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Resumo 

 

Os produtos da era tecnológica trouxeram desafios que não se verificam nos mercados mais 

tradicionais. O mercado do software é um exemplo típico destes novos desafios, onde questões 

como inter-dependência de produtos e compatibilidade levantam sérios problemas à entrada de 

novos concorrentes,  alguns autores argumentam que estes  factores levaram à situação de 

concentração existente actualmente. No entanto, há também aqueles que defendem que a 

concentração existente no mercado do software é um subproduto da qualidade dos produtos 

produzidos e disponibilizados pela empresa dominante. Ao longo dos últimos anos tem-se 

verificado uma incapacidade das empresas conseguirem disputar o mercado contra a empresa 

dominante. Mas recentemente tem-se notado, também, o crescimento de outra alternativa, a 

comunidade open source. A questão a que esta dissertação visa responder é precisamente se 

esta comunidade será capaz de ultrapassar as barreiras impostas por uma empresa dominante. 

Para este fim construímos um modelo de agentes que visa ser uma aproximação à realidade 

actual. A modelação por agentes permitiu-nos descobrir que, nas condições actuais, o open 

source, apesar de ser o concorrente mais forte, é incapaz de ultrapassar a empresa dominante. 

Contudo, o modelo também foi claro ao dizer quais as condições necessárias para que o open 

source seja triunfante; nomeadamente, uma população com um nível de educação informática 

mais alta e um custo de aprendizagem mais baixo para os sistemas open source poderão 

garantir a supremacia destes sistemas no mercado dos sistemas operativos.  

  

Palavras chave: Open Source, Modelação por agentes, Software, Efeitos de Rede, Qualidade, 

Conhecimento 

 



 
 

 
 

 

 

 

 

Abstract 

 

The technological breakthroughs that have been happening in the course of the last decades 

have proven capable of affecting the market, because as technology advances so does the 

complexity of products available on the market. The software market has been under tight 

concentration in recent decades, and this concentration situation in the market could be 

explained by the need for a standard, or, alternatively, as a byproduct of the dominant product 

perceived quality. The market is strongly controlled by an incumbent and it is clear that other 

proprietary companies are unable to dispute the market equally with the incumbent. However, 

recently a new alternative has risen in the eyes of consumers: the open source community. Due 

to major differences in these two types of organizations, the main intent of this dissertation is to 

understand whether open source software is able to dispute and overcome incumbent as a 

dominant player in the software market. To this end, we have developed an agent based model 

which replicates the real market. This has allowed us to infer that open source software is the 

strongest of the contenders, although it is unable, under current market conditions, to remove 

the incumbent. Notwithstanding, the model shows that if consumers were more knowledgeable 

in computer science, and the cost of learning an open source software was smaller, the open 

source community would not only be able to remove the incumbent but it would, indeed, 

become the dominant player in the operating system market.  

 

 

Key Words: Open Source; Agent Based Modeling; Software; Network Effects; Quality; 

Specialized Knowledge. 
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Chapter 1 

Introduction 

 

“… the same process of industrial mutation… 

incessantly revolutionizes the economic structure from 

within, incessantly destroying the old one, incessantly 

creating a new one.” Joseph Schumpeter 

 

Open source is an innovative process for software development that uses as a cornerstone the 

source code transparency among all peers. This concept gave birth to software that is now 

quickly gaining market (Lerner and Tirole, 2005). One of the most popular open source projects 

is the operating system Linux. The system has now evolved far beyond what the original 

creator, Linus Torvalds, had imagined, and has become a serious competitor to the incumbent. 

In order to understand the open source movement it is important to trace back its development 

throughout the years from the original conditions of its creation. Although the term open source 

is relatively recent, the concept itself goes back as far as the 1970s. A long way has been covered, 

so, following Lerner and Tirole (2005), we will highlight three distinct eras. 

In the first era, software development was mostly done in academic environments, such as 

Berkeley and the MIT, and in corporate research facilities, such as the Bell Labs. This first era is 

categorized by almost no efforts to enforce intellectual property rights (IPR). This era came to an 

end when AT&T began enforcing its IPR over the software UNIX. During the second era, the 

Free Software Foundation (FSF) created by Richard Stallman was a critical institution.1 This 

foundation was aimed at developing software and providing it at no cost (or at a nominal cost) 

to everyone. To this end, the foundation created a formal licensing procedure called GPL, 

                                                           
1 To the Free Software Foundation it is an ethical imperative to be able to learn, modify and share source code between 

users. This free access to information is a political and ethical ideology that the FSF forcefully defends, not only so as to 

preserve everyone’s right to learn but as a way of protecting our individual freedoms. More information on: 

http://www.fsf.org. 
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General Public License.2 According to this license everyone should be able to use, modify, and 

redistribute the source code as long as they agree to: 

1. Release the source code at no cost (or at nominal cost) to whomever the software is 

distributed to. 

2. Insist that others who use the source code agree to do likewise. 

3. All enhancements to the source code have to be licensed in the same terms. 

The third era begins with the widespread diffusion of the Internet. This allowed for an 

unprecedented acceleration in the open source activity. Numerous projects gained notoriety 

and acceptance, Linux and Apache3 being the most notorious examples. Different approaches to 

licensing also came under discussion. In 1997, the Open Source Initiative (OSI) appeared, 

creating a new licensing procedure less restrictive than the GPL. Among other things, it allowed 

for greater combination between open source and proprietary software (Bretthauer, 2002). 

The software market has several characteristics that make it unique and therefore a challenge 

for companies, consumers, regulators, and even legislators. These characteristics also make it 

difficult for a new product to gain the market. One of the problematic characteristics is the need 

for a standard: consumers want to be able to interact with each other, and as such they have to 

own compatible systems. This tendency for the market to choose a standard based on the 

format that the majority uses is referred to as “direct network effects” (Katz and Shapiro, 1985).4 

Another important issue is the supply of complementary products. Operating systems need 

applications and vice-versa. Consumers will not simply take into consideration an individual 

product, but rather the combination of the product and its complements. Liebowitz and 

Margolis (1999), however, do not believe that these two factors discussed are able to lock-in the 

market. Instead, they argue that a company can only win the market through the quality of its 

products.  

                                                           
2 The GPL was created with the intent of assuring that the GNU operating system was available for everyone to do it 

what they pleased, except modify and sell the source code. Since then it was been widely used by others who seek the 

same protection. More information on: http://www.gnu.org/licenses. 

3  Linux and Apache are two of the most successful Open Source projects. Even though only Linux is licensed through 

the GPL, both are considered free software, available for anyone to use, modify and distribute at will. 

4 The term used by Katz and Shapiro (1985) was direct network externalities, but since then there was been wide 

consensuses to name it as direct network effects (Liebowitz and Margolis, 1994). Cf. section 2.4.1.  
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Due to its complexity, modeling the entire software market has proved to be a difficult task. 

Economides and Katsamakas (2006) choose only to model the pricing decisions that companies 

face when competing against each other and against open source software. Bonaccorsi and 

Rossi (2003) made a decision model regarding consumer choice between proprietary and open 

source software and Bitzer et al. (2007) provided a model for the motivation in open source 

development. There are, therefore, no comprehensive tools offering insight into the possibilities 

of success of open source software in the market.  

The main objective of this dissertation is to find out whether the open source community can 

successfully compete with, and eventually overthrow, proprietary companies as the dominant 

player in the software market. 5  To this end, we will employ a model to determine the long-

term outcome. A dynamic model is necessary in order to encompass all the intricacies of the 

software market. Agent Based Modeling (ABM) not only allows us to perform a dynamic 

simulation, but it also permits a bottom-up approach (Tesfatsion, 2001). This is particularly apt 

given the number of different agents present in the market: consumers, operating systems 

producers, applications producers and the open source community.  

The study is organized as follows: Chapter 2 reviews the current literature on the agent based 

modeling methodology and the literature related with the behavior of each of the agents that 

are necessary for the creation of the ABM model: Consumers; open source community; 

proprietary companies. Basing ourselves on the related literature, we created an agent based 

model. The conceptualization and implementation are described in Chapter 3, reviewing the 

various agents present as well as the environment in which they operate. The model developed 

was built to be parameterized, thus allowing us to test various alternatives with regard to the 

software market. All of these tests as well as the parameterization that best replicate the market 

are discussed in Chapter 4. In Chapter 5 we review the results obtained by the parameterization 

that best replicates the market with regard to our main research question. Chapter 6 concludes 

this dissertation and summarizes the main results obtained. It also discusses other possible 

directions for future research in the area.  

  

                                                           
5 Proprietary companies have a tight grip on the software market. Recent statistics shows that Microsoft alone now 

controls close to 90% of the market share. More information: http://marketshare.hitslink.com/operating-system-market-

share.aspx?qprid=8  (last accessed on the 11th of June 2009). 
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Chapter 2 

Literature Review 

 

“Slowly but surely, however, advances in modeling 

tools have been enlarging the possibility set for 

economists.” Tesfatsion 

The problem with modeling the entire software market is that conventional methods, such a 

purely algebraic model, lead to a series of equations that do not capture all dimensions that 

need to be considered. Agent Based Modeling provides a solution for this by generating self-

governing individuals who will interact with each other autonomously. This bottom-up 

approach partitions the problem into smaller parts, modeling each agent individually and then 

allowing them to interact between them (Tesfatsion, 2001). In order for the ABM model to be an 

accurate representation of reality it is necessary that the agents present in the simulation are 

precise representations of the real agents. 

This chapter is divided in two parts. The first part (Section 2.1) introduces the Agent Based 

Modeling methodology and provides an example of an ABM model developed by Bonaccorsi 

and Rossi (2003). The second part (Section 2.2 to Section 2.4) discusses the behavior of the 

agents that will have to be modeled to solve the research question: (1) open source community; 

(2) consumers; and (3) proprietary companies.   

 

2.1 Agent Based Modeling 

The Agent Based Modeling methodology derives from a sub-area of artificial intelligence called 

distributed artificial intelligence (Gilbert and Terna, 2000). According to Axtell (2000): 

“An agent-based model consists of individual agents, commonly implemented in software as objects. 

Agent objects have states and rules of behavior. Running such a model simply amounts to instantiating 

an agent population, letting the agents interact, and monitoring what happens.” 
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ABM is a particularly effective tool to model Complex Adaptive Systems (CAS). Accordingly to 

Tesfatsion (2007) a CAS system displays three main characteristics:  

1. The system has agents interacting among themselves. 

2. The system displays emergent proprieties.6 

3. The agents are able to respond in a systematic and timely way to stimulus from the 

environment and other agents.  

As the decentralized market can be seen as a CAS, economists have gained a new instrument 

for research. ABM allows for a detailed study of the microeconomic relations that generally are 

overlooked in the economic models (Tesfatsion, 2003).  This leaded to the emergence of a new 

area of study within ABM, Agent-based Computational Economics (ACE).   

Tesfatsion (2003) explains ACE methodology as a “culture-dish” approach to the study of 

economic systems. The modeler creates the environment and the agents, and afterwards just 

observes the interactions between the agents themselves and the interaction of agents with the 

environment. The modeler should not intervene directly during the simulation allowing the 

simulation to conduct itself. The main issue with this ABM and ACE methodologies is to model 

the agents correctly. It is critical to properly define the cognitive, sensory and actuation 

capabilities of the agents and also the characteristics of the environment in which they are 

located (Gilbert and Terna, 2000). 7 

The next sub-section (Sub-section 2.1.1) provides a model developed by Bonaccorsi and Rossi 

(2003) using ABM to determine the choice of consumers regarding open source vs. proprietary 

software. 

 

 

 

 

                                                           
6 According to Tesfatsion (2007) emergent proprieties are “properties arising from the interaction among agents that 

cannot be deduced simply by aggregating the properties of the agents”. 

7 The cognitive capabilities support the behavior of the agent, either be it in a decision process or in an action. The 

sensory capabilities deals with what the agents can sense from either other agents or the environment in which they are 

inserted.  
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2.1.1 An Application of the ABM methodology 

Bonaccorsi and Rossi (2003) developed an ABM model implemented with the SWARM 

platform.8  The intention is to determine under which conditions consumers would change from 

the proprietary software to open source software. The agent decision process is modeled 

accordingly to what the authors foresee as fundamental in the decision process, for instance, the 

intrinsic value of the new software and the network effects. 

The function that drives the agent behavior is given by:   

  � = �. �1 − �	. 
� + �1 − �	. �� + ∆. ��� , with  �, ∆ � 0,1�  (1) 

Where IV is the intrinsic value of the new technology, NE are the network effects, � is the 

reaction of the incumbent, CO is the coordination effect, and �, ∆ account for the relative 

importance of the variables. The function F assumes values with the interval 0,1�, and it is 

made of two parts. The first part, �. �1 − �	. 
� deals with the receptivity to the new technology, 

and the second part, �1 − �	. �� + ∆. ��� with the interaction among agents.  The F value will 

determine the action of the agent i: 

� = �< 0.33, � ������ !" �� ��#$  "! �ℎ! &'�&'�!�('$ "�)�*('!0.33 ≤ � ≤ 0.66, � "!#!��" ��  "! -��ℎ �!�ℎ��#�.�!"> 0.66, � (0�&�" �ℎ! �&!� "� '�! �!�ℎ��#�.�!" 1 
 

The intrinsic value of the new technology, IV, is modeled as a continuous random variable in 

the interval 1 to 5. Several distributions were considered for this variable in order to simulate 

the intrinsic value of the new system. The variable � captures the reaction from the incumbent, 

this parameter is supposed to simulate that the incumbent is investing in R&D. This affects the 

intrinsic value of the new technology to the agents because comparatively the new technology 

is not as strong as initially considered. The variable measuring the network effects felt by the 

agents, NE, is defined as: 

  �� = 234�5	6         (2) 

                                                           
8  The SWARM platform is a collection of libraries that allow specific software languages to have access to the ABM 

methodologies. For more information see: http://www.swarm.org. 
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Where the variable, �7��	, is the number of users of the open source system and N is the total 

number of users in the market. Notice that the marginal contribution of each agent to NE upon 

joining the network is decreasing however the NE is increasing.  

The co-ordination effect, CO, simulates the positive network effects. When the number of users 

reaches a pre-determined percentage of the total, 8, not only can they exchange files, they can 

work together.  

  �� = 90           �)        �7��	 < 834�5	6     �)    �7��	 > 8  1      (3) 

The results of the simulation show that under specific conditions, consumers might choose open 

source over proprietary software, and one of the determinants was the intrinsic value of the 

software. 

However this model only deals with one type of agent, the consumer. ABM and ACE can deal 

with several types of agents interacting between them. In order to obtain conclusive results 

regarding the capability of open source software in the market it is necessary to model it in its 

entirety. As such the following sections will study in detail the behaviors and motivations 

behind each type of agent considered for the development of the model that is the objective of 

this dissertation. This model will be implemented with an ABM tool developed by the GAIPS at 

INESCD-ID, named ION.9 

 

2.2 The Open Source Community 

The open source community has challenged economic researchers with behaviors and actions 

that sometimes seem to be against classical economic thought. There are three main questions 

that are a source of discussion in the open source movement: motivation, organization and 

quality of source code (Lerner and Tirole, 2002, 2005). The next sub-sections will discuss each 

one of them in detail, as to understand all of the drivers behind the open source community. 

 

 

 

                                                           
9 GAIPS is the Group of Intelligent and Synthetic Characters. More at www.inesc-id.pt 
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2.2.1 Open Source Motivation 

One of the first attempts to discover the motivations behind the open source community was 

Eric Raymond’s (1998a). He argues that open source programmers try to maximize their own 

ego satisfaction and reputation among other programmers, which lead them to have a 

significantly different utility function than the one that normal programmers have. On a 

subsequent work Raymond (1998b) uses the concept of the gift culture as a complement to his 

original hypothesis. As most of the developers are from wealthy countries that live in a post-

scarcity era they are able to give these “gifts” to the general public. Nonetheless, a study 

conducted with empirical data from two major open source projects, GNOME and Linux, 

contradicted the gift culture hypothesis.10 In fact it showed the United States of America, one of 

the wealthiest countries, was almost free-riding on a collective good provided by 

predominantly non-Americans (Lancashire, 2001).  

Bitzer et al. (2007) regarded the gift not as the motivation but as a byproduct of an effort to 

improve the programmer’s reputation within the community, the increase in reputation will 

correspond to the value of the gift provided. Linus Torvalds, the Linux creator, has a similar 

interpretation of these facts. On the Charlie Rose Show he stated the following:11 

 “... I'm a programmer I will get paid, it's not as if programmers go hungry in this world, so I wasn't 

worried about money and making money and, at the same time I've done this project for myself, I didn't 

want to commercialize it because I didn't want to go through the headaches.” 

Torvalds is also implicitly stating that the “gift culture” is not itself a motivation, in fact the gift 

only occurs because of the unwillingness of the programmer to commercialize the project. The 

main motivation for the open source development arises from the programmer’s personal 

                                                           
10 The main statistic that Lancashire (2001) provided to disprove the gift culture theory was the number of developers 

by the number of homes with access to the internet. He intended to use number of developers by the number of people 

who can actually program but since the data from the number of people who could actually undertake the project was 

very difficult to get or estimate. The number of homes with internet access might be a fair approximation as Lerner and 

Tirole (2005) stated that the third age of Open Source began with the wide diffusion of the Internet.   

11 The Charlie Rose Show is an American television interview show that is weekly broadcasted by PBS. The host of the 

show, Charlie Rose, is an Emmy Award winner and has interview people from various fields, from Stephen Hawking to 

Barack Obama. More on the show: http://www.charlierose.com. The full interview is available here: 

http://www.charlierose.com/view//3114 (Last assessed in 3th of July 2009). 
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interest, because to some individuals programming is a leisure-time activity, comparable to 

playing a game or going to the cinema (Torvalds and Diamonds, 2001).12 

While Torvalds appears to have discovered a cohesive response regarding the motivation to 

publish the results, the motivation for the development itself is still widely discussed. Von 

Hippel (2001) argues that the motivation behind the development could be that as the cost to 

develop software is relatively low this leads some users to adapt or create new software that 

best suits them. The need for specific software has also been proved with an empirical study 

performed by Lakhani and Wolf (2003).13  

One of the most significant contributions to discover the motivation behind the open source 

community was made by Lerner and Tirole (2002). They argue that programmers will only 

participate in open source development if their net payoff from participating is positive. This 

payoff considers both immediate and delayed benefits and costs. When a programmer decides 

to collaborate for an open source project, knowingly or unknowingly, he incurs on a series of 

benefits and costs, as for instance the opportunity cost of time spend in the project.14  

Participation in open source development has costs for contributors – not only do they forgo the 

monetary compensation that they would otherwise receive, but their contribution can affect 

their performance on other areas of their life. However, there are benefits for the contributors, 

both immediate and delayed. The immediate benefits are: the enjoyment that the programmer 

feels when developing open source code and a probable increase of the contributor’s 

programming skill, which could in turn improve his performance in his job. The delayed 

benefits are: ego-gratification and career concerns. Ego-gratification is the developer’s desire to 

obtain peer-recognition, which in turn affects his own perception of himself. The programmer’s 

career concerns designate his intent to expose his capabilities to potential employers and to 

increase his chances of getting future job offers, thus improving his welfare. Since both of these 

concepts deal with recognition, Lerner and Tirole (2002) decide to group these two types of 

delayed benefits together as “signaling incentives”. 

                                                           
12 This is only possible because most of the developers do live in a post-scarcity era, which allows them to pursue their 

own interests. As Torvalds mentions in the interview with Charlie Rose, he was not concerned with money, had he been 

he would have had to either commercializing or giving up on his interest in order to be able to work more hours. 

13 Lakhani and Wolf (2003) found that 58% of the sample responded that need was an important factor for Open Source 

development.  

14  Open Source contributors could, instead of programming a particular bit of code, that they will release for free, be 

working for a company that would give them a monetary payment for that service, theoretically increasing thus their 

welfare.  
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2.2.2 Organization of the Open Source Community 

Bonaccorsi and Rossi (2003) argue that there are two essential factors in the open source project 

lifecycle: a widely accepted leadership setting the project’s guidelines and an effective co-

ordination mechanism among the developers based on shared communication protocols. 

Indeed open source projects are quite hierarchical. The top programmers are responsible for the 

project, and only they have the permission to implement major modifications to the source code 

(Lerner and Tirole, 2002).  

As a model for scrutiny, open source appears to be innovative. However, this model has been 

previously used by many organizations, for instance, in the academic organization colleagues 

are often times called in for a primary evaluation of the work done until that point (Bezroukov, 

1999). Nonetheless, this visibility appears to work particularly well for software development, 

since bugs and errors are found and repaired faster than in the proprietary companies 

(Raymond, 1998a).  

The organization of the open source projects appears to be concentrated around a group of 

individuals. Ghosh and Prakash (2000) estimate that the original developers contribute 

approximately 25% of the final source code and that from all of the programmers who will 

eventually get involved in the project, 10% of them will be responsible for 70% of the source 

code. What these statistics suggest is that there is a core group responsible for the programming 

stage, while the rest of the programmers contribute to other phases of the development, such as 

testing. This process leads to a high quality source code that can rival with the software 

developed by the proprietary companies. 

 

2.2.3 Technological Quality of Open Source Software 

The technological quality between open source and closed software has been amply discussed 

among the scientific community, however there are no consensus on the issue.15 Raymond 

(1998a) argues that open source software is generally better than its proprietary counterpart 

because of the differences in the development processes. While proprietary companies 

                                                           
15 The technological quality can be translated over performance measurements such as, CPU use, memory use, source 

code quality, security, errors, among many other possible measurements. 
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concentrate their programming efforts on a small team responsible for the identification and 

repair of possible bugs in the system, open source development is based on just the opposite: 

the more people have access to the code the more bugs will be found and quickly resolved.  

Johnson (2006) also deals with the question of peer review. He argues that in commercial firms 

there might be an aversion to report errors or bugs in the work of fellow colleagues, because 

their reputation and future earnings might be damaged. In open source this does not appear to 

be a factor, first, because collaborators are not paid, and second, because of the sheer number of 

people involved in developing the software. 

Also related to the quality of the systems is the security issue. Due to the source code visibility, 

malicious hackers might be able to recognize and explore security flaws. However, Anderson 

(2002) argues that the question of the source code being visible is not relevant to whether the 

software is more or less safe. He states that: 

”other things being equal, we expect that open and closed systems will exhibit similar growth in 

reliability and in security assurance.”  

Lerner and Tirole (2002) mention that the incentive structure within the open source community 

might lead to some ineffective practices, such as poor documentation and little care on the user 

interface applications. Even though open source might trigger some very good practices it is not 

yet clear that they can be directly translated into benefits, such as quality (Fuggetta, 2003). 

 

2.3 Consumers 

The objective of this section is to discern which are the main motivations regarding consumer 

behavior in the software market. Consumers are essential to the model because they decide 

which of the alternatives is better, open or closed software. However there is little consensus in 

the related literature regarding the underlying causes for the behavior of the consumers. 

The two main factors regarding the behavioral drivers of consumers in the software market are 

quality and network effects. Recently, Telis et al. (2009) demonstrated that under very specific 

conditions quality wins over network effects. However the conditions seem too restrictive to 
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conclude this without margin of doubt.16 Besides these two factors, one additional factor has 

been introduced by Economides and Katsamakas (2006), the cost of adoption. This accounts for 

the cost that the user incurs when he changes software provider.   

This chapter discusses the causes for the behavior of the agents. This study will allow us to 

define proper and realistic heuristic for the decision process of consumers when dealing with 

the acquisition of software. 

 

2.3.1 Network Effects 

There is an ongoing discussion regarding network effects and software diffusion. Tellis et al. 

(2009) provide a broad definition of network effects: 

 “Network effects refer to the increase in a consumer’s utility from a product when the number of other 

users of that product increases.” 

Network effects can be either direct or indirect. Direct network effects have been defined as the 

effect that the number of users of a given product has on the value of the product (Liebowitz 

and Margolis, 1994).17 Indirect network effects are commonly described as the effect that the 

number or price of complementary goods have on the value of the initial product (Katz and 

Shapiro, 1985; Clements, 2004).18  

Network effects, regardless of whether they are direct or indirect, appear to be of high 

importance to consumers because they express two issues that are a source of concern for users: 

compatibility and supply of complements.19 Direct network effects are relevant because they 

                                                           
16 Brian T. Ratchford (2009) expressed several concerns regarding the conclusions obtained by Tellis et al. (2009), 

drawing attention, in particular, to the fact that they did not take into consideration the bundling of products, which is 

likely to be relevant, especially in the case of the success of the Microsoft products. 

17 A good example of the influence of direct network effect is the telephone. It is unquestionable that the telephone value 

increases as the number of users increases, because it allows the users of the telephone to have a wider number of 

people with whom they can communicate through this mean.  

18A fairly good example of the influence of indirect network effects is the operating system, which, by itself, has little 

interest to most people, whereas an operating system with different applications holds a significant value to most 

people. Such applications enable users to communicate with friends, type documents or simply browse the web. Thus, 

the value of a given operating system will be dependent on the number of applications available and the number or 

price of complements will undoubtedly affect the choice regarding the operating system. 

19 Nonetheless it is an error to argue that only network effects will be important. While there is software whose value 

depends on the number of users, for example Skype, which is basically a telephone service provided through the 
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deal with the issue of compatibility among users. Witt (1997) argues that consumers make a 

“subjective estimate” of the total number of users in the market before deciding, this in order to 

discover the gain they will obtain in joining a given network. Another hypothesis is that 

consumers access their own contact network. The user will look towards his network and try 

choosing an operating system and applications compatible with most of the people in his 

network (Dalle and Jullien, 1999).  

Another interpretation of this is the phenomenon designated as "informational cascades”. 

Bikhchandani et al. (1992) defined this phenomenon as follows: 

“When it is optimal for an individual having observed the actions of those ahead of him, to follow the 

behavior of the preceding individual without regard to his own information” 

The informational cascades phenomenon is obviously connected to network effects, but it is 

important to specify it because it gives a different insight regarding the individual’s decision 

process. Instead of the individual logically deducing his own gain in joining a particular 

network he relinquishes his decision to follow the dominant behavior in his group, this appears 

to lead to an imitation behavior (Banerjee, 1992). 

Consumers will also be concerned with the availability of complements, particularly in this 

market. Complements are an important factor because, to most users, an operating system 

without complements is a rather limited tool. Notice that by the very nature of software, users 

can have more than one operating system and complements (Bonaccorsi and Rossi, 2003). They 

can have as many as their hardware is able to support and by doing so they can have different 

applications at their disposal. 

 

2.3.2 Quality 

Liebowitz and Margolis (1999) argue that the main force behind the market is quality, meaning 

that quality is the consumer’s main concern and the main decision criterion. If the market 

eventually does adopt a standard, it will because it is the superior alternative. 

                                                                                                                                                                          
computer, the majority of software can be said to have value in itself. For instance, the value of Microsoft Word 

increases as the numbers of users increase, because it allows users to exchange files among them, however the 

application has a value that is not dependent on the number of users.  
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According to Liebowitz and Margolis (1999), network effects do not affect the choice. They only 

affect the diffusion speed of the product, allowing for a quicker implementation of a given 

format in the market. The market chooses the standard based on quality of the software that 

emerges rather than on the number of users. If a situation occurred where an inferior standard 

was chosen because of network effects, we would be in the presence of a (negative) network 

externality.20 The market and consumers in general would be harmed, because an inferior 

standard would continue dominate the market over time when there were better alternatives 

available (Liebowitz and Margolis, 1994). 

Regarding the software market, Tellis et al. (2009) define quality as: 

 “A composite of attributes, on each of which all consumers prefer more to less, thus reliability, speed, ease 

of use, and so on, are common dimensions of quality in our product categories.” 

However, if the user is an expert in computer science he will have a different assessment to that 

of an individual with little knowledge of computers (Dzida et al. 1978).21 Knowledge will affect 

the perceived quality of software and as such, reactions from users will differ according to their 

specific level of knowledge. Advanced users are more flexible because they are able to modify 

the code, while less advanced users might prefer a simpler system.  Kuan (2001) developed a 

model which took into consideration the choice between employing “off-the-shelf” commercial 

software and adapting open source software to satisfy a consumer need.  She states that the 

advantage of open source is that it allows the user to adapt the code, albeit through a great deal 

of programming effort, in order for that particular system to have a higher quality for that 

specific user. By contrast, “off-the-shelf” software cannot be modified and has to be used as it is. 

She concludes that under certain circumstances some consumers will prefer the open source 

option and invest in producing software which is better suited to their needs, thus having a 

higher quality to them than the proprietary software available on the market.  

The choice “make vs. buy” will be made accordingly to the complexity and idiosyncrasy of the 

project, as well as the cost of the modifications (Bessen, 2005). Franke and Von Hippel (2003), 

found through an empirical study that one-fifth of the Apache users adapted it according to 

their specific needs. The differences between the dominant systems in client and server markets 

                                                           
20 It is important to notice that network effects and network externalities are different things. A network externality is a 

specific kind of network effect, namely, a market flaw, deriving from a network effect, which harms the market. 

21  For instance, despite the common view that Linux is technologically superior to Windows as an operating system, 

users who are only familiar with Windows will perceive this operating system as a superior alternative, because they 

know how to use it.   
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make it possible to discern that knowledge is a differentiating factor in the choice between open 

source and proprietary software. In the client market, proprietary software clearly dominates 

the market, and Microsoft has been the main supplier of operating systems since the 

introduction of MS-Dos. However, in the server market the opposite occurs, and the market is 

largely dominated by the open source software Apache (Bonaccorsi and Rossi, 2003). What this 

seems to indicate is that as users’ skill increases so does the probability of their using open 

source software, which they can customize to their specific needs.22  

 

2.3.3 Cost of Adoption 

The consumer will face two main costs when considering software acquisition: the cost of 

buying the software and the cost of learning how to use the new software. The cost of buying 

the software is not directly dependent on the customer, but companies will adjust their prices in 

light of the bargaining power of customers.23 In a monopoly situation, the bargaining power of 

customers is fairly low, but it increases when other options become available, and prices tend to 

drop. 

Economides and Katsamakas (2006) defined a cost, �:, that users have when crossing from 

proprietary to open source software. This can be seen as the opportunity cost of learning the 

new software: either the individual who is looking to switch tries to learn how to use the 

software on his own, or he or she must resort to lessons to learn it.24 However, if we extend the 

concept of Economides and Katsamakas, then the consumer will not just incur the cost of 

crossing from proprietary to open source, he will also incur the cost of switching software, 

regardless of it being proprietary or open source software. However, this cost will vary 

according to the user, to someone whose computer knowledge is very limited, switching costs 

will be significant; by contrast, for someone with a high level of computer knowledge, the cost 

of changing software will either be small or it will turn into a benefit, since advanced users have 

stricter demands regarding software, and when the proprietary software is not according to 

their taste they are capable of programming new software which will give them a higher 

                                                           
22 This also takes into consideration that individuals who are able to set up servers have a high level of computers skills. 

23 Obviously Open Source software does not provide any disincentive in this cost, because the price is zero. 

24 The individual incurs on an opportunity cost, instead of learning that system he could have been working on 

something that gives him a higher return on the investment of his time. And if that individual needs lessons to learn the 

system to the opportunity cost we have to add the cost of the lessons with a tutor. 
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satisfaction. The customization and the welfare that is generated was been seen by some 

authors as a great advantage of open source (Kuan, 2001).  

 

2.4 Proprietary Companies 

This section deals with the behavior and actions that companies, specifically software 

companies, undertake in their normal activity. The main characteristic of these companies and 

their behavioral motivations is that they are much more in line with traditional economic 

thought than the agents described in the two previous sections. However there are some actions 

and effects that have to be explained in detail.  

Companies follow a more linear logic than the previously discussed agents in their actions. 

Their main objective is profit, and they will delineate strategies in order to obtain it. In this 

respect, software companies are no different from any other company. However, they face a 

more complex market than most ordinary companies. The software market in its simplest form 

can be seen as shared between two main groups of companies: operating systems providers and 

application providers. These two types of company, although they are satisfying different 

consumer needs, share several business behavior characteristics, because they face similar 

challenges in the market.  

This leads us to the main strategic decisions that can be found in the related literature regarding 

the software providers’ choices in the market (Besen and Farrell, 1994; Economides and 

Katsamakas, 2006): 

• Pricing strategy; 

• Vertical strategy; 

• Horizontal strategy; 

• Innovation strategy. 

These are the main strategic options referred in most common literature. The decisions that the 

companies determine are bound to affect the results obtained in the market. The next sections 

discuss each of these strategic decisions and how the operating systems and application 

providers place themselves in order to obtain the best results possible.  
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2.4.1 Pricing Strategy 

Economides and Katsamakas (2006) identify two profit streams, one from the end-user and 

another from the producers of complements. The profit stream that derives from the producers 

of complements is a royalty that the operating system provider imposes for access to the 

development console.25 By developing a two-stage game, the authors are able to determine the 

unique sub-game Nash equilibrium and as such predict which will be the optimum prices for 

each one of the actors in the market. They present three scenarios that exemplify the methods to 

determine the prices on the market.  

 

Proprietary Platform26 

The first scenario consists of one platform provider and one independent application provider. 

By assuming a linear demand structure for the market, either it be in the operating system or 

the application market, leads them to the following expressions: the Operating System demand, 

given by ;< = (= − -<&= − 0&>; and the demand for the application, ;> = (> − ->&> − 0&=. The 

variables &= and &>represent the price of the operating system and the price of the application, 

respectively; (<  represents the maximum sales of the platform when the price is zero. Assume 

that (> ≤  (=, the sales of the applications cannot be superior to those of the operating system. 

The parameter 0 measures the cross-price effect of the systems and is dominated by the own-

price effects, -< , -> ≥ 0.27 

As they are not studying entries and exits in the market, fixed costs are assumed to be zero. 

Marginal costs are also considered to be zero because the cost of an extra unit of software is 

very close to zero. As such the profit function of the platform is @= = @=: + @=7, where, @=: =
&=;= is the profit from the sales of the operation system and @=7 = ";> is the profit derived from 

the royalty, ", paid or received by the platform vendor. This of course leads to: 

  @= = &=;= + ";>        (4) 

 

                                                           
25 However, this royalty can also be given to the producers of complements as a way to subsidize development for a 

given operating system.  

26 In this particular case the platform consists only in the operating system. The term was maintained to keep the 

wording of the original authors.  

27 Economides and Katsamakas (2006) provide other models where this restriction is not in place.  
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The profit function for the applications supplier is: 

  @> = �&> − "	;>        (5) 

The profit maximization is obtained using a two-stage game in order to determine the optimum 

price and royalty. Assume that the firms set their prices uncooperatively. The first stage of the 

game is the platform vendor establishing the royalty or licensing fee and afterwards, in the 

second stage, both firms establish their end price to users.   

Beginning at the last stage of the game, the conditions for profit maximization in the two firms 

are: A@= A&<⁄ = 0 and A@> A&>⁄ = 0. This leads to &=�&>	 = �(= − 0&> − "0	 �2-=	⁄  and &>�&=	 =
�(> − 0&= + "->	 �2->	⁄ . Solving for &= and &>,     

  &= =  DEF7GH I7FHJKEFILEGEFHIM        (6) 

  &> = DEG7FHI7GNK�IMNDEGEF	LEGEFHIM       (7) 

The condition for the first stage of the game is A@= A"⁄ = 0. Since, @= = @=: + @=7, it is possible to 

break the equation in order to facilitate the calculations (calculations can be found in the 

appendices). 

  
OPGQOK = 0 RIS7FSDEGEFNIMTHUEFSEGEFHIMTKTHD7GEFSDEGEFNIMTL�LEGEFHIM	M V  (8) 

  OPG4OK = EF�D7FEGH7GIHLK�EGEFHIM	LEGEFHIM      (9) 

The two-stage game has a unique subgame-perfect Nash equilibrium given by the following 

three prices: 

  "∗ = 7FSXEGMEFMNIYTH7GEFI�XEGEFNIM	DEF�EGEFHIM	�XEGEFNIM	      (10) 

  &=∗ = 7GEFSXEGEFNIMTH7FI�>=EGEFHIM	D�EGEFHIM	�XEGEFNIM	      (11) 

  &>∗ = 7FS>DEGMEFMHDEGEFIMHIYTH7GEFI�XEGEFNIM	DEF�EGEFHIM	�XEGEFNIM	     (12) 
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Open Source Platform 

The second scenario consists of a market with just one platform provided by the open source 

community and a proprietary company supplying applications. Considering the open source 

platform, the linear demand structure is maintained, but a series of alterations have to be made 

due to the fact that the open source software does not have a price: it is supplied for free. 

However this does not mean that it does not have a cost for the user. At least one cost will exist, 

the opportunity cost of learning the new system. This leads to a cost that will be inserted by a 

variable designated �: in this model. 

The demand function for the open source platform is defined as ;= = (<Z −  -<�: − 0&> and the 

demand function for the application is ;> = (> −  ->&> − 0�:. Assume (<Z ≠  (=, and the rest of 

the parameters (>, -=, ->, 0 are identical to the previous model. 

As explained earlier, the open source platform does not make any profit, @= = 0, which means 

that no fee is paid either by the users or by the applications companies, &< = " =  0. However, 

the companies that supply the complementary products to the open source platform can set a 

positive price to users, &> ≥ 0. 

Thus, the function for the profit of the application company is @> = &>;>. This in turn leads to 

the equilibrium price for the application of &>∗ = �(> − 0�:	 �2->	⁄ . 

The equilibrium determines the quantity of open source software in the market and the 

quantity sold and profits of the application provider, 

  ;=∗ = D7\]EFHI7FH ^Q�DE\EFHIM	DEF       (13) 

  ;>∗ = 7FH I^QD         (14) 

  @>∗ = �7FHI^Q	M
LEF        (15) 

This model is a simplification of the open source market, without involving other types of 

systems. The next logical step is to make up a model where the two models are put together. 
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Competition between Systems Based on a Proprietary and Open Source Platform 

In this last scenario, Economides and Katsamakas consider two platforms, _>, _D and two 

applications >̀, `D, where _> is a proprietary platform and _D is an open source platform. They 

also assume that both of the applications are supplied by proprietary vendors, thus &a > 0, � =
1,2 and that these two applications are only compatible with one platform, meaning _a   is only 

compatible with à . The pairs (_>, >̀) and (_D, `D) are designated as proprietary system and 

open source system, respectively.  

The demand functions for both the platform and the applications are as follows ;bc = (a −
-a&bc − 0&dc + !�&be + &de	 and ;dc = -a − -a&dc − 0&bc + !�&be + &de	 , � = 1,2. 
In this model, the parameter ! > 0 is intended to capture the degree of substitution between the 

two systems. Continue to assume that the own-price effects dominate the cross-price effects, 

-a > !. As explained in the previous models, the initial quantity (at price zero) may continue to 

be different for the open source and proprietary platform. 

As the platform _D is an open source platform, there are certain characteristics that differentiate 

it from and proprietary platform, as &bc = "D = 0 and the cost of adoption, �:. Economides and 

Katsamakas (2006) for expositional clarity also assume that -> = -D = 0 = 1. What this means is 

that in this model they see the platform and the application as perfect complements. 

The steps to find the equilibrium are the same that were shown in the previous models, 

continuing to follow a two-stage pricing strategy. The first-stage maximization condition is 

A@bc A"⁄ = 0, � = 1,2 and the second-stage maximization condition is A@bc A&bc⁄ = 0, � = 1,2. The 

profit functions are @bF = &bF;bF + ">;dF , @dF = �&dF − ">	;dF and @dM = &dM;dM. As the _D 

platform is an open source platform @bM = 0. 

The equilibrium sales, prices and profits are: 

  ;bF∗ = ;dF∗ = fgF∗ NfgM∗
D = D7FNh�7MN^Q	D�JHhM	      (16) 

  ;bM∗ = ;dM∗ = &dM∗ = D7FhNJ7MH^Q�JHDhM	D�JHhM	     (17) 

  &bM∗ = 0, and @bF∗ = @dF∗ = &∗bFD  @bM∗ = 0,  @dM∗ = &dM∗    (18) 
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After finding the equilibrium, Economides and Katsamakas (2006) provide a detailed discussion 

of the conditions in which each of the alternatives dominates the other. Regarding the 

competition between the open source and the proprietary company they state the following:  

“…The proprietary system most likely dominates both in terms of market share and profitability.”  

 

2.4.2 Vertical Strategy 

Vertical strategy is primarily connected with the supply of complementary goods, which means 

that there is also a connection to indirect network effects (Katz and Shapiro, 1985). In order to 

succeed in the software market, it is very important to supply complementary products. For 

most users, an operating system without any complementary goods (applications) is an 

extremely limited tool. 

For a generous supply of complementary goods to become available, there must be a minimum 

amount of consumers in a given network. As the network size increases there is a greater 

tendency for the producers of complementary products to turn their attention to it, because of 

the high number of potential customers (Katz and Shapiro, 1985). This of course is problematic 

for a vertical strategy. If there is an implemented standard it will be difficult to convince the 

producers of complementary products to produce products for a smaller network where there 

is a smaller volume of clients to satisfy and therefore a smaller probability of getting a sale.  

Besen and Farrell (1994) argue that the objective of the vertical strategy is clear. The main 

objective of a company is to encourage a generous supply of complements while trying to 

discourage the supply of products to other competitors. This phenomenon has leaded the video 

game industry to make some adjustments. The platform owners invested a great deal of assets 

in order to guarantee that there will be a sufficient number of complementary products for their 

platform, either by internal development or by subsidization of independent producers (Binken 

and Stremersch, 2009). The software industry suffers from a similar problem with the supply of 

applications. 

However, when speaking of the supply of complements the literature tends to focus exclusively 

on one dimension: quantity. Recent research pointed another interesting possibility, the high-

quality of the complements. In the video game market, Binken and Stremersch (2009) showed 

that a high-quality title, a superstar like Super Mario 64, can generate a disproportionately large 

effect on the hardware sales, in this case Nintendo 64.  
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2.4.3 Horizontal Strategy 

According to Besen and Farrell (1994) horizontal strategy mainly deals with one issue, 

compatibility. In a network market the company will have to decide whether to engage in inter-

technology competition or in intra-technology competition.28 The compatibility issue is very 

important for users who want to be able to interact with other users. For instance, to exchange 

files, users have to possess the same format to access the information. Besen and Farrell (1994) 

discuss the form of competition that will exist on the market. They find that the competition 

will depend on all of the horizontal strategies that the companies present in the market 

determine. For a market with just two companies they find three combinations of strategies; for 

more than two companies, the market will involve the basic elements of these three basic forms. 

They are: 

• Tweedledum and Tweedledee  

• Battle of the Sexes 

• Pesky Little Brother 

The Tweedledum and Tweedledee scenario happens when both companies try to implement 

their own standard and choosing thus an inter-technology competition. This is more likely to 

happen when the companies are symmetric in their market positions and technology. They 

identify four main tactics: (1) building up an early lead; (2) attracting the supply of 

complements; (3) product preannouncements; (4) price commitments. 

In the Battle of the Sexes situation, both companies know that it is not in their best interest to 

fight for the standard because adopters are just waiting to see which one is going to win, and 

when that happens they might have provoked too much damage to each other, making it very 

hard afterwards to regain profitability. Consequently, they will choose one standard allowing 

for an intra-technology competition. The main difficulty in this scenario will be the negotiation 

between the companies to choose the standard. 

The Pesky Little Brother is a situation that arises when a company is starting to emerge as the 

dominant one.  The less successful company might see that it is in its best interest to adopt the 

standard of the winner, but at this stage it is unlikely that the dominant company will be willing 

                                                           
28 Inter-technology competition refers to competition for the market, meaning, trying to establish the standard, and 

intra-technology refers to competition within the standard. 
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to accept this. As such, the dominant company has two main defensive strategies: (1) enforce 

Intellectual Property Rights; and (2) keep changing formats. 

Besen and Farrell (1994) cite many examples of both of these defenses. But we can find a more 

recent example in the new formats Microsoft implemented for the new Office documents. The 

original format (.doc) was probably replaced because there were now available a series of 

alternatives that could undermine their dominance of the market, such as Open Office an open 

source project. As such, they implemented the new format (.docx), which is not yet compatible 

with other software. 

 

2.4.4 Innovation Strategy 

Until now, the discussion has focused on how a standard affects the market, mainly in terms of 

the implications for users and complementary goods producers. We will now turn our attention 

to two complementary processes: how a format does get effectively implemented as the market 

standard, and how an incumbent reacts to a threat caused by an innovation. 

As far as these issues are concerned, there are two main schools of thought. One believes that 

the adoption of a new market standard depends mainly on uncontrolled events, so that chance 

allows one or two technologies to emerge as the dominant ones. Krugman (1994) argues that the 

outcome of a market often depends on historical accidents. Similarly, Arthur (1989) believes 

that a contingent series of “small events” is what determines the advantage of one of the 

technologies. One of the most common illustrations of this theory is the QWERTY typewriter. 

David (1985) argues that Frank Maguire played a fundamental role in establishing QWERTY as 

the market standard by winning a typing contest. This gave QWERTY the necessary advantage 

to win the market, even though it was inferior to other alternatives available on the market. 

After a technology wins the market, it is likely that the increasing returns lead the market to a 

lock-in situation (Arthur, 1994). 

The other school of thought believes that the market chooses the standard based on quality, and 

that the market is always vulnerable to new challenges. Liebowitz and Margolis (1999) give 

several examples of a new standard being implemented and replacing the installed technology. 

They cite the instance of the spreadsheet market, arguing that LOTUS 1-2-3 took the 

spreadsheet market from VisiCalc because it had a superior quality and eventually lost the 

market to Microsoft Excel due to Excel’s higher quality. Regarding the QWERTY typewriter 
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case, Liebowitz and Margolis (1994) argue that the studies which proved the inferiority of 

QWERTY were flawed, and they mention other studies which presented QWERTY as the 

superior alternative.     

Other supporters of the quality strand argue that the lock-in hypothesis is excessively 

restrictive. Witt (1997) proves that by changing the initial assumptions it is possible to explain 

how newly introduced technology can spread through the market, even in the presence of 

network externalities.  Bonaccorsi and Rossi (2003) also argue that the hypothesis for the lock-in 

thesis is not easily applicable to the software market. For instance, the assumption that the two 

technologies reach the market at the same moment is not true for the software market. They 

also argue that in the software case the costs of revision of choice are not prohibitive. 

However, for both possibilities there seems to be an open door for the introduction of 

revolutionary innovation products. Schumpeter’s (1943) theory of creative destruction is 

applicable in both cases, and even in the lock-in thesis, since a revolutionary innovation can 

destroy a market by creating a new one.29 The question that this dissertation faces is if the open 

source community is a revolutionary process for software development. If it is, proprietary 

companies will be unable to stop the paradigm shift which will in turn lead open source to the 

dominance of the market.  

  

                                                           
29 One good example is the decline of the VHS and the rise of the DVD. 
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Chapter 3 

Conceptual Model 

 

"Everything should be made as simple as possible, but 

not simpler.” Albert Einstein 

The main research question this dissertation intends to answer is whether the Open Source 

Community can overcome the proprietary companies that are already installed on the market. 

In order to answer this question it is necessary to build a model that allows us to extrapolate the 

evolution of the market in the future. However, a purely algebraic approach would be very 

difficult to implement due to the number of variables that need to be considered and the 

dynamics of the market. To surpass this limitation we have chosen to use a relatively new 

modeling methodology, the Agent Based Modeling (ABM). This allows us to overlook the 

algebraic issues and consider the dynamics of the market, such as increasing returns and 

different entry times. In an ABM simulation there are two critical steps. The first one consists of 

being able to accurately determine the behaviors, actions and motivations of agents involved in 

the real market. The second step consists of implementing these behaviors, actions and 

motivations into source code for each one of the agents who will be involved in the simulation. 

 

3.1 Proprietary Companies 

Proprietary companies are entities mainly concerned with supplying their products to the 

highest possible number of consumers, thus maximizing the market share. The assumption 

behind this is that a dominant position in the market will allow them to develop a sustainable 

position for future profit making.30 As companies are not maximizing immediate profit and this 

simulation does not take into consideration entering and exiting the market, the profits obtained 

by companies act only as a means to generate market power, which may help companies to 

establish or maintain a dominant position. 

                                                           
30 Cartelization and similar market distortions are not considered for this simulation. Companies compete among 

themselves to be the dominant force in the market because it will establish a strong basis for future company growth.  
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The simulation includes two types of proprietary companies: operating system and application 

providers. They share similar behaviors and actions in their horizontal strategies because they 

share the same objective, which is to be the undisputed leader of their respective market. 

Notwithstanding, the two types of companies operate in different settings. While operating 

systems providers always compete among themselves in a single market, applications 

providers compete in sub markets of the application market. On these submarkets consumers 

can find different types of applications to satisfy specific needs. We also assume that different 

application types do not compete with each other in either direct or indirect form.  

The model considers four different types of applications. Consumers have four specific needs 

that they seek to satisfy by acquiring software. Consequently there are four different types of 

applications sub markets. They can be, for instance: work related software, communications, 

internet browsers and games. We consider that four different applications sub markets are 

sufficient to simulate the connection between the operating system and applications by 

simulating the indirect network effects present throughout the software market. 

Operating system and application providers differ not only in the products they place on the 

market, but also on the functions determining their vertical strategies.31 An operating system 

provider searches the various applications sub markets for the applications that are more 

popular among the consumers and attempts to make these companies supply its operating 

system with a compatible version. Application providers search the operating system market to 

find the operating system with the highest market share. This allows the company to target a 

much wider segment of the consumer population with their products, thereby increasing the 

probability of making a sale. 

 

3.1.1 Operating System Companies 

The main goal of operating system companies is to establish their products in such a way that 

they will be the dominant force in the market, thus gaining market power, which can be 

translated into strategic options unavailable to other companies, thus enabling the leading 

operating system company to maintain its dominant position. Operating system companies 

                                                           
31 Issues such as vertical integration are not considered in the model. Nonetheless there are features that allow 

companies to experience practically the same results. Depending on an operating system company’s market power, it 

may be able to negotiate with application companies for the supply of complementary products for their operating 

system.  
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possess three main strategic tools: 1) the development cycle; 2) the strategic plan; and 3) the 

reaction to new threats.  

 

1) Development Cycle 

During the development cycle companies are concerned with the introduction of new products 

into the market for posterior commercialization. We assume that the duration of this phase is 

given by a normal distribution with a mean equal to 60 months and a standard deviation of 12 

months. At the end of the development phase the company evaluates the work performed until 

that point, benchmarking the quality of the new product against that of other products in the 

market.32 Depending on the outcome of the benchmarking analysis and on the available capital, 

the company can choose to redesign the product.33 But while by doing so it will increase the 

product’s quality by 0.2, it will also delay the launch by 12 months and re-spend half of the 

normal development cost.34 A distribution was not used for this feature in order to simulate that 

the company managers set a fix deadline for the introduction of the new software. The 

following heuristics shows the company’s decision regarding the product redesign (see Figure 

3.1). 

 

 

 

 

 

 

                                                           
32 The quality of the product is generated by a beta distribution with alpha equal to one and beta to three. This 

distribution is used due to the similarities with the exponential distribution used by Bonaccorsi and Rossi (2003), which 

we were unable to use because we required a limited distribution for our computational model.   

33 All companies start in an equal position regarding available capital, 2 million monetary units. But with companies 

having to spend capital to initialize the development cycle and probably different profits from sales, the available 

capital will vary from company to company. Note that while the available capital will suppress strategic options, 

companies are always able to launch new products even if their available capital is zero. 

34 Each product can only be redesigned once in order to simulate that the basic structure of the software cannot be 

changed, however there are features that can be either added or improved to increase customer satisfaction. 
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35 The denomination of initial price follows the logic that this product will more than likely suffer price alterations 
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Figure 3.1 Heuristic followed by companies when determining the optimum course of action regarding 

product redesign. 

Following the completion of the development phase, the next step in the development cycle is 

the determination of the initial price of commercialization.35  In order to do this, companies 

study not only their own market share, but the market as a whole, thus being able to determine 

the more effective price strategy to achieve their aims. While the ABM methodology allows 

companies to autonomously determine their prices, a restriction in pricing was devised to 

assure a more accurate model. Companies establish the price for their products but the prices 
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Figure 3.2 Heuristic followed by companies when determining the optimal initial price of 

commercialization for their new products.
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36 While the upper limit of the interval was placed because of consumers, it is worth noting that consume

actively set it. Suppose that companies performed a market study and determined that consumers would not buy 

software with a price higher than 200 monetary units. Following that, they would impose on themselves a maximum 

price of 200 for their product. This feature could have
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interval, [100; 200] monetary units. The lower limit of the interval 

the fact that companies have a minimum price below which 

their financial sustainability. The upper limit intends to simulate 

maximum price at which consumers are willing to buy software, and as such companies never 

establish prices above the 200 monetary units.36 The following heuristic shows how companies 

establish their initial price for new products that will be launched in the market (see Figure 3.2)

Figure 3.2 Heuristic followed by companies when determining the optimal initial price of 

commercialization for their new products. 

A company with a market share superior to 80% assumes that it has a strong enough position to

consumers. If the company has less than 80% of the market share 

it will study the market to determine the best course of action. If that study determines that all 

other companies have a market share below 50%, the company will establish the price for the 

new product by following the price/quality relation of the product with the higher market 
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share. If the study determines that one of the rival companies has more than 50% market share, 

the company assumes that if the market has not yet entered a lock-in situation, it is highly likely 

that it will do so in a near future, so that the best course of action is to attempt to dispute that 

position. 

In the final phase of the development cycle the company actively searches for applications to 

complement their new product. As the model considers that the purchase of an operating 

system occurs only as a byproduct of the purchase of applications, operating system providers 

are particularly careful in supplying their products with complementary software, thus 

overcoming the indirect network effects.37 But the successful supply of complementary 

applications will depend on the company’s market power. Only a company with considerable 

market power is able to, through monetary means, convince an application company to release 

a compatible version for their new operating system. 

  

2) Strategic Plan 

While the development cycle deals with the introduction of new products into the market, 

everything from conception to the initial conditions of commercialization, the strategic plan 

deals with the strategy to manage the company portfolio of products.38 As stated before, the 

companies’ main objective is to be leaders in their respective market. As such they devise a 

strategic plan, valid for six months, to reach that goal, and after that period a new plan is 

created with the same duration and intent.39 

The strategic plan contains the horizontal and vertical strategies the company will adopt in the 

next six months. The horizontal strategy estimates the company’s position and defines a plan 

that allows it to reach its goal. If the company has a market share higher than 50%, it assumes 

                                                           
37 While applications require an operating system to run they do not run in all of them; they will only run with the 

compatible operating system. 

38 Companies are able to commercialize more than one product at a time. Even though companies focus on the latest 

product version, they will continue to commercialize previous versions while they are economically viable. For 

purposes of this simulation it is assumed that after 38 months (a value slightly higher than three years), companies will 

remove the product from the market if the product’s market share is below 5%. The only exception occurs when the 

company has only one product. 

39 There is one exception to these timings: if the company launches a new product the next strategic redefinition occurs 

only six months after that launch. Continuing the sequence of strategic redefinitions every six months after that point on 

until either a new product is launch or a new strategic redefinition. 
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that the last strategy is paying off and maintains the same course. If not, the company is going 

to adjust the price/quality relation of their products according to the price/quality relation of 

product that has the highest market share.  

The vertical strategy that will be undertaken depends on the estimation of the company’s 

position regarding the supply of complementary products. In order to assess this, companies 

use two main indicators: the value of the indirect network effects (
��), and the total market 

share of compatible applications (ijk�_). The value of indirect network effects is given by the 

formula: 

 

 
�� = 6:lEhm <n o<lf75aEph 7ffpao75a<3K <n 5qfh a r<57p 3:lEhm <n 7ffpao75a<3K a3 5qfh a     (19)  

This measures the ratio of applications of type � that are compatible with the products supplied 

by the operating system provider. If INE is higher than 0.5, the company assumes that it is well 

supplied in quantity of complementary goods. Otherwise the company will estimate the 

quantity of users using applications that are compatible with their operating system by using 

the total market share of compatible applications (ijk�_), which is given by: 

 

 ijk�_ =  ∑ j('t!� "ℎ('! �) ( ��u&(��-#! (&&#��(���� �    (20) 

This indicator is created by adding the various market shares of applications that are 

compatible with the products supplied by operating system provider.  The following heuristics 

shows the basic decision process for the vertical strategy (see Figure 3.3). 

 

 

 

 

 

 

 



 
 

 

Figure 3.3: The heuristic shows the basic decision process for the vertical strategy determination.
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Figure 3.3: The heuristic shows the basic decision process for the vertical strategy determination.

Note: There are nuances in this heuristic that cannot be represented due to the complexity of the 
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Figure 3.3: The heuristic shows the basic decision process for the vertical strategy determination. 
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establishing an agreement with the application company to supply the operating system with a 

compatible application version.40

 3) Reactions to new threats

The strategic plan consists of pondered action

intervals. Nonetheless, companies are able to 

undermine the present or future positi

triggered by an unpredicted launch of a new operating system by a rival company that may 

force the company to change elements of the planned strategy. The following heuristic 

translates the behaviors and the actions that companies will undertake when faced with a new 

threat (see Figure 3.4). 

Figure 3.4: Heuristic followed by companies when a company reacts to a rival company launching a new 
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establishing an agreement with the application company to supply the operating system with a 

40 

Reactions to new threats 

pondered actions the company undertakes in pre-determined time 

, companies are able to flexibly respond to new threats 
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operating system to compete. 
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Depending on the position of the company in the market, the response will vary. For instance, a 

company with a market share superior to 80% will not respond immediately, it will wait for the 

next strategic plan before deciding if any measures have to be taken to maintain the dominant 

position in the near future. Nonetheless, it is possible that a company modifies the strategic plan 

substantially due to the new threat. For instance, if the a company with a market share higher 

than 50% launches a product of higher quality than the flagship product of the responding 

company then the responding company will price its products below the price/quality of the 

new entrant in order to prevent the market from entering a possible lock-in situation.41 

 

3.1.2 Application Companies 

The implementation of the application companies is very similar to the implementation of the 

operating system companies. Even though they are distinct entities they have a great deal of 

similarities in their behavior, which is reflected in the model. Like the operating system 

companies, they have three main strategic tools: 1) the development cycle; 2) the strategic plan; 

and 3) the reactions.42   

 

1) Development Cycle 

In the development cycle application companies concern themselves with developing the 

product, as is the case in the development cycle for operating system providers. Nonetheless 

there are differences between the two. First, they produce different products, operating system 

companies place operating systems in the market and application companies place applications 

on the markets. Second, the development stage is shorter than the operating system 

development stage. The time between developments is given by a normal distribution with 

mean equal to 48 months and a standard deviation of 12 months.43 Another difference regards 

the vertical strategy – while operating system companies encourage application companies to 

                                                           
41 Companies assume that by reducing the cost of adoption they might gain enough leverage to stop more consumers 

from joining that format. This can be seen as a promotion, since there might occur price variation in the next strategic 

redefinition. 

42 This section will present only the major differences between the operating system providers and application 

providers to avoid the repetition that would incur from the similarities between them.   

43 The model assumes that for the vast majority of applications the development is less complex than for operating 

systems, and that is translated into a shorter development stage.  
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supply their products with compatible versions of their software, application companies do a 

market study at the beginning of the development stage to select which operating system they 

are going to develop the application for. Application companies make this decision based on 

the market shares of the available operating systems in the market, valuing the operating 

system with the highest market share because it is the one that allows the company to reach the 

largest amount of consumers. An exception occurs at the first stages of the model when all the 

operating system providers are in equal footing regarding market share application. At that 

point, application companies will determine the compatibility based on their perception of 

which technology will win the market.44 

 

 2) Strategic plan 

The strategic plan for the application companies is simpler than operating systems providers’ 

because it does not include a vertical strategy. Application companies are not actively 

concerned with vertical strategies particular details, with the exception of the phase in the 

development stage when they decide which operating system their product will be compatible 

with.45 To define the horizontal strategies, application companies follow basically the same 

heuristic as operating system providers. The only difference consists in the fact that application 

companies are not in direct competition with all other application companies, but solely with 

their own sub market, which is defined by the type of application they are providing. 

 

3) Reactions 

While the reactions of companies that make operating systems are restricted to defensive 

actions, application companies are also able to react to positive opportunities, such as entering 

an exclusivity deal with an operating system provider or distributing an operating system with 

a compatible product version. In order to achieve an exclusivity deal, an application provider 

                                                           
44 This was implemented into source code by making a function that determines the product compatibility on a random 

decision. This simulates the fact that that different application companies might see different potential in different 

operating systems.   

45 This assumes that application companies do not have any costs in changing the operating system they are currently 

providing software for, meaning that there are no learning costs for staff and no cost in switching from one technology 

to another.  
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has to take several steps.46 The first is to provide the operating system company that acquired 

the exclusivity rights with a compatible version of their latest software. The second is to remove 

from the market all products that are compatible with other operating systems that are not the 

supplied by owner of the exclusivity rights.47 The third is an agreement in which the application 

company makes a commitment to develop applications for the detainer of the exclusivity rights 

alone for a period of 24 months. In exchange, the operating system provider pays a large 

amount of money to the application company.48 Providing a compatible application for an 

operating system is a relatively easy task compared with this process. The application company 

is only obliged to release a compatible version of their latest software to the operating system 

provider. 

The defensive mechanisms are basically the same ones as are followed by operating system 

providers. The only difference is that the operating system company reacts to all other 

operating system companies, whereas application companies do not – they respond only to the 

companies within their sub market, against which they are in direct competition.49 

 

3.2 Consumers  

Consumers are fundamental to the simulation since they are the ones who effectively choose 

among the various software alternatives present on the market. For an effective representation 

of consumers, it is imperative to correctly implement two main behaviors that can be found in 

consumers: the manifestation of a need, and the acquisition process of new software to suppress 

that need. 

 

 

                                                           
46 Note that if the application company is already bound by an exclusivity contract with another operating system 

company it is unable to accept the new offer. 

47 This action does not affect the consumers who already bought the software. The action simply removes the product 

from the market, making it impossible for other consumers to buy that particular software and to use it with an 

operating system other than the one supplied by the company that acquired the exclusivity rights.  

48 The operating system company is only able to pay this amount by accumulating profits from the sales of their 

operating systems. In the model, profits are a way of generating market power. Since an acquisition such as this 

undermines that power, companies are extremely cautious to use this tool. 

49 As discussed earlier, for purposes of this simulation, different types of applications do not compete among 

themselves in either direct or indirect form. 
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3.2.1 Manifestation of a Need 

Since the main concern with this type of simulation is to create self-governing individuals, it is 

necessary to create a process that can trigger the acquisition of software. To this end we have 

implemented a simple but effective mechanism, which relies on two bars – namely, the 

reference bar and the current bar. For expositional purposes we are going to clarify how they 

are implemented with an example.  

When a consumer is created at the beginning of the simulation he will be endowed with 

references bars. The number of these references bars for each consumer is dependent on the 

number of different applications present on the market. Since we considered four different 

applications, each consumer will have four reference bars, one for each type of software.50 The 

reference bar marks the lowest point at which a consumer is able to refrain from buying a given 

application. When the value drops below this threshold, the consumer actively starts looking 

for software that satisfies his need (see Figure 3.5). 

Figure 3.5 Graphical representation of the reference bars of consumers 

 

The reference bars are generated with resource to a beta distribution with alpha and beta equal 

to four.51 This distribution was used because of the similarities with the normal distribution 

used by Rogers (1995) to describe the diffusion process of innovations through the various 

groups of society, see Figure 3.6. The utilization of this beta distribution allows for the 

replication of the different attitudes that consumers have regarding new products: while some 

are always looking to adopt new technological trends, others are more cautious to do so.  

 

 

                                                           
50 These reference bars remain constant throughout the whole consumer life. 

51 We opted for the beta distribution because it was the only limited distribution in the math library used. However, the 

parameters were adjusted to replicate the normal distribution, as described by Rogers (1995). 
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Source: Rogers (1995).

The current bar shows the level of satisfaction a consumer has for a given application 
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Figure 3.7 Graphical representation of the current and reference bars of a consumer 
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52 The consumer current bars decay at the same rate as the so
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Figure 3.6: Categories of innovation adopters 

Source: Rogers (1995). 

The current bar shows the level of satisfaction a consumer has for a given application 

moment. Like the reference bar, the current bar is also limited to the interval [0, 1], but while the 

the current bar will be subject to variations (see Figure 3.7).

Graphical representation of the current and reference bars of a consumer in the first period

 

The number of current bars is also equal to the number of applications types – four in this case. 

All consumers start with their current bars at the value of one, and as the simulation progresses 

the value will decrease at a steady rate.52 Eventually, one of the current bars will drop below the 

nce bar and the consumer will start the acquisition process (see Figure 3.8). 
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The current bar shows the level of satisfaction a consumer has for a given application at that 

moment. Like the reference bar, the current bar is also limited to the interval [0, 1], but while the 

will be subject to variations (see Figure 3.7). 
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Figure 3.8 Graphical representation of the references and current bars of a consumer at a given moment 

when that consumer has a need to acquire software of type four. 

 

When one of the current bars is lower than its reference bar, the consumer begins to look for the 

best alternative in the market to suppress his need. But since this consumer has not yet acquired 

an operating system, he will need to buy a bundle of products in order to suppress his need, in 

this case operating system and application four. The consumer goes through a decision-making 

process and chooses one of the various alternatives. By purchasing the bundle, the consumer is 

now completely satisfied with his choice and the current bar for software type returns to the 

value of one (see Figure 3.9).53 

Figure 3.9 Graphical Representation of the reference and current bars of a consumer after the purchase the 

software bundle, consisting of the operating system and an application of type four. 

 

The current bars of the other application did not alter after this purchase: there is no 

substitution effect between the various application types, so that purchasing a application of 

type four will only have a effect on that need. But as time progresses, eventually another 

                                                           
53 Even though the consumer also bought an operating system he or she does not get an increase in his satisfaction 

because of it. The consumer bought it knowing that it was a pre-requisite for being able to operate the application he or 

she had chosen.  
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current bar is going to reach the threshold imposed by the reference bar. As such, the consumer 

will enter a new acquisition process. However, this process will have a small but important 

difference from the first one, given that the consumer already possesses an operating system 

and one application (see Figure 3.10). 

Figure 3.10: Graphical Representation of the reference and current bars of a consumer at the moment when 

the consumer has a need for an application of type two. 

 

While in the first decision the consumer limited himself to choose from the bundles in the 

market, now he will also look for an alternative that does not require him to change the rest of 

his bundle. After his decision process, the consumer will have either updated his current bundle 

or exchanged it completely for a new one (see Figure 3.11).   

Figure 3.11 Graphical representation of the references and current bars of a consumer in the moment 

following the acquisition of a new bundle consisting of the operating system and applications two and 

four. 

 

By purchasing an entire new bundle (operating system, application two and application four) 

the consumer’s current bars for those applications will return to the fullest level, thus indicating 

a complete satisfaction with those applications. But if the consumer chooses only to update his 

current bundle, he will simply look for the best application two compatible with his own 

bundle (see Figure 3.12). 
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Figure 3.12 Graphical representation of the references and current bars of a consumer in the 

moment following the acquisition of a compatible application two. 

 

By only acquiring an application of type two, the consumer maintains the bundle of software he 

already owns and as such only the current bar for application two that alters, returning to the 

maximum level.  

Were we to take this example further, the consumer would eventually reach the thresholds for 

applications one and three, and would begin the same decision process he entered for the 

acquisition of application two, not only having to decide between new bundles but also finding 

alternatives to update his. 

  

3.2.2 Decision Process 

In the previous section we discussed how a consumer reaches the point where he needs 

software. The objective of this section is to show how he chooses among the different software 

alternatives on the market when he reaches that particular point. We have chosen to model this 

by a preference model, where the three main criteria are: network effects, quality and cost of 

adoption. 

                            vaf = waxaf + 8a��af + ya�_af      (21) 

  wa + 8a + ya = 1  

The coefficients/constants wa , 8a , ya represent the relative importance of the software 

characteristics for the consumer, which are: 

• Network Effects - z{|}  

• Quality - ~|}  

• Cost of Adoption - ��|} 

 

0

0,5

1

1,5

Software 

Type 1 

Software 

Type 2

Software 

Type 3

Software 

Type 4

Reference Bar

Actual Bar



 
 

42 
 

The score of alternative & is given by vaf. For each alternative that the consumer considers, he or 

she will attribute a score and choose the alternative with the highest score. However, the 

consumer saves the score of the latest purchase, and if the best new alternative’s score is lower 

than that the latest purchase’s score, the consumer will wait. Nonetheless, the score of the latest 

will begin to erode while this situation persists, so as to simulate that the consumer incurs a cost 

in not updating the software, and that as time advances he will settle for less because the cost of 

not updating is to becoming too great.   

Since the model considers that there are only four types of applications on the market, the 

maximum score that a bundle can obtain is five: four points for the applications and one for the 

operating system. Each of the considered software contributes equally to the final score. The 

way in which the score is calculated is different for the operating system and the applications. 

The score of the operating systems is given by:  

 

    va = waxfa + 8a
��f + ya�_fa        (22) 

  wa + 8a + ya = 1          

The network effects in equation (22) are restricted to the indirect network effects (
��f), because 

the most relevant feature of an operating system is the supply of complementary products. 

These indirect network effects are specified as: 

 

 
��f = 346          (23) 

Where �7 is the number of applications available on the sub markets that are compatible with 

the operating system &, and � is the total number of applications available on the application 

market. 

The formula that consumers use to evaluate applications is also similar to equation (21), and it is 

given the following expression: 

 

    va = waxf + 8a���f + ya�_f       (24) 

  wa + 8a + ya = 1  
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As in equation (22), the network effects in equation (24) are limited to direct network effects 

(���f). This is because it is the applications that determine the possibility of compatibility 

between users. In order to determine the direct network effects for each consumer, in period 

one a relevant contact network is created for each of them, consisting of ten other consumers. It 

is this network that the consumer will consult when buying new software, because only the 

members of the network are relevant in terms of owning compatible software (Dalle and Jullien, 

1999).  As such, direct network effects are given by the following expression: 

 

 ���f = 3o�6^          (25) 

Where ��f is the number of members of the network who possess an application compatible 

with software &. �� represents the size of the contact network of the consumer. The other two 

criteria, cost of adoption and quality, are calculated exactly by the same formula, both for 

operating systems and for applications.54 

 The quality perceived by users is a function of the consumer’s level of computer knowledge 

and is defined as:  

 

 xfa = �xf ∗ �a         (26) 

The effective quality, �xf, of the product � is a characteristic of the software itself. , This quality 

will have to be “interpreted” by consumers and as such the consumer’s level of computer 

knowledge will be fundamental to the establishment of the perceived quality, xf→a . The level of 

computer knowledge, �a , consumers possess is generated by using a beta distribution.55  

Equation (26) leads different consumers to “interpret” the quality of the same software in 

different ways. Table 3.1 shows the perceived quality in function of effective software quality 

and consumer literacy. 

 

                                                           
54 The weights of the preference model (21)  are equal for both equations (22) and (24) because they are a characteristic of 

the consumers. 

55 The level of computer knowledge is generated by a beta distribution with alpha equal to one and beta to three. We 

use this distribution because most consumers in the population see themselves as users only, not experts in computer 

science.  
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Table 3.1 Table of the perceived quality of software by different levels of consumers’ computer knowledge. 

Quality 
 

Knowledge 
1 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1 0 

1 1,0 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1 0,0 

0,9 0,9 0,8 0,7 0,6 0,5 0,5 0,4 0,3 0,2 0,1 0,0 

0,8 0,8 0,7 0,6 0,6 0,5 0,4 0,3 0,2 0,2 0,1 0,0 

0,7 0,7 0,6 0,6 0,5 0,4 0,4 0,3 0,2 0,1 ,1 0,0 

0,6 0,6 0,5 0,5 0,4 0,4 0,3 0,2 0,2 0,1 0,1 0,0 

0,5 0,5 0,5 0,4 0,4 0,3 0,3 0,2 0,2 0,1 0,1 0,0 

0,4 0,4 0,4 0,3 0,3 0,2 0,2 0,2 0,1 0,1 0,0 0,0 

0,3 0,3 0,3 0,2 0,2 0,2 0,2 0,1 0,1 0,1 0,0 0,0 

0,2 0,2 0,2 0,2 0,1 0,1 0,1 0,1 0,1 0,0 0,0 0,0 

0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,0 0,0 0,0 0,0 0,0 

0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

 

In Table 3.1 it is possible to observe that a consumer with a high level of computer knowledge, 

for example �a = 1 , is able to effectively grasp the quality behind any software. However, for a 

consumer with a low level of computer knowledge, for example �a = 0.1, the perceived quality 

is exactly the same for software with effective quality of 0.8 or 0.6.  

The cost of adoption is calculated by the same process for both operating systems and 

applications. The cost of adoption is calculated by adding the price of the product the cost 

incurred by consumers when learning how to use the new software. The cost associated with 

learning the new system is calculated by: 

 

 ��af = �f ∗ �1 − �a	        (27)  

The cost learning software & by consumer � depends on the price (�f) of the software as well as 

on the consumer’s knowledge (�a).56 The heuristic represented in figure 3.13 intends to clarify 

the process by which equation (27) is applied. 

Figure 3.13 Graphical representation of the heuristic consumers follow when determining the cost of 

adoption for software 

                                                           
56 The formula for the learning cost assumes that there is a connection between the price of the product and the 

difficulty of learning that system. The author sees it as schools being able to charge less because they incur a lower 

expense when acquiring licenses. The relationship to knowledge is to show that not all people have the same capability 

to learn the system. People with a low level of computer knowledge will have a greater cost of adoption than those with 

a high level of computer knowledge. 
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those with a high level of computer knowledge

calculated by multiplying the price of the software by 

since Lerner and Tirole (2002) argued that in open source development the user interface 

usually as well developed as in proprietary system, we assume that the consumer 

challenge to learn it, and as such we consider for the cost of learning the new system the 

maximum software price (200) multiplied by 

who has not yet acquired software will always have to 

software plus the actual price of the software. However, if the consumer is simply 

software from the bundle that he possesses, he might not have a learning cost if 

exchanging software within the same provider. By simply acquiring a more recent version the 

consumer will only have the cost of buying the new system.

 

 

 
                                                          
57 Nonetheless we will consider this cost of adoption

58 Notice that if a consumer is simply updating software provided by the open source community, the cost of adoption 

will be zero, because the price of open source software is zero and there is no learning cos

had the learning cost when he or she changed the first time. This might be one of the greatest advantages of the open 

source software. 
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consumers who have a low level of computer knowledge

computer knowledge. The cost of learning the new system is 

calculated by multiplying the price of the software by �1 − �a	. For the open source software, 

since Lerner and Tirole (2002) argued that in open source development the user interface 

as in proprietary system, we assume that the consumer faces

and as such we consider for the cost of learning the new system the 

maximum software price (200) multiplied by �1 − �a	. 57 The cost of adoption for a consumer 

acquired software will always have to include the learning cost plus the 

software plus the actual price of the software. However, if the consumer is simply 

software from the bundle that he possesses, he might not have a learning cost if 

exchanging software within the same provider. By simply acquiring a more recent version the 

consumer will only have the cost of buying the new system.58 
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3.3 Open Source Community 

The open source community was modeled as a group of consumers who develop applications 

and operating systems that are placed on the market for free. 

 

3.3.1 Adhesion to the community 

If a consumer is not able to acquire the necessary software to suppress his needs and if he has 

enough computer knowledge, i.e. a level of knowledge higher than 0.7, he will join the open 

source community as a developer.59 Upon which he will be inserted into the various application 

projects according to his needs. He will also be enrolled into the active list of operating system 

developers.  

 

3.3.2 Community development 

The development of software by the open source community follows the same basic principles 

followed by proprietary companies.  The software quality for both formats, open and closed, 

will be generated by the same distribution.60 This assumes that none of the formats has a 

specific production advantage over the other.  The duration of the development is also 

generated by the same distribution as the proprietary companies, but the open source 

community has an advantage: as new developers enter the community, development time 

decreases. For each one of the first five contributors, six months are removed; for each of the 

next five developers to join, three months are removed from the development duration; any 

developer who enters after the 10th developer will not affect the development duration.  

There are only two substantial differences in the development cycle of the proprietary 

companies and the open source community. The first lies in the development cycle of the 

applications: although the open source community chooses the operating system compatibility 

in the same way as application companies, it also supplies a compatible version to the latest 

                                                           
59 This value represents approximately 10% of the population, meaning that only 10% of the population is actually 

capable of writing code. The question of whether they do it or not is going to be decided by the agents themselves, thus 

following the agent based modeling methodology.  

60 The distribution used is a beta distribution with alpha equal to five and beta to one.  This distribution is inspired in 

the exponential function used by Bonaccorsi and Rossi (2003) as their quality generator for software. 
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open source operating system.61 The second difference regards the product redesign. Unlike 

proprietary companies, the open source community does not have the possibility of redesigning 

their products. Mainly because the open source community does not have a commercial 

approach to product development, as do the proprietary companies. Open source developers 

create the software for themselves, either by need or simply to have fun (Torvalds and 

Diamonds, 2001; Von Hippel, 2001). They are not actively concerned with their product’s 

reception.  

The model also assumes that proprietary companies cannot use the open source community in 

any way, either to acquire exclusivity rights or even convince the open source community to 

develop a compatible version of their software.  

 

3.3.3 Exiting the open source community 

Since members of the open source community are not bound to each other by any contracts, 

consumers can enter and exit the development process at will. Developers leave the community 

when the need that made them join in the first place is satisfied; until then, they will remain 

active producing software in the community. It is important to point out that a developer that is 

actively participating in the development of open source software might leave the community 

because he has acquired proprietary software that satisfies his original need. As such, 

consumers might enter the community for a brief window of time. This intends to simulate the 

probability of failure in the open source development. Because if a project which is currently 

under development gets abandoned, meaning that all developers leave the community, that 

project is eliminated. The development is cancelled and no one can begin from that point on, 

that is, a new project has to be started on a posterior time by a new consumer. 

 

3.4 Market  

The market is itself modeled as an agent, however, it does not have any effect over any of the 

agents with which it interacts; it only exists as an agent for computational purposes. It displays 

                                                           
61 If the operating system that has the highest market is supplied by the open source community, then the open source 

community will only produce compatible applications for that operating system; it does not always have to supply 

proprietary companies with a compatible version. An example of this situation occurring in the real market is the open 

office project, a product available both for Windows and for Linux. 
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the same functions as the other agents, i.e., it does not interfere with the simulation in any way, 

but it merely establishes mechanisms of communication between the various agents.  

The only function that occurs is the de-valuation of the quality of the software present in the 

market, but this is also happening for the consumers at the same rate, and as such it is simply an 

entity limited to agglomerating information and providing communication paths between the 

various agents in this simulation. 

 

3.5 Entry Times 

The Agent Based Modeling methodology allows us to introduce agents at different phases of 

the simulation, thus permitting a more accurate replica of the real dynamics in the software 

market. This adds further realism and accuracy to the model. As such this model will introduce 

the various agents into the simulation at pre-determined periods, which were defined by 

following the chronological events as defined by Lerner and Tirole (2002). 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Figure 3.14 Time of entry of each one of the different agents present in the simulation

Notice that the timescale defined for this simulation is 

1970 and ending in 2050. In order to more accurately replicate the market this model wa

developed with a view to being parameterized;

the last point that we will be considering 

simulation can be a fair portrait of the reality that we know. 

 

Period  0

•Operating system companies begin their development cycles at this point.  Application companies 
only begin their developement cycles when operating systems are available in the market.

Period 100

•At this period consumers begin feeling the needs that they need to supress by acquiring software, 
meaning, it is at this stage that the current bars begin to decrease 

Period 300

•Point by which Lerner and Tirole (2002) defined as the acceleration of the open source activity.

Period 480

• Important period for the parameterization of the model since it represents the year 2010. FIrst 

Period 960
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ime of entry of each one of the different agents present in the simulation

Notice that the timescale defined for this simulation is in months, beginning the simulation 

In order to more accurately replicate the market this model wa

developed with a view to being parameterized; as a consequence the period 480 (year 2010) is 

the last point that we will be considering to determine whether the results obtained by the 

simulation can be a fair portrait of the reality that we know.  

 

Operating system companies begin their development cycles at this point.  Application companies 
only begin their developement cycles when operating systems are available in the market.

At this period consumers begin feeling the needs that they need to supress by acquiring software, 
meaning, it is at this stage that the current bars begin to decrease 

Point by which Lerner and Tirole (2002) defined as the acceleration of the open source activity.

Important period for the parameterization of the model since it represents the year 2010. FIrst 
measurements are taken at this point.

• End of the simulation

ime of entry of each one of the different agents present in the simulation 

 

months, beginning the simulation in 

In order to more accurately replicate the market this model was 

0 (year 2010) is 
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Point by which Lerner and Tirole (2002) defined as the acceleration of the open source activity.

Important period for the parameterization of the model since it represents the year 2010. FIrst 
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Chapter 4 

Model parameterization 

 

“Success consists of going from failure to failure 

without loss of enthusiasm.” Winston Churchill 

While all agents play a role for the outcome of the simulation, consumers are critical because it 

is they who effectively choose between the various alternatives on the market. As such, the 

model is parameterized by variables that are characteristics of the consumers: the weights of the 

preference model and the cost of adoption for open source software. By an iterative process, we 

will find the parameterization that bests replicates the real market in order to be able to 

extrapolate the future market situation.62 

 

4.1 Network effects as the determinant factor for consumers 

The influence of the number of users on the value of a product is usually called “network 

effects” (Shapiro and Katz, 1985). As such, if network effects are the driving force behind the 

market, it is expected that it will enter a lock-in situation because consumers will want to 

maximize their compatibility with other users. By an iterative process it is expected that only 

one of the formats available on the market will emerge as the dominant. In order to evaluate the 

state of the market when the driving force behind it is network effects, the preference model for 

our consumers is defined by the following parameterization (see Table 4.1). 

Table 4.1 Parameterization: network effects as the determinant factor for consumers 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.99 0.005 0.005 200 

 

                                                           
62 The model developed for this dissertation was run in a computer with the following characteristics:  Intel Core Duo 

CPU E8500 3.16 GHz processor, 4 GB RAM and with a Microsoft Windows XP Home Edition Service Pack 3. In this 

machine the approximate duration of each simulation (100 runs) is about 28 hours. 
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The statistics in the following sections show the company’s market share, which is obtained by 

adding the various market shares of the products that particular company supplies. As 

expected, a parameterization in which consumers value network effects above everything else 

leads to a lock-in scenario, which appears impossible to overturn. As can be seen from figure 

4.1, company 2 is able to become the dominant player in the market even before period 200 is 

reached. By entering first, company 2 is able to sustain the initial advantage even though other 

companies try to dispute the market. Nonetheless, the dispute is never a real threat to the 

dominant company when the dominant company is able to continue growing at a fast pace. 

After a format is implemented in the market it becomes indisputable, either for companies or 

even for the open source community. Neither is ever able to gain any market share against the 

dominant company after the format is widely implemented in the market.  

Figure 4.1: Operating system market shares 

 

Note: Model simulated with parameters NE = 0.99, Q = 0.005, CA = 0.005, PAOSS = 200 

In all of the 100 runs of the simulation, the company that enters first is not only able to maintain 

the leadership of the market as it is capable of solidifying it throughout time.  

All of the applications sub markets display similar results to the operating system market: the 

application company that is able to enter the market first obtains the dominance of the market 
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and be undisputed throughout the simulation. Also, like in the operating system market, the 

open source community is unable to dispute and gain foothold in various application sub 

markets, being powerless to gain any market share against the dominant company.63 

This parameterization also leads to a market where network externalities frequently occur. For 

example, in the operating system market at period 307, it is possible to observe that the market 

leader, company 2, is offering a product of lower quality than the software provided by rival 

companies. Nonetheless, consumers continue to choose the software provided by company 2 

because of the network effects, thus creating a network externality (see Table 4.2). 

Table 4.2 Extract from the output of the extensive simulation results file. 

Period Company 

ID 

Product 

Version 

Price Quality Market 

Share 

... ... ... ... ... ... 

307 6 4 200 0.284 0% 

307 2 5 200 0.206 0% 

307 9 4 200 0.195 0% 

... ... ... ... ... ... 

307 2 2 100 0.007 59% 

... ... ... ... ... ... 

307 2 4 200 0.001 41% 

... ... ... ... ... ... 

 

Although containing certain similarities with the real market – for instance the presence of a 

dominant company – this parameterization creates markets that are too restrictive to enter. 

Furthermore, first move advantage is overestimated: in the real market several situations have 

occurred where the first entrant was unable to sustain the advantage, for example in the 

spreadsheet market (Liebowitz and Margolis, 1999).  

 

4.2 Cost of adoption as the determinant factor for consumers  

The cost of adoption is composed of two factors: the actual cost of the purchase and the cost of 

learning the new system.  It is expected that it functions as a way to determine how much more 

a consumer is willing to pay for a superior bundle, pondering the value for money of the 

                                                           
63 The results are exactly the same if the price of adoption for open source software is 100 monetary unitary instead of 

200 monetary units. 
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software. It is also expected that consumers maintain their initial choices throughout the 

simulation as they are minimizing the amount of money to be spent. The consumer 

parameterization of the preference model to test this scenario is the following:  

Table 4.3 Parameterization: Cost of Adoption as the determinant factor for consumers. 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.005 0.005 0.99 200 

 

Figure 4.2 illustrates the market dispute that is generated by the model with this 

parameterization. First move advantage also seems to be a determinant factor for this 

parameterization, leading the market into a situation in which consumers do not buy new 

products, creating a different sort of lock-in.  

Figure 4.2 Operating system market shares 

 

Note: Model simulated with parameters NE = 0.005, Q = 0.005, CA = 0.99, PAOSS = 200 

As consumers are minimizing the money that will be spent on software, their preference model 

inevitably chooses to maintain the software already bought. This leads the market to a situation 

in which there are few transactions of products, because consumers do not acquire any new 
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software. In Table 4.4 it is possible observe that consumers buy some of the earliest versions 

available on the market and maintain them throughout long periods of time (see the column of 

product version).   

Table 4.4 Extract from the output of the extensive simulation file 

Period Company 

ID 

Product 

Version 

Price Quality Market Share 

400 3 3 104,1 0.009 0.9% 

... ... ... ... ... ... 

400 3 2 100 0.008 14.6% 

400 8 1 100 0.003 1.5% 

... ... ... ... ... ... 

400 7 1 100 0.009 66.7% 

400 7 2 152 0.009 16.2% 

... ... ... ... ... ... 

400 6 2 100 0.001 0.1% 

 

The results obtained for the all of the application sub markets follow the same principle than the 

one discussed for the operating system market – consumers maintain their initial purchase of 

software throughout the simulation. The market enters a state where transactions do not occur 

frequently. This greatly affects the open source community – since there are practically no 

transactions, the open source community is unable to enter the market. And even if the price of 

adoption for open source is smaller, 100 monetary units, the market results are similar to the 

ones obtained with the price of adoption for open source software equal to 200 monetary units. 

This was observed by testing the following parameterization: 

Table 4.5 Parameterization: Cost of Adoption as the determinant factor for consumers 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.005 0.005 0.99 100 

 

The outcomes for both these parameterizations are equivalent, in all of the 100 runs performed 

for both simulations provided equal results in all the runs, consumers maintain the first 

purchase to the end.   
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The results of both these parameterizations do not accurately depict the real market, mainly 

because consumers exchange software quite frequently to satisfy their growing needs.  Still, the 

cost of adoption might work well with other factors, balancing the purchase of new software 

with the financial possibilities of the individuals.  

 

4.3 Quality as the determinant factor for consumers 

Liebowitz and Margolis (1999) argue that quality is the driving force in the market, and that if a 

company is able to gain any sort of dominance in the market it can only be because it provides 

the best software to the market. In order to assess if the market truly is driven by quality our 

consumer preference model is defined by these parameters shown in Table 4.6. 

Table 4.6 Parameterization: Quality as the determinant factor for consumers 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.005 0.99 0.005 200 

 

In Figure 4.3 it is possible to observe that company 4 is able to take advantage of an early lead to 

gain market power, which will allow it to better sustain attacks from other rival companies. 

When company 3 puts in play a new strategy, c 

ompany 4 is able to use the accumulated market power to sustain the impact and maintain the 

dominance over the market. The market power gained by company 3 in the first attack is not 

enough to allow a stronger attack to the dominant position. Even though company 3 is 

successful in gaining some market power, company 4 remains the dominant one, and is 

continually gaining market share as time advances. Time plays a factor for the dominant 

company, as such even though subject to a stronger attack company 4 is able to more easily 

defeating it.64 

                                                           
64 Similarities can be found with the present dispute between Microsoft and Apple for the operating system market.  

Microsoft launched the Vista operating system, which was unsuccessful in obtaining a high market penetration due to 

the quality displayed. Apple, on the contrary, developed a strategy which was able to attract more consumers to their 

product, thus capitalizing on the weakness of Vista but also by their own strategy. Nonetheless Microsoft was able to 

maintain the dominant position and hastily develop a countermeasure, namely Windows 7. Until now this system has 

been widely acclaimed by software critics who are predicting it to be a hit. Case this parameterization accurately 
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Figure 4.3 Operating system market shares 

 

Note: Model simulated with parameters NE = 0.005, Q = 0.99, CA = 0.005, PAOSS = 200 

In all of the 100 runs of the simulation a proprietary company was able to become the dominant 

player in the operating system market. It varies but at some point in all of the runs of the 

simulation, a company is able to reach a position which allows it to gain enough market power 

to maintain that position throughout the simulation.  

Liebowitz and Margolis (1999) argue that quality is the force that drives the market. As such the 

best software always wins the market, and network externalities never occur. However, this 

parameterization not only detects network externalities, but also verifies that they are quite 

common, especially in the operating systems market. For example, at period 260 when the two 

main contenders, company 3 and company 4, are amidst a market dispute over the dominance 

of market, both their software is actual weaker in quality than the operating system provided by 

company 2 (see Table 4.7).  

 

 

                                                                                                                                                                          
portraits the market, it suggests that Apple is only capable of eroding Microsoft’s market share, without ever becoming 

a threat to Microsoft’s dominant position. Indeed, it predicts that Apple’s strength is going to decrease with time. 

0
2

0
4

0
6
0

8
0

1
0

0
M

a
rk

e
t 
S

h
a

re

0 100 200 300 400 500
Period

Open Source Company 1

Company 2 Company 3

Company 4 Company 5

Company 6 Company 7

Company 8 Company 9

Company 10



 
 

57 
 

 

Table 4.7 Extract of the extensive operating system market characteristics file 

Period Company 

ID 

Product 

Version 

Price Quality Market 

Share 

260 2 3 200 0.3687 0% 

260 6 4 200 0.3447 0% 

260 7 3 200 0.2668 0% 

... ... ... ... ... ... 

260 3 4 100 0.0256 42.6% 

... ... ... ... ... ... 

260 4 3 100 0.0007 37% 

.... ... ... ... ... ... 

260 4 2 125,3299 0.0003 20.4% 

 

The consumer choice for software provided by company 3 when there are other stronger 

alternatives is explained by the supply of complementary products. Due to the market power 

that some operating system providers accumulate over time, they are able to put in play vertical 

strategies and thereby to deliver their products with abundant complementary products. Other 

companies, due to late entry or previous unsuccessful strategies are incapable of accumulating 

the so necessary market power to obtain such arrangements. To sustain these conclusions we 

present the data regarding supply of complementary products at period 260: company 4 has 

33% of all applications in the market compatible with their operating systems, company 3 has 

16% and company 2 only 0.008%.65  

Even if the driving force behind the market is quality (Liebowitz and Margolis, 1999), it does 

not eliminate the possibility of network externalities and in fact it makes them more probable.66 

And even though quality is the major factor in the consumer’s decision, indirect network effects 

are determinant for the market outcome. The application sub markets are quite different from 

the operating system market. While in the operating system market the result is the dominance 

                                                           
65 0.008% of all of the applications in the application market corresponds to just one application. As such the consumers 

never consider it as a viable alternative because it is impossible to arrange a bundle composed of all four application 

types. 

66 As consumers are being forced to use inferior software as a consequence of the indirect network effects, this is 

considered a network externality. Consumers are barred from using a better operating system because the market 

composition dictated that application companies only provide applications in sufficient number to only for the two 

main companies.  
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of a company, in the applications sub markets the main characteristic is the unceasing disputes 

for the dominance of the market. 

Figure 4.4 Application four market shares 

 

Note: Model simulated with parameters NE = 0.005, Q = 0.99, CA = 0.005, PAOSS = 200 

All of the application sub markets are characterized by heated competition. Here, the market 

power counts for very little, since application companies are only able to translate their market 

power into an increase of the quality of their products equal to 0.2. All application companies 

are able to produce and commercialize products for any operating system without any sort of 

restriction. If this was not the case, and the applications companies had to purchase access to 

the development tools, the situation might be similar to the one described for the operating 

system market. This parameterization also allowed us to view the open source community as a 

credible alternative in the application sub markets, obtaining the dominance in the application 

four sub market and remaining the dominant alternative in the market throughout almost 100 

periods.67 

                                                           
67 These results, either for the operating system markets or the applications sub markets, remain similar if the price of 

adoption for open source software is 100 instead of 200.   
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The parameterization seems ill fitted to translate the real market, mainly because of the 

variability in the application sub markets. While application sub markets tend to be less stable 

and fiercer than the operating system market, changes do not occur either with this frequency 

or this speed.68 

 

4.4 Network Effects and Quality as equally determinant factors 

The literature points out that one of the two - network effects or quality - must be the factor 

driving the market. However we are going to test what would happen if a consumer valued 

both equally in their preference model. 

Table 4.8 Parameterization: Network effects and Quality as the determinant factor for consumers 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.495 0.495 0.01 200 

 

By observing figure 4.5 it is possible to verify that the results are extremely similar to the ones 

obtained for the parameterization in which consumers valued above all else network effects 

(NE = 0.99). 

 

 

 

 

 

 

 

 
                                                           
68 From these we are excluding applications known as freeware, such as internet browsers and communication devices 

which are also supplied by proprietary companies. We are considering applications that are paid for, such as Microsoft 

Office, Photoshop and others (and the open source counterparts). 
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Figure 4.5 Operating system market shares. 

 

Note: Model simulated with parameters NE = 0.495, Q = 0.495, CA = 0.01, PAOSS = 200 

For all of the 100 runs of the simulation there is a dominant company with a market share of 

100%. The application sub markets follow similar results to the ones described for the operating 

system market. It is also worth noting that the price of adoption for open source software is not 

relevant for this parameterization, as the output of the model is equal when the value is just 100 

monetary units. This simulation appears to indicate that network effects overcrowd quality if 

equal in weight.  

This parameterization does not accurately depict the market. Nonetheless, it seems to suggest 

that in order to have competition the consumer preference model values must be higher for 

quality than for network effects.  

 

4.5 Cost of Adoption and Quality as equally determinant factors 

The following simulation intends to replicate a scenario in which the consumer equally values 

quality and cost of adoption. This can be seen as a parameterization in which the consumer is 
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trying to obtain the best price/quality relation of the purchase. The model will follow this 

parameterization:  

Table 4.9 Parameterization: Cost of adoption and quality as equally determinant factor for consumers 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.01 0.495 0.495 200 

 

As can be seen in figure 4.6, it practically replicates the results obtained for the parameterization 

in which the cost of adoption was the determinant factor. The only difference appears to occur 

at the beginning of the simulation. Company 7 which entered as a strong second, following 

closely the leader, abruptly loses its entire market share.  

Figure 4.6 Operating system market shares 

 

Note: Model simulated with parameters NE = 0.01, Q = 0.495, CA = 0.495, PAOSS = 200 

The results at period 480 are similar to the ones that actually figure in the market today – a 

company dominates the market and other competitors, including the open source community, 

compete, but have a very low market share. These results do not, however, accurately depict the 

real market. By studying the long version of the output it is possible to observe a phenomenon 
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that happened in the parameterization where the cost of adoption was the determinant factor to 

consumers, thus indicating that the cost of adoption overshadows quality if equal in value on 

the consumer preference model (see Figure 4.10). 

Table 4.10 Extract from the extensive operating system results file 

Period Company 

ID 

Product 

Version 

Price Quality Market 

Share 

... ... ... ... ... ... 

480 0 5 0 0.005 0.8% 

480 10 1 100 0.007 43.6% 

480 9 2 100 0.001 8.3% 

480 6 3 100 0.002 0.3% 

480 10 3 124,7 0.003 0.2% 

480 0 7 0 0.215 0.2% 

480 10 7 100 0.001 1% 

480 6 2 122,8 0.008 10.1% 

480 10 2 100 0.003 35.3% 

480 2 5 100 0.002 0.2% 

… … … … … … 

 

In Table 4.10 it is possible to observe that consumers do not change their operating system. For 

instance, at period 480 the operating system that possesses the highest market share is the very 

first product launched by company 10. As this phenomenon already occurred in the 

parameterization where the cost of adoption was the determinant factor for consumers, it is safe 

to assume that cost of adoption overshadows the effect of the quality factor. The only difference 

appears to lie in the moment of the first purchase of software, in which consumers take quality 

into consideration, but after that point consumers make a conscious choice to maintain their 

software. The results observed for the operating system market apply to all the application sub 

markets.69 

This parameterization is also inadequate to describe the real market state; nevertheless, it 

suggests that in order to reach a parameterization that is able to correctly portrait the current 

market that the cost of adoption must have a lower relative weight than quality.  

 

                                                           
69 The price of adoption for open source software does not alter the results obtained for this simulation. Another run 

was performed with a PAOSS equal to 100 and the results are similar to the ones described here. 
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4.6 All characteristics as equally determinant factors 

The consumer can also value equally the three determinants: network effects, quality, and cost 

of adoption. As such, the model is simulated with the following parameterization (see Table 

4.11): 

Table 4.11 Parameterization: All characteristics as equally determinant factor for consumers 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.33 0.33 0.33 200 

 

Figure 4.7 illustrates the results obtained. Notice the similarity between these results and the 

results obtained by the parameterization where consumers value network effects above 

everything else. The first company to enter the market is able to quickly gain market share and 

maintain an undisputed leadership throughout the simulation. Of the 100 runs of the 

simulation, 99 reached the end with a dominance situation and 94 runs reached the end with 

one company detaining more that 95% of the market share. The results for the applications sub-

markets follow the same principle; a dominant company arises and maintains itself during the 

entire simulation. This parameterization is also unable to realistically portraying the market, 

leading the various markets to lock-in almost every time. 
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Figure 4.7 Operating system market shares 

 

Note: Model simulated with parameters NE = 0.33, Q = 0.33, CA = 0.33, PAOSS = 200 

 

This parameterization also creates a market that is unable of accurately replicating the real 

market. The output of the simulation is very similar to the output obtained by the 

parameterization in which consumers gave above all else network effects (NE = 0.99). This 

indicates that network effects are capable of overshadowing any of the other two drivers 

considered, the cost of adoption and quality. 

 

4.7 Parameterization by an iterative process 

In order to reach the parameterization that best replicates the real software market, we have to 

undergo an interaction process, where we test the various variations of the parameters and 

comparing the results with real market state. The previous parameterizations allowed us to 

hypothesize that quality has to carry more weight in the preference model than the other two 

factors individually. Through a long and extensive process we were able to reach the following 

parameterization: 
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Table 4.12 Parameterization: obtained by an iterative process 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.05 0.70 0.25 200 

 

Figure 4.8 shows that the company that first enters the market is able to quickly gain market 

share and establishing itself as the dominant in the market. But unlike in other 

parameterizations the market is not incontestable. Companies are able to break some of the 

barriers imposed by the market power of the dominant company and enter to compete for the 

market. Nonetheless this competition tends to be short-lived, as the dominant company is 

usually able to recover the lost market share. This parameterization also shows the open source 

community being able to provide the market with a viable alternative in the operating system 

market. The operating system supplied by the open source community reaches period 480 with 

a 0.6% market share. In the real market the dominant company, Microsoft, has 92.7 % of the 

operating system market share, Apple has approximately 6% and Linux has 0.95% of the market 

share.70 The results our simulation obtained are very similar, particular in the open source 

case.71 

 

 

 

 

 

 

 

                                                           
70 These statistics can be found at http://www.netmarketshare.com. In particular at 

http://www.netmarketshare.com/report.aspx?qprid=9&qpcustom=Linux and http://www.netmarketshare.com/os-

market-share.aspx?qprid=9. 

71 We performed a hypothesis test based on the null hypothesis that the average of the dominant operating system is 

equal to the actual Microsoft share. The 83 valid simulations leaded to the following interval: [58.8; 96.4]. As such we 

cannot reject the null hypothesis. 
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Figure 4.8 Operating system market shares 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 

The output of the simulation shows a market that displays a significant similarity with reality. 

There is a clearly dominant company, being challenged by other companies who are unable to 

break the 20% market share and by the open source community that is also unable to obtain a 

threatening market share. It is also possible to observe that although the dominant company 

may be challenged by contenders, it is always able to regain its previous position.72 This 

parameterization also generates interesting results regarding the open source alternative in the 

operating system market. In this simulation open source has a market share of 0.6% at period 

480, which is remarkably similar to the real market situation.  

The results of the application sub markets are more diverse. Occurring cases in which 

applications companies can dominate their entire sub market, cases in which the company is 

able to control their sub market but not be the dominant player and even situations where the 

dominant application company loses the dominance. Thus the application sub market also 

appears to accurately portray the market, with a wide range of options that might occur due to 

                                                           
72 The case discussed in the parameterization where quality was the determinant factors is also applicable here, and 

with the same results, meaning it is expected that Microsoft regains the market share that it lost to Apple in the Vista 

years with the new operating system, Windows 7. 
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the circumstances that the market presents, but where the most common is the one in which a 

company is able to differentiate in the beginning of the simulation and maintain that position 

throughout the simulation. 

 In figure 4.9 it is possible to observe an application sub market that presents several interesting 

characteristics. Firstly, the company that enters first is not the company that is able to 

eventually gain control of the market. Secondly, throughout most of the simulation there was a 

company that was able to control the market but unable to gain the dominance. However, in the 

last periods of the simulation, company 20 is eventually able to gain the dominance of the 

market. 

Figure 4.9 Application 2 market shares 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 

As discussed earlier there are also situations in which applications companies can lose their 

initial advantage. The situation is not very common, but it is seen in various runs of the 

simulations. Figure 4.10 shows us a situation in which the company that leads the market for 

more than 100 periods (approximately eight years) loses the market to their rival company. 
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Figure 4.10 Application 4 market share 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 

The results of the parameterization are remarkably stable: in 100 runs of the simulation 83 

indicated a dominant company in the operating system market at period 480. The lowest 

market share obtained by a dominant company was 50.2% and the highest has 98.6%. The most 

unstable characteristic of this parameterization is the point of entry for the open source 

community in the operating system market, with a wide dispersion of the periods at which the 

first entry occurs. In order to find out if these values can be stabilized, we will test a variation in 

the parameterization, lowering the price of adoption for 100. The parameterization is the 

following: 

Table 4.13 Parameterization: obtained by an iterative process 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.05 0.70 0.25 100 

 

The results obtained with this parameterization are similar in every sense from the previous one 

where the price was its maximum (PAOSS = 200). Companies continue to dominate the market 
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through the simulation. The difference, which was unexpected, is that the point of entry is not 

affected, but the speed of diffusion increases substantially. The point of entry of the open source 

appears unaffected by the parameterization, which was to be expected since this model 

considers the open source community not as a commercial competitor but as a group of 

consumers who join in to suppress their own needs. The open source community, in this 

simulation, does not aim at being a viable alternative in terms of software production; if that 

occurs it is as a by-product of their actions. But, despite not having that aim, the open source 

community is always able to enter the market.  

The initial parameterization (PAOSS = 200) appears to accurately portrait the market with a 

high degree of similarity, not only in the operating system market but in the various 

applications sub markets as well. The only drawback is the uncertainty surrounding the point 

of entry of open source community in the operating system market. This simulation is inserted 

with an interval of simulations that present similar results.  

Table 4.14 Interval obtained by an iterative process 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

[0.05; 0.10] [0,65; 0.80] [0.15;0.25] 200 

 

With parameters falling between the values present in each one of the intervals, the simulation 

presents similar results. Nonetheless, the initial parameterization shown in this section is the 

one that reaches period 480 with more runs that are accurately of portrait the market, in this 

case 83.  
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Chapter 5 

Results 

 

“If you think that you can, you can. And if you think 

that you can’t, you’re right.” Henry Ford 

The next step after finding the parameterization that bests suits our model to replicate reality is 

to study the long-term outcome of the model, meaning what happens after period 480. This will 

allow us to discover if the open source community is in fact able of overcoming the difficulties 

imposed by a dominant company that was able to accumulate market power over the years. A 

negative answer will mean that open source is unable to overcome proprietary companies. It is 

important to decipher which factors might allow for the open source community to be the 

dominant player in the market.   

 

5.1 Evaluating Current Conditions 

By finding a parameterization that is able to accurately portrait the market and the principal 

characteristics/behaviours of the agents involved in the real market allows us to have a great 

deal of confidence in the results of the model for the long term. As we have seen, the 

parameterization used is the following (see Table 5.1): 

Table 5.1 Parameterization: obtained by an iterative process 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.05 0.70 0.25 200 

 

Figure 5.1 illustrates the market state until the year 2050. The first major conclusion that we are 

able to extrapolate from the results is that open source is unable to overcome the barriers raised 

by the market power gained by the dominant company over the years. Nonetheless, it is also 

possible to observe that the open source alternative grows to a viable alternative, steadily and 
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sustainably growing over the years. Notice also that the open source does not fade away, as 

proprietary companies do, when competing against the dominant company, meaning that the 

open source community is a much more resilient presence in the market than proprietary 

companies. Another substantial difference is that while the dominant company is able to 

recuperate the market share against other when attacked by other proprietary companies it is 

unable to do the same against open source.  

Figure 5.1 Operating system market shares 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 

The results described are extremely stable: 61 of the 100 runs of the simulation reached period 

860 with a dominant proprietary company. If we consider that only 83 runs had a dominant 

company at the period 480, considering the other ones invalid, we reach a probably of 

approximately 74% that a company that reaches period 480 as a dominant company will 

maintain that position until period 860. The open source is able to reach a market share of more 

than 20%, and that is a remarkable value comparing with the present market share of less than 

1%. Thus, even if the market continues to be dominated by a proprietary company, its market 

share decrease from more than 90% to around 70%.  

0
2
0

4
0

6
0

8
0

1
0

0
M

a
rk

e
t 
S

h
a

re

0 200 400 600 800 1000
Period

Open Source Company 1

Company 2 Company 3

Company 4 Company 5

Company 6 Company 7

Company 8 Company 9

Company 10



 
 

72 
 

In the application sub markets the variability tendency is maintained throughout the 

simulation. Time also appears to play as an advantage for the dominant company, giving it 

more leeway to redesign their products and present to the market a superior product. Figure 5.2 

illustrates such a situation, and even though the company is not the dominant, it is able to 

maintain the position due to the market power that is increasing throughout the simulation, 

while other companies use the market power that they have to compete practically just among 

themselves. 

Figure 5.2 Application 2 market share 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 

Nonetheless the application sub markets are definitely more contestable than the operating 

systems market. Counting with a degree of competition that is highly dependent on the 

circumstances surrounding the market, but as application companies are able to produce 

software for any operating system, there are no restrictions and this engenders more 

competition.  

This simulation supports the arguments presented by Katsamakas and Economides (2006):  

“…The proprietary system most likely dominates both in terms of market share and profitability.”  
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While the open source community presents some interesting results, especially in the operating 

system market where it is able to overcome some of the difficulties faced by proprietary 

companies when facing the dominant company it is still unable to overthrow the dominance.  

 

5.2 Scenarios which favour open source 

As seen in the previous section, under the current conditions of the market the open source 

community is unable to remove the dominance of the market from the proprietary companies. 

Although it emerged as a viable alternative under very tight conditions, this section is going to 

study under which conditions open source software might in fact become the leader of the 

market. Important to notice that we are not going to change the parameterization of the 

preference model, we will only change characteristics of the consumers, such as computer 

knowledge. As such the parameterization to be followed is the same as before: 

Table 5.2 Parameterization: obtained by an iterative process 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.05 0.70 0.25 200 

 

The only difference that this scenario has from the one present in section 5.1 is that the 

computer knowledge of the population is not generated by a beta distribution with alpha equal 

to one and beta to three. Instead, computer knowledge is generated by the beta distribution 

with alpha equal to three and beta to one. This is a symmetric computer knowledge distribution 

to the previous, meaning that this simulation gives most consumers a very high level of 

computer knowledge. More consumers are now able to participate in the open source 

development, because their Ki > 0.7.  In addition, their cost of learning the new system will be 

smaller, thus having less resistance to change. Note that the learning costs are given by equation 

(27), ��af = �f ∗ �1 − �a	, discussed in section 3.2.2. Under these conditions it is possible to 

observe significant differences in the market. 

We observe in Figure 5.3 that the open source community produces an operating system that 

eventually wins the market. Furthermore, before the emergence of the open source alternative 

the market is much more turbulent, with consumers changing their operating system more 

frequently. This fact makes it impossible for any company to accumulate a significant market 
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power, which would allow the company to better resist the attacks from new entrants, 

including the open source community. 

Figure 5.3 Operating system market shares 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 and consumers with a high level of computer knowledge 

In addition, this parameterization is quite unstable. From the 100 runs of the simulation, only 41 

revealed a result in which at end (period 860) the dominating operating system was supplied by 

the open source community. The majority of the simulations indicated an operating system 

market that is highly disputable, having the open source community difficulties in establishing 

a base to which to build on for future growth in order to be dominant. 

A different set of results emerges if we change the price of adoption from 200 to 100 monetary 

units. This price reinforces the decrease in the learning costs due to the higher consumer 

knowledge. As before, the parameterization is the depicted in the Table 5.3. 

Table 5.3 Parameterization: obtained by an iterative process 

Network Effects (NE) Quality (Q) Cost of Adoption 

(CA) 

Price of adoption for OSS 

(PAOSS) 

0.05 0.70 0.25 100 
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The lowest price of adoption combined with a population which is highly skilled in computer 

knowledge makes the results much more stable. From the 100 runs that this simulation is 

composed by, 90 reach the end with the dominant operating system in the market being 

supplied by the open source community. Also in both the previous parameterizations it is 

possible to infer that proprietary application companies start to produce software for the open 

source operating system due to dominance displayed.  

The applications market is not as stable (see Figure 5.4). In fact, regardless of the price of 

adoption, there is an intense fight for each of the application sub market. And while open 

source operating system is able to establish itself as the dominant in the operating system 

market, the same does not occur in the application sub markets. Although the open source 

applications are very valuable because they allow the open source operating system to surpass 

the indirect network effects, their market share is unsustainable, mainly because once the open 

source is able to become the dominant, every other company starts to produce software for the 

open source operating system, which puts enormous strain in the community because they do 

not have the same commercial approach to the product that application companies do. 

Application companies are able to redesign their product to fit the higher standards of the 

population in terms of quality.  

Figure 5.4 Application 4 market shares 

 

Note: NE = 0.05; Q=0.70; CA = 0.25; PAOSS = 200 and consumers with a high level of computer knowledge 
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Chapter 6 

Conclusions 

 

“I know the price of success: dedication, hard work and 

a devotion to the things you want to see happen” Frank 

Lloyd Wright  

The model constructed with agent based modelling showed that economists have been given a 

tool that allows them to go into realms of modulation that are unprecedented. Agent based 

modelling allows for an impressive attention to detail while also permitting macro-economic 

interpretations of the results. The ION framework developed by the GAIPS proved a powerful, 

versatile and effective tool. By supporting the entire agent based modelling functions in the 

model developed for this dissertation, its importance was fundamental for the outcome 

obtained. 

The results obtained provide an answer to the main research question that was the object of this 

dissertation. Although the open source is the only contender that is minimally capable of 

competing with the dominant proprietary company it is unable, under current market 

conditions, to conquer the market from the grasp of the proprietary companies. The open 

source community is capable of growing over the years sustainably, unlike proprietary 

companies, which can only erode the market share of the dominant company for a brief period 

of time, until the dominant company is able to recuperate. This comes at a time when Microsoft 

endures a fierce competition from Apple. Our simulation, however, suggests that Microsoft will 

eventually recuperate the lost market share. Indeed, it may even be the case that the new 

Microsoft Windows 7 is the first step towards recovering the former market share and market 

power. 

Although the results were clear, a question remained. Were there any chances for the open 

source community to win the market? Our simulation pointed out the path: a lower cost of 

adoption and a population with a higher level of computer knowledge. The level of knowledge 

provides insights regarding why open source software is more widely used in university 

campuses and similar places. A lower cost of adoption coincides with the argument presented 
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by Lerner and Tirole (2002) regarding the quality of the user-interface displayed in open source 

software. By reducing the cost of adoption and with a population that is more computer literate, 

the open source community stands a fair chance against proprietary companies. The previously 

discussed scenario might be very likely. As people are becoming more and more dependent on 

their computer, they display an increasing knowledge of computer science. Also the open 

source is making some effort to produce software that is more easily accessible to regular 

consumers. Linux Ubuntu is a fair example of how a Linux based system becomes very intuitive 

for a Microsoft user. However, in case these two conditions – higher knowledge and lower cost 

of adoption – are met, the proprietary companies will still be part of the market, especially in 

the application companies. While the open source operating system might become the 

dominant player, the same does not occur for the applications. The simulation shows that 

application companies are able to make better products for their customers since they have a 

commercial attitude towards their products, being careful to meet customer demand.  

The results also indicate that in order to foster a fairer and more competitive application 

market, the operating system should be of open format, or at least be incapable of interfering in 

the markets below. A powerful proprietary operating system company undermines the 

competition in the application sub markets when it gives incentives to a dominant application 

company to supply his products with complementary products. This incentive is used for 

product redesigns which allow the application company to sustain much better the impact of 

new attacks. 

This simulation was very complex and it required a great programming effort to reach a 

reasonable degree of similarity with reality. In future work, a few improvements can be made 

for clearer interpretation of the results.  The first is to consider another layer: not only 

application companies and operating system companies, but also hardware manufacturers. This 

would allow us to perceive whether it was a crucial step for Apple to have included Intel 

processors in their machines, and to study the importance of the original equipment 

manufacturer (OEM) versions.  The second is to consider vertical integration, meaning a 

company that is able to produce operating system and applications, in order to find out 

whether this would give the dominating company more leeway. This would also allow for a 

better understanding of the application market. 
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Appendix A 

Economides and Katsamakas (2006) math demonstrations. 
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Proprietary Model  

Proof regarding how to get to the price &= as a function dependent on &>. 

;= = (= − -=&= − 0&>  � 

@= = @=: + @=7  �  @= = &=;= + ";> 

A@=A&< = 0 � A�&=;= + ";>	A&= = 0 

AA&=  &<�(= − -=&= − 0&>	 + "�(> − ->&> − 0&<	� =  0 � 

AA&= �&=(= − -=&=D − 0&=&> + "(> − "->&> − "0&=	 = 0 

2-=&= = (= − 0&> − "0 �  
&=�&>	 = (= − 0&> − "02-=  

Proof regarding how to get to the price &> as a function dependent on &=. 

;> = (> − ->&> − 0&= 

@> = �&> − "	;> 

A@>A&> = 0 � AA&> �&> − "	�(> − ->&> − 0&=	� = 0 � 

A@>A&> = 0 � AA&> �&>(> − ->&>D − 0&=&> − "(> + "->&> + "0&=	 = 0 � 

(> − 2->&> − 0&= + "-> = 0 � 

&>�&=	 =  (> − 0&= + "->2->  

By solving the two previous equations simultaneously it is possible to obtain the equations for 

the price  &= and &> independently. 

&=�&>	 = (= − 0&> − "02-=  

&>�&=	 =  (> − 0&= + "->2->  
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&= =  (= − 0 �(> − 0&= + "->2-> � − "0
2-= � 

&= =  7GDEG − I7FNIMfGHKEFILEFEG − KIDEG �  

&=�4-=-> − 0D	4-=-> = (=2-= − 0(>4-=-> − "->04-=-> − "02-= � 

�4-=-> − 0D	&= = 2->(= −  0(> − "->0 − 2"0-> � 

&= =  2->(= −  0(> − 3"->04-=-> − 0D  

And following the same logic, the price for &>is given by: 

&> =  (> − 0 �(= − 0&> − "02-= � − "->2-> � 

&> = (>2-> − 0(= − 0D&> − "0D4-=-> + "->2-> � 

&>�4-=-> − 0D	4-=-> = (>2-> − 0(=4-=-> + "0D4-=-> + "->2-> � 

&>�4-=-> − 0D	 = 2-=(> − 0(= + "0D + 2-=->" � 

&> = 2-=(> − 0(= + "0D + 2-=->"4-=-> − 0D  

&> = 2-=(> − 0(= + "�0D + 2-=->	4-=-> − 0D  

Economides and Katsamakas (2006) models are based on game theory, and have to different 

stages of the game. The first-stage of the game is the definition of the royalty, and the condition 

for profit maximization is:  

A@=A" = 0 

This leads to the following: 

A@=A" = A@=:A" + A@=7A" � A@=A" = �&= A;=A" + ;= A&=A" � + �" A;>A" + ;>	 
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In order to facilitate the calculations for this stage of the game, it is recommend to break up the 

equation into two smaller parts. The profit maximization condition still stands.  

A@=A" = 0 

A@=7A" = 0 � �" A;>A" + ;>� = 0 

" A;>A" = AA" �(> − ->&> − 0&=	 � 

A;>A" = A(>A" − ->4-=-> − 0D AA" 2(>-= − 0(= + �2-=-> + 0D	"� −  04-<-> − 0D AA" �2(=-> − 0(> − 30->"	 � 

A;>A" = − ->4-=-> − 0D �2-=-> + 0D	 +  04-=-> − 0D �30->	 � 

A;>A" = �−2-=->D − ->0D + 3->0D	� 14-=-> − 0D	 � 

A;>A" = �−2-=->D + 2->0D	� 14-=-> − 0D	 � 

" O�FOK = �−2-=->D" + 2->0D"	� >LEGEFHIM 	 �  

;> = (> − ->&> − 0&= � ;> = (> − -> �2(>-= − 0(= + �2-=-> + 0D	"4-=-> − 0D � − 0 �2(=-> − 0(> − 30->"4-=-> − 0D � � 

;> = � 14-=-> − 0D� �4(>-=-> − (>0D − 2(>-=-> + (=->0 − 2-=->D" − ->0D" − 2(=->0 + (>0D + 3->0D"	 � 

;> = � 14-=-> − 0D� �2(>-=-> − (=->0 − 2-=->D" + 2->0D"	 � 

" A;>A" + ;> = � 14-=-> − 0D� �−2-=->D" + 2->0D"	 + �2(>-=-> − (=->0 − 2-=->D" + 2->0D"	� � 

" A;>A" + ;> = ->�−4-=->" + 40D" + 2(>-= − (=0	4-=-> − 0D � 

" A;>A" + ;> = ->�2(>-= − (=0 − 4"�-=-> − 0D	4-=-> − 0D � 

As such the result of the first part of the equation is the following: 

A@=7A" = ->�2(>-= − (=0 − 4"�-=-> − 0D	4-=-> − 0D  
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The second part of the equation is given by the following: 

A@=:A" = 0 � �&= A;=A" + ;= A&=A" � = 0 

A@=A" = 0 

Due to the complexity and dimension of the calculation, they are done through phases. The next 

calculations are auxiliary calculations. 

;= = (= − -=&= − 0&> � ;= = (= − -= �2(=-> − 0(> − 3->0"4-=-> − 0D � − 02(>-= − 0(= + �2-=-> + 0D	"4-=-> − 0D � � 

;= = � 14-=-> − 0D� (=�4-=-> − 0D	 − 2(=-=-> + (>-=0 + 3-=->0" − 2(>-=0 + (=0D − "0�2-=-> + 0D� � 

;= = 2(=-=->4-=-> − 0D − (>-=04-=-> − 0D + -=->0"4-=-> − 0D − "0J4-=-> − 0D 

A;=A" = AA" �(= − -=&< − 0&>	 � A;=A" = −-= A&=A" − 0 A&>A"  

A;=A" = −-= AA" �2(=-> − 0(> − 3->0"4-=-> − 0D � − 0 AA" 2(>-= − 0(= + �2-=-> + 0D	"4-=-> − 0D � � 

A;=A" = − -=4-=-> − 0D AA" �2(=-> − 0(> − 3->0"	 − 04-=-> − 0D AA" 2(>-= − 0(= + �2-=-> + 0D	"� � 

A;=A" = − -=4-=-> − 0D �−3->0	 − 04-=-> − 0D �2-=-> + 0D	 � 

A;=A" = -=->0 − 0J4-=-> − 0D  

A&=A" = AA" �2(=-> − 0(> − 30->"4-=-> − 0D � � A&=A" = − 3->04-=-> − 0D 

&= A;=A" = �2(=-> − 0(> − 30->"4-=-> − 0D � �-=->0 − 0J4-=-> − 0D	 � 

&= A;=A" = 2(=-=->D0�4-=-> − 0D	D − 2(=->0J�4-=-> − 0D	D − (>-=->0D�4-=-> − 0D	D + (>0L�4-=-> − 0D	D − 3-=->D0D"�4-=-> − 0D	D + 3->0L"�4-=-> − 0D	D 

;= A&=A" = � 2(=-=->4-=-> − 0D − (>-=04-=-> − 0D + -=->0"4-=-> − 0D − "0J4-=-> − 0D� �− 3->04-=-> − 0D	 � 

;= A&=A" = � 1�4-=-> − 0D	D� �−6(=-=->D0 + 3(>-=->0D − 3-=->D0D" + 3->0L"	 



 
 

88 
 

These calculations allow for the following expression: 

A@=:A" = � 1�4-=-> − 0D	D� �−4(=-=->D0 − 2(=->0J + 2(>-=->0D + (>0L − 6-=->D0D" − 6->0L"	 � 

A@=:A" = 0−4(=-=->D − 2(=->0D + 2(>-=->0 + (>0J − 6-=->D0" − 6->0J"�4-=-> − 0D	D � � 

A@=:A" = 0−2(=->�2-=-> + 0D	 + 0�2(>-=-> + (>0D − 6-=->D" − 6->0D"	 �4-=-> − 0D	D � � 

Which transformed leads to: 

A@=:A" = 00�(>�2-=-> + 0D	 − 6->�-=-> − 0D	"	 − 2(=->�2-=-> + 0D	4�4-=-> − 0D	D � 
The condition for profit maximization for the first stage of the game is: 

A@=A" = �&= A;=A" + ;= A&=A" � + �" A;=A" + ;>� = 0 

A@=A" = A@=7A" + A@=:A" = 0 

Remember that: 

A@=7A" = -> �2(>-= − (=0 − 4"�-=-> − 0D	4-=-> − 0D  

A@=:A" = 00�(>�2-=-> + 0D	 − 6->�-=-> − 0D	"	 − 2(=->�2-=-> + 0D	4�4-=-> − 0D	D � 
And as such: 

-> �2(>-= − (=0 − 4"�-=-> − 0D	4-=-> − 0D + 0 �0�(>�2-=-> + 0D	 − 6->�-=-> − 0D	"	 − 2(=->�2-=-> + 0D	4�4-=-> − 0D	D � = 0 � 

8(>-=D->D − 8(=-=->D0 − 16-=D->J" + 14-=->D0D" − (=->0J + 2->0L" + (>0L�4-=-> − 0D	D = 0 � 

"�16-=D->J − 14-=->D0D − 2->0L	 = 8(>-=D->D − 8(=-=->D0 − (=->0J + (>0L � 

2->"�16-=D->D − 14-=->0D − 0L	 = 8(>-=D->D − 8(=-=->D0 − (=->0J + (>0L � 

"∗ = (>�8-=D->D + 0L	 − (=->0�8-=-> + 0D	2->�-=-> − 0D	�8-=-> + 0D	  
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To find a the equilibrium prices it is necessary just to substitute s from the &= and &>. 

&= =  2->(= −  0(> − 3"->04-=-> − 0D  

&= =  2->(= −  0(> − 3->0�(>�8-=D->D + 0L	 − (=->0�8-=-> + 0D	2->�-=-> − 0D	�8-=-> + 0D	 	
4-=-> − 0D � 

&=∗ = (=->�8-=-> + 0D	 − (>0�10-=-> − 0D	2�-=-> − 0D	�8-=-> + 0D	  

Equally it is possible to obtain the equilibrium price for &>. 

&> = 2-=(> − 0(= + "�0D + 2-=->	4-=-> − 0D     

&> = 2-=(> − 0(= + �0D + 2-=->	�(>�8-=D->D + 0L	 − (=->0�8-=-> + 0D	2->�-=-> − 0D	�8-=-> + 0D	 	
4-=-> − 0D     

&>∗ = (>�12-=D->D − 2-=->0D − 0L	 − (=->0�8-=-> + 0D	2->�-=-> − 0D	�8-=-> + 0D	     
Open Source Model 

For the open source model, there are a couple of differences, the main one is that open source 

profits are zero, however applications providers do not necessarily have to be. 

@= = 0 , @> = &> ;> 

In order to obtain the proprietary application providers profits, the maximization condition is 

the following: 

A@>A&> = 0 

A@>A&> = AA&> �&> ;>	 = 0 

AA&> �&> ∗ �(> − &>-> − 0�:	� = 0 

(> − 2&>;> − 0�: = 0 

&>∗ represents the equilibrium price that derives from the calculations above. 

&>∗ = (> − 0�:2->  
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So now after these first calculations, we will use them to determine which are the others 

equilibrium variables.  

;= = (<Z −  -<�: − 0&> 

;=∗ = (<Z −  -<�: − 0�(> − 0�:2-> 	 

;=∗ = 2(<Z-> −  2-<->�: − 0(> + 0D�:2->  

;=∗ = 2(<Z-> − 0(>− �:�2-<-> − 0D	2->  

This is the equilibrium quantity that the open source platform will have. Now we have to 

determine the quantity of the application that will diffused by the market. 

;> = (> −  ->&> − 0�: 

;>∗ = (> −  ->�(> − 0�:2-> 	 − 0�: 

;>∗ = (> −  0�:2  

Now that we have the variables that define the price and quantity of the application at the 

equilibrium point, we can find the profit. 

@> = &>;> � @> = �(> −  0�:2 � �(> − 0�:2-> � � @>∗ = �(> − 0�:	D4->  

 

 


