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ABSTRACT: Competitive maneuvering in the information economy has raised
a pressing question: how can firms raise profits by giving away products for free?
This paper provides a possible answer and articulates a strategy space for information
product design. Free strategic complements can raise a firm’s own profits while free
strategic substitutes can lower profits for competitors.

We introduce a formal model of cross-market externalities based in textbook eco-
nomics — a mix of Katz & Shapiro network effects, price discrimination, and product
differention — that leads to novel strategies such as an eagerness to enter into Bertrand
price competition. This combination helps to explain many recent firm strategies
such as those of Microsoft, Netscape (AOL), Sun, Adobe, and ID. We also introduce
the concept of a ”content-creator” who adds value for end-consumers but may not
be paid directly. This research implies that both firms and policy makers need to
consider complex market interactions to grasp information product design and profit
maximization.

The model presented here argues for three simple and intuitive results. First, a
firm can rationally invest in a product it intends to give away into perpetuity even in
the absence of competition. The reason is that increased demand in a complementary
goods market more than covers the cost of investment in the free goods market.

Second, we identify distinct markets for content-providers and end-consumers and
show that either can be a candidate for the free good. The decision on which market to
charge rests on the relative elasticities as governed by their network externality effects.
If the externality effect is sufficiently large, the market with the higher elasticity is the
market to subsidize with the free good. It is also possible to charge both markets but to
keep one price artificially low. The modeling contribution is distinct from tying in the
sense that consumers need never purchase both goods. Unlike razors and blades, the
products are stand-alone goods. It also differs from multi-market price discrimination
in the sense that the firm may extract no consumer surplus from one of the two market
segments, implying that this market would have previously gone un-served.

Third, a firm can use strategic product design to penetrate a market that becomes
competitive post-entry. The threat of entry is credible even in cases where it never
recovers its sunk costs directly. The model therefore helps to explain several interesting
market behaviors such as free goods, upgrade paths, split versioning, and strategic
information substitutes.

This research has been generously supported by the Freeman School of Business

and by an NSF Career Award #IIS 9876233.



1 Introduction

In the information economy, competitive maneuvers have raised the question
of when firms can increase profits by giving away free product. Microsoft and
Netscape (now part of AOL) competed by finding ever more channels through
which to freely distribute their browser software. Adobe widely distributes its
portable document reader. Real Audio permits anyone to download its sound
player. Sun Microsystems has acquired Star, the most successful developer of
an office suite for Linux, in order to give its products away.

This paper provides one answer to the question. Free strategic complements
can raise profits for goods owned by the same firm. The model predicts that
firms may integrate or incur significant development costs in order to distribute
portions of a pair of complements. In contrast, free strategic substitutes can
lower profits for competitors inducing market exit when average cost curves are
declining. Incumbents then benefit from reduced competition.

One novel modeling contribution is to introduce the concept of a content
provider, a distinct market segment that adds value for the end-consumer but
that may not be paid directly. This explains, for example, the production of Real
Audio content for Real Audio players and Acrobat articles for Acrobat readers
that have nothing to do with the firms Real Audio or Adobe respectively. We
also show that distinct market strategies emerge yielding alternative free goods
markets and fare goods markets. A comparative statics analysis shows when
firms make profits by charging positive prices in either the end-consumer or the
content provider markets, or both.

The key insight is that designing a separable product and underpricing one
component is a device for implementing price discrimination in markets with
positive network externalities. The apparent contradiction of introducing and
sustaining a product subsidy in one market resolves itself once it becomes clear
how profits increase more than the subsidy cost in the other market. This
product coupling strategy can also be used to extend the sphere of product

competition to oligopoly markets. The cross-market subsidy made possible by



the positive externality ensures that one firm can not only sustain an indefinite
subsidy, but can even increase its profits in competition with another firm.
Interestingly, this undercuts the conventional wisdom that firms should seek to
avoid Bertrand price competition as this forces price to marginal cost. As in the
case of the Internet browser wars, our framework illustrates how prices below
marginal cost can be profit maximizing when they serve to stimulate demand
across markets. Correspondingly, this may help to explain the ubiquity of free
information offered on the Internet.

The mechanisms rely on fairly standard intuitions but, in fact, alter the
standard models. This leads to subtle differences with the network externality
and price discrimination literatures at the same time we draw heavily from
both. In particular, we extend the idea of an intra-market network externality,
or demand economy of scale, to an inter-market externality. In the classic
exchange story, consumers of telephones benefit from increased consumption of
telephones as this extends the reach of existing consumers to new consumers.
In contrast, consider the chicken-and-egg problem of creating music content for
a new format. Producers want consumers and consumers want producers before
either readily switches to the new format.

An incumbent firm producing music content probably does not welcome en-
try by another firm producing similar content as there is no profitable direct
exchange between them. Everyone in the end consumer market, however, wel-
comes entry because it increases the prospect of a viable format should the
incumbent fail. It also increases variety while possibly lowering prices. This
increases both the value to individuals and the number of individuals willing to
switch formats. Thus, in the present example, the externality runs from content
creators to end consumers.

Conversely, consider the end consumer’s original choice of VHS versus Beta.
Initially, at least, consumers are likely to care less about adding any single con-
sumer to a new format than they care about the number and diversity of firms
who provide content for that format. Producers, however, care immensely about

the size of the consumer market. The existence of a larger consumer base makes



production under any given format more attractive. Again, in the present exam-
ple, the externality runs across markets from consumers to providers of content
and back. Importantly, both content creators and consumers do value growth in
their own markets but this may be mediated by the indirect effect of the cross-
market externality. At issue is whether own-market entry expands participation
on the other side of each transaction. Content creators may not object to other
content providing firms if effective consumer demand rises instead of falls.

Consider finally, a third participant — the focus of our attention here — who
produces tools to support both content creators and end consumers. Examples
include Sun, Apple, and Microsoft who support software developers as well as
private and business buyers; it includes Sony and Phillips who support the
entertainment industry as well as households; and it includes firms like Adobe
who produce portable document distillers as well as portable document readers.
For these firms, the chicken-and-egg profit maximization problem is how to grow
both markets. A straightforward solution that is widely observed in the internet
economy is to subsidize one market in order to profit more from the other.

To put this in context, this idea differs somewhat from traditional multi-
market, or third degree, price discrimination in that firms make product offers
to markets where they never intend to capture any consumer surplus. In fact,
they may subsidize one market indefinitely to promote demand in the other.
Thus we extend the analysis in which consumer values are fixed and the only
contracts available in the marketplace are those designed to extract surplus from
those who accept them.

The insights also differ somewhat from the traditional models of tying, or
second degree price discrimination. Although the strategic choice of product
design requires both goods to be coupled, unlike the classic case of razors and
blades, at least one of market segment need never consume the complementary
good. Consumers of a portable document reader may, at their discretion, forgo
the cost of the distiller illustrating how the goods are more loosely coupled than
in the classic cases of tying.

We note that the popularity of this product design strategy among informa-



tion goods may in part be due to the unique properties of information. Because
the first copy costs are high but the second copy costs are negligible, a firm
can afford to subsidize an arbitrarily large market while only incurring a fixed
up-front investment cost. Each additional consumer of the free good costs the
clever product designer nearly nothing in incremental costs. With increased con-
sumption of information, we may expect to see increased use of the proposed

product design strategy in the future.

2 Related Literature

This analysis proceeds from a diverse literature. The concept of strategic com-
plements and substitutes was introduced by Bulow, Geanakoplos, and Klem-
perer (1985). The definition of strategic complements (substitutes) differs from
the standard definition in the emphasis on marginal rather than total profit
increase (decrease) with the introduction of new goods. An example where
firms prefer to enter zero profit markets is presented in DeGraba (1996). The
mechanism, however, is quite different. That analysis begins with a model of
tying based on Whinston’s (1990) contribution and relies on declining average
cost curves to favor firms with increased sales. Our model makes less use of
tying - the consumption decision for both goods is voluntary and one market
may never purchase both goods - and instead relies on the content provider
market to increase sales, yielding different selling and product design strategies.
Shapiro and Varian (1999) discuss the possibility of negative pricing to profit
in complementary markets. We formally model when this is optimal and how a
third party, the content creator, contributes value to consumers. These strate-
gies are similar to an extreme form of product versioning (Varian 1997), but
include the benefit of strategic complements. The complement is modeled after
the network externality framework of Katz and Shapiro (1985). This work also
adds to the work on bundling (Adams and Yellen 1976; Bakos and Brynjolfsson
1997; Nalebuff 1999) and mixed bundling (Chuang and Sirbu 1997). Where

prior research characterizes the profit motives for bundling information goods



in monopolistic and competitive (Fay and MacKie-Mason 1999) settings, this
work characterizes the profit motives for unbundling information goods. The
innovation is that we articulate the opposite end of the spectrum of tastes. The
bundling literature focuses on little or negative correlation in consumer tastes;
in contrast, this contribution focuses on strong positive correlation, through the
information product design decision.

The paper proceeds as follows. First, we develop a model of complements.
We then find the conditions for a subsidy market to exist and prove uniqueness
in a two market setting. We develop a model of oligopoly competition in the
presence of cross-market externalities and show how firms can take advantage
of both positive and negative externalities. Finally, we explore when firms
will find it advantageous to disaggregate information goods for sale to distinct

markets.

3 A Model of Complements

In this section we consider the question of why a firm should spend resources
to create a product it intends to distribute for free. Drawing on complementary
goods markets where there are demand economies of scale, the model shows

that participating in a free goods market can be profit maximizing,.

3.1 Markets

We consider two markets for a given information product. The first is the
general consumer market, (subscript ¢). The second market is the joint-producer
or content-creator market (subscript j). Building on Katz and Shapiro (1985),
we model each consumer’s willingness to pay as a function of the their own
valuation and the number of consumers in the other market who buy.

The parameter Q is a bound on the quantity purchased and V is a bound
on consumers’ valuations for the product in the absence of externalities. The

externality term e;. determines how much of an impact purchases in the joint-



producer market have on the consumer market. Conversely, e.; determines how
much of an impact purchases in the consumer market have on the joint-producer
market. In order to work with linear demand curves, we assume that potential
consumers in each market have a uniform distribution of valuations, but share
their valuation of the externality from the alternate market. This yields the

pair of simultaneous equations:

Q.

c = e icdi — 7 Pec 1

Ge = Qe +€5e0; — 7P (1)
Q;

4 =Qj +ecjqe — ﬁpj (2)
J

Eliminating ¢; from the right-hand-side in each equation leads to indepen-

dent formulae:
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To render the interpretation meaningful, we impose the restriction that 1 —
ecjeje > 0 in order that the network externality terms contribute only a finite

and positive amount to consumer surplus.

3.2 Monopoly Choice

Allowing for near zero marginal costs to distribute an information good, we
can model the firms profit for the bundled good as m = pg. When the firm

disaggregates the product for sale to two diflerent markets, this becomes m =

Peqc + P54



Taking first-order conditions leads to the following monopoly choices for p.

and p;:

(coiso = 2) QuQIVEY) + ey QuQiVaV? — ue@V2V) + 4 Q.Y
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We can use these prices to determine 7* as follows:

(6)
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In jointly maximizing prices over both markets, the normal assumptions of a

positive first derivative and negative second derivative that guarantee concavity

become the Hessian conditions. In the present model, the Hessian of
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We now introduce a simplification. We can map the maximum values,

quantities and the externality terms into surplus space as follows:

Se = Q.Ve

S; = @iV
Sej = e QcV;
Sje = €;cQ;Ve

We can then express the optimal prices in surplus space:
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A simpler form for optimal profit can also be expressed in surplus space:

o 5c59i (Se+ Sej + Sje + 5)
48.5; = (Sej + Sjc)”

(10)

The surplus space simplification provides a somewhat more congenial ex-

pression for the Hessian restriction and the finite market restriction:

4SCSj — (Scj + Sjc)2 > 0
 SySie

1
3.9,

We now introduce a lemma to show that, in general, we need only satisfy

the Hessian condition.

Lemma 1 The Hessian condition subsumes the finite market assumption. That

is 45:5; — (Se5 + Sjc)2 > 0 yields a tighter bound than 1— Sscz—gjc > 0.

Proof. Rewriting the finite market assumption, we have S.S; > S¢jSj. so

clearly 45.5; — 45:;S;. > 0. Thus we must show

48,55 — (Soj + Sje)? < 4S.9; —4S.;5;
—(Sej + 550)* < 45,55

—S52 = 25580 — 57, < —455.

—(8% = 28:8j0+S7.) < 0
—(Sej = Sje)” < 0

which is true for all values of S.; and Sj.. Indeed, the inequality is strict for

all values Sz; # Sj.. W

3.3 The Choice of a Free Goods Market

Choosing an optimal price pair is a standard maximization problem in price

space. Using equations 3 and 4 above, we can plot prices p. and p; such that
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Figure 1: Four possible regions: (1) charge both consumers and joint-producers,
(2) charge consumers, subsidize joint-producers, (3) subsidize both consumers

and joint-producers, (4) subsidize consumers, charge joint-producers

quantities ¢. and ¢; are non-negative and then maximize 7 over this convex
region. The following plot illustrates the four regions where I - both markets
are charged positive prices, II - joint producers are subsidized while consumers
are charged positive prices, III - consumers are subsidized while joint-producers
are charged positive prices. Region IV represents a subsidy to both markets and

is never profit maximizing,.

In general, the region of positive quantities is the area under both price
curves. The relative market sizes , valuations, and network externalities, how-
ever, can give rise to different convex regions and optimal price choices.

In the next figure, we plot iso-profit curves in the case where the consumer
market is charged.

In the figure above, profit is increasing as the iso-profit curves move down-
ward and to the right. In principle, the markets are symmetric, implying that
the choice of free and fare goods markets is not obvious. Although Figure 2

shows isoprofit curves increasing with subsidies to market j, rotating the plot
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Figure 2: End consumers are charged while joint-producers are subsidized.

*—optimal price choice

around the line yields a mirror image in which profit increases with subsidies to
market c. In practice, Adobe charges for distiller in the content provider market
while ID (publisher of the DOOM and Quake computer games) charges for the
game player in the end consumer market.

The decision of which market to subsidize (if any) and which to charge rests

on Proposition 1 below. First, we introduce a necessary lemma.

Lemma 2 If consumer prices are less than or equal to zero, it must be true
that the consumer market creales more network surplus in the contenl-creator
marketl than the conteni-creator marketl creates in the consumer market. That
is, pi <0 implies Sz; > Sjec.

Proof. Using the finite market assumption, we derive a contradiction from
the fact that price constrains the surplus terms in the stated proportions. Substi-
tuting surplus terms into the finite market assumption implies that 1— Sscz—gjc >0
or rather that S.S; > S¢;S;e.

By the first order conditions, p} is given by:

V., (2Sch — S¢jSje = S5 (Sej — Sje) — ng)
48.5; — (S.j + Sie)’

and given that p} < 0 the numerator must be < 0 so we have

QSCSJ‘ — Schjc < Sj (Scj — Sjc) + Sc2j
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Because S¢;Sj. < S:.S;, we have the further implication that

25 Sje — SeSje < 28:8; — SejSje < S; (Sej — Sje) + S
SejSje < Sj(Sej — Sje) + 5%
SejSie— Sc2j < S (Sej — Sie)
Sej(Sje — Sej) < Sj(Ses — Sje)

Both surplus terms S¢; and S; are positive. Thus allowing Sc; < Sj. leads
to the contradiction thal a positive number is less than a negative number from
which it follows that Se; > Sj.. Intuitively, the free goods market must create
more network surplus in the fare goods market than vice versa in order to justify

the subsidy.

Proposition 1 A free goods market exists for one of two markets linked by
positive network externality terms when one of the following mutually exclusive

conditions holds.

Consumer Market is Subsidized:

25.5; _
Schjc + Sj (Scj — Sjc) + 52

cf

Content-Creator Market is Subsidized:

25,5, .
SejSje + Se (Sje — Sej) + 5%,

Proof. The ratios follow directly from the optimal prices and the Hessian
condition. We now establish thal only one markel can be subsidized at a time.
To do this, we assume that one market is subsidized and then derive a conlra-

diction to the possibility using the Hessian Condition.
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Assume pi < 0. Then by the test condition we know that:
2
QSCSJ‘ < Schjc-FSj (Scj —Sjc) +Scj
25.5; — S Sje < S (S — Sje) + 5%

The Hessian Condition implies that:

0 < 45.5; —(Se+ S;.)°
82 428 S+ 57, < 45.S;
SZ + 53,

5 < QSCSJ‘ — Schjc

Combine above two inequalities:
2 2
Scj + Sjc

5 < 2SCSJ‘ — Schjc < Sj (Scj — Sjc) + Sc2j

From the derivation of p}, the inequality S, (Sj. — Scj) + SJZC < 25.8; — S:;Sje
implies that pj > 0.

2 2
To verify this test, we can show that the lefthand side is smaller than @
or that
82 4+ 52
SC(SJ _Scj)+Sj2c < - 2 =
25 (Sje — Sej) +255, < S5+ S5,
25, (Sj.— S:) < Sfj —szc
—25: (Sej = Sje) < (Sej + Sje) (Sej — i)
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Since p; < 0 by assumplion, Lemma 2 states that (S.; — S;c) > 0, showing
that the above inequality holds and that only one of the two test conditions can

be true. W

4 Firm Competition

In this section, we consider a duopoly market and show why a firm might vol-
untarily engage in Bertrand, undifferentiated product, price competition that
forces profits to zero in one market segment. The product complement can be
used as a credible threat to enter into a market where conditions following entry
would argue against a firm’s ability to maintain its position.

The first competitive model extends the framework of the previous section
to show how a firm prefers to seek market share in one market, while reaping
the network externality benefit in the complementary goods market. Any
incumbent firm faces the prospect of competition from a firm willing to price
at zero or below to gain market share. Microsoft’s willingness to price Internet
Explorer at zero provides a motivating example. With access to source code
from Microsoft’s other applications, Internet Explorer displayed significantly
greater compatibility with Powerpoint, Word, Excel, and FrontPage than did
Netscape. In fact, Internet Explorer could directly display Powerpoint slides
without modification complete with animation. It could also directly transfer

tables displayed in HIML format to Excel.

4.1 Complements and Positive Network Externalities

We again consider two markets for a given information product. The first market
has an incumbent monopoly Firm I. We assume that Firm I only participates
in market 1. An entrant, Firm E, has the option of entering market 1 with a
zero-marginal-cost product. This market is complementary to a second market
in which Firm E participates so that e;2 > 0. For simplicity, the second market

is not complementary to the first — this would only strengthen Firm E’s position
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— so the externality is modeled as ez; = 0. In market 1, we adopt the standard
model of linear product differentiation due to Hotelling (1929xxx) as described
in Tirole’s 1988xxx text with quadratic costs. In market 2, we introduce a

network externality spillover effect from the previous section.

Competition in Market 1 Firm I enters market 1 with a choice of product
location. Firms I and F then engage in price competition while Firm F enjoys
a monopoly position in market 2. Firm I7s product position is denoted by a
and Firm FE’s product position is denoted b. Following Tirole (1988), the cost
to consumers of purchasing a product rises at the rate £ * 2 where £ measures
the gap between the consumer’s ideal product and the location of the firm’s
offering. The cost coeflicient ¢ is also assumed to be small enough that the
market is fully covered. Otherwise, firms could position themselves far apart
to effectively participate in completely separate markets. With respect to their
product preferences, consumers are assumed to be uniformly distributed over
the interval [0, 1] and they share a common willingness to pay for a good that
meets their needs. The demand for any good distributed in this region can be
found by determining each firm’s price and product location dis-utility curve.
The indifferent consumer has equal surplus from either firm. Moving in either
direction makes one firm'’s offering preferable to the other firm’s customers. This

is depicted graphically in Figure 3.

The point at which a consumer is indifferent between the product offered by
Firm I and Firm F is denoted by x in Figure 2. Firm F wins consumers with
preferences on the interval [0, z) while Firm I gets consumers with preferences
on (z,1].

Denoting the firm with a superscript, quantities in market 1 are determined

by the following set of equations:
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o.7f  Firm B (entrant) Firm A (incumbent)
market share market share

) [

e

Figure 3: The allocation of market share depends on the choice of location and
price. Each firm wins those consumers closest to its product offering up to the

point of indifference, x.

pi —pf +a*t —b%t

vz Dat — 201 (11)
Q{ = Ql(l_x) (12)
@ = Qi (13)

Profits in market 1 are determined by the standard choice of price times quan-

tity:

W{ = P{Ql(l—x) (14)

7T]15 prlx (15)

Monopoly in Market 2 We retain the externality effect in market 2 so that

quantity is determined by the original equation:

Q2
43 = Q2 +e12qf — 72195 (16)

Plugging in ¢ from above yields the profit function in market 2:

16



Ty =py <Q2 + er22Qq — %P§> (17)

Since prices in market 1 are determined endogenously by the level of product
differentiation, or choice of location, the entrant anticipates the incumbent’s best
response and uses this to choose location. The number of consumers in the first
market then influence consumption in the entrant’s second market. Thus we
use the solution concept of a subgame perfect Nash equilibrium to solve for
Firm E’s location and Firm I’s price in market 1 before choosing Firm E’s

optimal price in market 2.

Given locations, the best response equilibrium prices for market 1 are:
pi* = < (4at — a®t — 4bt + b71) (18)

¥ = < (2at — a®t — 20t + b3t) (19)

Wl = ol =

Combining equations 15 and 17, Firm E’s total profit function is:

™ = pPQrz + p¥ <Q2 + e122Q1 — ?/—jpf) (20)

Inserting the point of intersection x and the optimal pricing equations 18 and
19 into this profit function allows Firm F to optimize both its choice of location
in market 1 and its pricing decision in market 2. Suppressing the algebra, these

choices are given by the expressions:

6%2Q1V2 — (4 + CL)StQQ + 2

o 21
2410 ( )
. Vs (1441Q5 + ¢,Q3Va + €12Q1 (161Q2 (1 4+ a) + 2))
JE : 22)
288102

256(1 + a)?t2 Q3+
where 2 = ( i (23)

32e12tQ2Va (1 + a) e12Q1 + 9Q2) + e, QTVE
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Proposition 2 A firm may voluntarily enter into Bertrand, or undifferentiated
goods, price competition in market 1 if it enjoys a monopoly complement in

market 2.

We offer a numerical example to illustrate the subgame perfect Nash equi-
librium from Proposition xxx. When Firm I is a monopolist in market 1,
it chooses a location at the mid-point of product space to capture maximum
market demand with minimum cost, so let Firm I’s location be given by a = %
Then let t = i, er2=1,Vo=1,0Q1 =1, Q2 = 1. Plugging these values into

the formulae for optimal price and location leads to:

- E*_ﬁ,szﬂ (24)
4 16

As a check, we note that the price formulas in market 1 for these parameter
values imply p¥ = p! = 7! = 0. Moreover, two independent firms pricing the
complementary goods, or a myopic integrated firm, would have chosen b* = 0,
leading to combined profits of only .502 versus .563 for optimal choices, a 12%,
improvement over the independent choices.

This implies that a firm will willingly forego profits in one market that it
can more than recover from a second market. It further implies that Firm E
can sustain price competition indefinitely and could, in fact, sustain losses up to
the amount of additional profit in market 2. For the incumbent this could lead
to market foreclosure. In the absence of its own complementary good, Firm I
earns strictly zero profit on sales and it loses its sunk costs.

If Firm I anticipates E’s entry, Fiirm I will not enter the market assuming
its product requires an initial investment because these costs are never recov-
ered. Firm I could soften price competition by choosing one end of the product
spectrum but this may be insufficient to avoid the effects of a price war. Firm E
is seeking market share not profits in Firm I's market. Regardless of the in-
cumbent’s choice of location,the entrant can maximize market share by choosing
a location ¢ to the left or right of Firm I. In fact, the usual solution of escaping

competition by choosing a = 1 or 0 could cede the entire market to the entrant
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who chooses b =1 —¢ or 0+ ¢ so that a = % is the more conservative solution.

Whether this is sufficient reason for I to be in the market then hinges on the
relative parameters that govern avoidance, accommodation, and exit.

For information goods, average cost curves are declining due to the high
first copy and low additional copy costs. Thus scale is important to remaining
profitable. In any case, it should be clear that the existence of a complementary

goods market makes E significantly more aggressive.

4.2 Substitutes and Negative Network Externalities

In this section, we introduce the idea of strategic substitutes via a negative ex-
ternality across markets. As a motivating example, we consider the influence
that including a Java runtime environment in Netscape had on demand for the
Windows operating system. The original intent of Java, as characterized by its
developers at Sun Microsystems, was to create a “write once, run anywhere”
environment. The proposed mechanism was to include numerous applications
programming interfaces (APIs) that would allow programmers direct access to
the hardware unmediated by the operating system underneath the browser. Ap-
plications could then be written that could run across diverse and independent
platforms (US vs. Microsoft — Findings of Fact. Nov. 5 1999). Although the
browser and operating system were not direct substitutes — the browser still
required an underlying OS — the use of Netscape freed consumers to choose an
operating system with less regard for the size of the applications installed base.
This might “commoditize” the operating system. The owner of the operating
system might then have an incentive to prevent growth in market share of the
indirectly competing product.

We can model the negative spillovers using the framework of the previous
section. Again, we build on Hotelling’s duopoly model of differentiated products
in which the choice of product locations determines equilibrium prices. The
incumbent in market 1, Firm I, must respond to the choice of product location

by the entrant, Firm E, who anticipates this response in determining the best
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location. Exactly as before, optimal prices are given by

N 2
o= z—a—t)(a-b) (25)
o« t
pyt = 5(2—0—@—0—1)) (a—10) (26)
Similarly, the point of intersection is x = Wwi‘ch quantities to

each firm given by ¢ = Q(1 — z) and ¢¥ = Q,x respectively.

Again, Firm E enjoys a monopoly position in market 2 but this second
product is negatively affected by sales of the incumbent’s product in market 1.
That is, we can model the influence of sales in market 1 on sales of the competing
firm in market 2 as an inter-firm externality. Using superscripts to denote
firms, let F'irm I’s sales in market 1 reduce F'irm E’s sales in market 2, so that
el¥ < 0. In the last section, we showed that an owned good externality, e&%Z > 0
can be used to motivate free pricing in the competitor’s market. To highlight
the importance of this new effect, we set owned good externality e‘l%E =0 and
show that the same willingness to enter into Bertrand competition holds for a
fundamentally different reason, namely, mitigating the loss of sales in a favored
market. Retaining the positive sense of the externality, Firm I’s sales in market

1 negatively affect Firm E’s sales in market 2 yielding the following equation

Q2
@ =Q2—elzql — 7]95 (27)
2
The new total profit equation then becomes
7t = pPQux +p¥ <Q2 —e12Q1(1 —z) — %pf) (28)

Firm FE again faces a subgame perfect Nash equilibrium decision. By
commiting to a location in market 1, it knows Firm I must respond. It

therefore gets to choose b in market 1 knowing that this influences price and
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profits in market 2. Substituting for x, the point of intersection, and for optimal
market 1 responses p{*and pf*, Firm E selects b* and pf*. Suppressing the

algebra, these are given by

e25Q1Va — (44 a)8tQ2 + 2

b* = 29

24105 (29)

e Vo (144103 + €3,Q7Vo + €12Q1 (16tQ3 (a — 8) + 2)) (30)
Pz = 288102

256(1 + a)?t2 Q3+
where 2 = ( EQ: (31)

32e12tQ2Va ((a — 8) €12Q1 + 9Q2) + €1,Q3VE

Proposition 3 A firm may voluntarily enter into Bertrand, or undifferentiated
goods, price competition in market 1 if it faces a threatened monopoly in market

2.

To illustrate the indirect threat from the cross market externality, let a = %,
t = 1_12, e =1, Vo =1,Q; =1, Q2 = 1. Plugging these values into the

formulae for optimal price and location then leads to:

1 1 1
bt == E*:_ E:_ 32
27]32 477T 16 ( )

As a check, we note that the price formulas in market 1 for these parameter
values imply p¥’ = pl =7l =0.

The illustration in a business setting is straightforward. By including Sun’s
Java virtual machine in Navigator, Netscape threatened to commoditize oper-
ating systems and, even though it was not a direct threat, minimizing Netscape

market share became an important goal.

Microsoft would not have given IE away , nor would it have
taken on the high cost of enlisting firms in its campaign to maximize
IEs usage share and limit Navigators, had it not been focused on
protecting the applications barrier [to its operating system]. Judge

Thomas Penfield Jackson, Findings of Fact 11-5-99
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5 Extensions

Strategic Product Design

In this section we consider the question of why a firm should spend additional
resources to create multiple versions of a product for sale to different markets.
Varian (1997) considers the case of versioning information goods by quality and
features where firms induce consumers to sort themselves according to their
private valuations. We are interested in the case where positive externalities
across two markets lead firms to design complementary products. In this case,
unbundling can become a dominant strategy.

If we assume a single price across two markets for a bundled information

good, then a monopolist chooses price and earns profit as follows:

’ 2((1+ec) QcVi + (1+¢50) Q;Ve)
. (L ee)) Qe+ (1 +e5e) Q) VeV (34)

2(ecjeje — 1) (1 + €cj) QeVj + (1 +€5c) Q5 Ve)
We showed above that the optimal unbundled profit when prices are chosen
independently for each market is:

o QVe+Q;Vi +eqQ:Vi +e5.Q5Ve

v 2RV, 2.Q;Ve
4- (Q—V +2eci€je + 257 )

In the context of positive cross-market network externalities, we now show
that in the convex regions of interest defined by the Hessian restriction disag-

gregation dominates.

Proposition 4 When demands across markels exhibit positive cross-exlernalilies,
a momnopolist can earn strictly greater profit by unbundling a zero-marginal-cost
good for sale to each market at independent prices than by selling one product

to both markels at a single price.

Proof. To simplify the equations, we focus on the relative market sizes.

Let:
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Ve=080V,V; =V, Q. =Q,Q; =¢Q,§ >0,6>0

Then,

o lQV(S de (8 +e4eqj +bceje) (1+¢+ey +eei)’
Crd 46 — (eoj + Beeje)” (L beteg +8eesc) (1 eqieye)

All terms are positive by the Hessian condition and the finite market as-
sumption. Cross-multiply to develop the following comparison:

Proof.

de (6 4+ e+ eqj + bcejc) (1 + b+ eq5 + beeje) (1 — egjeje) —

(I1+e+e;+ eejc)2 (455 —(eq + 5eejc)2)

Unbundling dominates when this expression is positive. In fact, this expres-

sion simplifies to a perfect square:

(2—2e+25— €2+ eje (1+8) (14 £+ cejc) + e (ejc(e—é—l)—1—55))2

[Authors Note: This proof relies on the restrictive case that consumers in one
market place no value on products sold in the other market. This might be true in
one direction for products such as Adobe Exchange since a high functionality version
of Acrobat Reader is included with the package (along with Distiller which is used to
create pdf files), so that consumers would have no need of the free Acrobat Reader
product. However, it is probably false in the opposite direction since it is unlikely
that all consumers of Acrobat Reader place a zero value on the full featured Adobe
Exchange product. We are exploring solutions using a bundling analysis based on

Nalebuff (1999) to relax this assumption.] |
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6 Further Applications

6.1 Temporal Complements.

With a shift in interpretation, the framework easily represents temporal com-
plements as well. Under the practice of penetration pricing, a firm introduces
a good at a low price in order to generate sales through exposure and word-of-
mouth contact. From roughly 1991-1995, the Bare Bones Editor ” BBedit” was
produced and distributed for free. As it gained in popularity, the copyright own-
ers changed their strategy and offered subsequent products at positive prices.
Similarly, in the period after its first formation and before Microsoft entered the
market, Netscape Navigator was distributed for free. Netscape, the company,

subsequently raised the price until the introduction of Internet Explorer.

6.2 Upgrades

The same framework also represents the possible design strategy for upgrades
and professional versions. Numerous companies give away an introductory or
novice version of their software but charge for the professional version. Ventana
Systems allows anyone to download the student edition of their simulation and
modeling software for free. The professional version costs $1200. Once students
have learned the interface and command structure, it is much more attractive to
remain within the same product family. This gives users the chance to become
used to the good and then to increase their demand for the more advanced
features. There are excellent reasons why firms disable functionality in their
products in order to create different versions of their goods. In most of these
cases, different versions are created to engage in price discrimination, an effort
to cause consumers with intrinsically different demand profiles to self-select on
the basis of willingness to pay. A price discrimination model, however, leaves
open the question of why any firm should incur development costs on a good

for which it anticipates no revenues.
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6.3 Tangible Goods

The complementary goods need not, in fact, be wholly information goods. Net-
work externalities can arise from goods with tangible and intangible components.
The Digita scripting language for digital cameras allows users to create their own
extensions to the command sets permissible within the cameras operating sys-
tem. Kodak has recently held a contest for the best script enhancements and
published the results. Giving away this information for free greatly enhances the
value of and therefore the demand for the digital cameras offering this capabil-
ity. Similarly, Intel Corporation freely distributes sophisticated video morphing
software. Complex image editing software requires large amounts of memory
and processing power. Thus the freely available software increases the demand

for their hardware.

6.4 Temporal Strategic Substitutes

Introducing new products can also be used to foreclose markets for competitors.
As a defensive maneuver, Microsoft could potentially have introduced Internet
Explorer as a preemptive strike against a strategic substitute for the Windows
operating system. If a non-Microsoft browser became the standard interface
to the Internet and launching other applications, it could have diminished the

value and hence the profitability of the operating system.

7 Conclusions

The model presented here argues for three simple and intuitive results. First, a
firm can rationally invest in a product it intends to give away into perpetuity
even in the absence of competition. The reason is that increased demand in a
complementary fare goods market more than covers the cost of investment in the
free goods market. Second, we identified distinct markets for content-providers
and end-consumers and showed that either can be a candidate for the free good.

The decision on which market to charge rests on the relative elasticities and
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relative network externalities. At sufficient levels, the market with the higher
elasticity or greater contribution to demand in the other market is the market
to subsidize with the free good. It is also possible to offer fare goods in both
markets but to keep one price artificially low.

This contribution is distinct from tying in the sense that consumers need
never purchase both goods — unlike razors and blades, the products are stand-
alone goods. It also differs from price discrimination in the sense that the firm
may extract no consumer surplus from one of the two market segments, implying
that this market would have previously gone un-served.

Third, a firm can use strategic product design to penetrate a market that be-
comes competitive post-entry. The threat of entry is credible even in cases where
it never recovers its sunk costs directly. The model therefore helps to explain
several interesting market behaviors such as free goods, temporal complements,

tangible complements, and strategic information substitutes.
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