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Abstract

Technology platforms, such as Microsoft Windows, are the hubs of technology
industries. The strategic behavior of a firm controlling a platform affects crucially
industry evolution. We develop a framework to characterize the optimal two-sided
pricing strategy of a platform firm, that is, the pricing strategy towards the direct users of
the platform as well as towards firms offering applications that are complementary to the
platform. We compare industry structures based on a proprietary platform (such as
Windows) with those based on an open-source platform (such as Linux) and analyze the
structure of competition and industry implications in terms of pricing, sales, profitability,
and social welfare. We find that, when the platform is proprietary, the equilibrium prices
for the platform, the applications, and the platform access fee for applications may be
below marginal cost, and we characterize demand conditions that lead to this. The
proprietary applications sector of an industry based on an open source platform may be
more profitable than the total profits of a proprietary platform industry. When users have
a strong preference for application variety, the total profits of the proprietary industry are
larger than the total profits of an industry based on an open source platform. The variety
of applications is larger when the platform is open source. When a system based on an
open source platform with an independent proprietary application competes with a
proprietary vertically integrated or a proprietary vertically disintegrated system, both
proprietary systems setups are likely to dominate the open source platform industry both
in terms of market-share and profitability with stronger dominance by the vertically
integrated system. This may explain the dominance of Microsoft in the market for PC
operating systems.
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1. Introduction

Technology platforms are the hubs of the value chains in technology industries.
Some examples of technology platforms are Microsoft Windows (PC operating systems),
Intel processors (PC hardware) and the Sony PlayStation (game consoles). The firm that
becomes a platform leader and controls a platform, such as Microsoft in the operating
systems market, can maintain a strong position in the industry but also faces the
challenge of managing the evolution of the platform.*

A technology platform may be proprietary or open source. A prominent example
of an open source platform is Linux, an emerging operating system that is challenging the
dominance of Microsoft in operating systems.> The objective of this paper is to analyze
the strategic differences between proprietary and open source technology platforms, and
study the implications for the software industry.

A firm that controls a proprietary platform makes strategic pricing decisions for
the products it sells directly to the end user as well as with respect to complementary
products to its platform sold by other firms. We call this two-sided platform pricing. For
example, firms that control game consoles set a price for the game console and often
charge royalties to developers of games, following a two-sided pricing strategy.
Microsoft licenses the operating system to its users, but also provides the application
developers with information and resources and also makes money from licensing
application development tools and support. The ability of the platform firm to use
pricing strategically so as to influence the complementary goods markets has not been
sufficiently analyzed in the literature.

An open source platform is used in conjunction with complementary applications
that are provided by for-profit firms. An open source platform cannot implement a two-
sided pricing strategy, but at the same time it does not face the requirement of
profitability, which may constrain the behavior of the proprietary platform firm. An
emerging open source platform, such as Linux, can be used for free, but also the users
face switching costs (e.g. the cost of learning, installing and maintaining the new
operating system), a smaller network of applications than the incumbent proprietary
platform, and the possibility of high support costs. The applications that are
complementary to an open-source platform can be proprietary, and therefore have to be
profitable to survive.

We develop models that extend the systems and network economics literature and
provide a framework to answer the following questions:

e What is the optimal two-sided pricing strategy of a proprietary platform? Under
what conditions does a platform firm set a positive or negative fee to providers of
complementary applications? What are the implications of the existence of such a
fee?

* See Gawer and Cusumano (2002).
® IDC predicts double-digit growth of Linux adoption and 25.7 percent of total shipments in 2008 (eWeek
article, Dec. 8 2004, available at http://www.eweek.com/article2/0,1759,1737068,00.asp.).




e How does an industry based on a proprietary platform compare to an industry
based on an open source platform with respect to prices, profitability, and social
welfare?

e What is the structure of competition between an open source platform (Linux) and
a proprietary platform (Windows)?

A core strategic question for a platform leader is how collaborative vs.
competitive should its relationship be with the providers of complementary goods. Our
framework provides an answer to this question in terms of access fees vs. subsidies set by
the platform firm. Our models allow for complementarities between the platform and
each application and at the same time users have a preference for application variety.
Thus, an increase of the size and sales of the applications network increase the demand of
the platform. The models also capture the exogenous switching costs incurred by the
users of the open source platform.

We find that the equilibrium prices for the proprietary platform, and/or the
applications, and/or the platform access fee for the applications can be below marginal
cost.® The platform firm subsidizes the application when roughly the willingness to pay
for the platform is higher than the willingness to pay for the application, or when the
own-price effect of the platform is weak relative to the complementarity between the
application and the platform. The platform firm subsidizes the users of the platform
when the willingness to pay for the application is high relative to the willingness to pay
for the platform, or the own-price effect of the application is weak relative to the
complementarity between the application and the platform. The application firm
subsidizes users of the application when it receives a strong subsidy by the platform firm.
When more than one application is compatible to the same platform, we determine how
the interaction between the applications in terms of complementarity or substitutability
affects the equilibrium. We find that the platform is less likely to subsidize them if the
applications are close substitutes to each other. We show that it is important to analyze
the whole system of prices to determine the appropriate public policy. When the study
focuses only on a part of the system, significant features of the strategic interaction in the
industry are neglected or may remain unexplained.

A two-sided pricing strategy always increases the profits of the platform
compared to the “one-sided” pricing strategy profits where no fees or subsidies from the
platform to the application are allowed. However, the additional value to the platform of
using the two-sided pricing strategy can be small depending on the market characteristics
and it may not offset the costs of implementing it. We find that the two-sided pricing
strategy increases the profit of the application provider only when the application is
subsidized by the platform. However, implementation of a two-sided strategy often
reduces social surplus and consumer surplus in the combined platform and applications
markets.

We compare industry structures based on an open source and a proprietary

® This is true even when, by assumption, there is no competition between platforms; therefore it cannot be
attributed to anti-competitive actions.



platform. For the open source platform, we assume that it charges a zero price for the
operating system as well as a zero access fee to applications and therefore makes zero
profits. The users of the platform incur a positive adoption cost, which is exogenous and
captures the costs of switching to the open source platform. The applications compatible
with the open source operating system can be proprietary and make positive profits. This
may provide strong incentives to firms such as IBM to promote an open source platform
such as Linux for which IBM provides proprietary applications. Indeed, we show that,
under certain conditions, the profit of the application provider based on an open source
platform may be larger than the total profit of the whole proprietary industry (profits of
the proprietary platform plus applications). We also show that, when the cost of user
switching to the open source platform is large, it is optimal for the application provider to
subsidize all the users that adopt the open source platform (even though they don’t all
buy its application).

The social welfare comparison of industry structures based on a proprietary and
an open source platform is in general ambiguous. However, we find that when the cost of
adopting the open source platform is zero, and the platforms are of equal quality and
support costs, the industry based on an open source platform has the highest social
welfare. The total industry profitability is highest when the platform is proprietary and it
is vertically integrated in the applications sector.

When the platform has a network of N > 1 independent applications, the
proprietary software industry is more profitable than the industry based on an open
source platform, if users have a strong preference for application variety. The variety of
applications is larger when the platform is open source, i.e., then more application
providers find it profitable to enter the industry. This happens even though the proprietary
platform subsidizes the application providers.

When a proprietary system competes with a system based on an open-source
platform, the proprietary system likely dominates compared to open source both in terms
of market-share and profitability. This is true even when the consumers’ cost of adopting
the open-source platform is zero. This result may provide an explanation for the
dominance of Microsoft in the software industry.

The structure of the paper is the following. We discuss the related literature in
section 2. In Section 3, we first analyze the equilibrium of a market with a proprietary
platform with one complementary application where the platform uses a two-sided
pricing strategy. Second, analyze the market equilibrium when the platform is open
source and then compare the proprietary platform with the open source platform
equilibria in terms of prices, sales, consumers’ and total surplus, as well as industry
profitability. We then extend our results to the case of a platform with two and then with
N > 2 applications in sections 4 and 5. Finally, we analyze the competition between a
proprietary platform and an open-source platform in section 6. Concluding remarks and
ideas for further research are in section 7.



2. Related Literature

The paper is related to three research literature themes: (a) the economics of
systems, (b) the economics of the open source software, and (c) the economics of
networks and two-sided markets.

The systems literature studies settings where consumers value systems composed
of complementary components. The emphasis is on the implications of compatibility, the
incentives of rival firms to make their components compatible, the effects of different
ownership structures and the implications of bundling.” Matutes and Regibeau (1988)
and Economides (1989) study the incentives of firms offering symmetric competing
systems, each comprised of two components, to make their systems compatible. They
show that full compatibility is the unique non-cooperative equilibrium. Economides and
Salop (1992) study the effect of different ownership structures in a systems duopoly
setting. Joint ownership internalizes the vertical externality (which tends to decrease
prices), but also internalizes the horizontal/competitive externality (which tends to
increase prices). Therefore, when the systems are close substitutes the equilibrium prices
may be higher under joint ownership than under independent ownership. Farrell and
Katz (2001) show that the integration of a monopolist into a competitive complementary
market may weaken the innovation incentives of independent firms. Complementary
components are typically assumed to be symmetric in the systems literature. Thus,
previous research has not given much attention to a setting in which the components are
asymmetric and the core component (platform) sets access fees or subsidizes the other
complementary components that compose the system. This paper extends the systems
literature by characterizing the platform strategies in such a setting.

The literature on open source focuses mainly on the individual incentives to
participate in open source projects, the incentives of firms to adopt open source
initiatives, the business models of firms operating within the open source landscape, and
the competitive implications of open source software (Lerner and Tirole 2004).2 Von
Hippel and von Krogh (2003) argue that open source software development combines
elements of the private and the collective innovation models. Johnson (2002) models the
contribution to an open-source project as a problem of private provision of a public-good
and analyzes the effect of increasing the number of developers. Lerner and Tirole (2001,
2002) discuss the incentives of individual programmers and software firms to participate
in open source projects. They argue that programmers are motivated by “peer
recognition’ and delayed career benefits such as being hired by a software firm, or getting
access to funding for future software ventures. Firms participate because they make
money from complementary applications or services, get access to development talent
that they may hire in the future, learn about the competition and open-source technologies
that they may use in the future, or to promote open standards (possibly competing to
other proprietary standards). Mustonen (2003) proposes a model in which the
participation of programmers in open-source projects is endogenous and shows that a low

" Cournot (1838) analyzed first a system of two complements combined in a one-to-one ratio.
® Raymond (2001) provides an early overview of open source software. He argues that the open source
development process leverages the peer-review process to create higher quality and more reliable software.



implementation cost of an open-source application is crucial for its survival when it
competes with a proprietary application. Bitzer and Schroder (2003) consider
competition in technology, rather than prices or quantities, in a software duopoly market.
Mustonen (2005) analyzes when a proprietary software firm may support the
development of substitute open source software. Comino and Manenti (2004) assume
informed and uninformed users about the existence of open-source applications, and
study the welfare implications of public policies supporting open-source software. Hann
et al. (2004) examine empirically the benefits of individual participation in open source
projects.

Our paper focuses on the operating system as a platform. It departs from the
above literature by considering the strategic differences between an open source and a
proprietary platform and analyzing the implications for the structure of the software
industry. In the open source literature, the closest paper to this one is Casadesus-
Masanell and Ghemawat (2003) that studies competition between Windows and Linux.
However, that paper does not consider the two-sided strategy of Windows as a platform
since it takes into account only the user price of Windows and ignores the strategy of
Microsoft toward the complementary applications which is crucial in our model.

The two-sided markets/networks literature focuses on pricing strategies in
platform settings such as payment systems or matching intermediaries. A market is two-
sided when the ratio of the platform prices matters in the equilibrium interactions
between the two sides (Rochet and Tirole 2004). The platform regulates the interaction
between the two-sides to maximize its profit; therefore standard pricing rules may not
apply to each side separately. Rochet and Tirole (2002, 2003) show that competition
between platforms does not necessarily lead to an efficient pricing structure. The
platform sets a relatively low price to the side that is valued strongly by the other side.
Multi-homing at one side reduces the access price set to the other side. Parker and Van
Alstyne (2002), Caillaud and Jullien (2001, 2003) and Armstrong (2004) analyze related
determinants of pricing structure. Evans (2003) discusses policy issues in two-sided
markets. Katsamakas and Bakos (2004) analyze platform investments in two-sided
networks and the implications of different ownership structures. Overall, this literature
focuses on the prices set only by the platform. Therefore prices such as the price set by
application providers are abstracted away, while these prices are endogenous in our
model.

Our model contributes to this literature stream by characterizing the microstructure of
two-sided platform pricing in technology industries. We follow the micro-approach in
the networks literature (Economides 1996) and show how the cross-side network effects
emerge. In the analysis that follows, we show an equivalence between a specification
that assumes complementarities and a specification that assumes explicit network effects
across the two sides of the market (users and application providers), thus confirming the
close relationship between the two-sided networks literature and the systems literature.’

® Another distinguishing feature of our model is that we allow for users of the platform to get value even
without getting access to the other side, i.e., buying applications.



3. The Model

This section develops the main model of the paper analyzing a setting of a
platform with one complementary application. We start with a proprietary platform and
application, and continue with an open source platform with a proprietary application.

3.1 Proprietary Platform

Consider a setting that consists of one platform firm selling platform (for
example, operating system) A, and an independent firm selling good B; which is
complementary to the platform (for example, application software). The platform firm
sells the platform to end-users at price p,. The independent application provider sells the

application to end-users at price p,. The application provider also pays a per unit access

fee s to the platform firm (or receives a subsidy is s is negative) which is set by the
platform firm. A positive access fee can be interpreted as a per unit licensing fee by the
operating system to applications software provider(s)."° A negative access fee can be
interpreted as a subsidy by the platform to the application provider(s). This subsidy from
the platform to the application can be created by the incorporation in the operating system
of (i) functionality that is useful to the application but not directly useful to the end user
of the operating system who does not buy the application; or (ii) functionality that gives
additional value to the application over and above the value it adds to the naked operating
system; or (iii) functionality that reduces the costs or improves performance of the
application.™

We assume a linear demand structure. The demand function of the platform Ag is
9, = a, —b, p, —dp; , and the demand of the application B, is g, =a, —b, p, —dp,."* The

10 Such per unit fees are commonly set by firms that control a game console/platform to firms that write
games for the platform.

1 For example, Microsoft is offering embedded functions to application providers, access to APIs,
resources, and information for free, effectively subsidizing applications. Let the value of these free
resources be v per developer of the application firm. At the same time Microsoft is making money from
application development licenses which cost an application firm r per developer (see e.g. developer
licensing fees at http://msdn.microsoft.com/subscriptions/licensing/default.aspx). We assume that the sales

¢, of an application B, are a function of the number of developers Q, such that g; = oQ; then the profit

function of the application provider is 7, = pyg; - (v-r)Q; = pyas —uql, therefore the access fee set by
o

the platform firm is effectively s, = Y=' | Alternative we can assume that the platform firm anticipates and
o

monitors the application sales, therefore it can set access fees accordingly.
12 This demand system can be generated by a population of users of differing willingness to pay. For
example, it can be generated by a population of users of type @ ~ Uniform[0,1] each with a unit demand,

where consumer of type & has willingness to pay for the platform and the application
Ug = (6A+ A )+ Ayay — po, Uy =(6B+By)+B,yqo — py. This generates the demand system in the text with

coefficients op < ABTABTABAB  ABYAB+AB+AB B A
AB - A,B, AB - A,B, AB - AB, AB - AB,




quantity intercept ao of the platform demand (representing actual sales when all prices are
zero) depends on the inherent quality and functions of the platform and the variety of
applications that are compatible to the platform. The maximum sales of the platform, ag ,
can be larger than the maximum sales of the application, a;, i.e., a; < ao."> The
parameter d measures the strength of the complementarity between the platform and the
application. We assume that b,,b, >d, i.e., that the own-price effect of each product
dominates the cross-price effect.  Finally, we assume zero costs, since marginal costs of
software are close to zero and fixed costs do not affect our analysis since entry and exit
are not discussed. The profit function of the platform firm is 7, = =, + 7., , Where

Tou = Pol, 1S the platform profit from users, and 7,, = sq, is the platform profit from the
application access fees. The profit function of the application provider is z, = (p, - $)q; .

Firms set prices in a two-stage game. In stage one, the platform sets the access
fee s paid by the application provider. In stage two, the platform and the application
provider set prices p,, p, Simultaneously. The justification of this timing is that first the

platform firm commits on development licensing fees or subsidies for the application
provider and then both firms set their prices for the users and sell their products. We
assume that firms set prices non-cooperatively, and we characterize the subgame-perfect
Nash equilibria.

We start by analyzing the last stage of the game. The second stage necessary
conditions for profit maximization for the two firms are:

872'0 aqo aql

2o _ +p,—2 [+s—2 =(a, —2b,p, —dp,)—sd =0,
o, (QO Po apoj o, ( 0 b Po pl)

8771 6% aql

o (ql ) apJ o (a, — 20, p, —dp,) + sb,

We see that an increase in the platform price to end users p, decreases platform sales
by q, by b, as well as application salesq, by d . The first effect increases the profit of

__ B A
AB—AB, AB-AB,
consumer with utility function U(qq, ;)= Ayt + At — %(Boqg +Bg? - 2Dq0q1). In the latter case, the

_ AB+AD a1:A180+A0D boo_ B, __ B
BoB,-D? '’ ByB,-D2 ' 0 BB -DZ' 1 B,B-D?’

. The demand system in the text could also be generated by a representative

coefficients of the demand functions above are @,

_ —d = D
di=dy=d= Do

3 This is because some platform users may not buy the application because they find the platform
sufficient for their uses. For example, Windows contains a browser, an email application, a media player,
and word processing features, and some users may find these features sufficient and not buy any
applications. The fact that some consumers may buy only the operating system and no applications is an
important distinguishing feature of operating systems from other platforms such as credit-card markets and
markets of matching intermediaries analyzed in the existing two-sided markets literature where users are
required to also buy a complementary good.




the platform firm from sales to end-users by a, —2b, p, —dp, and the second effect

decreases the profit of the platform firm from the application provider by sd . Similarly,
an increase in the application price p, increases the profit of the application firm from

users by a, —2b, p, —dp, and decreases the access fees paid to the platform firm by b;s.

The best-response functions of the two firms in the second stage
are py(p,)=2=2=% and p,(p,) =25~ Solving them simultaneously gives the

operating system and application prrces as functions of the platform access fee s as

po =20 and p, = Mm%—*dk Notice that ®+ >0 and % <0, that is, as

expected, the application price increases with the platform fee s because the application
firm faces a higher marginal cost, while the platform price decreases as the application
has a higher price. These two effects imply that sales of the operating system

(respectively application) increase (decrease) in the platform fee s: dq° =-D, ddis? —d % >0
dog _ _p Op 4 90
and 7= =-b—-d3><0.

In the first stage of the game, the platform firm chooses fee s anticipating the
second stage equilibrium prices. Its necessary condition for profit maximization is

9% (%2 + gy &2 )+ (542 + g,)=0. A marginal increase of s affects both profit

streams of the platform firm. The profit from users increases by p, ddig and decreases by

U | o= %o |, The profit from the application firm increases by g, and decreases by S|4 L,

Both profrt streams of the platform are concave (inverted-U-shaped) in s and therefore

the total platform profit is concave is s. The platform’s choice of s maximizes the sum

of the two profit streams. The effect of s on the platform profit from users is

a0, (5) _ ¢ d (ay (2bgby +d2 J-6b, (byby —d 2 )s }-2a,b, (2bgb, +d 2 )
ds (abgb, a2 f

. The profit from users is decreasing ats =0,

2 2 . .
since @ _ g al“(z‘“"b”(db EZZ":’}(ZI’“W" )< 0. Therefore, the fee s; that would maximize
4 (s

only the platform profit from users is negative.

The effect of fee s on the platform profit from the application is

Ir0als) _ 231"0’?30;‘7(20}"‘2)5 . This profit is increasing at s =0, if 2ab, —a,d >0. Then s

is positive, and therefore s* may be positive or negative (sj <s'< s;). The access fee s”
is positive when at s =0 the platform profit from the application is increasing at a faster
rate than the profit from users is decreasing. Mathematically, s* >0 if

9702(0) ) 970 0)| o, (%3, — d°agh, —8dayhyb? +8a,b?b? > 0. Figure 1 shows an example of

that case. Frgure 2, shows the relationship between the platform’s access fee, the
platform profit, the application’s profit and the total industry surplus.
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Figure 1. Platform profit streams and access fee s* Figure 2. Profits and total surplus

The two-stage game has a unique sub-game perfect Nash equilibrium given by the
following prices:

. a,(80%b2 +d*)-a/bd (8o, +d?) . agb,(8byb, +d?)-ad(10bh —d?)
= 2 2 v Po = 2 2 1
2b1(bob1 —d )(8b0b1 +d ) 2(b0b1 —d )(8b0b1 +d )

._ a,(12b%b? ~2bphd? ~d*)-ahd(8byb, +d?)

P 2b, (o,b, — d?){ehyb, + d?)

The firms’ sales and profits at equilibrium are:

2
0 - a,(20,+0%) . _ al(2b +0?)

0 - a,b, (8o, +d?)— aid(2b0b1+d2)>o _
° 2b,(8b,b, +d?) " s +d® T (B, +d?f

. _al(20y+d*f +agb(Boyb, +d°)-2a,abd(Bb)b, +d°)
o 4b, (byb, —d* )(8byb, +d?)

> 0.

3.1.1 Equivalent Formulation With Cross-Component Network Effects

We can re-write the demand system in an alternative but equivalent formulation
with explicit cross-component network effects, which will be useful in interpreting the
results:

(1) Oo = & — BoPo + 600y, G =, — Bip+&0,-

In this setup, sales of each good depend on its own price as well as on a “network

effect” arising from sales of a complementary good. The cross-component network
effects are defined as ¢, ==, = 5. The marginal network effect coefficient ,
captures the increase in the demand of the platform by a marginal increase of the

application sales. In short, &, is the network effect of applications sales on platform
sales. Similarly, marginal network effect coefficient ¢, captures the increase in the

10



demand for the application by a marginal increase in platform sales. In short, &, is the
network effect of platform sales on applications sales. From the initial assumptions, we
have 0 < gy, ¢, <1. The network effects &,, & are useful in characterizing and

interpreting the results.

To see the equivalence of the two demand formulations, we invert the original
demand system, resulting in

aghy —ayd by d by —agd bg
= 2 - 2 qO + 2 ql ’ pl = 2 - 2
boby—d?  boby —d? boby —d boby —d®  boby —d

Po O+ fo -

d
boby —d 2

Writing these equations as in (1), we identify the coefficients as

— — — 2 — 2 - - -
ay = aOblblald o, = albobo%d By = bOble p = bob;)od , and the explicit marginal cross-

component network effects as s, =&, & = .
1 0

3.1.2 Subsidization Conditions

An important issue in the two-sided markets literature is when a platform may
subsidize the one or the other side of the two-sided market.** There have also been
frequent allegations of below-cost platform pricing with anti-competitive intent. Below,
we characterize the conditions under which the equilibrium prices are below cost, i.e.,
negative in our setup of zero costs.

Access fee s

An increase of s from s=0 increases the profit the platform firm captures from
application access fees, but decreases the profit the platform firm captures from sales of

the platform to users. When the first effect dominates, the platform sets a positive s™,
and, when the second effect dominates, s* is negative. The access fee s” is negative if

and only if 2> %% Therefore, the larger 2> the more likely it is that the platform

firm subsidizes the application provider. Essentially, this means that the platform will
subsidize the application when the maximum sales of application is relatively small so
that the platform will reap the network effect from the additional sales of the

application.” Figure 3 shows the regions where s* is negative for two different levels of
2—‘1). In the region where the platform provider chooses a negative s, & 1s strong which is

implied by a strong cross-price effect (d) relative to the own-price effect (b,) . When

' See, for example, (Armstrong 2004).
15 Note that the negative access fee of the platform is not an indication of predatory pricing and occurs
naturally in @ monopoly setting under no threat of entry and it is not any entry prevention strategy.

11



the platform firm subsidizes the application firm, the application firm sets a low or
negative application price and this shifts the demand of the platform up given that the
cross-price effect is strong. This shift combined with the weak own-price effect b,

enable the platform firm to set a high price p, and capture a high profit from the platform
users.

ﬁ=2 ﬁ=1

3 3

1
. s"<(
80 s <0

9 [f

a a

0

Figure 3. The region where s* <0

Platform price p,

The platform firm sets a negative application fee p, when this allows the

platform firm to set a large application access fee. The platform firm subsidizes the users
of the platform if an increase of profit from an associated increase of access fees imposed
on the application provider offsets the decrease of profit from end users. The platform

price p, is negative if and only if 2—‘1’ <&, 1;’;% Thus, the platform price is negative

when the demand for the application is relatively strong compared to the demand for the
platform (z—j is small) and &, is strong (cross price effect d strong relative to the own-
price effect of the application b,). Then a negative platform price combined with a
strong complementarity (larged) shifts the application demand upwards. The strong
application demand (strong a,) combined with a weak b, enables the application

provider to set a high price p, and the platform firm to set a high access fee to the
application providers.

Application price p,

The application firm (which is independent of the platform) sets a negative
application price when its cost of subsidizing the users is lower than the per unit subsidy
it collects from the platform firm. The application price is negative if and only if

2> %@%—y . This condition is more restrictive than the condition for a negative s*,

a — & (8+&p81
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which means that the application price is set below marginal cost only when the
application receives a subsidy from the platform. Similar to the condition for a

negatives”, it is necessary that the platform has a larger demand than the application
(large i—j), or that ¢, is strong, which is implied by the own-price effect of the application

being weak relative to the cross-price effect.

3.1.3 The Effects of Using a Two-Sided Pricing Strategy

A platform firm can easily follow a “one-sided” pricing strategy (by setting only
an end-user price and s = 0) rather than a two-sided strategy. A two-sided pricing
strategy can be costly to implement (for example, to implement the two-sided strategy the
platform firm needs to keep track of the sales of the application providers). To see the
effects of using a two-sided strategy, we define the additional value V, created by the
two-sided strategy for the platform firm as the platform’s profit from the two-sided
strategy minus its profit from the one-sided strategy, V, = 7, — 7, |._,. The benefit/loss of

the two-sided strategy for the application provider is defined similarly as V, =z, — 7, |, -

The two-sided strategy does not affect the equilibrium sales and profits when the
platform and the application are one-to-one (perfect) complements, i.e., when
d=b,=b =b and a, =a, =a. Then both the platform and the application firm face the

same system demand q=a— b(pO + pl). In this case, when the platform sets s, there is
an infinity of Nash price equilibria of the form (p, =2 —s, p; =& +5,s) . At each of

these equilibria, sales q; =q; =2, and the equilibrium profit is z; = z; = 2. Therefore,

in this special case, the access fee does not matter. Thus, in our model the access fee s is
effectively a device for the platform firm to discriminate between the users that buy the
system (platform and application) and the users that buy only the platform. When the
system demand is small due to a small application demand, then a negative access fee

s” enables the platform firm essentially to set a high platform price p, for end users that
buy only the platform and effectively a low price p, +s* for end users that buy the

system. When the system demand is strong, a positive s* enables the platform firm
essentially to set a low platform price p, for end users that buy only the platform and

effectively a high price p, + s*for end users that buy the system.

In order to analyze the effect of the two-sided strategy, we need to characterize
the equilibrium when the platform follows a one-sided pricing strategy, i.e., when
s =0and the first stage of the game is eliminated. The profit function of the platform
firm is then z, = p,q, and the profit function of the application provider is 7z, = p,q,. The

two-stage game with the restriction of s =0 has a unique Nash equilibrium at prices
* 2a0b1 — aid * 2a1b0 — aod bo(2a0b1 — ald) * b1(2a1bo — aod)

= . p= , sales q, = 22+ 1~ g =122 0 and
T T T o —d? T b —d
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bo (2a0b1 — a:l.d )2 * b1(2a1b0 — aod )2 _16

fits 7] = , 7=
Protie " (4bob1 _d2)2 " (4bob1 _d2)2

Evaluating the effect of a using a two-sided strategy,'” we have, as expected that
if there are no costs of implementing the two-sided strategy, the platform firm is at least
as well off implementing it, i.e., Vo >0 since the one-sided strategy is a restriction of the
two-sided strategy ats =0. The effect of the two-sided strategy on the platform value is

always positive but U-shaped in Z—j Therefore, it might not be profitable for a platform

firm to implement such a strategy when implementation is very costly. We also find that
using a two-sided strategy benefits the application firm (V1 >0) if and only if the platform
firm subsidizes the application firm."® Consumers’ and total surplus may increase or
decrease when the platform firm uses a two sided strategy rather than a one-sided
strategy.

3.2 Open Source Platform

We now consider an open source platform Ay and a complementary application
B1, with demand functions q, =ad —b,c, —dp,, and g, =a, —b, p, —dc, respectively.
We assume that the maximum demanda$ of the open source platform is in general
different than the maximum demand a, of the proprietary platform but all the other
demand parameters a,,b,,b,,d are identical for both platforms. We also assume that the

open source platform sets a zero user price and zero access fees to application(s), i.e.,
P, =S =0. Thus, the open source platform profits are zero. However, the

complementary application (B;) can set a positive price to users. We assume that there is
an exogenous user cost c, of platform adoption, representing the cost of installing and

learning the open source operating system. This exogenous cost is assumed to be zero for
the proprietary platform. Thus, in the static setting of our model, c, captures the

switching cost to the open source platform.

The profit functions for the open source platform and the proprietary application

16 We require that ¢, > 0=> 22 > g,. Then the equilibrium prices are also positive.
0

7 The additional values to the platform and application are:

_ (d*a, —d®ayh, —8da,b,b? +8a,0%b? f
4(abyb, —d? ¥ (8bb, +d? (o, —d? )b,
(d*a, —d®agb, —8dagh,b? +8a,b2b? )(d *a, +d*a,b, +8da,b,b? — 4d 2abyb, — 24a,b2b? )

b, (Bl0gb, +d)(4byb, —d? )
*® The effect V, of the two-sided strategy on the application firm is positive if

Vo

Vl

((5081 ) +8- 2y (8+e0e ))((5051)2 4508y~ 24+ 5B+ 598y ))> 0. The second parenthesis is

negative, and the first parenthesis is negative if and only if S* is negative.
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arez, =0andz, = p,g,. The equilibrium price for the application in the open source
a — dCu
2by

software industry is p; = . The firms’ sales and profits at equilibrium are:

0 = 2ab, —a,d — (2b,b, —d?)c, 0 = a,-dc, . (a, —dc, )2.

° 2b, P 2 ' 4b,

Notice that the open source industry has positive sales and therefore the equilibrium
exists only if the cost ¢, is relatively small.*
(e]
When c, is relatively large, i.e., c, >M,
b,b, —d
also increase its own profits by giving all the users of the open source platform a subsidy
t, therefore reducing the effective platform adoption cost to ¢, —t 20

the application provider may

3.3 Vertically Integrated Proprietary Platform

A proprietary software industry may be vertically integrated. For example,
Microsoft produces both Windows and Office. Vertical integration is not possible in an
open source industry since the operating system is not proprietary. The profit
maximizing prices under a vertically integrated proprietary software industry are

. ab-ad . ab,—a,d . L :
= and p, = . The application price is below marginal cost
Po 2(b,b, —d?) P 2(b,b, —d?) PP P :

(in our setup, negative) if and only ife, = < %. Therefore, the integrated firm sells the

application below marginal cost when the network effect of platform sales on
applications sales &, is sufficiently weak or (equivalently) when there is a relatively
strong demand for the operating system compared to applications resulting in a much
larger demand intercept of the platform a, than the demand intercept of the
applicationa,. Then the extra profit the firm makes from selling the platform offsets the
cost of subsidizing the use of the application.

3.3 Comparison of Industry Structures

We now compare the three industry structures (vertically integrated proprietary,
vertically disintegrated proprietary, and open source platform with proprietary
applications) in terms of profits and social surplus.

Proposition 1: Among the three industry structures, vertically integrated proprietary,

a

" In particular, g, >0 < ¢, < q and o >0 < g, <2208~

2bgby —d?
0 The analysis of this subsidization case is available from the authors upon request. An example of this
would be IBM, a provider of proprietary applications for Linux subsidizing Linux.
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vertically disintegrated proprietary, and open source platform with proprietary
applications, total industry profits are highest for the vertically integrated proprietary
industry structure.

Proof: The total profit of the vertically integrated industry minus the profit of the open
source industry is i—zll‘(’k;g’—i)z) > 0. The total profit of the vertically integrated industry
minus the total profit of a vertically disintegrated proprietary industry is
a2 (16b2b7 —4d byb, ~3d*) 50

4b, (8bgby +d? | '

Intuitively, the vertically integrated industry is the most profitable industry
structure because it internalizes the complementarity (vertical externality) between the
platform and the application. The vertically integrated monopolist can always replicate
the prices of the other two structures, therefore it can never be less profitable than them.

As Proposition 2 shows, the comparison between the total profits of the industry
based on the open source platform and the total profits of the proprietary platform
industry with independent firms is ambiguous.

Proposition 2: The proprietary software industry with independent firms is more
profitable than the industry based on an open-source platform if and only if

L8+ 95 )P X2 — 268+ £gey )P X —16+84cge; +15(sge; )2 — 2(e01 )° = 0, Where x = ;ﬂ is the relative
€0 il

sales for the platform relative to the application realized at zero prices for all products.

An increase of the demand a, for the proprietary platform increases the
profitability of the proprietary industry.?* Therefore When:—f is large the proprietary

industry is more profitable than the industry based on the open source platform.
Conversely, an industry based on the open source platform can be more profitable than

the proprietary industry when Z_f is relatively small, g, is relatively small and ¢, is

relatively large. This means that for a given complementarity d , the own-price effect b,

of the platform is large and the own-price effect b, of the application is small. Under

these conditions the application provider’s profit is large and this strengthens the relative
profitability of the industry that is based on an open source platform.

The comparison of social surplus across the three industry structures is in general
ambiguous. Proposition 3 describes the comparison of social surplus across the three

industry structures, when Cy is small and the platforms have identical quality, i.e.
a, =ag.

21 But notice that the demand intercept ag’ for the open source platform does not affect the profitability of

the industry based on the open source platform (since the open source platform charges a zero price
irrespective of the size of the demand) and therefore does not appear in the condition of Proposition 2.
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Proposition 3: Among the three industry structures (vertically integrated proprietary,
vertically disintegrated proprietary, and open source platform with proprietary
applications) the open source industry is the structure with the largest total welfare if the
cost of open source adoption c, is small.

Proof is by direct calculation.?® Intuitively, the industry based on the open-source
platform dominates the other two industry structures, because the zero platform price
leads to higher platform and application adoption.

4. Platform With Two Applications
4.1 Proprietary Platform With Two Applications

We now extend the main model to the case of a platform with two applications.
The two applications remain complements to the platform but can be either substitutes or
complements to each other. We start with the analysis of a proprietary platform.

The demand function of the platform Aq is g, = a, —b, p, — > dp;, and the
demand of application Biis g, =a, —b;p; —dp, +cp; , where i, j=1,2. The parameter
measures the degree of substitution between applications i and j We assume symmetric
applications’ demands a, =a,, b, =b,, aswell as a, <a, and b, >2d , b, >d, b, >|c]|,
b, >d +c. The profit functions for the platform and the applications are
7o = Poy +520; and 7, =(p; —s)g; , i=1,2.

As in the earlier models, the platform sets fees to applications in the first stage of
a game and both platform and applications set user fees in the second stage. Because of
symmetric demands, the platform firm sets the same access price s for each application.
The necessary conditions for profit maximization by the platform and the applications’
firms in the second stage are:

872'0 5% aq
o, T Pp, TS 2 gp, % P20
or,

P qi+(pi—s)?=al—(2bl—c)pi—dpo+sbl=0, i=1 2.

%2 The total surplus of the industry based on the open-source platform
3a2byb, —~8dagab, +d ?a? +4aZb? —2a,dc, (bgby ~d? J+c? (4b2b2 +3d* ~7d *byb; )
8(bgb, —d? )b,

is and the total surplus of the vertically

. . .~ aZb,—2daya, +a’h, - . (day—aghy
integrated industry is 3W' For ¢, — 0 their difference is b, > 0. The total surplus

of the industry based on the open-source platform is larger than the total surplus of the proprietary industry
with independent firms, because

2
(j—f) (64% + 16512) + z—j (26368 —1606) — 4P ey) + (26562 —Belel + 36y +80+ deygg) > 0.
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ag—2dp; —sd
. and

2a,b,—dag +(2bgby +d? )s
2(by (2by—c)-d?)

The best-response functions of the firms are po(pl) =

a, —dpgy +sb;

pl(po): 2b, , Which give p, =

that dpl >0 and dp" <0. The first stage condition for profit maximization of the platform

ag (2b, —c)—2da; —2ds(3b, —c)

2(by (2by—c)—d?) . Notice

and p, =

d/ro

is < = (po Lo gy o )+ Z(s & ): 0. The platform profit from users is decreasing at

s=0,since @ _g 20 ya°(2b1‘°)(b°b1*d2) <0. The platform profit from the

(by (26,—c)-d? |
application access fees is increasing at s =0, since d”‘“( )= =D

2a,by —ayd
by (2b, —c)-d?

> 0 following
from the assumption 2a,b, —a,d > 0.

There is a unique subgame perfect Nash equilibrium (s*, p,, p;) given by the
following:
o 2a1(b§b1(2b1 —c)+d ) aod(2b0b1(2b1 c)+d2(b — c))
2(ob2by (262 —30yc +¢? |+ bod 2[- 77 + 2byc + ¢? |+ 204 (< by +c))

. aglb - c)(2b0b1(2b1 —c)+d?(b, - c))+ 2a1d(bob1(— 5by +3c)+d2(by +¢)
P [on2by (207 3oy + c2J+ bod2[- 707 + 2byc + c2 )+ 20% (_by + )

. aod(ZbObl(— 2by +c)+d?(~by + c))+ a1(2b§b1(3b1 —2¢)-2byd 2(by +¢)- 2d4)

L 2[ob2by (207 —3byc +¢? )+ bod 2 (- 72 + 2bc + c2 J+ 2d * (< by +c))

The access fee s* is negative if and only if 3> ((22 él)lg(ijf(ll) > Where ¢ _E'

The right-hand-side of this condition is increasing in &,. Therefore the platform is

unlikely to subsidize the applications when the competitive effect between the
applications is strong. Similarly, the platform is likely to subsidize the applications when
the applications are complementary to each other (e.g. a spreadsheet application and a
presentation application).?®

The equilibrium sales and profits follow:

. aO(Zbobl(Zbl—c)+d (by - c) 2a1d(b0b1+d ) . albl(b0b1+d2)
Go = i = '
4bgby (26, — )+ 2d 2 (by — 2bgby (2by —¢)+d?(b, —c)
e 488 logby + 92 +ad (b, - c)(2b0b1(2b1 )+ d2(by — o))~ 4aga,d(2byby (20 —c)+ d*(by —c))
° 4lbo by —c)— 202 J[2bgby (2by —c)+ d? (b, —c)) ’
e afbl(bobl +c12)2

(2bohy (20, )+ d2(by —c)f

25, ((5-3¢1)-(1+¢1)2081)
(1 ¢4 +(1-¢1 )01 ) !
when the intercept of the platform demand is small compared to applications.

2 Moreover, the platform price P, is negative if and only if —*- that is, generally

18



4.2 Open Source Platform With Two Applications

When the platform is open source and the two complementary applications are
directly sold to end-users by independent for-profit firms, the equilibrium prices, sales
and profits are:

s =0, =0, p = )
Po Pi 2by —c
o] 2
« 4agl2b—-c)-2aqd . ab " " a;b
a = o (20 —c) L R .. L. B

2b1 —-C 2b1 —-C ' (Zbl — C)Z '

4.3 Comparison Of Industry Structures

The following proposition compares the profitability of the industry based on
open-source and proprietary platforms.

Proposition 4: When there are two for—profit applications, the proprietary software
industry is more profitable than the industry based on an open source platform in terms of
total industry profits if and only if

) (o) o ot (20, )+ 420 ~of |- (2 ~oF otun 20y ) 920, ~of |

+bgb2d 2(— 84b? +96b7c — 29, + c3)+ 2bgbyd 4(—15bf +33b2c—17hc? + 2c3)+ d e(sbf —5byc? + c3) >0,

where x = 2

&

The proprietary industry is more profitable when x is large. This happens because
an increase of a, increases the proprietary industry profit, but 0 does not affect the
profit of the applications that are compatible with the open source platform.

When x is relatively small, the industry based on an open source platform can be
more profitable than the proprietary industry. This occurs when | c| is relatively small.
The following graph shows an example of the relative profitability of the two industry
structures as a function of ¢, for x=1.1, by =1, b, =1, d =.3.

-0.0%

-0.06

Figure 4. Industry profit difference (I1° —11°) as a function of ¢

Proposition 4 shows that the complementarity/substitutability between the
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applications affects the relative profitability of the industry based on a proprietary and the
industry based on an open source platform.

5. Platform With N Independent Applications
51 Proprietary Platform

This section generalizes the main model to N applications that are independent
from each other (that is, neither substitutes nor complements with each other). We start
with the analysis of a proprietary platform. Let the demand function for the platform A,
be q, =a, —b,p, —2.d,p,, and the demand for the application B, be
0, =a —bp;—d;p,+2c;p; , where i,j=1.,N. Weassume d; <b;, >d; <b,, all
applications’ demands are symmetric, a, =a,, b, =b,, d, =d (and therefore Nd < by),
and, because each application is independent of other applications, ¢; =0, j=1,.,N-1.
The profit functions are z, = p,q, +s>q, and 7, =(p, =s)q,, i=1..,N.

The quantity intercept of the demand for the platform (realized at zero
prices p, = p; =0), can be defined as a, = A+ E(N), where A is the stand-alone
demand for the platform, and E(N) an increasing and concave function that captures the
additional value to consumers created by adding a variety of applications.

Adding a new application i has the following additional network effect on
platform demand:

[E(N)-E(N -1)]+&,, where g, :g—
In this equation, the first bracket captures the increase in the platform demand due an
increase of the variety of applications. This increase in the platform demand is
significant when the users have a strong preference for application variety. The second
term captures the effect of a marginal increase in the demand of the new application.
Thus, the users value the platform based on the variety of platform applications and the
actual adoption of each application.

The second stage necessary conditions for profit maximization of the platform
and the applications are:

o, og, < aq, N
T g o4p. 0N g _2bhp.—d . |—Nsd =0
o, Qo + Po P, ; P, 0 b Po ; Pi

or,

oq. .
O g+ (p=9)k (e, 2p ~dp,) 1B =0 L.

Due to symmetry among applications, p, = p,, i =1,..,N. The best response

function of an application is not affected by N, since pl(po): %&*bﬁ The best
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ay—Ndp; —Nds

response of the platform firm, p,(p,)= 2,

, IS impacted by two competing shifts

as N increases: (i) it shifts upwards due to the increase of application variety; and (ii) it
shifts downwards because the effect of the application price on the platform demand is
scaled with N and the lost profit from the application side is also scaled with N . The first
effect dominates when users value the application variety strongly.

The stage one profit maximization condition is
850 (py e 4 g, )4 y¥ (5% + ;)= 0. The effect of fee s on the platform profit from
the applications is scaled with N . The platform profit from users ats=0,

970,(0) — N (2t N7 N _2y) g decreasing only when
(b, —No2f

<a,

The symmetric sub-game perfect Nash equilibrium is:

o a1(8b§b12 +N 2d4)— aobld(SbObl + Nd 2)
© 2y[bgby — Nd? )fgbgby + Ndi 2

. _ aobl(SbObl +Nd 2)— Na,d (mbobl —Nd 2)

e

2

Po 2[bgby — Nd 2 JlBbgby + Na 2
alﬁzbgbf —2bgbyNd? — N 2c|“)— agbyd(8ogby + Ndz)
2D, [boby — Nd 2 Jlgbgby + Nd ?)

P

The equilibrium sales and profits are:

. agh(8byb, + Nd?)— Nayd(2byb, + Nd?) a,(20,b, + Nd?)
% = 2b, (8,b, + Nd ) 8byb, + Nd 2
. Na2(2bb, + Nd? ) + a2b2(8byb, + Nd?)— 2Na,a,byd (8bb, + Nd?)
B 4b, (b,b, — Nd 2 )(8byb, + Nd? )

>0,0, =

. _ a2(2bp, +Nd?f

72

b, (Blogh, + N2 f
As the size N of the network of applications of the platform increases, the profit of
the platform and each application increases, i.e., ‘fj,(; >0 and d”° > 0. The application

provider profit z; is not affected by a change in the users preference for variety, because
7, is independent of a, .

We now determine the relationship between the fee or subsidy s* and the size of
the applications network N . When users have a strong preference for applications

variety, the access fee s” is decreasing in N, and, for large N, it becomes negative. Then

the addition of a new application in the network benefits the other applications too,
because they either pay a lower access fee or they receive a larger subsidy. When users
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have a strong preference for variety, a, increases fastas N increases. Each application
sets a low price because it faces a low access cost (or is subsidized). Thus, there is a
strong demand for the platform, which enables the platform firm to capture most of its
profit from platform sales. However, if users have a weak preference for application
variety, the access fee s is increasing in N . Then the platform captures most of its
profit from the application providers. Finally, if users have a moderate preference for
variety, s” is initially decreasing and then increasing in N .

The increase of the application network size N has a similar effect on p; .
However, a larger N has the opposite effect on the platform price p,. When the users

dpg

have a strong preference for variety, - >0 . When the users have a weak preference for

variety, 5 d"° <0 and p, becomes negative for large N. The distribution of the industry
profit between the platform and the applications ( ) is U-shaped in N when users

assign small value to application variety, and monotonlcally increasing in N when users
value strongly variety in applications.

Summarizing, the crucial feature in this setting is that, as the number of
applications increases, the platform firm faces the trade-off of capturing more profits
either from the application providers fees or from the application users. When users
value application variety strongly, it is likely that the second effect dominates and the
platform firm subsidizes the application providers and makes its profits from the end
users.

5.2 Open Source Platform

Assume that the platform is open source and N applications are independently
produced by for-profit firms. The demand for the platform A, is q, =a, —>.d; p;, and

the demand of the application B, is ¢, =a, —b,p;, where i, j=1,..,N . The profit
functions of the application firms are z, = p,q;, i =1,...,N . We assume symmetric
applications’ demands, i.e., for a, =a,, b, =b,, d, =d, and as before Nd < by. Platform
sets p, = 0 and competition among application providers leads to the unique Nash

equilibrium set of prices p; = Equnlbrlum sales are q, = 2a°b§b1a1dN and g ==. Each
application provider makes proﬁt;zi = W' The total industry profit is T1° = N j‘—ibl .

5.3 Variety of Applications

The total profit when the industry is based on an open-source platform is
independent of the intercept ad of the platform demand since the open source platform
charges a zero price irrespective of the demand. Therefore, the total profit does not
depend on the users preference for application variety, which affects only af . However,
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the total profit of the proprietary industry is increasing on a,, which is increasing in the

application variety N. This observation leads us to the following comparison of industry
profits between an industry based on a proprietary platform and one based on an open
source platform.

Proposition 5: The proprietary industry is more profitable than the industry based on an
open-source platform, when the users’ preference for variety is strong.

Proof: The total profit difference between the proprietary and the open source industry
structures is 1P -1° >0 XZ(N 25068 +16Ns2 + 64%) ~ 82N Zeqe? +128Ney + 2N3c263)
0

+84N 25, +15N 32222 16N — 2N 423 >0, where x = Z_f .

The industry based on an open source platform cannot internalize the users
preference for variety into profits. In contrast, the proprietary platform is able to
internalize the preference for variety and this leads to higher industry profits. The
proposition implies that the stronger the preference for variety, the larger the reduction of
the industry profits from a potential shift of the software industry to an open source
platform.

We now extend the model allowing for free entry of applications in a proprietary
and open-source platforms. We introduce another stage at the beginning of the game,
where each application firm decides whether to enter the industry. There is a population

of N application providers (N large), each offering one application if it decides to enter
the industry. The fixed cost of entry is a random variable k distributed according to c.d.f.
G(k) over [0,K], where K large. Then a necessary and sufficient condition for firm i to
enter the industry is k; <z, . Because in our model the applications are symmetric and

*

7T

is the same for all i, the number of applications at equilibrium will be NG(ﬂi*).

The equilibrium profits for an open source application when there are N
independent applications are z°* = %While the equilibrium profits for a an application

a?(2b,b, + Nd?f
b (8b,b, + N ?
that 7" <z for all N. Therefore, at the free entry equilibrium, there will be more
varieties under an open platform.?*

. Direct calculation shows

when the platform is proprietary are 7" =

Proposition 6: The profits of an application provider are higher under an open source
platform. Therefore, the free entry application variety N of an industry based on a
proprietary platform is smaller than the application variety N° of an industry based on

2
2 [P ) 20" gy e2na?) e Aboh; <=bod < 4bgb; <=d < b since Nd < by,
(8bobl - Nd2)
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an open-source platform.

Even though the proprietary platform subsidizes the application providers when N
is large and the application provider profit is increasing in N, still the application
providers are better off when the platform is open source. The zero price of the open
source platform leads to high platform adoption and higher willingness to pay for the
complementary applications. As a result of the larger number of applications for the
open source platform (N° > NP) the social welfare of the industry based on an open
source platform will be larger than in a proprietary industry.

6. Competition Between Systems Based on a Proprietary and an Open Source
Platform

Consider now platforms A, A, , where A is a proprietary platform and A, is an
open source platform and applications B,, B, , and assume that platform A is compatible
only with application B,. Assume that all the proprietary applications are provided by
independent firms. We call the pair (A, B,) the proprietary system, and the pair (A,,B,)
the open source system. The demand function of platform i is
Aun =& —bpy —dpg; +e(ij + ij) and the demand of the application i is
Og =& — b, Pg; — APy, +e(ij + ij), i =1,2. The parameter e >0 captures the degree
of substitution between the two systems. As we did earlier, we assume that b, > e so that
own price effects dominate cross price effects. The two platforms have potentially
different demand intercepts a,, a, which depend on the number of features bundled with
each platform, the inherent quality of the platform, and the size of the network of
applications compatible with the platform. Since platform A, is open source, p,, =S, =0
and the exogenous adoption cost of the platform is c,. For expositional clarity we

assumeb, =b, =d =1, i.e., that the platform and the application are perfect complements.

Firms play a two-stage game, where access fee s is imposed on the application provider at
the first stage, and end-user prices are determined in the second stage.

We first analyze the case when the proprietary platform and the application are
produced by different firms. The profit functions are 7z, = py0y + Si0g; »

ey =(Pgy —$,)0s, aNd 75, = Pg, 0, . The second stage profit maximization conditions

are n =0, 7y =0,i=1,2. The first stage profit maximization condition is
P OPg;
% =0. The unique subgame-perfect Nash equilibrium sales, prices and profits are:
1
« o« . 2a-+el@+c,) -~ . . 2ae+3a,-c,(3-2¢°
Qa1 = Ug1= Par = Pe1 = 3123(_22 )’qA2=qBZ=pBZ= % 2(23—62() )’
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* * * *2 * * *2
pAZ:O,and Tpg=7g =Pp » T =0, 75, = Py, -

We focus on the effect of a,, e, andc, on the adoption and profitability of the two
competing systems. The adoption (sales) of the proprietary platform is larger than the

adoption of the open-source platform when w@u 2 This implies that,
+e—2Ze

generally, for a relative large demand for the proprietary application (largea, ) and a large
transition cost for the open platform (largec, ) and a relatively small demand for

application of the open source platform (a, small), the proprietary platform will dominate
in terms of market share. For 2-%% the proprietary platform dominates for all non-
A
negative switching costs. The right hand side is positive and decreasing in e; therefore
for the inequality to hold, a larger divergence of maximum sales under the two platform
settings is required for closer substitute systems. When the systems are far substitutes (e
close to 0) and the maximum demand for the open source platform is less than two thirds
of the maximum demand for the proprietary platform, the proprietary platform dominates

even when the adoption cost of the platform c, is zero. In the other extreme, when the

systems are very close substitutes (e close to 1) the open source platform has higher sales
unless c, is very large (a, <c,).

In the special case of equal maximum demands for the open source and the
proprietary platforms,a, = a, = a, the proprietary platform has a larger market-share

a(l+e)

when ~<c,. The left hand side is increasing in the degree of substitution e, so that

3+e—-2e
a higher and higher switching cost c, is necessary for the proprietary platform to
dominate as the platforms are closer and closer substitutes.

Total industry profits are higher for the vertically disintegrated proprietary system
fo-olz) 22 o]
3+ev2 - 262 v
This implies that, generally, for a relative large demand for the proprietary application
(large a,) and a large transition cost for the open platform (largec, ) and a relatively small

demand for application of the open source platform (a, small), the proprietary system

compared to the system based on an open source platform when

will dominate in terms of profits. For 2—2 < 43*/5—\723) the proprietary system dominates in
1 —€

terms of profits for all non-negative switching costs. The right hand side is positive and

% All the parentheses in this equation and the denominator are positive since e < 1.
* * * * * 2 * 2 * * * *
P Tpt Moy = (Tpy +75y) =2Px — P = (pAl\/E_ pBZ)(pAl\/E"' Pg,) >0

— * \/E< * N 32(3—6)—231(1_e)
pAl pBZ 3+e—2€2

denominator are positive since e < 1.

<c, . Again, all the parentheses in this equation and the
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decreasing in e; therefore for the inequality to hold, a larger divergence of maximum
sales under the two platform settings is required for closer substitute systems. When the
systems are far substitutes (e close to 0) and the maximum demand for the open source
platform is less than (2/3)2 = 0.93 of the maximum demand for the proprietary platform,
the proprietary system dominates in terms of profits even when the adoption cost of the
platform c, is zero.

In the special case of equal maximum demands for the open source and the
proprietary platforms,a, = a, = a, the proprietary platform industry has larger profits
when a(3;)2‘5\/);*(22‘2*/E)<cu . The left hand side is increasing in the degree of substitution

+eyV2-2e
e, so that a higher and higher switching cost c, is necessary for the proprietary platform to
dominate as the platforms are closer and closer substitutes.

Proposition 7: A vertically disintegrated proprietary system dominates a competing
system based on an open source platform in terms of market-share and profits provided
that the maximum demand of the open source system (a, ) is relatively small compared to
the maximum demand of the proprietary system (&,). When the substitution between the

systems is low and/or when the switching cost ¢, is high, the proprietary system is more
likely to dominate.

When a vertically integrated proprietary system competes against a system of an
open source platform combined with a proprietary application, the profit functions are
= Puly + Pels;s 7o, =0, and 75, = pg, 0, The non-cooperative equilibrium

prlces, sales and profits are:

23, +e(a, +c, e+2a,-C,\2—-¢
q qu pA1+ pBl %e)’ qu C1:32 pBZ % 4_ e( ),
Pa, =0, and 771 qjuz’ =0,75, = qsz .

The vertically integrated proprietary system has a larger market-share than the

system based on an open source platform if (Zaé—)(zee) <c, " Therefore, the
+

vertically integrated platform dominates the open source platform in terms of sales for a
relative large demand for the proprietary application (largea, ) and a large transition cost

for the open platform (largec, ) and a relatively small demand for application of the open
source platform (a, small). When the maximum sales of the system based on the open

source platform (realized at all zero prices) are smaller than the maximum sales of the
vertically integrated proprietary system, & > a,, the proprietary system dominates for all

non-negative switching costs.

% The second parenthesis in the numerator and the denominator are positive.
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Total profits in each system are proportional to platform sales in that structure.?
Therefore, the comparison between system profits is exactly the same as the comparison
between system sales.

Proposition 8: A vertically integrated system dominates a competing system based on
an open source platform both in terms of profitability and market-share, unless the
maximum demand of the open source system (a, ) (realized at all zero prices) is larger

than the maximum demand of the proprietary system (a,).

Proposition 8 (and to some extent proposition 7) provide an explanation for the
dominance of the Microsoft in the operating systems market. Microsoft controls also
significant applications such as the Office productivity suite. This vertical integration,
along with the fact that the demand for Windows is larger than the demand for Linux
(a, >a,) (because of the larger number of applications compatible with Windows),

enables Microsoft to coordinate the provision of the platform and its applications through
appropriate pricing that internalizes the network effects. The proposition shows that this
will be true even when the switching cost to Linux is zero.

7. Concluding Remarks

We developed models that analyze the strategic differences between a proprietary
technology platform such as Microsoft Windows, and an open source platform such as
Linux. We show that it is important to evaluate competition not just in the platform
market or just in the applications markets, but additionally in the combined interaction
across these markets. We show that the introduction of a third price, a fee that
application developers may pay or receive from the platform (and one that is used
extensively in practice) makes a very significant difference in firms’ competitive
interactions and the evaluation of the platform-applications competitive landscape from
the point of view of public policy.

In our setup, the proprietary platform firm can set positive prices to the end-users
of the platform or, alternatively, subsidize them. The platform firm can also set positive
access fees to the providers of applications that are compatible with the platform, or,
alternatively, subsidize these providers. When using both the price to its end-users as well
as the access fee to the platform provider, the proprietary platform firm follows a two-
sided pricing strategy to maximize its profit. We analyzed this strategy and characterized
its effects compared to a “one-sided” platform strategy that sets only end-user prices.
When, alternatively, the platform is open source, we assume that the platform is provided
for free to end-users as well as to application providers. In the open source platform
setting, the application providers sell their applications at a positive price and make
profits, and can also subsidize the adoption of the open-source platform when that
increases their profit.

. . . * 2
% In fact, profits in each industry structure are the square of sales in each case: 77, + 77z =0},

2
* * *
Tpo T 75y = Qgy -
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When the platform is proprietary, we found that the equilibrium prices for the
platform, or the applications, and the platform access fee for the applications can be
below marginal cost without this being a predatory strategy. It follows that it is important
to analyze the whole system of prices to determine the appropriate public policy in
technology industries. When the study focuses only on a part of the system, significant
features of the strategic interaction in the industry are neglected or may remain
unexplained.

When more than one application uses the same platform, we have shown how the
degree of substitutability among the applications affects the equilibrium. We show that a
proprietary platform is less likely to subsidize the applications if the substitutability
between the applications is strong and more likely to subsidize them if the applications
are complementary to each other. When the platform has a network of N >1
independent applications, then the platform profit and each application profit is
increasing in N. The access fee paid by each application to the platform is decreasing
in N only when the users have a strong preference for application variety.

We compared a software industry based on a proprietary platform with a software
industry based on an open source platform. We found that a vertically integrated industry
is more profitable than both an open source platform industry as well as a vertically
disintegrated proprietary industry. However, the open source industry is more profitable
than the vertically disintegrated proprietary platform industry when the demand of the
proprietary platform is not much stronger than the demand of the application, the
platform users have a weak preference for application variety, and the own-price effect of
the platform is strong, while the own-price effect of the application is weak. Conversely,
the vertically disintegrated proprietary industry is more profitable than the open source
platform industry when the demand for the proprietary platform is significantly larger
than the demand of the application, the own price effect of the platform is weak, while
the own-price effect of the application is strong. We also found that the variety of
applications is larger when the platform is open source.

When a proprietary system competes with a system based on an open-source
platform, then the proprietary system most likely dominates both in terms of market share
and profitability. This holds even when the cost of adopting the open-source platform is
zero.

Future research in this area may include a study of the determination of quality in
the context of an open source platform, an understanding of the incentive to innovate
under open source (both for the platform and the applications) and a comparison with the
incentive to innovate in a proprietary platform setting, and more generally the dynamics
of competition in a multi-period setting.
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