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ABSTRACT

This paper provides a new explanation for tyingt tikanot based on any of the standard
explanations — efficiency, price discrimination,daexclusion. Our analysis shows how a
monopolist sometimes has an incentive to tie a ¢ementary good to its monopolized good in
order to transfer profits from a rival producertbé complementary product to the monopolist.
This occurs even when consumers — who have therofiuse the monopolist’'s complementary
good — do not use it. The tie is profitable becatis#ters the subsequent pricing game between
the monopolist and the rival in a manner favorabléhe monopolist. We show that this form of
tying is socially inefficient, but interestingly marise only when the tie is socially efficientime
absence of the rival producer. We relate this ioeffit form of tying to several actual examples
and explore its antitrust implications.

Journal of Economic Literatur€lassification Numbers: L12, L40.
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l. INTRODUCTION

Because of the attention paid to Microsoft’'s bebaun the marketing of Windows and
its various applications programs, significant tle¢ical attention has recently been directed at
why a primary-good monopolist would tie a completaeyn good. Most of this recent literature
as well as earlier literature on the subject isebasn either efficiency, price discrimination, or
exclusionary motivations for tyingThis paper provides a new explanation for the rpoho
tying of complementary products that we believean@s a number of real-world cases better
than existing alternatives. In our explanationngyialters the equilibrium to the subsequent
pricing game and in this way provides a way forri@nopolist to capture some of the profits of
a rival producer of the complementary good.

The intuition for our results is that a monopolidto ties its complementary product to its
monopolized product is providing the consumer vdtlvaluable option. The presence of that
option affects consumer willingness to pay for tival’s complementary good and potentially
affects pricing, even when the consumer does ihldag the rival’'s good. More precisely, in a
situation in which, in the absence of a rival, tyiwould be efficient, a monopolist may tie
because, in the presence of the rival, the tiestems profits from the sale of the rival's
complementary good to the monopolist. The monopspgends money to alter its “threat point”
in a Nash game so as to improve its profitabilBgcause the monopolist’s tied product is never
used, this behavior is inefficient, though profiegkand the behavior does not exclude the rival,
as in, for example, Whinston (1990) and Carlton Afaddman (2002).

To fix ideas with a simple example, consider Miaft's tying of Windows Media Player
(WMP) to Windows. First, suppose Microsoft is themapolist of Windows but that there is a
better media player available (as might be argu#tiiycase with Quicktime or Real). To put
numbers to this, suppose that all consumers argicéd and if they purchase Windows and
WMP separately and use them together they derigeoss benefit of $15 whereas if they use
Windows and a rival media player their gross benef$10 higher at $25. Second, suppose that

an individual who consumes Windows and WMP derevésgher gross benefit if the two goods



are purchased as a tied product rather than pwdhseparately (either because of savings on
installation costs or because tying improves fuomality); with a tied Windows and WMP
giving consumers a gross benefit of $20 insteall&f. Finally, suppose that the marginal cost
for supplying either type of media player is $2r(Bmplicity assume the cost of producing
Windows is zero).

To examine the incentives for tying, consider whappens when there is no tying and
there is Bertrand competition between media playetis rivals able to capture the full surplus
they generaté.In this situation, consumers pay $12 for the ivahedia player, $13 for
Windows, and do not install WMP. In this outcome tival’'s per consumer profit equals $12 —
$2 = $10, while Microsoft's per consumer profit atpi$13 — $0 = $13.

Now suppose that, at the time of Windows productidicrosoft can costlessly
incorporate WMP (increase consumers’ gross bentfit$20 if they use WMP). This tying,
however, does not prevent a consumer who purchihsesied product from adding the rival’s
media playet and receiving, as before, a gross benefit of $&bse the individual would
employ the superior of the two available playersthvihe tie, as there is a ‘free option’ to use the
bundled WMP, a consumer is only willing to pay $6 the rival’s media player. Assuming the
surplus associated with the rival's media playestil fully captured by the rival, the price for
the rival’s media player is $5 and the rival’'s pensumer profit falls from $10 to $5 — $2 = $3,
while Microsoft’s price for the tied good is $20caits per consumer profit rises from $13 to $20
— $2 = $18. Note that the tying is socially ineffitt since consumers do not use WMP, but it is
profitable for Microsoft since it changes the prigigame in a way that shifts profits from the

sale of the rival’'s media player to Microséft.

1 See Carlton and Waldman (2005) for a recent survey

2 In our model we allow for a sharing of this suspfar reasons discussed below.

3 The example is simplified for tractability reaso®bviously, if the complementary product comesaibase
version for free but upgrades are costly, thes the revenue from the upgrades that is relevam. fact that the
base product is free does not mean that thereapeafiits from tying because of the associated maes from the
upgrades and other features. In fact the baseoversif Quicktime and Real Player are free but tlheeeassociated
revenues from advanced features.

4 Note that should there be costs associated wihritial tie, this would (a) not necessarily rermoMicrosoft’s
incentive to tie; and (b) increase the inefficiemasgociated with tying.

5 There are other strategies that one can conchateeliminate the inefficiency but are not (at teasrrently)
feasible for transaction cost reasons. For exangple,could imagine a strategy in which Microsoftss&/indows
with the condition that if the consumer wishes lspaise a rival’s media player , the consumer magtMicrosoft
an additional $8. If it is difficult to monitor shcconsumer behavior, then this strategy is notitiemsWe suspect



In this paper, we consider a model that captureb extends the logic of the above
example. In our model, there is a monopolist ofimary product and a complementary product
that can be produced both by the monopolist aralteamative producer. Also, consumers have a
valuation only for systems, where a system consite®ne primary unit and one or more
complementary units (although from the standpofrtamsumption an individual uses only one
complementary unit even if he owns more than owg)the beginning of the period the
monopolist chooses whether or not to tie or sellvidlual products, where we assume ties are
reversible A reversible tie means that a consumer who pseha tied product from the
monopolist can add the alternative producer’'s cemgehtary product to their system although
they cannot return (say for a refund) the tied poddin effect, they have both but utilize one.
Although most of the literature focuses on irreild@esties, clearly, as in the case of Microsoft,
assuming ties are reversible is quite realistic.

What is interesting about this model is that itatgtg point is on a claim that Microsoft
relied upon in its various antitrust cases: thattlimt there are efficiencies associated with
consuming its products as ties rather than acqueegdrately. Commentators had noted some

inconsistencies in the argument proferred by Miofios

On the other side of the equation, are there gdideigirocompetitive explanations for these
practices? Regarding its tying, Microsoft arguedl tits physical integration of Internet Explorer
was no different in nature than its past integratid many other functionalities into Windows
(and similar behavior by other software producevl)ch were done to make a better product.
This argument seems plausible. Yet, for softwanndied sales are unnecessary to provide
integrated functionality since code for upgradedtdees can be loaded separately onto a
computer. Thus, any efficiency of bundled sales loseem to stem from reductions in
consumers’ costs of acquiring and adding the featthemselves and the software producer’s
costs of distributing multiple products. Indeed, ttee extent the efficiency relates to saving
consumer costs, there is some tension between $diftie claim that bundling is efficient and its
claim, which | discuss below, that consumers cailyeadd Navigator. (Whinston, 2001, p.74)

What is more is that Microsoft believed “that itsndlling would provide it with an advantage
over Netscape also seems evidence that it belieeedumers’ perceived costs of adding
Navigator to be significant.” (Whinston, 2001, p.7®ur model embeds the increased

functionality and consumer cost savings that mggitompany a tied product and shows how this

that such strategies are likely to become possibike future as monitoring technologies improvewsdver, even if
this strategy is feasible, once one recognizestitese may be up front investment for the rivaptoduce the media
player, then we are back to our original case wkéfieient contracting may be impossible.



is linked to a tying strategy that would have bd®th profitable for Microsoft but also
inefficient from a social perspective.

We analyze a number of different cases. First, mayae how the equilibrium depends
on whether consumers prefer the monopolist's tieddyct to purchasing primary and
complementary units separately. Second, we andiyze the equilibrium depends on the
heterogeneity of consumer tastes. Third, we anatyme the equilibrium depends on whether
product quality is endogenous. For each of thesesave show how a tie can benefit the
monopolist even when the tied product is not ultehaused.

Our analysis does not fall into any of the existithgoretical categories for why a
monopolist of a primary good would tie a complenaeptproduct. Most previous explanations
for such tying are based on either efficiency, @miscrimination, or exclusionary motivations.
As captured by the example above, in our arguntentrtonopolist sometimes ties a product that
winds up not being used by consumers in equilibritmorder to extract surplus from, but not
exclude, a rival producer. Specifically, the tyimgproves the monopolist’s position in the
pricing game that follows and, in this way, seri@shift profits from the rival to the monopolist.
Indeed, in contrast to standard results that ralyh@ exclusion or exit of a rival, here it is the
very profitability of the rival that drives straiegying. Hence, a rival’'s presence is required for
our results.

As discussed in more detail in the next sectioe ohthe main points of our analysis is
that one of the main results in Whinston (1990ha$ robust to the introduction of potential
efficiencies associated with tying. Whinston showleat, in the presence of a rival producer of a
complementary good, there is no return for a mohsipim tying as long as its primary good is
essential, i.e., required for all uses of the cam@ntary good. But Whinston considered a
setting in which, in the absence of a rival, thenomlist has no incentive to tie. We instead
allow for tying to be efficient in the absence bé trival and show that, in combination with our
assumption that ties are reversible, this overtifgnston’s result. That is, given a tie that is
efficient in the absence of a rival, in the pregent a rival, a reversible tie can be used to
increase profits even though the monopolist’s pringood is essential, where this type of tying

is frequently inefficient because, for example,sianers do not use the tied good in equilibrium.



The outline for the paper is as follows. Sectiodificusses how our analysis is related to
the previous literature on tying. Section lll pretsethe main model and then analyzes an
illustrative example that demonstrates our argumen& setting characterized by identical
consumers who prefer the rival's complementary gdodthe monopolist's. Section IV
investigates the model considering both the oneé- taro-group cases, where our focus in the
case with two groups is what happens when the grdiffer in terms of which complementary
good is preferred. Section V extends the analy$§iSerction IV by incorporating an R&D
expenditure that endogenously determines the dizbeopotential efficiency associated with
tying. Section VI discusses the antitrust implicasi of our analysis. In particular, we show that
while inefficient tying can arise in a competitizase, the incentives for such tying are stronger

under monopoly. Section VIl presents concludingages.

. RELATIONSHIP TO PREVIOUS LITERATURE

In most of the previous papers in which tying i®diso disadvantage rival producers,
such as Whinston (1990), Choi and Stefanadis (20CG&ylton and Waldman (2002), and
Nalebuff (2004), the tying results either in theteof existing rivals or blocks the entry of
potential rival$ For example, in Whinston’s model there is one raaik which complementary
units are used in combination with primary unitsile/in a second market there is a demand for
complementary units by themselves. Whinston shtwas tf there are economies of scale in the
production of the complementary good, then tying && profitable because it causes rival
complementary-good producers to exit and thus alldive primary-good monopolist to
monopolize the market in which there is a demana@ddmplementary units by themselves.

Carlton and Waldman (2002) consider a two-periottinge in which there is an
incumbent monopoly producer of primary and completay goods, where a rival producer can
enter the primary market only in the second petod the complementary market in either
period. In their model the alternative produceesurn to entering the primary market in the

second period is that this allows the firm to captonore of the surplus associated with its own

6 Two exceptions are Carbajo, de Meza, and Seidd®90] and Chen (1997). These papers are discirssediil
at the end of this section.



superior complementary product. Carlton and Waldslaow that, given either entry costs or
complementary-good network externalities, the maofiep may tie in order to preserve its
monopoly position in the primary market in the set@eriod. The logic is that tying can stop
entry into the complementary market by reducingétsirn and, in their model, the alternative
producer does not enter the primary market if @gloot plan to enter the complementary market.

The idea captured by the above cited papers theg ty used to exclude competition is
certaintly a plausible explanation for various imtpat real-world cases. For example,
Microsoft’s tying of Internet Explorer with the Wdows operating system does seem to have
eliminated Netscape’s Navigator as a serious catopét the browser market and, to the extent
that Navigator posed a threat to the Windows molyops argued by the Justice Department,
also helped to preserve Microsoft’'s monopoly in dperating systems market. However, there
are other important cases in which tying did nathilate competition in the complementary-
good market. For example, the more recent tying/®™P with Windows does not seem to have
eliminated all of the serious competition in megiayer applications programs. In fact, in
relation to Windows there are many similar tiestamt messaging, movie and photo editing
programs, and more recently, computer search aaodrige programs are all provided with
Windows despite the existence of seemingly supénidependent alternatives that continue to
capture large market sharé@sThis leads us to the question, can tying be usetisadvantage a
rival and improve monopoly profits even if therenis effect on the entry and exit decisions of
rival producers?

The analysis of our model yields that there araeraber of cases in which the monopolist
impoves its own profitability and disadvantagesvalrby tying even though there is no effect on
entry and exit decisions, although this typicallgppens only when in the absence of an
alternative producer consumers prefer the mondfwlised product to purchasing the
monopolist’'s primary and complementary productsaszely? When consumers are indifferent

between these two options, tying is typically notfppable. The basic logic for this result was

7 Indeed, the on-going tie of Internet Explorer haen met with new competition from Mozilla’s Firgfo

8 This applies to other Microsoft products too. Fstance, this paper was written in Microsoft Woltdhas a
bundled equation editor but the equations here wetien in Mathtype; a better, independently sotdgram.

9 If the model was restated in terms of the monapslicost of producing the tied product relativeitgcost of
producing primary and complementary goods separated corresponding result is that the tie in madel can be



first put forth in Whinston (1990). Whinston showtt tying cannot increase profits when the
monopolist’'s primary good is essential, i.e., ashis case in our analysis the primary good is
required for all uses of the complementary ggo@he monopolist can ensure itself profits at
least as high as the profits associated with tyingelling the products separately, pricing the
complementary good at marginal cost, and pricirgpghmary good at the optimal bundle price
minus the complementary good’s marginal cost. Hetygiag in that case will typically not
increase profitability.

But when, in the absence of an alternative produmaisumers prefer the monopolist’s
tied good to purchasing the products individuathen there are a number of cases in which the
monopolist ties with no effect on entry and exitid®ns but the result is increased monopoly
profitability and lower alternative producer prafiility and social welfare. The simplest of these
cases, as in our example in the Introduction, iesmwtonsumers are identical, product qualities
are given exogenously, and all consumers prefealteenative producer's complementary good.
In this setting, there exists a range of parametgadns in which the monopolist ties, consumers
purchase the monopolist’s tied good and the altearoducer’s complementary good, and the
tie decreases social welfare because of the cost nlonopolist incurs in producing
complementary units when the product is not useddrysumers in equilibrium. We find a
similar result when we introduce consumer hetereign

To understand why tying can be profitable, it idphd to understand why Whinston’s
(1990) argument that shows no return to tying wtenmonopolist’s primary good is essential
does not apply? In Whinston’s argument the monopolist can sellpitsducts individually and
price the goods in such a way that it ensuresfifzelfits equal to tying profits. Hence, the
monopolist cannot increase its profits by tyingt Bare, because of the extra utility consumers
derive from the tied product when the alternativedpicer’s product is not purchased (when the

alternative producer’s product is purchased and tisere is no extra utility associated with the

profitable only when the monopolist’s cost of proihg the tied product is strictly below its cost firoducing the
two goods separately.

10 This argument in some sense formalizes the e&lgrago School argument that a monopolist woultenéie a
complementary good to its monopolized primary gbedause it can extract all of the potential prdfit®ugh the
pricing of the monopolized good. See, for exampliegctor and Levi (1956), Bowman (1957), Posner7@)9 and
Bork (1978). Also, see Ordover, Sykes, and Willi§g5) for a formal theoretical analysis relatet\tbinston’s.



tie), the monopolist cannot ensure itself tyingfigonithout in fact tying. The result is cases in

which the monopolist ties even though, in equilibni consumers purchase and use the
alternative producer’s complementary good so thmesamers receive no benefit from owning the
monopolist’'s complementary good. Clearly, in suatage the tie lowers social welfare because
of the direct production costs associated withrttfmopolist's complementary good (and in the
case where the functionality of the tie is endogesnany R&D costs the monopolist incurs in

improving this functionality}2

Two other related papers on tying are CarbajoMeea, and Seidman (1990) and Chen
(1997). Both papers are similar to our paper ingdese that tying is used to increase profits by
altering the outcome of the subsequent pricing ghetereen the firms. For example, Carbajo,
De Meza, and Seidman consider a model with twopaddent products called A and B, where
product A is monopolized while B can be producedhs monopolist and a single alternative
producer. In the absence of tying, because thefitwts produce identical products in the B
market and there is Bertrand competition betweerfitms, profits in the B market equal zero.
The main result is that, if the monopolist's magdigost for producing A is sufficiently high,
then tying allows the monopolist to increase iterall profitability. The basic logic is that tying
implicitly creates product differentiation in therBarket and it is the introduction of this product
differentiation that serves to improve the monagitsiprofitability.

Although the two papers mentioned are similar tcsan the sense that tying is used to
affect the subsequent pricing game between thersgthere are also important differences. Most
importantly, both papers focus on the case of ieddpnt products while we focus on the
monopoly tying of a complementary good where thaopolist’'s primary good is essential. As a
result, the findings in these earlier papers ardepdy consistent with Whinston’s result
concerning essential primary products since, giwatependent products, any monopolized

product cannot be essential for the use of ther gtwguct. In contrast, as just discussed, one of

11 carlton and Waldman (2006) investigate a diffessiting in which a monopolist's primary good isestial but
Whinston’s argument does not apply. That argumeciiges on durable goods and issues that arise iprésence
of upgrades and switching costs.

12 This result depends on our assumption that tieserersible, i.e., a consumer can add the aligenptoducer’s
complementary product to a tied system consistihghe monopolist's primary and complementary goods.
Whinston assumes that ties are irreversible and the case that with irreversible ties the typesefting we
investigate would never lead to inefficient tyingfhat is, the monopolist might tie even though ghienary good is
essential, but this would only occur when tyingfiicient.



the main results of our paper is to show that Whims result concerning essential primary
goods is not robust to the introduction of effi@es such as increased functionality or reduced
installation costs associated with tying.

Finally, Farrell and Katz (2000) examine a markatcture similar to ours with a single
monopoly provider of a primary good and one or nmodependent suppliers of a complementary
good. They consider various strategies the momstpalight engage in, most notably, vertical
integration, R&D and exclusionary deals, in order $queeze rival producers of the
complementary good and appropriate greater profithey do not consider the possibility of
tying in their analysis likely because it turns ¢lat tying is inferior to vertical integration in
their setting under the standard but not necegsaallistic assumptions that tying is irreversible
and that there are no efficiencies associated tyitty. Under our assumptions of reversible
tying and tying efficiencies, tying can turn outlde more profitable than vertical integration and
this leads to our result that a firm might tie adarct that in equilibrium is not used. We return

to this point below after we discuss a simple nuca¢examplé3

. MODEL AND EXAMPLE

Here we develop our model and assumptions andrdligsit using a specific example. A

general analysis follows in Section IV.

A. The Model

We consider a one-period setting characterized byoamopolist M) and a single
alternative produce®y). The monopolist is the sole producer of whaefenred to as the primary
good P), while there is also a complementary go@) that can be produced either by the
monopolist or the alternative produc®. has a constant marginal cost denated> 0), for
producing the primary good, while boi and A have a constant marginal cast (> 0), for
producing the complementary good. Further, theeerar fixed costs of production for either

good and a unit of either type of good has a zerapsvalue.
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Primary and complementary goods are consumed tgaethwhat is referred to as
systems, where a system consists of eitll&s primary and complementary productd,s
primary good andA’s complementary good, dv’'s primary good and both complementary
products. In the last case, although the consuowensboth complementary goods, they use and,
thus, derive direct benefit from only one of thengdementary products. Think of, for example,
the primary good as a computer operating systenttendomplementary good as a media player
applications program. The assumption that primay eomplementary products are consumed
only together means that the monopolist’'s primaopd)is essential in this model, i.e., it is
required for all uses of each of the complemenpaogucts.

At the beginning of the period the monopolist desidvhether to offer the products
individually, sell a tied product consisting of gsmary and complementary goods, or sell both
tied and individual producgs.In contrast to most of the previous theoretid@réiture on tying
used to disadvantage rival producers such as Wimngt990), Choi and Stefanadis (2001),
Carlton and Waldman (2002), and Nalebuff (2004),assume that ties areversible That is, a
consumer that purchasé$s tied product can add’'s complementary good to create a system
consisting ofM’s primary good and both complementary goods. Hafigan terms of Microsoft
whose behavior is the motivation for much of theerg attention to tying behavior, the
assumption of reversible ties is quite realistic.

There is a continuum of consumers on the unitwaleiVe make several assumptions on
the gross benefits derived by a consumer from uaricombinations of purchases. Firfgts
primary good isessentialfor all uses of the complementary good and vicesaseHence,
consumer benefits are zero if they only consume onehe other of the primary and
complementary goods. Second, if a consumer usepritmary and complementary goods each

bought separately fromd, their gross benefit ig" where we assume thet" > G + G. Third, if

P andC are purchased and consumed as a tied productNtpthe consumer’s gross benefit
equalsV" +A, A > 0. Note,A = 0 means that consumers derive no direct addedfibdrom

consuming a tied product, while > 0 means that a consumer with a system consisfil's

13 Miao (2007) does consider the role tying mightéhav achieving the type of price squeeze discubyeBarrell
and Katz. However, the set-up of that analysis ushmdifferent than ours and, in particular, Miaeslmot capture
why a firm would tie a product that is not consunmeéquilibrium.
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primary and complementary goods does derive atlgtpositive added benefit from having
purchased and consumed a tied product. For exammeuld represent increased functionality
made possible through the tie. Notice that thismadhat, given there are no additional costs

beyondc, +c. to producing a tied product, whén> 0, tying would, in fact, be privately and

socially desirable if no alternative complementaryduct existed>

What happens if the consumer purchagés complementary product? First, by
consuming a system consisting Mfs primary good and\'s complementary good, then the
consumer’s gross benefit equats We also assume thet* >V" | i.e., in the absence of tying
A’'s product is superior. Second, if the individuehsumes a system consistinghs primary
good and both complementary goods (as may occlMt dnly sells a tied product), then the
complementary good that yields the highest grosefiteis used. For example, if a consumer
addsA’s complementary good tl’s tied product then the consumer’s gross bengftfiven by
max{V" +A,V*}.16 Note, in this specification, even when> 0, the tie is only valuable in
terms of gross benefits when the consumer usasdn@polist’'s complementary good.

We assume Bertrand competition, but there is fretiyi@ continuum of equilibria to the
pricing subgame. The difference between the eqidlils the division across the two sellers of
the surplus associated wils superior complementary product. Similar to thbpraaches taken
in Choi and Stefanadis (2001) and Carlton and Wald{2002), we assume thabf the surplus
is captured by the monopolist and fl-is captured by the alternative producer, where
0<A<1lV

The timing of events in the model is as followgsEithe monopolist decides whether to
offer a tied product, individual products, or boigd and individual products. Second, the firms
simultaneously choose the prices for their produtsrd, consumers make their purchase

decisions. Note that throughout the paper we focuSubgame Perfect Nash Equilibria.

14 see Adams and Yellen (1976) for an earlier anglfisat allows the sale of both tied and individpedducts,
although that analysis is in the setting of a puomopoly seller.

15 See Carlton and Perloff (2005) and Evans and §i(2005) for more extensive discussions of efici-based
arguments for tying.

16 |f the consumer adda&’s complementary good to a system consisting ofm@ry and complementary units

purchased separately frdv then the individual's gross benefit is given imax{v" ,V"} = V*.
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B. An lllustrative Example

In this subsection, we present a specific paramzetesn of the model to illustrate our
main argument. When tying is efficient in the aleseof an alternative producer, i.4.> 0, but
A’'s complementary good is strongly preferred by comsrs, theM may tie, not because this is
efficient, but because this allowsl to capture more of the surplus associated wih
complementary product. The reason that tying iseffatient is that consumers purchase and use
A’'s complementary product so, from the standpointafsumption, the fact that they owtis
complementary good provides no benefit. Note thatparameterization that follows is similar to
the example discussed in the Introduction.

Let VY =100, V* =200, A = 50,4 = ¥, andce = cc = 1018 To maximize social welfare,
the optimal production and allocation of produatsliear. Consumers receive 50 more in gross
benefit by purchasing and usidgs complementary product rather than purchasing wusidg
M’s complementary product even when it ties (withdbe tie, consumers prefef's
complementary product by 100 rather than 50). Hetieesocially efficient outcome is that, for
each consumerM produces a primary unitA a complementary unit, and each consumer
purchases and consumes a system consistifjsoprimary good and\'s complementary good.
That is, even though, in the absenceApfaced with a choice di's products through a tie or
separately, there is a large incremental consummeeftt to the tie, irA’'s presence, not tying is
socially optimal because consumers would notNM'secomplementary units even if they owned
them due to tying.

We now derive what equilibrium behavior looks likethis setting. Suppose first sells

individual products. LetP! be M's price for its primary productpPS be its price for its

complementary produc®s beA's price for its complementary produat; beM’s per consumer

profits, andza be A’'s per consumer profits. As= % means that the two firms evenly split the

surplus associated witl's superior complementary good, the per consumealiss associated

with A’s product in this case i* -V" =100. Hence, an equilibrium to the pricing subgame is

17 For simplicity we assume the same surplus shatifeywhen the monopolist ties and when it sellsviddial
products. But, in fact, most of the qualitativeules continue to hold even if we allow the surpdharing rule to vary
across the two cases.

18 Recall that in our initial example, we skt 0 so thatA captured all of the surplus.
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given by P} =140, RS =10, PS =60, and consumers purchase primary units fighmand
complementary units frorA.1° In this case/z, =140- 10= 13(and 77, = 60-10= 5C.

Now supposeM chooses to sell a tied product. LR} beM'’s price for its tied product.

The per consumer (total) surplus associated withcomplementary product is now given by

VA—(VM +A)- ¢ =40. In words, relative to the no-tying case, surdiaiés from 100 to 40

because of the increase in the gross benefits rchpaing and usiniyl’'s products due to tying
and because the purchaseAdd complementary product means two complementairts are

produced rather than one. Giver %, the unique equilibrium to the pricing subgamgiven by

R; =170, PS =30, and consumers purchase the tied product fvband complementary units
from A. Profits becomerz, =170- 20= 15( and 77, =30—-10= 2C. Sinceny is higher here, one

equilibrium is thatM ties; essentially because this allows it to captprofits that would
otherwise have gone 20

This example captures the main argument of therp#pe the absence of an alternative
producer, there is an efficiency-based reasonyfogt then given that producer’s existence, the
monopolist may tie even when its complementary peods not used in equilibrium. Thus, tying
constitutes a deadweight loss consisting of thelytion costs incurred by the monopolist in
producing the complementary units that are purahasg not used in equilibrium. The logic for
the result is that tying decreases the surplus caged with the alternative producer’s
complementary good by making the monopolist’s affgmore attractive. Tying, though socially
inefficient, can, thus, be profitable for the moaolgt because the monopolist captures all of the
profits associated with the value consumers placthe monopolist’'s products in the absence of
an alternative producer, but captures ohlgf the incremental value consumers have for the
alternative producer’'s product. In other words, tyng a complementary good to its
monopolized good, the monopolist creates a valugien to consumers for the complementary
good. Even when consumers do not use the tied goddnstead buy the alternative producer’s

complementary good, this option allows the mongpdb transfer profits from the alternative

19 There are other equilibria in which everythinghe same excerj?MC has a different value.

20 There are other equilibria that are basically i to the equilibrium just described except ttia monopolist
chooses to sell both tied and individual produatbiere all consumers purchad#'s tied product andA’s
complementary good.
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producer to itself. This inefficient investmenttinng raises the monopolist’s profits by altering
the outcome of the subsequent pricing game invglthe rival’s complementary produ#t.

As mentioned briefly above, Farrell and Katz (20@030 consider behavior that a
monopolist of a primary good can employ in ordershoft profits from rival producers of a
complementary good to itself. They consider thieev@af vertical integration, though not tying.
In their analysis of integration, they show thaegration can be beneficial for the monopolist
because it allows the monopolist to increase tiheef A by pricing B low, and this, in turn,
squeezes the other producers of B. This logiciesghat tying cannot be better than integration
because tying eliminates the ability to price Athand B low. This result is correct, however,
only in a world in which tying is irreversible arigdere are no efficiencies associated with tying.
As we show above, when one adopts the more relalsoaasumptions that tying is reversible
and that there can be efficiencies from tying tleisult vanishes and one can obtain the further

result that it can be profitable to tie a good thagquilibrium is not used.

IV. ANALYSIS WITH ONE AND TWO CONSUMER GROUPS

In this section we analyze in detail the model @nésd in the previous section. We do
this in two parts. First, we demonstrate under wdatditions tying occurs and whether the
outcome is socially optimal or not. Second, we eatthe model beyond the identical consumer
case to understand how robust our results arestomtfoduction of heterogeneous consumers. By

and large, we demonstrate that they are robustdio a&n extension.

A. Identical Consumers

To begin, we characterize the socially optimal omte. First, ifV" +A>V*, then it is
efficient for consumers to purchase and Mse tied product. Second, W +A <V*, then it is
efficient for consumers to purchabs primary good and purchase and @& complementary

good (if V™ +A=V*, then the two outcomes are equally efficient).other words, from an

21 Formally, the mathematics of the argument is sint the idea that in a Nash bargaining situagiach bargainer
has an incentive to spend resources improvindiitsat point if the improvement is large relativethie expenditure
required. See Nash (1950) for a discussion of thghNbargaining solution.
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efficiency standpoint, consumers purchase and usiedaproduct if the benefit of tying is
sufficiently large, but when it is small, tyingnst efficient and consumers purchase anduJise
primary good and\'s complementary good. Note that a key point herthat, from an efficiency
standpoint, the monopolist should tie only when stoners actually use the monopolist’s
complementary good.

We now turn to equilibrium behavior. We begin wdhpreliminary result concerning
when tying is not profitable in this setting. Prsfiimn 1 considers what happens in the case of
identical consumers whefn = 0, i.e., tying does not increase the gross lieaetonsumer
receives from purchasing and using bottd$ products. Note that, in this subsection, we igno
M’s option to sell both tied and individual productBhat is, such a strategy is typically
associated with price discrimination which does awse with identical consumers, so in this
subsection we ignore this strategy for the monapoli
Proposition 1. Suppose thaf = 0and A > 0. Then there is a unique equilibrium in which the
monopolist sells individual products.

All proofs are in the append#.Proposition 1 tells us that, f = 0, tying does not increase
monopoly profits. Note that this result is simitarWhinston’s (1990) finding that a monopolist
of an essential primary good has no incentivedgoWhinston implicitly assumes = 0, but his
analysis is different than ours because he assume®rsible ties while we assume ties are
reversible. However, Proposition 1 shows that egeren this difference, consistent with
Whinston'’s finding, whem = 0 there is no incentive in our model for the moalist to tie23

To get a sense of the logic here consider paraipetiens in whichv*-v" >¢_, i.e.,

the incremental value consumers place on the aligenproducer's complementary product is
larger than the marginal cost of producing thatdpmt. Suppose the monopolist ties. The
assumption that the monopolist receivesof the surplus associated with the alternative

producer’s complementary good while the alterngpiraducer receives (1)-yields the values in

22|f A = 0 amdi = 0, thenM is indifferent between tying and not tying.

23 Note that there is another difference betweenamalysis and Whinston’s. We show that wher 0 there is
never a tying equilibrium whed > 0 while M is indifferent between tying and notAf= 0. Whinston does not
impose any surplus sharing rules in his analysis fihds no return to tying given irreversible tiés our analysis,
the result that there is never a return to tying@mvtying is not itself efficient would not hold éur surplus sharing
assumption or some similar assumption were not §@goThe reason is that, without such an assumptiene
could be a return to tying even wheén= 0, if it increases the proportion of the surpassociated wittA's
complementary good that is captured\byalthough such an assumption would itself requisgification).
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Table 1. It is readily apparent that not tying isfgiable for the monopolist. In words, since the
surplus is lower under tying because of the cogiroflucing an extra unit of the complementary
good while the monopolist receives the same shiaiteecsurplus across the two cases, monopoly
profitability is lower when the monopolist ties.

Table 1: Equilibrium Outcomes (A =0,V*-V" > ¢)

Variable No tying Tying
PP PRI | VM —g +A(VA- VM) VM AVA-VY - ¢)
P = cc —A(VA-V") n.a.
e | eV e vA-v - o)
- Vi-c-¢ V-6 -¢
+AVA -V +AVA-VY - ¢)
7T, @1-vA-v™h) 1=V -V" -¢)

We now consider what happens wher 0. Here we begin by taking as fixktls choice
concerning whether to sell tied or individual prottuand describe the equilibrium to the
subgame that follows. WheM sells individual products the subgame equilibrigrthe same as
described above for the caae= 0 since the positive is immaterial ifM sells individual
products. That is, consumers purché&e primary good and\'s complementary good, while
prices and profits are as given in Table 1.

The case in whiciM ties andA > 0 is a bit more complicated. It hinges upon ket
tying is reversed by consumers or not. The tie malt be reversed ¥" +A>V*-¢., as the
incremental value from\'s superior complementary product is less tharpitgluction cost. In
this case, consumers purchase only the tied prodoetever, ifv" + A<V* - ¢, the tie would

be reverset as the incremental value associated Withproduct exceeds its production cost. In
this case, consumers would purchase the alternativgplementary produeind the tied product.

The prices and profits from each of these caseblsted in Table 2.
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Table 2: Outcomes under Tying (A >0)

Variable VM +A>VA - VY +A<VA-¢

Pl VM -A VM +A+AVA-VY A=)

Py VA= (V" +4) Cc+(1-AVA-V¥-A-¢)

I, VM +A-c - VY +A-c - ¢
+AVA-VM —A- )

un 0 A-NVA-V" -A-¢)

We can now use the analysis concerning what hapwkas monopoly product choices
are taken as fixed to derive equilibrium produabichs and consumer purchase decisions when
A > 0. This is done in Proposition 2. The prices prafitabilities that relate to these are those in

Tables 1 and 2.
Proposition 2. Suppose thak > 0. Then, in equilibrium,
(i) if V™ +A>V*, M ties and consumers do not purchase the alteagroduct;
(i) if VM +A>V*-c andA=A(V*-V"), M ties and consumers do not purchase the
alternative product;
@iy if VM+A>VA-¢ and A<ANVA-VM), M sells individual products and
consumers purchase the alternative product;
(iv) if VM+A<VA-¢ and (1-A)A=Ac., M ties and consumers purchase the
alternative product;
(v) if V" +A<V*A-¢ and (1-1)A<Ac., M sells individual products and consumers
purchase the alternative product.

For (i), consumers prefer the tied complementapdpet toA’'s complementary product. It is
straightforward to see that, in this case, tyingrsfitable for the monopolist. For (ii) to (v) the
proof (omitted) involves checking the conditionsTiables 1 and 2 with the second condition in
each coming from a simple comparison M profits under tying versus selling individual
products.

Proposition 2 tells us that for many parameteraretithe equilibrium is efficient, but

there are others characterized by inefficiency.id@gg with the efficient outcomes, first of all,

24 To simplify analyses in propositions, we assumesomers purchasé’s complementary product when they are
indifferent between purchasing and not purchasimhthatM ties when it is indifferent between tying and tyahg.
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in (i) A is sufficiently large that consumers derive thghlesst gross benefit from purchasing and
usingM’s complementary product when it is part of a feedduct. So, in this case, whihties

the tying is efficient. Second, for the remainirages, it is easy to see that when tying does not
occur that too is efficient. In (iii) and (v is sufficiently small that consumers derive thghlaist
gross benefit from purchasing a system contaidiisgcomplementary product and then using
that product. So in those cases, consistent witliliedqum behavior, it is efficient foM to sell
individual products and for consumers to purchd&e primary product anéd\’'s complementary
good.

We now consider parameterizations with inefficiemitcomes, or more precisely,
inefficient tying. Let us start the discussion wiflv) of the proposition. These are the
parameterizations consistent with the example efprevious section. Herd\ is sufficiently
small that the first-best outcome is tiatsells individual products and consumers purchisse i
primary product and purchase and & complementary product. But, instead, what happen
equilibrium is thatM ties and consumers purchase it's tied produnct purchase and us&s
complementary product. Since consumers A& complementary good the tie causes a
deadweight loss to society equalNbs cost of producing the complementary units fertied
systems. The reason thMdtties is that tying raises the value consumerseptacits goods in the
absence of an alternative producer and lowers uhglus associated with’'s complementary
product. SinceM captures all of the former but only a proportidnof the latter, when

(I-A)A= Ac, it increases its own profits but lowers social faved by tying.

The other set of parameterizations characterizedddficient tying is the set considered
in (ii) of Proposition 2. Here, it is again the eabatA is sufficiently small that the first-best
outcome is thaM sells individual products and consumers purchigsgrimary product and’s
complementary product. But what happens, in equilib, here is thaiM ties and consumers
purchase its tied product only. Since productiostc@re the same across the first-best and the
equilibrium outcomes, the deadweight loss herehis teduced gross benefit received by
consumers because they consume the tied produstrrédtanM’s primary good andA’s
complementary good. The logic here is that, asrbeli ties because it captures all of the value
consumers place on it’'s products in the absenea afternative producer but only a proportion

of the surplus associated wiffis complementary product. The difference here & #fter the
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monopolist ties, this surplus is negative so theraative producer does not sell complementary
units.

As a final point, it is interesting to consider thgpact of the sharing rule. First, note that
if we shifted all power away froml to A — i.e., setd = 0 — then, under Proposition 4, always
ties in equilibrium and this is inefficient whenew¢" + A <V*. The logic is that the monopolist
ties whenever receiving all of the incremental gahssociated with tyind), is larger tham
multiplied by the decrease in surplus associated Ws product. Since whenl =0 the latter
term equals zero, whet >0 and A =0, M always ties.

Second, so as not to bias our analysis eitherrfagainst tying, we have assumed tiat
receives the same share of the surplus associatedAlg superior complementary product
whether the firm ties or sells individual produddsit, suppose that we had instead made a strong
assumption biasing the analysis against findinggtyi.e., by assuminiyl’'s share ist when it
sells individual products, but that the share ®zghen it ties. Interestingly, this has no effect
the qualitative results found in Proposition 2. fehevould still be two parameter ranges in which
M inefficiently ties. Specifically, in one randé ties, and consumers purchase its tied product
only, while in another, it ties and consumers pasehits tied product while purchasing and using
A’'s complementary product. The only difference mtthelative to what we find in Proposition 2,
the second range is smaller whdis share of the surplus given tying is zero (tlze sif the first
range is unchanged with this alternative surplasish assumption).

In summary, whem\ > 0, there is a broad range of parameterizatitvagacterized by
inefficient tying. In some of these parameterizagiolike in the example in the Introduction and
the previous section, the monopolist ties a prodhat is not used. Consequently, the cost the
monopolist incurs in producing the good represemtpure deadweight 1055.In the other
parameterizations characterized by inefficient gythe monopolist's complementary good is
used in equilibrium. But becaus€”>V" +A, societal surplus would be higher if the
monopolist had instead sold individual products eodsumers had purchased the monopolist's

primary product and the alternative producer’s clemgntary product. Note that, as indicated in

25 In our model here, if the marginal cost associatétl addingM’s complementary good in a tied product was
zero, there would be no inefficiency. However, thlisan artifact of some of our simplifying assurops. For
instance, in Section V, below we show tiWahas an incentive to engage in inefficient R&D timight generate this
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the Introduction, the tying in these parameter@ati is not driven by any of the standard
rationales in the literature for why a firm would t— efficiency, price discrimination, or
exclusion. Rather, the tying is used to changepihieing game so that some of the surplus

captured by the alternative producer is shiftedhftbe alternative producer to the monopolist.

B. Heterogeneous Consumers

To consider heterogeneity, we add a second growgomgumers who, in the absence of
tying, are indifferent betweeM’s andA’'s complementary products; i.e., we assume thathfer
new group,V” =V" 26 Therefore, they never purchase frémThe proportion of consumers in
this group is 1A (0<n<1). For the original group (or measumg we continue to assume that
VA >VM . The purpose here is to explore what adding amofuledicated! consumers does to
M'’s incentives to offer a tied product.

Having two groups leads to two substantive anaitoathanges. First, when offering no
tied product or a tied produdt] has a choice in setting its pricing. It can eithece its primary
product high and exclude the initial group of cansus or, alternatively, it can price it low and
target both groups. We show below that whee low (high),M prices high (low). Second, we
now allowM to offerbothtied and independent products.

Here we focus on one of the cases where tying somastled to inefficiency in the

identical consumer case; that )" + A <V”"-¢. .27 This is the situation wher®l sometimes

offered a tied product but consumers ended up psicbA’'s complementary good as well. The

following proposition summarizes the equilibriumt@ame in this case.

Proposition 3. Suppose thah<1 and, for the original groupV"™ +A <V* - ¢., while for the
new group,V*=V". Then M always offers a tied product and, for ffisiently large (i.e.,

_ A_yM . .
n>& ”(;x)(vv,\_\’;f)(fg%) ), it only offers a tied product.

tie. Moreover, in an analysis related specificatlycomputer applications, Gans (2007) demonstratesnge of
inefficiencies that can be generated by tying efgbrt analyzed here.

26 For simplicity, we also assume that this groupchasesM’s complementary good or the tied product (if
available) if indifferent. We have also worked aumore general treatment, exploring all possiblampaterizations,
where, for the new group of consumevks system confers the same net benefit that theesugroup enjoy foA's
system. In addition, Gans (2007) develops a spatbalel with a continuum of consumers that demotedrthat the
inefficiencies discussed in Proposition 2 carryrdeethe heterogeneous consumer case.

27 We have examined the other cases for the hetenagaronsumer case and find, similarly to Propasifipthat as
the share of new consumers rises, this constriatnpdrameters by which inefficient tying arises.
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In this case, not offering a tied product is subopt asM can always add a tied product

alongside independent products and captdferA from the new consumer group without
harming sales to the original group. Whaenis low, M also finds offering both tied and
independent products profitable.

Whenn is high,M finds it optimal to commit to having just a tietbduct and no stand-
alone product. In so doing, it is able to put cotitppe pressure o\ and extract more surplus
from it. This is not possible when it offers bothtiad and stand-alone product and simply
segments the market between original and new gconpumers. Of course, while having a tied

product was optimal with identical consumers whér A)A = Ac., it can be shown that this

threshold is higher when there are heterogeneausucters of the kind modeled here. Thus, the
presence of a group of dedicatddusers, reduces incentives to offer a tied prodwctusively
but raises incentives to offer tied products alahgstand-alone ones.

In summary, in this subsection, we have shown \ften consumers are heterogeneous
there are parameterizations in which the monoptikst where the tying is efficient for some
consumers but not for others. For the consumers wat® indifferent between the two
complementary goods in the absence of tying, tycgeases welfare because of the benefit of
the tie when an individual consumé&'s primary and complementary goods. But for the
consumers who prefer the alternative producer'sptementary good, the tie reduces welfare
either because of the unnecessary production eindaht complementary units or because the

tie results in these individuals consuming les$gpred systems.

V. AN ANALYSIS WHERE THE FUNCTIONALITY OF THE TIE IS
ENDOGENOUS

In this section we extend the analysis of the mnevisection to show that, in addition to
causing distortions or inefficiencies concerning thonopolist's product choice decisions, the
tying rationale identified here can also resuldistortions concerning the monopolist's R&D
decisions. The basic idea is that, even if the mohst's complementary product is not

consumed in equilibrium so the tie provides no &oeelfare return, increasing the investment in
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R&D that affects the functionality of the tie caa privately optimal because of the manner in
which it alters the outcome in the subsequent myigame between the monopolist and the
alternative producer.

Relative to the model considered in Section IV.A make the following change; the
added functionality associated with consumMg tied product rather than it's primary and
complementary goods purchased individually can mmwveither high or low. LeA" be the
increased gross benefit when the added functignialiow while A™, A" > A", is the increased
gross benefit when the added functionality is higirther, whether the increased gross benefit
associated with consuming’s tied product is high or low is a function of &&D choiceM
makes at the beginning of the game. To be exadtheabeginning of the gand chooses an
R&D expenditure denoteR, wherep(R) is the probability the increased gross benefbamted
with the tie equald”™ while (1-p(R)) is the probability it equals". We further assumg(0) = 0,
p'(0) =, p'(R) > 0 for allR > 0, andp”(R) < O for allR > 0. Following the realization of
uncertaintyM decides whether to offer a tied product or not.

As suggested above, our focus in this section isparameterizations in whicM
sometimes or always ties but when tying occurs woess proceed to purchase and use the
alternative producer’s complementary good. Basedhenanalysis of the previous section, this

translates into focusing on parameterizations foictvV" + A" <V*-¢. and (1-1)A" = Ac.;

we consider other parameterizations briefly belbet.us start by describing the first best in this
case. Since consumers, even if they purchase aroeldict, do not uskl’s complementary good

in equilibrium, there is no social welfare retumincreasing the gross benefit associated with
consuming the tied product. In other words, forstheparamerizations the first best is
characterized by no tying since tying causes ioeffit production of the monopolist's
complementary units. But, in addition, the firssbis now also characterized /=0, i.e., no
investment in R&D, so the added gross benefit agsat with consuming the tied product is
sure to be low. The logic here is that, silds complementary units are not consumed in
equilibrium even if the added functionality asstethwith using the tied product is high, from a
social welfare standpoint there is no reason taeshuvn improving the added functionality

associated with tying.



23

In contrast to the first best, actual equilibriuehhvior is characterized both by tying and
by a positive investment in R&D. For both actiotise deviation from first-best behavior is
driven by a desire bl to alter in its favor the outcome of the subsegyeicing game played
betweerM andA.

We formalize this argument as follows:

Proposition 4. If VM +A" <V*-¢ and (1-A)A" = Ac., then R > 0 and (i) through (iii)
describe M’s product choice decision and consunuectase decisions.
(i) If 1-2)A"=Ac., then M ties whether or not the R&D investmensuscessful and
consumers purchase M’s tied product and A’s comeieary product.
(i) If (1-A)A" <Ac. and the R&D investment is successful, then M dig$ consumers
purchase M’s tied product and A’s complementarydpiai.
(i) If (1-2)A*<Ac. and the R&D investment is unsuccessful, then Ms sel
individual products and consumers purchase M’s paryn product and A’s

complementary product.

The reasonM sometimes ties in Proposition 4 even though coessndo not useM’s
complementary product is the same as the logityfog in (iv) of Proposition 2. That is, tying
raises the value that consumers placéi@®1goods in the absence of an alternative prodacdr
lowers the surplus associated wilis product. Since in the subsequent pricing gadineaptures
all of the former but only. of the latter, it sometimes ties. The differeneéaeen (i) versus (ii)
and (iii) is that in (i) the return to tying is t@r than the cost of producing the required
complementary units whether or not the R&D expeandiis successful, 9d ties independent of
the outcome of the R&D process. In contrast, ingiid (iii) this return only exceeds the cost of
producing the required complementary units whenRB® investment is successful. So, for
these parameterizatiorid, only ties when the R&D investment succeeds.

What is new here is the inefficient investment i&R i.e., R > 0. The logic for this
result builds on the logic above. Consider, formagke, the parameterizations discussed in (i) of
Proposition 4, i.e., parameterizations in whidhties whether or not the R&D investment is
successful. As discussed aboleties in both cases because the tying raises tbhe eansumers
place on it's goods in the absence of an alteregthoducer and because the tying allows it to
capture all of that value. But note that the retiorying is higher when the R&D investment is
successful because then tying is associated Wétgar increase in the value consumers place on

M’s goods in the absence of an alternative proditence, it invests a positive amount in R&D
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even though it's complementary good is never comslim equilibrium because a positive
investment increases the probability the R&D inwestt is successful and, thus, increases the
return to tying?8

As a final point, above we focus on R&D distortiomsenM ties but it's complementary
good is not used by consumers in equilibrium. Butding on (ii) of Proposition 2, there is also
a range of parameterizations in which there isiavestment in R&D relative to the first best
but, when M ties, consumers purchase it's tied product onlpr [Example, suppose
VASVM +AR >V At > VA- ¢ and AY = A(VA-VM). Given VA>VM +A" | for these
parameterizations the first best is characterizeR b 0 and no tying since consuming a system
with A’'s complementary product yields a higher gross fienBut consistent with (ii) of
Proposition 2, in equilibriunM ties whether or not the R&D investment is sucads$f turn,
sinceM sells its tied product for a higher price when R&D investment is successful, there is a
positive return to investing 9@ > 0. In other words, the R&D investment exceedsfitst-best

level.

VI. EFFECTS OF COMPETITION AND ANTITRUST IMPLICATIONS

In previous sections, we showed how a monopolist pfimary good may tie an inferior
complementary good that consumers do not use, whergoal is increased profits through a
more advantageous outcome in the pricing game leettvee monopolist and the complementary
good’s alternative producer. Further, this behaceam lower social welfare by both forcing the
production of units that are purchased but not usedjuilibrium and also causing distortions in
the monopolist's R&D decisions. In this section, secuss how competition affects our results
concerning tying and decreased social welfare. Mg tliscuss the implications of our results for

antitrust policy.

28 The logic for whyR > 0 in the parameterizations covered by (i) aiifli§ closely related. The return to tying can
be expressed as the probabilly ties multiplied by the average return to tyingegivthat it ties. In the above
discussion, the return to haviig)> 0 is that it increases this average return bogtyFor the parameterizations
covered by (ii) and (iii), havin@® > 0 does not change the average return to tyirgnwhties but rather increases
the probability that it ties.
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The first question we examine is how our resul@snge if we introduce competition. To
analyze this, suppose that there are two symmmippliers of the primary product and that each
can supply a complementary product that has vatugsi own system. Similarly, with each
primary product there is an associated alternatbraplementary product provider who provides
a complementary good of value to that specificesystThat is, complementary goods can be
associated with one primary good but not the otfius, there are four firms in this model.
Moreover, the products they supply are homogeneotie eyes of consumers in the sense that,
as before, VM is the value of a system comprising the primargdpct and the primary
producer’'s complementary good, is the mixed system amlis the value of a tied product, and
VMandV* are the same for each system. Costs are as assuthednonopoly case.

Suppose, first, that firms compete in a Bertranshilan with each primary producer
choosing whether to offer independent or tied potgluthen all four firms choosing their prices
and finally consumers making their choices and fiaylmeing realized. Also let’s focus on the

case wher&/" + A <V* —¢., as this was one of the cases where inefficiengtgmerged under

monopoly.

In this case, it is easy to see that all firms widuhve an incentive to price their products
at marginal cost. Deviating from this would cause system’ and themselves to lose all of their
consumers and so would not be worthwhile. In tltisation, it would be worthwhile to tie a

product only if consumers would not want to revetse tie. Hence, there would be no

opportunity for rent extraction when" +A <V* - ¢. and no inefficiency.

In order to better understand how competition isst@ining behavior, lets change
slightly the timing in the model. Suppose that eacimary producer sets its prices (for the
primary product or tie as the case may be). Thdowing from this, consumers purchase the
primary product and, having observed this, eadm fiompetes for sales of complementary
products. The sequential nature of this game avielsanultiple equilibria issue in our original
game but also lays bare the ways in which compatitonstrains behavié?.

Each primary provider would be forced under contjgetito set its prices so as to just

break even. Thus, in the absence of a BY¥,=c,, while P! =c. and P =c. +(V*-V").

29 See Carlton and Waldman (2006) for extensive aisabyf related sequential models.
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The prices for the complementary goods mirror thiasthe monopoly case with = 0. Notice
that in the subgame perfect equilibrium of the safial game, the producer of the
complementary good has market power and can sudoeedrning rents, while the primary
producer cannot. Compared to the monopoly casecdhsumer benefits from the competition
between the primary producers and therefore engamlgbtional surplus. The producers of the
complementary goods exploit the lock-in effect fveit pricing. This exploitation would not
occur if there could be competition among producérthe complementary good initially in up-
front payments to consumers before the consumesselsothe primary product. Because we do
not have that price flexibility in the model, thengplementary producers earn a rent. In the
simultaneous formulation of the model, that typecompetition occurs, in effect, and so the
consumer benefits and no producer earns rents.

Now suppose thaM ties. The break-even price of the tied goodR¥ =c, +c..
Critically, however, that given this, the alternatiprovider is free to price up to the marginal

value of the alternative system; that %, =V*-V" —A so that it appropriates all of the surplus

given the availability of the tied product. Thisiiscontrast to the monopoly case where M could
credibly commit to a higher price for the tied puot and hence, extract more rents from the
alternative supplier in equilibrium. A primary prozer will tie if, in so doing, it can make

consumers better off. This will happen if the josuirplus between the primary producer and a
consumer under tyingy™ +V*-¢, - ¢. —(V* - V' —-A), exceeds that surplus when there is no
tie, V" +V*-¢ - ¢ - (V- V"); as is always the case here witk» 0. Thus, tying is possible
even when primary producers have no market powete Nhat this tying is inefficient as
consumers purchase the tied product and purchadeusa the alternative complementary
product; causing a deadweight loss. But it doeease consumer welfare.

What is illuminating about the sequential formuwdatiis that it reveals that there can

remain an incentive for an inefficient tie even endompetitior?® The reason is that, by tying,

30 |nterestingly, if we had employed a sequentiafrfolation in our monopoly model of Sections 1l diw] then we
would have found no incentive for inefficient tyinghe reason is that, if the monopolist can aa BkStackelberg
leader in pricing its primary product, then it ceapture all of the available surplus by approplyapicing its
primary good. Thus, in this case, inefficient tyingnnot improve profitability. Carlton and Waldm#&2006),
however, show that inefficient tying does arisaidifferent but related sequential setting charamtd by durable
goods, upgrades, and switching costs.
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the primary producer can, as before, alter thangiof the complementary product and transfer
rents away from the complementary producer. Inrttwelel without competition, the transfer
went to the monopolist of the primary product. Buww with competition between primary
producers, the transfer goes to consumers. Congpethhietween primary producers will
guarantee, therefore, that the tie occurs to thefiteof consumers, even though we know the tie
is inefficient since consumers never use the tmdpiementary product. One way to get rid of
the inefficiency in the sequential model is to allthe primary and secondary producer to merge
in which case we get back to the equilibrium in siraultaneous model where there is no tie, no
inefficiency, firms earn no rents, and consumerskbie

What, if anything, do our results imply for antgtypolicy? The social inefficiency that
arises from tying in the model with market powerioithe competitive model with sequential
pricing (where the market power resides in the dempntary producer) has nothing to do with
harming the competitive process in the sense tigati¢ creates additional market power. Unlike
other examples in the literatuterivals are not excluded nor is the firm practicthg tie able to
force the consumer to pay a higher total pricettiersystem. The tie is a clever strategic tool to
transfer rents from the producer of the complenmggteod to either the monopolist when there is
no competition or to consumers when there is coiti@et among primary producers.
Accordingly, we see little grounds to justify intention on antitrust grounds even though we are
aware that there might be a social inefficiencym8omight advocate intervention on social
engineering grounds to eliminate the inefficienay that course of action is fraught with the
usual difficulties of figuring out when to interverand interfering with the functioning of
markets.

Although the results of our model do not providebasis for aggressive antitrust
intervention, there is an important antitrust pplprescription that emerges regarding mergers
and contracting between rival producers. Consitter,example, merger policy. In our basic
model a firm sometimes ties an inferior complemgntaoduct that consumers do not use in
order to improve the outcome in the ex-post pricgagne between the monopolist and the
alternative producer. This lowers welfare becaddbeproduction costs associated with the tied

and the unused complementary product (in the asadysSection V welfare also falls because of

31 See Carlton and Waldman (2005) for a survey o snedels.
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distortions concerning the monopolist's R&D chojcelowing a merger between the firms in
this setting may raise welfare by avoiding theseeaessary and inefficient production co3ts.
Similar considerations arise in evaluating consdstween the firms that allow the monopolist,
for example, to tie the alternative producer’s siggecomplementary good to its monopolized
good. The same insights hold true when there ispedition between primary producers. In such
a case, allowing mergers or contracts between pyipraducers and the supplier of the superior

complementary good may be welfare enhancing wigtcttinsumers reaping the benefit.

VIl. CONCLUSION

Most previous analyses of tying have focused oitieffcy, price discrimination, and
exclusionary rationales for the practice in theteaghof irreversible ties. In this paper, we focus
on the empirically important case of reversible td develop a new rationale for the practice in
which a monopolist ties a complementary good ireotd alter the outcome of the subsequent
pricing game between itself and the rival produfathe complementary good. Interestingly, we
find that this motivation for tying arises only artying by the monopolist is efficient in the
absence of the rival producer. But, in the presaidhe rival, this type of tying is frequently
inefficient because, for example, consumers douset the monopolist's complementary good
even after they have purchased the monopolisté pioduct. Clearly, in such a case the
monopolist’'s expenditures on developing and prauydhe complementary good represent a
deadweight loss to society.

We believe this new explanation for tying has wiaeplicability. There are many
instances in which a firm ties a complementary gad@n rivals sell superior complementary
products with the result that few consumers windugpg the monopolist’s tied good. For
example, we believe this a good description of bBoft’'s behavior in its tying of various
complementary products such as instant messagingjemrand photo editing, and security
programs. Note that, although our analysis indgé#tat tying in many of these instances may be
socially inefficient, we explain why our results dot provide a basis for antitrust intervention.

Indeed, the implication of our results is that tnst policy should, under some circumstances,

32 subject, of course, to potential strategic issbasmay arise if\ could itself engage in R&D expenditures.
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look kindly on certain types of vertical contracfimnd mergers because they may improve

welfare.
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APPENDIX

A. Proof or Proposition 1

Suppose first thaM ties. There are three subcases. First, suppose/thaV" <c..

Then, after the monopolist ties, the incrementalu&zaassociated withA’'s superior
complementary product is less than the productmst, soA does not sell any complementary

units. HenceM chargesv" for its tied product andz, =V, —c, - ¢.. Second, suppose that
VA-V" > . Given our surplus sharing rule, then after thegydecisionM sells its tied
product atvV" + A(V*-V" - ¢.). Hence, in this subcasg, =V" + A(V*-V" -¢)-¢ - ¢.
Third, suppose thav”-V" =¢. Then both of the above two possibilities are ptiad
subgame equilibria, wherg, =V" —¢, — ¢. in each subgame equilibrium.

Now supposéM sells individual products instead. The surplugisigaassumption yields
that M sells primary units avV" + A(V*-V")- ¢, while A sells complementary units at
L-N)V"*-V")+c.. This yields iz, =V" + A(V*-V") - ¢ - ¢. Comparing this expression

with the three profit expressions whéh ties yields thatM always prefers to sell individual
products.

B. Proof of Proposition 3

In setting its pricesM can price high (to include all consumers) or ldavificlude those
consumers who value its complementary product).féhewing table depicts the pricing (where
there are two prices in a cell the first is thehhane and the second is the low one) and profit
outcomes wheiM offers no tie, only a tie or both types of produdh the table, we put in the
high and low price options and their resulting geofWhen both products are offered, only one
price is optimal for each.

No tie Tie only Both

Py na VA+A VA+A

VA= g —(L-A)(VA- ¢ - VW -2)

P VA na VA-g —@-A)(VA-Vv")

VA-g -(L-A) (V-

pC 0 na c. —A(VA-VvM)
e —A(VA - VMY
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pPe e+ L= )VA - VM) C+1-NVA-¢ - V" -4) C+(@-)(V*-Vv")
T, @-nVv*-¢-6), A-mv*+8-6-¢), A-m*+a-6 - ¢)
max VA-c, - -(@-A)(VA- V") maxqV* - ¢, - 2¢ +nVi-¢ - ¢ -L-)(V*-W))
~1-A)V* -6 -V" -1) =V -G - +(1-na
-n(A-A) VA -VM)

First, it is easy to see that offering both produstmore profitable foM than offering no tied
product at all; regardless of the valuenofSecond, when there is a lowit is easy to see that
offering both product types is more profitable thast a tie. However, whem gets large — i.e.,

n> M&E\/A;:,\QM_\);;)(:%) — having a tied product only is more profitablarttoffering both.

C. Proof of Proposition 4

The conditions (i), (ii), and (iii) of Propositioh follow immediately from Proposition 2. So we
only need to show th& > 0. Consider first parameterizations characterizg (1- 1)A" > Ac, .

From Tables 1 and 2, we have that monopoly prafitals given by:
PRV +4% - ¢ - ¢ +A(V' - ¢— W -a"))

L L (1)
+(1-p(R)(V +A" - g = ¢ +A(V' - ¢— V' -AY)).

Taking the first-order condition with respectRgields:
p(RA-A)@A" -A")=1. (2)

Givenp/(0) =, p” < 0, andA™ > A", (2) yieldsR > 0. A similar derivation yield® > 0 when
1- DA < Ac,.
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