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Abstract

The emergence and market success of Linux in recent years has

been impressive. Contrary to common belief, commercial enterprises

are active only in the provision of services (including distribution) re-

lated to Linux. The emergence of this service market has paved the
way for Linux to become a low-cost product and a serious competitor

in formerly monopolistic market segments. This paper demonstrates

that there is no a priori reason why the incumbents should neces-

sarily survive in these segments. Their exit would, in fact, lead to

these segments' collapse. A simple model is used to show that the

emerging price pressure on the former monopolists depends on the

extent of the current heterogeneity between Linux and the operating

systems of the incumbents and thus ultimately on customers' prefer-

ences. The absence of development costs for Linux distributors leads

to cost advantages on the part of the entrants. This could lead the

incumbents to stop development of their operating systems when the
extent of product di�erentiation supported by the market no longer

permits coverage of the their average costs. This in turn would re-

sult in the collapse of the respective market segments, as new entrants

would o�er only services related to Linux.

�German Institute for Economic Research (DIW). The author would like to thank
Wolfram Schrettl for important contributions, Matthias Bahr for research assistance,
Mechthild Schrooten for very helpful comments, SuSE GmbH, Nuremberg, for provid-
ing helpful information and Deborah Anne Bowen for proofreading the paper. The usual
disclaimer applies. Linux is a registered trademark of Linus Torvalds. XFree86 (tm) is
a registered trademark of The XFree86 Project, Inc. MS-DOS, Windows, Windows 95,
Windows 98, and Windows NT are registered trademarks of Microsoft Corporation. UNIX
is a registered trademark of X/Open Company Limited. Other trademarks and registered
trademarks are: AIX and DB2 of IBM, Solaris and Sparc of SUN. All trade names are used
without the guarantee for their free use and are possibly registered trade marks. Other
products mentioned in this paper may be trademarks of the respective manufacturer.
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1 Introduction

In these times of the anti-trust case against Microsoft and the high degree of
software piracy, academic and public discussion often emphasizes the need for
monopoly rents compensating research and development (R&D) expenditures
as an incentive for progress in innovation. But this discussion often neglects
the fact that in recent years, the highly innovative open-source operating
system Linux has emerged in the shadow of Microsoft and the other huge
commercial software producers, and is presently developing and spreading
faster than any of its competitors. The hypothesis put forward in this paper
is that the emergence of Linux is leading to the erosion of monopoly power
in formerly non-contestable market segments.

The paper is structured in the following way. Section two describes the
emergence and development of Linux in the last several years. In the third
section, the participation of commercial enterprises in the recent development
of Linux is examined more closely. In section four, the market structures ex-
isting before Linux's entry are described in brief. Section �ve introduces a
Launhardt-Hotelling oligopoly model and with its help analyzes the current
conditions on the formerly monopolistic markets. Section six discusses possi-
ble future developments of the operating system market segments. The last
section concludes.

2 The short history of Linux

Linux1 was an outsider among operating systems for quite some time. The
open source operating system is being developed constantly by many pro-
grammers world-wide via the Internet and is also available via the Internet
for free. After spending the last few years as a niche product intended for
advanced users, Linux has established itself in the software market, particu-
larly in the market for server operating systems. Linux2 was born in August
1991 when Linus Benedict Torvalds3, a then 21 year old student at the Uni-
versity of Helsinki in Finland, made his Linux kernel 0.01 available on the
Internet. Torvalds started developing Linux with the aim of creating an op-
erating system for his AT-386 PC; he was inspired by Mimix, a small Unix
system developed by Andy S. Tanenbaum. From the beginning, Torvalds

1Linux is a registered trademark of Linus Torvalds (German trademark 2088936 and
EU Registered Trademark 000851246, as well as in the USA).

2The term \Linux" refers only to the kernel, i.e. the basis of the operating system.
3Linus Torvalds oÆcial homepage can be found at [www.cs.helsinki.�/u/torvalds/].

Further background information directly from Torvalds can be found in Torvalds (1999).
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distributed his source code freely and therefore found an interested hacker
community which supported the development of Linux. Whereas in 1991 the
kernel was very limited in its use (e.g. no oppy driver available), in January
1992, version 0.12 was already a stable, smoothly functioning kernel to which
important programming tools and utilities such as the GNU C-Compiler and
the bash4 had already been ported.5 In March 1994, the �rst \oÆcial" ver-
sion 1.0 of Linux was announced by Torvalds.6 Due to the huge number of
freely available utilities of the Free Software Foundation (FSF)7, for which
an operating system kernel did not exist, Linux was quickly equipped with
the necessary tools. The current version of the kernel is 2.2.14, with the
release of version 2.4 planned for the end of 2000.8The following table shows
the rapid development of Linux in terms of estimated users and written lines
of codes.

Table 1: Development of Linux 1991-2000

Year Version Users Lines of code

1991 0.01 1 10,000
1992 0.96 1,000 40,000
1993 0.99 20,000 100,000
1994 1.0 100,000 170,000
1995 1.2 500,000 250,000
1996 2.0.xx 1,500,000 400,000
1997 2.0.2x 3,500,000 800,000
1998 2.0.3x 7,500,000 1,500,000
1999 2.2 12,000,000 2,300,000
2000 2.4 18,000,000 2,800,000

Source: McHugh (1998), information from SuSE, own enquiries.

The recent announcements of big IT companies such as IBM, SAP, Oracle,
Siemens, etc. to o�er professional support for Linux show that it has reached

4A command interpreter.
5Cf. Moody (1997).
6The history of Linux's development can be found at the following Internet sites:

[www.linux.org] and [www.linuxinfo.de].
7The Internet web page for the Free Software Foundation can be found at [www.fsf.org].

The kernel of the FSF is called HURD.
8Cf. [www.linuxhq.de] , [www.kernel.org] and [www.kernelnotes.org]. Stable kernels

receive even version numbers. Versions still in development, such as the current 2.3.99-
pre3, are designated with odd numbers.
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a level of quality at which it can be used in professional business applications.
According to the International Data Corporation (IDC), Linux has conquered
second place, behind Microsoft's Windows NT, in the market segment for
server operating systems.9

Linux overtook Novell's Netware from 1998 to 1999, and in 1999 had a
market share of 25%. This means that the number of Linux copies sold dou-
bled within a year. However, the market study analyzed only the number
of copies sold. The 1999 sales �gures for Linux were given as 1.35 million
copies. Windows NT saw sales of 2.1 million units, i.e. a 38% share in the
market for server operating systems. However, such market studies into open
source software, and in particular Linux, may be misleading because many
Linux customers obtain their versions via the Internet for free, rather than
via distributors. Furthermore, in contrast to commercial operating systems,
one copy of Linux, which would count as a single unit statistically, can be
installed legally on a number of computers for numerous users. Therefore,
determining the actual usage and therefore market share based on sales �g-
ures appears to be misleading. However, given that sales of Linux units have
grown almost four times, this alone is an impressive indicator of the rapid
spread of the open-source operating system. Sales of Linux client operating
systems, which are used by typical desktop and laptop computers, have also
increased according to the IDC. With a market share of 4%, which equals
around 3.9 million desktop installations, Linux is just behind MacOS with
5%. Microsoft still maintains its dominant position of around 90% market
share with its Windows range of operating systems.

Table 2: Market share for server operating systems, units sold in %

Operating system 1998 1999

WindowsNT 38 38
Linux 16 25

Netware 23 19
Unix 19 15
Other 4 3

Source: International Data Corporation (URL: www.idc.com).

However, the �nancial dimension of system market shares should also
be taken into account. Although Linux holds a strong second place be-
hind Microsoft with 1.35 million units sold, the pro�ts of the distributors

9Information on the Internet site of IDC, URL: [www.idc.com] date: 13th March 2000.
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are, in comparison to other sellers, relatively low. While Microsoft earnings
amounted to US$ 1.7 billion in 1999, Linux distributors in the same period
recorded only US$32 million. The commercial Unix variants, in fourth place
with respect to market share, earned 53% of the market value of US$ 5.7 bil-
lion. Commercial Unix computers are more likely to be found in expensive
and complex installations, instead of the typical NT or Linux servers.

Various sources10 indicate that there might be 10-12 million Linux users
world-wide, with eight million machines running Linux. The increasing com-
mitment in the commercial sphere suggests that these �gures, which have
been the result of Linux's self-assertion in the software market and of the
support of developers, are now creating interest among companies, who for
a long time regarded the terms 'open-source code' and 'free software' as sus-
pect.

3 Business in connection with Linux

The successful non-commercial development of Linux and the fact that the
GNU General Public License11 (GNU GPL) guarantees free access to and
use of Linux's source code and free distribution of Linux to anyone interested
has created a need for new business models. Currently, roughly two di�erent
models can be identi�ed. On the one hand, there are the enterprises which
use Linux for product di�erentiation, and on the other, there are enterprises
which o�er services in connection with Linux. A market for the product

Linux does not exist.

3.1 Diversi�cation through Linux

The overwhelming majority of the recent announcements made by large IT-
enterprises in connection with Linux were of plans to start supporting Linux.
This basically means that they intend to expand their product range to
include Linux. There are two di�erent ways of doing so. Hardware producers
use Linux for a diversi�cation of their products. Thus, is it now possible to get
a Net�nity server from IBM with the Linux operating system, which certainly
leads to lower costs of the server. The same is true for the main competitors

10Cf. [www.linux.de]. How many users actually use the Linux programs available via
the Internet and how many machines use Linux as their operating system is unknown
because of the open-source character of the product. An attempt to determine the total
number of machines and users world-wide can be found at [counter.li.org]. However, the
�gures are based on voluntary registration over the Internet.

11The exact wording of the GNU GPL can be found at [www.linux.de/linx/gnu.html]
or the pages of the Free Software Foundation at [www.fsf.org/copyleft/gpl.html].
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of IBM in the server market, such as Sun, Siemens, Dell, and so on. Linux
has been introduced by the server producers even though it competes against
their own developed proprietary operating systems. In the long term, this
development could bring production of their own operating systems to a halt,
which on the other hand would omit the immense development costs. The
result of this growing support by hardware producers is that Linux is now
already available for a large number of hardware platforms (see table 3).

Table 3: Linux supported hardware platforms

Manufacturer Processor

Intel i386, i486, Pentium series, Celeron, IA-64
AMD K5, K6, Athlon
Cyrix 386, 486, 6x86
IDT IDT C6
Sun SPARC,UltraSPARC
Compaq Alpha AXP
Macintosh PowerPC
IBM PowerPC, RS65 SMP III
MIPS Technologies MIPS family
Motorola PowerPC, Motorola 68000 (Atari ST, Amiga)
ARM ARM Thumb family
Hitachi SuperH
Hewlett Packard PA-RISC

Source: Information on (URL: www.kernel.org).

In the case of supporting software enterprises, the situation is slightly
di�erent. Here it should be noted that Linux is supported by application
software producers who extend their product range to the new open-source
operating system. Furthermore, the transfer of a software program written
for UNIX to Linux is much easier than one written for Windows. Thus, SAP
announced at the CeBIT two years ago that it was going to begin o�ering
its business software R/3 for Linux. Only one year later, the supply of
products catering to the open-source operating system is mushrooming. For
example, the data banks DB 2, Oracle8i and Informix, by IBM, Oracle and
Informix respectively, are available, as well as Wordperfect 8, QuattroPro
and CorelPresentations by Corel and StarOÆce from Sun. Even Microsoft
seems to be starting initial attempts to port its OÆce Suite to Linux.12

12Cf. Thurrott (2000).
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But whereas the hardware producers have to invest in Linux to implement
it on their hardware platforms, and the investments have to be shared with
the whole Linux community, the support of application software producers
only requires investments in their own proprietary software products. IBM
has started an internal Linux initiative, which aims at supporting the de-
velopment of Linux with 200 programmers, i.e. upgrading Linux to achieve
compatibility with all IBM hardware platforms from laptops to supercom-
puters.13

3.2 Services: the core business with Linux

Given that Linux itself cannot generate revenues the way normal products
do, enterprises have found pro�t opportunities in providing support services.
The expansion of the market for services for Linux is pushed further by the
increasing acceptance of Linux and its market di�usion. Very early on, a
handful of small enterprises had recognized the opportunities of this service
market segment and set up specialized enterprises which exclusively o�er
services for Linux. At present, the most important of these �rms are: Red
Hat (Durham, USA), SuSE (Nuremberg, Germany), Caldera (Orem, USA),
Debian (Boston, USA) and Slackware (Concord, USA). The following con-
sultants should also be mentioned: VA Linux Systems (Sunnyvale, USA),
Linuxcare (San Francisco, USA) and TurboLinux (Brisbane, USA), ID-Pro
(Bonn, Germany), Innominate (Bonn, Germany) and Linux Information Sys-
tems AG (Berlin, Munich, Germany).14

The services provided for Linux users comprise installation and con�g-
uration assistance along with the compilation and development of current
open-source software and solutions for Linux, in addition to the delivery of
commercial software products. Advice and support is also available, and
can range from 24-hour hotlines to remote monitoring and training in Linux.
Among these service activities, distribution - which includes installation and
con�guration activities - is still the largest part of the business.15 A closer
look at the GNU GPL, under which Linux was set up, makes it clear that the

13IBM took over a leading role in the support of Linux. This can be explained by IBM's
very broad business range, which includes hardware, middleware and technical services.
IBM expects to boost the sales of its classical products by making them compatible with
Linux, thus o�ering entrance to other hardware platforms. Cf. website [www.ibm.com].

14At the end of 1999, over 1,200 Linux service providers in German-speaking countries
were registered with the ISIS data bank, in comparison to just over 100 at the beginning
of 1999. See [www.nomia.de/news/index.htm].

15SuSE made 70% of its revenues in 1999 with the sale of distributions. 10% of that
came from programming and consulting services, 10% from the sale of complete solutions
including hardware and software and 10% from miscellaneous activities.
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distributors do not have any claims on Linux itself. Nevertheless it is seldom
acknowledged that the distributors o�er only a service and not a product.
As a result of the GNU GPL, the distributors charge a fee for compiling
a software selection, programming an open-source installation tool and of-
fering an installation support hotline. However, these service providers are
able to introduce Linux to professional customers because they o�er profes-
sional support. In the model which will be introduced later, they are the
new entrants to the operating system markets.

3.3 Competition in the market segment for Linux dis-

tributions

The business of Linux distributors consists of nothing more than compiling
selected Linux components which enable the users to set up a Linux system on
their computers. Today there are about 57 di�erent English-language Linux
distributions available.16 Due to the \public good" character of Linux17, in-
vestment by distributors in the further development of Linux is very limited.
As the GNU GPL permits charging a fee for the physical act of duplicating
the software, distributors use this opportunity to set up their business. As
all these distributors o�er the same basic product, and since entry barriers
to this market - in terms of development costs - do not exist, the market
structure comes close to perfect competition. Both because the duplication
of Linux can be carried out by the users themselves and because the market is
highly contestable, prices cannot stay far from the marginal costs of copying
Linux.18 With zero �xed costs, the cost function is simply c � x, where x is
the number of copies and c are the marginal costs, which equal the average
costs (ac). The supply curve for Linux is therefore horizontal.

The demand curve has the usual downward-sloping form. qmL represents
the maximum number of users if Linux were to be given away for free. The
intersection of the demand and the supply curve determines the equilibrium
price and quantity for commercially-provided Linux distributions. But note
that the market does not provide the entire quantity of Linux. Additionally,
in contrast to usual product markets, a provision of the good through self-
production is possible and reasonable for a signi�cant number of customers.
Thus, with rising prices, some of the customers will produce Linux on their
own (qtotalL � qcomL ).19 The rest are no longer willing to buy or produce Linux
and drop out of demand (pmL � qtotalL ). Thus, the total provided quantity of

16Cf. [www.linux.org].
17The public good character of Linux will be discussed in another paper by the author.
18Cf. Hetze (1999).
19This is true if the prices charged by the distributors are above the prime production
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Linux (qtotalL ) exceeds the quantity traded on the commercial market (qcomL ).
Figure 1 illustrates this graphically.

costs/price

output

DL Stotal
L

c = acpcomL

qcomL qmLqtotalL

pmL

Figure 1: Demand and supply of Linux

4 Market structure before the entry of Linux

The production of software roughly consists of the development and the du-

plication of the software. The development of software is a labor-intensive
business with low capital intensity. The immense development costs for the
completion of software programs make the software business a �xed-cost busi-
ness in which the variable costs are virtually zero.20 The variable costs consist
of the costs for the duplication of the software (e.g. pressing CDs, printing
the manuals, packing the boxes, etc.) whereas the �xed costs are the devel-
opment costs. The marginal costs can be assumed to be constant and the
average costs - though decreasing - exceed the marginal costs permanently.

Therefore, the market segments for server operating systems have the
form of a natural monopoly. Usually the enterprises can charge a monopoly
price which includes per-unit-pro�ts amounting to the di�erence between

costs for the customers. They can consist of download costs, costs for documentation,
opportunity costs for a quick (automated) installation, installation support, the costs of
borrowing the installation CDs from someone and so on.

20Cf. Blackburn/Scudder/van Wassenhove (1996), p. 1-2.
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price and average costs per unit. Furthermore, entry barriers to the market
exist in the form of cost and technology advantages. In particular, the high
development costs hamper the entry of competitors into the market segments,
i.e. already-established producers have, due to decreasing per-unit-costs, ab-
solute cost advantages vis-�a-vis new entrants. Furthermore, the development
costs are sunk costs in the case of unsuccessful introductions to the market.
The second important entry barrier consists in the technological advantages
that established producers of operating software possess. These advantages
result mainly from the close access to the proprietary computer technology
for which the software is developed. Due to the fact that operating system
software is hardware-oriented, i.e. precise knowledge of the hardware is re-
quired to develop faultless and powerful operating system software, hardware
producers attain advantages through the development of such software.21

These theoretical reections are con�rmed by the market structures that
were in place before the emergence of Linux. For every hardware platform
(e.g. Intel, MIPS, Sparc), a single dominating enterprise used to provide the
required operating system. In most segments, the hardware producer and the
software developer were identical (e.g. IBM: RS, AIX; SUN: Sparc, Solaris).
The only exception is the market segment for Intel-based computers, where,
as is widely known, Microsoft has been developing the dominating operating
system WindowsNT/2000. In recent years there have been some rare and
unsuccessful attempts to enter one of these various market segments (e.g.
OS/2 for Intel-based platforms and WindowsNT for DEC's Alpha processor
platform). In particular, the cost advantages of the established operating
system producers have led to the situation in which the markets for operating
system software are non-contestable.

21Cf. Bitzer (1997a) for hardware network e�ects in the market segments for servers.
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5 Changed markets through the emergence

of Linux

As already stated, the production characteristics of complex operating sys-
tem software imply a tendency towards the emergence of natural monopolies.
With the emergence of the multi-platform operating system Linux, the sit-
uation changed fundamentally. Due to the no-cost development of Linux
by voluntary programmers, the crucial entry barrier became ine�ective. In
all of the market segments mentioned, a second competitor - Linux distrib-
utors - emerged and the existing market structure changed from a natural
monopoly to an oligopoly with a small number of competitors, strong entry
barriers remaining for commercial software developers, and a large number
of buyers.22

Within each market segment for operating systems, the former monop-
olist is now competing with the distributors and \self-producers" of Linux,
and the latter two have signi�cantly lower costs.23 At the same time, the
simple fact that Microsoft and the other operating system developers are
still able to sell their products indicates that the goods o�ered are to some
extent heterogeneous. Furthermore, due to the emergence of an additional
competitor in the single market segments, prices play a more active role in
competition. Whereas customers had to buy the AIX server operating sys-
tem automatically when they chose IBM hardware, today they can choose
between AIX and Linux. Prices become even more important as products
become more homogenous.

Linux is most successful in market segments of other UNIXes. This can
be explained by the relative homogeneity of the di�erent UNIX variants and
Linux. In market segments where the operating system is closely linked with
a graphical user surface, such as Windows98/NT/2000 or MacOS, the success
of Linux is much lower. Furthermore it can be observed that enterprises
developing UNIX are increasingly active in providing Linux support, which
seems logical in the light of the model to be discussed below. Ultimately
this may result in the termination of the development of their own operating
systems. The recent activities of IBM seem to point to this conclusion.

The current situation in the di�erent market segments for server oper-
ating systems can be neatly analyzed in the framework of the oligopolis-

22Cf. market structure pattern of Stackelberg (1934).
23Self-producers do not appear explicitly as competitors on the market, but increasing

prices of the commercial suppliers lead to an increasing number of self-producers and thus
to shrinking markets. Collusion is therefore only possible in a limited range.
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tic Launhardt-Hotelling competition model.24 Within this model, the
oligopolists o�er heterogeneous products so that prices can di�er to some
extent without the lowest-price supplier taking the whole market. Never-
theless the products are substitutes for each other and therefore the sales
volumes are not only functions of their own prices, but also of the prices
of the competing goods. To apply the model to Linux and its competitors
and to derive more concrete �ndings we restrict the analysis to a duopoly
with competitor one being the former monopolist and competitor two being a
representative Linux provider. The following demand functions are assumed:

y1 = y1(p1; p2) = 1 + �1p2 � �1p1 (1)

y2 = y2(p1; p2) = 2 + �2p1 � �2p2 (2)

Where y1 represents demand for the product of the incumbent, y2 the
demand for the entrant (Linux); �i, �i are the marginal changes of demand
with respect to prices p1, p2. It is assumed that �i; �i; i > 0. Demand for
a product reacts positively to a price increase of the competitor's product
and negatively to an increase in its own price. 25Furthermore, �1 6= �2 and
�2 6= �1 is due to the fact that y1 and y2 reproduce only the commercial

demand. The self-production of Linux is not included. Therefore, the total
market size (y = y1 + y2) can vary with price changes. It is assumed that
each competitor is able to sell some of its products even if the competitor
gives its product away for free: yi = i � �ipi for some pi > 0 and pj = 0.
The preferences of the customers include all characteristics of the product
which inuence the purchase decision, such as transaction costs (e.g. through
network e�ects), ease of use/installation, quality, available programs for the
operating system, and so on.

A supplier is able to attract the entire market only if the competitor sets
its prohibitive price p̂.

0 = 1 + �1p2 � �1p̂1 , p̂1 =
1

�1
+

�1

�1
� p2 (3)

0 = 2 + �2p1 � �2p̂2 , p̂2 =
2

�2
+

�2

�2
� p1 (4)

Note that the prohibitive price varies with the price of the competing
product.

24Cf. Launhardt (1885), Hotelling (1929).
25It is assumed that the reaction on own price changes is stronger than on changes of

the price of the competitor: �1 > �1 and �2 > �2.
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Pro�ts �i of the duopolist di�er in that the costs of the former monop-
olist include development costs as �xed costs CF

1
. Furthermore, we assume

constant marginal costs cvi as an approximation for the software duplication
process.26 Thus,

�1 = p1 � y1(p1; p2)� C1(y1(p1; p2)) (5)

�2 = p2 � y2(p1; p2)� C2(y1(p1; p2)) (6)

with:

C1 = CF
1
+ cv

1
� y1(p1; p2)

C2 = cv
2
� y2(p1; p2)

Inserting the corresponding cost and demand functions and taking the
price of the competing product as given, each supplier maximizes pro�ts by
pricing its product such that:

@�1

@p1
= 1 + �1p2 � 2�1p1 + �1c

v
1
= 0 (7)

@�2

@p2
= 2 + �2p1 � 2�2p2 + �2c

v
2
= 0 (8)

This yields the reaction functions:

p1 =
�1

2�1
� p2 +

1

2�1
+
1

2
� cv

1
(9)

p2 =
�2

2�2
� p1 +

2

2�2
+
1

2
� cv

2
(10)

The price set by each duopolist depends on the price of the competitor,
on the marginal costs, and in obvious ways on the various coeÆcients. The
point of intersection of the two reaction functions represents the stable Nash
Equilibrium.

26As already mentioned consists the software duplication process mainly of pressing
CDs, printing manuals and packing the boxes. Cf. Houghton (1992) or Quintas (1994).
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Figure 2: Reaction functions of former monopolist and Linux supplier

It may be more realistic to assume that the former monopolist, because
of its experience in the market, is unilaterally able to take into account the
reaction function of the Linux distributor, i. e. to act as Stackelberg leader.
Considering the reaction function of the Linux distributor it maximizes its
pro�ts and sets its price to pS

1
. The Linux distributor takes this price as given

and sets its price p2 following its reaction function. The competition leads to
three main outcomes: �rst, the equilibrium price pS

1
of the former monopolist

is located on the reaction function of the Linux distributor (see �gure 2 S1)
and is higher than in the Nash case.27 Second, the price of the entrant is
also higher than in the Nash case. Third, the pro�ts of both competitors are
higher in the Stackelberg case than in the Nash case.

However, in the long run, the price of the former monopolist has to cover
the total average costs so that it does not make losses. But whether the
former monopolist is able to get a price above the average costs depends on
the preferences of the customers for its product, i.e. on the extent of the
price di�erentiation permitted by them. It is by no means assured that the
product heterogeneity and, as a result, price di�erentiation will be strong
enough to allow the permanent survival of the former monopolist.28

Summing up the results of the formal analysis, it turns out that the price-
setting and the pro�tability in the market segment depend on the preferences

27Cf. appendix for the formal derivation of that result.
28Cf. appendix for a illustration of this fact.
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of the customers reected by the parameters i; �i and �i, and resulting from
the heterogeneity of the products. Heterogeneity enables the former monop-
olists to stay in the market due to the possibility of charging higher prices for
their products than for Linux. Thus, the survival of former monopolists de-
pends on the maintenance of the product's heterogeneity. This, of course, is
inuenced by the technological development of the two competing products.

6 Expected strategies and future market de-

velopments

The previous conclusions provide the basis for a short, non-rigorous discus-
sion at the level of plausibility of expected strategies of the market partic-
ipants and the future development of the market segments. The available
strategies for the incumbent depend strongly on the current extent of hetero-
geneity of its operating system to Linux and the importance of the operating
system for its overall business. As the previous chapter has shown, the prof-
itability of the incumbent's operating system depends on the heterogeneity
of its product to Linux. This of course inuences the investment decision
on further development of its own product. Furthermore the decision about
a continuation of its own proprietary operating system is inuenced by how
much the business contributes to the total pro�ts of the incumbent, or in
other words, how much the incumbent would lose by terminating its own
proprietary operating system. The following �gure illustrates this heuristi-
cally. The vertical axis shows the heterogeneity of the incumbent's operating
system to Linux (H), and the horizontal axis shows the importance of the
business with the operating system (S), e.g. the share of the incumbent's
operating system business in its overall pro�ts.
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Figure 3: Starting points for the incumbent's decision problem

The closer the incumbent is located to the origin, the higher the likelihood
that it will terminate its own product development and engage in support-
ing Linux. The four cases marked in the �gure present di�erent starting
points for the decision to either go ahead or terminate the development of
the business's own operating system.

The decision for incumbent one (I1) is straightforward. The current prod-
uct's heterogeneity is still great enough for the incumbent to cover its average
costs and the operating system accounts for an important share of its busi-
ness. Therefore, it will go ahead with the development of its proprietary
operating system, keeping in mind that the heterogeneity between its own
product and Linux will have to be maintained.29

The situation for incumbent two (I2) shows the other extreme, but leads
to a similarly easy decision. The heterogeneity of its product to Linux is low
and the same is true for the contribution of the operating system business to
its total business.30 It is therefore most likely that this incumbent will termi-
nate development of its own proprietary product, leading inevitably to this

29Adding software components or interlace application software with the operating sys-
tem to bene�t from network e�ects is an often-used strategy to increase product di�eren-
tiation. Microsoft's strategy points in this direction.

30An example of an incumbent in this situation is IBM, which is developing its propri-
etary UNIX AIX, a system which has a low heterogeneity to Linux and accounts only for
a very small share of IBM's total IT business.
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incumbent supporting Linux. There are two main reasons why it would do
so. First, this support guarantees participation in the support services busi-
ness around Linux. Thus, if the market for the incumbent's own proprietary
product collapses, the enterprise could keep earning money with the remain-
ing service business. Due to the fact that the support of the new operating
system requires speci�c knowledge which has to be accumulated in advance,
the incumbent will start this accumulation process even while its own op-
erating system is still being sold. Second, if the incumbent is at the same
time a hardware producer, supporting Linux guarantees the reliability of the
computer systems it o�ers. In particular, if complete computer networks are
delivered, the common maintenance contracts require that the enterprises
o�er the customer a high availability of the system, which is dependent on
software and hardware working together faultlessly.31

Incumbent three occupies the most comfortable position (I3). This in-
cumbent is developing an operating system which is very di�erent from Linux
and does not account for an important share of its total business. Examples
of such enterprises are producers of supercomputers. They develop single
unit production operating systems which account, in comparison to the cost
of the hardware, only for a very small part. The continuation of the devel-
opment is therefore possible and likely in this case. But even if the future
development of Linux does reduce the heterogeneity between the products,
the harm to the incumbent will be limited due to the small share of the op-
erating system business. The decision will then be the same as in the case
of incumbent two.

Incumbent four (I4), which faces low heterogeneity between its product
and Linux and a signi�cant importance of its business with its operating
system, is in the most diÆcult situation. Further development of its product
will generate additional sunk costs and bear the risk that the incumbent will
not be able to retrieve the pay-o�. Termination of the development of its
own operating system will lead to the loss of a signi�cant part of its business.

Most of the current incumbents fall into cases two and four. As described
above, most developers of operating systems are also producers of the hard-
ware. Therefore the importance of the operating system in comparison to the
total business is usually not very high. Furthermore the majority of the op-
erating systems developed by incumbents are proprietary variants of UNIX.
They are, due to the fact that Linux is also a variant of UNIX, very similar
to Linux (e.g. same commands). Thus, the already-mentioned increasing
support of Linux by huge IT enterprises which develop a proprietary UNIX
operating system and at the same time o�er proprietary computer systems

31Cf. Bitzer (1997b).
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can be considered as a preparation for the worst-case scenario: the collapse
of their operating system market segments.

Microsoft, as the exception in the operating system business, is repre-
sented by case one in �gure 3. The refusal to support Linux is logical in the
light of the analysis above. Microsoft would lose a large part of its business if
Linux were widely established. Furthermore, any support of Linux whatso-
ever would furthermore decrease the heterogeneity between Microsoft's op-
erating systems and Linux.

In the years to come, the increasing support of Linux by the huge IT
enterprises will also have a signi�cant impact on the business of the Linux
distributors. The distributors will face increasing competition from the huge
IT enterprises in their main business �eld, the support services for Linux.

7 Conclusions

The paper has shown that the emergence of Linux may potentially bring
about signi�cant changes in the market structure for operating systems with
far-reaching e�ects on the former monopolistic incumbents.

Even if Linux as a good cannot be traded and a market for it does not
exist, the o�er of related professional services allows the introduction of Linux
to professional customers. As a result, former monopolistic non-contestable
markets turn oligopolistic with the foreseeable consequences, e.g. decreasing
pro�ts. In addition this change in the market structure even threatens the
entire business of the former monopolist in its market segment. The reason
for this can be found in the no-cost development of Linux, which leads to
considerable cost advantages on the side of the entrants. In the case of low
product heterogeneity of the incumbents' and entrants' products, their prices
approach marginal costs and the incumbents will therefore no longer be able
to cover their �xed costs, which are their development costs. In the long run,
this can lead to the incumbents stopping the development of their operating
systems. But when this happens, the product market segment vanishes as
well, due to the above-mentioned fact that the new entrants o�er only services
in connection with Linux. Therefore in the most extreme scenario, the market
for operating systems could totally collapse and only support services in
connection with Linux would remain as a source of business income. The
recent support announcements of former monopolists could be interpreted as
preparations in anticipation of this scenario.
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Appendix

Proof that the Stackelberg price is higher than the Nash

price

The following derivations show that the use of a Stackelberg strategy by the
former monopolist in the applied model leads to higher prices and higher
pro�ts for both competitors. The Stackelberg leader will take the reaction
function of the entrant into consideration when maximizing its pro�ts. Its
pro�t function and the associated �rst-order-condition therefore has the fol-
lowing form. 32
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Solving for p1 results in the Stackelberg price pS
1
. This is now compared

with the Nash equilibrium price pN
1

to show that the Stackelberg price is
higher than the Nash price.
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32The second-order-condition �1�2 < 2�1�2 is obviously satis�ed for �1 < �1 and
�2 < �2. Cf. assumptions in footnote 25.
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Thus, if the price pN
1
exceeds the variable costs cv

1
the Stackelberg-price

pS
1
is higher than the Nash-price pN

1
.

Illustration of the long-term pro�tability problem of the

former monopolist

Due to the fact that the �xed costs are not considered in the Short-term pro�t
maximization, the di�erence between the former monopolist and the Linux
distributor does not enter into the model. A statement on the pro�tability
of the former monopolist has to be derived from another observation. In the
long term, the price of the former monopolist has to cover the total average
costs so that the enterprise does not make losses. Whether or not the former
monopolist will be able to get a price above the average costs depends in the
end on the preferences of the customers for its product.
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Figure 4 shows that the former monopolist is only able to make pro�ts as
long as the price lies between p�

1
and p��

1
. Furthermore it can be seen that with

a decreasing preference for its product (1 #) and/or an increasing preference
for Linux (�1 ") the straight line 
 � p1 � � rotates to the right (negative
intersection and slope decreases). In addition, with a decreasing preference
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Figure 4: Pro�table price area for the former monopolist

for the product of the former monopolist, it is likely that �1 will increase
and with it the slope of the quadratic function CF

1
+ �1p

2

1
will increase. The

result is that the pro�table price area p�
1
to p��

1
decreases and could even

vanish completely.
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