 1) and 11).
i) The monopolist offers a tied product.

it) The alternative producer never enters either market.

Proposition 2 says that, if the alternative producer would enter the primary market in the second
period if it had previously entered the complementary market (E,,<E,,*), then the monopolist sometimes
offers a tied product and in this way deters entry into both markets. In particular, the monopolist does this
when the alternative producer's cost of entering the complementary market falls in an intermediate range.
The logic is that if this entry cost is low (E, <E, *) the monopolist has no incentive to tic because the
alternative producer would respond by entering both markets in the second period, while if this cost is high
(E,>E,.**) there is no incentive (or disincentive) for the monopolist 1o tie because the alternative producer
would never enter either market even if the monopolist offered individual products. However, for

intermediate values the alternative producer would enter both markets if the monopolist offered individual
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products, but never enters either market if the monopolist ties.13.14

To clarify the argument, consider the following simple example. Let V=20, V'=19, A=10,
cp=cc=0, N=10, E,=0, and E,;=25. Given this parameterization, suppose the monopolist offers individual
products, and the alternative producer enters the complementary market in the first period and the primary
market in the second period. In the first period the firms will evenly split the per consumer surplus of 10
created by the fact consumers prefer the alternative producet's complementary good, which means n, =
10(25)=250 and m,;=10(5)-E,.. In the second period Bertrand competition yields that consumers will get
the primary product for free, but each consumer will pay a price of 10 to the alternative producer for its
complementary product. This means 7;,,=0 and 1,,=10(10)-25=75. These calculations yield that if the
monopolist offers individual products, as long as E, <125, the alternative producer enters the
complementary market in the first period, it enters the primary market in the second period, and =;,=250.

Now suppose the monopolist offers a tied product and the alternative producer enters both markets
in the second period. Bertrand competition now yields that the monopolist will offer its system at a price of
zero, and that cach consumer will pay a price of 10 to the alternative producer for its system. This means
no=0 and m,;=10(10)-25-E, =75-E,.. These calculations yield that if the monopolist offers a tied
product, as long as E,>75, the alternative producer will never enter either market which in turn means
overall monopoly profitability is given by 7,=2[10(20)]=400>250. In other words, if 75<E, <125, the
monopolist offers a tied product because this deters entry into both markets which increases overall
monopoly profitability by preserving the firm's primary market monopoly in the second period.

The essential feature of our argument is that the alternative producer's entry cost for the

complementary market creates an intertemporal economy of scope, which makes it more profitable for the

13The statements concerning what happens when E_ <E, * and E, >E, ** arc proved in the proof of Proposition 2
in the Appendix. Also, consistent with these statements, in this model every equilibrium characterized by entry
into the complementary market has that entry take place in the first period. This occurs for two reasons. First, as
was true in the benchmark analysis, if the monopolist does not tie then entry into the complementary market is
more profitable when the alternative producer operates in the market for two periods rather than one. Second,
since entry into the complementary market helps the monopolist's first-period profitability (see the benchmark
analysis), if the monopolist anticipates that even with a tie the alternative producer will enter the complementary
market in the second period, then the monopolist has an incentive to offer individual products and have that entry
occur in the first period.

148uppose the monopolist's product choices for period 2 are decided at the beginning of period 2. Then for every
E, *<E, <E, ** the monopolist would still have an incentive to deter entry into both markets. However, this
would now mean tying in the first period and offering either a tied product or individual products in the second
period.
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alternative producer to be active in the complementary market in the second period if it was also active in
that market in the first period. Because of this economy of scope, tying can deter entry into both markets
because it reduces the alternative producer's potential profitability for being active in the complementary
market in the second period. This perspective suggests it is not the entry cost per se that is critical for tving
to be used for monopoly preservation, but rather any factor that creates a similar economy of scope should
vield this result. For example, learning by doing also creates an intertemporal economy of scope, and we
conjecture that a model without entry costs but with learning by doing for the complementary good wouid
also yield a monopoly preservation role for tying.

As a final point, one could use the model analyzed in this subsection to illustrate a different but
related argument for why a monopolist might tie. In this subsection we assumed that consumers are
indifferent between the monopolist's and alterative producer's primary products, but that consumers prefer
the alternative producer's complementary product. Suppose everything in the model is the same except now
consumers prefer the alternative producer's primary product and the monopolist's complementary product.
Under this alternative specification, just as in Proposition 2, the monopolist may tie its primary and
complementary goods in period 1 in order to stop the alternative producer from entering the primary market
in period 2. The logic underlying the result, however, is somewhat different.

In Proposition 2 the monopolist ties in order to stop the alternative producer from entering the
complementary market, and, since consumers are indifferent between the two primary products, the
alternative producer does not enter the primary market given no entry into the complementary market.
Under the alternative specification just described, tying is not used to stop the alternative producer from
entering the complementary market. That is, since consumers prefer the monopolist's complementary
product, the alternative producer would not enter the complementary market if the monopolist did not tie.
Rather, under this alternative specification tying can deter the alternative producer from entering the
primary market because of a direct reduction in the alternative producer's return from entering that market.
The logic is that tying reduces this return because consumers are unable to combine the alternative

producer’s superior primary product with the monopolist's superior complementary product.
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C. Network Externalities

The previous subsection demonstrated a monopoly preservation role for tving when the alternative
producer faces entry costs for the complementary good. In this subsection we assume away entry costs for
the complementary good, and show that the presence of network externalities for the complementary good
can similarly result in the strategic use of tying to deter entry into the primary market. As we will show,
one interesting aspect of the network externalities case is that the tie can take the form of a virtual tie
achieved through pricing as was discussed in the Introduction.!®

In addition to assuming no entry costs for the complementary good, we make the following changes
to the model analyzed in the previous subsection. Let ij be the number of consumers in cohort j who own
a system consisting of one unit of the primary good and one unit of the monopolist's complementary good,
while N,; is the number of consumers in cohort j who own a system consisting of one unit of the primary
good and one unit of the alternative producer's complementary good. A consumer derives a gross benefit
from a system in which the complementary good is produced by the monopolist equal to V+v(Ny 1N
v'>0, while a consumer derives a gross benefit from a system in which the complementary good is produced
by the alternative producer equal to V+A+v(N,; +Ny). In this specification, v(.) embodies the network
externalities, i ., the gross benefit a consumer derives from a system is positively related to the number of
other consumers who own a similar system.16 One example of a complementary product with network
externalities is an applications program, such as Word (a word processing program), where files can be
traded among users.

In each of periods 1 and 2, because of network externalities, a given set of prices will frequently
not result in a unique set of purchase decisions by the consumers. Similar to the approach taken in Katz
and Shapiro (1986), we assume that purchase decisions are made as if consumers could coordinate
behavior. That is, when there are multiple equilibria for a subgame that starts with consumer purchase
decisions, we rule out the equilibria that are Pareto dominated for the consumers purchasing that period.
Another way to put this is that we restrict attention to Perfectly Coalition-Proof Nash equilibria (see

Bernheim, Peleg, and Whinston {(1987) for a discussion of this refinement). Additionally, in this model

I5papers on the network externalities issue include Katz and Shapiro (1986, 1994), Farrell and Saloner (1986,
1992), and Matutes and Regibeau (1988, 1992).

161n this specification every consumer derives equal benefit from consumers in the same cohort who purchase a
similar system as from consumers in the other cohort. Allowing for differential benefits would complicate the
analysis without changing the qualitative nature of the results.
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Bertrand competition will sometimes not result in a unique set of prices. Similar to the previous
subsection, if this occurs in period 2 we assume that the prices that emerge evenly split across the two
sellers the surplus associated with consumers preferring the alternative producer's version of the
complementary good, although as before any split that gave each firm a strictly positive proportion of the
surplus would yield the same qualitative results.!? Finally, we now assume V'-c;>2A rather than the
assumption of the previous subsection that V'-cp>A/’2.18

Consider first the alternative producer's incentive to enter the primary market in the second period.
This issue yields a result similar to Lemma 1 of the previous subsection. That is, there exists a value E,p*
such that, if E,,<E,,*, then the alternative producer will enter the primary market in period 2 if 1t had
previously sold complementary units to all consumers in period 1. The logic is that entering the pnmary
market allows the alternative producer to capture more of the surplus associated with the superiority of its
complementary product, and thus it enters if the entry cost is sufficiently low.

We now consider in more detail what happens if the alternative producer enters the primary market
in period 2, where our focus is on parameterizations characterized by strong network externalities, 1.¢.,
v(2ZN)-v(N)>A (see footnote 19). There are two cases. The first case is that consumers purchased
complementary units from this firm in period 1. In this case Bertrand competition yields that purchasing a
system from the monopolist will cost ¢ +c,, purchasing a system from the alternative producer will cost
CytetAHV(ZN)-V(N), and consumers purchase the complementary product from the alternative producer
(sales of the primary product may be split across the two firms - see footnote 12). In turn, second-period

17In the previous subsection, if the alternative producer entered the complementary market in the first period, the
outcome of the second-period pricing game is independent of the outcome of the first-period pricing game. Asa
result, in that subsection the assumption that surplus is divided equally across the two sellers has a well defined
meaning for both the first-period pricing game and the second-period pricing game. In contrast, in this subsection
the outcome of the second-period pricing game depends on the outcome of the first-period pricing game. Asa
result, in this subsection the assumption that the surplus is divided equally across the two sellers has a well defined
meaning for the second-period pricing game but is open to interpretation for the first-period pricing game. Given
this problem and that all the results in this subsection hold for any way of resolving the first-period pricing game
(although see footnote 18), we only impose the assumption for the second-period pricing game.

18The reason the condition is more restrictive in this subsection than in the previous subsection is because, when
Bertrand competition does not result in a unique set of prices in the first period, we do not impose any assumption
concerning how this muitiple equilibria problem is resolved (see footnote 17). As a result, it is possible the
monopolist gets all the surplus associated with cohort 1 consumers and cohort 2 consumers preferring the
alternative producer's version of the complementary good, and this means V'-¢;>2A is needed to ensure that the
primary-market monopoly is more valuable to the monopolist than the potential benefits associated with having the
alternative producer sell its higher quality compiementary product.
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monopoly profitability is given by m,,,=0, while naz=N(A+v(2N)-v(N))-Eap. The second case is that
consumers purchased complementary units from the monopolist in period 1. In this case, given v(2N)-
v(N)>A, Bertrand competition yields that purchasing a system from the monopolist will cost ¢+ +v(2N)-
v(N)-A, purchasing a system from the alternative producer will cost cptc,, and consumers purchase the
complementary product from the monopolist. In turn, 7, »=N(v(2N)-v{N)-4) and naz=-Eap.

There are two results of interest in the above analysis. First, if cohort 1 consumers purchase
complementary units from the alternative producer, then entry into the primary market in the second period
hurts the monopolist's second-period and overall profitability. Second, if cohort 1 consumers purchase
complementary units from the monopolist, then the alternative producer would not enter the primary market
in the second period because such entry results in negative profits. Together, these two results suggest that
the monopolist will sometimes deter entry into the primary market in period 2 by behaving in a manner that
causes cohort 1 consumers to purchase complementary units from the monopolist. We formalize this

argument in Proposttion 3.

Proposition 3: If Eap<Eap* and v(2N)-v{N)>A, then every equilibrium is characterized by 1) and 11).
1) There is no entry into the primary market in the second period, and consumers in both cohorts
purchase both primary and complementary goods from the monopolist.
it} The monopolist offers a tied product, or offers individual products but in the first period charges
a "high" price for the primary product and a "low" price for the complementary product (see the

proof for the exact definitions of "high" and "low").1®

Proposition 3 tells us that the monopolist will sometimes use either a real tie or a virtual tie
achieved through pricing to both stop the alternative producer from selling complementary units and deter
its entry into the primary market. The logic was discussed above. When the monopolist sells its products
in a manner that causes cohort 1 consumers to purchase complementary units from the monopolist, it

makes entry into the primary market unprofitable and this in turn increases overall monopoly profitability.

L9Tf y(2N)-v(N)<A, then there are still parameterizations in which the monopolist either ties or uses a virtual tie
through pricing to deter entry into the primary market. However, analysis of that case is significantly more
complicated. The reason is that when v(2N)-v(N)<A, if the monopolist ties its products and then an alternative
producer enters the primary market in the second period, cohort 2 consumers would purchase from the alternative
producer rather than the monopolist.



18

An interesting aspect of this result is that the monopolist need not actually tie its products to achieve its
goal, but can rather employ a virtual tie achieved through first-period prices. The logic is that, if the
complementary good in the first period is priced sufficiently low, then an alternative producer cannot
profitably sell complementary units.20

A natural question that arises is, why is a virtual tie achieved through pricing an entry deterring
strategy in the network-externalities case but not in the entry-cost case. The reason is the different goals
the monopolist is trying to achieve through tying in the two cases. In the network-externalities case, the
goal of the monopolist in tying is to force cohort 1 consumers to purchase the complementary good from
the monopolist because this is what stops entry into the primary market in the second period. This can be
achieved either by using a real tie in which case cobort 1 consumers are directly forced to purchase the
complementary good from the monopolist, or by a virtual tic where cohort 1 consumers purchase the
complementary good from the monopolist because its price is set so low.

Now consider the entry-cost analysis. In that analysis, the goal of the monopolist in tying is to stop
the alternative producer from entering the complementary market in the first period because in that case this
is what stops entry into the primary market in the second period. This can be achieved by a real tie because
the alternative producer will not enter the complementary market in the first period if it knows it cannot sell
any complementary units in the first period. However, a virtual tie achieved through pricing will not work.
The reason is that, once the alternative producer has entered the complementary market in the first period,
the monopolist's incentive is not to employ a virtual tie but rather price in such a fashion that the alternative
producer sells complementary units. In other words, attempting to deter entry using a virtual tie is not a
credible strategy in the entry-cost case {another way to put this is that in the entry-cost case, deternng entry
using a virtual tie is time inconsistent).?!

Related to the underlying argument of the previous subsection, the essential feature of the argument
here is that the presence of network externalities is similar to an intertemporal economy of scope. That is,

because of network externalities, it is more profitable for an alternative producer to be active in the

20Because of a non-negativity constraint on the price for the monopolist's complementary good, a virtual tie
achieved through pricing is not always feasible. See the proof of Proposition 3 for details.

21Suppose that in the first period the monopolist's product choice and pricing decisions are simultaneous (and that
in the entry-cost case this occurred after the alternative producer's entry decision for the complementary market).
Consistent with the above discussion, this would have no effect on the analysis in the network-externalities case but
would eliminate the ability of the monopolist to use tying for entry deterrence in the entry-cost case.



19

complementary market in the second period if it was also active in the complementary market in the first
period. Tying thus deters entry into the primary market in the second pericd by reducing the alternative
producer's profitability of being active in the complementary market in the second period.

One interesting aspect of both arguments in this section is that in our model tying can be used to
exclude efficient competitors. Although we focus on the case in which consumers are indifferent between
the monopolist's primary product and the alternative producer's primary product, the results in both
subscctions easily generalize to the case in which consumers prefer the alternative producer's primary good
by a small amount (depending on the parameterization, tying may even be used to deter entry when
consumers prefer the alternative producer's primary product by a large amount). Hence, in contrast to
Whinston's analysis in which tying was used to eliminate an inferior producer of the monopolist's primary
product, in our arguments tying can be used to deter entry of a firm that produces superior versions of both

the primary and complementary goods.

1II. EXTENDING MONOPOLY THROUGH STRATEGIC TYING OF
COMPLEMENTARY PRODUCTS

In Section 11 we showed how a monopolist can strategically use the tying of complementary
products to preserve an initial monopoly position. In this section we show how a monopolist can
strategically use the tying of complementary products to extend a monopoly position into a newly emerging
market. We first consider a model closely related to that analyzed in Subsection I1.B, and show how tying
can be used by the monopolist to "swing" or transfer his monopoly to the newly emerging market in a
setting in which the newly emerging market is associated with the same complementary good as the
monopolist's primary market. We then consider a model closely related to that analyzed in Subsection 11.C,
and show how tying allows the monopolist to monopolize the newly emerging market in a setting in which
the primary market and the newly emerging market are initially complementary, but the newly emerging

market eventually makes the primary market obsolete.

A. The Newly Emerging Market Uses the Same Complementary Product

Starting from the model analyzed in Subsection I1.B (where there was a monopolist of a primary

product in period 1, and a single alternative producer that could enter the complementary market in period
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1 and the primary market in period 2), we make the following changes. First, the monopolist now faces no
threat of entry into its primary market, and thus tying is not needed to deter entry into that market. Second,
there is now a newly emerging market that is associated with the same complementary good as the primary
market (although see footnote 22). The newly emerging market does not exist in the first period, but both
the monopolist and the alternative producer can enter this market at the beginning of the second period at a
cost E;. Both firms have the same constant marginal cost for producing the newly emerging market good,
denoted ¢,;.

Similar to what is true for primary units, a newly-emerging-market or simply new-market unit can
either be used by itself or in combination with a complementary unit. Also, consumers are indifferent
between a new-market unit produced by the monopolist and a new-market unit produced by the alternative
producer, but prefer the alternative producer's complementary good for their new-market systems. To be
precise, a consumer derives a gross benefit from a new-market unit by itself equal to V', he denives a gross
benefit from a new-market system in which the complementary unit is produced by the monopolist equal to
V., while his gross benefit from a new-market system in which the complementary unit is produced by the
alternative producer is equal to V+A,, where V-V, ">c; and N{V,'-c;)-E>NA. The restriction V,-Vp>c,
ensures that the monopolist would sell complementary units for use in new-market systems if there was no
alternative producer. The restriction N(V,'-c,))-E;>NA ensures that being the sole producer of the new-
market good in the second period is more valuable to the monopolist than the potential benefits associated
with consumers being able to purchase primary-market systems containing the alternative producer's
superior complementary product.

The timing of moves in the game is as follows. The timing for period 1 is the same as for the
model analyzed in Subsection ILB. Period 2 has the following stages. First, the monopolist and the
alternative producer simultaneously decide whether or not to enter the newly emerging market, and if the
alternative producer has not previously entered the complementary market, it also decides whether to enter
the complementary market at this time. Note, since there are no later entry decisions there is no return for a
firm to offer a tied product at this date, and thus to simplify the exposition we do not allow tying in the
newly emerging market. Second, prices are determined, where this means Bertrand competition if the
alternative producer has entered one or more markets. Similar to before, if in either the primary market or

the newly emerging market the alternative producer only offers a complementary product while the
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monopolist offers both products as individual products, then the prices that emerge divide evenly across the
two sellers the surplus associated with consumers preferring the alternative producer's version of the
complementary good.22,23

Our focus is on how the monopolist can use tying of primary and complementary goods in period |
to deter the alternative producer from entering the newly emerging market in period 2, and in this way
establish a monopoly position in the newly emerging market in period 2. We begin the analysis by
considering who enters the newly emerging market in the second period as a function of the alternative

producer's behavior in the complementary market.

Lemma 2: There exists a value E_*, E *>0, such that, if E <E_*, then i) and ii) hold.
i) If the alternative producer enters the complementary market in the first period, then only
the alternative producer enters the newly emerging market in period 2.
ii) If the alternative producer never enters the complementary market, then only the

monopolist enters the newly emerging market in period 2.

The logic behind Lemma 2.1) is as follows. Because the alternative producer has a superior
complementary product, if the alternative producer enters the complementary market in the first period and
the entry cost for the newly emerging market is sufficiently low, the alternative producer will enter the
newly emerging market in period 2 whether or not it expects the monopolist to enter (if the alternative
producer expects the monopolist to enter, then the alternative producer also enters because entry allows the
alternative producer to capture more of the surplus associated with its superior complementary product).
In contrast, because of Bertrand competition and that the monopolist has an inferior complementary

product, the monopolist will not enter the newly emerging market in period 2 if it expects the alternative

22We assume that a firm that has entered the complementary market can charge different prices for complementary
units used in primary-market systems and complementary units used in new-market systems. One way to think
about this assumption is that the two markets are not associated with the exact same complementary good, but
rather there is a single entry cost that allows a firm to produce both complementary units used in primary-market
systems and complementary units used in new-market systems. An example would be a software program that can
be used on both personal computers and mainframes, where each type of computer requires a different version of
the program.

23We now also assume that, if the aiternative producer is the only firm that enters the newly emerging market but
the alternative producer does not enter the complementary market, then the prices that emerge divide evenly across
the two sellers the surplus associated with complementary units used in new-market systems.
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producer to enter. The result is that, if the alternative producer entered the complementary market in the
first period and the entry cost for the newly emerging market is sufficiently small, then only the alternative
producer enters the newly emerging market in the second period. A similar logic explains why, if the
alternative producer never enters the complementary market and the entry cost for the newly emerging
market is sufficiently low, then onlty the monopolist enters the newly emerging market in the second period
(Lemma 2.ii})).

Lemma 2 tells us that, if E,, is sufficiently small, then monopolization of the newly emerging
market by one firm or the other is quite possible. If the alternative producer enters the complementary
market in the first period, then the alternative producer monopolizes the newly emerging market in the
second period. In contrast, if the alternative producer is deterred from ever entering the complementary
market, then the monopolist monopolizes the newly emerging market in the second period. This suggests
that the monopolist will be able to increase its profits if it can deter the alternative producer from ever
entering the complementary market. We now turn our attention to this issue.

Suppose the alternative producer has entered both the newly emerging and complementary markets
by the beginning of the second period and the monopolist has not entered the newly emerging market. Then
the alternative producer will price its products such that a new-market system consisting of a unit of the
alternative producer's new-market good and a unit of its complementary good will cost V;+A;. There are
two relevant cases. Suppose the monopolist sells its primary and complementary goods as independent
products, and as a result the alternative producer entered the complementary market in the first period. In
this case, cohort 2 consumers purchase complementary units from the alternative producer for their
primary-market systems, and the alternative producer's second-period profitability is given by m,,=N[V+
A HA2)-c ¢ ]-E;.

The other case is that the monopolist sells its primary and complementary goods as a tied product,
and as a result the alternative producer does not enter the complementary market in the first period. 1n this
case, cohort 2 consumers do not purchase complementary units from the alternative producer for their
primary-market systems, and the alternative producer's second-period profitability is given by 7,,=N[V+
A -co-¢oJ-Ep-Ege. In other words, if the alternative producer does not enter the complementary market in
the first period because the monopolist ties its primary and complementary goods, the result is a decrease in

the alternative producer's second-period profitability due to the alternative producer bearing the
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complementary market entry cost in the second period and to cohort 2 consumers not purchasing the
alternative producer's complementary units for use in primary-market systems.

Since by tying its primary and complementary goods the monopolist lowers the alternative
producer's profitability for being active in the complementary market in the second period, the above
analysis suggests that the monopolist may be able to use tying of its primary and complementary goods to
deter the alternative producer from ever entering the complementary market. In turn, combining this result
with Lemma 2 suggests that tying may sometimes enable the monopolist to establish a monopoly position in

the newly emerging market in the second period. We formalize this argument in Propositton 4.

Proposition 4: If E, <E_*, then there exist values E,.* and E, **, 0<E, *<E, **, such that for all
E, *<E, <E,.** every equilibrium is characterized by i)-iii).>*

i) The monopolist offers its primary and complementary goods as a tied product.

ii) The monopolist enters the newly emerging market at the beginning of the second period.

iii) The alternative producer never enters either the newly emerging or complementary markets.

Proposition 4 says that, if the entry cost for the newly emerging market is small, then the
monopolist sometimes ties its primary and complementary goods and in this way extends its monopoly
position into the newly emerging market. Similar to what was true in Proposition 2 in Subsection I1.B, the
monopolist does this when the alternative producer's cost of entering the complementary market falls in an
intermediate range. As before, the logic is that if this entry cost is low (E, <E,.*) the monopolist does not
tie because the alternative producer would respond by entering the newly emerging and complementary
markets in the second period, while if the cost is high (E, . >E, **) the alternative producer would never
enter either market even if the monopolist did not tie. However, if the alternative producer’s entry cost for
the complementary market is in an intermediate range, then the alternative producer enters neither market if

the monopolist ties but enters both markets if the monopolist does not tie.?*

2If E_>E_*, there are still equilibria in which the monopolist ties its products in the first period in order to
monopolize the newly emerging market in the second period, but those parameterizations are more difficult to
analyze because of a multiple equilibria problem concerning who enters the newly emerging market in the second
period.

25The statements concerning what happens when E,_<E, * and E_>E_ ** are proved in the proof of Proposition 4
in the Appendix.
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It should be clear that the argument of this subsection is closely related to that of Subsection I1.B.
In Subsection I1.B the monopolist tied its primary and complementary goods and in this way reduced the
alternative producer's second-period return from being active in the primary and complementary markets.
The result was that the alternative producer never entered these markets and the monopolist preserved its
monopoly position in the primary market in the second period. Here, the monopolist ties its primary and
complementary goods and in this way reduces the alternative producer's second-period return from being
active in the newly emerging and complementary markets. The result is that the alternative producer never
enters these markets and the monopolist establishes a monopoly position in the newly emerging market in
the second period.

There is one interesting difference between the argument presented here and that of Subsection
[[.B. The essential feature of the argument in Subsection I1.B was that the alternative producer's entry cost
for the complementary market created an intertemporal economy of scope, where this made the alternative
producer's profitability for being active in the complementary market in the second period higher if the firm
entered the complementary market in the first period. That is, because of this scope economy, tying could
deter entry into both the primary and complementary markets by reducing the alternative producer's
potential profitability for being active in the complementary market in the second period.

The interesting difference between the two arguments 1s that the argument in this subsection relies
on both an intertemporal economy of scope and the alternative producer's profitability for selling
complementary units for use in primary-market systems. As in Subsection I1.B, there is an intertemporal
economy of scope which makes the alternative producer's profitability for being active in the
complementary market in the second period higher if the firm entered the complementary market in the first
period. There is now another important factor, however, in that, if the monopolist ties its primary and
complementary goods, the alternative producer's profitability for being active in the complementary market
in the second period is lower because the alternative producer cannot sell complementary units for use in
primary-market systems. The result is that in this model tying can deter entry into both the newly emerging
and complementary markets because of both the intertemporal economy of scope and the lost profits
associated with selling complementary units for use in primary-market systems.

One implication of this difference concerns the importance of the two-period structure. Because
the analysis of Subsection I1.B depends solely on the intertemporal economy of scope, in that analysis the

two-period structure is crucial. That is, if in that analysis there was a single period and the alternative



25

producer could enter both markets in period 1, the monopolist could not deter entry by tying its products.
In contrast, because a consequence of tying in this subsection is the lost profits associated with the
alternative producer selling complementary units for use in primary-market systems, in this subsection the
two-period structure is not crucial. In this analysis, if there was a single period and the monopolist's tying
decision in the primary market occurred before the alternative producer's entry decisions, then by tying its
primary and complementary goods the monopolist could sometimes deter the alternative producer from
entering both the newly emerging and complementary markets.

Another implication of this perspective is that the sizes of the primary and newly emerging markets
should be important in determining whether the monopolist can use tying to establish a monopoly in the
newly emerging market. If the primary market is large, then by tying its primary and complementary goods
the monopolist significantly decreases the alternative producer’s profitability for being active in the
complementary market in the second period. Hence, when the primary market is large tying is likely to be
useful for deterring entry into the newly emerging and complementary markets. In contrast, a large newly
emerging market makes it unlikely tying will be useful for deterring entry. If the newly emerging market is
large (or is growing quickly), then the alternative producer should be able to profitably operate in the

complementary market even if it does not sell any complementary units for use in primary-market systems.

B. The Newlv Emerging Market Eventuallv Makes the Primary Market Obsolete

In this subsection we explore a second avenue through which complementary links between a
primary market and a newly emerging market allow a monopolist to extend its monopoly position to the
newly emerging market. In particular, we consider a variant of the model analyzed in Subsection II.C, and
show how this can work if the monopolist's primary market and the newly emerging market are initially
complementary but the newly emerging market eventually makes the primary market obsolete.2¢ At the end
of the subsection we relate our analysis to arguments put forth in the recent Justice Department case
against Microsoft.

We make the following three changes to the modet analyzed in Subsection IL.C. First, as in the
previous subsection, the monopolist now faces no threat of entry into its primary market, and thus tying is

not needed to deter entry into that market. Second, in the second period the primary good and the other

26previous papers that have studied the obsolescence issue include Levinthal and Purohit (1989), Waldman (1993,
1996), and Choi (1994).
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good can be substitutes rather than complements. In Subsection IE.C this other good was referred to as the
complementary good, but to avoid confusion in this subsection we refer to the other good as the new-market
good. Third, to make clear what it means to say that primary goods and new-market goods are
complements in the first period but can be substitutes in the second period, we now introduce the idea of
consumption activities. That is, consumers now derive a gross benefit from the performance of each of two
activities -- a primary-market activity and a new-market activity.

Saying that primary and new-market goods are complements in the first peniod but can be
substitutes in the second period means the following. Consider first cohort | consumers. For these
consumers a primary unit can only be used to perform the primary-market activity, while a new-market unit
can only be used to perform the new-market activity. Further, cohort 1 consumers can only use a new-
market unit in combination with a primary unit, where the specification for the gross benefits that cohort 1
consumers derive from the various goods is exactly the same as in Subsection 11.C. One should now think
of V' as the gross benefit that a cohort 1 consumer derives from using the monopolist's primary good to
perform the primary-market activity. Additionally, V-V+v(N;;+N») is the gross benefit a cohort 1
consumer derives if he uses the monopolist's new-market good to perform the new-market activity, while V-
V'+A+v(N,1+N,;) is the gross benefit he derives if he uses the alternative producer's new-market good to
perform the new-market activity. In this description the two goods are complements in the first period
because a new-market unit can only be used in combination with a primary unit, and there is no element of
substitutability in that each good is used to perform a different activity.

For cohort 2 consumers the situation is different because at the beginning of period 2 each firm can
invest R, and acquire the ability to produce a new version of the new-market product. If a firm does not
mvest, then in the second period it can produce the same new-market product it produced in the first period.
Thus, a firm that does not invest produces new-market units in the second period that can only be used in
combination with a primary unit, and that can only be used to perform the new-market activity. For a firm
that does invest there are two changes. First, new-market units produced by this firm in the second period
can be used without an accompanying primary unit. Second, new-market units produced by this firm in the
second period can be used to perform both the new-market activity and the primary-market activity. In this
description the monopolist's primary good and a new version of the new-market good are substitutes

because they can both be used to perform the pnimary-market activity, and there is no element of
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complementarity because a new version of the new-market good can be used without an accompanying
primary unit.

To be precise, cohort 2 consumers derive gross benefits for the various goods as follows. A cohort
2 consumer who purchases the monopolist's primary good and either no new-market unit or an old-version
new-market unit derives gross benefits exactly the same as cohort 1 consumers. A cohort 2 consumer who
purchases only a new-version new-market unit produced by the monopolist derives a gross benefit equal to
V+v(Np,;+Np,5), while a cohort 2 consumer who purchases only a new-version new-market unit produced
by the alternative producer derives a gross benefit equal to V+A+v(N,;+N,,).27 Notice that a cohort 2
consumer who purchases either firm's new-version new-market good never has an incentive to purchase the
monopolist's primary good. Related to this last point and as is discussed in more detail below, our focus is
on values for R, sufficiently small that at least one firm always invests in equilibrium. Since new-version
new-market products can be used to perform the primary-market activity and do not require an
accompanying primary unit, that at least one firm always invests means the monopolist's primary product
becomes obsolete in the second period.

As in Subsection I1.C, due to network externalities a given set of prices will frequently not result in
a unique set of purchase decisions by the consumers, and we resolve this potential multiplicity by assuming
that purchase decisions are made as if consumers could coordinate behavior. That is, when there are
multiple equilibria for a subgame that starts with consumer purchase decisions, we rule out the equiltbria
that are Pareto dominated for the consumers purchasing that period. Also as in Subsection I1.C, Bertrand
competition will sometimes not result in a unique set of prices, and when this occurs in period 2 we assume
that the prices that emerge evenly split across the two sellers the surplus associated with consumers
preferring the alternative producer's versions of the new-market good.

Our focus is on how the monopolist can use tying 6f its primary and new-market goods in period 1
to monopolize the newly emerging market, and in this way retain its monopoly profits even after
technological progress in the newly emerging market makes the monopolist's primary good obsolete. We

begin by considering the manner in which second-period investment decisions depend on first-period

27To be complete, a cohort 2 consumer who purchases a new version of the monopolist's new-market good and a
new or old version of the alternative producer's new-market good derives a gross benefit equal to max{V+v(N,;+
N2}, VFA+V(N,;+N,,}}, while a cohort 2 consumer who purchases a new version of the alternative producer's
new-market good and a new or old version of the monopolist's new-market good also derives a gross benefit equal
to max{V+v(N_ +N_,), V+A+v(N,,+N_,)}. A cohort 2 consumer who purchases a primary good in addition to a
new-version new-market good gets the same gross benefit as from the new-version new-market good by itself.
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consumption decisions. Note that as in Subsection I1.C, our focus is on the strong network externalities

case, i.e., v(2N)-v(N)>A.

Lemma 3; Suppose v(2N)-v(N)>A. There exists a value R;*, R *>0, such that, if R <R*, then period 2 is
characterized by 1) and i1).

1) If all cohort 1 consumers purchased the monopolist's new-market product, then only the
monopolist invests and all cohort 2 consumers purchase only the monopolist's new-version
new-market product.

i) If all cohort 1 consumers purchased the alternative producer's new-market product, then only the
alternative producer invests and all cohort 2 consumers purchase only the alternative

producer's new-version new-market product.

The logic behind Lemma 3 is similar to that for Lemma 2 in the previous subsection. Because
cohort 2 consumers prefer new-market products produced by the first-period seller of new-market units
(this follows from v(2N)-v(N)>A), if R, is sufficiently low, then this first-period seller invests in period 2
whether or not it expects the other firm to invest. Further, because of Bertrand competition and that a new-
version new-market product produced by the first-period selier of new-market units will be more attractive
to cohort 2 consumers than a new version of the other firm's new-market product, the other firm will not
invest if it expects the first-period seller of new-market units to invest. The result is that, if R is
sufficiently small, then only the first-period seller of new-market units invests in the second period 28

Lemma 3 has two results of interest. First, if cohort 1 consumers purchase new-market units from
the alternative producer, then the monopolist sells nothing in the second period which hurts the monopolist's
second-period and overall profitability. Second, if cohort 1 consumers purchase new-market units from the
monopolist, then in the second period only the monopolist invests and it sells new-version new-market units
to all cohort 2 consumers. Together, these two results suggest that the monopolist can sometimes increase
its overall profitability by behaving in a manner that causes cohort 1 consumers to purchase new-market

units from the monopolist. We formalize this argument in Proposition 5.

28IfR_ is sufficiently large, then neither firm invests. We have not considered the case where R >R * but is not so
large that neither firm invests.
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Proposition 5: If R <R * and v(2N)-v(N)>A, then every equilibrium is characterized by 1)-i11).
i) Cohort 1 consumers purchase both primary units and new-market units from the monopolist.
ii) In period 2 only the monopolist invests, and cohort 2 consumers purchase only new-version
new-market units from the monopolist.
iii) The monopolist offers a tied product in the first period, or offers individual products but
charges a "high" price for the primary product and a "low" price for the new-market product

(see the proof for the exact definitions of "high" and "low").

Proposition 5 tells us that the monopolist will sometimes use either a real tie or a virtual tie
achieved through pricing to stop the alternative producer from selling new-market units in the first period,
and in this way establish a monopoly position in the newly emerging market in the second period. The logic
was discussed above. If the altemative producer sells new-market units in the first period, then the
alternative producer monopolizes the newly emerging market in the second period and there is a resulting
decrease in overall monopoly profitability. To stop this from occurring, in the first period the monopolist
uses either a real tie or a virtual tie achieved through pricing to ensure that cohort 1 consumers purchase
new-market units from the monopolist, and due to network externalities the result is that the firm
establishes a monopoly position in the newly emerging market in the second period.??

The results captured in Proposition 5 are related to the current antitrust case against Microsoft.
One of the Justice Department's main allegations is that Microsoft has attempted to monopolize the Internet
browser market through tying and a variety of other practices, and that its goal is to preserve its monopoly
position in the operating systems market.3 The Department argues that a successful rival Internet browser
could potentially evolve into a substitute for Windows. It then argues that tying will allow Microsoft to
monopolize the Internet browser market, and monopolizing that market will allow Microsoft to preserve its
monopoly position in the operating systems market. Our analysis is closely related. In our analysis

technological progress makes new-market products substitutes in the second period for the monopolist's

29 As was true for Proposition 3 (sce footnote 20), because of a non-negativity constraint on the price for the
monopolist's new-market good, a virtual tie achieved through pricing is not always feasible. See the proof of
Proposition 5 for details.

30[n addition to tying, the Justice Department alleges, for example, that Microsoft has attempted to monopolize the
Internet browser market through the use of exclusionary contracts between Microsoft and personal computer
manufacturers.
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primary product (in our analysis superior substitutes). In tum, tying allows the monopolist to extend its
monopoly position to the newly emerging market, which means that even after its primary product is
obsolete the monopolist retains the monopoly profits associated with the primary-market activity 3!

As was true for the models in Section II, an interesting aspect of the models investigated in this
section is that tying can be used to deter an efficient competitor. This is most easily seen in the analysis of
this subsection. Since consumers prefer the alternative producer's new-version new-market product for
performing the new-market activity, in this model the alternative producer's new-version new-market
product is superior to the monop;)list’s new-version new-market product. Yet, the monopolist sometimes
ties in the first period, and in this way establishes a monopoly position in the second period for its inferior

product.

IV. A T-PERIOD ANALYSIS

One drawback of the analyses in Sections Il and 111 is that they all focus on two-period settings.
Here we show that the results of Subsection I1.B generalize to a T-period setting when the monopolist can
introduce new versions of the primary and complementary goods every other period. In our analysis, after
the alternative producer enters a market, it has the same cost as the monopolist for producing future
versions of the product, and in the absence of tying the alternative producer enters the complementary
market in the first period and the primary market in the second. Yet, despite the fact that after entry there
is no cost advantage to being the initial monopolist, in our analysis the monopolist sometimes ties and
deters entry into both markets for all T periods. The analysis thus shows that even if the monopeolist only
has a temporary one-period advantage over the altermative producer, tying can sometimes be used to

preserve its monopoly position in the primary market into the indefinite future.

31Regarding Microsofi's behavior concerning Windows and Intenet Explorer, another interesting aspect of the
analysis in this subsection is that the tie can take the form of a virtual tie achieved through pricing. Microsoft's
initial behavior concerning Windows%5 and Explorer was to form a contractual tie between the two products, but
the firm was required by the Justice Department to discontinue the practice. Microsoft's response was to make
Explorer free for purchasers of Windows95, and the result was that Microsoft's share of the Internet browser
market continued to grow. This sequence of events is consistent with the results here and in Subsection 11.C that,
in industries characterized by network externalities, real ties and virtual ties achieved through pricing are close
substitutes in forcing consumers to purchase the complementary or new-market goods from the primary-market
monapolist.
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A. The Model

We again consider a setting characterized by a monopolist and a single alternative producer except
now there are T periods rather than two, where T is an even number (we also discuss the infinite-period
case). The monopolist enters both the primary market and the complementary market in the first period,
and then in every subsequent odd-numbered period an investment of R;, gives the monopolist the ability to
produce a new and superior version of the primary product, while an investment of R, gives the monopolist
the ability to produce a new and superior version of the complementary product. A generation t primary
product will refer to the version of the product that the monopolist acquires when it invests R;; in period t,
while a generation t complementary product is defined similarly.32

The alternative producer can enter the complementary market in any period starting with the first,
while it can enter the primary market in any period starting with the second. Once the alternative producer
has entered the primary market, then in every subsequent odd-numbered period t it can invest R, and
acquire the ability to produce a gencration t primary product. Similarly, once the alternative producer has
entered the complementary market, then in every subsequent odd-numbered period t it can invest R, and
acquire the ability to produce a generation t complementary product.

As already indicated, the monopolist's entry costs are sufficiently small that it enters both markets
in the first period. The alternative producer’s entry cost for the primary good is denoted E,;, while its entry
cost for the complementary good is denoted E,.. When the alternative producer enters the complementary
market it acquires the ability to produce a complementary product of the current generation. When the
alternative producer enters the primary market in period t it acquires the ability to produce a primary
product of the generation the monopolist offered for sale in period t-1. In other words, entry into the
primary market is only possible by imitating or copying the monopolist's product (or equivalently, entry
into the primary market without copying is sufficiently costly that it is never cost effective). However, once
entry has occurred, the alternative producer is on an equal footing with the monopolist for all subsequent
periods. As in the earlier analysis, each firm has a constant marginal cost of < for producing units of the
primary good and a constant marginal cost ¢ for producing units of the complementary good. Further, the

firms are risk neutral and there is no discounting (although see footnote 34).

32A more general specification would allow new versions of the primary and complementary products in periods
t'+1, 2t'+1,..., T-t'+1. The results in this subsection do generalize to this alternative specification, but for ease of
exposition we focus solely on the case t'=2.
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Consumers are indifferent between a pnmary unit produced by the monopolist and a unit produced
by the alternative producer if the products are of the same generation, but consumers prefer later
generations to earlier generations. In contrast, complementary units of the same generation can be either
high or low quality. Entry into the complementary market by the alternative producer gives it a probabitity
p of acquiring a high-quality complementary product of the current generation and a probability 1-p of
acquiring a low-quality complementary product of the current generation. For either firm, an investment of
R, in odd-numbered period t gives the firm a probability p of acquiring a high-quality generation t
complementary product and a probability 1-p of acquiring a low-quality generation t complementary
product. It follows that the alternative producer would never enter cither market in a period in which the
monopolist can produce high-quality complementary units. Hence, we assume that the monopolist
produces low-quality complementary units in the very first period so that we are starting the analysis with
the first period in which entry might occur.

A consumer derives a gross benefit equal to V' from a generation t primary unit by itself, he
derives a gross benefit V, from a system consisting of a generation t primary unit and a low-quality
generation t complementary unit, while he derives a gross benefit equal to V(+A from a system consisting of
a generation t primary unit and a high-quality generation t complementary unit, where similar to Subsection
IL.B we assume V-V, ">c; for all odd values for t and V)-c,>A/2. We also assume that N[p(1-p)A]>R+R,
and V;,>V+A for all odd values for t. These two restrictions ensure that, once the alternative producer
has entered both markets, both firms will invest in new versions of the primary and complementary goods
in every subsequent odd-numbered period. Suppose a system consists of one generation t product and one
generation t' product, where t™t. From the standpoint of the gross benefit a consumer derives from the
system, it is as if both products were of generation t. In other words, a system with a new generation
product is only an improvement over an old system if both products are of the new generation. Finally,
there are T cohorts of N identical consumers, where consumers in cohort t are in the market in period t.

In the beginning of the first period the monopolist decides whether to offer a tied product consisting
of one unit of its first generation primary and complementary goods or whether to offer the products
individually. This decision is binding for all periods in which it sells generation 1 products. In the first
period in which the alternative producer has entered both markets, it must decide whether to offer a tied
product consisting of one unit of its current primary and complementary goods or whether to offer the

products individually. This decision is binding for all periods in which it sells the products. If either the
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monopolist or the alternative producer invests R, and/or R, in period t, then in the beginning of period t it
decides whether to offer a tied product consisting of one unit of its current primary and complementary
goods or whether to offer the products individually.3* This decision is binding for all periods in which it
sells these products. As earlier, we assume that if two goods are tied, a consumer cannot undo the tie.

The timing of moves in the game is as follows. The timing for periods | and 2 is the same as for
the entry-cost model analyzed in Subsection I B. Starting with period 3 each period has the following
stages. First, in every odd-numbered period the monopolist and the alternative producer simultaneously
decide whether to invest R, and/or R, (the alternative producer can only invest and acquire a new version
of a product if it previously entered that market), and if a firm invests then it subsequently decides whether
to offer tied or individual products. After these decisions, the quality of any new complementary product
becomes publicly known. Second, if the alternative producer has not previously entered a market, it
decides whether to enter. If the alternative producer does enter a market and has now entered both markets,
it also decides whether to offer tied or individual products. Third, prices are determined. As before, if the
alternative producer has previously entered one or both markets, then prices are determined by Bertrand
competition. Further, also as before, if the alternative producer has only entered the complementary market
and has a superior complementary product, then the prices that emerge divide evenly across the two sellers
the surplus associated with consumers preferring the alternative producer's version of the complementary

product.

B. Analysis

Consider first the benchmark analysis in which the alternative producer cannot enter the primary
market in any period (a simple interpretation is that E;;=c). Just as in Subsection ILB, the monopolist
would have no incentive to tie in this benchmark case. The logic is as in the earlier analysis. When there is
no threat of entry into the primary market, the monopolist eamns higher expected profits when there is entry
into the complementary market because it captures some of the surplus when the alternative producer offers
a higher quality complementary product. Hence, in the absence of an entry threat into the primary market,
the monopolist has no incentive to tie because it has no incentive to deter entry into the complementary

market.

33 Although we allow the alternative producer to tie in this model, as was true in Subsection 1B, in this model the
alternative producer never has an incentive to tie.
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We now consider what happens when the alternative producer has the option of entering the
primary market. Similar to what was true in Subsection 11.B, we show that in this case the monopolist
sometimes ties and deters entry into both markets. The reason is that entry into both markets hurts rather
than helps monopoly profitability, and thus the monopolist sometimes finds it optimal to tic and in this way
deter entry. A preliminary result in this case 1s similar to Lemma 1 of Subsection IL.B. That is, there
exists a value E,* such that, if E,,<E,*, then entering the primary market in the second period raises the
alternative producer's second-period profitability if in period 1 the monopolist offered individual products
and the alternative producer had entered the complementary market. The logic is that the second-period
profitability associated with entering the primary market in the second period is negatively related to that
market's entry cost, and thus the alternative producer's second-period profitability rises with entry as long
as that entry cost is sufficiently low.

Now consider what happens if the monopolist offers individual products in the first period and
Egp<Egp*. If Ey is also low, then the alternative producer enters the complementary market in the first
period and the primary market in the second period, where this increases the monopolist's first-period
profitability but decreases its second-period profitability. In turn, given our assumption N[p(1-p)A]
>Ry+R,, in every subsequent odd-numbered period both firms invest R, and R and offer new generation
primary and complementary products. The result is that the monopolist's expected overall profitability is
significantly below what it achieves when there is no threat of entry into either market. We now consider

how the analysis changes when the monopolist can tie.

Proposition 6: If E,;<E,*, then there exist values E, * and E, **, 0<Ey *<E, **, such that for all
E, *<E,.<E,.** equilibrium behavior is described by i)-iii).
1) There exists a value t*, 1<t*<T, such that the monopolist offers a tied product in every period t,
1<t<t*, and offers individual or tied products in every period t, t*<t<T.
i) The monopolist invests R, and R in every odd-numbered penod starting with period 3.

iii) The alternative producer never enters erther market.

Proposition 6 tells us that the monopolist uses tying to deter entry in similar circumstances to when

tying was used in Proposition 2. That is, if the alternative producer’s entry cost for the primary market is
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low and its entry cost for the complementary market falls in an intermediate range, then the monopolist uses
tying to deter entry into both markets. The reason this result is restricted to an intermediate range of values
for the complementary market's entry cost is the same as in Proposition 2. When this entry cost is very low
there is no return to tying because tying does not deter entry, while when it is very high there is no return to
tying because there would be no entry even in the absence of tying. For intermediate values, however, the
alternative producer enters both markets in the absence of tying but stays out of both markets when the
monopolist ties.

The basic logic here is closely related to that underlying Proposition 2. When the monopolist ties
in period 1, the alternative producer has no incentive to enter the complementary market in the first period
because it cannot sell complementary units. The result is a decrease in the profitability associated with the
alternative producer being active in the complementary market in the second period, which, in turn, results
in the alternative producer not entering either market in the second period. In period 3 the monopolist
invests Rp and R, and, because there is a one-period lag before the alternative producer can enter the
primary market with a new-generation primary product, the monopolist can similarly deter entry in periods
3 and 4 by tying. That is, tying stops the alternative producer from entering the complementary market in
period 3, and similar to before the resulting decrease in the profitability associated with the alternative
producer being active in the complementary market in period 4 causes the alternative producer not to enter
either market in period 4. In tum, repeating this argument for periods 5,7,..., T-1 tells us that tying can be
used by the monopolist to stop entry for all periods.

An interesting aspect of Proposition 6 is that the monopolist ties in early periods but may not need
to tie in later periods. The logic for this result is as follows. The alternative producer's expected return to
entering the two markets is positively related to the total number of periods the firm can be active in the two
markets. This means that the alternative producer's return to entry falls over time because entry at a later
date means a smaller number of periods in which the firm can be active. Hence, as t approaches T the
monopolist may not need to tie to deter entry because the return to entry has fallen, and thus there would be
no entry even in the absence of tying.

One interesting question is how would the analysis change if there were an infinite number of
periods rather than T periods? The answer is not very much. That is, given that the alternative producer’s
entry cost for the primary market is low, there would still be an intermediate range of values for the

complementary market's entry cost such that the monopolist uses tying to deter entry into both markets.
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One difference, however, is that the infinite-period case would not exhibit the property just discussed that
the monopolist ties in early periods but may not need to tie in later periods. Remember, in the T-period
case this occurred because entry at a later date meant the alternative producer was active in the two
markets for fewer periods. In the infinite-period case the number of periods the alternative producer 1s
active in the two markets is independent of the date of entry, and thus if tying is required to deter entry in
period 1 it will also be required to deter entry at all later dates.34

As in the model analyzed in Subsection 11.B, the underlying factor driving the results in this section
is the presence of intertemporal economies of scope. By tying in period t, the monopolist stops the
alternative producer from entering the complementary market in t. In turn, because there are intertemporal
economies of scope due to the entry cost for the complementary good, the alternative producer's return to
being active in the complementary market in t+1 is decreased and the result is that the alternative producer
does not enter either market in t+1. In other words, even though entry into a market gives the altemative
producer the same cost as the monopolist for producing future versions of the product, due to the
economies of scope tying can deter entry by reducing its return.

In summary, in this section we have considered a T-period setting in which the monopolist's
advantage over the alternative producer is not very large. In our analysis, the altemnative producer can
enter the monopolist's primary market in period 2, and once it has entered the alternative producer has the
same cost as the monopolist for producing future versions of the product. Yet, we show that the
monopolist sometimes tics and deters entry into both markets for all T periods. In other words, the analysis
of this section demonstrates that the initial monopoly advantage need not be very large for tying to be

effective in preserving monopoly profits into the indefinite future.

341n our discussion of the infinite-period case, we are assuming discounting and that after the alternative producer
has entered one or both markets prices are still determined by the static Bertrand solution. In the finite-period case
tying may be used to deter entry whether or not there is discounting (assuming no discounting simplifies the proof).
In contrast, in the infinite-period case no discounting means tying would never be used to deter entry. The reason
is that, if the alternative producer enters both markets in period t and the net present value of the firm's profit
stream starting with period t+1 is strictly positive, then infinite periods and no discounting means the alternative
producer will enter both markets whether or not the monopolist ties. As for our assumption that prices are still
determined by the static Bertrand solution, this is only one among many possible outcomes in the infinite-period
case (sec Friedman (1971, 1977) and Fudenberg and Tirole (1986) for related analyses), and the ability of the
monopolist to use tying to deter entry would be reduced if pricing were close to the collusive levels.
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V. ANTITRUST IMPLICATIONS

This paper has shown how a monopolist can engage in strategic tying over time in order to both
preserve and extend its monopoly. Such strategic behavior is akin to various types of pre-positioning and
pre-commitment behavior, well examined in the economic literature. It would be a grievous mistake to
comdemn such strategic behavior and attempt to use the antitrust laws to prevent it without an analysis of
the welfare consequences of such behavior and without an analysis of the likelihood of being able to
correctly identify such behavior without simultancously condemning welfare enhancing behavior. Too
often in the past, antitrust advocates have confused the theoretical possibility of harm with an empirical
demonstration of such a harm. In this section, we attempt to evaluate the antitrust implications of our
theory and contrast those implications with the standard antitrust doctrine regarding tie-ins.

The primary focus in the antitrust laws on tying has been the foreclosure of competition in the tied
product. It was this focus that the Chicago School labeled misguided because in the litigated cases (eg.,
International Salt, IBM), the tie facilitated price discrimination and had no effect on competition in the tied
product. It is well known that the welfare effects of price discrimination are ambiguous -- in general, to the
extent that tying allows a firm to come closer to practicing perfect price discrimmnation, the more likely is
welfare enhanced. Hence, there is no intellectual basis to justify traditional antitrust hostility toward tie-ins
when such tie-ins are used for reasons of price discrimination.

Whinston's (1990) work shows that, absent free entry and constant returns to scale in the tied
product, tying can adversely affect competition in the tied product. This provides a Justification -- though
quite a limited one -- for antitrust doctrine. We simply observe that we are aware of no evidence or study
examining whether scale economies in the tied product were important in the litigated cases and whether the
tying led to the existence of market power in the pricing of the tied product.

In contrast to the focus of the antitrust laws on foreciosure of competition in the tied product, this
paper has described a theory in which tying is used to both preserve and extend the monopoly in the tying
product. This approach addresses and explains what appears to be an important phenomenon in industries
where technology is constantly being improved, such as in computing. We now address some difficulties
that arise in trying to turn our positive theory of market behavior into a prescriptive theory for antitrust
enforcement.

The central legal issue in a tie-in case is whether the two products are really separate. The mere

fact that product A and product B could be separately defined, produced, and consumed does not answer
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the question. Since the production of A and B into a combination product C (a package with the
characteristics of A and B) can have properties that A and B separately do not have (e.g., convenience of
use, added functionality), a difficult issue is evaluating the motivation for product C. Specifically. do the
consumer benefits of C justify its introduction or is its introduction solely to allow the firm to engage in
strategic tying? This, to us, is, in general, a horrendously complex trade-off to evaluate. Fear of antitrust
scrutiny could easily prevent an innovator from introducing new desirable products. The flip side, of
course, is that failure for antitrust enforcers to act can turn an industry like the ones we have studied --
those with either intertemporal economies of scope or network externalities -- from competition to
monopoly.

Our views on evaluating this complex trade-off are as follows. First, great weight should be given
to any plausible efficiency from the tie. Efficiencies may be hard to quantify, but foregoing an efficiency
can generate substantial deadweight loss. Second, evidence on motivation can assist in exceptional cases in
figuring out the reason for the tie and could provide a justification for intervention. For example, evidence
that the sole purpose of a design change was to stymie competitors by creating an effective tie could be the
type of evidence that allows one to avoid analyzing the technological benefits of the design change — a task
which we predict will fail to lead to consensus. This type of evidence (such as memos) is of the kind
usually examined by lawvers not economists. Third, efficiencies achieved through physical integration (as
when A and B are produced together in a package C) should reccive greater weight than efficiencies
achieved through contract (in which the combined use of A and B are mandated by contract). The antitrust
laws have always shown greater deference to activitites within the firm compared to interfering in activities
outside of the firm. For example, an antitrust court is much more apt to negate an exclusive dealing
contract with distributors than it is to order divestiture of an internal division engaged in marketing. The
logic, and in general it sounds correct, is that the cost of interfering inside a firm (where many unspecified
relationships and transactions are not mediated by the price system) is likely to be higher than interfering in
the contractual relations between two firms.

Our analysis showed that, in the presence of network externalities, a virtual tie can sometimes be
effectively created by setting the price of the complementary good sufficiently low. Since a virtual tie is
similar to a contractual tie in that the firm has shown by its actions that there is no efficiency reason to
physically produce the components as one, the antitrust analysis should proceed under a rule of reason, as

is standard in exclusionary contractual disputes such as those involving exclusive dealing. However, the
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virtual tie raises the issue of whether a claim of predation makes sense. Creating a virtual tie through
pricing may require a price below marginal production cost, but especially in a market characternized by
network effects, there could be an efficiency justification for such pricing. What is interesting and novel
about this pricing is that, if it is used strategically to deter entry, the recoupment does not occur in the
complementary market but in the primary market. This means that ease of entry into the primary market,
not the complementary market, is key and that the failure to observe an elevation of price in the
complementary market cannot be regarded as definitive proof against predation or strategic behavior.

A particularly vexsome issue - and one wholly ignored by antitrust courts -- is whether raising the
rate of return is desirable in industries undergoing rapid technological change. The argument would be that
strategic behavior that entrenches monopoly raises the return to being the first in the industry. By raising
this return, more innovation is encouraged If, as empirical studies appear to show (e.g., Mansfield et al.
(1977), Bernstein and Nadiri (1988), and Mansfield (1991)) the social rate of return from innovation
exceeds the private rate of return, such an action would be desirable. However, despite its logic, we have
never seen an antitrust court use the importance of innovation as a decision criteria for whether to allow
monopolization.

In the dynamic models of this paper, the welfare consequences of encouraging more innovation are
even harder to analyze than in a simple mode! of a single patent race. The reason is that although at early
stages of industry evolution strategic behavior could raise the rate of return and thereby encourage more
innovation, the consequence of strategic behavior could be to dampen the incentives for subsequent
innovations. Especially in a growing market, the value of the subsequent innovations could easily swamp
the value of the initial ones.

In summary, the difficulty of using cost-benefit analyses to identify harmful tie-ins leads us to the
conclusion that, other than in exceptional cases, plausible efficiency justifications for a physical tie should
defeat an antitrust attack on tying. For contractual ties and virtual ties achieved through pricing, the
standard can be lower and a balancing of competitive costs versus benefits can be done much as is now
done in exclusive-dealing cases. The key insight of this paper is to cease to view tying as a special
category of offence that forecloses competition in the tied product (see Hyde) and more as strategic

behavior akin to exclusive dealing that permits the preservation and extension of monopoly.33

35 Jefferson Parish Hospital District No. 2 v. Hyde, 466 U.S. 2 (1984). Lynk (1994) analyzes this case.
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VI. CONCLUSION

Most previous analyses of tying have focused either on the ability of tying to achieve price
discrimination or its ability to foreclose competition in the tied market. In contrast, our focus is on the use
of tying to preserve and extend a monopoly position in the tying market. In particular, we present a serics
of analyses in which a firm is currently a monopolist in its primary market, where the firm uses tying of a
complementary product to deter future entry into both the primary market and related markets. In each of
our analyses when the monopolist ties there is a direct reduction in the alternative producer's return to
selling the complementary product. In tum, because of the complementary links between the products, if
the alternative producer is deterred from selling the complementary product there is also a corresponding
reduction in the alternative producer’s return to entering the primary market and related markets. We show
how this can work both in models characterized by intertemporal economies of scope and in models
characterized by network externalities.

Our analysis suggests that the use of tying to preserve and extend a monopoly position will be most
important in industries characterized by substantial innovation where product lifetimes are short. Consider,
for example, the analyses of Subsections I1.B and IILB. In those analyses the direct result of tying is that
the alternative producer cannot sell any complementary units in the first period which lowers the alternative
producer's return to entering the complementary market in either period. In each analysis the lifetime of the
complementary product is two periods, so eliminating one period of sales has a significant effect on this
return. Suppose instead product lifetimes were very long and tying only eliminated the alternative
producer’s sales of the complementary product for one or at most a few periods. In that case tying still
reduces the alternative producer's return to entering the complementary market, but because only a small
fraction of potential sales are eliminated, tying has only a minimal effect on this return. In turn, since there
is little effect on the alternative producer's return to entering the complementary market, there is also likely
to be little effect on the alternative producer’s return to entering the primary market and related markets. In
other words, it is only in markets with substantial innovation where product lifetimes are short that tying is
likely to be an effective tool for preserving and extending an initial monopoly position,

There are many directions in which the analysis in this paper could be extended. Two specific
directions come to mind. First, it might be of interest to analyze a setting in which the monopolist can
control the speed of innovation. Our conjecture is that, in such a setting, a primary-market monopolist

would sometimes preserve and extend its monopoly by both introducing new products quickly and tying



41

each new generation of its primary and complementary products. The logic is that, consistent with the
above discussion, tying is likely to be a more effective tool in markets in which product lifetimes are
short3¢ Second, all our analyses focus on the case of Bertrand competition and no heterogeneity among
consumers. The result is that, at least in the complementary market, within a cohort of consumers it is
never the case that some consumers purchase the monopolist's complementary good while others purchase
the alternative producer's complementary good. We do not believe that our results depend on this property
of our models, but it might be worthwhile formally demonstrating that our results are robust by either

moving away from Bertrand competition or introducing consumer heterogeneity.

36See Cadot and Lippman (1996) for a related analysis that does not incorporate tying.
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APPENDIX

Due to space considerations, proofs are somewhat abbreviated.

Proof of Proposition 1: Given E =00, the alternative producer will never enter the primary market. Given

this, suppose for the moment that the monopolist offers individual products. There are three possibilities.
First, if the alternative producer does not enter the complementary market in either period, then m =2N[V-
cp-cc]-Em and n,=0. Second, if the alternative producer enters the complementary market in period 2, then
the prices that emerge evenly split the surplus associated with consumers preferring the alternative
producer's version of the complementary good. This means the alternative producer charges ¢ +(A/2) for
its complementary product, the monopolist charges V-c.+(A/2) for its primary product, the monopolist
charges any price greater than or equal to ¢, for its complementary product, and consumers purchase the
primary product from the monopolist and the complementary product from the alternative producer. This
yields nm=2N[V-cp-cc]+N(A/2)-Em and ,=N(A/2)-E,.. Third, if the alternative producer enters the
complementary market in period 1, then pricing in each period is as in the second period in case 2 which
means 7, =2N[V-cp-c [+ NA-E, and n,=NA-E,..

Let E,/=NA. IfE,>E, , then the above analysis indicates the alternative producer does not enter
the complementary market in either period and ©,=2N[V-c,-c.]-Ep,. IfE,.<E,., then the above analysis
indicates the alternative producer enters the complementary market in period 1 and nm=2N[V—cp-cc]+NA-
E,

Now suppose the monopolist offers a tied product. This means the alternative producer will not
enter the complementary market in either period, and this in turn means nm=2N[V-cp-cC]-Em and 7,=0.
We now have that, if E_.<E,_', then the monopolist offers individual products, earns Tn=2N[V-c - J+NA-
E,.,. and the alternative producer enters the complementary market in the first period. On the other hand, if
E,.>E,., then offering individual and tied products are both equilibrium choices for the monopolist, 7=
2N[V-c,c ]-Ey, for each choice, and for each choice the alternative producer never enters the
complementary market. Notice, since NA>0, we further sec that the monopolist earns higher profits when

Eac<Eacl'

Proof of Lemma 1: From the proof of Proposition | we know that m,,°=NA/2. Now suppose the alternative

producer entered the complementary market in period 1 and the primary market in period 2. We consider
the case in which the monopolist offers independent products, but the profitabilities for the two firms are
the same if the monopolist offers a tied product. For the primary product, Bertrand competition yields that
each firm charges a price equal to c,,, and sales are split between the two firms. For the complementary

product, Bertrand competition yields that the monopolist charges c, the alternative producer charges ¢ +A,
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and cohort 2 consumers purchase complementary units from the alternative producer.3” This vields n,P¢=
NA-Eg,. Let B, *=NA/2. We now have 1,P>,,¢ if Egp<Egp*, while 1,5P <my)° if Ejp”Eqp*.

Proof of Proposition 2: Suppose the monopolist offers a tied product. There are four possibilities. First,
the alternative producer never enters either market in which case n=2N[V-c,-c]-Ep, and 7,=0. Second,
the alternative producer enters the complementary market in either period 1 or period 2 and never enters the
primary market. Because the monopolist is only offering a tied product, the alternative producer would be
unable to sell any complementary units if it only entered the complementary market and thus in this case
n,=-E,.. Third, the alternative producer enters the primary market in period 2 and never enters the
complementary market. Because the monopolist is offering a tied product, the alternative producer would
be unable to sell any primary units in period 2 if it only entered the primary market and thus in this case
na=-Eqp- Fourth, the alternative producer enters the primary market in period 2 and enters the
complementary market in cither period 1 or period 2. Because the monopolist is offering a tied product, the
alternative producer would be unable to sell any complementary units in the first period whether or not it
enters the complementary market in the first period. In the second period, Bertrand competition yields that
the monopolist charges ¢, +c, for its system, the alternative producer charges an aggregate price of eptee
for its two products, and consumers purchase both primary and complementary products from the
alternative producer. Thus, in this case 7, =N[V-c,-c.]-Ep, and 1,=NA-Egp-E,.

Suppose the monopolist offers individual products. There are six possibilities. First, the
alternative producer never enters either market in which case 1tm=2N[V-cp-cc]-E,m and m,=0. Second, the
alternative producer enters the complementary market in period 1 and never enters the primary market.
From the proof of Proposition 1 we know that in this case 1, =2N[V-c;¢.]*NA-E, and 7,=NA-E,.
Third, the alternative producer enters the complementary market in period 2 and never enters the primary
market. From the proof of Proposition 1 we know that in this case rtm=2N[V-cp-cc]ﬂ\I(A/Z)-Em and m,=
N(A/2)-E,.. Fourth, the altemative producer enters the primary market in period 2 and never enters the
complementary market. Bertrand competition means that in period 2 both firms charge ¢, for the primary
product which in turn means %,=-Ep,. Fifth, the alternative producer enters the primary and
complementary markets in period 2. In the second period, Bertrand competition yields that both firms
charge c;, for the primary product, the monopolist charges c,. for its complementary product while the
alternative producer charges c+A for its complementary product, and consumers purchase complementary
units from the alternative producer while purchases of primary units are split across the two firms. Thus,

in this case m=N[V-cy-¢;]-Ep, and 7,=NA-E,-E,. Sixth, the alternative producer enters the

37There are other price pairs consistent with Bertrand competition in which the monopolist charges a price for the
complementary good that is below its marginal cost. Here and in later analyses we rule out pricing of this sort.
Formally, any trembling-hand-type refinement concerning consumer purchase decisions would rule out such
pricing.
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complementary market in period 1 and the primary market in period 2. Pricing in the second period is as in
the fifth case above. In the first period, the prices that emerge evenly split the surplus associated with
consumers preferring the alternative producer's version of the complementary product. This means the
alternative producer charges c+(A/2) for its complementary product, the monopolist charges V-c.+(A/2)
for its primary product, the monopolist charges any price greater than or equal to ¢ for its complementary
product, and consumers purchase the primary product from the monopolist and the complementary product
from the alternative producer. Thus, in this case 1, =N[V-c,c.}*N(A/2)-Ep, and n,=N(3A/2)-E,y-E,.

Let Ey *=NA-E,; and E_ **=N(34/2)-E,;,. Suppose 0<E, <E,.*. If the monopolist ties, then
from above we know the alternative producer enters the primary market in period 2 and enters the
complementary market in either period 1 or period 2. Further, n,=N[V-c,c.]-Ep, and 7,=NA-E,-E, . If
the monopolist offers individual products and given Eap<Eap*=NA/2, then from above we know the
alternative producer enters the primary market in period 2 and the complementary market in period 1.
Further, n;,=N[V-c;-¢ ]+N(4/2)-E and n,=N(34/2)-E,;-E,c. Since NA/2>0, the monopolist offers
individual products and the alternative producer enters the primary market in period 2 and the
complementary market in period 1.

Suppose E,>E,.**. If the monopolist ties, then from above we know the alternative producer
never enters either market. Further, n,;=2N[V-c;-c.]-Ey and n,=0. Ifthe monopolist offers individual
products and given E,<E, *=NA/2, then from above we know the alternative producer never enters either
market. Further, n,=2N[V-¢,-c.]-Ep, and n,=0. Thus, in this case there are two equilibria. In one
equilibrium the monopolist ties and the alternative producer never enters either market, while in the other
equilibrium the monopolist offers individual products and the alternative producer never enters either
market. _

Suppose E, *<E, <E, **. If the monopolist ties, then from above we know the alternative
producer never enters either market. Further, n,=2N[V-c;-c }-Ey, and n,=0. If the monopolist offers
individual products and given Eap<Eap*=NA/2, then from above we know the alternative producer enters
the complementary market in period 1 and the primary market in period 2. Further, m,;=N{V-c-c ]+
N(A/2)-Ep, and 7,=N(34/2)-E,;-E,;. Given V-V'>c  and V'-c,>A/2, we know 2N[V-¢p-¢ J-Ep>N[V-p-
c.]+N(A/2)-E,,,. Thus, in this case the unique equilibrium is the monopolist offers a tied product and the

alternative producer never enters either market.

Proof of Proposition 3: Throughout the proof we assume v(2N)-v(N)>A. Suppose all cohort 1 consumers

purchase complementary units from the monopolist. There are two possibilities for what happens in period
2. First, the alternative producer enters the primary market in period 2. Given our assumption that
purchase decisions are made as if consumers could coordinate behavior, Bertrand competition in this case

yields that both firms will charge c,, for a primary unit, the alternative producer will charge ¢ for a
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complementary unit, the monopolist will charge ¢ +v(2N)-v(N)-A for a complementary unit, and consumers
purchase complementary units from the monopolist while purchases of primary units may be split between
the firms (if the monopolist is offering a tied product, then all primary units are purchased from the
monopolist). This yields 7,,,=N[v(2N)-v(N)-A] and naz=-Eap.

Second, the alternative producer does not enter the primary market in period 2. Given our
assumption that purchase decisions are made as if consumers could coordinate behavior, consumers
purchase both primary and complementary units from the monopolist. In particular, the alternative
producer charges ¢, for a complementary unit, while the monopolist charges an aggregate price of V+v(2N)
for a system (if the monopolist sells individual products, then the price for the primary product is in the
interval (V+A+v(N)-c., V+v(2N)] while the complementary-good price equals V+v(2N) minus the primary-
good price). This yields m,,=N[V+v(2N)-c,-c] and 7,,=0. Comparing this expression for the alternative
producer's second-period profit with the expression above yields that, if all cohort 1 consumers purchase
complementary units from the monopolist, then the alternative producer does not enter the primary market
in period 2, cohort 2 consumers purchase both primary and complementary goods from the monopolist,

T N[V+V(ZN)-cp-c ] and m,,=0.

Suppose all cohort 1 consumers purchase complementary units from the alternative producer (this
will only be the case if the monopolist offers individual products). There are again two possibilities for
what happens in period 2. First, the alternative producer enters the primary market in period 2. Given our
assumption that purchase decisions are made as if consumers could coordinate behavior, Bertrand
competition in this case yields that both firms will charge ¢,, for a primary unit, the monopolist will charge
¢, for a complementary unit, the alternative producer will charge ¢ +A+V(ZN}-v(N) for a complementary
unit, and consumers purchase complementary units from the alternative producer while purchases of
primary units may be split between the firms. This yields n,,=0 and 7 =N [A+v(2N)—v(N)]-Eap.

Second, the alternative producer does not enter the primary market in period 2. By assumption the
prices that emerge evenly split the surplus associated with consumers preferring the alternative producer's
superior complementary product. This means the alternative producer charges ¢ +[(A+v(ZN)-v(N /2] for
a complementary unit, the monopolist charges ¢, or more for a complementary unit, the monopolist charges
V+A+v(2N)-c-[(A+v(2N)-v(N))/2] for a primary unit, and consumers purchase primary units from the
monopolist and complementary units from the alternative producer. This yields nm=N[V+A+v(2N)-cp-cC-
[(A+v(2N)-v(N))/2]] and m=N[(A+v(2N)-v(N))/2]. Let E o *=N[(A+v(2N)-v(N))/2]. Comparing this
expression for the alternative producer's second-period profit with the expression above yields that, if
Eap<Eap* and all cohort 1 consumers purchase complementary units from the alternative producer, then the
alternative producer enters the primary market in period 2, cohort 2 consumers purchase complementary
units from the alternative producer while purchases of primary units may be split between the firms,
=0, and na2=N[A+v(2N)—v(N)]-Eap.
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Now consider period 1. Suppose the monopolist ties in period 1. If all cohort 1 consumers
purchase complementary units from the monopolist, then from above we know that in period 2 all cohort 2
consumers will also purchase complementary units from the monopolist. Let Pg denote the price the
monopolist charges for a system. Given that a cohort 1 consumer's net benefit from purchasing a system
from the monopolist equals V+v(Np,+Ny0)-Pg, for any P that satisfies P,<V+v(2N), each cohort 1
consumer's utility is maximized by having every cohort 1 consumer purchase a system (if P=V+v(2N),
then each cohort 1 consumer is indifferent between having all purchase and not purchasing). Similarly, for
any P, that satisfies P&>V+v(2N), each cohort 1 consumer's utility is maximized by not purchasing. Hence,
since purchase decisions are made as if consumers could coordinate behavior and since if all cohort 1
consumers purchase the resulting second-period profit is independent of the first-period price, the
monopolist sets P.=V+v(2N).3¥ This, in turn, yields nm1=N[V+v(2N)-cp-cc]-Em, nm2=N[V+v(2N)—cp-cC],
and m,=2N[V+v(2N)-c-c]-Ep,.

Suppose the monopolist offers individual products in period 1. Let P, denote the monopolist's
price for its primary product, P, denote the monopolist's price for its complementary product, and P,
denote the alternative producer's price for its complementary product. A cohort 1 consumer's net benefit
from purchasing a system consisting of one unit of the monopolist's primary product and one unit of the
alternative producer's complementary product is V+A+v(Ng;+Ng)-Pp-Py.. This means that, if the
alternative producer is to sell any complementary units in period 1, the alternative producer's price for
complementary units must satisfy P, <V+A+v(ZN)-P,,. Given this, if the alternative producer sells
complementary units in the first period, its overall profit cannot exceed what it eamns if it sets P, .=V+A
+v(2N)-P, and sells complementary units to all cohort 1 consumers, i.e., T,<N[V+A+v(ZN)-P-c [+N[A+
v(2N)-v(N)]-Eap. Further, let P* satisfy N[V+A+v(2N)-P*-cc]+N[A+v(2N)-v(N)]-Eap=O. We now have
that the alternative producer can only sell complementary units in the first period if PPSP*.

If the monopolist offers individual products in period 1, there are three possibilities. First, the
alternative producer sells complementary units to some but not all cohort 1 consumers in the first period.
There are two cases. First, the alternative producer does not enter the primary market in the second period.
Consider a cohort 1 consumer who purchased the alternative producer’s complementary product. This
consumer's first-period utility is given by V+A.+V(Na]+Na‘—z)-P]:,-P‘,M:ZV-H!(Nm]+I\Im)-Pp—PC (if this
inequality did not hold, the consumer could have increased his utility by purchasing the monopolist's

complementary product).3® But if this condition holds, then all cohort 1 consumers purchasing the

38Because price is a continuous variable, for any P strictly below V+v(2N), there is a higher value for P_ that
increases the monopolist's overall profit. This means that, if the monopolist ties, the unique equilibrium to the
subsequent subgame is characterized by P,=V+v(2N).

3%For this step of the proof we are assuming that each cohort of consumers consists of a continuum of individuals
of mass N. By assuming this, we ensure that no single cohort 1 consumer's first-period purchase decisions
determine the equilibrium to the second-period subgame.
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alternative producer's complementary product is also equilibrium behavior, and under this alternative set of
purchase strategies this consumer's first-period utility is given by V+A+V(2N)-P P, >VHA+HV(N, +N)-
Pp—Pac. Given our assumption that purchase decisions are made as if consumers could coordinate behavior,
we have just shown that it cannot be the case that some but not all cohort 1 consumers purchase
complementary units from the altenative producer in the first period and the alternative producer does not
enter the primary market in the second period. Second, the alternative producer enters the primary market
in the second period. This case is ruled out using an argument similar to that used to rule out the first case.

Second, the alternative producer sells complementary units to all cohort 1 consumers in the first
period. In this case, 7y =N[P;-cpl-Ep, and from above we know m,=0. This means t,=N[P,-c }-Ey;
and since we also know from earlier that PPSP*, we have T, <N[P*-c;]. Given P* satisfies N[V+A+v(2N)-
P*-cc]+N[A+v(2N)-V(N)]-EapiO, we know P*<[V+A+v(2N)-c J+[A+v(2N)-v(N)]. Thus, m,,<N[V+A
+v(2N)-cp-cC]+N[A+v(2N)-v(N)]-Em. Given V-V'>c_ and V'-cp>2A, this expression for overall monopoly
profit is strictly less than overall monopoly profit when the monopolist ties. Thus, the monopolist's best
tying strategy dominates any strategy in which the monopolist offers individual products and the alternative
producer sells complementary units to all cohort 1 consumers in the first period.

Third, the alternative producer sells no complementary units in the first period. Clearly the best the
monopolist can do in this case is sell primary and complementary units to all consumers in both periods and
extract all the surplus. When it can do this nm=2N[V+v(2N)-cp-cc]-Em, i.e., overall monopoly profit is the
same as with tying. Achieving this result requires P.=V+v(2ZN)-P,,. Assuming that strictly negative prices
are not feasible, there are two cases. First, suppose P*>V+v(2N). If the monopolist sets szP*, then
P =V+v(2N)-P, yields P_<0 which is not a feasible strategy. If the monopolist sets P,<P* and
PC=V+v(2N)-Pp, then the alternative producer's best response is to set P, in such a fashion that cohort 1
consumers purchase complementary units from the alternative producer. Hence, if P*>V+v(2N), then the
monopolist cannot achieve nm=2N[V+v(2N)-cp-cc]-Em. Second, suppose P*<V+v(2N). If the monopolist
sets P>V+v(ZN), then P =V+v(2N)-P,, yields P <0 which is not a feasible strategy. If the monopolist sets
Pp<P* and P =V+v(2N)-P,, then the alternative producer's best response is again to set P, in such a
fashion that cohort 1 consumers purchase complementary units from the alternative producer. However,
suppose the monopolist sets P*<P,<V+v(2N) and P =V+v(ZN)-P,. Then P20 and the alternative
producer’s best response is to price in such a way that the alternative producer sells no complementary
units in the first period (if P,;=P*, then the alternative producer is indifferent between pricing in this fashion
and pricing such that it sells complementary units to all cohort 1 consumers in the first period). In other
words, if P*<V+v(2N), then there are multiple price pairs for which overall monopoly profit is the same as
with tying.

In summary, there are two parameter regimes. 1f P*>V-+v(2N), then there is a unique equilibrium
in which the monopolist offers a tied product, the alternative producer does not enter the primary market in

the second period, and consumers in both cohorts purchase both primary and complementary goods from
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the monopolist. If P*<V+v(2N), then there are multiple equilibria. One equilibrum is the same as when
P*>V+v(2N). The other equilibria are identical to the tying equilibrium, except that in the first period the
monopolist sells individual products and charges a high price for the primary product and a low price for

the complementary product.

Proof of Lemma 2: Suppose that in period 1 the alternative producer entered the complementary market

and the monopolist offered a tied product. There are two possibilities. First, suppose the alternative
producer enters the newly emerging market in the second period. In this case the alternative producer's
second-period profit will be minimized if the monopolist also enters the newly emerging market. Bertrand
competition in this case means 7 »,=N [V-cp-cc]-En and m,7=NA_-E . Second, suppose the alternative
producer does not enter the newly emerging market in the second period. In this case the alternative
producer's second-period profit will be maximized if the monopolist enters the newly emerging market. The
prices that emerge in this case evenly split the surplus associated with consumers preferring the alternative
producer's complementary units used in new-market systems. This and Bertrand competition means m, 5=
N[V-cp-cc]+N[Vm-cn-cc]+N(An/Z)-En and 7,,=NA /2. Let E*=min{NA /2, N(V -V -c)/2}. IfE <E*,
then NA-E >NA, /2. Hence, if E;<E_* and in period 1 the altemative producer entered the complementary
market and the monopolist offered a tied product, then the alternative producer enters the newly emerging
market in period 2.

Suppose that in period 1 the alternative producer entered the complementary market and the
monopolist offered individual products. There are two possibilities. First, suppose the alternative producer
enters the newly emerging market in the second period. In this case the alternative producer's second-
period profit will be minimized if the monopolist also enters the newly emerging market. The prices that
emerge in this case evenly split the surplus associated with consumers preferring the alternative producer's
complementary units used in primary-market systems. Given this and Bertrand competition, second-period
profits in this case are given by 7;>=N[V-c,-c ][*N(4/2}-E, and T,»=N(A/2)+NA-E . Second, suppose
the alternative producer does not enter the newly emerging market in the second period. In this case the
alternative producer's second-period profit will be maximized if the monopolist enters the newly emerging
market. The prices that emerge in this case evenly split the surplus associated with consumers preferring
the alternative producer's complementary units used in both primary-market and new-market systems. This
and Bertrand competition means nm2=N[V-cp-cc]+N[Vn—cn-cc]+N(A/2)+N(An/2)-En and T H=N(A/2)+
N(A,/2). fE <E_*, then N(A/2)+NA-E >N(A/2)+N(Ay/2). Hence, if E;<Ej* and in period 1 the
alternative producer entered the complementary market and the monopolist offered individual products,
then the alternative producer enters the newly emerging market in period 2. Combining this result with the

result of the above paragraph we have that, if E.<E_* and the alternative producer entered the
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complementary market in period 1, then the alternative producer enters the newly emerging market in
period 2.

Suppose the alternative producer entered the complementary market in period 1, the monopolist
offered a tied product in period 1, and the alternative producer enters the newly emerging market in period
2. From above we know that if the monopolist also enters the newly emerging market in period 2, then
T =NI[V-c,-c.]-E,. If the monopolist does not enter, then 7y =N[V-cp-c ], Since E >0, we have that in
this case the monopolist will not enter the newly emerging market in period 2. Suppose the alternative
producer entered the complementary market in period 1, the monopolist offered individual products in
period 1, and the alternative producer enters the newly emerging market in period 2. From above we know
that if the monopolist also enters the newly emerging market in period 2, then nm2=N[V-cp-cC]+N(A/2)—EH.
If the monopolist does not enter, then nm2=N[V-cp-cc]+N(A/2)_ Since E, >0, we have that in this case the
monopolist will not enter the newly emerging market in period 2. Hence, if the alternative producer enters
the complementary market in the first period and is sure to enter the newly emerging market in the second
period, then whether or not the monopolist ties in the first period it does not enter the newly emerging
market in the second period. Combining this result with the result of the above paragraph we have that, if
E, <E,* and the alternative producer entered the complementary market in period 1, then only the
alternative producer enters the newly emerging market in period 2. This proves 1).

Suppose the alternative producer never enters the complementary market (since the alternative
producer never enters the complementary market, second-period profit levels are independent of whether the
monopolist offered tied or individual products in period 1). There are two possibilities. First, suppose the
monopolist enters the newly emerging market in the second period. In this case the monopolist's second-
period profit will be minimized if the alternative producer also enters the newly emerging market. Bertrand
competition in this case means nm_2=N[’\/-cp-cc]+N[‘./n-\/n'-cc]-Erl and m»,=-E,. Second, suppose the
monopolist does not enter the newly emerging market in the second peried. In this case the monopolist's
second-period profit will be maximized if the alternative producer enters the newly emerging market. The
prices that emerge in this case evenly split the surplus associated with complementary units used in new-
market systems. This and Bertrand competition means 7, =N[V-c-c J[+N[(V n-Vn-c.)/2] and 5=
NIV H V-V -c)2)]-Ey. If EQ<Ep*, then N[V~c,-c J#N[V -V '-c J-E N[ V-, J*N[(V -V
c.)/2]. Hence, if E <E_* and the alternative producer never enters the complementary market, then the
monopolist enters the newly emerging market in period 2.

Suppose the alternative producer never enters the complementary market and the monopolist enters
the newly emerging market in period 2 (again, since the alternative producer never enters the
complementary market, second-period profit levels are independent of whether the monopolist offered tied
or individual products in period 1). From above we know that if the alternative producer also enters the
newly emerging market in period 2, then n,,=-E_. If the alternative producer does not enter, then 7,5=0.

Given E_>0, we now have that if the alternative producer never enters the complementary market and the
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monopolist is sure to enter the newly emerging market in the second period, then the alternative producer
does not enter the newly emerging market in the second period. Combining this result with the result of the
above paragraph we have that, if E <E_* and the alternative producer never enters the complementary

market, then only the monopolist enters the newly emerging market in period 2. This proves ii).

Proof of Proposition 4: Suppose the alternative producer enters the complementary market in the first

period. There are two possibilities. First, the monopolist offered a tied product in the first period. From
Lemma 2 we know that in this case the alternative producer would be the sole entrant into the newly
emerging market in period 2. Since in this case the alternative producer monopolizes the newly emerging
market in period 2 but sells no complementary units for use in primary-market systems, the alternative
producer's and monopolist's overall profits are given by 7,=N[V,+A;-c;-¢.]-E,-Ep, and n,,=2N[V-c-c]-
E,. Second, the monopolist offered individual products in the first period. From Lemma 2 we know that
in this case the alternative producer would again be the sole entrant into the newly emerging market in
period 2. Since in this case the alternative producer both monopolizes the newly emerging market in period
2 and sells complementary units for use in primary-market systems, the alternative producer's and
monopolist's overall profits are given by 7, =N[V+A,-c-¢ ]+NA-E,-E; and 7, =2N[V-c ¢ ]+NA-E,;.

Suppose the monopolist ties in the first perniod and the alternative producer does not enter the
complementary market in the first period. In this case the altemative producer's second-period and overall
profits are maximized either if the altemative producer enters neither market in period 2 which given
Lemma 2 means the monopolist is the sole entrant into the newly emerging market in period 2, or if the
alternative producer enters both the complementary and newly emerging markets in period 2 and the
monopolist does not enter the newly emerging market (given Lemma 2, it cannot be the case that the
alternative producer does not enter the complementary market in period 2 but is the sole entrant into the
newly emerging market). In the former case the alternative producer's second-period and overall profits are
given by m,;=n,=0, while the monopolist's overall profit is given by 7, =2N[V-c-c ¥ N[V -cp-c ]-Ey-Ep.
In the latter case the alternative producer's second-period and overall profits are given by n,=n =N[V +A}
-C-C|~Eqc-Ey, while the monopolist's overall profit is given by n,=2N[V-c,-cJ-E,. Notice, if the
monopolist ties in the first period and the alternative producer does not enter the complementary market in
' the first period, then the alternative producer's second-period and overall profits must satisfy 7,,=m,<
max {0, N[V +A -c.-c.]-E -E,}.

Suppose the monopolist offers individual products in the first period and the alternative producer
does not enter the complementary market in the first period. In this case the alternative producer's second-
period and overall profits are maximized either if the alternative producer enters neither market in period 2
which given Lemma 2 means the monopolist is the sole entrant into the newly emerging market in period 2,

or if the alternative producer enters both the complementary and newly emerging markets in period 2 and



51

the monopolist does not enter the newly emerging market (given Lemma 2, it cannot be the case that the
alternative producer does not enter the complementary market in period 2 but is the sole entrant into the
newly emerging market). In the former case the alternative producer's second-period and overall profits are
given by 7,,=n,=0, while the monopolist's overall profit is given by T =2N[V-c, e J#N[V-¢-CJ-Erp-Epy
In the latter case the alternative producer's second-period and overall profits are given by T =R, =NV, +A,
o[ +*N(4/2)-E, -E,, while the monopolist's overall profit is given by 7 =2N[V-c,-c J*+N(A2)-Ey,.
Notice, if the monopolist offers individual products in the first period and the alternative producer does not
enter the complementary market in the first period, then the alternative producer's second-period and overall
profits are equal and must satisfy Ty=T,<max{0, N[V +Ay <y JHN(A2)-E,-E )

Let E, *=N[V,+A ¢ -cJ)-E, and B, **=N[V +A-c,c JHNA-E,, Suppose 0<E, <E,.*. Ifin
period 1 the monopolist ties and the alternative producer enters the complementary market, from above we
know the alternative producer is the sole entrant into the newly emerging market in period 2 and m,=N[V +
Ap-cy ¢ J-Ey-E,. Ifin period 1 the monopolist ties and the alternative producer does not enter the
complementary market, from above we know the alternative producer's overall profit must satisfy m,<
N[V +Aycp-cc]-Eqc-Ey (since By <Ey * we know N[V +Ay-cocc]-Eqe-Ep>0). Further, 7,=N[V +A;-c,-
¢.]-Eoc-E,, is only achieved if the altemative producer enters the complementary market in the second
period and is the sole entrant into the newly emerging market in period 2. Hence, if the monopolist ties in
the first period, then either the alternative producer enters the complementary market in the first pertod and
is the sole entrant into the newly emerging market in period 2, or the alternative producer enters the
complementary market in the second period and is the sole entrant into the newly emerging market in period
2 (for the alternative producer not to enter the complementary market in period 1, the subsequent subgame
must have the alternative producer enter the complementary market in the second period and be the sole
entrant into the newly emerging market in period 2). In either case, T,=N[V +A,-Cpcc]-Eyc-E, and mp=
2N[V-cp-cc]-Ep.

If in period 1 the monopolist offers individual products and the alternative producer enters the
complementary market, from above we know the alternative producer is the sole entrant into the newly
emerging market in period 2 and 7, =N[V+A-¢,-c.#NA-E,-E,. If in period I the monopolist offers
individual products and the alternative producer does not enter the complementary market, from above we
know the alternative producer's overall profit must satisfy T, SN[V +Ay-c-c |+ N(A/2)-E,-Ey, (since
E, <E,.* we know N[V, +A; ¢, +N(4/2)-E,-E;>0). Hence, if the monopolist offers individual
products in the first period, then the alternative producer enters the complementary market in the first
period and is the sole entrant into the newly emerging market in period 2. In turn, the alternative producer's
and monopolist's overall profits are given by 7,=N[V+A;-¢;-cJ+NA-E, -E, and R =2N[V-cp-c }+NA-
E,, Comparing this expression for overall monopoly profit with the expression in the above paragraph

yields that, if 0<E, <E, *, the monopolist offers individual products in the first period.
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Suppose E,.>E,.**. If in period 1 the monopolist ties and the alternative producer enters the
complementary market, from above we know the alternative producer is the sole entrant into the newly
emerging market in period 2 and m,=N[V+A;-c;-cc]-E,-E. This means 7,<0 since E; >E; **. If in
period 1 the monopolist ties and the alternative producer does not enter the complementary market, from
above we know the alternative producer's second-period and overall profits must satisfy m,;=7,<0 (since
E,>E, ** we know 0>N[V+4 -cy-c.}-E,-E;). Further, n;=m,=0 is only achicved if the alternative
producer enters neither market in the second period, which given Lemma 2 means that the monopolist is the
sole entrant into the newly emerging market in period 2. Hence, if the monopolist ties in the first peniod,
then the alternative producer never enters either market and the monopolist is the sole entrant into the newly
emerging market in period 2 (the alternative producer does not enter the complementary market in period 1
knowing that the equilibrium to the subsequent subgame is that it won't enter either market in penod 2). In
turn, the alternative producer’s and monopolist's overall profits are given by 7,=0 and 7, =2N[V-c,-c]

N[V -c ¢ J-E-Ep.

If in period 1 the monopolist offers individual products and the alternative producer enters the
complementary market, from above we know the alternative producer is the sole entrant into the newly
emerging market in period 2 and 7, =N[V, +A ¢ -c.#NA-E,-E;. This means m,<0 since E,.>E, **. Ifin
period | the monopolist ties and the alternative producer does not enter the complementary market, from
above we know the alternative producer's second-period and overall profits must satisfy m,,=m1,<0 {(since
E,.>E,c** we know 0>N[V +A ¢ ¢ #N(A/2)-E,-E,). Further, m;p=m,=0 is only achicved if the
alternative producer enters neither market in the second period, which given Lemma 2 means the
monopolist is the sole entrant into the newly emerging market in period 2. Hence, if the monopolist offers
individual products in the first period, then the alternative producer never enters either market and the
monopolist is the sole entrant into the newly emerging market in period 2 (the alternative producer does not
enter the complementary market in period | knowing that the equilibrium to the subsequent subgame is that
it won't enter either market in period 2). In turn, the alternative producer's and monopolist's overall profits
are given by n,=0 and nm=2N[V—cp-cc]+N[Vn—cn-cc]-Em—En. Comparing this expression for overall
monopoly profit with the expression in the above paragraph yields that, if E,.>E, **, the monopolist offers
either tied or individual products in the first period.

Suppose E, *<E, <E, **. Using an argument similar to one above, if the monopolist ties in the
first period, then the alternative producer never enters either market and the monopolist is the sole entrant
into the newly emerging market in period 2. In turn, the monopolist's overall profit is given by n,,=2N[V-
cpcJ*N[Vp-cpcc]-Ey-Ep. Also using an argument similar to one above, if the monopolist offers
individual products in the first period, then the alternative producer enters the complementary market in the
first period and is the sole entrant into the newly emerging market in period 2. In turn, the monopolist's
overall profit is given by my,=2N[V-c ¢ J*NA-Ey,,. Given V-V >c  and N(V,'-c,)-E>NA, a comparison

of this expression for overall monopoly profit with the one above yields that, if E, *<E, <E, **, then the
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monopolist ties in the first period, the alternative producer never enters either market, and the monopolist is

the sole entrant into the newly emerging market in period 2.

Proof of Lemma 3: Throughout the proof we assume v(2N)-v(N)>A. Also, to keep the notation clear the

marginal cost of the new-market product will be denoted c,. Suppose all cohort 1 consumers purchase
new-market units from the monopolist. There are five possibilities for what happens in period 2. First,
neither firm invests R, in period 2. Given our assumption that purchase decisions are made as if
consumers could coordinate behavior, consumers purchase both primary and new-market units from the
monopolist. In particular, the alternative producer charges c;, for a new-market unit, while the monopolist
charges an aggregate price of V+v(2N) for a system composed of its primary and new-market units (if the
monopolist sells individual products, then the price for the primary product is in the interval (V+A+v{N)-
¢p. V+v(2N)] while the new-market-good price equals V+v(2N) minus the primary-good price). This
yields nm2=N[V+v(2N)-cp-cn] and ®,»=0.

Second, the monopolist invests Ry, in period 2. Given our assumption that purchase decisions are
made as if consumers could coordinate behavior, consumers purchase the monopolist's new-version new-
market product. In particular, the altemative producer charges c;, for a new-market unit, while the
monopolist charges V+v(2N) for a new-version new-market unit. This yields T o=N[V+v(2N)-c,]-R;, and
n,,=0. Let Rn*=Nmin{min{cp, cp}, min{[V(2N)-v(N)-A], [(A+v(2N)-v(N))/2]}}. A comparison of this
expression for second-period monopoly profit with the expression above yields that, if R;<R;* and the
alternative producer does not invest, then the monopolist invests and all cohort 2 consumers purchase the
monopolist's new-version new-market product.

Third, both firms invest R, in period 2. Given our assumption that purchase decisions are made as
if consumers could coordinate behavior, Bertrand competition in this case yields that the alternative
producer charges ¢, for a new-version new-market unit, the monopolist charges c,+v(2N)-v(N)-A fora
new-version new-market unit, and consumers purchase new-version new-market units from the monopolist.
This yields 7,,=N[v(2N)-v(N)-A}-R;, and m,=-R,,.

Fourth, the alternative producer invests R, in period 2 and the monopolist offers a tied product.
There are three cases. First, suppose cp<v(2N)-v(N)-A. Bertrand competition in this case yields the
alternative producer charges ¢,, for its new-version new-market product, the monopolist charges ¢, +v(ZN)-
v(N)-A for a system composed of its primary and new-market products, and consumers purchase a system
from the monopolist. This yields nml=N[v(2N)-v(N)—A-cp] and n,,=-R,,. Second, suppose cp>v(2N)-
v(N)-A. Bertrand competition in this case yields that the monopolist charges cy+cy, for a system composed
of its primary and new-market products, the alternative producer charges cp+cn+v(N)+A-v(2N) for its new-
version new-market product, and consumers purchase new-version new-market units from the alternative
producer. This yields m»,=0 and Tta2=N[v(N)+A-v(2N)+cp]-Rn. Third, suppose cp=v(2N)-v(N)-A. This
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case is consistent with both the equilibrium in the first case in which the alternative producer sells no new-
market units, and the equilibrium in the second case in which the alternative producer sells new-version
new-market units to all cohort 2 consumers. In both of these equilibna, however, n,=0 and 1,5,=-Ry,.

Fifth, the alternative producer invests R,, and the monopolist offers individual products. There are
four cases. First, suppose min{cp, ¢, }>v(2N)-v(N)-A. Given our assumption that purchase decistons are
made as if consumers could coordinate behavior, consumers purchase the alternative producer's new-
version new-market product. In particular, the monopolist charges Cp for its primary product and ¢, for its
new-market product, the alternative producer charges cp+cn+v(N)+A-v(2N) for its new-version new-market
product, and consumers purchase new-version new-market units from the alteative producer. This yields
=0 and naz=N[v(N)+A-v(2N)+cp]-Rn. Second, suppose min{cp, ¢, +<V(2ZN)-v(N)-A and Cp<Cy- This
case is similar to the first case under the fourth possibility above with the result that n»=N[v(2N}-v(N)-A-
cp] and m,,=-R,. Third, suppose min{cp, Cq} <V(2N)-v(N)-A and Cp<Cp. Bertrand competition in this case
yields that the altenative producer charges c,, for its new-version new-market product, the monopolist
charges Cp for its primary product and v(2N)-v{N)-A for its new-market product, and consumers purchase
new-version new-market units from the alternative producer and old-version new-market units from the
monopolist. This yields 7 ,=N[v(ZN)-v(N)-A-c,] and na2=N[cp-cn]-Rn. Fourth, suppose min{cp, Cpt=
v(2N)-v(N)-A. This case is consistent with both the equilibrium in the first case in which the monopolist
sells nothing in the second period, and equilibria in the second and third cases in which the monopolist sells
primary and/or new-market units in the second peried. In all of these equilibria, however, n,=0 and ;=
N[v(N )+A-V(2N)+cp]-Rn.

If R, <R,*, then max {N{w(2ZN}-v(N)-A-min{c, ¢;}], 0}<N{v(2N)-v(N)-A]-R,,. Hence, if R, <R*
and the alternative producer invests, then the monopolist also invests and all cohort 2 consumers purchase
the monopolist's new-version new-market product. Combining this conclusion with one above yields that,
if R,<R;* and all cohort 1 consumers purchase the monopolist's new-market preduct, then the monopolist
invests and all cohort 2 consumers purchase only the monopolist's new-version new-market product.

Now consider the alternative producer. From above we know that if the monopolist invests and the
alternative producer does not, then n,,=0. We also know that if both firms invest, then n,=-R;,. Hence. if
the monopolist is sure to invest, then the alternative producer does not. Combining this conclusion with one
above yields that, if R, <R * and all cohort 1 consumers purchase the monopolist's new-market product,
then only the monopolist invests and all cohort 2 consumers purchase only the monopolist's new-version
new-market product.

Now suppose all cohort 1 consumers purchase new-market units from the alternative producer (this
will only be the case if the monopolist offers individual products). There are again four possibilities. First,
neither firm invests R, in period 2. By assumption the prices that emerge evenly split the surplus
associated with consumers preferring the alternative producer's superior new-market products. This means

the alternative producer charges ¢, +[(A+v(2N)-v(N))/2] for a new-market unit, the monopolist charges ¢,
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or more for a new-market unit, the monopolist charges V+A+v(2N)-¢ -[(A+v(2N)-v(N)})/2] for a primary
unit, and consumers purchase primary units from the monopolist and new-market units from the alternative
producer. This yields 1tmz=N[V+A+v(2N)-cp—cn-[(A+v(2N)-v(N))/2]] and m,H=N[(A+v(ZN)-v(N))/2].

Second, the alternative producer invests Ry, in period 2. Given our assumption that purchase
decisions are made as if consumers could coordinate behavior, Bertrand competition in this case yields that
the monopolist charges ¢, for its primary product and c,, for its new-market product, the alternative
producer charges cp+cn+A+v(2N)-v(N ) for its new-version new-market product, and consumers purchase
new-version new-market units from the alternative producer. This yields ;=0 and 7,,=N[A+Vv(2N)-
v(N)+cp)-R;,. A comparison of this expression for second-period alternative producer profit with the
expression above vields that, if R,<R_* and the monopolist does not invest, then the alternative producer
invests and all cohort 2 consumers purchase the alternative producer's new-version new-market product.

Third, both firms invest R, in period 2. Given our assumption that purchase decisions are made as
if consumers could coordinate behavior, Bertrand competition in this case yields that the monopolist
charges ¢, for a new-version new-market unit, the altemative producer charges ¢;+A+v(2N)-v(N) for a
new-version new-market unit, and consumers purchase new-version new-market units from the alternative
producer. This yields n,,=-R, and 7,,=N[A+V(ZN)-v(N)]-R,,.

Fourth, the monopolist invests R, in period 2. There are three cases. First, suppose min{cp, cy}>
A+v(2N)-v(N). Given our assumption that purchase decisions are made as if consumers could coordinate
behavior, consumers purchase the monopolist's new-version new-market product. In particular, the
alternative producer charges c,, for a new-market unit, while the monopolist charges V+v(N) for a new-
version new-market unit. This yields m_»,=N[V+v(N)-c,]-R; and n»=0. Second, suppose min{cp, Cpp <A
+v(2N)-v(N). By assumption the prices that emerge evenly split the surplus asscciated with consumers
preferring the alternative producer's superior new-market products. This means the alternative producer
charges ¢ +[(A+v(2N)-v(N)-min{c,, c,})/2] for a new-market unit, the monopolist charges V+A+v(2N)-c, -
[(A+v(2N)-v(N)-min{cp, ¢, })/2] for either primary units (if cpScn) or new-version new-market units {if ¢, <
Cphs and each consumer purchases a new-market unit from the alternative producer and either a prnmary
unit (if ¢ <c,,) or a new-version new-market unit (if cn£cp) from the monopolist. This yields n,=N[V+A
+v(2N)-min{c,, cp b-cp-[(A+v(2N)-v(N)-min{cp, ¢,})/2]]-R; and e =N{A+V(ZN)-v(N)-min{cp, ¢, })/2].
Third, suppose min{cp, ¢, }=A+Vv(2N)-v(N). This case is consistent with both the equilibrium in the first
case in which the altemative producer sells no new-market units, and the equilibrium in the second case in
which the alternative producer sells new-market units to all cohort 2 consumers. In both of these equilibria,
however, m,,=N[V+v(N)-c,] and n,,=0.

If R,<Rp*, then max {N[{A+v(ZN)-v(N)-min{c, c;)/2], 0}<N[A+v(2N)-v(N)]-R,,. Hence, if
R, <R,* and the monopolist invests, then the alternative producer also invests and all cohort 2 consumers
purchase the alternative producer's new-version new-market product. Combining this conclusion with one

above yields that, if R, <R _* and all cohort 1 consumers purchase the alternative producer's new-market
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product, then the alternative producer invests and all cohort 2 consumers purchase only the alternative
producer's new-version new-market product.

Now consider the monopolist. From above we know that if the altemative producer invests and the
monopolist does not, then 7,,5=0. We also know that if both firms invest, then n»=-R,. Hence, if the
alternative producer is sure to invest, then the monopolist does not. Combining this conclusion with one
above vields that, if R, <R_* and all cohort 1 consumers purchase the alternative producer's new-market
product, then only the alternative producer invests and all cohort 2 consumers purchase only the alternative

producer's new-version new-market product.

Proof of Proposition 5: Throughout the proof we assume R <R * and v(2N)-v(N)>A. Suppose the

monopolist ties in period 1. If all cohort 1 consumers purchase new-market units from the monopolist, then

from Lemma 3 we know that in period 2 all cohort 2 consumers will purchase new-version new-market
units from the monopolist. Let P denote the price the monopolist charges for a system. Given that a
cohort 1 consumer's net benefit from purchasing a system from the monopolist equals V+v(N;1+Npp)-P,
for any P, that satisfies P;<V+v(2N), each cohort 1 consumer's utility 1s maximized by having every cohort
1 consumer purchase a system (if P,=V+v(2N), then each cohort 1 consumer is indifferent between having
all purchase and not purchasing). Similarly, for any P that satisfies P>V+v(2N), each cohort 1
consumer's utility is maximized by not purchasing. Hence, since purchase decisions are made as if
consumers could coordinate behavior and since if all cohort 1 consumers purchase the resulting second-
period profit is independent of the first-period price, the monopolist sets P=V+v(2N).% Given resuits in
the proof of Lemma 3, this means nm1=N[V+v(2N)~cp-cn]-Em, T=N[V+v(2N)-c; |-R;, and 7, =N[V+
v(2N)-cp-cn]+N[V+v(2N)-cn]-Em-Rn.

Suppose the monopolist offers individual products in period 1. Let Pp denote the monopolist's
price for its primary product, P, denote the monopolist's price for its new-market product, and P,,, denote
the alternative producer's price for its new-market product. A cohort 1 consumer's net benefit from
purchasing a system consisting of one unit of the monopolist's primary product and one unit of the
alternative producer's new-market product is V+A+v{N,|+Ny)-Pp-Pyy. This means that, if the alternative
producer is to sell any new-market units in period 1, the alternative producer's price for new-market units
must satisfy Pa_nSV+A+v(2N)-Pp. Given this, if the alternative producer sells new-market units in the first
period, its overall profit cannot exceed what it earns if it sets P, =V+A+v(2N)-P,, and sells new-market

units to ali cohort 1 consumers. Given results in the proof of Lemma 3, this means naSN[V+A+v(2N)-Pp-

40Because price is a continuous variable, for any P, strictly below V+v(2N), there is a higher value for P that
increases the monopolist's overall profit. This means that, if the monopolist ties, the unique equilibrium to the
subsequent subgame is characterized by P.=V+v(2ZN).
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catN[A+V(2N)-v(N)+c,]-R;,. Further, let P* satisfy N[V+A+v(2N)-P*-c [+ N[A+V(ZN)-v(N)~+c,]-R=0.
We now have that the alternative producer can only sell new-market units in the first period if P ,<P*.

If the monopolist offers individual products in period 1, there are three possibilities. First, the
alternative producer sells new-market units to some but not all cohort 1 consumers in the first period.
There are two cases. First, the alternative producer does not invest in the second period. Consider a cohort
1 consumer who purchased the alternative producer's new-market product. This consumer's first-period
utility is given by V+A+v(N, +Ngo)-P-Pap2VHv(Npy +Npp)-Pp-Py (if this inequality did not hold, the
consumer could have increased his utility by purchasing the monopolist's new-market product).*! But if
this condition holds, then all cohort 1 consumers purchasing the altenative producer's new-market product
is also equilibrium behavior, and, given Lemma 3, under this alternative set of purchase strategies this
consumer's first-period utility is given by V+A+v(2N)-Pp-Pan>V+A+v(Nal+N32)-Pp-Pan. Given our
assumption that purchase decisions are made as if consumers could coordinate behavior, we have just
shown that it cannot be the case that some but not all cohort 1 consumers purchase new-market units from
the alternative producer in the first period and the alternative producer does not invest in the second period.
Second, the alternative producer invests in the second period. This case is ruled out using an argument
similar to that used to rule out the first case.

Second, the alternative producer sells new-market units to all cohort 1 consumers in the first
period. In this case, Ty =N[Pp-cp]-Ep, and from the proof of Lemma 3 we know To=0. This means m, =
N[Pp-cp]-Em and since we also know from earlier that PpsP*, we have m <N[P*-c,]. Since P* satisfies
N[V+A+v(2N)-P*-c [+ N[A+v(2N)-v(N)}+¢p]-R, =0, we have P*=[V+A+v(2N)-c, J+{A+V(ZN)-v(N)+c, |-
(Ry/N). Thus, 2, EN[V+A+V(2N)-c;-c  HN[A+V(2N)-v(N)+ep-Epy Ry, Given V-V'>c, and V'-¢>2A,
this expression for overall monopoly profit is strictly less than overall monopoly profit when the monopolist
ties. Thus, the monopolist's best tying strategy dominates any strategy in which the monopolist offers
individual products and the alternative producer sells new-market units to all cohort 1 consumers in the
first period.

Third, the alternative producer sells no new-market units in the first period. Clearly the best the
monopolist can do in this case is sell primary and new-market units to all cohort 1 consumers in the first
period and extract all the surplus from these consumers, and, given R;;<Nc,, (sce the definition of R;* in the
proof of Lemma 3), sell new-version new-market units to all cohort 2 consumers in the second period and
extract all the surplus from these consumers. When it can do this nm=N[V+v(2N)—cp-cn]+N[V+v(2N)-cn]-
E,-R,, i.e., overall monopoly profit is the same as with tying. Achieving this result requires P, =V+v(2ZN)-
Py Assuming that strictly negative prices are not feasible, there are two cases. First, suppose
P*>V+v(2N). If the monopolist sets PPZP*, then Pn=\/+\/(2N)-Pp yields P <0 which is not a feasible

41For this step of the proof we are assuming that each cohort of consumers consists of a continuum of individuals
of mass N. By assuming this, we ensure that no single cohort 1 consumer's first-period purchase decisions
determine the equilibrium to the second-period subgame.
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strategy. If the monopolist sets Pp<P* and Pn=V+v(2N)-Pp, then the alternative producer's best response is
to set P, in such a fashion that cohort 1 consumers purchase new-market units from the alternative
producer. Hence, if P*>V+v(2N), then the monopolist cannot achieve nm=N[V+v(2N)-cp-cn]
+N[V+v(2N)-c,]-E-R,,. Second, suppose P*<V+v(2N). If the monopolist sets Pp>V+v(2N), then
Pn=\/+v(2N)-Pp vields P <0 which is not a feasible strategy. If the monopolist sets P<P* and
P,=V+v(2N)-P,, then the alternative producer's best response is again to set P, in such a fashion that
cohort | consumers purchase new-market units from the altemative producer. However, suppose the
monopolist sets P*SPpSV+v(2N) and Pn=V+v(2N)-Pp. Then P20 and the alternative producer's best
response is to price in such a way that the alternative producer sells no new-market units in the first period
(af PP=P*, then the alternative producer is indifferent between pricing in this fashion and pricing such that it
sells new-market units to all cohort 1 consumers in the first period). In other words, if P*<V+v(2N), then
there are multiple price pairs for which overall monopoly profit is the same as with tying.

In summary, there are two parameter regimes. If P*>V+v(2N), then there is a unique equilibrium
in which the monopolist offers a tied product in the first period, in period 2 only the monopolist invests,
cohort 1 consumers purchase both primary and new-market units from the monopolist, and cohort 2
consumers purchase new-version new-market units from the monopolist. If P*<V+v(2N), then there are
multiple equilibria. One equilibrium is the same as when P*>V+v(2N). The other equilibria are identical
to the tying equilibrium, except that in the first period the monopolist sells individual products and charges

a high price for the primary product and a low price for the new-market product.

Proof of Proposition 6: Suppose the alternative producer has entered both markets prior to period T-1.

Consider the monopolist's decision concerning whether to invest R, and R, in period T-1. Suppose the
monopolist has decided to invest Ry, in period T-1 and is now deciding whether to invest R.. Holding fixed
the alternative producer's investment choices in period T-1, the incremental expected net return for
investing R, in period T-1 is greater than or equal to N[2p(1-p)A]-R.. Given N[p( 1-p)A]>Rp+RC, we have
that, if the monopolist invests Ry, in period T-1, then it also invests R in period T-1.

Suppose the monopolist has decided to invest R in period T-1 and is now deciding whether to
invest R, Holding fixed the alternative producer's investment choices in period T-1, the incremental
expected net return for investing Rp in period T-1 is greater than or equal to Nmin{p(1-p)A, 2(VT.|-V1.3)-
p(1-p)A}-R,. Given N[p(l-p)A]>Rp+Rc and V">V +A for all odd values for t, we have that, if the
monopolist invests R, in period T-1, then it also invests R;, in period T-1.

Suppose the monopolist is deciding between investing R, and R in period T-1 and investing
nothing in period T-1. Holding fixed the altemative producer’s investment choices in period T-1, the
incremental expected net return for investing R and Rg in period T-1 is greater than or equal to
Nmin{2p(1-p)A, 2(V_}-V1.3)-p(1-p)A}-(R,+R,). Given N[p(1-p)AI>Ry+R, and V5> Vi+A for all odd
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values for t, we have that the monopolist prefers to invest R, and R in period T-1 rather than investing
nothing in period T-1.

The three arguments together yield that, if the alternative producer has entered both markets prior
to period T-1, the monopolist invests R;, and R, in period T-1. Further, repeating the argument for the
alternative producer yields that, if the alternative producer has entered both markets prior to period T-1,
both the monopolist and the alternative producer invest Ry and R in period T-1. Further, repeating the
argument for periods T-3,T-5,...,3 vields that, if the alternative producer has entered both markets prior to
odd-numbered period t', then both the monopolist and the alternative producer invest Ry, and R, in period ¢
and in every subsequent odd-numbered period.

Suppose the altemative producer has entered neither market prior to period T-1 and consider the
monopolist's choice of whether or not to tie in period T-1. Also, assume for the moment that the
monopolist has decided to invest Ry, and R, in period T-1. There are two possibilities. First, the
monopolist offers a tied product in period T-1. If the alternative producer decides to enter either market in
period T-1 or period T, its best option is to enter the primary market in period T only when the monopolist
offers a low-quality complementary product and to enter the complementary market in either period T-1 or
period T only when the monopolist offers a low-quality complementary product. This yields E(mtyp. 1+
) =NV tpA-Co-c I+ N[p(1-p)A]-(R,+R,) and E(m 7.1 +7,7)=N[p(1-p)A]-(1-pNEp+E,). Note, if the
monopolist ties and the alternative producer stays out of both markets in both periods, then E(nt 1.+
'an)=2N[VT_1+pA-cp—cC]-(Rp+Rc).

Second, the monopolist offers individual products in period T-1. If the altemative producer
decides to enter either market in period T-1 or period T, there are two possibilities for its best strategy. If it
enters the complementary market in period T-1 only when the monopolist offers a low-quality
complementary product and the primary market in period T only when the monopolist offers a low-quality
complementary product, then E(nt 1 7, 1)=N[V1_ +pA+p( l-p)(A/Z)-cp-cc]+N[p(l-p)A}-(Rp-l-Rc) and
E(naT’]+7caT)=N[p(1-p)(A/2)]+N[p(]-p)A]-(l-p)(Eap+Eac). If it enters the complementary market in period
T-1 only when the monopolist offers a low-quality complementary product, then E(z,_;+7,7)=N[p(1-p)4]
~(1-p)E,.. Let E;;*=N[p(A/2)]. Given Eap<Eap*, the first option dominates the second. Note, if the
monopolist offers individual products and the alternative producer stays out of both markets in both
periods, then as before E(m,,7.1+ 7, 1)=2N[Vr 1 +pA-cp-c -(RHR ).

Let E1.;*=NpA-E,p and E1.**=Np(34/2)-E,;, There are three cases. First, if E, . >E1_1**, then
the alternative producer stays out of both markets in both periods whether or not the monopolist ties (if
E,.=Er.** this is one of two possible outcomes when the monopolist offers individual products). Second,
if E,.<E7_*, then the alternative producer enters both markets whether or not the monopolist ties (if
E,.=Eq_;* this is one of two possible outcomes when the monopolist ties).

Third, if E_;*<E, <E7_;**, then the alternative producer stays out of both markets in both periods

when the monopolist ties (if E,.=Et_* this is one of two possible outcomes). However, if the monopolist
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offers individual products, then the alternative producer enters the complementary market in period T-1
when the monopolist offers a low-quality complementary product and the primary market in period T when
the monopolist offers a low-quality complementary product (if E,.=Et_;** this is one of two possible
outcomes. This means E(my 1+, p)=2N[V1.1+pA-cpc]-(R,+R,) if the monopolist ties, while E(n, 1.
+nmr)q)[2N[VT_1+A-cp-cc]-(Rp+Rc)]+(l-p)[N[V-[_1+p(A/2)-cp-cc]-(Rp+Rc)} if the monopolist offers
individual products. Given Vy'-c;>A/2 and Vi-Vy>¢, for all odd values for t, we know 2ZN[V_+pA-c,-
R +R PPNV +A-cyrco - Ry RO (1-PINIV. 1+p(/2) el (R R)]. Hence, if By *<Fye
Er_;**, the monopolist ties and the alternative producer stays out of both markets in both periods.

We now know that, if E,>E1_*, an investment of R;, and R, by the monopolist in period T-1
means the alternative producer stays out of both markets in both periods. Given this and using arguments
similar to those presented earlier yields that, if E, >Et_;*, the monopolist invests R, and R, in period T-1.
In turn, this means the above analysis is valid if E;.>Ep_*.

Suppose the alternative producer has entered neither market prior to period T-3 and consider the
monopolist's choice of whether or not to tie in period T-3. Also, assume E, >Er_;* and for the moment
that the monopolist has decided to invest Ry, and R, in period T-3. We know from above that, if the
alternative producer enters both markets prior to period T-1, then E(ny,7. +7,1)=E(m,1_1 t7,7)=2N[p(1-p)
AHR,+R)>0. Let Z=2N[p(1-p)AI-(R,+R,), E7 3*=NpA-E +Z, and E_3**=Np(3A/2)-E,,+Z. Using
the same arguments as above yields there are three cases. First, if E; . 2E7_3**, then the alternative
producer stays out of both markets in period T-3 and period T-2 whether or not the monopolist ties (if
E,=E7.3** this is one of two possible outcomes when the monopolist offers individual products). Second,
if E, <Et_*, then the alternative producer enters both markets in period T-3 and period T-2 whether or not
the monopolist ties (if E,.=Et_3* this is one of two possible outcomes when the monopolist ties).

Third, if Ep 3*<E, <Et_3**, then the alternative producer stays out of both markets in period T-3
and period T-2 when the monopolist ties (if E,.=Et.3* this is one of two possible outcomes). However, if
the monopolist offers individual products, then the alternative producer enters the complementary market in
period T-3 when the monopolist offers a low-quality complementary product and enters the pnmary market
in period T-2 when the monopolist offers a low-quality complementary product (if E,=Er_3** this is one
of two possible outcomes). This means E(R 1 3+, 7.2+ 11 g )=2N [VT_3+pA-cp-cc]+2N[VT_1+pA-
cp-cJ-2(Ry+R,) if the monopolist ties, while E(m 13+ o+ R T H g T)=P 2N V3 +A-cpc [#2N[ V)
+pA—cp-cc]-2(R.p+Rc)]+(1-p)[N[VT_3+p(A/2)-cp-cc]+2N[p(1-p)A]—Z(Rp+RC)] if the monopolist offers
individual products. Given V'<c;>A/2 and V-V >c, for all odd values for t, we know 2N[V1_3tpA-c,-
CF N[V +pA-cyc ] 2R RPNV 3 +AC e J¥2N[V 1 +pA-cpc o] 2(RpHR)IH(I-p) N[V 3+
p(AfZ)-cp-cc]+2N[p( l-p)A]-2(Rp+RC)]. Hence, if E.3*<E, <ET_3**, then the monopolist ties and the
alternative producer stays out of both markets in period T-3 and period T-2. Note, there are two subcases.
If Ep.3*<Ey <E.3** and E, <Er.;**, then the monopolist ties in both period T-3 and period T-1 and the

aliernative producer never enters either market. If Ep.3*<E, <Er.3** and E, 2E7_|**, then the monopolist
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ties in period T-3, the monopolist offers either tied or individual products in period T-1, and the alternative
producer never enters either market.

We now know that, if E,.>Ey.3*, an investment of Ry and R, by the monopolist in period T-3
means the alternative producer never enters either market. Given this and using arguments similar to those
presented carlier yields that, if E,.>Et 3*, the monopolist invests R and R in period T-3. In tumn, this
means the above analysis is valid if E, >Et_3*.

Repeating the above argument for periods T-3,T-7,...,1 yields the following, For cach odd-
numbered period t, let Et*=NpA—Eap+[(T-t-l)/2]Z and Et**=Np(3A/2)-Eap+[(T-t-l)/2]Z. Denote E | * as
E,.* and E;** as E, **. If E, *<E, <E, **, then the monopolist invests R, and R, in every odd-numbered
period starting with period 3 and the alternative producer never enters either market. Further, the
monopolist offers a tied product in every odd-numbered period t such that E, <E{**, and offers either tied
or individual products in every odd-numbered period t such that E, >E**. Let t** be the largest odd value
for t such that E, <E;** and let t*=t**+1.
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