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A Strategic Analysis of Competition between Open Source and Proprietary
Software

Abstract: This paper takes an analytical approach to identify the conditions under which
freely available open source software (OSS) and/or the commercial version of the same
(OSS-SS) will adversely affect the market position of proprietary software (PS), and
suggests some strategic steps that the PS vendor can take in order to compete
successfully.

For example, we find that in software markets characterized by low network benefits and
OSS-SS with low usability (relative to PS), open source software will have the dominant
market share. Interestingly, in these markets the profitability of PS vendor, when the
OSS-SS is also present in the market, is higher than its profitability, when the OSS-SS is
absent from the software market.

In software markets characterized by low network benefits and OSS-SS with high
usability, PS will dominate the market in terms of market share. It can maintain its
domination by actively participating in OSS projects and ensuring that OSS is as usable
as OSS-SS.

In software markets characterized by high network benefits and OSS-SS with low
usability (relative to PS), we should expect to see the open source software dominating
this market in future. However, PS vendors can effectively compete by ensuring that PS
is more usable than OSS-SS and OSS.

Finally, in software markets characterized by high network benefits and OSS-SS with
high usability, PS faces the maximum threat since open source software will dominate the

market in terms of market share. Furthermore, the equilibrium price that the PS can



charge will not result in positive profits, thus ensuring the exit of PS vendors from the
software markets. However, we have yet to see a commercial version of open source in
this software category that is as usable as the PS. Therefore, we have not observed the

exit of PS vendors from this software segment.

Keywords: Open source software, software market, software competition, economics of

open source, commercial open source, FLOSS.



A Strategic Analysis of Competition between Open Source and Proprietary

Software

1. INTRODUCTION

As opposed to proprietary commercial software, open source software (OSS) allows the
users to have access to the source code of the software, the freedom to use the software as
they seem fit, improve it, fix its bugs, augment its functionality, and redistribute the
software (for free, or at a charge) to other users, who could themselves modify and/or use
it according to their own needs. Apache (a web server), Linux (an operating system), and
Sendmail (an Internet mail transfer agent) are some notable examples of open source
software that have achieved remarkable success both in technical and economic terms.

Some other examples of proprietary software and their open source competition is given

in Table 1,

Table 1: Open Source and Proprietary Applications

Application Proprietary Open Source

Web Browser Internet Explorer Mozilla Firefox

Web Server Microsoft IIS, Netscape Apache

Application Server WebMethods JBoss, Apache Tomcat

Office Suite MS Office, Corel WordPerfect | OpenOffice.org (based on Sun’s
Office proprietary StarOffice)

E-mail/ Collaboration MS Exchange, Lotus Notes Ximian Evolution

Database Oracle9i, DB2, MS SQL MySQL, PostgreSQL

The success of these open source software poses some concern for proprietary (or “closed
source”) software vendors. This concern is best summed up in the following statement
from a memo written by Microsoft CEO Steve Ballmer in 2003'- “...Noncommercial
software products in general and Linux in particular present a competitive challenge for

us and our entire industry and they require our concentrated focus and attention....”

"http://www.topdog04.com/000216.html




This statement illustrates the seriousness with which the commercial software producers
are treating competition from open source software, and their concern is not misplaced.
OSS user-license characteristics combined with the fact that they available for free, is
resulting in their increasing adoption by the user population. In a November 2003 CIO
survey of 375 information executives, 54% said that within five years open source would
be their dominant platform (Koch 2003). Big vendors (e.g. Dell, IBM, and Sun) have
lined up to support it or port their applications to it (e.g. SAP to Linux platforms), and
major enterprises are running mission-critical functions on open-source IT.

These commercial successes of open source software have led to an increasing interest in
understanding this form of software, its development process, and its impact on software
industry. The current research in this area can be classified into three broad categories-
(a) understanding the motivation on the part of individuals and organizations to initiate
and participate in open source projects; (2) adoption of open source applications by
individuals and organizations; and (3) understanding the impact of open source software
applications on the industrial organization of software industry and social welfare. Most
of the current literature on open source projects focuses on the motivation of individuals
and organizations to initiate and participate in these projects (e.g. Green; Moon and
Sproull 2000; Raymond 2000; Learner and Tirole 2002; Johnson 2002; Mustonen 2003).
Furthermore, adoption of open source applications by organizations could be explained
by the existing theories on software diffusion and adoption, e.g. Technology Acceptance
Model (Davis 1989) and its numerous extensions (e.g. Hartwick and Barki 1994;
Karhanna and Straub 1999; Venkatesh and Davis, 2000; Moore and Benbesat 1991;

Adam et al. 1992). Some work has also been done to study software markets from public



policy point of view (e.g., Katz and Shapiro 1999), and the type of software license best
for the society (e.g., Gaudeul 2004). There are a few studies that analyze the competition
between open source and commercial software. However, these papers consider open
source to be privately- provided public goods and model the choice between producing
open source software and purchasing their commercial substitute. This choice is modeled
from user-developers’ point of view (e.g. Johnson 2002; Bessen 2002). User-developers
are individual/organizations that not only participate as developers in open source
projects but are also the primary users of the end product. The user-developers, however,
form a very small proportion of most software markets, which are generally dominated
by users who are never involved in the development of the software” and it is this market
where the main competition takes place. However, there is a dearth of work that can help
us understand the impact of OSS on competition in this segment of the market- i.e., the
traditional commercial software industry- which is the main concern for commercial
software vendors like Microsoft. Furthermore, there is no study which analyses the extent
of this competition, i.e. is the competition serious enough to result in the demise of
commercial software vendors and by extension the end of software industry as we know
it, or will the commercial software vendors survive this competition and co-exist with
open source software? Finally, the commercial software vendors would like to know
about their strategic options for competing successfully with any emerging threat of open
source software.

This paper takes a purely analytical approach to understand the competition between

open source and proprietary software. It differs from existing papers of similar nature

% Some of these end users could be involved as beta testers, but they also do not contribute any code to the
software.



because it presents a mathematical model that not only captures the competition between
commercial software and open source software, but also incorporates user specific
characteristics such as their valuation of software usability, and software specific
characteristics such as its usability and the strength of network benefits provided by the
software. This model is then analyzed to explain the impact of open source software on
traditional commercial software industry and identify the conditions under which it can
have an adverse impact on the existence of commercial software vendors. The paper is
organized as follows. Section 2 defines the model that represents competition between
commercial software and open source software, Section 3 solves the model for
equilibrium outcomes, and Section 4 presents the results and their implications for the
software industry followed by the conclusions.

2. THE MODEL

The proposed model does not dwell upon the reasons for the existence of the open source
substitutes. These exist because there are individuals and organizations willing to develop
and distribute them. The existing literature does a good job of explaining the motivation
of these individuals and organizations to initiate, develop and distribute open source
software (e.g. Moon and Sproull 2000; Raymond 2000; Learner and Tirole 2002; Johnson
2002; Mustonen 2003). Instead we assume that both types of software exist and compete
in their relevant market segment. It should be noted at this point that the competition is
assumed to be between the same categories of software, i.e. the competing software
should be targeted at the same user needs. The objective of this paper is- (a) to analyze
this competition and determine the conditions under which OSS can have an adverse

impact on the existence of PS vendors in the same software category, and (b) suggest



strategic solutions to PS vendors, which can help them compete successfully against open
source software.

2.1 Software Characteristics: The model assumes that the software under consideration,
whether open source or proprietary meet the functional (i.e. whether it can perform some
function) and reliability (e.g., error handling, security feature)® needs of the potential
users. However, they differ in their usability. Overall software usability is typically
described in terms of five characteristics- ease of learning, efficiency of use,
memorability, error frequency and severity, and subjective satisfaction (Nielsen 1993). In
this model, we define the lack of software usability (i.e. un-usability) for any particular

software, by . Proprietary software (PS) is assumed to have the highest software
usability, i.e. f =0 because of features like extensive manuals that come with these

software; multi-channel support provided by the software vendor; and efforts by the
vendor to make the software as user friendly as possible (e.g. default installation options,
intuitive GUI, contextual help, demos and examples, and fault-tolerance features of the
software etc). On the other hand, OSS without support services have the lowest average
software usability (Nichols and Twidale 2003; Frishberg et al. 2002), and are assumed
have f =1. Commercial OSS (denoted by OSS-SS) that comes bundled with support
services (e.g. documentation, phone consultation, training etc.) is assumed to have
a0 < f <1. Thus, for a vendor of OSS-SS, the level of its usability is a decision variable
that it can influence in order to maximize its profits. However, it has to balance the desire
for high usability among users with the cost of providing highly usable software. Finally,

the proposed model assumes that users benefit from positive network effects generated by

3 This paper assumes both PS and OSS to be equally reliable because there is a lack of consensus about
which form of software is more secure- PS or OSS (e.g. Viega 2004).



software’s expected installation base. The assumption is based on the existing literature
rooted in industrial organizational theories that have established the positive network
externalities of software (e.g. Farrel and Saloner 1985, 1986; Katz and Shapiro 1986).

The total network affect for any software is 6¢q, , where ¢, is the expected installation base

of the software and6 (0<6 <1) is the strength of network affect. Software which do

not benefit much from network affect (direct or indirect) have low value for6, while

software that depend on network benefits for their success have a relatively high value for

6.

2.2 Software Market: The basic setup of the model involves a software market, which

consists of commercial proprietary software (PS), an open source substitute with

documentation support (OSS-SS), and this same open source substitute without

documentation support (OSS).

e Packaged Software (PS): This includes commercial software that come with a full
documentation and support services. The total cost of ownership for this software

is P, which is assumed to be the sum of the purchase price and the present discounted

value of the per-period service/support cost. The model assumes (1+ f)c to be the
marginal cost associated with each unit of software sold (e.g. cost of after sales
support service). Thus the marginal cost is higher for software that has less usability
since users of such software would require more help with using the software.
However, since PS is assumed to be highly usable, (i.e. f =0), its marginal cost is
just ¢, and the PS vendor’s profit function isz, =[P, —c]D,, where D, is the

demand for PS.



e Open Source Software with Support Services (OSS-SS): This includes a non-
divisible bundle of highly usable open source software and accompanying support
services for this software. The total cost of ownership for this software bundle is

denoted by P,. The marginal cost of servicing the client base is assumed to
be(1+ f)c, and the profit function for OSS-SS vendor iszg =[P, — (14 S)c]Dy,
where the demand for OSS-SS is D;, and 5 denotes the lack of usability in OSS-SS.

¢ Open Source Software without Support Services (OSS): This includes open source
software (both in executable form and its actual code) that can be downloaded for free
from the Internet. A user can seek (e.g. on the Internet) additional help on using this
software, but the “free” help that is available is not the same quality as the one
provided by OSS-support-services vendors, and therefore this help does not have any
significant impact on the usability of the software. The demand for this type of

software is denoted by D, in the model.

2.2 Software Users: Software users are indexed by their valuation of software
usability,0 < v <V ,* and are distributed uniformly over this interval with unit density.
This valuation can be interpreted as the value of time spent in installing, configuring, and
maintaining the software for proper use. Consumer of type v has the utility-
U(w)=A+6g,—(1+f,)v—P, (1)
Whereie (PS,08S5 —S55,0S8S); A is the inherent value of the software for the user; and

q, is the expected market share of the software. A user opts for the software that offers

the maximum utility, i.e. g, — P, —(1+ §,)v.

* For instance, highly skilled and experienced software users might not place as much emphasis on software
usability as those users who are relatively less skilled or experienced in the use of software.
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The variables, parameters used in the model and the functional relationships between

these variables are summarized in Table 2.

Table 2: Assumptions about software and user characteristics

Proprietary Commercial Open Source Free Open Source
Software (PS) (OSS-SS) (0SS)

Inherent A A A
Value of the
SwW

basgll(olcl)l];\IS/W Prs =0 0< foss-ss =P =1 Boss =1

Strength of 0<6<1 0<6<1 0<6<1
NW Affect

Expected g4, =q l-g,=1-¢q l-q,=1—¢q
Installation
Base

Total NW 6 6(1—qg)* 6(1—q)*
Affect q (1-9) (1-9)

Consumers O<v<V O<v<V O<v<V
valuation of

sSw
(un)usability

Price Paid P P 0
for the P §
Software

Demand D, D, D,

Profit 2. =[P. —c\D 7 =P —(+ D 5
Functions p =B —cID, p =[Ps —(1+ f)c]Dy

Utility U,(©v) Us(v) Up(v)
Function for
User of =A+6g—v-P, | =A+60(1-q) -1+ B)v-P =A+60(1-q)—2v

Type v

* Users of open source software benefit from overall installation base of this type of software,
irrespective of whether the users install the “commercial” open source version or the “free” open
source version.

3. EQUILIBRIUM IN THE PRICE-SETTING GAME

The price equilibrium is determined for a simple scenario consisting of proprietary
software (i.e. PS), commercial open source software bundle (i.e. OSS-SS), and free open
source software (i.e. OSS). Since fixed costs are irrelevant to the pricing game, they are
assumed to be zero. The equilibrium prices, demand, and profits are derived in Appendix

A. The equilibrium prices and demand are as follows:
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P = 2(1-20)(BV —6)+(1-20)3+ B)c+6(1 - B)(1-2V) ) (2a)
3+ -86 )
P = 20(1— B)Y1-2V)+(1— BBV —0) +[3+ S+ 401+ ﬁ)]cw (2h)
3+p-86

J

be _|[BV=6)_((+B-46)BV -6) -6~ f)(1-2V)~26(5+3p)c Ga)
sl B-26 (B-20)(3+ —86)

6(1-2V)  (1+S—46)(BV )~ 6(1- f)1~2V) ~26(5+3f)c N
(B-20) (B-20)3+B-80)

b (3b)
0s5-58 20(1-2V)+ (ﬂV -0) B 3+ ﬂ‘i‘ 401+ ﬂ)

[ 3+ 386 J ((3+ﬁ—89)(l—ﬁ)} .
b 219(1—2V)+(ﬂV—6’))Jr 3+[+40(1+p) (3¢)
oss 3+ﬁ_89 ) (3+ﬁ_80)(1_ﬁ)/

In order to simplify the analysis, we will look at scenarios representing two broad
categories of software. These software categories are differentiated by the strength of
network affects (6), i.e. for 6=0 (no network affects present) and 6 =1 (maximum
network affects present). For instance, when there are standards which allow multiple
software (in the same category) to interoperate, the network affects the entire user
population of these software, resulting in low value of 6 for individual software users.
This is true for software such as server operating systems (e.g. Linux, Windows NT), and
web servers (e.g. Apache, MS-IIS). In these software markets there are extremely strong
market pressures to interoperate with pre-existing or most widely accepted standards.
Another instance when network affect is not strong is when the software is a stand-alone
application (e.g. CD writer, anti-virus, personal firewall). The major part of the value
derived from the use of these software tools is independent of the number of other users

of these software applications. Although, there are some indirect network affects present
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(e.g. a large installation base could result in better support network), these are not strong

enough. On the other hand, in software markets where the competing products are based

on proprietary standards and protocols, we are likely to see strong network affects

playing a significant role in defining the competition. A good example is that of office

productivity applications where MS-Office users benefit from its large installation base.

Another example is that of desktop operating systems, where users benefit from strong

indirect network affects (e.g. more applications are available for the operating system

with high market share). Table 3 illustrates this classification of software markets by

providing relevant examples in each categ

ory.

Table 3: Software Market Classification Based on Network Affects

Example: Strength of NW Affects Low

Example: Strength of NW Affects High

Desktop stand-alone single user applications | ¢ Desktop office productivity software (e.g.

(e.g. PC diagnostic tools, single player PC

MS Office, OpenOffice)

games, Personal firewalls, CD writers, web ¢ Database servers (e.g. Oracle, MySQL)
browsers such as Firefox and Explorer, e-mail | ¢ Network operating system (e.g. Windows

client such as Thunderbird and Outlook).
e Infrastructure software based on universal

accepted standards and protocols (e.g. Web

Servers such as Apache and IIS, DNS
servers such as BIND, and email servers)

2000, RedHat Linux, Novel Netware)

ly e Desktop operating systems (e.g. Windows

XP, Suse Linux9)

The equilibrium statistics for the two scenarios are given in Table 4.

Table 4: Equilibrium Statistics for Scenario#1 and Scenario #2

Equilibrium Statistics for Scenario#1 (i.e. When 6 =0)
Demand* Price* Profit*
* 2V . . 2
PS DPZ Pp'zzﬁv+c P:ﬂ
Vendor GB+p) 3+ G+ B)’
\%4 c
0SS-SS | Dy = - -_pVa-p) v e T(sva-p)
Vendor G+p a-p)| B G+ B Te | A= B+p) A-p) 3+ fe
. % c
D =
0SS ° 3B+p) " (1-p) zero zero
Equilibrium Statistics for Scenario#2 (i.e. When 6 =1)
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Demand* Price* Profit*
(3‘:3‘2‘/}_ (3—/3—2V+2(5+3/3)c
«_(3-B-2V+25+3p)c ) B-5 » B-2(B-5)
CS d Dr [ (B-2)(B-5) P, = T =
endor 3+ B)c 3-B-2V ) ((B+p)c e
ﬂ_s p-5 p-5
/
—p)-1- e VA-p-1-26+3)xc)
OSS'SS Dy = 7448 pP= p-5 = [ 7+4:'3 }
Vendor [(ﬁ_s)(l_ﬂ)}‘ (7+4p)c B-51-P)
) T p-s [[(l—ﬁ)[l—V(47ﬁ)])+[(7+4ﬁ)c‘J_(l+ﬁ)(?]
B-5 B-5 |
(1—;(:/%}
0SS D, = 7448 zero zero
[(ﬁ—S)(l—ﬁ)}

Analysis of the equilibrium prices (Table 4) leads to the following three propositions:

Proposition 1: PS prices are always greater than OSS-SS prices for software that

displays weak network affects (i.e. 6 =0 ).

This result is evident in markets for software such as server operating systems (e.g.

Linux, Windows NT), and web servers (e.g. Apache, MS-IIS), and is illustrated in Figure

1 that shows the affect of the level of (un)usability on the equilibrium prices for

proprietary software (PS), and commercial open source software (i.e. OSS-SS).

SW -Price

0.8

0.6

Bertrand
Price 0.4 t

Equilibrium\
0.2
PS price

is less /'

P,(0=0)

Unusability

than
marginal

cost (c) 0.0 |

(B

Figure 1: Equilibrium SW Prices [Assume:V =1.5;c =0.2]
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Proposition 2: When software offers weak network benefits (i.e.6 =0 ), the equilibrium
prices for OSS-SS are maximum at some value of 0< 8= " <1 (see Figure 1).

A major limitation of open source software is that they are not as usable as PS (e.g.
Nichols and Twidale 2003; Frishberg et al. 2002). This result is interesting in the sense
that it provides a possible explanation for this lack of usability in the commercial version
of open source software (i.e. OSS-SS). It shows that OSS-SS vendors do not have an
incentive to improve the usability of their software to the level of competing PS. If OSS-
SS are as usable as PS then they are forced to compete on Bertrand prices (i.e. at
marginal production cost ¢) and end up making zero profits (see Figure I).

Proposition 3: When the software displays a high level of network benefits (i.e.6 =1), the
equilibrium prices for PS are higher than the equilibrium prices for OSS-SS only when
the OSS-SS is not as usable as PS (see Figure 1).

This result is evident in the lower prices of commercial open source desktop operating
systems (e.g. Red Hat Linux) in comparison to the price charged by the PS option (e.g.
Windows). In these markets, however, there is a strong incentive for the OSS-SS vendor
to improve the usability of their product. By doing so it can not only charge higher prices,
it will also force the PS vendor out of the software market since the equilibrium price that
it can charge is not enough to cover the marginal cost of selling the software (see Figure
).

Analysis of the equilibrium demand (see Table 4) also leads to some interesting results.
Figure 2 plots the equilibrium demand for the three types of software against the usability

level of OSS-SS.
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SW —Demand .
Dy => 0SS - SS.....Demand
D, =>OSS.......... Demand Ds(0=1)
D, (6=0)
D,(6=0)
D,(8=1)

Unusability ()
0.1 0.2 0.3 0.4 0.5 > 0.7 .
D,(6=0)

D, (6=1)
Figure 2: Equilibrium SW Demand [Assume :V =1.5;¢ =0.2]

Proposition 4: When the competing software have weak network benefits (i.e.6 =0), the
market share of PS is always higher than that of OSS-SS (see Figure 2).

This is an interesting result in light of the fact that an increasing number of firms have
already entered or are planning to enter the software market as OSS-SS vendors. These
vendors, however, will never be able to beat the PS vendors in terms of market share if
they are competing in software markets characterized by weak network affects. This
result does not imply that PS will always have more market share than its open source
alternative. In fact, as the usability of OSS-SS decreases, freely available OSS’s share of
the market increases. At the same time PS is forced to compete with OSS, which is
available for free, resulting in a loss of some market share to OSS. When OSS-SS and
OSS are similar in terms of usability, the increase in the market share to OSS is enough to

make it the dominant player in the software market (see Figure 2). However, the market
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share of OSS-SS still remains below that of PS. This result provides a possible
explanation of why the infrastructure software (e.g. web servers, DNS servers, email
servers etc.) market is dominated by OSS such as Apache and BIND. This software
market consists of software based on well established communication standards and as a
result all potential users benefit from the network affects generated by these software.
This could be a possible reason why we do not find many OSS-SS vendors in software
categories where the network affects are weak, (e.g. web serverss, email servers, network
servers etc.). The few remaining PS vendors in the infrastructure-software market are fast
loosing their once dominant market position to open source alternatives. For instance,
Apache enjoys about 69% in web server market while IIS by Microsoft lags far behind
with about 21% market share,’ and in market for DNS servers, the open source option
BIND is the predominant name-server on the Internet.

Proposition 5: When the software market consists of PS, OSS-SS and OSS options, and
the software displays strong network benefits (i.e.6 =1), the demand for PS and OSS-SS
increase with a decrease in the usability of OSS-SS, while the demand for OSS decreases
with a decrease in the usability of OSS-SS (see Figure 2).

This is a counter intuitive result since one would expect the demand for OSS-SS to
decrease with a decrease in its usability. One reason could be that in software markets
characterized by strong network benefits, users make their decision on the basis of
“expected” demand for each type of software and software usability. PS demand
increases because the alternatives (i.e. OSS and OSS-SS) are not as usable. OSS-SS

demand increases because it is more usable, and most users expect to get the benefit of

> RedHat has entered the web server market with an Apache-based product called Stronghold. However,
this product has yet to gain any significant market share.
® http://www.serverwatch.com/stats/article.php/3487716
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large combined network of OSS-SS and OSS users (even f they do not use the less usable
OSS).

Finally, an analysis of the profit functions in 7able 4 results in the following
propositions-

Proposition 6a: In software markets characterized by strong network affects, profits for
PS vendor increases with a decrease in the usability of OSS-SS, while that of OSS-SS

increases with an increase in its usability (Figure 3a).

Profit

T (0=1)

(@ =1)

Un-usability
0]

Figure 3a: Equilibrium Profits in Software Markets with High
Network Benefits [Assume:V =1.5;¢ =0.2]

Proposition 6b: In software markets characterized by weak network affects, profits for

PS vendor increases with a decrease in the usability of OSS-SS, while that of OSS-SS is

maximized at0 < 8 = 8 <1 (Figure 3b).

While Proposition 6a is along the expected lines, Proposition 6b follows from

Proposition 1.

18



0SS -SS Profits
0.08

0.06

0.04

0.02

Unusability (f3)
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 3b: Equilibrium Profits in Software Markets with Low
Network Benefits [Assume:V =1.5;¢=0.2]

4. DISCUSSION

4.1 The Worst Case Scenario for PS and OSS-SS Vendors: The worst case scenario
for both the PS and OSS-SS vendors is when OSS is as usable as PS and OSS. In such a
scenario there is no incentive for the PS and the OSS-SS vendors to enter the software
market. The OSS-SS vendors stay away because they face zero demand (even though
they are highly usable) when they compete against freely available and highly usable
OSS. On the other hand, both PS and OSS-SS will have a positive demand. However, the
equilibrium price for PS is not enough to cover the marginal cost of selling the software,
resulting in negative profits for the PS vendor (See Appendix B). Therefore, both PS and
OSS-SS vendors have little incentive to improve the usability of freely available OSS.
However, such a scenario begs an important question, i.e. what is the likelihood of this
scenario (i.e. the usability of OSS application improves to the extent that it is comparable
to that of PS applications) ever happening? For this to happen, the developers involved
with the OSS project will have to give as much importance to the usability of the

application as to its utility or functionality, and will have to develop user-friendly
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interfaces and features for the OSS application. Though theoretically possible, a realistic
assessment of OSS projects shows that this is not likely to happen soon. OSS application
developers have traditionally favored function over form, which is evident in the lack of
user-friendly features (e.g. user interfaces) in these applications and there is no evidence
that this is changing (Nichols and Twidale 2003). One reason being that in most open
source projects, the developers of OSS applications are also its core users (Mockus et al.
2000, 2002). For these developer-users the OSS application is already “user-friendly”
because they are highly skilled software professionals (Koch 2003), and they already
know the software inside out (the source code is available to them) to modify it as they
choose fit. In addition, most OSS developers work under a license that prevents them
from selling the code, so they develop features that are important to them and not
necessarily to the market. Finally, there is hardly any mechanism to capture the feedback
of average users who are not involved with the OSS application development process, but
are most in need of user-friendly features. Therefore, we can safely assume that the
likelihood of the worst case scenario ever happening is low.

4.2 How can commercial proprietary software producers compete against open
source software?

This is one of the key questions that we started the paper with. In this paper we divide the
software markets into two broad categories- those that are characterized by strong
network affects and those that are characterized by weak network affects. A vendor of PS
software needs to identify the software market that it is competing in and act accordingly.
If it is competing in software markets with strong network benefits, then it will remain an

important player in the software market as long as OSS remains highly unusable and
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OSS-SS remains unusable relative to the PS (see Figures 1, 2 and 3a). This makes the
software markets such as e.g. the desktop office productivity software market, and
desktop operating systems, attractive for PS vendors. Furthermore, a PS vendor can
improve its competitive position by ensuring relatively high usability in their own
products. In addition, they need to ensure very low usability in freely available OSS.
They can do so by participating in OSS projects, and encouraging the developers of OSS
to focus their development efforts only on functionality and reliability of open source
software. If the OSS becomes as usable as OSS-SS, then the OSS-SS vendor is forced to
improve its own usability (see Figure 3a) or exit the market (see Appendix C). If the
OSS-SS vendor decides to improve its usability further, then all software end up with the
same usability resulting in negative profits for PS, and no demand for OSS-SS (See
Appendix B).

If the PS vendor is competing in software markets characterized by weak network affects,
then it should work towards improving the usability of OSS so that it is as usable as OSS-
SS. In such a market OSS-SS has two options- (a) to improve its usability in relation to
OSS, (b) to exit the market (see Appendix C). If OSS-SS decides to improve its usability,
it is constrained by the relationship between its usability and profitability (see Figure 3b),

which ensures that OSS-SS is never as usable as PS (since OSS-SS profits are maximized
at0 < B = f; <1). If possible, the PS vendor should help OSS developers to improve its
usability to the level of OSS-SS (i.e. B). This would force the OSS-SS vendor to exit

the software market (see Appendix C). However, if the usability of OSS-SS is very low,
then the PS vendor is better off by ensuring that OSS has the lowest usability among the

three (see Figure 4), so that OSS-SS remains in the software market. This is an
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interesting result since it identifies the condition under which the presence of OSS-SS

vendor actually helps the competitive position of the PS vendor.”

In this region, the absence of
OSS-SS results in higher profits
for the PS vendor

In this region, the presence of
OSS-SS results in higher profits
for the PS vendor

PS -Profit
PS Profits when OSS is as
usable as OSS-SS, and the SW
2t market consists of PS and OSS /
1.8 @ &
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Figure 4: PS Profits in Software Markets with Low NW Benefits

4.3 How can OSS-SS vendors compete against well established proprietary
software?

OSS-SS vendors who sell usable OSS plus support services face a very competitive
environment. On one hand they have to compete with highly usable PS option, and on the
other hand they have to compete with freely available OSS. To compete successfully, the
OSS-SS vendor needs to benchmark its usability against the competing PS. If it is
competing in software market characterized by weak network affects, then it is better off
by ensuring that OSS-SS is highly usable compared to the OSS, but not as usable as the

competing PS (see Figures I, and 3b). On the other hand, if it is competing in software

" Some values that we have assumed in our plots (i.e. V=1.5 and c=0.2) result in plots (e.g. Figure 2) which
suggest that OSS-SS vendor will never settle for low usability. However, if we assume a lower value for ¢
(e.g. ¢=0.01), then the OSS-SS will have a positive equilibrium demand and price. As result, there is a
realistic chance for the existence of OSS-SS with very low usability (in comparison to PS).
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markets characterized by high network affects then it needs offer a product that is at least
as usable as the competing PS. By doing so it can force the PS vendor out of the software
market (see Figure I and Figure 3a). OSS-SS vendors also need to keep in mind that
users differentiate between OSS and OSS-SS mainly on the basis of usability. If OSS
starts to become more usable, then OSS-SS vendors loose this strategic advantage.
Therefore, OSS-SS need to ensure that the “free” open source software is not very usable
when compared to the usability of PS or OSS-SS. This can be achieved by actively
participating in relevant open source projects and having enough influence among the
developers to focus most of their development efforts towards improving software
functionality and reliability. In addition, they should provide a highly usable version of
OSS only if the users also buy the support services. For instance, some OSS-SS vendors
continue to provide highly usable versions of relevant OSS for “free” (e.g. Suse 9 by
Novell is a highly usable Linux flavor for desktops and it is available for free download).
This strategy will have an adverse impact on their market shares and profitability in
relevant software markets (see Appendix B).

5. CONCLUSION

This paper proposes an analytical model to study the competition between commercial
and open source software options. The main results obtained after analysis the
competition between open source software and proprietary software application are

summarized in Table 5.

Table 5: Threat from OSS & 0SS-SS, and PS vendor’s strategic options
Strength of NW Affects

Scenario #1 (Low) Scenario #2 (High)
Usability of | Low Open source software dominates Currently, PS has the dominant
Commercial PS in terms of market share. market share in this software
Open In this segment the dominance of segment. However, we should
Source non-commercial open source expect to see the open source
Software software is evident in infrastructure | software dominating this market

23



software segment (e.g. Web
Servers, DNS servers, email
servers)

Managerial Implications for PS
Vendor: Encourage the entry of
OSS-SS with low usability, and
ensure that OSS has lower
usability than OSS-SS by actively
participating in OSS projects.

in future. The strong performance
of Linux, MySQL, and increasing
awareness about OpenOffice
illustrates this trend.

Managerial Implications for PS
Vendor: PS can remain
competitive by ensuring that it
remains more usable than OSS
and OSS-SS.

High

In this segment PS will dominate in
terms of market share but OSS-SS

We have yet to see a commercial
version of open source in this

and OSS will have a significant
presence. This is evident in the
emergence of OSS-SS and OSS
as a major alternative to PS in
these software markets (e.g.
personal firewalls, web browsers,
email clients).

software category that is as
usable as the PS. Therefore, we
have yet to see any competition in
this segment.

Managerial Implications for PS
Vendor: PS can remain
competitive by ensuring that it
remains more usable than OSS
and OSS-SS.

Managerial Implications for PS
Vendor: Ensure that OSS is as
usable as OSS-SS by actively
participating in OSS projects.

The proposed model is generic in nature because at the end of the day, irrespective of the
software category (e.g. desktop application, systems software, enterprise applications
etc.), and type of potential users (i.e. individuals, organizations, system administrators,
programmers etc.), the users’ choices are decided on the basis factors such as their needs
(e.g. as suggested by task-technology fit literature); the perceived value offered by
various options (e.g. as illustrated by technology adoption models); and total cost of
software ownership (e.g. as suggested by transaction cost theory). The model proposed
in this paper incorporates these factors. For instance, software category is controlled for
by assuming that competing software have the required functionality and reliability, and
whether they offer weak or strong network benefits; perceived value from the software is
represented by the users’ utility functions; and the cost of ownership is represented by the

price paid by the potential users. Thus the proposed general utility model captures the
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essential decision variables (although in an aggregate form) used by users to make their
software choice, and provides us with some significant insights about the impact of this
decision on the industrial organization of software industry.

Like most analytical models, the proposed model also has its limitations. One limitation
of the model is that PS and OSS are assumed to be compatible with any existing software
that may be required to run in conjunction with them. This, however, is not a serious
limitation for the simple reason that most open source software are late entrants to the
market, which already consists of the PS and its complementary/supplementary products.
In order to attract users in this market, the OSS will have to be compatible with these
existing complementary/supplementary products. This was the case with Linux and most
other open source software. In fact Linux now even allows users to emulate Windows on
a Linux machine. Another limitation of the model is that the assumptions about users’
choice between the proprietary software and open source software are straightforward-
i.e., it is influenced by the software price, software usability, and expected installation
base. Though this simplicity is important for a flexible but robust model, it is important to
acknowledge that users’ choice of software is guided by more complex heuristics as
suggested in technology adoption literature. Incorporating these to develop a more rich
and realistic mathematical model should be undertaken in future research. Finally, the
model does not take into account some additional benefits offered by open source
software, i.e. access to the software code, and the freedom to modify the software.
However, very few people need direct access to source code-- only developers or code
reviewers need the ability to access and change code. In fact most users do not participate

in the development of open source software, and most of the development is done by a
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relatively small number of people. In most instances, even the “power users” (e.g.
developers, systems administrators) have other full time jobs and responsibilities, and as
a result, they do not want to spend time to modify an open source software, or fix a bug
in the software, or tailor it to their own unique needs. They are just looking for a software
(open source or otherwise) that can perform certain functions without costing them an
arm and a leg in terms of price and effort. Therefore, this limitation in the model is not
significant in the context of most software users.

Finally a cautionary note- the proposed model variables should be interpreted in the
proper context to get meaningful interpretations of the results. For example, even though
the model does not differentiate between the type of software (e.g. desktop application
and network operating systems), its result should still qualify as long it is applied to study
the competition between the same category of software (i.e. they address the same

functional needs of the users, display similar network affects).
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APENDIX A: Equilibrium Demand, Prices, and Profits
Consumers of type v purchase one unit of software that offers them the most utility. This

P,—P;  6(1-2q,)
B B

gives the following demand- D,; =V —

. In a symmetric fulfilled

expectation Nash Equilibrium, g, = D, . Therefore,

DPS:V_PP—PS_6(1—2DPS):>DPS:ﬁV—PP+PS—6 (da)
B B B-26
6(1-2V)+ P, 1-26
Doyss_ss = ( i - Py (4b)
p—26 (B-20)1-p)
P
D . =—5— 4c
0SS 1—ﬁ ( )
Profit made by PS vendor is:
-0-P,+P,
g, =| VOBt By (5a)
p—20 i

Differentiatingz ,w.r.t. P,, and equating it to zero gives the profit maximizing
. 1
price, P, IE[,BV+C—9+PS] (5b)

0(1-2V)+P,  1-26
p-26 (B -20)1-p)

Similarly, the demand for OSS-SS is P , and profit made

by the OSS-SS vendor is —

6(1-2V)+P, 1-26
= - —(
o [ 20 G205 P, }[PS 1+ B)c] (6a)

Differentiating 7, w.r.t. P, , and equating it to zero gives the profit maximizing price-

1
P, = 2=20) [o(1- p)a1-2v)+ 1+ B)1-28)c+(1-B)P,] (6b)
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Solving for P, and P, from Egs. (2b) and (3b) gives the optimal prices for PS and OSS-SS
as follows-

. (200-20)(BV -0)+(1-20)(3+ B)c+6(1— B)(1-2V) )

br = 31586 ) (7)
pr —[200=FX1=2V) + (1= BBV ~ ) +[3+ f+4601+ e W )
3+ -86

J

Equilibrium demand for OSS, OSS-SS and PS respectively are as follows-

: [ pv -6 J_[m L=49)(BV - 6) - 6(1- f)1-2V) = 20(5 +3f)c H (8a)

P

D=5 (B-26)3+ —86)

b _[80=2V) , (1+B-46)(BV —6) -6~ B)1-2V) - 20(5+3f)c }_
© | (B-20) (B-26)3+f~86) b
[20(1—2V)+(,BV—9)\_[ 3+ B+40(1+ )
3+ 5-86 (B+B-80)1- ) |
D :[29(1—2V)+(ﬁV—0)]+[ 3+ B+46(1+ B) 80)
0 3+-86 (3+B-80)(1-f)

APPENDIX B: Competition when OSS is as usable as PS and OSS-SS

The utility functions for consumers are as follows:

U,(v)=A+6g—-v-P,

Us(v)=—=A+6(1-¢q)-v-F

U,(v)=A+6(1-¢q)—v

Consumers of type v purchase one unit of software that offers them the most utility.

Therefore, OSS-SS has zero demand since users always prefer OSS over it. However, a

consumer of type v will prefer PS over OSS if - P, <6(2g, —1). Therefore, the profit

maximizing price for PS vendor is P, =6(2q, —1), and the profit function is given
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byzn,=D,[6(2q,-1)—c]. In a symmetric fulfilled expectation Nash

Equilibrium D, =g, = g, and the profits are maximized atg* = % Equilibrium price

is given by P, = %(c —0). Since P, = %(c —6) < ¢, the PS firm does not make any profit.

APPENDIX C: Competition when OSS is as usable as OSS-SS

The utility functions for consumers are as follows:

U,(v)=A+6g—-v-P,

Us(v)=A+6(1-q)—(1+p)v—P

U,v)=A+6(1-q)—(1+ f)v

Consumers of type v purchase one unit of software that offers them the most utility.

Therefore, OSS-SS has zero demand since users always prefer OSS over it. However, a

6(1-2¢,)+P,
B

. Since, in a

consumer of type v will prefer PS over OSS if - v>

symmetric fulfilled expectation Nash Equilibrium, the expected demand is same as the

_0U-29)+P, _ _pV-6-P,
B Y.

actual demand,D, =q, =g=>¢q=V-v=V . The

BV -6-P,

profit function for PS vendor is given by 7, = D, (P, —c) = [ 526

)(P,, —¢). This
/)

profit is maximized atP, :%(ﬁV+c—9). The equilibrium demand is given

. pV—-6-c
"2AB-20)

by D ,BV—Q—C}[,BV+c—9_C}.

2(f-20) | 2(8-26)

, and the equilibrium profits are 7, =[

Thus, as long asc < fV —6, PS vendors can charge a price higher than marginal

production cost, will enjoy positive demand and a positive profit.
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