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Abstract

The present paper is concerned with welfare analysis of the equilibrium outcome from
tying a system platform to an application in the market for PC software systems. The issue has
gained popularity in the last decade around the anti-trust cases against Microsoft. What is new
in the present paper is that the market for PC software systems is assumed to be vertically
differentiated. That is, there are well-defined leaders in quality whose brands dominate the
market. First, the paper aims to show that the tying arrangement of Microsoft does not need to
be driven by market-power-leverage incentives. In fact, the solution of the model shows that at
the subgame-perfect equilibrium Microsoft would not impose tying and its good will be
foreclosed in favor of a lower-quality one. So, the tying decision of Microsoft must rather be
driven by market-share-saving incentives due to positive network effect on its good’s quality.
Second, the objective of the paper is to measure the effect of Microsoft’s possible tying
strategies on social welfare in vertically-differentiated market setting. The results show that
the non-tying subgame equilibrium could be Pareto-dominated by two tying subgame
equilibria. Particularly, tying-to-application subgame equilibrium will be socially optimal if a
competitive system-platform supplier enters the market. If there is no entry the tying-to-
platform subgame equilibrium outcome will be Pareto optimal instead.
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. Introduction

There is a continuous debate among economists whether really merging two firms
producing different components of a final good is always motivated by innocent incentives.

The debate gained popularity in the last decade around the anti-trust cases against
Microsoft on allegations that Microsoft abused monopoly power by tying its operating system
with other software applications. With few exceptions all the models of system-good markets
used both by the opponents and the proponents of Mocrosoft in the debate assume a standard
Chamberlinian market structure where goods are horizontally differentiated. However, there
are authors (Etro (2006b)) who recognize a clear pattern of quality leadership in the market for
PC software systems which implies that the system goods sold on these markets are rather
vertically differentiated”.

The present paper steps on the assumption that PC software systems are vertically
differentiated in which case, tying behavior of Microsoft could be motivated by own-sales-
saving rather than predatory (entry-deterrence) incentives. However, this possibility itself is
not sufficient to claim that product tying would be a socially desirable practice under the
assumed market conditions. Even when the existing level of market competition is not
threatened, product tying could still hurt the society. The main objective of the paper is to
clarify that issue by measuring the welfare effect of product tying in the case when it could be
considered as a defensive strategy by the multi-product firm.

To the extent to which the setup of the model used in the paper is chosen to correspond
closely to the structure of the market for PC software systems in the late 1990s, the
implications of the paper are meant also to contribute to the economic debate on the anti-trust
cases against Microsoft. Therefore, in the remainder of the introductory section, a description
will be provided of the antitrust cases against Microsoft, existing literature on the problem,
research objectives and suggested methodology for their fulfilment.

In 1998 the U.S. Department of Justice starts a trial against Microsoft on allegations
that Microsoft abused monopoly power on Intel-based personal computers in its handling of
operating system sales and web browser sales (DOJ Complaint 98-12320). In 2000, the

! For the difference between horizontal and vertical differentiation see (Shaked and Sutton, 1983, p. 1469).



findings of fact are issued in favor of the plaintiffs on almost all points including use of
monopoly power to exclude rivals and harm competitors. The adopted legal remedies include
splitting Microsoft into two companies, and imposing severe business conduct restrictions.
Microsoft appealed and in 2011 the case is settled with agreement which does not prevent
Microsoft from tying its operating system with other software applications.

However, independently from U.S. authorities, in 1998 the European Commission
starts an investigation on how Microsoft streaming media application is integrated into its
operating system. In 2003 Microsoft is ordered to disclose part of the code of its operating
system as well as to offer a version of it without media player. In 2004 after a year of
nonfeasance of the order, Microsoft is penalized to pay the largest fine ever handed out by the
EU at the time (Commission Decision of 24.03.2004 relating to a proceeding under Article 82
of the EC Treaty (Case COMP/C-3/37.792 Microsoft)). As a result, in 2009 Microsoft
executes the order of the European Commission and provides the latest version of its operating
system with an option to choose with which media player to be installed.

The anti-trust cases against Microsoft have raised serious debate among economists.
There are different arguments for and against Microsoft’s tying arrangement but consensus is
missing between the two sides in the dispute.

The proponents of Microsoft use three arguments why tying its operating system to an
application would have a positive impact on the social welfare. First, Davis, MacCrisken and
Murphy (1999) claim that the expansion of the system software functionality to include
additional features of standalone applications is inevitable result of the evolution of the PC
operating systems. So, the tying of Microsoft’s products must be considered as a technological
tying which increases the value of the operating system for the end user and thus increases the
consumer surplus. Second, Economides (2000) shows that operating system is a network good
I.e. its value for the end consumers increases in their number. Therefore, it is beneficial for the
end users if they are served by a product with larger market share. Third, Etro (2006b) applies
the theory of aggressive market leaders suggesting that Microsoft stays on top of the market
because as a market leader it has the greatest incentives to innovate and keep its leadership
position. Hence, it acts more competitively and thus serves society better as a monopolist than

if there were not a dominant player in the market.



The opponents of Microsoft rather rely on the classical definition of tying as a market
foreclosure practice. Carlton and Waldman (1998) state that by tying its operating system to
different software applications Microsoft could leverage its market power at the operation
system market to the respective market for standalone software applications. This would have
a negative effect on social welfare if in this adjacent market Microsoft is a follower rather than
a leader. Fudenberg and Tirole (2000) apply an overlapping generation model to show that
even with network externalities there could be a negative social welfare effect of market
foreclosure when the new users are relatively more than old ones. That is, the welfare loss by
the presence of monopoly might not be fully compensated by the network externalities of
expanding the pool of consumers served by the monopolist.

Neither the proponents, nor the opponents of Microsoft, however, have so far studied
the possibility that Microsoft might have decided to tie its operating system with its software
applications as a response to an entry in the monopoly market for personal-computer operating
systems.

Although not in the context of the antitrust cases against Microsoft, the potential
existence of such an incentive for tying is suggested by Kovac (2007). He shows that when
multi-product goods are assumed to be vertically differentiated, market foreclosure incentive
to bundle changes. The multi-product firm might be interested to apply tying not because in
this way it would become a monopolist on both integrated markets. Rather it would tie its
product as a response to a foreclosure threat from a potential lower quality entrant.

What makes the conjecture of Kovac (2007) interesting for reconsideration in the
context of the anti-trust cases against Microsoft is that it seems consistent with the market
facts at the time when Microsoft has taken the decision to tie its products. With the
development of Internet in the beginning of 1990s, a commercial version of UNIX, the
dominant brand in the server operating system market, enters the personal-computer system
software market under the brand Linux. This allows consumers to use both Microsoft’s
browsing application Internet Explorer and its single competitor Netscape Navigator not only
on Microsoft’s operation system Windows but also on Linux. The resulting market situation of

3 potential entrants (Microsoft, Linux, Netscape), 2 types of components (operation system



and browser), and 4 possible goods (WindowsNetscape, WindowsExplorer, LinuxNetscape,
LinuxExplorer) matches exactly the market setting suggested by Kovac (2007).

Particularly, the conjecture made by Kovac (2007) when applied to the system-
software market of 1990s implies that if Microsoft’s browsing application Internet Explorer
were not tied to its operating system Windows, consumers would not be willing to buy
Internet Explorer based on Windows. They would either use it on Linux or purchase Netscape
Navigator based on Windows instead. So, Microsoft would have no option to save the sales of
WindowsExplorer other than tying the browser to the operating system. Tying itself would
result in foreclosure of the sales of Linux which would benefit the both quality leaders,
Microsoft and Netscape.

There are two inconsistencies between the described market environment and the
original model of Kovac (2007) which make it inappropriate for direct application to the
Microsoft’s case.

The first inconsistency is an assumption in Kovac’s (2007) model that does not
conform completely to the standard definition of a system good. If not bundled the multi-
product firm’s products are assumed to be sold in separate markets. As a result the assumed
initial market conditions for exactly two goods to cover the market correspond to a single-
product market and differ from the ones that would be valid for a pure system-good market.

In order to improve the general validity of the main implications of Kovac (2007),
Burlakov (2011b) applies an alternative model of a vertically differentiated market. The model
is originally developed by Burlakov (2011a) to fit better the standard definition of a system
good. In Burlakov’s (2011a) setup the different types of components of the system goods are
assumed to be sold together no matter whether tying arrangement is imposed or not.
Respectively, by solving the new model Burlakov (2011b) shows that the non-bundling
subgame equilibrium outcome described by Kovac (2007) could still hold in a pure system-
good market but at a narrower spread of consumer tastes. This difference is important because
it makes the non-bundling strategy but not the tying one an optimal choice for the multi-
product firm. Moreover, in order the multi-product firm’s good to be effectively excluded in

the non-tying equilibrium, an additional condition needs to be introduced. Namely, the quality



of the multi-product firm’s good must be relatively closer to the quality of the best good than
to the one of the worst good available in the market.

In the present paper, the equilibrium prices and profits are derived based on the
application of the model of Burlakov (2011b).

The second inconsistency between Microsoft’s case and Kovac (2007) is that the tying
strategy suggested as an effective market-foreclosure device does not correspond to the one
imposed by Microsoft. Kovac (2007) considers a classical tying strategy where the sales of the
product which is competitively supplied by the multi-product firm are tied to the sales of the
product which the multi-product firm supplies as a monopolist. Microsoft, however, sells its
leading-quality system platform with embedded lower-quality software applications. That is, it
ties the sales of the monopoly product to the competitive one. As it will be demonstrated latter
in the paper, both tying strategies could be considered as motivated by own-sales-saving rather
than by market-power leverage incentive. Under the specified initial conditions their
application leads to effective foreclosure of competitor’s sales, though.

The present paper aims to apply a modified version of the model of Burlakov (2011b)
which is designed to fit closely the structure of the system-software market in the late 1990s.
Based on the equilibrium solution of the model, the social welfare will be measured in case of
tying? and non-tying. The comparison of the two measures allows checking whether society
would have gained if Microsoft had abstained from tying and let instead its browser be sold
separately from its system platform. It also allows for policy implications to be derived how
adequate to the considered market situation are the measures taken by the U.S. and the EU.

The paper is organized as follows. In Section 2 the modified version of the Burlakov’s (2011b)
model is presented in the context of the system-software market in which Microsoft imposed tying

arrangement during the late 1990s. Section 3 presents the solution of the model and specifies the

2 In the case of Microsoft, the system platform is tied to the internet browser but not the other way around as
suggested by Kovac (2007). However, as it is shown in the present paper the implications of Kova¢ (2007) still
hold with the actual tying strategy of Microsoft if consumers are allowed to install the Netscape’s browser
together with Microsoft’s one on the Windows system platform. In fact, in reality they could never be prevented
to do so. Therefore, taking that into account in the current analysis not only does not restrict the validity of its
results but makes them even more consistent with the real-world case being analyzed.



equilibrium outcomes with and without tying arrangement, respectively. The welfare analysis is given

in Section 4. Section 5 concludes.



I1. The Model

2.1. Consumer Side

As it is standard for the models of product differentiation, here it is assumed that
consumers make indivisible and mutually exclusive purchases® in a sense that they either buy
a unit of a good or do not buy at all. Another standard assumption for the models of vertical

product differentiation is that consumers are characterized by their taste parameter for
quality & which is assumed to be uniformly distributed on the interval [6,6].

The utility function measures the individual surplus of consumer & from purchasing

given good k and takes the following form:

U, =S -0-p, 1)
where:
s, — quality of system good k
p, — price of system good k

The bounds of the market shares of the goods are marked by the taste parameters of the
so-called “marginal consumers”. Each marginal consumer 6,,,. is indifferent between given
distinct pair of available qualities, k and k'. If feasible(@k,k, e(Q,é)), the value of the

marginal taste parameter divides the market into two groups of consumers. The group of

* In the context of the software-system market, by purchasing a good, here it is meant paying the license fees for
the operating system and the application software which the consumer runs on it. Since software license fees are
paid per workplace and a PC user is not expected to use the same application on two computers simultaneously,
her utility is defined on a unit purchase. Respectively, since the ordinary software applications (excl. client-server
systems) are not meant to be used simultaneously by two users on the same computer, the purchase is considered
exclusive.



consumers characterized by taste parameter that is lower than 6, ,,. who strictly prefer good k'
and the group of consumers with taste higher than 6,,,. who strictly prefer good k. Let the

goods be ranked in decreasing order of their quality. Then, the demand share of any good k
would be bounded from below by the marginal taste parameter 6, ,,, which separates its
consumers from the consumers of its neighbor by rank k-1. Respectively, the marginal taste

parameter 6, ,,., bounds the demand share of good k from below.

The expression for the marginal consumer’s taste parameter could be directly derived

from (1) and looks as follows:

0, = P — Py _ P — Py @)

U, — Uy dk/k'
where:
k,k' — the indices of a pair of goods available in the market which yield the same magnitude

of utility to a consumer with taste parameter 6, ,,.; k <k’

d,,. — the difference in qualities between goods k and k'

2.2. Producer Side

Here, the market structure of the software-system market will be parameterized
according to how it looked in 1990s.

There is only one multi-product firm producing both system and application software.
That is Microsoft. For simplicity, here the attention will be restricted only on one software
application. Namely, the application for internet browsing. So, each system good on the

market consists of two elements — system platform and internet browser. The system platform



produced by Microsoft is called Windows while its internet browser is called Internet
Explorer. Here, the former is denoted by WIN while the latter - by IE.

The rest are single-product firms. For example Linux supplies only a system platform
with the same name, while Netscape produces an internet browser called Netscape Navigator.
In the paper, the abbreviated notation for the former is LIN while the latter is denoted by NET.

In 1990s Microsoft has almost the whole market for PC system platforms. In
conformity with the assumption that system software market is vertically differentiated, its
platform quality is considered to be the highest in the market. Analogously, the best browser
application is considered to be the one of Netscape. The system platform of Linux and the
Microsoft’s browser (IE) are respectively second-best in their category. There are no other
firms producing these two types of software products in 1990s. Therefore, in the next section
such market conditions are chosen at which the rest of the firms would not find it optimal to
enter the market in equilibrium. Respectively, they are labeled not by name but by numerical
index decreasing in their quality. Without loss of generality, it is assumed that the number of
firms supplying a system platform (denoted by m) is at most equal to the number of firms
supplying an internet browser (denoted by n), i.e. m<n.

Since the quality of a PC system platform is more significant for the quality of its
combination with a given browsing application, it is assumed that system combinations’

qualities follow a lexicographic order as shown in table 1 below:
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Platform A Browser B System Combination
firmi firm j k=[ij]
Az (WIN) B; (NET) [11]
Az (WIN) B, (IE) [12]
A; (WIN) Bs [13]
A; (WIN) B, [1n]
A; (LIN) B; (NET) [21]
A, (LIN) B, (IE) [22]
An B, [mn]
Total number: m n (m-n)

Table 1: System combinations ranked in decreasing order of quality, the best quality has the lowest rank

The profit functions of firms Ai, Bj and M (for Microsoft) take the following forms:

n

Iy =Py Z(D[ij](pm' ij))' fori=2,.,m* (3)
=
My = pg . (Dyyy (P Pey)) for j=13,..,n “)

i=1

pAlZ(D[lj](pAl’ ij))+ pBZZ(D[iZ](pAi’ psz))+ Pw Dy (Pw ), if tyingis imposed
HM — j#2 ) i=2 . (5)
pAlZ(D[lj](pAl’ ij))+ pszz(D[iz](pAw psz))1 otherwise
-1 i—2

where:

p, - the price of platform A;

pg - the price of browser B;

* For simplicity, it is assumed that all firms have zero production cost.
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p, - the price of the multi-product good given that tying is imposed

D; - the market share of good AiBj

2.3. Equilibrium Concept

The market competition is modeled according to a three-stage non-cooperative game
of complete but imperfect information. First, firms make simultaneously an entry decision, to
enter the market or not. Second, the multi-product firm (Microsoft) observes who is in the
market and decides which tying strategy to apply — to tie the sales of B2 (IE) to A1 (WIN), to
embed B2 (IE) into A1 (WIN) or not to tie. In the last stage the firms in the market compete in
prices. The optimal solution of the model is derived based on the perfect equilibrium concept

of Selten (1975).

To hold in equilibrium each price p,;, 5 must solve the following profit maximization

problem:

max IT g (p:uv---’ P pgj/Ai’ Paiar Pams Pagseens p;j—l’ p;j+1""’ p;n) (6)

Pai/gj=0

If driven by rent-seeking incentives, the multi-product firm would choose its tying
strategy dependent on which of the three respective price-subgame equilibria brings it the

highest payoff.

Respectively, if the product of firm Ai/Bj has a positive profit at its equilibrium price
given the tying choice in the second stage, this would imply that for firm Ai/Bj the optimal

(first-stage equilibrium) choice is to enter the market in the first stage. Otherwise, the firm
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cannot be better-off of entering the market, so its first-stage equilibrium choice will be not to
enter the market.

The perfect equilibrium outcome will be given by the set of the firms’ entry and price
strategies together with the multi-product firm’s tying strategy which constitute equilibrium in

each of the three stages of the game given the initial values of the goods’ quality differences

(d, . :k <k'e[[11],[mn]]) and the bounds (¢ and @) of the consumer taste distribution.
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I11.  Equilibrium Analysis

In this section the model is solved to show that such initial market conditions could
exist at which there is a credible threat for foreclosure of the Microsoft’s system combination
in the pricing equilibrium of the non-tying subgame. Respectively, at the same conditions it
would be demonstrated that the market could be still sufficiently narrow for the sales of Linux
to be foreclosed in the pricing equilibrium of two alterative tying subgames. At that setting
imposing a tying arrangement in equilibrium might be interpreted not only as a predatory-
pricing strategy aiming market foreclosure from the point of view of Linux but also as a
preventive strategy against market foreclosure from the point of view of Microsoft. The latter
hypothesis is studied in more details in the end of the section. It is demonstrated that given
positive (network) effect of market share of system goods on their qualities, the tying-to-
browser strategy chosen by Microsoft would be optimal in the subgame perfect equilibrium
solution of the model. Otherwise, the non-tying strategy would strictly dominate the two
possible tying strategies and Microsoft would not have a profit-maximizing incentive to

impose tying-to-browser arrangement.
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3.1. Price Equilibrium

3.1.1. Non-tying Subgame

In this subsection will be established the non-tying (NoT) subgame equilibrium in
prices.

Beforehand, however, the initial market condition needs to be specified for exactly the
two best suppliers of each product category (i.e. Microsoft, Netscape and Linux) to have

positive market shares in the equilibrium. This condition is presented by lemma 1 below.
Lemma 1. Let gQ <0 <20. Then, of any m products of type A and any n products of

type B, exactly two of each type will have positive market shares in equilibrium.

Proof: see Appendix A.

Next market condition is necessary to ensure foreclosure of the sales of the Microsoft’s
good A1B2 (WINIE). It is presented by lemma 2 below.

Lemma 2. Let d,y 5 = gd[m/[za' Then of all the four possible system combinations

of the products supplied by Microsoft, Linux and Netscape only A1B1 (WINNET) and A2B2
(LINIE) will have positive market shares in equilibrium.

Proof: see Appendix B.

The basic intuition behind lemma 2 is that if the multi-product firm’s good is not

sufficiently differentiated from its neighbors by quality in table 1, profit maximization requires
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from the multi-product firm to set prices which are higher than the ones at which its good will
have positive demand?®.

Based on lemma 1 and lemma 2 the third-stage price-equilibrium of the non-tying
subgame is established in the following proposition:

Proposition 1. Given the conditions of lemma 1 and lemma 2:

(i) there exists a price set
. o 20-06 o (260-36 . .
{p;‘lT = Pgy = ﬁT_)d[ll]/[ZZ]’ Pro = ﬁT_)d[n]/[zz]’ Pas = 0} which  forms a Nash

equilibrium in prices of the non-tying subgame. Proof: see Appendix A.

(i) the equilibrium outcome implies positive market shares only for two goods, A1B1 and
A2B2. So, only the four firms Al, A2, B1 and B2 whose products take part in these goods will
have positive market shares. The rest (m-n-2) goods (incl. the multi-product firm’s good
A1B2) will have zero sales. Proof: Direct implication of lemma 1 and lemma 2.

There is an important implication of the non-tying subgame equilibrium outcome at the
initial conditions established in lemma 1 and lemma 2. Namely, the system A1B2 consisting
of the two products supplied by Microsoft would not have a positive demand unless Microsoft
has chosen to impose a tying arrangement in the second stage. The browsing application
B2 (IE) would have positive sales only in combination with the competitive system platform

A2 (LIN). Furthermore, it would be sold at a cost in equilibrium.

% For more details on the economic mechanism in which the sales of a middle-quality good could be foreclosed in
favor of its lower-quality neighbor, see Burlakov (2011a).
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3.1.2. Tying-to-platform Subgame

Here, the pricing subgame will be derived that would follow if Microsoft has chosen to
set a classical tying strategy (TieA) at the second stage — selling the browser B2 (IE) only
conditional on the purchase of the platform Al (WIN). From technical point of view, it is a
repetition of the solution for the price equilibrium of the tying subgame as presented in
Burlakov (2011b). The result is given in proposition 2.

Proposition 2. Given the conditions of lemma 1 and lemma 2:

TieA _ | TieA

(1) there exists a price set {pAl = Pg; :gd[n],[lz], Py :0} which forms a

Nash equilibrium in prices of the classical tying subgame. Proof: see Appendix C.

(i) the equilibrium outcome implies positive market shares only for two goods,
Al1B1 and A1B2. So, only the two firms M and B1 whose products take part in these goods
will have positive market shares. The rest (m-n-2) goods (incl. all the goods based on A2) will
have zero sales. Proof: Provided that the multi-product firm’s good A1B2 is priced at a cost
according to the price equilibrium derived in (i), no lower-quality good with the same cost
could have a positive demand.

The economic intuition behind the equilibrium outcome described in proposition 2 is
that by tying its browser to the platform, Microsoft is able to price-discriminate. It could
charge its good an independent wholesale price which is small enough (pn=0) for lower-taste
consumers to prefer it to the worse-quality goods. At the same time, this does not prevent

Microsoft from pricing its platform higher when it is sold in combination with the better
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browser of Netscape. So, Microsoft does not need to sacrifice the sales of its good in order to

acquire a positive rent from the higher-taste consumers.
3.1.3. Microsoft Tying-to-browser Subgame

The third pricing subgame corresponds to the choice of tying strategy (TieB) which is
actually made by Microsoft. Namely, embedding the browser B2 (IE) into the platform Al
(WIN) and selling the latter only conditional on the purchase of the former. In order the
outcome of this tying arrangement to be relevant to the real market competition being
analyzed, however, an additional assumption should be made. In reality, embedding the
browser into the platform of Microsoft does not prevent consumers from installing additional
browser together with it. Therefore, here it is assumed, that the supplier of the competitive
browser A1 (NET) could still sell it in system combination with the multi-product firm’s good
Al1B2. To simplify the notation, the resulting system good A1B2B1 is labeled by W. In
addition, at this point, it is also relevant to assume that the embodiment of the browser of

Microsoft to the best good does not change its quality (s,, = 511)6.

Distinct from the previous two subgames, here the price equilibrium changes
dependent on the entry decision of the competitive system-platform supplier(s) (e.g. Linux).
Propositions 3 and 4 below define the price-subgame equilibrium with and without entry,
respectively. The label of the tying-to-browser subgame without entry is marked by asterisk to

distinguish it from the label of the subgame with entry.

® One might argue that the better-quality good in the non-tying subgame increases its quality due to the
embodiment of the Microsoft’s browser to it in the tying-to-browser subgame. However, the counter-argument
could be used that if this is really the case, nothing prevents consumers from installing Microsoft’s browser to the
best system which would bring the same additional quality to the better-quality good in the non-tying subgame.
So, the two qualities would be equal again.
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Proposition 3. Given the conditions of lemma 1 and lemma 2 and market entry of at

least one more system-platform supplier except Microsoft in the first stage:

TieB TieB

(i) there exists a price set {pBl =P =

N ID

d[W],[m]} which forms a Nash equilibrium in

prices of the tying-to-browser subgame. Proof: see Appendix D.
(i) the equilibrium outcome implies positive market shares only for the Microsoft’s good
Al1B2 (WINIE) and the best browser B1 (NET) which are sold together in one system
combination. So, only the two firms Microsoft and Netscape whose products take part in this
combination will have positive market shares. The rest (m-n-1) feasible goods (incl. all the
goods based on A2) will have zero sales. Proof: see Appendix D.

The economic intuition behind this subgame-equilibrium outcome is that by tying its
platform to the browser, Microsoft is able to sell its good as a part of the highest-quality
system combination in the market. So, it is not forced to sell it at a cost anymore.
Respectively, the supplier of the competitive browser (Netscape) gets better-off from selling at
a price which forecloses the independent sales of Microsoft’s system combination. As a result
the highest quality combination with two browsers forecloses the sales of all the lower quality
goods including the ones based on competitive platform(s).

Proposition 4. Given the conditions of lemma 1 and lemma 2 and no market entry of

other system-platform supplier than Microsoft in the first stage:

(i) there exists a price set {pgileB* =p = gd[w],[o]} which forms a Nash equilibrium in

prices of the tying-to-browser subgame. Proof: see Appendix D.
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(i)  the market will be undercovered in the specified subgame equilibrium. Proof: see
Appendix D.

The market width established with lemma 1 allows for exactly two goods to have
positive market share in equilibrium. Given no entry and tying-to-browser strategy chosen by
Microsoft, the two firms in the market still offer only the system combination of their products
but do not need to serve the whole market in order to maximize their profits. As a result the
market would remain undercovered in the tying-to-browser subgame without entry.

3.2. Tying strategies

The optimal choice of a tying strategy in the second stage would depend on the
comparison of the payoffs of the multi-product firm at the equilibrium prices of the three tying
subgames. In real, Microsoft chooses the tying-to-browser strategy. The payoff of it, however,
could exceed the payoffs in the non-tying and classical tying subgames only if the competitive
system-platform supplier(s) decides not to enter in the first stage. The condition for that is

given by lemma 3.
Lemma 3. Let dy o] >%d[11],[22] and there is no entry of a competitive system-

platform supplier at the first stage. Then, Microsoft would find it optimal to choose the tying-
to-browser strategy. Given entry, however, the non-tying strategy would make Microsoft be
strictly better-off.

Proof: see Appendix E.

The economic intuition behind the condition of lemma 3 follows from the positive
relationship between quality differences and prices. Microsoft’s equilibrium payoff will be

highest in the subgame equilibrium in which the quality differential between its good and the
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other good in the market is the biggest. The larger quality differentiation implies higher prices
of these goods and better profits for their suppliers. So, when lemma 1, lemma 2 and lemma 3
hold, the tying choice of Microsoft is also its profit-maximizing strategy but only given no

entry. Because of the assumption that s, =s,;, when Linux decides to enter at the first stage,
this decreases the differential between the qualities in the market (dy,,,, <d;50, <0y o)

Respectively, the tying-to-browser strategy yields lower payoff to Microsoft than in the non-
tying subgame equilibrium’. Hence, in the context of the current setup of the model any
eventual threat of Microsoft to impose tying as a response to entry by Linux seems non-

credible.
3.3. Entry strategies

After the equilibrium pricing and tying strategies in the third and second stage are
defined, the last step of the solution analysis is to specify the optimal entry strategies of the
firms in the first stage. Only the firms that supply product whose sales would not be foreclosed
under the conditions of lemma 1, lemma 2 and lemma 3 will find it optimal to enter the market
in equilibrium. The rest would be better-off of not entering as stated in proposition 5 below.

Proposition 5. Assume any infinitesimally small entry cost £ — 0 and any number of
m-1 potential entrants supplying a system platform A and n-1 potential entrants supplying an
internet browser B plus a multi-product entrant (Microsoft) supplying the best system-

platform Al (WIN) and the second-best browser B2 (IE). Given that consumer heterogeneity

" Similarly, the tying-to-platform strategy is also strictly dominated by the non-tying one (H:‘,lOT > HT,Vi,EA). The
comparison between the payoffs of the two is presented in Appendix E.

21



and quality differentiation of goods satisfy the conditions of lemma 1 and lemma 2,
respectively:

(i) there exists a subgame perfect equilibrium in which the multi-product firm
(Microsoft), and the firms supplying the second-best product of type A (Linux) and the best

product of type B (Netscape) enter. The multi-product firm would choose not to tie its

products. The equilibrium price set is
{p'}l‘” = pa’ =£2€T_Q)d[n],[22], Py = 26:3Q dyygaz) Pes =0}. Proof: Direct result of

proposition 1 and lemma 3.

(if) no perfect subgame equilibrium exists in which more than one other supplier of
system platform A than the multiproduct firm and/or more of two suppliers of internet browser
B (including Microsoft) enter the market.

Proof. According to proposition 1 when the tying-to-browser strategy is chosen only
three firms, Microsoft, Netscape and Linux, would have positive revenues to cover the entry
cost and to have positive net payoff of entry. The entry payoff of all the rest would be - &
while they earn zero of no entry. So, entry cannot be an equilibrium strategy for the other
suppliers of system platforms A and internet browsers B. This establishes the proof of (ii).

According to the equilibrium solution specified in proposition 5 the tying-to-browser
arrangement chosen by Microsoft would be strictly dominated by the non-tying strategy at

which the sales of the Microsoft’s good are foreclosed in equilibrium. Hence, the tying
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arrangement chosen by Microsoft cannot be motivated by maximization of its sales revenue®.
However, this does not imply automatically that tying arrangement was imposed as a tool for
market foreclosure. Given that tying-to-browser arrangement could save the sales of the multi-
product firm’s good at the market setting of the present model, it could be argued that
Microsoft’s tying decision was rather driven by incentives to save the sales of its system good.

The argument that market share might be more relevant objective than sales revenue is
supported also by the recent development of the system-software market. Nowadays, except
by profit-maximizing firms like Microsoft the PC users are served also by several non-profit
organizations who supply open-source freeware products. A possible explanation for this
market trend is the presence of network externalities which make quality of a good to increase
in the number of its users. Next subsection shows how the assumption of network externality
effect on the quality of the good of Microsoft could turn its tying-to-browser strategy into
dominant one in the subgame perfect equilibrium.

3.4. Equilibrium solution with network externalities

Here, it is assumed that the quality of good’s components in the system-software
market is positively related to the number of consumers who use it. As a result, when the sales
of the Microsoft’s good are foreclosed in the non-tying subgame, the quality of the best system
combination A1B1 based on Microsoft platform is lower than in the tying-to-platform

(s, <s,.)° and tying-to-browser subgames (s, <s, ) where the Microsoft’s good is not

foreclosed. Furthermore, the quality of the goods based on Linux system platform (A2B1 and

® The same conclusion would hold if Microsoft has chosen to impose a classical tying-to-platform arrangement.
For more detailed discussion on the tying incentives of a multi-product firm in such a market setting, see
Burlakov (2011b).

® From now on, to distinguish the quality of a good in the non-tying subgame from its quality in the tying
subgames where its market share is different, the rank index in the latter case will be marked by asterisk.
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A2B2) would be lower when their sales are foreclosed in the tying-to-platform and tying-to-
browser subgames compared to the non-tying subgame (s,,. <S,,) Where they are not
foreclosed. Hence, the quality differential in the tying-to-browser subgame given market entry

of Linux could exceed the quality differential of the non-tying subgame (d[11]/[22] < d[W],[zzk])

which would yield a higher payoff to Microsoft. The exact condition is stated by lemma 4

below.
Lemma 4. Let dpy a2 >§d[11],[22] due to the network effect on the quality of the

system goods. Then, Microsoft would find it optimal to choose the tying-to-browser strategy
with or without entry of a competitive system-platform supplier.

Proof: see Appendix E.

The condition of lemma 4 implies different subgame perfect equilibrium outcome from
the one suggested by proposition 5. Given network externality effect on the quality of the
system goods, the tying-to-browser strategy would be the profit maximizing choice of
Microsoft. So, it would dominate the non-tying strategy in the subgame perfect equilibrium as
stated in proposition 6.

Proposition 6. Assume any infinitesimally small entry cost & — 0 and any number of
m-1 potential entrants supplying a system platform A and n-1 potential entrants supplying an
internet browser B plus a multi-product entrant (Microsoft) supplying the best system-
platform Al (WIN) and the second-best browser B2 (IE). Given that consumer heterogeneity
and quality differentiation of goods satisfy the conditions of lemma 1, lemma 2 and lemma 4,

respectively:
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(i) there exists a perfect subgame equilibrium in which only the multi-product firm

(Microsoft) and the firm supplying the best product of type B (Netscape) enter, charge their

TieB* TieB*

products prices {pBl = Py =—d[W],[O]}, while the multi-product firm chooses to tie its

w |l

system platform Al (WIN) to the internet browser B2 (IE). So, in the end only the system
combination of the multi-product firm’s good (A1B2) and best browser (B1) has positive sales
and yields positive revenues. Proof: direct result of proposition 4 and lemma 4.

(i) no perfect subgame equilibrium exists in which another supplier of system platform
A than the multiproduct firm and/or more of two suppliers of internet browser B (including
firm M) enter the market. Proof: analogous to the proof of part (ii) of proposition 5.

Proposition 6 fulfills the objective of the section. Namely, the existence of a perfect
subgame equilibrium is proven at which the tying-to-browser arrangement chosen by
Microsoft would be optimal because it could save the sales of the multi-product firm’s good.
However, this still does not imply that the tying strategy chosen by Microsoft is socially
admissible at the established market conditions. Next section aims to measure how this
strategy would affect social welfare relative to the benchmark cases when the classical tying or
non-tying arrangements are imposed instead. The aim is to show that the non-tying subgame
equilibrium outcome does not need to be socially optimal. Furthermore, there are conditions at
which the subgame perfect equilibrium in the setup with network externalities would Pareto-
dominate the subgame equilibrium in the setup without network externalities. That is, the

tying strategy chosen by Microsoft could be socially optimal.
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IV. Social Welfare Evaluation

This section analyzes the social-welfare effect of the tying strategy chosen by
Microsoft in market setting with vertically differentiated system goods. It consists of three
subsections. The first subsection compares the equilibrium social surplus at each of the two
tying arrangements with the social surplus that would be if the multi-product firm did not
impose a tying arrangement. Respectively, the comparison is made for the cases with and
without market entry of a competitive platform supplier as well as for the model setups with
and without network externalities. The second subsection compares the equilibrium social
surpluses between the two alternative tying arrangements — tying to platform versus tying to
browser with and without competitive entry. The third section discusses the policy

implications of the final results.
4.1. Measuring the social welfare effect of product tying

The social welfare analysis starts with measuring the difference between social
surpluses given different tying arrangements versus the case of non-tying in the basic setup
without network externalities. The respective results for the signs of the surplus differences™®

are presented in table 2 below.

TieA vs. NoT TieB vs NoT TieB* vs NoT
dpegpzg = dpgpg dwypy =0
3 diwypg =0 9
5 Apa2e) <Apaing < dpgiee o) > Zd[n]/[m]
PS - - +
CS + + -
SW + + -

Table 2: Model without network externalities: Comparison of equilibrium social surpluses at different tying

arrangements versus the case of non-tying

19 For the explicit measures see Appendix F.
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The left column of table 2 presents a comparison of the social surpluses between the
tying-to-platform subgame and the non-tying subgame. In compliance with proposition 2, at
the conditions of lemma 1 and 2, the price equilibrium of the tying-to-platform subgame
implies foreclosure of the sales of the goods based on the worse-quality platform in favor of
the goods based on the better-quality one. This is related to smaller quality differentiation

(dpgpa <dpgpe). lower average price and higher average quality™ in the market.

Respectively, there is lower producer surplus and higher social welfare in the tying-to-
platform subgame.

The middle column of table 2 presents a comparison of the social surpluses between
the tying-to-browser subgame with entry (of a competitive platform supplier) and the non-
tying subgame. In compliance with proposition 3, at the conditions of lemma 1 and 2, the price
equilibrium of the tying-to-platform subgame implies foreclosure of the sales of the goods
based on the worse-quality platform in favor of the best good with embedded browser from

Microsoft. Given the assumption of the basic model that s, =s,,, this refers to identical
quality differentiation (dp, .5 = dpaypz)) bUt lower average price and larger market share of

the better good, that is higher average quality in the market. Respectively, there is lower
producer surplus and higher social welfare in the tying-to-platform subgame with entry.

The right column of table 2 presents a comparison of the social surpluses between the
tying-to-browser subgame without entry (of a competitive platform supplier) and the non-
tying subgame. In the tying-to-browser subgame without entry, the best quality good with

embedded browser of Microsoft serves the market alone again but this time the ‘foreclosure’

1 For more detailed analysis how vertical quality differentiation and market width affect social welfare and
producer surplus see Burlakov (2011b).
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outcome is set by construction. So, the best good competes only with the outside option which

implies larger quality differentiation (dp, 01 > dpapz)), higher average price and lower

average quality in the (undercovered) market. Respectively, there is higher producer surplus

and lower social welfare in the tying-to-platform subgame without entry.

Table 3 presents the same social comparisons as in table 2 but measured in the setup of

the model with network externalities.

320

320

TieA vs. NoT TieB vs NoT TieB* vs NoT
small* | middle** | big*** 3 small middle big very big
d d d d[W],[M] > Ed[ll]/[zz] q + q ++ q 4+ d
[1r]/fa2] [1r]/fa2+] [1r]/fa2+] [w]s[ra] Wi/ W]/ [w]/faa]
PS -+ + + + + + +
0 — 20
+/-
cs| + + 4 + ] ] H N
0 — 26
+/-
SW + + + + — / + + +
0 — 20
* 3 . kk 171 Cxxx 171 .
g d[11]/[22] < d[ll*]/[lz*] < d[11]/[22]’ d[11]/[22] < d[11*]/[12*] < @ d[ll]/[zz]’ @ d[ll]/[22] < d[ll*]/[lz*] !
¥ 112dp00) ~ 81p 109 5 " 112dy, 07 — 81d 12 , T 368d}11)0) — 4230p4122] 5
0< d[w]/[n] < < d[w]/[n] < 4d[11]/[0] - 4d[11]/[22] 4d[11]/[o] - 4d[11]/[zz] < d[w]/[11] < —

64

Table 3: Model with network externalities: Comparison of equilibrium social surpluses at different tying

arrangements versus the case of non-tying

The main left column presents the difference in social surpluses between the tying-to-

platform subgame and the non-tying subgame. The best quality good A1B1 has larger market

share which implies that the positive network effect on its quality should be stronger.

Therefore, the quality differentiation in the tying-to-platform subgame with network

externalities is at least equal to the one in the setup without network externalities

(d[ll*]/[lz*] > d[ll]/[lz])' So, if larger enough it implies higher average price and producer surplus.
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However, the positive network effect on quality of both goods refers to strictly higher average
quality in the market. Therefore, the plus-signed difference in social welfare between the
tying-to-platform subgame and the non-tying subgame is even higher.

The main middle column of table 3 presents comparison in the social surpluses
between the tying-to-browser subgame with entry and the non-tying subgame. The condition

9

of lemma 4 (d[w]/[zzk] > gd[n]/[zz]

) ensures higher quality differentiation in the tying-to-browser

subgame with entry. This implies strictly higher average price and product surplus. The best
quality good with embedded browser of Microsoft is the only good that serves the whole
market. Therefore, the positive network effect on its quality implies plus-signed difference in
social welfare between the tying-to-browser subgame and the non-tying subgame.

The main right column of table 3 presents comparison in the social surpluses between
the tying-to-browser subgame without entry and the non-tying subgame. The positive network
effect on the quality of the best good with embedded browser of Microsoft implies even higher

differentiation than in the basic setup without network externalities. If the market is narrow

e . . . —42
(0 —>ng and/or the higher quality sw is large enough (d[w]/[n] > 368011 o) = 3d[11]/[22]j’

the latter would compensate for the market share of the consumers who prefer the outside
option. So, the social welfare effect would be higher than in the non-tying subgame in spite of

the undercovered market in the tying-to-browser subgame without entry*.

21t should be kept in mind that the assumption for fixed zero price of the outside option is artificial
simplification which is introduced to allow for partial equilibrium analysis. In reality, it would rather be positive
and interrelated to the prices of the other qualities in the market. So, the claim that consumers would gain from
not purchasing these qualities in the tying subgame cannot be plausible if based only on the current analysis. The
effect of tying-to-browser on social welfare in the undercovered market given no entry should also be quoted
cautiously.
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Table 2 and table 3 provide evidence that the non-tying subgame outcome does not
need to be socially optimal. However, they do not show which tying subgame outcome would
Pareto-dominate the others in such a case. For the purpose, next subsection compares the
social surpluses between the tying subgames.

4.2. Comparison of the social effects of product tying

In this subsection an explicit comparative analysis of the social surpluses between the
tying-to-platform subgame and the tying-to-browser subgame with and without entry will be
provided. For simplicity it is assumed that the network effect on the best quality good varies
insignificantly between the compared tying subgames s, =Ss,,.. So, the presented results are
independent on whether a model setup with or without network externalities is applied for

their derivation. The respective signs of the surplus differences™ are presented in table 4

below.

3 For the explicit measures see Appendix F.
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TieB vs TieA TieB* vs TieA TieB* vs TieB
diwpieg > Az dwifo) > izl w0y < %d[\fv]/[ﬂ] diwysfo) > %d[wmzl]
+/- +
PS ¥ * 0—20
CS i i i i
SW ¥ : : :

Table 4: Comparison of equilibrium social surpluses in the tying-to-platform subgame (TieA) and the tying-to-

browser subgame with entry (TieB) and without entry (TieB*)

The difference in social surpluses between the tying-to-platform subgame and the
tying-to-browser subgame with entry and without entry follows from the relation of the quality
differentials between the better and worse good in each

subgame - dp 5 < dwypzzq < dwypo]- The tying-to-browser subgame without entry has the

second-largest differentiation but in it the best good serves the whole market. Therefore, it
yields the highest social welfare. The tying-to-platform subgame has the smallest
differentiation. Therefore it refers to the lowest prices and producer surplus. The tying-to-

browser subgame without entry has the largest differentiation. Respectively, it is related to the

highest price and producer surplus given narrow enough market (5 — ggj However, since

the differentiation is in favor of the outside option, it implies the lowest social welfare from
the three tying subgames.
The last subsection summarizes the main implications of the social welfare

comparisons.
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4.2. Policy implications

As it was described in the introduction, two separate anti-trust cases on the same
allegations were carried out against Microsoft in the U.S. and in the EU. In the U.S. the case
was settled with an agreement and no policy measures were imposed against Microsoft. In the
EU, however, Microsoft was convicted and casted to unbundle the sales of its software
applications from the sales of its system platform. In addition, it had to pay a penalty fee for
delay in the execution of the unbundling measure. In this subsection, the relevance of
imposing an unbundling measure will be discussed in the context of the market setting
considered in the paper.

The main issues are:

e what is the outcome of unbundling and how it relates to the outcome of tying
chosen by Microsoft

e whether the unbundling measure maximizes social welfare

e what are the conditions for the tying strategies to be socially admissible

First, the outcome of unbundling corresponds to the one in the non-tying subgame. It is
profit-maximizing for Microsoft in the setup without network externalities where market share
does not affect quality. In such a case the choice of tying-to-browser strategy by Microsoft
cannot be driven by profit or market share maximization incentives. It could only be driven by
incentive to foreclose the sales of the competitive system-platform supplier. However, given
vertical quality differentiation, no tying strategy could lead to foreclosure of the sales of the
best-quality application software because it takes part in the top-ranked good A1B1 in the

market. This means that the market-power leverage hypothesis is irrelevant in a vertically
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differentiated market where the multi-product firm offers a lower quality product. So, the
allegations against Microsoft in using its market power in the system-platform market segment
in order to eliminate the competition in some of the application software segments cannot be
credible given that the software market is vertically differentiated and Microsoft is not quality
leader in the application software segments.

Second, the social welfare analysis in table 2 shows that the non-tying subgame
outcome would be Pareto-dominated by the tying-to-platform subgame outcome. So, even
though the unbundling measure appears to be relevant response to the market foreclosure of
the sales of a potential entrant in the system-platform market segment, it is still not the best
policy available. Social welfare would be higher if instead of charging Microsoft to unbundle
its products the EU anti-trust authorities had obligated it to offer a version of its browser for
Linux. Then, the outcome would have corresponded to the one of the tying-to-platform
subgame.

Third, the results in table 2 and table 3 show that there are two market situations in
which, the tying-to-browser strategy chosen by Microsoft would Pareto-dominate the non-
tying subgame outcome. The first situation would occur if there is a positive network effect of
market share on quality of goods and the market is narrow enough. Then, tying-to-browser
strategy appears as a profit maximizing strategy for Microsoft. So, its choice of a tying
strategy appears as a rent-seeking but not entry-deterrence behavior. By tying its products
Microsoft saves the sales of its good which increases its quality and yields both higher profit
and social welfare than in the non-bundling subgame (see the right column of table 3). The
second market situation would appear if there is a market entry of a competitive system-

platform supplier. In compliance with proposition 5, given no network effect on the quality of
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Microsoft’s good, its threat to use tying would not be credible. So, it would be optimal for
Linux to enter. Even though Microsoft would be strictly worse-off than in the case of no entry,
however, the outcome of the tying-to-browser subgame would Pareto-dominate the tying-to-
platform outcome and will be socially optimal (see the left column of table 4).

According to the discussion above, the U.S. settlement of the case against Microsoft
seems as more relevant in the context of the market setup analyzed in the present paper. It
must be taken into account, however, that the market situation modeled in the present paper
corresponds better to the real case being judged in the U.S. trial against Microsoft. Even
though, the U.S. and EU trials are based on the same allegation against Microsoft they differ
in time and particular markets being considered. The U.S. trial refers to the U.S. market for
system software in the mid1990s while the EU trial is concerned with the European market in
the 2000s when the number of both PC users (market width) and software application
suppliers is much larger than it is assumed in the current model.

Nevertheless, the very presence of vertical quality differentiation in the system
software market implies that the sales of a higher quality application could not be effectively
foreclosed by tying. Therefore, the market-power leverage hypothesis cannot be an issue in
any vertically differentiated market independent on its width and number of players.
Respectively, requiring from Microsoft to provide a version of its application software for the
competitive system platform of Linux emerges as a stronger competition-enhancing policy

measure than unbundling.
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V. Conclusion

The present paper is concerned with welfare analysis of a specific equilibrium outcome
that could occur as a result of tying arrangement in a vertically differentiated market for
system goods. Correspondingly, the market for system software during the 1990s is chosen as
illustrative example of such a market. The evaluation of the social welfare effect of tying is
therefore presented in the context of the anti-trust cases against Microsoft.

Under initially stated market conditions the paper establishes three distinct equilibrium
outcomes — non-tying, tying-to-platform and tying-to-browser, respectively. What makes them
special is that in the particular market situation being considered, it could be argued that the
multi-product firm chooses to tie its products not driven by predatory pricing incentives but
just to save the sales of its system combination which otherwise would be foreclosed. The
question is whether the tying behavior of the multi-product firm should be socially admissible
provided that it is not strictly anti-competitive at the particular market conditions.

The main findings have the following implications:

o at the established special market conditions there exists a subgame-perfect equilibrium
in which Microsoft would choose to tie its platform to the browser and sell them at a single
wholesale price as a part of the best system combination. This tying arrangement maximizes
Microsoft’s equilibrium profit but leaves the market undercovered which could have a
negative effect on the social welfare.

o both tying strategies, tying to platform and tying to browser, have a potential to

improve the social welfare by increasing the average quality offered in the market. However,
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this outcome is related to foreclosure of the sales of the second-best system platform supplied
by Linux.

o the non-tying subgame equilibrium imposed by the unbundling measure of the
European Commission could emerge as a perfect equilibrium but only given that market share
of goods does not have a positive network effect on their qualities. In the model setup with
network externalities, the tying-to-browser strategy chosen by Microsoft maximizes its profit
and therefore is optimal in the perfect equilibrium. Moreover, the tying-to-browser subgame
outcome could be socially optimal given market entry of a competitive system-platform
supplier.

o independent on the model setup, with or without network externalities, tying-to-
platform outcome Pareto-dominates the non-tying subgame outcome. So, making Microsoft to
supply a Linux version of its application software emerges as a stronger competition-
enhancing policy measure than unbundling.

Finally, it needs to summarize the main restrictions on the general validity of the
paper’s implications. The model in the paper relies on several assumptions without which its
results would not hold.

First, it takes as an example the system-software market from the 1990s when all
suppliers were profit-maximizing firms. This is not the case nowadays when many freeware
products are offered by non-profit suppliers which use voluntary labor and finance their
production activities by charity.

Second, it is assumed that the spread of consumer tastes is restricted and the market is

sufficiently narrow to accommodate exactly two goods in equilibrium. In the last decade, the
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demographics of PC users expanded significantly and as a result there is a greater variety of
software products available in the market.

Third, it is assumed that the system-software market is vertically differentiated and
goods in it consist of only two products. In fact, though Microsoft’s operation platform
Windows dominates the market, there is a small segment of IT professionals who use Linux
not because it is cheaper but because they find it more valuable. The model used in the current
paper rather ignores them. Moreover, the decision what operation system to buy depends not
only on the quality of the browsing application that goes with it but also on the quality of a
number of other applications that could be run on it.

In compliance with the above, the following suggestions could be made for future
research on the topic. A non-profit version of the model of a vertically differentiated market
for system goods could be developed and used to check how competitive outcome and social
welfare change when entrants are not profit-maximizers. Respectively, a market setting with
wider spread of consumer tastes needs to be considered. Finally, it would be worth if the
implications for two-product system goods could be shown to hold generally for combinations

of larger number of products.
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Appendix A: Proof of Lemma 1

Let except the multi-product firm in the market be also (m-1) firms producing a
product of type A and (n-1) firms producing a product of type B. Then, to be consistent with
the searched price equilibrium a self-selection equilibrium outcome is assumed where only the
goods with equally ranked components have positive market share in the non-tying subgame
equilibrium. As shown in the proof of lemma 2 (Appendix B), there is an explicit condition on
the quality differential from the neighbor by rank from below which ensures the existence of
such a self-selection equilibrium in prices.

The proof of lemma 1 starts with establishing the condition for at most two suppliers of
each type to have positive market shares in equilibrium. In technical terms, this implies that

the taste of the marginal consumer who is indifferent between the goods based on the second-

best and third-best products should not be feasible, i.e. 6,135 £ [0, a.

To show that this condition holds when 5<2Q, consider the following profit
maximization problems of the firms supplying the components of the three best goods based

on equally-ranked products (A1B1, A2B2, A3B3):

Max I1, = pm(é_e[ll]/[zz])"' psz(e[n]/[zz] —9[221/[33])2

Pa1:Ps2

=p (5_(pm+p51)_(pA2+psz)J+p ((pm+pBl)_(pA2+psz)_(pAz"'sz)_(pAs"'pss)J
AL B2
d[ll]/[22] d[ll]/[22] d[zz]/[sa]

Pe1

5—(pA1+ pBl)_(pAZ + sz)J

MaxTlg, = pBl(é_e[ll]/[ZZ]): pBl( d
[12)/[22]
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MaXHAZ - pAZ( 11/[22] 9[22]/33]) Pe2

Paz

((pm +Pa) = (Paz + Paz)  (Paz+ Pay) = (Pas + pBg)J
d[ll]/[22] d[zz]/[33]

MaXHA3_pA3(0 2)/[33] ~ ‘9[33/[44) Pas

Pas

[(pAZ + pBZ)_(pA3 + psa) _ (pA3 + pBB)_(pA4 + pB4)j
di2)ps9] Afsapifaq)

(pAz + pBZ)_(pA3 + psa) _ (pA3 + pBB)_(pA4 + pB4)j

MaxHB3 pB3(t9 33 — Oaalsjaa] ) pBBL q q
[22]/[33] [33]/[44]

The corresponding first-order necessary conditions for profit maximization are as

follows:

5 (20u + Pey) = (P +2Ps;) _
d[11]/[22]

(2Pps + Pe1) —(Par +2Ps») _ (Paz +2Pg2) —(Pas + Pe3) ~0
d[11]/[22] d[zz]/[ss]

5 (Paa+2P6) = (Pao + ) _
d[11]/[22]

(pAl + pBl)_(ZpAZ + sz) _ (ZpAZ + pBZ)_(pAB + pB3) -0
d[11]/[22] d[zz]/[as]

(pAz + sz) _(ZpA3 + pss) _ (2 Pas + pB3)_(pA4 + pBA) =0
d[zz]/[33] d[33]/[44]

(Paz + Ps2) = (Pas +2Ps3)  (Pas +2Pg3) = (Pas + Pea) ~0
dp22)as) Asapaay

There are three key relations between prices that could be derived from the above first-

order optimality equations:
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o from the first and third equation the following relation could be shown to hold between
the price of the best product of type A and the prices of the two best products of type B:

Pa = Py + Peo *)
o from the second and forth equation the following relation could be shown to hold

between the price of the second-best product of type B and two best products of type A:

_ [d[ll]/[zz] + d[zz]/[ss]
Pa =

; J(pBZ — P,y ) Which implies that pg, > p,, (**)
[22)/[33]

o from the fifth and sixth equation it is straightforward to see that equality must hold in

equilibrium between the prices of the third best goods of each type:

pAS pB3 p33 (***)

After rearrangement of the third first-order optimality equation, it looks as follows:

P Paz + Pg2)— P
Q= 20[11]/[22] + ( A2 5 82) AL
[12]/]22]

Using (*) and (**) it could be shown that:

d
(pAZ + psz)_ Pa = Zpsz d 11/[22 (psz pA2)>0
[22]/[33]

Hence, the inequality relation follows:

é > 29[111/[22] (+)

Analogously, after rearrangement of the second first-order optimality equation, it looks

as follows:
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dp22)ea) + Az
q q Paz
[12]/[22][22)/[33]

Ohi22) = Ghozytad] {
Hence, the inequality relation follows:

Otz > Oealey (++)
Finally, from (+) and (++) it follows that:

0> 20,5134

which implies that the 6,555 € [Qﬁ] holds for any 0< 20 . This completes the proof of the

first part of lemma 1.

The second part of lemma 1 specifies the condition for internal solution i.e.
On1if22) € (Q, 5). The profit maximization problems of the two top quality firms of each type

given that they cover the market are given by the following expressions:

Max IT,, —pAz(9 9[22/[11]) Pez Gy —0)=

Paz2:Ps2

_ pAz[g_(pAz +Por)= (P + |om)j+ IOB{(mz +Pap) = (P + pm)_gJ

d[22]/[1l] d[22]/[11] B

(Paz + Pez)— (Pas + pBl)J

MaXHBl pBl(e 922]/11) pBl(_ d
[22]/[1]

+ — +
MaxIl,, = pA2(9[22]/[11] _Q): pAz((pA2 pBZ) (pAl pBl)—@J

Paz d[22]/[11] B
The respective first-order optimality conditions could be reduced to the following

system of equations:
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{pAl :2sz + Pgs
Pa = Pgz = Paz

which implies a corner solution for the equilibrium price of B2:

. + (20-0
Par = Par’ :ﬁ—_)d[n]/[zz]
« (20-30
Pas = 4 = d[ll]/[22]
Pz’ =0

The corresponding expression for the marginal taste parameter is as follows:

25+Q

9[11]/[22] = 4

Then, the condition gQ<5 implies that 6, > @ which together with (+)

completes the proof of the second part of lemma 1.
To conclude, §Q<5<2Q implies that exactly the system goods (Al1Bl, A2B2)

consisting of the equally-indexed best and second-best products of each type will have

positive market shares in equilibrium. Q.E.D.
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Appendix B: Proof of Lemma 2

Now, it needs to proof that the assumption for self-selection equilibrium outcome
holds at the derived equilibrium prices of the non-tying subgame.

Note that the equilibrium prices of the two products of type A are identical.
Furthermore, the equilibrium price of the second-best product of type B is zero. Hence, the
price of the multi-product firm’s good (A1B2) would be strictly lower in equilibrium than the
price of its neighbor by rank (A2B1) from below. Therefore, if consumers are unwilling to buy
the former good at its equilibrium price, they would be even more reluctant to buy the latter
lower-quality good at its higher equilibrium price.

It remains to show that at the condition of lemma 2 the multi-product firm’s good

would be foreclosed in equilibrium i.e. the following relation holds:
9[11]/[12] < 9[12]/[22]

In explicit terms it looks as follows:

Pay — Pas’ < Pa —Par or (Ze_g)d[n]/[zzl < 0d}1 129

d[ll]/[lz] d[lZ]/[ZZ] 4d[11]/[12] - 2d[12]/[22]
: - (3 : . 3 :
which holds for any 6 e EQ,ZQ given the condition d, ;5 zzd[m,m which completes

the proof of lemma 2.
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Appendix C: Proof of Proposition 2

The proof of proposition 2 is straightforward. The multi-product firm sells its product
of type B only conditional on the purchase of its product of type A. The system good (A1B2)
consisting of the two multi-product firm’s products is sold at a wholesale price. The profit

maximization problems of the two entrants look as follows:

MaxIT,, = pAl(g Gy 12) + Pwm (9[11]/12] ‘9)

Pa1sPm

_ pAl(g)_ (pAl + pBl)_ pM)J+ Py, ((pm + pBl)_ Pwm _9]
d[11]/[12] d[11]/[12] B

+ —
MaxIIg, = pB1<‘9 ‘911/[M]) pBl[e (Aldel) pM]
[

Pe 11)/[12]
The respective first-order optimality conditions could be reduced to the system of

equations:

éd npe] ~ Pa — 2pg; +py =0

Par = Pg1 + Py
9d 1/12]

3

Per =

which implies a corner solution for the equilibrium price of the multi-product firm’s good M:

1e 1€, 0
p;lA - pglA - 3 d[11]/[12]
pu” =0

Apparently, if the second-best good is priced zero no lower-quality good could have a

positive demand. So, for any bounds ¢ and 6 of the consumer taste interval, in equilibrium at
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most the best and second-best good will have positive market shares. That is prices are
consistent with the initial assumptions for covered market.

The corresponding expression for the marginal taste parameter is as follows:

20
9[11]/[12] = ?

Finally, the condition gQ < 6 implies an internal solution Oz € (Q, 5) which

completes the proof of proposition 2.
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Appendix D: Proof of Proposition 3 and Proposition 4

The proof of proposition 3 goes backwards to its definition.

First, it is shown that in the subgame equilibrium with potential entrant, it is optimal
for both firms supplying the components of the best system combination to set sufficiently low
prices to foreclose the sales of all the other goods (including the good of the multi-product
firm). Second, the optimal prices are derived at which only the best good would have a
positive market share at a covered market.

Assume that the good of the multi-product firm A1B2 has a positive market share and
covers the market together with the best-quality good A1B2B1. Then, the profit-maximization

problem of the competitive supplier of browser B1 would look as follows:

Y2 = (Pu *+Pe)—P
MaxTlg, = pBl(e_e[ll]/[lZ]): pBl(e_ . d = .
Pe1 [11]/[12]

The respective first-order condition implies the following solution for the price:

ad [12)/[22]

Pe1 = 2

and the corresponding expression for the marginal consumer indifferent between the two

goods (A1B1 and A1B2) is as follows:

N DI

Oniipg =

which is apparently not feasible (49[11],[12] ¢ (Q,@)) given that @ <26. So, only the best good

would serve the market which completes the proof of part (ii) of proposition 3.
Given the assumption that only the best good would have a positive market share at a

covered market the optimization problems of the two firms M and B1 look as follows:
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MpMaXHM = Pwm (E—Q)

MaxTTg, = pBl(E_ ‘9)

Pe1 -
The respective equilibrium price set is given by the corner solution at which the sales
of the other potential entrants (particularly good A2B1) would be foreclosed. When shared
equally between firm M and B1, the subgame equilibrium price of the best good corresponds

to the symmetric price equilibrium of proposition 3:

TieB TieB

P =Pei =

N D

Az

which completes the proof of part (ii) of proposition 3.
After substituting in the respective expression for the marginal taste parameter between

the best and second-best good it takes the form:

9[ Vg = (pIAieB + pgileB)_(pI\ileB + p;igB _ Qd[w]/[zz]
11)/f12] —

dwiz] - 2dp 2

which is smaller than ¢ for dj, ;) < 2dp, o bUt according to the condition of lemma 2

5 . .
dwpizz = Apwypg + 9payee < dwppy + gd[ll]/[lz] <20y pg + 2dpgpa = 2dpypg- This confirms

that the market will be covered solely by the best good in the subgame equilibrium.
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The proof of proposition 4 is analogous to the proof of proposition 3. The difference is
that there are no other entrants in the market. So, the optimal price is derived in “competition”
with the outside option.

First, it is shown that the multi-product firm’s good alone could not have demand in
the tying-to-B equilibrium. For the purpose, assume that it has a positive demand and solve the

resulting profit maximization problems of firm B1:

Y2 = (Pu +Pa)—P
MaxTlg, = pBl(e_e[ll]/[H]): pBl(g_ . d = .
Pe [11)/[12]

The respective first-order condition implies the following solution for the price:

od [11]/[12]

Pe: = 2

and the corresponding expression for the marginal consumer indifferent between the two

goods (A1B1 and A1B2) is as follows:

Oniipz) =

NI

which is apparently not feasible (49[11],[12] ¢ (Q,@)) given that @ <26. So, only the best good
will serve the market which would be under-covered in equilibrium. This completes the proof
of part (ii) of proposition 4.

Given the assumption for under-covered market in the tying-to-B subgame, the

optimization problems of the two firms M and B1 look as follows:

y; 5 (Pu + Pey)
MaxITy = py (9_9[11]/[12]): Pwm [9_%
P o]
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5Py pm)J

MaxTlg, = pBl<5_0[ll]/[12]): pBl[ d
(w]/[o]

Ps1
The respective first-order conditions are given by the following system of equations:

{2 Pm + Pe = éd[w]/[o]
Pm +2Pg; = 0y 0]

which corresponds to the symmetric price equilibrium of proposition 4:

DI

TieB* TieB*

Pu = Pa =§d[vv]/[o]

which completes the proof of part (i) of proposition 4.
The expression for the marginal consumer who is indifferent between buying the best

good and not buying at all looks as follows:

20
o) = 5
which is larger than & for 5>g_. So, the market is under-covered in equilibrium re-

confirms the statement of part (ii) of proposition 4.
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Appendix E: Proof of Lemma 3 and Lemma 4

Based on the results for the optimal prices derived in Appendices A, C and D, the

explicit expressions for the respective profits of the multi-product firm look as follows:

— 2

20-0

Iy = % d g
—2
ie 9
H-II\-/I A = ?d [11)/[12]
—2
o

I® = —d )2z

Note that the relationship between the payoffs of the multi-product firm in any pair of
subgames depends on the respective quality differentials between the better and worse quality
in each subgame, as follows:

o the relation between payoffs of the multi-product firm in the tying-to-A subgame
(TieA) and the tying-to-B subgame with entry (TieB) depends on the relation between the

quality differentials d;;;,,; and dyyy,0+- The difference between the two payoffs is given by
the following quadratic expression in 0:

ie iel 1 52 N
(HIA ATy )= T [20'[11]/[12]6’ — 9y 12200 + 9d[w]/[22*]Q2]

which is negative in the whole interval 6 e GQ,ZQJ given that dp, 2 = dpayps > A -

That is TT;;* <T1%®.
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o the relation between the payoffs of the multi-product firm in the tying-to-B subgame
without entry (TieB*) and the non-tying subgame (NoT) depends on the relation between the

quality differentials dy, o) and dpp,,. The difference between the two payoffs is given by
the following quadratic expression in 0:
ieB* 0 1 2 n
(H:\—/I ° _Hr’:l/l T)z m[4(4d[W]/[o] _9d[11]/[22])6’ +36d[11]/[22]9Q_gd[ll]/[ZZ]Qz

which is positive in the whole interval EEGQQQJ for d[W],[O]>%d[M],[22]. That is,

I > T,
o the relation between the equilibrium payoffs of the multi-product firm in the tying-to-B
subgame with entry (TieB) and the non-tying subgame (NoT) depends on the relation between

the quality differentials dy,y,»q and dp,,,. The difference between the two payoffs is given
by the following quadratic expression in 0:
(15 —HnNA"T):%[—“d[n]/[zz]éz + (4 o) + 82200 — (A o +8d[w]/[zz*1)Q2]
which is:
e negative in the whole interval 6 e GQ,ZQJ for  dywypz) =Apapy- That s,
2 <TIT.

e positive (HI,‘,eB >TIVT) in the subinterval

1

o (3, Buen * 2wy + 2= Gyt * Gy | @NA - Negative (HL'*’B <H:‘,,°T) in the
2~ 2d} 3122 -
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0 e

subinterval — | dagpzg + 200 + 2\/_ dp ezt iz + Gtz 0.20 for
2d[11]/[22] o

9

Apaa) < Az < gd[n]/[zz]-

e positive in the whole interval ée(gg,zgj for d[W],[zz*]>§d[ll],[22]. That is,

e > T
o the relation between the equilibrium payoffs of the multi-product firm in the tying-to-B

subgame with entry (TieB) and without entry (TieB*) depends on the relation between the

quality differentials dp, .y and dyy01- The difference between the two payoffs is given by
the following quadratic expression in 0:

iel ieB* 1 72 N
(HI/I e )ZE [— 201010 + 9200 — 9d[w]/[22*]Q2]

which is negative in the whole interval 56(2@2@) for dypz <dwyo)- That is,

IT® <TI5°.
o the relation between the equilibrium payoffs of the multi-product firm in the tying-to-A
subgame (TieA) and the non-tying subgame (NoT) depends on the relation between the

quality differentials d;.q,,,, and dp 1, The difference between the two payoffs is given by
the following quadratic expression in 6
ie 0 1 2 N
(HL A -T1yT ): 1 [4(4d neiz] — 9dpapa) )9 +360},(,100 — 90}y 0

which is;
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e negative in the whole interval éeeg,zgj for  dpspzg < Apapz

(% dyyfaz < Az bY Virtueof lemma 2). That is, TT},* <TT".

e positive (TTA >TINT) in the subinterval

é e §H 3(— 3d[11]/[22] —\/gd[il]/[zz] - (9d[11]/[22] —4d[11]/[12])d[11]/[22]k , and negative (HEEA < H’l:leT) in
2- 2(4d [11]/fa2] — 9d[11]/[22])

the subinterval De 3(_ 3d[11]/[22] - \/9d[i1}/[22] - (gd[n]/[zz] - 4d[11]/[12])d[11]/[zz])3 20 for
2(40'[11]/[12] - 9d[11]/[22]) -

81

d[ll]/[zz] < d[ll*]/[lz*] < &d[ll]/[ZZ]'

81

ad[ll]/[22]<d[11*]/[12*]- That s,

e positive in the whole interval 56(%@,2@) for

I > 11T

In summary, given the basic setup of the model without network externalities and the
condition of lemma 3 the payoffs of the multi-product firm in the tying subgames are related
as follows: TI** <TI® <TI)°T <IT,,*". Hence, given no entry of a competitive supplier of
system platforms, it would be optimal for the multi-product firm to choose the tying-to-
browser (TieB) strategy. Given entry, however, the non-bundling strategy (NoT) would make
the multi-product firm be strictly better-off. This completes the proof of lemma 3.

Given the setup of the model with network externalities and the condition of lemma 4

the payoffs of the multi-product firm in the tying subgames are related as follows:
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ie 0 iel ieB* ¢ 81
e e gy Apappzg < payps OF dppypa € (d[n]/[zz]’&d[ll]/[zz]j

3d [12/[22] — \/9d[i1]/[22] - (gd[ll]/[zz] —4d [11]/[12] )d[ll]/[zz] )2
2(4d[11]/[12] =90} 122 )

_ 3l-
and @ e gg, (

0 ie iel ieB* ; 81 81
® HI\NA T HI,, A _ HL B« HL ®if d[ll*]/[lz*] > ad[ll]/[ZZ] or d[ll*]/[lz*] € (d[u]/[zz]’ad[ll]/[zz]j

and g ¢ 3(_30'[11]/[22]_\/90'[?1]/[22]_(gd[ﬂ]/[ZZ]_4d[“]’[“])d[“]’[22])2 ,ZQ'J

2(4d[11]/[12] - 9d[11]/[22])

Hence, with or without entry the tying-to-browser (TieB or TieB*) strategy would be optimal

for the multi-product firm. This completes the proof of lemma 4.
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Appendix F: Social Welfare Comparisons

Based on the expressions for equilibrium prices derived in Appendix A, Appendix C
and Appendix D, here are given the positive optimal profits and marginal taste parameters,
respectively:

e inthe non-tying (NoT) subgame

( — )2
HNoT _HNOT _ ZH_Q d
Mo 4Bl T 16 [12]/[22]
— 2
ot _ (26-36)
A2 16 [11]/[22]
NoT (25"‘@)
O ==

e in the tying-to-A (TieA) subgame

—2
0

Iy =I5 = ry Az

20

O =5

e inthe tying-to-B (TieB) subgame with entry

H"I\'/iIeB — H';ifB — (Q_Q)_S_ d

2 [w]/[22+]

g[c\i/e]?[zz] =0
e in the tying-to-B (TieB*) subgame without entry

—2
iel iel 0
" =Tlgy° = ?d[w]/[o]
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ie 25
Owiio) = =

In general terms, equilibrium social welfare (SW) could be expressed as follows:

0 Ok ke [
[s.ad0+ [s,0d0= %[(92 —ef,k.)sk +(02, —Qz)sk.] ford,,. >0
0

SW =&«
skédezze -6 B, foré,,. <6

D — I

where 6,,,. is the taste parameter of the marginal consumer who is indifferent between the

two qualities in the market denoted by s¢ and s;- (k > k"), respectively. Equilibrium product
surplus is given by the sum of the optimal profits in each subgame. Consumer surplus is
computed as difference between social welfare and product surplus.

Here are the results, respectively:

e for the non-tying (NoT) subgame

swher = L [ﬁzéz — 400 - 0" )sll + (452 + 400 —150° )522]
32
pgter — 1 (1252 — 2000 +1192)d
- 16 L4 Z Mi[22]

Cs T = 3i2 [(_1252 +3660 — 230 )sll + (2852 ~3600+76° )522]

e for the tying-to-A (TieA) subgame

SW T = % [552511* + (25 - BQXZE h SQ)SH*]

ie 22
PST = 5‘9 d[11*]/[12*]

ie 1|2 2
cs e :E[H Sip +(89 —9Q2)512*]
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e for the tying-to-B (TieB) subgame with entry

SWTe = 1(52 —ez)sw

> 24
PST™ = (0 0ty o
CS™ = % [525W — 20005 + 0° (2002 — S )]
e for the tying-to-B (TieB*) subgame without entry
SW TR — % [55st +(20-30)20 -30), ]

Tiegs 22
PS™ =359 dwiol

ieB* 1|2 2
cs™ =E[9 Sw +(89 —9Q2)so]

1. TieAvs. NoT
The analysis starts with comparison between tying-to-A (TieA) and non-tying subgame
equilibria (NoT).
1.1.  Social Welfare Comparison (SWTieA -SW N°T)
The difference in social welfare between the two is given by the following quadratic

function in @

(Sw e —sw T )= % [(80511* —108s,, + 645, —365,,)0 +36(S,, S, )00 +(9s,, —144s, . +135s,, )0 ]
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1.1.A) Social Welfare Comparison (SWTieA —-SW N°T) - without network externalities

In the initial setup of the model without network externalities the quality of the best
good does not differ between the two subgames, i.e. s, =5,,. So, the above quadratic
expression takes the form:

i 1 2 7
(SW oswE Llp =S, - ﬁ (_ 64d L)z + 36d [11/[22] )0 +36d [11)/[22] 00+ (144d [11)/[12] —135d [11)/[22] )QZ ]

which is positive in the whole interval 566@2@) for  dpgpy <Apagpe

(% Ay < dpagpg PY Virtueof lemma 2). That is, SW ™ > SW T,

1.1.B) Social Welfare Comparison (SWTieA —-SW N°T) - with network externalities

In the setup of the model with network externalities both the quality of the best good
s,, and the quality of the second-best good s,, might differ in the tying-to-A subgame
compared to the non-tying subgame. The difference between the two in the tying-to-A

subgame however cannot be smaller than in the non-tying game, i.e. dpupz = dpypy-

Having this in mind the difference in social welfare between the two subgames takes the form:

ie (o] ie 0 1 —2 —2
(SWT h—sw T ): (SWT h—swh W 288 [80(‘9 Appgpg — de[lz*]/[lZ])+ 64(49 -6 )j[lz*]/[lz]]

Si =Spy

The right addend is positive for any 0e [gg,zgj. The left addend was shown to be

positive above. Hence, the whole expression is positive in the interval 0e GQ,ZQJ. That is,

SW TieA > SW NoT )
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1.2.  Producer Surplus Comparison (PS™* — PS"°T)
The difference in producer surplus between the tying-to-A and non-tying subgame

equilibria could be analyzed analogously. It is given by the following quadratic function in 0:
ie o 1 2 N
(PST h - Pt ): m [(32d[11*]/[12*] —108d [11]/[22])0 + 180d[11]/[22] 9Q - 99(1[11]/[22]@2

1.2.A) Producer Surplus Comparison (PS TeA _PS N"T) - without network externalities

In the basic setup of the model without network externalities the following relation

between the two differentials holds: dj .29 = Apaypg < Apappes < %dm,[ﬂ]. So the quadratic

expression above takes the form:

ie o 1 0 0
(PST A —psheT =112 (320'[11]/[12] —108d ;1)) )9 +180d 2100 — 99‘1[11]/[22@2

d[11*]/[12*] = d[11]/[12] - 14

which is negative in the whole interval GQ,ZQJ. That is, PS™* < PSMT .

1.2.B) Producer Surplus Comparison (PS TeA _ pS N°T) - with network externalities
In the setup of the model with network externalities the following relation holds

A2z < dpeppe - SO, the above quadratic expression is:

. positive (PSTeA > pSNeT) in the subinterval

3, 3(— 150120 — 2250 F 21 — (29703120 — 88wy Mg )Q and
2 - 2(8d Lz]zr] — 27d[11]/[22])
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negative (PST < pSNeT) in the subinterval

3(— 15dp 3100 — \/ 2250 ;1100 — (207d )22 — 880 p ¥ ni)22] )Q 20
2(8d [Lr]a2e] — 27d[11]/[22]) T

171

for dp, g < dpupzg < 8 Ay

o positive in the whole interval @ Q,ZQJ for

171 3 . ie 0
@d[ll]/[zz] < d[ll*]/[lz*] < Ed[ll]/[ZZ]' That is, pPSTeA > pg et

J For gd[ll]/[zz]<d[11*]/[1z*] the value 6 is belongs to the interval

GQ,ZQJ . The function has a positive value at both 6 = gg and 6 = 26. This relation

between the quality differentials cannot hold in the initial setup of the model without
network externalities. The model setup with network externalities, however, allows for

it. So, when it holds the above quadratic expression is positive in the whole interval

G Q,zgj. That is, PS™ > pSN°T

1.3.  Consumer Surplus Comparison (CS™ —Cs™T)

1.3.A) Consumer Surplus Comparison (CSTiEA -CS N°T) - without network externalities
In the setup of the model without network externalities the quality of the best good
does not differ between the tying-to-A and non-tying subgame equilibria, i.e. S, =S;;.
Therefore, the difference in consumer surplus between the two equilibria is given by the

following quadratic function in 0:
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ie o 1 |2 N
(Cs™* —cs T Lw — (~1280l 15 + 2520y 1251 )0 + 252010, 08 + (144 1y +53d [111,[22])Q2]

which is positive in the whole interval GQ,ZQJ given that the system good qualities in the

setup of the model without network externalities are set such dpypz) < dpyy- That is,

CS™ >Cs™T.

1.3.B) Consumer Surplus Comparison (CSTieA —-CS N°T) - with network externalities

In the setup of the model with network externalities both the quality of the best good
s,; and the quality of the second-best good s,, might differ in the tying-to-A subgame
compared to the non-tying subgame. The difference between the two in the tying-to-A
subgame however cannot be smaller than in the non-tying game, i.e. dpypz 2 dpypoy-
Having this in mind the difference in consumer surplus between the two subgames takes the
form:

ie 0 ie 0 1 2 0
(cs™ —cs™T)=(cs™ -cs™ TL s *7m [16(0 g — de[lz*],[lz])+ 128(9 - Qz)d[lz*],[lz]]
1 — 11

The right addend is positive for any 0e [gg,zgj. The left addend was shown to be

positive above. Hence, the whole expression is positive in the interval 6 e GQ,ZQJ. That is,

CSTieA > CS NoT )
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2. TieBvs. NoT
2.1.  Social Welfare Comparison (SWTieB —SwW N°T)

The difference in social welfare between the tying-to-B subgame with entry and the
non-tying subgame is given by the following quadratic expression in 0:
(swTee —sw T )= 3%_ [(16sw 125, —45,,)0" +4(s,,—5,, )00 +(~16s,, +5,, +15s22)gz]
which if presented in terms of quality differentials would look as follows:
(sw ™ —sw T )= ;12 [(160' ) + 4 )0 + 4y o 00+ (~16d g0 150 [11]/[22])Q2]

2.1.A) Social Welfare Comparison (SW TeB” _SW N°T) - without network effect
In the setup of the model without network externalities it is relevant to assume that

dwppyg = 0. So, the difference in social welfare between the tying-to-B subgame with entry

and the non-tying subgame takes the form:

1

—9 _ ,
d[W]/[ll] = 0 - 5 [4d [11]/[22] 9 + 4d [11]/[22] 0@-15(1 [11]/[22]Q

(SW TieB _ g\ NoT i

which is strictly positive in the interval GQ,ZQ]. That is, SW™® > Sw T,

2.1.B) Social Welfare Comparison (SWTieB - SW N‘”) - with network effect

In the setup of the model with network externalities, the quality differential dy, .y 1S
defined as dp, ) 20. So, the difference in social welfare between the tying-to-B subgame

with entry and the non-tying subgame takes the initial form:

iel o 1 )2 N
(SW TieB _ SW NoT ): § [(16d [W]/[L1] +4d [11]/[22] )9 +4d [11]/[22] HQ + (_lﬁd[W]/[ll] —15d [L1)/[22] EZ ]
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which could be represented also as:

(SW TieB _ g\ NoT ): (SW TieB _ g\ NoT + d[W]/[ll] (52 —92)
dwppn =0 2

The right-hand addend in the expression above is positive for any 6 e (g Q,ZQJ. It was

shown that the difference in social welfare between the two subgames in the model without

network externalities is strictly positive. So, in the model with network externalities it is also

strictly positive for any 6 e (gg,zgj. That is, SW™® > Sw T,

2.2. Product Surplus Comparison (PS T8 _pS N°T)
The difference in producer surplus between the tying-to-B subgame with entry and the
non-tying subgame is given by the following quadratic expression in 0:
(Ps™@ —pseT)= %[(—12511 1125,,)0 + (165, + 205, ~16s, . — 20s,,)00 + (~165, —115,, +16, . +11522)Q2]
which if presented in terms of quality differentials would look as follows:

el o 1 72 \n
(PST ®—pPS" T) =16 [—12(1[11]/[22}9 + (16d[w]/[11] +16dp )10 + 20d[11]/[2z])9Q + (_16d[w]/[11] —16dp; 1221 _11d[11]/[22])Q2:|

2.2.A) Product Surplus Comparison (PSTier3 —PS N°T) - without network effect
In the setup of the model without network effect, it is relevant to assume that

Awppy =0 and dp g = dpgypz- SO, the difference in producer surplus between the tying-to-

B subgame with entry and the non-tying subgame takes the form:

(PsT™® — psteT - 6*14 (20~ 3Q)2d[111/[221

dwypg =0

which is strictly negative in the whole interval GQ,ZQJ. That is, PS™® < pSN°T,
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2.2.B) Product Surplus Comparison (PS™® —PS™T) - with network effect
In the setup of the model with network effect, the assumption holds that dp, >0

and  dp, 2 >§d[11]/[22]- So, the difference in producer surplus between the tying-to-B

subgame with entry and the non-tying subgame takes the form:

iel 0 1 52 \»)
(PST ®—pPs” T)=16[— 12dp 90 + (16d[w]/[22*] +20d 13129 )‘9Q + (— 16d 11224 —11d[11]/[zz])Q2]
which is positive in the whole interval GQ,ZQJ. That is, PS™® > PS™°T,

2.3.  Consumer Surplus Comparison (CSTieB —-CS N°T)
The difference in consumer surplus between the tying-to-B subgame with entry and the

non-tying subgame is given by the following quadratic expression in 6:

(cs™ —cs™r)= % [(leW 1125, - 285,,)0" +(~ 325, —365,, + 325,,, +365,,)00 + (165, + 235, — 325, - 7522)g2}
which if presented in terms of quality differentials would look as follows:

(cs™ -cs™T)- ;12[(16d[w1/[11] + 2800 + (- 32011 ~ 320 2~ 3601200 + (L6 1+ 32y o + 7d[n]/[zzJ)Qz}
2.3.A) Consumer Surplus Comparison (CSTieB ~-CS N‘”) - without network effect
In the setup of the model without network effect, it is relevant to assume that
Awppyg =0 and dp g = dpgypz- SO, the difference in producer surplus between the tying-to-
B subgame with entry and the non-tying subgame takes the form:

(cs™ —cs™r e % (140 - 130)20 - 30 My

d[w]/[u] =
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which is strictly positive in the whole interval @Q,ZQJ . That is, CS™® > CS"°",

2.3.B) Consumer Surplus Comparison (CSTieB -CS N°T) - with network effect

In the setup of the model with network effect, the assumption holds that dp, >0

and  dp, o2 >§d[11],[22]. So, the difference in producer surplus between the tying-to-B

subgame with entry and the non-tying subgame takes the form:

iel ) 1 2 \n
(CST ®—cs™T ) = 5[(16d[w]/[11] + 23d[11]/[zz])9 + (— 3201y — 320p 4y 2 — 36d[11]/[zz])9Q + (16d[w]/[11] +320} 150 + 7d[11]/[zz])Q2}

which is strictly positive in the whole interval GQ,ZQJ . That is, CS™® > CS"°",

3. TieB* vs. NoT

3.1.  Social Welfare Comparison (SW ™" —sw™T)

The expressions for the difference in social welfare, producer and consumer surpluses
between the tying-to-B subgame without entry and the non-tying subgame have identical
forms and coefficients as the ones between the tying-to-A and non-tying subgames. The
difference is that in the tying-to-B subgame without entry the best good consists not of two but
of three products (A1B2B1) and instead of the second-best good (A1B2) the worse quality is

given by the quality of the outside option so:

(sw e —sw T )= % [(SOSW ~108s,, +64s, —365,,)0" +36(s,, - S,, )00+ (9s,, ~144s,, +1355,, )9’ ]

3.1.A) Social Welfare Comparison (SW TieB” _ SW N°T) - without network effect
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In the setup of the model without network externalities it is relevant to assume that the

quality of the best good does not differ between the two subgames, i.e. s, =s;,. Then, the

above quadratic expression in 0 takes the form:

ieB* 0 1 VG n
(SWT B _ SW NoT #SW _s,, = @ (— 64d [11)/[0] +36d[11]/[22]p +36d [11]/[22] €Q+(144d [L1)/[o] —135d [11]/[22])Q2]

Which has a strictly negative value in that interval (gQ,ZQ] given that system good qualities

in the setup of the model without network externalities are set such dp, 01 > dpyqypz- That is,
SW T < SW T,

3.1.B) Social Welfare Comparison (SW TieB” _ QW N"T) - with network effect

In the setup of the model with network externalities the quality of the best good s,

might differ in the tying-to-B subgame without entry compared to the non-tying subgame.
Respectively, the quality differential between the best good and the outside option in the
tying-to-B subgame without entry cannot be smaller than in the non-tying game, i.e.

dwyio) = dpayjo)- Having this in mind the difference in consumer surplus between the two
subgames takes the form:

(sw - sw )= % [(SOd[w]/[n] ~640ly)(0) + 360220 +360 11,500+ 1440 —135"[11]/[22])@2}

which is:

o positive (SW™" > SW ") in the subinterval
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§,9 (_ 36} 1y122) — \/1296d[i1]/[22} B 4(_ 135d ) +144d [11]/[0]X36d[1l]/[22] — 64djyyj0) + 800y ]/[11]))2 but
1 890l 22 — 160 55107 + 200y )

negative (SW ™" < SW°T) in the subinterval

(_ 36d[11]/[22] _\/1296d[i1]/[22] - ( 135d[11]/ 22] +144d[11/[o]X36d[11/[22] - 64d[11/[0] +80d[w]/ 11])E 20
8(9d [11/[22] _16d [11/[0] + 20d[w]/[11]) a

(112d[11]/[o] —81d [11]/[22])

for d[W]/[ll] < 320

(112d[11],[0] —81d[11]/[22])
320

e positive in the whole interval @Q,ZQJ for <dpyppy- That is,

SW TieB* > SW NoT .
3.2.  Producer Surplus Comparison (PS™®" —ps\T)
The difference in equilibrium producer surplus between the tying-to-B subgame

without entry and the non-tying subgame is given by the following quadratic function in 6:
ieB* 0 1 2 N
(PST - pS™T )= m [(32d[W]/[o] —108d [11]/[22])‘9 +180d [11)/[22] 00 — 99(1[11]/[22]@2

3.2.A) Producer Surplus Comparison (PST‘eB* - PS N‘”) - without network externalities

In the initial setup of the model without network externalities the following relation

between the quality differentials in the two subgames holds: djy 101 = dpo] >%d[11]/[22]-

Respectively, the above quadratic expression takes the form:

_2 —_—
[(32d 11/ 108d [17]/[22] )‘9 +180d [11)1[22] HQ - ggd[ll]/[zz]Q2

(PS TieB* _ pg NoT
Sw =Si; 144
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which is positive in the whole interval GQ,ZQ] for %d[ll],[22]<d[1l],[o]. That is,

PS TieB* > PS NoT .
3.2.B) Producer Surplus Comparison (PS™" — PS"T) - with network externalities

In the setup of the model with network externalities the following relation between the
differentials in the two subgames holds: dp, 101 > dpg0] > %d[ll]/[zz]- Otherwise, the results of

the functional analysis are analogous to the case without network externalities. Just the

conditions are set on dy, ;o) Which is not identical to dy, 0!

For %d[ll]/[zz]<d[11]/[o]<d[w]/[o] the function is positive in the whole interval

(g Q,zgj. That is, PS™®" > PSN°T

3.3.  Consumer Surplus Comparison (CS™" —CS"T)
The difference in consumer surplus between the tying-to-B subgame without entry and

the non-tying subgame equilibrium is given by the following quadratic function in 0:

ieB* 0 1 2 N
(cs™® —cs™T)= ﬁ[(16d[w],[n] 1280y 101 + 2520550 — 32402100 + (144l 1 +63d[11],[22])Q2}
3.3.A) Consumer Surplus Comparison (CS 8" _CS N°T) - without network

externalities
In the setup of the model without network externalities, the system qualities are

assumed to satisfy the condition dyy0) = dpyyo] >%d[11],[22]. In compliance with it, the
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difference in consumer surplus between the tying-to-B subgame without entry and the non-

tying subgame takes the form:

ieB* o 1 2 N
(CST B CS NoT isw _ 511 = @ [(—128d [11)/[0] +252d [11)/[22] )9 —324d [11)/[22] QQ'F (144d [11)/[0] +63d [11)/[22] )22 ]

which is negative in the whole interval (gg,zgj. That is, CS™®" <CS™T,

3.3.B) Consumer Surplus Comparison (CS™®" —CS™T) - with network externalities

In the setup of the model with network externalities, the system qualities are assumed
to satisfy the condition dp, 101 > dpyo] >%d[11],[22]. In compliance with it, the difference in

consumer surplus between the tying-to-B subgame without entry and the non-tying subgame
takes the form:

ieB* 0 1 )2 n
(cs™ —cs™ T):288[(16d[w],[11]—128d[11],[01+252d[ll],[22])¢9 —324d[11],[22]€Q+(144d[11]/[o]+63d[11],[22])Q2]

which is:
e negative in the whole interval @Q,ZQJ for dyyypg <4dpgo) —4dpg - That s,

CsTieB* < CS NoT .

e positive (CS™® > s in the subinterval
3, (324d[11]/[22] + \/104976d[i1]/[22] _4(63d[11]/[22] +144d[11]/[0])(252d[11]/[zz] —128d}; 310 +16d[w]/[11]))2 and
2~ 2(252d[11]/[22] =128} 1[0 +16d[w]/[11])

negative (CS™® <CS™) in the subinterval

(324d iy + \/104976d[i1]/[22] ~4(63d nifzz) +144d 0] X252d[11]/[22] —128d (07 + 160y ))Q 20
2(252d[11]/[22] —128d[11]/[0] +16d[W]/[11]) =
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368d 1107 — 423d 12

for 4dpy10) — 4dpaee < Ay < ol

368d 110 — 423d )22

64 ] < d[W]/[ll]' That iS,

e positive in the whole interval GQ,ZQJ for

CsTieB* > CS NoT
4 TieB vs. TieA
Here, it is relevant to assume that s, =s,,. which implies that the social welfare

differences would be independent on whether a setup of the model with or without network

externalities is applied. Respectively, the asterisk mark is skipped from the indices below.
4.1. Social Welfare Comparison (SWTieB - SwW T‘eA)

The difference in social welfare between the tying-to-B subgame with entry and the

tying-to-A subgame is given by the following quadratic function in 0
(sw TieB _ W TieA)z % [(95W 55, —4s,)0" - (s, — slz)QZ]

which after taking into account the assumption that s,, =s,, takes the form:

ie ie L (45 2)1
(SWT B _gWT A):E(40 -96 [11)/[12]

The above expression is strictly positive for 6 e (g Q,ZQ]. That is, SW™® > SW ™",

4.2. Producer Surplus Comparison (PS T8 _pS T‘EA)

The difference in producer surplus between the tying-to-B subgame with entry and the

tying-to-A subgame is given by the following quadratic function in 0
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(PS ™ —PS TiEA)Z %[_ 2(511 — 51 )52 + 9(SW — S22 )EQ - 9(SW —S2 )Qz]
which after taking into account the assumption that s,, =s,, takes the form:

ie ie 1 0 0
(PST B _PST A): 9 [_ 2dp1ypg 0 +9dpy 000 — 9d[11]’[22]Q2]

which is strictly positive in the interval GQ,ZQ) That is, PS™® > PS™,

4.3. Consumer Surplus Comparison (CSTieB —CST‘eA)
The difference in producer surplus between the tying-to-B subgame with entry and the
tying-to-A subgame is given by the following quadratic function in 0
(Cs™® —cs™*)= % [(93W —s,,—85,,)0" —18(s, —$,,)00+9(=s,, —S,, + 2322)Q2]

which after taking into account the assumption that s,, =s,, takes the form:

ie ie 1 72 n
(CST ®-Cs™ ) = E [8d [11]/[12]‘9 —18d [12]/]22] ‘9Q + 9(d [12)/22] — 2d[11]/[22])Q2]

which is strictly negative in the interval GQ,ZQJ. That is, CS™® <CS™".

5 TieB*vs TieA

Again it is relevant to assume that s, =s,,. which implies that the social welfare
differences would be independent on whether a setup of the model with or without network

externalities is applied.

5.1. Social Welfare Comparison (SW TieB* _ g\W TieA)
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The difference in social welfare between the tying-to-B subgame without entry and the
tying-to-A subgame is given by the following quadratic expression in 0
(SWT‘eB* - SWT‘eA) = %[(SSW —5s,, +4s, — 4312)52 +9(s;, — So )Qz}

which after taking into account the assumption that s,, =s,, takes the form:

(SWTieB* _ SWTieA) _ _%(452 _ ggzjd[lz]/[o]

The above expression is strictly negative for 8 e (g Q,ZQ). That is, SW ™" < SW ™,

5.2. Producer Surplus Comparison (PS T _PS T“’A)

The difference in producer surplus between the tying-to-B subgame without entry and

the tying-to-A subgame is given by the following quadratic expression in 0
TieB* Tiea) _ 2 2
(PS —-PS )=§(S\N —So _S11+512)0

which after taking into account the assumption that s,, =s,, takes the form:

ieB* ie 22
(SWT B _sw' A)=§‘9 d[12]/[0]

The above expression is strictly positive for 6 e @Q,ZQ). That is, PS™®" > pST,

5.3. Consumer Surplus Comparison (CST“*B* - CST‘eA)

The difference in consumer surplus between the tying-to-B subgame without entry and

the tying-to-A subgame is given by the following quadratic expression in 0

(CSTieB* _CSTieA): % [(SW +8So — 311 —8812)52 +9(512 - So )QZ]
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which after taking into account the assumption that s,, =s,, takes the form:

(CS TieB* _ (~g TieA ) _ £—852—+9Q)d

18 [22)/[0]

The above expression is strictly negative for 6 e (g Q,ZQ) That is, CS™®" < CS™",

6 TieB*vs. TieB

It is relevant to assume that s,, =s;, which implies that the social welfare differences

would be independent on whether a setup of the model with or without network externalities is

applied.
6.1. Social Welfare Comparison (SW“EB* —SW TieB)

The difference in social welfare between the tying-to-B subgames without and with

entry is given by the following quadratic function in in 0

(SwTee —sw e )= %(— A(s, —5)0" +9(sy —So )QZ)

which if represented in terms of the quality differential would look as follows:
(SwTee" —sw e )= _5(4
The above expression is strictly negative for 6 e @ Q,ZQJ. That is, SW ™" < SW &

6.2. Product Surplus Comparison (PS ™" — PS™®)

The difference in social welfare between the tying-to-B subgames without and with

entry is given by the following quadratic function in in 0
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(PS T —pg T ) = %(Z(SW —So )52 - 9(SW — S22 )E)Q + 9(SW —S2 )Qz)
which if represented in terms of the quality differential would look as follows:
(Ps™=" —psT™ )= (2d 1010 = 9412200 + 9y )

The above expression is:

e positive (PSTeE" > pSTieB) in the subinterval

3(3d —Jod2 - —8dc 1 d )9 - .
3 p, 28wy V99522 ~ 8wy ¥ and negative ( PS™" < PST* Yin the
2 4dpw o]

2
3(30' w2l v 992 — 820y o) )é’
4dw o)

subinterval ,ZQJ for dy 0] < Zd w]i[22]"

e positive in the whole interval @Q,ZQJ for gd[w],[22]<d[w],[o]. That s,

PS TieB* > PS TieB .

6.3. Consumer Surplus Comparison (CST‘EB* —~CS TiEB)

The difference in consumer surplus between the tying-to-B subgames without and with

entry is given by the following quadratic function in in 0
(Cs™® —cs™® )= %(— 8(s, —S, )0 +18(s, —5,,)00+9(~ s, — 5,y + 2322)Q2)
which if represented in terms of the quality differential would look as follows:

(cs™ —cs™®)= 118( 85010 +18)(2200 + a0 ‘Zd[vvl/[zzl)gz)'
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This expression is negative in the whole interval @Q,ZQ). That is, CS™®" <CS™®,
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