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Summary
Open Source Software (OSS) is increasing in popularity. Proponents argue that OSS leads to a 
higher rate of innovation, is less prone to bugs, and has a faster adoption rate than proprietary 
software. However, within OSS a company cannot rely on traditional means of exclusive ownership 
of particular resources in order to gain a competitive advantage. Therefore, it is important for a firm 
to have a good understanding of what resources it can afford to share to Open Source projects, 
and which resources should be kept within the firm. The purpose of this research was to answer 
the following question: “What variables influence organizations to choose Open Source activities 
over proprietary development?”. While Open Source is becoming a very common topic for many 
different technology firms, research on the topic is lacking. Existing studies primarily describe a few 
success stories, or in what ways companies engage with Open Source projects. However, to date 
no study has investigated the reasons for companies to do so and the situations in which it makes 
sense for a company to engage with Open Source projects. 

In order to answer this question a theoretical model was created based on Teece’s Profiting from 
Innovation (PFI) framework combined with the Resource Based View (RBV). The model provides 
an in-depth understanding of variables and their relationships. This model has been tested using a 
multiple case study approach, using five cases within the mobile telecommunications industry. 
Triangulation of data was used to answer the research question, including data from annual 
reports, Open Source projects, Press releases and semi-structured interviews.

The theoretical model was further developed to account 
for the in depth knowledge about the variables and 
relationships provided by the case studies. This has 
resulted in the model presented in the figure on the 
right. The model provides clear insights into which 
variables are key to making Open Source decisions 
within a firm. Additionally, these insights have been 
linked to specific Open Source monetization strategies. 
While such strategies were developed in earlier studies, 
a guideline on when to use what type of strategy was 
lacking. The model can be used by managers to 
evaluate both the technological environment of the firm, 
as well as how their firm is configured towards this 
environment. Additionally, the model provides insights 
into the resources of the firm, and whether these are 
suited for Open Source activities. Not every software 
resource is suitable for an Open Source approach, 
there are those that are simply too specialized or 
valuable to the firm and the model indicates when this is 
the case. For those resources that are suited for Open 
Source activities the model provides insights on what 
type of Open Source monetization strategy to use. 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1. Introduction
The use of Open Source Software (OSS) is growing exponentially (W3Techs, 2016; Statcounter, 
2016) and despite the free nature of OSS, companies have been successful in building business 
models around it. However, in these cases the businesses either secured complementary assets to 
the OSS enabling them to capture a profit (Teece, 1986) or kept the core technology proprietary 
and created Open Source complementers (Henkel et al., 2014). 

OSS tends to use and help define standards and specifications, as the availability of their source 
code promotes open, democratic debate around the specifications (European Interoperability 
Framework, 2004, p,10). Standard Defining Organizations (SDOs) are starting to explore working 
with OSS in future standardizing activities. In many aspects OSS and standards are 
complementary rather than competitive, each providing their own strengths (ETSI, 2016, p.4). As a 
result, innovation specialist firms are experiencing a growing demand to participate in Open Source 
projects. Yet, these firms focus on building core technologies, while depending on a strong 
appropriability regime in order to capture profits (Teece, 1986). OSS potentially threatens the 
protection of the intellectual property (IP) of these firms in two ways:

(1) IP licensing: In traditional (de jure) standardization it is clear who owns IP and the IP is 
licensed on FRAND terms (with or without monetary compensation). However, in Open 
Source projects it is unclear who owns IP (in software) and in which terms it will license. 
Additionally, the patent holder may choose not to license its IP if the holder was not involved in 
the Open Source project.

(2) Appropriability: Inclusion of OSS provides threats to the appropriability regime. Open Source 
licenses such as GPL determine that any derivative work must be licensed under the same 
conditions. This raises two issues for firms. First, this prevents exclusive access to the 
software. Second, companies involved in Open Source projects may be forced to give out 
licenses to proprietary technologies which are unfriendly to business (Rosen, 2004). These 
licenses threaten the ability of firms to charge licensing fees for their innovations, which is for 
many firms a prerequisite for engaging with open innovation (Chesbrough, 2003; Laursen and 
Salter, 2014).

Despite these challenges, Open Source can be an effective form of open innovation (West and 
Gallagher, 2006; Henkel, Schubert and Alexy, 2014) and generate significant commercial benefits 
(Afuah and Tucci, 2012; Baldwin and von Hippel, 2011; Henkel and Baldwin, 2011). Therefore, it is 
important for firms to make a conscious decision on whether to participate in OSS and what parts 
of its IP it is willing to reveal in exchange for these benefits (Henkel, et al. 2014). Existing studies 
on successful firm engagement in Open Source mainly focus on firms with strong complementary 
assets, or product vendors (Krishnamurthy, 2003; Henkel, 2006; O’reilly, 2007).

However, the environment is different for innovation specialists. Innovation specialist firms are 
focused on developing new technologies, but do not necessarily develop the implementations. This 
results in strong patent portfolio’s and underdeveloped specialized complementary assets. Their 
profits are secured through appropriability and they employ legal teams in charge of securing 
licensing deals. As a result, they experience organizational inertia regarding Open Source and will 
be less likely to engage in Open Source activities. Yet, growing OSS demand pressures innovation 
specialists to participate. 

This debate boils down to an important question first posed by Teece (1986) “who profits from 
innovation and why?”. OSS may be free, but firms engaging in OSS development are doing so 
from business reasons and not altruistic ones. Using the PFI framework as a foundation this study 
will focus on how OSS development can be used to increase a firms’ profit share from an 
innovation.
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1.1 Research problem
The objective of this study is to contribute to the development of an Open Source strategy 
framework, with the focus on identifying which variables influence organizations to choose Open 
Source activities over proprietary development. This goal translates into the following research 
question: what variables influence organizations to choose Open Source activities over proprietary 
development? This research question is investigated through the following sub questions:

(1) What is Open Source Software?
(2) What are the main differences between proprietary software development and Open Source 

software development?
(3) What are the differences between Open Source development and Open Innovation?
(4) How do companies benefit from Open Source projects?
Open Source is still a very new and rare topic within management studies. Therefore the first three 
questions are aimed at creating a thorough theoretical understanding of Open Source and how it 
relates to firms. The fourth and fifth question are more strategic in nature. Building on the body of 
knowledge developed in the literature review a causal model will be developed which will be tested 
in the second part of this thesis.

1.2 Justification
There have been some studies into the business models around OSS and how firms can capture 
value from OSS related activities. However, these primarily resort to describing the business 
models of highly successful examples such as Red Hat and Google. Additionally, they primarily 
focus on a description of how these specific firms benefit from Open Source, rather than what 
antecedents lead to these firms engaging with Open Source projects. Typically, these firms are 
vertically integrated owning large parts of the value chain, making it possible for these firms to rely 
on complementary products or services to secure profits.

For innovation specialist firms the situation is different, their focus lies primarily on the development 
of new technology and they are less integrated in the supply chain. As a result they are reliant on 
the out-licensing of technology to generate income. Open Source potentially threatens this 
business model, which is why many innovation-specialist firms are reluctant to engage in Open 
Source development. However, there is a growing demand for Open Source participation, including 
from the clients of these innovation specialist firms. As a reaction to this increased demand open 
innovation networks such as the European Telecommunications Standards Institute (ETSI) have 
announced their first OSS projects, placing OSS in the direct environment of innovation specialists. 
Innovation specialists are formulating a response to this potential threat, but currently lack a 
framework for doing so. This study aims to explore the different variables that influence Open 
Source activities and provide a framework for determining Open Source strategy.

1.3 Methodology
The focus of this study lies on company strategies and activities regarding innovation and OSS 
development. These are topics that are highly dependent on subjective interpretations of different 
actors in different settings, e.g. two very similar firms may have very different attitudes towards 
OSS development. The context of each firm plays a strong role in shaping the firms’ behavior, but 
the firms’ decisions are actively shaping its context. This creates fuzzy boundaries between 
phenomenon and context. Moreover, the researcher has no control over the behavior of the firms 
under study. Therefore, the case study method offers the best methodological fit, as it is a strong 
tool in understanding real-life phenomena and relating them to their context.
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The research design is a multiple-case holistic case study, analyzing five firms active in the 
telecommunications industry. The firms are selected for their differences in patent portfolio’s and 
complementary assets ownership. The cases are selected to provide a realistic set of units, but the 
selection was heavily influenced by the availability of data and was not randomized. The 
telecommunications industry was chosen because of its high level of standardization and because 
it is one of the first industries where the SSO is engaging in OSS development. This high rate of 
standardization ensures that the context is very similar for each firm.

The data is primarily collected from publicly available sources such as annual reports, Open 
Source activity and community proceedings and press releases. Additionally, several interviews 
were conducted to provide both a confirmation of the data from secondary sources and to gain 
additional insights and facts.

1.4 Outline
Section 1 has laid the foundations for this report, introducing the research problem and research 
questions. The research was justified and a brief overview of the methodology was presented. The 
rest of this report is outlined as follows.

Section 2 consists of a literature review and model development. The chapter begins with the 
introduction of different aspects such as OSS and OSS licenses, open innovation and its link to 
OSS, and OSS and standardization. The second part of this chapter focusses on how businesses 
profit while engaging with OSS, the PFI framework and how it is affected by OSS, and key 
differences between OSS and closed source development. The chapter concludes with an 
overview of OSS strategies and the development of a theoretical framework.

Section 3 outlines the methodology. The first part focuses on explaining and justifying the case 
study methodology, defining the research design, and describing the sample selection. The second 
part of this chapter focusses on the operationalization of the different variables described in the 
theoretical framework, and the design of the comparative case study.

Section 4 contains all the relevant data collected through the case studies. Per firm an overview is 
provided for each of the technologies and Open Source projects the firms are engaged with. 

In Section 5 the data from the case studies is analyzed and the propositions developed in Section 
2 are tested.

Finally, in Section 6 the data and analysis is linked to the theoretical model and interpreted. The 
Section provides an answer to both the sub research questions and the research question of this 
thesis: How and why do innovation specialist’s firms decide to Open Source their R&D 
developments? The second part of this chapter discusses the implications of these findings to the 
theoretical body of knowledge and implications for business policies. 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2. Literature review
As Open Source development and its implications are a relatively new field in management, this 
literature review is rather extensive. The first part of this review provides a more general 
introduction into Open Source, the Open Source licenses and how Open Source ties into open 
innovation. From Section 2.4 onwards the review is more business focused. Section 2.4 describes 
how three companies that are successful in Open Source have built their business models through 
the lens of the Profiting From Innovation Framework. Section 2.5 goes into the differences between 
Open Source and proprietary software development from a production perspective, and Section 
2.6 provides insights into current Open Source strategies. The presented body of knowledge is 
summarized and linked in Section 2.7, which concludes with the proposal of a theoretical model.

2.1 Open Source Software
Open Source software (OSS) is software whose source code is available for use, modification, or 
enhancement by anyone (opensource.com, 2016). In contrast, closed source software or 
proprietary software is software which is licensed under the exclusive legal right of its owner. It is 
purchasable by users, who will only receive a binary (non-readable) version of the program: 
therefore, modification by users is technically impossible. The original producer of the software 
must address bugs or new features. Not all OSS is free of charge, however. The source code is 
always freely available, but installation of the software can be restricted. For example, some OSS 
includes trademarks, which can only be used in installations of the software that are covered by a 
service license from the owner of the trademark. Of course this can be circumvented by altering 
the source code to remove the trademarked content, but this is the other ‘not free’ part of OSS. 
OSS comes as is, without support. Hence the users must do all the work themselves, which in turn 
costs time and resources. OSS differs from proprietary software in two ways: in its IP philosophy 
and how it is produced (West and O’Mahony, 2005). 

Whereas proprietary software is only distributed in its compiled form, the original source code of 
OSS is also made publicly available. Yet, merely publishing the source code of software does not 
make it Open Source. For software to be truly Open Source, it must comply with four freedoms as 
defined by GNU. “Free software” means software that respects users' freedom and community. 
Roughly, it means that the users have the freedom to run, copy, distribute, study, change and 
improve the software. Thus, ‘free software’ is a matter of liberty, not price” (GNU, 2015).

The other difference to proprietary software lies in its production. Proprietary software is developed 
within a company, whereas OSS is developed via collaboration, out in the open. In theory 
everybody can contribute to OSS. In practice, whether the contributions will be included in the 
project is dependent on the community (West and Gallagher, 2006). Many communities have a 
lead-team that decides which contributions are included and which are not.

Closed source development is done through a specialized process, managed by a localized team 
of qualified developers, careful project management and occasional enhancements through 
updates and new releases. In contrast, Open Source is based on continuous improvement, 
collaboration among developers and users irrespective of geography and adherence to open 
standards (Raghunath an, Prasad, Misha and Chang, 2005, p.903). To facilitate collaborative 
development OSS is highly modular, making it easier for contributors to determine on that part of 
the project they can have a meaningful contribution. To illustrate, a Linux distribution is an 
operating system composed of a Linux kernel, GNU tools and libraries, a window system, a 
window manager, and a desktop environment. As such an Open Source end-product is often a 
combination or ‘stack’ of different other OSS.

http://opensource.com
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The Open Source freedoms are enforced through licenses. A license is a legal term used to 
describe the way a copyright or patent owner grants permission to others to use its intellectual 
property (Raysman, Pisacreta & Adler, 2008). Software is covered by two types of intellectual 
property, copyright for the expression and patents for the underlying technological innovation. Not 
all software is patented, as this must be filed for specifically, but all software is automatically 
protected by copyright. OSS licenses give automatic permission to anyone who adheres to the 
terms to use the software as described by the license. While there are many variations of these 
copyright licenses, generally OSS licenses can be divided into two categories:

• Academic licenses: these licenses allow the software to be used for any purpose, with no 
obligation on part of the licensee to distribute the derivative works as Open Source (Rosen, 
2004, p.70).

• Reciprocal licenses: these licenses also allow the software to be used for any purpose, under the 
requirement that any derivative work is distributed under the same Open Source license (Rosen, 
2004, p.71).

The academic license is more friendly to business, allowing businesses to build proprietary 
software upon the OSS. Reciprocal licenses are considered more business unfriendly, excluding 
the sale of any derivative work and even requiring any derivatives to be made publicly available. 
under the same Open Source license. While some companies have found ways to construct a 
business model around Open Source projects with reciprocal licenses, this is quite rare. A more 
detailed discussion of these business models can be found in Section 2.4.

When a company contributes to OSS covered by a reciprocal license it is not allowed to charge a 
fee for distribution of the derivative (Rosen, 2004). This can be interpreted to cover the licensing of 
any relevant software patents as well. However, if a company owns patents covering parts of the 
software and it did not contribute to the software, it can seek licensing fees for its patents, as it did 
not enter the license agreement. Each license deals with patents in a different way. Some licenses 
only enforce inclusion of patents covering the contributions made by the firm, while others enforce 
a complete defensive suspension.

The defensive suspension implies that when a company using the OSS starts patent litigation 
against another user of the software (over functionality contained in the OSS), it will lose its license 
to the OSS. Take for example section 3 of the Apache v2.0 license: “If You institute patent litigation 
against any entity (including a cross-claim or counterclaim in a lawsuit) alleging that the Work or a 
Contribution incorporated within the Work constitutes direct or contributory patent infringement, 
then any patent licenses granted to You under this License for that Work shall terminate as of the 
date such litigation is filed” (Apache Foundation, 2004).

To date none of the OSS licenses have been tested in court, as such their legal enforceability is 
hypothetical, especially concerning the different patent claims. Some of the OSS licenses stem 
from before software patents were possible and do not make any direct statements regarding 
patents, but they could be interpreted to include patents (Ahlberg, 2014). Therefore, firms must be 
very cautious about contributing to OSS and be prepared to also license their relevant patents for 
free when contributing to OSS. 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2.1.1 Open Source Governance
On the one hand there are licenses which strongly influence the rights to the source code and 
determine how open the software is, but on the other hand there is a strong influence of the Open 
Source governance model on the creation of the software. The governance model used by a OSS 
project determines who influences the roadmap; how transparent the decision making process is; 
and how compliance requirements are enforced. 

Currently the governance of many of the larger Open Source projects is being unified under 
foundations such as the Linux Foundation. However, there are still many differences in governance 
between Open Source projects. Some projects are tightly orchestrated by a small group of people, 
which is the case for Linux. The original creator and a select group of confidants determine which 
changes get eventually accepted in the new version of the kernel. Other (primarily smaller) projects 
are maintained by one person, who decides what is accepted and what not. Under the Linux 
Foundation the Open Source projects are managed much like SDOs are organized. Usually there 
is a democratically elected Technical Steering Committee, a Board of Directors and different 
Working Groups. Module contributions are discussed in the relevant Working Groups and when 
consensus is reached the contribution is submitted to the software.

The governance of a project determines how much influence firms can assert on the direction of 
the software, whether they have the same access as other contributing firms, if trademarks are 
used to enforce compliance, and much more. In order to fully understand the ramifications of 
contributing to OSS a firm must understand the governance structure. In some cases, a board 
position can be ‘bought’ by becoming a sponsor to the project, while in other cases all decisions 
are made by a single firm (e.g. Android).

2.2 Businesses and Open Source Software
The goal of a firm is to create a profit. As such, a firm’s contributions to OSS are not made for 
altruistic reasons, rather there is some benefit justifying the companies’ support. There have been 
various studies on the business models firms have created around OSS (e.g. Lerner and Tirole, 
2002; Krishnamurthy, 2003; Goldman and Gabriel, 2005). Notable firms operating Open Source 
business models are Red Hat, Google, and Oracle. The Profiting from Innovation framework 
(Teece, 1986) provides insights in the workings of these business models.

2.2.1 Profiting from Innovation
The Profiting from Innovation (PFI) framework was introduced by David Teece in 1986. The 
framework was the first to combine perspectives from economic organization, business strategy, 
technology, and innovation. Teece’s article pioneered the question “under what conditions do firms 
profit from innovation?” and provided an answer as well. The framework can be used to 
understand what conditions lead to an innovator profiting from its innovations, as in many 
situations this is not the case. In the PFI framework Teece introduces three main influencers on a 
firm’s ability to profit from its innovations: the appropriability regime, the dominant design paradigm, 
and complementary assets.

Appropriability regime
Teece introduces the appropriability regime as a measure for the imitability of a technology. This 
measure is a function of both legal impediments (intellectual property rights) and inherent 
replicability of the technology. Appropriability and commercialization strategies are directly 
influenced by both the nature of the product and the intellectual property. A tight appropriability 
regime prevents imitation of the firm’s products and creates a (temporary) monopoly allowing the 
firm to create a profit. A weak appropriability regime allows for imitation to take place and will shift 
profits away from the innovator.



Page �  of �7 61
Teece considered the appropriability regime as a ‘given’ factor — either weak or strong — that 
govern an innovator’s ability to capture the profits generated by an innovation. This regime is 
contingent of the nature of the technology and the efficacy of legal mechanisms of protection. More 
recent discussions (e.g. Pisano, 2006) of PFI have highlighted that appropriability regimes are 
increasingly becoming the focus of strategies of firms. Phenomena such as OSS and the 
deliberate sharing of IP are ways for firms to alter the appropriability regime for a specific area of 
interest. Moreover, studies have shown that the strength of a patent or copyright can change 
(Sherry and Teece, 2003) and even the legal context can be redefined through jurisprudence.

Design paradigm
It is commonly recognized that science and 
technology develops in an evolutionary way towards 
a dominant design. There are two stages in this 
evolution: the pre-paradigmatic stage, when there is 
no single accepted concept of the phenomena, and 
the paradigmatic stage which begins when one of 
the concepts becomes more widely adapted and 
takes a lead over the other concepts. The second 
stage signals scientific maturity and the acceptance 
of a dominant design, which will remain in force until 
the paradigm is overturned. In the first stage 
compet i t ion is focused on des igns, wi th 
manufacturing being loosely and adaptively 
organized. Once a dominant design appears, 
competition shifts to price and manufacturing processes. Investments are focused towards creating 
economies of scale and learning, creating a lock-in for manufacturers. The dynamics of the design 
paradigm influence the way technologies compete with one another. “at some point in time, and 
after considerable trial and error in the marketplace, one design or a narrow class of designs 
begins to emerge as more promising. Such a design must be able to meet a whole set of user 
needs in a relatively complete fashion” (Teece, 1986, p.288). The timing of this process should 
influence a firms’ decisions.

In the pre-paradigmatic phase there is strong competition among technologies, with no technology 
having a significant advantage over the others. As such substitutability is high and firms risk 
investing in technologies that will not amount to anything. Modern innovation is generally not the 
result of a single firm’s effort. Many technologies are systemic, requiring the combination of 
multiple complementary technologies and patents. In sectors with an active SDO the pre-
paradigmatic phase is the phase during which the standards are being developed. During this 
process different innovation specialists usually compete to have their technology included in the 
standard, as this will help them secure ownership of a portion of the dominating design.

At some point certain designs will become dominant over the others and emerge as the leading 
technology. In many cases this is caused by dynamically increasing returns, innovations often have 
a (temporarily) exponential return and those that get ahead tend to stay ahead. However, superior 
marketing or sales can also cause a technology to become more adapted than others, the more a 
technology is employed, the greater its attraction relative to the alternatives. This phase is not 
static though. After the emergence of a dominant design, alternatives do not disappear and it is 
possible for alternative technologies to overtake the dominant position. Yet, in industries with active 
SDOs their standards often define the dominant design and create a lock-in for a certain amount of 
time.

FIGURE 1: INNOVATION OVER THE PRODUCT/
INDUSTRY LIFE CYCLE (TEECE, 1986, P.289)
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Complementary assets
Schumpeter (1950) argued that there is something 
about large enterprises that help it capture profits from 
their innovations, basing his arguments on a market 
level monopoly power issue. PFI changes this scope to 
the firm level and its asset structure, measuring market 
power based on complementary asset heterogeneity 
and imitability. These complementary assets represent 
investments a firm must make to reach the market. 
Services such as marketing, competitive manufacturing, 
and after-sales support are almost always needed. 
Every innovation will require additional complementary 
assets, like computer hardware needing software or 
electric cars needing specialized charging stations. 
These complementary assets can be completely related 
to the innovation, like software and hardware, but this is 
not a necessity. The same complementary asset can be 
crucial for multiple innovations

The PFI taxonomy around complementary assets and technology is: specialized, co-specialized 
and generic. This taxonomy is based on the (interdependence) between the asset and the core 
innovation, as depicted in Figure 2. A specialized asset is characterized by a unilateral dependence 
from asset on innovation, or from innovation on asset. A co-specialized asset is characterized by a 
bilateral dependence between the asset and the innovation. A generic asset is no dependence 
between the asset and the innovation, and is likely to be also used by other innovations. Teece 
(1986) argues that control of an asset not necessarily implies control of a market, unless the asset 
defines a relevant market. Complementary assets often not only play a role in appropriability, but 
also in shaping the future strategy of the enterprise. This effect can be both positive or negative, 
due to the path dependency of the complementary asset. The asset requires a certain amount of 
investments to be developed, and shifts in the core technology can potentially render the asset 
obsolete. 

In a more recent paper Teece (2006) relates this view of complementary assets to the resource 
based view (RBV). Resources have been defined as stocks of available factors that are owned or 
controlled by the firm (Amit and Schoemaker, 1993, p. 35). The RBV describes resources in terms 
of Value, Rareness, Imitability, and Non-substitutability (Barney, 1991), which can be applied to the 
complementary assets in the same way. Generic assets are likely easy to imitate or substitute, 
therefore not rare and will not be very valuable in terms of monitoring the innovation. On the other 
hand, specialized and co-specialized assets will be harder to imitate or substitute as they require 
more investments, and they are more likely to be valuable in capturing profits.

Profiting from innovation
The interaction between these three building blocks determines in large part who can capture 
profits from an innovation. Under a strong appropriability regime an innovator can protect its IP and 
capture at least a portion of the profits related to its innovations, that is until patents expire or the IP 
is invented around. If appropriability is weak and imitation is easy, markets do not work that well 
and the profits from innovation may accrue to the owners of certain complementary assets (Teece, 
2006). 

FIGURE 2: COMPLEMENTARY ASSETS: 
GENERIC, SPECIALIZED, AND CO-
SPECIALIZED (TEECE, 1986, P.289)
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IP appropriability weakens over time (patents expire, are invented around, etc.), complementary 
assets are a strong long-term channel for profiting of an innovation, especially when 
complementary assets are specialized (unilateral dependence of asset on innovation or vice-versa) 
or co-specialized (mutual dependence between innovation and asset). In many cases the 
investments required to develop these complementary assets create strong barriers to entry, like in 
the biomedical industry. Important specialized complementary assets in this industry are the 
abilities to test new drugs, getting approvals and market the drugs to doctors and insurance 
companies. Developing these assets is very costly, which is why incumbent firms usually 
collaborate with large established firms to bring their new drugs to the market. Because of the 
strong role the complementary assets play most profits from the drugs will go to the established 
firms, rather than the innovating firm.

2.2.2 Profiting from Open Source Software
In the case of OSS, the IP is given away for free, resulting in a non-existent appropriability regime 
and full imitability. Following the PFI framework, companies will need to focus on complementary 
assets, which is exactly what all OSS business models are about. Red Hat can profit from 
providing service, consulting, and training for Linux. Linux has a steep learning curve requiring very 
specific knowledge and companies find it more convenient to hire support from Red Hat rather than 
employing their own specialists. This is a complementary asset Red Hat has specialized in. Even 
though no money can be made from the innovation itself, Red Hat can create a turnover of about 
$1.7 billion on their complementary assets (Red Hat, 2016). 

Google does the same with Android. While Android is free and Open Source, Google owns many 
complementing services such as Search, News, Email, and the Play store. All these services 
provide Google with advertising space to generate revenue. Next to that, the Play store is the main 
application provider for Android. Through the Play store users can buy and install applications on 
their devices, Google takes a percentage of all sales. While there are alternatives available, the 
Play store runs on about 90% of the Android devices. The Amazon branded version of Android for 
instance, does not ship with the Google Play store but has an Amazon based alternative (Amazon, 
2016).

Oracle’s business model around MySQL is different. Oracle offers a dual license for its database 
software. MySQL is released under the GPL license and under a commercial license. Under the 
GPL users can create proprietary apps which connect to MySQL, which is enough for most users. 
However, if you want to include MySQL or adjust the software without releasing it under the GPL 
you must buy a commercial license from Oracle. to contribute to the original MySQL software, you 
must grant Oracle (joint) copyright ownership of your work (Oracle, 2016). This allows Oracle to 
relicense the software under their commercial license. In addition, Oracle also exploits 
complementary assets to secure profits such as annual support subscriptions, training, and 
consultancy services.

There are also examples of less obvious complementary assets for OSS. In these cases, the core 
technology is again given away for free, so the firm should develop complementary assets to 
capture profits. Under the academic license firms can extend or alter existing OSS and sell or 
license the new product for a profit. Apple’s osX is an example of such development. The core of 
the operating system is a version of FreeBSD Unix on which Apple build its own proprietary layers 
to create a differentiated version.
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Concluding, a firm is not an altruistic institution, its goal is to make a profit. As such any 
contribution to OSS development must be justified by being able to generate a revenue or cost-
saving based on OSS. As the core technology is given away for free, the PFI framework 
constitutes that the business’ best option is to develop complementary assets. The most successful 
examples of OSS-based businesses have all succeeded in doing so. However, to be able to 
develop such complementary assets a firm must be somewhat vertically integrated in its supply 
chain. The firm should be more than just an innovator as it cannot rely on the appropriability regime 
to capture its share of the profits.

2.3 Open Source versus Closed Source Production
Section 2.2 describes various advantages of open innovation, which also apply to Open Source 
development. However, there are several other advantages to Open Source stemming from the 
way Open Source is organized compared to how closed source production is organized. The first 
section of this chapter describes production related advantages and disadvantages to Open 
Source development compared to closed source development. The second section of this chapter 
goes deeper into specific software characteristics and how they relate to Open Source and closed 
source development.

Even when a firm can create the necessary 
complementary assets to profit from OSS 
and is confident the benefits will outweigh 
the costs compared to closed source 
production, not all types of software are 
viable to be an Open Source project. While 
some people seem to think that OSS 
developers are always waiting for new 
projects to pick up, this is certainly not the 
case. Numerous Open Source projects 
have failed due to not gaining enough 
traction, or failing to govern the community 
in the right way. OpenHub, an organization 
analyzing different Open Source projects 
estimates that for the projects it tracks 
(345,045) 80.4% is inactive, and 13.9% 
has very low activity (Openhub, 2016). 
Only the top 3% of OSS projects has 
received an update in the past 2 years. 

It is to be expected that the majority of projects are not maintained, as there will be competing 
projects that resolve in a dominant design, pet projects that are not interesting to the entire 
community or projects that are simply abandoned. Moreover, this figure does show that open 
sourcing a project is not a guarantee for success of the project. Some companies and developers 
believe that if they Open Source their software, external developers will automatically appear. In 
reality this is not the case. More importantly, the most popular projects receive more contributions 
from company-funded developers than from individuals (Linux Foundation, 2014). Therefore, firms 
should not expect Open Source development to be a magically appearing free source of labor.

Next to that, not all types of software are suited to access the benefits Open Source can offer. 
Open Source advocate Eric Raymond (1999) describes five software discriminators which push 
towards Open Source. He indicates that Open Source software will be more suitable than closed 
source software in cases where:

FIGURE 3: PROJECT ACTIVITY ICON (PAI) ESTIMATION 
(OPENHUB, 2016A)
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(1) Reliability/stability/scalability are critical

The argument for this criteria is that in every case, many heads are better than one and no 
company would be able to hire and coordinate the amount of developers that are working on 
OSS. However, as this is highly dependent on the popularity of the project, not all OSS will 
have this benefit. The graph above indicates this argument would hold true for only the top 1% 
to 2.9% of all Open Source projects.

(2) Correctness of design and implementation cannot readily be verified by means other than 
independent peer review

Raymond argues that decentralized peer review trumps all the conventional methods for trying 
to ensure the correctness of the software. However, there are numerous examples of 
companies being brought in to vet OSS before it is implemented in an enterprise.

(3) The software is critical to the user's control of his/her business
Raymond argues that to avoid a vendor lock-in of critical processes, users should not use 
closed source software for such applications. However, Open Source does not necessarily 
mean that there is no lock-in, the investments that go into installation, training and servicing 
are often stronger forces of lock-in than licensing fees.

(4) The software establishes or enables a common computing and communications infrastructure. 
Software that is dependent on interacting with other software, using standardized APIs and 
that is used by many different parties will attract more developers.

(5) Key methods (or functional equivalents of them) are part of common engineering knowledge  
This argument is a more pragmatic approach to IP, if there is no exclusive IP it is probably 
more efficient to have Open Source and avoid duplicate efforts.

Not all these criteria are specific to software characteristics or provide a strong distinction between 
OSS and closed source software. The most defining traits stem from criteria 3 and 4. These criteria 
form the bases for a software classification. Raymond (1999) distinguishes between categories as 
infrastructure, middleware, and application type software. These categories have a distinct 
hierarch, however, products are not fixed to one category. For example, early database software 
could be considered as an application, primarily used within single companies. After decoupling the 
database infrastructure from the front end interface, it evolved into middleware. Commoditization of 
middleware will push it towards infrastructure, which is currently happening to operating software.

It can be argued that OSS will be more prevalent in infrastructure (internet protocols, operating 
systems, applications that benefit from network interaction) than in applications, while middleware 
(databases, development tools) is more of a hybrid category. Hence closed source software 
innovation occurs in niche markets at the upper end (application) and there is a limited lifespan for 
closed-source monopolies as the products gradually evolves into open-source infrastructure. This 
lifecycle view of software suggests that closed source software innovation occurs in niche markets 
at the upper end (application) and that there is a limited lifespan for closed-source monopolies as 
the products will gradually evolve into open-source infrastructure due to increased benefits from 
OSS. 

2.4 Open Innovation
The term open innovation was pioneered by Chesbrough in 2003 and has been the subject of 
many studies since. Over the past decade the concept was further defined and conceptualized, 
expanding the definition to acknowledge the intentionality of knowledge flows (Chesbrough, 2006) 
and to include unprotected knowledge flows: “We define open innovation as a distributed 
innovation process based on purposively managed knowledge flows across organizational 
boundaries, using pecuniary and non-pecuniary mechanisms in line with the organization’s 
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business model” (Chesbrough and Bogers, 2014, p.15). Open innovation can be seen as a 
collaboration between different firms, sharing their knowledge to achieve a higher rate of 
innovation. These firms make conscious decisions on what knowledge they share and what not. 
Sharing knowledge does not require giving up ownership nor giving it away for free. On the 
contrary, open innovation often goes hand in hand with high levels of appropriability (Laursen and 
Salter, 2014). Open innovation assumes that internal ideas can be taken to the market through 
external channels, outside the current boundaries of the firm, to generate additional value 
(Chesbrough, 2006, p.1). 

2.4.1 Open Source and Open Innovation
West and Gallagher (2006) argue that Open Source can only be called open innovation if it has a 
business model. Innovation is often defined as the successful commercialization of an invention 
(Business Dictionary, 2016) and as such the business model part is included in Chesbrough’s 
definition (2014). Whether Open Source is consistent with open innovation depends on the ability 
of a firm to capitalize on the products created in the Open Source projects. However, from an Open 
Source community perspective this is not the case. While Open Source projects do not necessarily 
lead to a commercialization of an invention, it does lead to new inventions being used in the 
market. For many Open Source projects there will be a mix of firms and individuals contributing, 
hence not every participant will be driven by a commercial goal. Additionally, to say that a firm 
needs a precise business model to participate in OSS development is perhaps a too narrow scope. 
Many firms will participate in Open Source projects to save money, rather than to create new 
commercial activities. While it is safe to say that some firms will create business models based on 
OSS, for many firms having a good business reason to contribute is enough.

In open innovation firms can disclose knowledge while protecting their IP through patents or non-
disclosure agreements (NDA’s). As the participants in the open innovation network are known, this 
is a relative easy expedition. Studies have shown that open innovation is supported by strong 
appropriability regimes (e.g. Cassiman and Veugelers, 2002; Heiman and Nickerson, 2004; West, 
2005; Chesbrough, 2006). For firms the ability to protect their knowledge reduces fears of 
opportunistic behavior from external actors (Henkel & Baldwin, 2011). The presence of strong 
appropriability ensures firms ownership of their IP, even when shared. Contrasting studies suggest 
that being overly protective might result in firms missing out on opportunities to exchange 
knowledge with others and will direct firms away from discovering new products and services (von 
Hippel, 2005; Bessen and Maskin, 2009). This suggests that there exists a fine balance between 
openness and appropriability. Emphasizing on appropriability too strong will weaken the benefits 
gained from open innovation (Laursen and Salter, 2014), yet firms need a level of appropriability in 
order to open up.

This balance becomes even more important when engaging in Open Source projects. When firms 
disclose knowledge to OSS, the IP will become publicly available. Moreover, a firm should be very 
aware of the type of license attached to the OSS and the implications of this license on the IP 
protection. The OSS license potentially weakens or removes the IP protection. Therefore, firms 
participating in Open Source projects should make a conscious decision on whether to participate; 
what part of its IP it will reveal; and how the project can be monetized. Since the firm will be giving 
up its valuable IP on one side, it must make up for this loss somewhere else. One way to protect 
the firm’s interest is to conduct in “selective revealing” (Henkel, 2006).
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Selective revealing is a form of open innovation in which innovators waive, or not establish in the 
first place, legal exclusion rights to specific parts of their technology (Henkel, 2006), while 
maintaining exclusivity for core technologies. Selective revealing implies that the actor does not 
reveal out of principle, but rather because of weighting commercial pros and cons (Henkel, 
Schubert and Alexy, 2014). Such commercial pros can consist of positive marketing effects, 
technical benefits, and access to new markets (Afuah and Tucci, 2012; Baldwin and von Hippel, 
2011; Henkel and Baldwin, 2011). However, revealing is not without risk. Firms have obvious 
concerns regarding the loss of competitive advantage through imitation, reduced compatibility, 
reduced safety, and security, and rising maintenance costs. Since the process of revealing is 
irreversible, a firm should select on a case-by-case basis if the benefits of revealing outweigh the 
disadvantages.

The main influence on the net benefits of selective revealing appears to be an increasing customer 
demand, making Open Source part of the competitive advantage and marketing tool. Selective 
revealing can also benefit markets by significantly lowering transaction costs (Henkel and Baldwin, 
2011; Henkel et al., 2014), since there is no contracting involved. Finding this balance and 
determining what to reveal and what not is a difficult endeavor. Many firms have difficulties to do 
so. The older a firm is the stronger the organizational inertia to shift from a closed to an Open 
Source development process (Henkel, 2006). This organizational inertia will be even stronger for 
firms with large patent portfolio’s. As appropriability is an important revenue stream, opening up 
their IP is a direct threat to operations (Teece, 1986).

Innovation specialist firms are focused on developing new technologies, but rely on other firms to 
develop the implementations. These firms have strong patent portfolio’s, but are less integrated in 
the vertical supply chain. As a result, their profits are secured through strong IP licensing and they 
employ legal teams in charge of securing licensing deals. As discussed, many of the OSS licenses 
can be interpreted to indicate that by contributing to the OSS, the firm also licenses all its patents 
that cover parts of the existing software under the OSS license. Since anyone is permitted to use 
OSS, the OSS provides the opportunity for any firm to obtain a royalty free license to the 
innovator’s patents. 

Such a direct threat to the profit mechanisms results in strong inertia regarding opening their firms 
to OSS development. Studies show that once engaging with Open Source projects, firms learn 
how and what parts of their knowledge to share and reveal more after having gone through a 
learning process (Alexy et al., 2013; Henkel et al., 2014). This is dependent on the amount of 
interaction the firm has with the community. A firm that merely posts its source code on their 
website without the ability for interaction with customers will experience far smaller benefits from 
Open Source development and will not experience the same learning curve as a firm that does 
open itself up for community interaction (West and O’Mahony, 2008; Henkel et al., 2014). This is 
similar to the coupled mode of open innovation, mixing both inbound and outbound knowledge 
transfers. Overcoming the organizational inertia remains a challenge. Case studies suggest that 
the main reason for overcoming this inertia is a growing customer demand. The majority of 
innovation specialists starts to contribute to Open Source projects to satisfy a key customers’ 
demand (Henkel, 2006).

2.4.2 Open Source and Standards
Compatibility standards are crucial in a technological system; they provide the shared language 
that technologies use to communicate with one another. Especially in markets with large numbers 
of interdependent suppliers and a rapid technology pace, standards are important (Simcoe, 2006). 
The open process of OSS development and the fast adoption rate of some projects have led to 
some confusion about the difference between open standards and OSS. The main difference 
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between a standard and OSS is that a standard is a specification of functionality and not 
necessarily an implementation thereof. OSS always begins as an implementation, which over time 
can be adopted as a standard.

Standards can be created through two distinct processes. De facto standards are standards which 
are based on popularity. When a certain technology claims dominance over a market, this often 
drives remaining actors to switch to the dominant technology as well. For example, after a period of 
strong competition, VHS eventually became the de facto standard in videotape technology and 
Betamax was withdrawn from the market. Even though Betamax was superior, it could not 
compete with the marketing tactics of the VHS team.

De jure standards are standards which are artificially created through Standard Defining 
Organizations (SDOs). These standards are agreed upon voluntarily by the members of the SDO, 
which are usually the major players in a certain industry. The SDO provides a forum where firms 
collaborate in the design and promotion of the standard. Especially in the information and 
communications industry de jure standards are important, as it allows devices and software to 
communicate and interact with one another. Global communications standards such as GSM and 
3G are what allows us to use our cell phones all around the world.

Besides the distinction between de facto and de jure standards, standards can be either open or 
proprietary. The documentation or specification of proprietary standards are not available to the 
public. Its owners can decide to maintain a monopoly over the standard, or charge fees for the 
access to the standard. Open standards are not necessarily free to implement, but the 
specifications are freely available and the standardizing process is open. This means that anyone 
may participate in the standards development process, standards are created through democratic 
processes and all documentation is made public. If the standard is covered by patents, these 
patents are declared Standard Essential Patents (SEP) and the owners are bound by the SDO 
agreement to license these under Fair, Reasonable and Non Discriminatory (FRAND) conditions 
(Lewis, 1986). If the standard contains patented technology which cannot be licensed under 
FRAND conditions, the specification is changed to exclude those patents. Licensing under FRAND 
conditions aims to make commercial implementation of the standard available to anyone who 
wishes to do so. Some open standards will be free to implement, while for others licensing fees 
must be paid to the holders of the SEP.

Some Open Source proponents have argued that an open standard is only open if it can be freely 
adopted, implemented, and extended (Perens, 2002; Digistan, n.d.). However, most scholars (e.g. 
Simcoe, 2006; Kretchmer, 2005) and SDOs do not place this condition on open standards. While 
all forms of standards created in Open Source communities are open standards, not all open 
standards adhere to the Open Source ideology.

TABLE 1: EXAMPLES OF DIFFERENT TYPES OF STANDARDS

Open Standard Proprietary standard

De facto ZIP, HTML VHS, FAT

De jure GSM, 3G, 4G IrDA
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Openness of Standards
In Section 2.3.1 a distinction was made between open standards and proprietary standards. 
However, the difference between these standards is not black and white. A standard can have 
some open characteristics, while still being a proprietary standard. Krechmer (2005) defines ten 
rights on which openness of a standard can be measured, based on views from the different 
stakeholders to a standard: creators, implementers, and users. These rights play different roles for 
each group of stakeholders and Krechmer argues that for a standard to be truly open for all, it 
should support open rights for all stakeholders involved. These three stakeholders have varying 
views on what constitutes an open standard to them, which Krechmer summarizes as follows:

(1) The SDO represents the standards creators. They value openness primarily in the process 
and organization of the standard such as openness of meetings, consensus, and due process.

(2) Implementers value openness primarily in rights to use the standard, preferable at no-cost. 
Implementers want the right to improve upon the standard and the standard should benefit all 
competitors equally.

(3) For a user the availability of multiple implementations of the standard is important. Users value 
competition, long term support, and backwards compatibility.

While these views are quite distinct from one another, they can be translated into the set of ten 
rights that enable Open Standards which can be found in Table 2.

Krechmer has applied this classification to seven different SDOs and found that while many 
organizations present their work as “open standards”, they often just meet a few of the ten criteria. 
While the process is often considered open from the creators point of view, this is not necessarily 
the case for implementers and users.

TABLE 2: TEN REQUIREMENTS OF OPEN STANDARDS ADOPTED FROM KRECHMER (2005, P.3)

Requirement Stakeholder(s)

Open Meetings Creator

Consensus based decision making Creator

Due process Creator

Globalised standard Creator, Implementer, User

Open IPR Creator, Implementer, User

Open documents Implementer, User

Open changes Implementer, User

Open interfaces Implementer, User

Open use Implementer, User

On-going support User
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2.5 Open Source Strategy
Classical organizational strategy views such as Porter’s Value Chain, the Resource Based View 
(RBV) and Teece’s PFI framework are primarily based on ownership and control as the key levers 
in achieving success. However, a large part of the potential value in Open Source development lies 
in external resources that are not owned by the firm in question, e.g., volunteer contributions, 
innovation communities and ecosystems, and surrounding networks. While firms have access to 
these resources, they cannot exert exclusive rights over the resulting innovations. Thus, traditional 
strategic terms such as ownership, entry barriers, switching costs and intra-industry rivalry are of 
secondary importance when dealing with Open Source strategy (Chesbrough & Appleyard, 2007). 

The main question companies should ask themselves when developing Open Source strategy is 
“who captures the value created by the open invention and coordination?” and “how are they doing 
it?” (Chesbrough & Appleyard, 2007). Firm’s engaging with Open Source development have to 
identify how to capture and sustain the created value. Capturing at least some part of the value is 
important, as it creates the necessary incentive for the firm to sustain continued participation and 
support of Open Source initiatives. Perr, Sullivan, and Appleyard (2006) have identified four 
primary categories of value capturing strategies:

(1) Self-service: The user community creates a software application to serve its own needs. While 
this does not incorporate an element of value capture, it could translate into cost savings for a 
firm.

(2) Deployment: The innovation activities by the company heighten the user experience, which 
are subsequently sold, e.g. Red Hat’s Enterprise Linux is available for free but companies are 
willing to pay service fees for the increased reliability of the software.

(3) Hybridization: Proprietary extensions are made to the OSS to differentiate from original works, 
e.g. Apple’s OS X consists of a combination of FreeBSD with multiple proprietary add-ons. 

(4) Complements: Hardware or appliances are sold that incorporate the OSS. The package price 
decreases for the customer, while the hardware price remains the same, thus demand for the 
device increases.

The strategies are ranked based on the extent to which it engages the firm with Open Source 
development. The self-service strategy is rated most engaging, as it embeds the firm completely 
within an Open Source community contributing to- and using OSS for their own benefits such as 
cost reductions. Deployment is rated slightly less engaging as it primarily focusses on the sale of 
support or consultancy, while this is often closely linked to strong engagement and contributions to 
the OSS this is not a necessity. Hybridization is ranked third as it primarily focusses on creating 
proprietary works extending the OSS. Finally, there is the complements strategy, which is regarded 
as least engaging as it does not necessarily require any contributions to be made to the OSS. 
However, in many cases the firm makes some contributions to the OSS to ensure compatibility with 
the proprietary hardware.
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These strategies are not exclusive and larger firms will use a combination of these strategies for 
different products or technologies. While these strategies move beyond the scope of traditional 
strategy views such as the value chain, they are not unrelated, e.g. the notion of the PFI framework 
can be used to identify what assets are key in capturing profits from an innovation and how a 
decision to Open Source certain aspects of this asset would change the status quo. Taking the 
server and datacenter example, Intel and IBM primarily own IP in the hardware technology rather 
than the software technology. Additionally, the firm’s own important complementary assets such as 
computer chipsets manufacturing and the knowledge on creating and servicing datacenters, while 
other firms such as Microsoft owned the server software and the related IP. By contributing to Linux 
and other OSS related to server software the IP and complementary asset ownership of Microsoft 
decreases and the relative value of Intel’s and IBM’s products increases.

2.6 An Open Source decision model
There are multiple models covering the strategic decisions involved with innovation. The aim of this 
study is to determine how to make decisions regarding innovation in Open Source settings. The 
technology portfolios of innovation specialist firms are large and diverse and cannot be covered 
with a single analysis when considering OSS. Therefore, a model has been adopted which regards 
single technological innovations. Teece’s PFI “isolates a set of strategic issues associated with 
commercializing technological innovation. It is innovation specific” (Teece, 2006, p.1144). 

Almost no technology is developed in a vacuum. Often a technological advancement is the result 
of a combination of many different smaller technologies, developed by different companies. Many 
of these developments are organized through standardization efforts. However, a de jure standard 
is not necessarily widely adopted in the market. For a technology to become the dominant design 
takes time, and even than there is no guarantee. However, the more open the standard is, the 
faster the standard will be adopted as the dominant design. 

Proposition 1: A more open standard will lead to a faster adoption of a dominant design.

However, as described in Section 2.3.3, this openness comes at a price. The more open a 
standard is the weaker the appropriability regime around that standard becomes. Openness of a 
technology standard leads to an increased documentation about the standard, potentially 
increasing the prior art in the market and diminishing the possibilities to patent certain innovations. 
Moreover, open standards are either licensed under FRAND conditions, or are free to implement 
for anyone, without having to license patents, which results in either a limited appropriability 
regime, or in the last case a non-existent appropriability.

Proposition 2: A more open standard will have a weaker appropriability regime than a less open 
standard.

Teece describes two stages of the design paradigm: the pre-dominant phase and the dominant 
phase. In the pre-dominant phase there is strong competition between different technologies and 
companies will not invest a lot of resources in technology specific resources, as these might 
become obsolete after the adoption of a different standard. Once a dominant design emerges 
competition shifts to price and quality and companies will start investing in technology specific 
assets to help them compete. This relationship between the dominant design and complementary 
assets is described as:

Proposition 3: An adoption of a dominant design will lead to an increase in complementary 
assets.

The appropriation profile of a firm can be seen as its attitude towards appropriability. Firms with a 
strong appropriation profile take full advantage of the appropriability regime and employ legal 
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teams to secure patents portfolio’s and pursue an offensive patent strategy. However, this attitude 
is strongly influenced by the presence of an appropriability regime. There is no point in having a 
strong appropriation profile in an environment with a weak appropriability regime.

Proposition 4: A stronger appropriability regime leads to a stronger appropriation profile of the 
firm.

Under the current IP protection laws software is in a unique position. As software is protected by 
both copyrights and patents, it can be simultaneously regarded as both the technology and an 
asset, i.e. a decision to make a certain software package Open Source is both a decision on the 
appropriability of the innovation and the complementary assets within the PFI framework. Due to 
the nature of most OSS licenses, contributions to OSS often result in contributing both the 
copyright and patents involved. Therefore, decisions regarding Open Source contributions always 
should encompass both appropriability considerations and asset considerations.

To capture this duality of software as both a technology and asset it will be regarded as a resource 
as defined in the RBV. The RBV regards resources “[…] to include all assets, capabilities, 
organizational processes, firm attributes, information, knowledge, etc. controlled by a firm that 
enables the firm to conceive of and implement strategies that improve its efficiency and 
effectiveness” (Barney, 1991, p.101). This definition allows the resource to attribute both the asset 
and the knowledge embedded in the software to the resource.

The RBV describes resources based on their capacity to contribute to a firm’s competitive 
advantage using the characteristics Value, Rareness, Inimitability, and Non-substitutability (VRIN). 
Of these, Value is considered as the most important attribute. The asset is only considered a 
resource if it helps the firm exploit an opportunity or neutralize a threat in the firm’s environment 
(Value). The Rareness, Inimitability and Non-substitutability are characteristics that help the firm 
maintain the competitive advantage for a period of time.

When regarding the VRIN characteristics of software within the perspective of the PFI framework 
the Value and Rareness attributes correspond to the characteristics of complementary assets, 
whereas the Inimitability and Non-substitutability correspond with the appropriability regime. In the 
case of complementary assets generic assets will certainly not play a key role in creating a 
competitive advantage and due to their nature will not be rare. Co-specialized and specialized 
complementary assets on the other hand, require investments and are dependent on the 
innovation (and or, vice-versa) and will therefore be more likely a valuable resource.

As discussed in Section 2.4.1 the appropriability regime is a function of both legal impediments 
(intellectual property rights) and inherent replicability of the technology. The replicability depends 
on the nature of the product, such as whether the knowledge is tacit or codified, or whether it is a 
product or process. This corresponds directly to the Non-substitutable attribute of the RBV. 
Because of the nature of programming, no software engineers will write the code for an identical 
function in the same way, hence every implementation of the software functionality can be 
considered a potential substitute. Legal impediments in the form of patents protect the resource 
from such imitations or substitutions as it covers the technical innovation rather than the software 
implementation.

Proposition 5: The value and rareness of a software resource is higher for specialized and co-
specialized assets than for generic assets.

Proposition 6: The inimitability and non-substitutability of a software resource is higher for 
companies with a strong appropriation profile than for companies with weaker appropriation 
profiles.
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The value of resources is a contextual construct, which depends on both corporate strategy and 
the environment of the company (Talaja, 2012, p.12). Moreover, valuable resources that are not 
rare cannot be the sources of the competitive advantage, as they are available to everyone. 
However, this does not mean that valuable resources that are not rare are irrelevant to a company. 
These resources ensure the survival of the company and enable it to achieve competitive parity in 
the industry in which it operates (Talaja, 2012, p.13). Hence, it can make sense to place resources 
that are valuable, but not rare in the Open Source domain. But resources that have strong VRIN 
attributes should be protected at all times, as this is the primary source of competitive advantage. 
Therefore, VRIN software should not be shared with Open Source communities. This relation leads 
to the following proposition:

Proposition 7: Companies will adopt more engaging Open Source strategies for resources with 
low VRIN, than for resources with high VRIN.

The theoretical model based representing these propositions is illustrated in Figure 4.
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3. Methodology
The objective of this study is to contribute to the development of an Open Source strategy theory. 
To date there have been no previous studies testing propositions in this area of theory, therefore a 
set of theories has been developed based on the literature review in Section two. However, the 
original theories of the PFI framework and the resource based view are primarily based on 
ownership and control as the key levers in achieving success, which is not the case in Open 
Source development. Though the propositions reflect a specific set of deterministic relationships, it 
is highly likely that additional relationships exist between the variables. Moreover, constructs such 
as strategic value, appropriation profile and complementary assets are highly subjective in nature, 
as these depend strongly on what value the firm places on these resources. 

Usually, with such predefined relationships a survey would provide the best methodological fit. 
However, due to the relative low amount of preexisting studies into Open Source strategy, and the 
subjective nature of the constructs a case study is a better fit in this scenario. The case study will 
allow for a more in depth discovery of additional variables and relationships associated to Open 
Source strategy making. The interviews allow for a more in-depth discovery of the role of specific 
resources within a company which is not possible using a survey. Moreover, the survey requires a 
large sample to be able to conduct the required statistical analysis. The number of participants was 
too small for a meaningful statistical analysis in this study, therefore the comparative case study 
was chosen.

An often heard critique of the case study is that it is primarily an explorative method, aimed at 
discovering preliminary concepts which require further explanatory research not provided by the 
case study method. However, when following systematic procedures and guiding the case study 
with literature based propositions the case study is just as suited for explanatory studies as other 
methods (Yin, 2009). 

3.1 Research design: comparative case study
The research design is a logical plan of getting from the initial set of research questions to 
answers. The research design “guides the investigator in the process of collecting, analyzing, and 
interpreting observations. It is a logical model of proof that allows the researcher to draw 
inferences concerning causal relations among the variables under investigation” (Nachmias & 
Nachmias, 1992, p. 77-78). 

This study follows a multiple-case holistic design. The cases all have strong similarities in their 
context, as all firms are set within the same industry. However, the context cannot be regarded 
completely similar as the firms are located on different levels in the supply chain and each case 
actively shapes the context of the other cases. Therefore, this cannot be regarded a single-case 
embedded design.

The telecommunications industry is characterized by a high level of shared innovation and 
standardization. Through SDO activities global standards for communication have been created 
based on the innovations of many different firms. The SDO activities play an active role in shaping 
the future of the industry by setting the technological roadmaps for innovation. The industry is 
characterized by a large amount of patents, owned by many different firms. As a result a lot of data 
about the processes, patents and licensing deals is available.

Because the telecom standards are globally created by a consortium of related SDOs it is possible 
to determine the openness of the standard for all players in the market. Yet, depending on the 
amount of SEP a firm owns the standard can be more, or less open for the individual case. The 
design paradigm will be completely similar for each firm, and the appropriability regime will only 
vary slightly based on the patents owned by the firm.
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Telecom standards create a fixed time-frame for which the design paradigm is set. Additionally, 
patent licensing deals are often an elaborate process which can take several years to be agreed 
upon. Therefore the case studies will be done during a fixed timeframe. OSS activities in wireless 
network operations are relatively new and are primarily possible due to the introduction of software 
defined networking around 2010-2011. The most current standard is 4G, which was first released 
in 2010. The timeframe under study will be 2010 - 2015.

Selecting cases with a very similar context allows for an analysis and comparison of company 
specific characteristics and differences. The goal of the case study is to provide generalization to 
expand and generalize the theoretical propositions as stated in Section 2.6, and not to enumerate 
frequencies for a statistical generalization (Yin, 2009). Therefore, the cases will be selected to 
reflect significant differences in characteristics, while having a highly similar context.

3.1.1 Case selection
The units of analysis are the individual firms within the telecommunications industry. In selecting 
the units to be studied a number of factors have to be taken into account. The first one is the 
access to potential data, as you cannot study a case for which no data is available to you. The 
second aspect to consider is the likelihood of the case illuminating the research questions, when 
multiple cases are available this is the determining factor. When no case can be found which can 
shed light onto the research questions a researcher should consider changing the questions (Yin, 
2009).

The cases were selected based on a number of criteria related to the research model as described 
in Section 2.6. In order to create a complete view of Open Source behavior in the 
telecommunications industry firms have been selected based on differences in the complementary 
assets they own, SEP ownership, and data availability. The first thing considered was the 
complementary assets owned by the cases to ensure that firms from all levels in the supply chain 
were represented. Additionally, contrasting cases in terms of SEP ownership were selected. For 
network providers this was not possible as none of the large network providers owns a significant 
patent portfolio directly related to the telecom standards.
For technology innovators Ericsson and Qualcomm have been selected. Studies have shown that 
these companies with Nokia own over 70% of all SEP to 3G technology. Nokia has been excluded 
from analysis because it underwent a series of acquisitions, mergers and corporate restructuring 
over the past years making the firm impossible to compare year-on-year.

While Ericsson also specializes in equipment manufacturing, studying a firm in this area that does 
not own SEP can offer interesting insights. Cisco is a large manufacturer of internet related 
hardware, including carrier-grade equipment. According to the ETSI IPR database Cisco owns only 
1 patent family relevant to 3G. Compared to the over 800 patent families relevant to 3G, the effect 
of this single family on Cisco’s position can be neglected. 
The selected network operator is Telefónica. This firm is the seventh largest operator (in terms of 
subscribers) active in multiple distinct regions with standardized income statements available from 
2000-2015. While there are larger operators such as China Mobile and Vodafone, these firms are 
either only active in limited regions, or have no distinct Open Source strategy. From the top 10 
largest operators Telefónica is the first firm on the list to have both. 

Apple was selected as a contrasting case to Qualcomm, while Qualcomm is not producing their 
own smartphones, it is producing the chipsets used in these phones for the majority of Android 
based smartphones. Whereas Ericsson and Cisco are more focused on the business side of the 
telecom industry, Qualcomm and Apple are building the consumer products.
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The selected firms provide a mix of innovation specialist firms located in the top of the supply 
chain, more vertically integrated firms, and firms focused on the final stages of the supply chain. 
Naturally the innovation specialist firms will have a larger amount of SEP than the firms 
downstream of the supply chain, while the downstream firms are stronger positioned in regard to 
complementary assets. 

5 Companies have been selected for the case studies, active in 7 underlying technology standards. 
Some of these standards are de jure standards, such as those developed at ETSI and 3GPP, while 
others are software packages which have become a de facto standard. Not every company has a 
stake in each of the standards, but for some standards such as Network Functions Virtualization 
both Ericsson and Telefonica own a portion of the IP.

The five different companies present very different cases in terms of SEP ownership and the 
complementary assets each firm deploys. Table 6 provides an overview of the complementary 
assets owned by each firm. Further discussion of complementary assets per firm can be found in 
the respective case studies.

While Ericsson owns a significant stake in the GMS/3G/4G standards, and Android at some level is 
using these standards, Ericsson is not involved with this project. So even though Ericsson owns IP 
covering these standards, the standard will not be observed for Ericsson. Moreover, Ericsson’s 
patents primarily focus on the network provider side of the technology, whereas Qualcomm is more 
specialized on modems for mobile devices. Qualcomm is actively contributing some of its IP 
related to GSM/3G/4G to Android, which is why the combination of these two will be analyzed for 
this company.

3.1.2 Data collection
“The case study inquiry copes with the technical distinctive situation in which there will be many 
more variables of interest than data points, and as a result relies on multiple sources of evidence, 
with data needing to converge in a triangulating fashion, and as another result benefits from the 
prior development of theoretical propositions to guide data collection and analysis” (Yin, 2009, p.
66).

TABLE 3: OWNERSHIP OF COMPLEMENTARY ASSETS

Standard ERICSSON QUALCOMM CISCO TELEFONICA APPLE

Software Defined Networking x - x - -

OpenStack x - x - -

Web standards - x - - x

GSM/3G/4G x x - - -

Network Functions 
Virtualization

x - - x -

iOS - - - - x

SWIFT - - - - x
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While the case study is often regarded as a qualitative research method (Cresswell, 2007), it is not 
limited to this. Case studies do not necessarily rely on the direct and detailed observational 
evidence marked by other forms of qualitative research, and some case studies use a mix of both 
qualitative and quantitative evidence. The main point is to use multiple sources of evidence and 
creating a chain of evidence in order to provide a reliable source of information (Yin, 2009). 

As the context was very similar for the cases the first step of the research was to analyze this 
context. This process consisted of analyzing existing studies on the telecommunications industry, 
market analysis reports, proceedings and publications by the relevant SDOs and patent analysis 
studies. For the individual cases the measurement process consisted of an analysis of data 
stemming from four sources:

(1) Annual reports: the annual reports for each company of 2010 - 2015 have been analyzed to 
gain insights into active business segments, patent activities and strategic goals.

(2) Open Source projects: a number of Open Source projects have been analyzed in order to 
determine the participation of each company and its engagement strategy.

(3) Press releases: for each firm press releases from both the firm, and journalistic inquiries were 
collected and analyzed.

(4) Semi-structured interviews. The goal of the interviews was twofold: at first the interviews were 
used to confirm facts about the companies already discovered during the analysis of the other 
sources. The second goal of the interviews was to uncover new facts specifically regarding the 
Open Source strategy of the firm. An overview of the interview subjects can be found in Table 
3. The transcripts of the interviews can be found in Appendix B.

During the research the researcher was embedded within the IP licensing department at Ericsson, 
which provided generous access to various key decision makers. The majority of interviewees at 
Ericsson were a part of the Open Source Core Team, a team of various professionals in charge of 
any decisions made regarding Open Source within the company. The respondents from Qualcomm 
and Telefonica were chosen based on both accessibility and their position within the company. 
Both respondents were highly involved with any Open Source decision making happening within 
each firm. 

Additionally, during his internship at Ericsson the researcher had the opportunity to participate in 
various strategic meetings from the Open Source Core Team. While the contents of these 
meetings were covered by an NDA it did help the researcher with validating his interpretations of 
the various case studies.
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For each case study a similar case protocol is used. The protocol is designed to move from the top 
technology level to the environmental level, down to the firm level, the resource level and finally to 
the Open Source project level.

3.2 Measurements
Statistical analysis offers explicit criteria for the interpretations of a study’s findings, however this is 
not the case for the case study. In order to increase reliability of case study research a case study 
protocol has to be developed. The protocol is intended to guide the researcher in carrying out the 
data collection (Yin, 2009). Because of the wide variety of data and sources the researcher has to 
have a specific predetermined method to interpret the collected data. The model developed in 
Section 2.7 describes the different variables under study and is the guideline for interpreting the 
data from each case study. This chapter describes the methods for measuring and interpreting 
each variable.

Openness of the standard
Following the classification by Krechmer (2005) as discussed in Section 2.3.4 the openness of a 
standard is measured on ten different characteristics. The complete list of measurement items and 
their values can be found in Appendix A.

The original measure defined by Krechmer (2005) also included a measure for the IPR policy. 
However, this measure does not result in a strong differentiation between royalty-free and FRAND 
based standards, as the overall difference in score can be as small as only 1 out of 18 points. In 
reality this has a very strong impact on how the openness of the standard is perceived, especially 
from an implementer’s and user’s perspective. 
Because of this reason, and the fact that the appropriability regime will be measured as an 
individual variable I have decided to exclude this measure from the original list and not regard it 
here. 

TABLE 3: OVERVIEW OF INTERVIEWS

Interviewed Position Date Duration

Gunnar Nilsson (1) Open Source Strategies, 
Ericsson

27-06-2016 60 minutes

Magnus Karlsson Expert Open systems 
software architecture, 
Ericsson

07-07-2016 80 minutes

Christian Hoymann Senior Research 
Engineer, Ericsson

29-07-2016 45 minutes

Gunnar Nilsson (2) Open Source Strategies, 
Ericsson

21-09-2016 30 minutes

Jimmy Ahlberg Defensive IPR Strategist, 
Ericsson

11-10-2016 50 minutes

Eduardo Fullea Intellectual Property & 
Standards Specialist, 
Telefonica

20-10-2016 50 minutes
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Design paradigm
The design paradigm is an ongoing temporal construct. Over time a dominant design emerges and 
gains increasing popularity, until a new design emerges which gradually cannibalizes on the 
existing paradigm. The majority of technology standards in the Telecommunications industry are 
defined by either ETSI or 3GPP. Their standardizations processes ensure that both the pre-
dominant and the dominant phase are very structured. During the pre-dominant phase companies 
compete with one another to contribute to the standard. The ‘winner’ is chosen by the members of 
the SDO through consensus, and once a ‘winner’ is chosen that technology is accepted into the 
standard. Once the specification for the standard is finished it is published, and because of the 
global dominance of ETSI and 3GPP this new standard is generally accepted as the new dominant 
design paradigm. Commonly these design paradigms are locked in place for anywhere from 5 to 
10 years, e.g. we are still using the GSM standard which was created in 1991.

However, not all technologies used in the Telecommunications industry are standardized through 
the SDOs. Others are under development by SDOs but have not been published, while there are 
already different implementations available in the market. For completed standards created by 
3GPP and ETSI we can assume that these are the dominant design, as nearly all market players in 
the telecom industry are a member of these SDOs. However, measuring the adoption of a 
dominant design for the other technologies is fairly difficult. 

For example, the Software Defined Networking standard developed at the Open Networking 
Foundation is being adopted by some players in the market, but the foundation does not have 
nearly as many members as ETSI and 3GPP. As this is a technology that is situated at the core of 
a network this is not something you can determine by looking at the network from an outside 
perspective. 

For the majority of technologies it is possible to determine if it currently is a dominant standard, or if 
it is in the predominant phase. As a rule of thumb, a technology is in its predominant phase as long 
as there are still other technologies being used in the market in significant numbers. However, not 
for every technology statistics can be found for its market share over the past years. Even then 
these statistics are a rough estimate often made by interest groups lobbying for one of the 
technologies.

Appropriability Regime
The appropriability regime is primarily dependent on the legal protection mechanisms in place. 
These mechanisms are dependent on the jurisdiction of the operations. When Teece first 
introduced his PFI framework in 1986 there were a lot of differences between the jurisdictions 
worldwide. However, through the establishment of the European Union and the emergence of 
many global trade deals there has been a convergence of appropriability regimes. Yet, today there 
are still differences in what types of software patents can be registered in the EU and the US. In 
general the US allows for a wider registration of patents than the EU. Because all the selected 
cases are active globally, and the relevant OSS projects are either hosted in the US or the EU with 
very similar legal appropriability regimes this will be considered as a constant factor for all cases.

However, the technology standards embedded in the case studies are all developed in different 
SDOs or consortia. Each of these organizations has their own IPR policy, outlining the extent to 
which contributors can protect their IP. Drawing from the measures presented by Krechmer (2005). 
we can define the IPR policy as follows:

Open IPR: the extend to which IPR related to the standard is available to implementers. This 
practice defines the cost of the IPR to the implementer. While commercial licensing is the least 
open process, it may not be more costly than the RAND approach.
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1. Commercial licensing with non-disclosed licensing agreements between IPR holder and 

implementer.
2. Commercial licensing on an open basis for complementing products
3. RAND based licensing on specifications of both the technology and the interface
4. RAND based licensing on the technology but not on the interface

5. Fully open, non-protected specifications.
Even though these commitments are not mandated by law, they represent legal binding contracts 
and have been considered as such in various court cases. The IPR policies are ranked from ‘weak’  
to ‘tight’ in accordance with Teece’s classification of the appropriability regime.

Complementary assets
Teece distinguishes between specialized and generic complementary assets. However, 
determining which specialized assets are the most influential for a technology is difficult, as not all 
assets are equal. Moreover, not all specialized assets are necessarily more valuable than generic 
assets, in some cases the specialized asset is required to partake in the market, but does not 
provide any added value. All generic assets can be procured by any company at a low cost and 
therefore do not provide any competitive advantage. 

To date, not many studies have tried to present a measure for Specialized Complementary Assets 
(SCA) across different technologies and companies. This is extremely difficult as firms generally do 
not reveal their assets for individual technologies. Previous studies have distinguished between 
SCA’s such as distribution, industry and market share (Mitchell, 1989), production (Christmann, 
2000), human capital (Colombo, Grili & Piva, 2006; Rothaermel & Hill, 2005), customer 
relationships and market knowledge (Mitchell, 1989; Tripas, 1997; Mitchell, 1992; Rosenbloom & 
Christensen, 1994). However, these studies relied on surveys among managers for their data.

Chiu, Lai, Lee & Liaw (2008) tried to operationalize SCA’s by defining mathematical functions 
describing the relative added value of marketing, production and human capital, following the same 
distinction as Taylor and Lowe (1997). Yet, for this operationalization they rely on a breakdown of 
Cost of Goods Sold which is usually not reported in the financial statements of a company such as 
selling expense, manufacturing overhead and payroll expense.

Teece argues that the profits a firm is able to extract from an innovation is the result of the 
appropriability regime and the complementary assets owned by the firm related to a specific 
technology. The measures described above provide an approximation of the total set of SCA’s 
owned by a company. However, as a company often interacts with many different technologies 
such measures are not useful when looking at the technology level. However, it is not possible to 
create a more detailed measure for SCA’s specifically related to the different technologies due to 
several reasons. For one, the majority of technologies are intertwined and SCA’s are not isolated to 
just one of these technologies. Therefore it is also very difficult for the companies themselves to 
allocate specific assets to a specific technology. Even using a survey to let managers indicate the 
amount of SCA’s owned by the firm to a specific technology will deliver skewed results, as this is a 
rather subjective indication.

As it is not possible to create a high-level measurement operationalization for SCA’s, this variable 
will be measured using a simple binomial measure. For each technology a qualitative assessment 
will be made on whether the SCA’s owned by the firm are either ‘generic’ or ‘specialized’. This 
classification will be made by looking at the amount of competitors that own the same or similar 
assets, and the interviewees will be asked to make the same assessment for their companies.
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Appropriation profile
The appropriation profile is dependent on a firms’ attitude towards appropriability. These attitudes 
are commonly referred to as ‘defensive’ or ‘offensive’ strategies (Arundel & Patel, 2003). These 
strategies are primarily reflected in the patenting activities of a firm and its subsequent use of the 
patents.

Firms with a defensive strategy are primarily focused on ensuring that they can do their business. 
This will either result in operating in a patent-free domain, licensing proprietary technologies from 
third parties, or filing for basic patents in order to protect the firm’s products.

Firms with an offensive strategy are actively using patents to gain a competitive advantage. This 
results in the creation of patent thickets that prevent others from producing products related to the 
base technology and actively seeking out patent infringers and negotiating licensing deals. These 
firms often employ legal teams in charge of IP commercialization and are vocal about their patent 
portfolio’s.

Resource characteristics
The VRIN characteristics are measured at project level. The nature of the technology is an 
important factor when measuring rareness, inimitability and non-substitutability. However, as 
described in the RBV, the value is the most important characteristic of a resource.

Value and Rareness
The value of a resource lies in its ability to neutralize threats and enable company to exploit 
opportunities that arise in a business environment, i.e. resources are valuable if they enable a 
company to design and implement strategies that improve its efficiency and effectiveness. In Open 
Source projects this value can be derived by gaining access to a necessary resource, or leveraging 
the OSS to either ensure a cost reduction, or increasing the value of another resource. This value 
has to be regarded based on an internal analysis of strengths and weaknesses of the firm. As a 
result this assessment is more a qualitative one than a quantitative one. The value of the resource 
is its most important characteristics, i.e. the other characteristics do not matter if the resource is not 
valuable.

The remaining characteristics are less subjective. On the subject of rareness, Barney states “as 
long as the number of firms that possess a particular valuable resource (or a bundle of valuable 
resources) is less than the number of firms needed to generate perfect competition dynamics in an 
industry, that resource has the potential of generating a competitive advantage” (Barney, 1986, p.
107). In other words, a resource can be regarded ‘rare’ if the resource is not easily available to all 
players in the market.

The rareness of the software is highly dependent on the nature of the used technology. As 
described in Section 2.3 software can be classified as infrastructure, middleware, or application 
type software. For infrastructure the underlying functionality is common engineering knowledge, as 
infrastructure software provides basic functions used by a wider set of other software packages. 
Hence, infrastructure software is very common in the market and available to all players. 
Middleware software is less abstract, providing more specific functions. However, the functionality 
provided by middleware is more of a supporting nature, such as database management. While this 
is not as generic as infrastructure type software, it is still not a usable product for an end user. 
Finally, application-type software provides the most specific functionality. The software is designed 
to perform a predetermined set of tasks with a clear intended goal, e.g. a calculator app on your 
phone, or the software driving machines in a factory. Due to the high specialization of this software 
it is often custom build for a single company and as a result is very rare.
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The overall assessment of Value and Rareness is strongly qualitative, therefore this measure will 
be regarded as such. The Value and Rareness will be coded as either ‘none’, ‘valuable’, or 
‘valuable & rare’. For the cases where interviews are possible the respondent will be asked to rate 
the strategic value of the resources included in the case studies. For the Cisco and Apple cases 
this is not a possibility, therefore the researcher will have to make an interpretation of this value 
based on the presented data.

In-imitability and Non-substitutability
Imperfect imitability is uncommon in the software industry. Reverse engineering software 
functionality once it has been created is a trivial exercise compared to creating it in the first place. 
While it is possible to treat software as a trade secret, this is not the case in the industry under 
study. As the software functionality is either described in the standards, or sold to multiple 
companies. In order to keep the software a trade secret the software should be developed and 
used exclusively within the same company. 

The main deterrent against imitation and substitutability in software is patents. However, not al 
software is patentable. For software not covered by patents the imitability / substitutability varies 
based on the type of software as described in Section 2.3. The more is known about the underlying 
functionality of the software, the easier it is to substitute, hence following categories described in 
Section 2.3 infrastructure type software is at the higher end of substitutability, application type at 
the lower end, and middleware in between. 

Open Source Strategy
As described in Section 2.6, four primary Open Source strategies can be identified. For each 
strategy subsequent business models were defined as described in Table 5. Measuring the 
strategy pursued by the company is based on a qualitative assessment of their activities.

TABLE 5: OPEN SOURCE SOFTWARE STRATEGIES

Strategy Business model Description

Self-Service Community Source Consortia of end user organizations or institutions jointly 
develops application to be used by all.

Deployment

Subscription
Revenue derived from annual service agreements bundling 
open source software, customer support and certified 
software updates delivered via Internet.

Professional services 
/ consulting

Revenue derived from professional services, training, 
consulting, or customization of open source software.

Support Revenue derived from sale of customer support contracts.

Hybridization

Dual license
Vendor licenses software under different licenses (free 
“Public” or “Community” license vs. paid “Commercial” 
license) based on customer intent to redistribute.

Proprietary 
extensions

Firms broadly proliferate open source application and 
monetize through sale of proprietary versions or product line 
extensions.Variants include mixed open source/proprietary 
technologies or services with free trial or “community” 
versions.

Complements Device Vendor sells and supports hardware device or appliance 
incorporating open source software.

Source: Adapted from Per, Sullivan and Appleyard (2006)



Page �  of �29 61

3.3 Case studies
Comparison within the case and between cases is at the heart of the comparative approach. The 
dimensions to be compared are defined by the theoretical model set forth in Section 2.7. In order to 
provide a unified case description a case protocol has been developed. The protocol outlines the 
structure which is used for each case description and shows analytical steps for each of the cases. 

Every case study follows the same structure, starting with a general introduction to the company, 
followed by an in-depth description of each standard the company is engaged with following this 
structure:

(1) Standard description
(2) Measures describing the standard

1. Openness of the standard
2. Design paradigm
3. Appropriability regime

(3) Measures describing the company’s configuration towards the standard
1. Complementary assets
2. Appropriation profile

3. Measures describing the specific software resource
1. Value and Rareness
2. Inimitability and Non-substitutability

4. Adopted Open Source strategy

3.3.1 Case comparison
Cross-case analysis involves a pattern matching logic, which encompasses comparing patterns 
between the cases to see if they are similar or different as a step in explaining observed processes 
or behaviors (Yin, 2009). While case study analysis cannot be performed through statistical 
methods, the propositions describe what patterns are expected for each proposition. These 
patterns can take four different forms:

- Probabilistic: A probabilistic relationship describes a type of relation where any change in 
variable A will likely result in a proportional change in variable B. While this may not be true for 
each individual case, when measured over many instances, an increase in the average of 
variable A will result in a proportional change in the average of variable B.

- Deterministic: A deterministic relationship describes a type of relation where any change in 
variable A will result in a proportional change in variable B. 

- Necessary: This is a deterministic relationship for binary variables. Variable A can either be 
present or absent, and the effect B can also be either absent or present. In a necessary 
relationship, effect B cannot occur if variable A is absent.

- Sufficient: This is also a deterministic relationship for binary variables. In a sufficient relationship, 
the presence of variable A will always result in the presence of effect B. While effect B cannot be 
absent while A is present, effect B can manifest without the presence of A.
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The data analysis for deterministic relationships consists of comparing the ranking according to the 
values of the independent variable with the ranking according to the value of the dependent 
variable. If the two rank orders are exactly the same (same order of cases), the hypothesis is 
confirmed. If the rank orders differ, it must be determined whether the difference is such that it can 
be concluded that the two rank orders have no relation to each other, or that the rank orders have 
the same tendency (Dul & Hak, 2008).
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4. Case studies
This chapter presents the data derived from the five case studies. As the case studies are highly 
dependent on their shared context this chapter starts with an analysis of these contextual factors. 
The first factor regards the mobile telecommunications standards, the openness of the 
standardization process and the dominant design over the years. The other contextual factors are 
the design paradigm, the complementary assets and the appropriability regime.

The second part of this chapter focusses on the five individual case studies. Each case is studied 
in terms of the PFI framework and its Open Source strategy. In the final section of this chapter the 
emerging patterns in the case studies are discussed.

4.1 Ericsson
Ericsson is a Swedish multinational networking and telecommunications equipment and services 
company. Together with Nokia, Ericsson was one of the driving forces behind the development of 
GSM and the firm owns about 39,000 patents mostly related to mobile broadband technology. The 
company’s main business is in the supply and servicing of mobile broadband networks. Ericsson is 
the market leader in mobile network suppliers, providing the networks for about half of the world’s 
mobile broadband operators. Up until 2012 Ericsson held 50% shares of the Sony-Ericsson joint 
venture which was aimed at the manufacturing of mobile phones. Currently the company is 
primarily focused on developing and providing network services and operations.

The company reports on three business segments: Networks, Global Services and Support 
Solutions. Networks represented 50% of sales in 2015 and covers all activities related to delivering 
the products and solutions that are needed for mobile and fixed communication. There is a shift 
from hardware-based networking to software defined networking, but despite a decreasing share of 
total revenue hardware represents about two-thirds of sales in the segment. The main competitors 
in this segment are Huawei, Nokia/Alcatel-Lucent and ZTE.

Global Services is focused on network rollout services and professional services. In 2015 the 
segment represented 44% of net sales, of which 2/3 are recurring revenues derived from services 
(Ericsson, 2016). Network rollout is a low margin business. Professional services deals (among 
other things) with the services to networks that serve more than 1 billion subscribers in 
approximately 100 countries. These networks are typically multi-vendor, with more than half of the 
equipment deriving from non-Ericsson equipment. Major competitors include Accenture, Huawei, 
IBM, and Nokia/Alcatel-Lucent (Ericsson, 2016).

Support Solutions represented 6% of net sales in 2015. The business segment develops and 
delivers software-based solutions for operations support systems (OSS) and business support 
systems (BSS), TV and media. OSS deals with the operational management of a network, such as 
network configuration, fault management and network optimization. BSS deals with the business 
management of a network such as customer and revenue management. In TV and media, 
Ericsson works to enable operators and content owners to efficiently deliver and monetize video 
content. Up to 2012 this segment was called Multimedia. The decline in operating margin in 2014 
is primarily due to increased operating expenses related to the ramp up of investments in targeted 
areas (Vestberg, 2015) and decreased spending by wireless operators to prepare for spectrum 
acquisitions.
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Ericsson’s first major contribution to the Open Source community was the release of Erlang in 
1998 (Erlang, 2016). However, this release was more the result of inner-company politics and a 
decision to discontinue the use of the programming language within the company than a conscious 
decision to create an Open Source project (Nilsson, 2016). Between 1998 and 2012 the company 
has not had any real engagement with Open Source projects. While some OSS was being used 
within the company there was no internal policy about Open Source and the company did not 
make any significant contributions to Open Source projects (Ahlberg, 2016). During this period 
Ericsson was primarily leveraging OSS for their own products: “Ericsson is adapting its products 
and work processes to take advantage of opportunities afforded by open-source software. In 
particular, the Linux operating system (OS) has become an important component for 
Ericsson” (Mygind, Hylsberg, and Swirtun, 2006, p.1).

Over the past years Ericsson has taken a more active stance on Open Source and the number of 
projects the company is involved in has increased. This shift in attitude is primarily due to an 
increased customer demand for the firm’s participation in different projects. These projects are 
primarily aimed at software infrastructure, and the firm has recognized that it's differentiating 
capabilities lie primarily in hardware products and software applications (Nilsson, 2016). 

Ericsson has selected specific Open Source projects in the network infrastructure stack to engage 
with. Among others, these projects include Openstack, OpenDayLight, and OPNFV. “Ericsson 
participates in projects really related to the NFV space: OPNFV, Openstack, OpenDaylight, 
OpenVswitch, the foundational projects is where we keep our focus. We also participate in ONOS, 
the new FDI.io the OpenO project in MANO” (Price, 2016). Ericsson was a founding member of 
both OpenDayLight (in 2013) and OPNFV (in 2014). One of the reasons for joining was that the 
company views that the software functions will be a commodity, no matter what Ericsson does. 
Hence, Ericsson aims to provide input and ensure the quality of the project as many of its clients 
will be working with it (Karlson, 2016).

Ericsson has a large patent portfolio covering the telecom standards and litigation history of the 
company suggests that this portfolio contains strong SEP to the different wireless standards and is 
following an offensive strategy. Large players such as Samsung and Apple have settled in the past 
years with Ericsson over licensing fees. While the details of the settlement are not disclosed, 
Ericsson’s shares rose significantly after both deals indicating a favorable outcome for the firm 
(Johnson, 2014; Nordenstam & Swahnberg, 2015). The firm reports having patent licensing 
agreements with over 100 players in the telecommunications industry. Average patent licensing 
revenue of Ericsson was $1,200 million over the past five years, which represents about 3.8% of 
the firm’s average annual revenue. However, for Ericsson creating these licensing agreements is a 
difficult endeavor; the majority of manufacturers will not approach Ericsson for a licensing 
agreement and most of them will fight any licensing deal for as long as possible.

Analysis shows that Ericsson owns about 20% to 25% of declared SEP to GSM, 3G and 4G and a 
study published by the Signals Research Group suggests that this number could be higher. On 
behalf of Ericsson the company analyzed all contributions made by companies in the 3GPP 
meetings that were eventually approved and submitted to the standard. As companies do not share 
any contributions that are not protected by IP it can be assumed that these contributions are 
strongly correlated with SEP ownership. According to this research Ericsson had the highest 
amount of approved contributions to both 3G and 4G (Signals Research Group, 2010). However, 
precise numbers are not published in the report.
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4.1.1 Network Functions Virtualization
Over the past decade development has started on separating the software functionality from the 
hardware in networking equipment. Traditionally software was tied in with hardware and adding 
functionality to a specific region meant placing additional physical hardware at the local network 
nodes. By separating the software from the hardware it becomes possible to operate the software 
in the cloud, on a centralized location. As a result adding new functionality no longer requires the 
placement of physical equipment, instead the functionality is run in a virtual server in a datacenter, 
which can be added and configured remotely. This development is called Network Functions 
Virtualization (NFV). The network functionality that is virtualized includes among others firewalls, 
switching, domain name service (DNS), content delivery networks and load balancing.

Commonly these functions are created by many different vendors and within one network it is 
possible to simultaneously rely on functions from different manufacturers. The software to create 
and manage these different NFVs is called Management and Orchestration (MANO) software. 
Currently there are already proprietary MANO products available in the market, but as these need 
to be able to interact with software from a variety of vendors this requires a certain amount of 
customization. Therefore, ETSI determined there was a need for a standardized interface and 
configuration for the different functions and MANO implementations. In November 2012 ETSI 
started a new project (ISG NFV) focused on developing a NFV and MANO standard. 

Openness, design paradigm and appropriability regime
The NFV standard is being developed by ETSI, which was one of the cases studied and assessed 
by Krechmer (2005). Historically, ETSI has a very open approach to its standardization efforts. 
specifications and work-in-progress documents are published for free on their website, and the 
entire process is built upon democracy and consensus. However, to view all decisions, minutes, or 
to participate in the meetings firms have to pay to become a member. While Krechmer (2004, p8) 
rates ETSI at 14 out of 18 points, I have removed the IPR measure from the equation. Correcting 
for this alteration results in an overall openness score for ETSI of 10 out of 13 points.

The most significant development in terms of openness at ETSI is the launch of a pilot Open 
Source project in February 2016. This Open Source project is called ETSI Open Source Mano 
(OSM). While the project is closely related to the standardization activities on NFV, the work is 
regarded as a reference implementation or testing grounds for the standard. However, companies 
participating in the NFV standardization process are not obligated to participate in the Open 
Source project. The Open Source project is licensed under a royalty free policy, however, this 
policy only applies to the project, and not to the standard which is why the openness score is not 
adjusted.

Currently the technology is in the pre-dominant phase. While standardization development is 
underway, the standard is not yet completed and multiple proprietary solutions are being deployed 
in the market (Karlson, 2016). Additionally, there are several Open Source projects focusing on 
different NFV aspects, such as ETSI OSM, Open-O, and OPNFV. 

Up until the start of the ETSI NFV standardization the technology was completely proprietary 
without any additional IPR policies limiting the appropriability regime. Companies such as Ericsson 
and Huawei own patents covering NFV and negotiate commercial licensing deals with infringers 
which are covered by an NDA. However, through the ETSI NFV standard all SEP are committed 
under FRAND conditions. As ETSI has a very strong global position this will have a strong 
influence on the overall appropriability regime once the standard is completed.
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Complementary assets and appropriation profile
Ericsson owns a number of specialized assets in the NFV space. The company has created its 
own NFV management and orchestration software, supports operators in integrating different 
NFV’s from different vendors and the firm manufactures its own networking hardware to interact 
with the NFV functions (Ahlberg, 2016). Hence, Ericsson can be classified as having SCA’s for 
NFV.

A large part of Ericsson’s business is dependent on network rollout and services, accounting for 
44% of the total revenue in 2015 (Ericsson, 2016). While network rollout is typically a low margin 
business, professional services deals are not. Ericsson provides professional services for networks 
in approximately 100 countries serving over 1 billion subscribers. As these networks are typically 
multi-vendor, with more than half of the equipment deriving from non-Ericsson producers, a large 
part of these services consists of integrating the different network functions (Ericsson, 2016).

With the development of NFV, Ericsson has created its own NFV MANO software called Ericsson 
Cloud Manager (Nilsson, 2016). Additionally, Ericsson owns and sells a large variety of different 
virtualized network functions, and the required node hardware. For Ericsson this segment 
represents an important part of their business, and as it was one of the early adopters developing 
NFV software it owns a significant IP portfolio covering the standard currently under development 
at ETSI. Before the standardization efforts launched Ericsson’s profile was primarily defensive. The 
patents were primarily aimed at defending Ericsson Cloud Manager, and were not used to actively 
seek licensing fees (Nilsson, 2016). However, with the ETSI NFV standardization ongoing, the 
company is actively contributing to the standard and filing it’s SEP committing it under FRAND 
conditions. Once the standard is finalized the IP owned by Ericsson will not be exclusively used by 
its clients anymore, and the company will shift towards a more offensive profile.

Resource characteristics
Value and Rareness
Ericsson owns both valuable IP and complementary assets in the space of NFV. The MANO 
software currently being sold by Ericsson is facing direct competition from ETSI OSM, and would 
Ericsson be contributing to this Open Source project, it would be undercutting its own position in 
the MANO space (Ahlberg, 2016). As a supplier of complete mobile networks and its management, 
MANO is a key aspect to this offering. MANO software can be consisted as middleware software, 
as it provides the interfaces between the different virtualized network functions and the actual 
infrastructure. Based on these characteristics I consider NFV/MANO to be important and valuable 
resources for Ericsson.

Inimitability and Non-substitutability
Thanks to the patents owned by Ericsson there is a certain degree of inimitability and rareness to 
the software (Nilsson, 2016). Yet, there are multiple different MANO software vendors in the 
market, and as the software is not standardized, these are not always infringing upon these 
patents, therefore there is some substitutability to the software. The publication of the ETSI NFV 
standard will change this and make all NFV/MANO packages conform to the same technologies, 
but at the same time the ETSI IPR policy will apply to all patents, making them available to all 
players in the market.

I have rated the IN characteristics as medium, since the high level of customization needed for 
each client results in a very strong lock-in effect. While clients are browsing for solutions there are 
a few competing options, but after the investments has been made the lock-in effect will result in a 
much stronger level of IN characteristics.
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Adopted Open Source strategy
Ericsson is not engaging with the ETSI OSM project (Ahlberg, 2016). I found that the company 
owns a significant patent portfolio covering the technology, and is strongly dependent on licensing 
its patents and software to its clients. This combined with the fact that ETSI OSM is licensed under 
the Apache V2.0 license, makes it unfavorable for Ericsson to engage with this project. Therefore I 
conclude that the firm has adopted a proprietary strategy for its NFV/MANO activities.

4.1.2 Software Defined Networking
Software Defined Networking (SDN) is similar to NFV in that it is also a separation of software 
functionality from the networking hardware. However, SDN is focusing on a different layer of the 
architecture. While NFV is focusing on specific functions within the network, SDN is looking to 
virtualize the control of the network itself. The standard for SDN is called OpenFlow, which is 
developed by the Open Networking Foundation (ONF), additionally there is an Open Source 
project aiming to create an OSS implementation of the standard called OpenDayLight.

Openness, design paradigm and appropriability regime
The OpenFlow standard is developed by the ONF which is a nonprofit funded by companies such 
as Deutsche Telekom, Google, Microsoft and Facebook specifically created to promote and 
develop SDN. Anyone can become a member of the ONF, but you have to pay to become a 
member (ONF, 2015). The organization is based on democratic principles and consensus, and 
both the standards and work in progress documents are available for free on the website (ONF, 
2016a). While the ONF has a more open policy regarding its internal documents, it is not a 
globalized standard, which is why its overall score ties with ETSI at 10 out of 13 points.

While not all telecom players are active in the ONF, it is currently the only SDO working on SDN 
standardization, additionally all major networking hardware manufacturers are a member of the 
foundation. Hence, while not all players may be using SDN, the ONF standard is the sole standard 
for SDN and is thereby the dominant design.

The ONF has a royalty free licensing policy, subject to a defensive suspension (ONF, 2016b). 
Under these condition none of the contributing firms is able to license its patents under any other 
terms than royalty-free. Hence the appropriability regime can be considered completely open, 
scoring a 5.

Complementary assets and appropriation profile
While Ericsson was one of the first companies to create an SDN-based switch, this was the result 
of a cooperation with Websprocket, with Ericsson primarily providing the hardware and 
Websprocket providing the enabling technology (Business Wire, 2001). Hence, Ericsson primarily 
owns assets related to the hardware side of SDN. However, SDN is a development that is not 
specific to the Telecommunications networks, rather it can be found in all different types of physical 
networks such as large university / corporate networks, in datacenters, and at all kinds of 
operators. All the major networking equipment manufacturers are members of the ONF and 
provide similar hardware as Ericsson for SDN. Therefore I classify these assets as generic.

SDN originates from Universities, rather than companies, and Ericsson only became involved to 
supply the hardware for this functionality. As a result Ericsson does not own any significant patents, 
and the technology is not regarded important to Ericsson’s portfolio (Karlson, 2016). While the 
company overall has a very offensive profile, for this specific technology they follow a more 
defensive approach (Ahlberg, 2016).
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Resource characteristics
Value and Rareness
The project is of some strategic value to the firm through complementarity, e.g. Ericsson delivers 
both hardware and software related to the software. The company builds the switches 
implementing SDN, and delivers network management software which is for some part dependent 
on OpenDayLight. However, this service is provided by a number of large competitors such as 
Huawei, IBM, Accenture and Nokia/Alcatel-Lucent (Ericsson, 2016). SDN is not a technology 
where one firm has a strong position, rather it is a commodity (Karlsson, 2016). Therefore I have 
rated the value and rareness for SDN as none.

Inimitability and Non-substitutability
SDN software development was primarily driven at universities, putting the majority of knowledge 
into the public space. Currently many different firms are pursuing SDN developments, 
OpenDayLight alone has around many corporate members that are prominent actors in the 
network management space (i.e. Nokia, Huawei, Juniper, Cisco, ZTE, Brocade, etc.). The IPR 
policy of the Open Networking Foundation prevents any exclusivity to the technology. Moreover, 
the software is an infrastructure type software, therefore I have rated SDN to score low on these 
characteristics.

Adopted Open Source strategy
Ericsson is pursuing both a hybridization and a deployment strategy for OpenDayLight. The firm 
incorporates some aspects of OpenDayLight in its proprietary solutions, and offers to build it into 
existing networks for its clients. “Ericsson is virtualizing all of the portfolio for network functions, 
we’re building a complete infrastructure for cloud and NFV. We’re building a complete SDN 
portfolio based on openness, based on OpenDaylight. On top of that we’re leveraging our service 
capabilities as a system integrator” (Häglund, 2015). While the company is also offering hardware 
devices that are able to incorporate OpenDayLight, these devices are capable of running various 
software packages and are not dependent on OpenDayLight for their functionality. Therefore I have 
not regarded this as a complementing strategy but a mix of hybridization and deployment strategy.

4.1.3 OpenStack
OpenStack is OSS for the management of cloud-infrastructure. The software was first developed 
by NASA and Rackspace and was released under the Apache V2.0 license in 2010. A ‘cloud’ is 
located in a datacenter, on a large number of different servers. Each individual server runs 
software that allows to run multiple virtualized servers on the hardware. In the past, every single 
physical server had to be configured independently, making for a large overhead in datacenters. 
OpenStack connects to the virtualization software and allows users to configure multiple physical 
servers from a single interface, reducing this overhead.

While there are proprietary alternatives available, these are owned by competitors such as 
Microsoft (Azure) and Amazon (AWS). Cloud management software plays an integral part of 
transforming a datacenter containing numerous individual servers into a cloud operating as a 
single entity. 

OpenStack is not based on a singular standardized technology. Therefore it is not possible to look 
at a specific technology or SDO to analyze. However, OpenStack itself can be considered a 
standard in the market, and development is organized through the OpenStack foundation. This 
foundation is supported by over 150 companies worldwide and behaves much like a SDO. It’s 
processes are organized through a technical steering committee and different user groups.
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Openness, design paradigm and appropriability regime
While OpenStack foundation has a board of directors and a technical steering committee, the 
design process is very open. Every six months a design summit is organized which is open to 
anyone. During this summit the roadmap for the next six months is determined. All source code is 
Open Source and all development can be tracked through the open repository (OpenStack 
Foundation, 2016). Participants do not have to pay to become a member before contributing, and 
all proceedings and development is published openly. However, OpenStack cannot be regarded as 
a globalized standard, as there are multiple competitors. Hence overall the project scores 11 out of 
13 points on openness.

There are many competing cloud management platforms in the market, OpenStack is but one of 
them. Hence the technology is still in the predominant phase. Competitors include Microsoft Azure, 
Google App Engine and Amazon EC2 which are running their own proprietary software in their own 
(for-rent) cloud data centers, and VMWare vSphere which can be licensed to run in your own 
datacenter.

While there are many competitors offering cloud-management software solutions, the nature of the 
software is such that it cannot be patented, being to abstract to offer any patentable technologies. 
Moreover, there are a number of Open Source implementations available. The solutions offered by 
Microsoft, Google and Amazon are included when renting space in their datacenters. VMware is 
the traditional market leader, and has been offering a mature product for the past decade, but the 
other implementations are catching up and VMware is losing market share. Hence, the 
appropriability regime can be considered open, with a large degree of knowledge diffusion and a 
low level of legal protection.

Complementary assets and appropriation profile
For Ericsson OpenStack is a tool in their business offering, because of the high customization 
needed for every customer, an internal or open variant of cloud management software is preferred 
over an external proprietary solution. For Ericsson the cloud manager is only a small part in the 
overall system, that they do not develop themselves. Additionally, the company is not selling 
datacenter technology, rather datacenters are a means to deliver their other products (Nilsson, 
2016). Hence the company has no SCAs in the technological area and their profile can be 
considered defensive.

Resource Characteristics
Value and Rareness
On its own, OpenStack does not add any functionality for Ericsson, it is just an infrastructure type 
software that is used to manage its cloud operations. OpenStack is not a source of competitive 
advantage, or a necessity to operate a datacenter. There are both Open Source and proprietary 
alternatives available. Therefore I have rated this resource to have no strategic value for Ericsson.

Inimitability and Non-substitutability
OpenStack is not a patentable technology. Moreover, the software is situated between 
infrastructure and middleware type software. Additionally,there are both Open Source and 
proprietary alternatives available, therefore I have rated the inimitability and non-substitutability as 
low.



Page �  of �38 61
Adopted Open Source strategy
Ericsson is a member of the OpenStack community and contributes to the software. However, 
these contributions are primarily for their own interests, and under the Apache V2.0 license any 
patents owned by Ericsson on the contributions it makes are granted for free and in perpetuity to 
all users of OpenStack. For Ericsson OpenStack is a small software part in their overall offering, 
which is not offering any differentiating value. Hence, the company is primarily using the OSS and 
the contributions are mainly focused on bug fixing or creating interoperability. I have classified this 
Open Source strategy as self-service.

4.2 Qualcomm
Qualcomm is an American multinational semiconductor and telecommunications equipment 
company founded in 1985. The firm pioneered CDMA based cellular technology research in the 
1990s and plays an important role in the development of WCDMA and LTE technology. Qualcomm 
owns a significant IP portfolio covering both technologies, the firm also develops and 
commercializes a number of key technologies used in mobile devices. 

Qualcomm primarily focusses on the design and manufacturing of integrated circuits and system 
software. Qualcomm combines many different components in its chipsets such as CPU, GPU, 
GPS, and mobile modems for wireless communication interfaces such as CDMA, LTE, Bluetooth 
and WiFi. As a result their chipsets form the core of many mobile device and it is currently the 
preferred supplier for Android devices. Qualcomm chipsets and wireless modems can currently be 
found in devices from all major mobile device manufacturers.

Qualcomm divides its business in three segments, Qualcomm CDMA Technologies (QCT), 
Qualcomm Technology Licensing (QTL) and Qualcomm Strategic Initiatives (QSI). All of the chipset 
development and manufacturing activities are organized in QCT. Qualcomm does not own or 
operate any manufacturing themselves, instead production is outsourced to foundries such as 
Taiwan Semiconductor Manufacturing Company, Samsung Electronics Co. Ltd., and United 
Microelectronics Corporation. The main reasons for doing so stem from both technical and 
economic aspects. This strategy allows Qualcomm to have tight relationships with the foundries 
and accommodate for foundry-specific capabilities in their designs. 

Additionally, because Qualcomm maintains the overall chipset design it is possible to enforce 
standardized interfaces and produce specific modules at the most efficient foundries for that 
module. Moreover, the rapid development of chipset manufacturing (Moore’s Law) requires large 
investments in the manufacturing process which Qualcomm now is not subject to. The chipsets 
designed by Qualcomm also include specific software to operate different device components. The 
software is licensed to device manufacturers that use the chipsets in their products. QCT 
represents roughly 65% to 70% of Qualcomm’s revenue, the average annual revenue in QCT in 
the past five years was $1,337 million (Qualcomm, 2016). 

In general, Qualcomm has a primarily offensive appropriation profile, it has a large patent portfolio 
and is actively seeking patent infringers to create licensing deals. The company has the largest 
licensing income in the telecommunications industry. Over the past 5 years Qualcomm received an 
average of $6,900 million in licensing revenue, which represents about 34% of Qualcomm’s total 
revenue (Qualcomm, 2012; 2013; 2014; 2015; 2016).
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Qualcomm only owns a small portion of the patents formally declared as SEP to GSM, 3G and 4G, 
but the firm does own significant patents essential to CDMA. As 3G and 4G technologies in many 
ways incorporate CDMA technologies it can be assumed that Qualcomm has a strong patent 
position in these downstream technologies. Moreover, Qualcomm is the market leader in chipset 
development. Due to this strong position Qualcomm is able to leverage its patent portfolio to 
extract a large amount of licensing revenue.

Qualcomm has the largest revenue from IP licensing in the mobile wireless industry, which is why 
they have made a strong effort to develop an Open Source strategy that protects their IP. The firm 
is very active in Open Source development and is sponsoring several Open Source projects. 
Qualcomm is a platinum member of the Linux Foundation for example. In order to prevent granting 
a free patent license while contributing to these Open Source projects Qualcomm has created a 
‘patent firewall’.

The first step into creating this firewall was a restructuring of its financial holding and subsidiaries. 
In 2012 Qualcomm announced a corporate restructuring which resulted in the creation of QCT, 
QTL and other subsidiaries. In their press announcement the company stated “The change in 
Qualcomm’s corporate structure generally formalizes the way the company has been operating, 
and will continue to operate, its primary businesses. However, the company expects that QTI 
(Qualcomm Technologies Inc.) and its subsidiaries’ product and services businesses will increase 
their work with open source software in the future and this restructuring will, among other things, 
help ensure that QTI and its subsidiaries’ activities do not result in the licensing of any of 
Qualcomm Incorporated’s patents, including its 3G and 4G patent” (Qualcomm, 2012).

One of the projects Qualcomm is a main contributor to is the Android Open Source Project 
(Android). The Contributor License Agreement (CLA) of this project includes a perpetual, no-
charge patent grant to any contributions: “a perpetual, worldwide, non-exclusive, no-charge, 
royalty-free, irrevocable (except as stated in this section) patent license to make, have made, use, 
offer to sell, sell, import, and otherwise transfer the Work” of any submissions made by the 
contributor (Google Inc., 2014).

All Open Source contributions of Qualcomm are made by its subsidiary Qualcomm Innovation 
Center (QuIC), while all of the patents are owned by QTL. Moreover, the licensing agreement 
between QTL and the other Qualcomm subsidiaries states that these subsidiaries are not in the 
position to grant any licenses to the patents owned by QTL. However, the Android CLA states that: 

“For legal entities, the entity making a Contribution and all other entities that control, are controlled 
by, or are under common control with that entity are considered to be a single Contributor. For the 
purposes of this definition, "control" means (i) the power, direct or indirect, to cause the direction or 
management of such entity, whether by contract or otherwise, or (ii) ownership of fifty percent 
(50%) or more of the outstanding shares, or (iii) beneficial ownership of such entity”.

This definition in combination with the clause regarding the patent grant enforces that even though 
Qualcomm has put its IP under QTL and makes OSS contributions through its subsidiary 
Qualcomm Innovation Centre, the different companies are regarded as one. Effectively this would 
mean that Qualcomm would still be granting a free perpetual patent license to anyone using 
Android. To counteract this effect Qualcomm had to go a step further in order to create the patent 
firewall, while still being able to contribute to the Open Source projects.
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In 2009 the firm founded the non-profit Code Aurora Forum which aims to contribute to both 
Android and the Linux Kernel. While Qualcomm has no formal control over the Code Aurora 
Forum, two of it’s subsidiaries are members and QuIC has a permanent seat on the board. As the 
other members are primarily small enterprises Qualcomm has a very dominant position within 
Code Aurora Forum. Due to this structure the Code Aurora Forum is regarded as completely 
independent from the Qualcomm holding, shielding Qualcomm’s patents from any contributions 
made to the Open Source projects by the Code Aurora Forum.

Qualcomm’s contributions to any Open Source project are first made to the Code Aurora Forum, 
which in turn submits them to the Open Source Project. The Code Aurora Forum has also a CLA, 
which makes the Code Aurora Forum full owner of the copyrights to any contributions made to the 
Code Aurora Forum:

“Copyright Assignment. You hereby assign (or shall cause to be assigned) all Copyright rights 
and Copyright interests in and to Your Contributions. Such assignment is made expressly subject 
to any pre-existing non-exclusive licenses or other non-exclusive rights that You have granted with 
respect to any such Contribution. In addition, this Copyright assignment is subject to the Forum 
granting a Copyright grant-back license as set forth below” (Code Aurora Forum, n.d.).

By setting up the Code Aurora Forum in such a way that it becomes the copyright owner before 
submitting to the Android Open Source project, while not having any formal control over the 
foundation, Qualcomm has created a barrier between its patents and its Open Source 
contributions. As a result they are free to contribute software containing patented technologies to 
the Code Aurora Forum, which in turn gets submitted to the Open Source projects such as Android 
and Webkit.

4.2.1 Webkit & web standards
Webkit is an Open Source web browser engine for rendering web pages using Javascript, HTML 
and CSS. These languages are used to create the front-end interfaces of web applications. The 
Webkit engine is used in (among others) Google Chrome and Apple Safari and their mobile 
variants (Bright, 2013). Webkit allows for more advanced rendering of Javascript and CSS 
elements than other browser engines (although, over the years browsers such as Internet Explorer 
have caught up). Webkit has been the driving force behind improving internet browsing on mobile 
devices. Even though Qualcomm is not directly benefiting from their involvement with Webkit, it is 
part of their effort to improve the usability of mobile devices:

“Mobile browsing has become a key application offering users access from almost anywhere key 
services and applications on the Web. However, until recently, browsers have been optimized 
primarily for PCs” (Bapts, 2010). 

By creating a richer browsing experience on smartphones users have started to consume more 
data, and have come to require stronger processors. This change has resulted in an increasing 
demand for Qualcomm’s chipsets.

Openness, design paradigm and appropriability regime
The front-end languages rendered by Webkit are defined by the World Wide Web Consortium 
(W3C). The W3C has implemented five principles of openness in their proceedings describing key 
aspects such as due process, consensus building, transparency, and commitments under FRAND 
conditions. However, the W3C patent policy is based on royalty free commitment and a permissive 
copyright license. Overall the W3C scores 12 out of 13 points on openness.
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The front-end languages are the dominant design. In earlier web development there was 
competition from Flash, Shockwave and Microsoft Silverlight, but with the introduction of HTML 5 
and CSS 3 in 201x these technologies have been replaced completely by HTML/CSS/Javascript. 
However, there are different competing browser engines besides Webkit. 

The IPR policy of the W3C enforces a royalty-free and permissive license for their standards. 
Moreover, computer languages are considered an abstract idea that cannot be patented. Hence 
the appropriability regime for these standards is open.

Complementary assets and appropriation profile
While Qualcomm is contributing to Webkit, it has not created any specific specialized assets to 
bring the technology to the market. Webkit is not mobile specific, and it not directly dependent on 
the chipsets created by Qualcomm. Additionally, while Webkit browsers are an addition to the 
mobile experience, they are not a prerequisite and alternatives are available. Moreover, Qualcomm 
is not involved with any actual browsers or other applications depending on Webkit. Therefore it 
can be concluded that the firm does not own any SCA’s.

Qualcomm has a defensive profile for Webkit, as mentioned in the previous section, in many cases 
the programming languages and their interpreter are to abstract to be patented, and the W3C’s 
IPR policy does not allow for rent-seeking on any patents on contributions to the standard. Hence 
there is no possibility for Qualcomm to create valuable patents and exploit an offensive position.

Resource Characteristics
Value and Rareness
Before webkit creating mobile-friendly websites was not really possible and many website features 
that would work on a normal computer did not work on mobile devices during the first years. 
Webkit was responsible for bridging the gap between browsing on a computer and browsing on a 
mobile device and Qualcomm placed high value on this development for two reasons (Bapts, 
2010):

1) An increased experience in mobile browsing and internet use would stimulate demand for 
faster and more stable wireless mobile broadband connections such as 3G and 4G.

2) An increased visual quality of apps and browsing would generate more interest in smartphones 
and by proxy increase demand for Qualcomm's chipsets.

Webkit is primarily of complementary value to Qualcomm. The main reason for the company to 
contribute is to improve the web browsers on mobile devices. By creating a mobile web browsing 
experience that is very similar to browsing on a computer these devices need increasing 
processing power and internet speeds. Qualcomm is one of the largest suppliers of mobile 
chipsets and as such will profit from an increased demand for faster chips.
Inimitability and Non-substitutability
Due to the open nature of Webkit, and the standards it implements the resource is easy to imitate 
and substitutable. The software itself is a middleware type application and there are multiple 
alternatives and Webkit derivatives available in the market. Therefore I have rated these 
characteristics as low.

Adopted Open Source strategy
I have rated the strategy for Webkit applied by Qualcomm as self-service. While their value comes 
from a complementary device, e.g., their chipsets, these do not directly incorporate the Open 
Source software. Moreover, the Webkit community is primarily a consortia of end user 
organizations jointly developing applications that can be used by all. While Qualcomm is not an 
end user, it is engaging as one.
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4.2.2 Android and GSM, 3G, 4G
Android is an open source mobile operating system for smartphones. It was first created by 
Android Inc. which was later purchased by Google. Android is based on the Linux Kernel and is 
released under the Apache V2.0 license, while all Linux kernel improvements are released under 
the GPL V2 license.
The majority of contributions made by Qualcomm to Android are aimed at creating interoperability 
between its chipsets and the operating system. The Qualcomm chipsets do not only include the 
processors needed to power the smartphone, but they also include the modems needed for 
(among others) GSM, 3G and 4G. These technologies are standardized at 3GPP, where 
Qualcomm is a key contributing member. The contributions Qualcomm makes to Android ensures 
that the operating system is able to communicate with these modems and connect to the different 
networks.

Openness, design paradigm and appropriability regime
3GPP itself is not an official SDO, rather it is a collaborative forum between five regional Telecom 
SDO’s such as ETSI. Hence, in many cases 3GPP shares characteristics and proceedings with 
these SDO’s. The major difference between 3GPP and ETSI is that at 3GPP documents are 
shared more openly and anyone has access to work-in-progress. Hence, 3GPP scores one point 
more than ETSI and is awarded 11 out of 13 points.

Currently GSM, 3G and 4G can be considered the dominant design. While not all networks around 
the world are offering all three technologies, the technologies are closely related and can be 
considered evolutions of one another. Overall, GSM-based networks represent >95% of the entire 
market, as can be seen in Figure 8.

While the patents are licensed under FRAND conditions, the patent owners are quite active in 
seeking out licensing deals and the entire technology is patented (although by a wide variety of 
firms). While FRAND imposes a reasonable maximum of royalties a patent holder can charge, the 
past thirty years have shown that the companies active in the development of the technology are 
very capable of appropriating profits from their inventions. Hence the regime can be considered 
FRAND on both the technology and interface. 

FIGURE 5: GLOBAL ADOPTION RATE OF MOBILE 
STANDARDS 2010-2015
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Complementary assets and appropriation profile
Qualcomm owns a significant portion of patents covering GSM, 3G and 4G. Moreover, it has highly 
specialized complementary assets in the design and manufacturing of the modems and chipsets, 
and the corresponding programming skills to create the interoperability with the operating system. 
While there are companies building their own chipsets such as Apple, these commonly incorporate 
modems created by Qualcomm (Campbell, 2016). 

These assets can be considered quite significant in the smartphone market. By not only designing 
and manufacturing the chipsets, but also integrating compatibility with the most popular operating 
system, Android-based smartphone manufacturers have the choice between spending time and 
resources on creating changes to Android to support their chipset, or use a chipset provided by 
Qualcomm. For the majority of manufacturers it is far less expensive to rely on Qualcomm for their 
Chipsets. Because compatibility is ensured at the core of Android, stability is ensured. Moreover, 
because Qualcomm contributes to Android directly, their updates are included in the new Android 
releases, resulting in a shorter time to market. This position has been very profitable for Qualcomm 
and has allowed the company to become the market leader in chipset manufacturing. To ensure 
this position Qualcomm has had to develop significant specialized assets, not only in the chip/
modem manufacturing space, but also on the programming side of operations.

Qualcomm has a very offensive appropriation profile and is the largest net receiver of royalties in 
the mobile broadband market with over $7 billion in royalties in 2015 (Qualcomm, 2016). On their 
website Qualcomm has a specific section for licensees, an extensive overview of their patent 
portfolio, and in their annual report they explicitly write about their patent license income, which are 
all signs of an offensive IPR policy.

Resource Characteristics 
Value and Rareness
Looking at the different contributions Qualcomm makes to different Open Source projects the 
majority of them are to create demand for their core business, which is chipsets. Marcello Lioy 
(someone at Qualcomm) has stated: “QuIC is a subsidiary of Qualcomm that brings together a 
bunch of engineers that are focused on doing open source. So what they do is they optimize open 
source to run on our platforms such as our Snapdragon chips, and that is part of why we 
participate in all these open source projects. To make them run on our hardware and optimize them 
and make the mobile experience better” (Marcello Lioy, 2011).

As detailed in this quote, the core business for Qualcomm is not the software, but rather the 
hardware. However, when looking at the contributions made to Android covering GSM, 3G and 4G, 
these technologies are at the core of Qualcomm’s business and Qualcomm is strongly dependent 
on its licensing fees. While Android per se is not of high value to Qualcomm, the code it contributes 
covering its patented inventions is.

Inimitability and Non-substitutability
While Qualcomm is the patent owner of these technologies, the patents are committed under 
FRAND, hence they are available for anyone on the market. Yet, GSM, 3G and 4G are the 
dominant design to which Qualcomm owns the patents, making their technology non-substitutable 
and basically inimitable, as any imitation would still be covered by the patent. Overall these 
resources can be considered to be highly valuable, and while not necessarily rare in the market, 
the FRAND conditions make it so that Qualcomm receives royalties for any application or imitation, 
while the technology itself is non-substitutable.
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Adopted Open Source strategy
As highlighted by the quote of Marcello Lioy (2011) in the previous section, Qualcomm’s main 
focus is on its hardware business, and contributes only to Open Source projects to optimize them 
for their hardware. This is a classic example of a complements strategy, where Qualcomm only 
contributes those resources which ensures better performance of their hardware business.

4.3 Cisco
Cisco is an American company specialized in the manufacturing of internet based networking 
equipment and other products and services related to information technology. The company was 
founded in 1984 and is headquartered in California. The firm is active in a range of product areas 
including routing, switching, datacenters, and virtualization. It’s routing and switching activities are 
focused on home networks, enterprise networks and high-end products for fixed and mobile 
service provider networks. Both the datacenter and routing operations are relevant to the wireless 
telecommunications industry. 

Cisco is active in many fields of the telecommunications industry, but the majority of its activities 
are not directly relevant to the wireless broadband technology. The firm groups its technologies into 
the following segments: Switching; Next-Generation Network (NGN) Routing; Collaboration; 
Service Provider Video; Datacenter; Wireless; Security; and Other Products. Additionally,Cisco 
provides a range of services.

The majority of Cisco’s business is focused on products revolving around the physical network, 
rather than mobile broadband. Cisco’s activities in the wireless telecommunications industry are 
focused on the intersection between wired- and wireless networks. Cisco produces carrier grade 
routing and switching hardware and has recently shifted focus towards software defined 
networking (SDN). SDN decouples the hardware and software in network equipment and allows for 
the majority of operations to take place within datacenters. 

Cisco is a major player in datacenter manufacturing and as a result will claim a more prominent 
role in the wireless sector in the future. The sale of carrier grade routing equipment resulted in a 
net revenue of $7.7 billion in 2015, which represented 20.4% of Cisco’s total revenue. Cisco does 
not report on operating margins for its different business segments. 

Cisco does not report on its patent portfolio or its licensing income in its annual report, indicating 
that its portfolio is primarily used for defensive purposes. Cisco reported that the company owned 
about 13,500 patents in 2012 (Munich Innovation Group, 2013). However, these patents do not 
cover the 3GPP standards and Cisco does not own any related SEP. 

Cisco has had multiple run-ins with the Free Software Foundation (FSF) between 2003 and 2009, 
mainly centered on the use of GPL-based software while not releasing the derivative works under 
the same license. The FSF finally decided to file for a copyright infringement in 2008, which was 
settled by Cisco early 2009. The settlement included a donation from Cisco to the FSF and the 
appointment of a “free software director” in charge of monitoring license compliance at Cisco (Paul, 
2009).
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Since the somewhat mandatory engagement with OSS in 2009 Cisco has undergone a strong 
learning development. After engaging with a small amount of projects in the beginning the 
company has started to expand its Open Source activities over the years. By now the company is 
sponsoring several projects and is contributing large amounts of code to a variety of projects. 
However, the projects Cisco contributes to, are very carefully selected and fit a specific goal. On 
the one hand the firm wants to showcase the capabilities of its infrastructure and promoting its 
services under developers, while on the other hand the firm is ensuring that the various software 
packages operate on its infrastructure and the firm is not dependent on third-party software 
suppliers.

4.3.1 OpenStack
OpenStack is an OSS for the management of cloud-infrastructure. The software was first 
developed by NASA and Rackspace and was released under the Apache V2.0 license in 2010. A 
‘cloud’ is located in a datacenter, on a large number of different servers. Each individual server 
runs software that allows to run multiple virtualized servers on the hardware. In the past, every 
single physical server had to be configured independently, making for a large overhead in 
datacenters. OpenStack connects to the virtualization software and allows users to configure 
multiple physical servers from a single interface, reducing this overhead.

While there are proprietary alternatives available, these are owned by competitors such as 
Microsoft (Azure) and Amazon (AWS). Cloud management software plays an integral part of 
transforming a datacenter containing numerous individual servers into a cloud operating as a 
single entity. 

OpenStack is not based on a singular standardized technology. Therefore it is not possible to look 
at a specific technology or SDO to analyze. However, OpenStack itself can be considered a 
standard in the market, and development is organized through the OpenStack foundation. This 
foundation is supported by over 150 companies worldwide and behaves much like a SDO. It’s 
processes are organized through a technical steering committee and different user groups.

Openness, design paradigm and appropriability regime
As discussed in Section 4.1.2, OpenStack scores 11 points on openness, is in its pre-paradigmatic 
stage and has an open appropriability regime.

Complementary assets and appropriation profile
Cisco does not own a proprietary version of cloud management software, the company is focused 
on the hardware business, and does not consider itself to be a software vendor (Cooney, 2016). 
From their perspective it does not matter which software runs the datacenters they help create. 
Their complementary assets are centered on this idea, they own highly specialized assets in 
hardware, consulting and services surrounding datacenters.

As Cisco is not primarily focused on the software side of cloud datacenters, I have rated their 
profile regarding this area of business as defensive. The company does not own any significant 
patents regarding the software, and is not focused on seeking licensing deals (Cisco, 2016).
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Resource characteristics
Value and Rareness
As OpenStack is gaining popularity offering compatibility between OpenStack and the Cisco 
datacenters is increasingly important for Cisco’s position. Additionally,by contributing specific 
functionality Cisco is able to showcase the capabilities of its datacenters. As stated by Lew Tucker 
(2012), CTO for Cloud at Cisco: “The idea behind Quantum was to have a networking component 
in OpenStack that was a peer to compute and storage. Quantum provides the core elements 
required to build a networking-as-a-service module. That's why it's called Quantum, it is meant to 
be the most basic elemental part of what is need to create isolated network segments”.

There is value to the competitive advantage for Cisco in that OpenStack helps Cisco market its 
capabilities, even though OpenStack itself is not very valuable in terms of competitive advantage. 
Yet, interoperability with its hardware makes the Cisco cloud a more attractive product to many 
clients. Finally, Cisco expands on OpenStack with a number of proprietary extensions (Cisco, 
2016). OpenStack is vital for these extensions, which is why I have rated OpenStacks value to 
Cisco as low.

Inimitability and Non-substitutability
As described in the previous sections, there are many alternatives to OpenStack, which are easily 
obtainable for anyone in the market. Even though at the core cloud management software is quite 
generic, the add-ons Cisco offers are unique and distinguish Cisco from its competitors. These 
add-ons are focused on specific functionality and for the majority there are no direct alternatives 
available. Hence, even though the OpenStack core scores very low on IN characteristics, these 
add ons have a distinguishing value. Therefore I have rated the IN characteristics as medium.

Adopted Open Source strategy
A main driver behind Cisco’s Open Source activities is to make developers more comfortable with 
Cisco’s software. Cisco is contributing parts of its proprietary work to the OSS to achieve this goal. 
Moreover, the Open Source projects also provide Cisco the opportunity to showcase the 
capabilities of their proprietary infrastructure.

While the architecture-level software is made Open Source, the company has a range of 
proprietary add-ons to differentiate itself from competitors such as Juniper, VMware and Intel which 
are also using OpenStack. Additionally, rather than promoting a Software-as-a-Service or a 
Platform-as-a-Service Tucker expects Cisco to be in the “Everything-as-a-Service” (Tucker, 2011) 
business, indicating its goal to transition from a hardware or software vendor towards a service and 
solutions company. Cooney, senior director of Open Source Strategy since 2015, commented on 
Open Source generated revenues as “that will be something we will be discussing in the coming 
weeks but I would expect it to be more around services and support than having a [software] 
distribution” (2016). 

While Cisco is moving towards a deployment strategy, for OpenStack its primary strategy is 
hybridization. The company offers several proprietary extensions to the Open Source core, and is 
actively contributing to this core to make users more familiar with Cisco’s software, thus making it 
easier to use Cisco’s extensions rather than those of competitors.
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4.3.2 Software Defined Networking
Cisco is also contributing to OpenDayLight, and like Ericsson is a platinum member of the 
foundation. In 2012 Cisco contributed its ONE controller to OpenDaylight. "We have contributed 
our ONE Controller as perhaps the termination point of OpenDaylight […] This is Cisco's largest 
contribution into open source in the history of the company” (Ward, 2013). Cisco’s assets are 
primarily centered on networking hardware, which is strongly related to the SDN technology at the 
core of OpenDayLight.

Openness, design paradigm and appropriability regime
As described in Section 4.1.2, SDN scores 10 out of 13 points on openness, is the dominant 
design and has an open appropriability regime.

Complementary assets and appropriation profile
Cisco is specialized in producing networking equipment, which powers both datacenters and 
network nodes. OpenDayLight lets users move specialized functions from the network node to the 
datacenter. Hence it can be concluded that Cisco owns specialized complementary assets in the 
manufacturing of hardware on both sides of this equation.

Cisco’s appropriation profile towards SDN is defensive, as described in Section 4.1.2, the 
technology is defined under a royalty free IPR policy, and a defensive suspension. As Cisco is a 
key contributor to both OpenDayLight and the ONF SDN standard it cannot assert its patents in an 
offensive fashion.

Resource Characteristics
Value and Rareness
The software itself is of low value to Cisco; SDN is just one option to implement on the Cisco 
hardware, which is of some complementing value to the hardware at best. Moreover, SDN is a 
technology field with a very open approach and a low level of appropriability. Therefore I have 
rated the value and rareness as none.

Inimitability and Non-substitutability
As discussed in the Ericsson case study, the imitability and substitutability of SDN is very high, due 
to the free and open IPR policy of the Open Networking Foundation. Therefore I have rated these 
characteristics as low.

Adopted Open Source strategy
The hardware sold by Cisco is not specifically designed to work with OpenDayLight, rather it is one 
of the applications of the hardware. Hence this strategy is not a complementing strategy, rather 
Cisco is contributing to the software in order to change the status quo, and offering professional 
services and consulting around the software. Cisco offers implementation, consulting and support 
on network infrastructure, including the use of OpenDayLight. I have classified the strategy 
adopted by Cisco as a deployment strategy.

4.4 Telefónica
Telefónica is a Spanish multinational broadband provider operating in 21 countries. The firm was 
founded in 1924 and is headquartered in Madrid. Telefónica operates brands such as Movistar, O2 
and Vivo. The firm is active in both wired and wireless broadband and has approximately 320 
million subscribers. It is one of the largest broadband operators in the world.
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Telefónica is primarily active as a network operator. The company is active in both wired- and 
wireless subscriptions. Like the majority of network operators Telefónica is bundling a large part of 
its wireless subscriptions with the sales of mobile handsets. Telefónica offers networks in many 
different countries, and its complementary assets are not the same for each country. Telefónica 
outsources its network management to specialized firms. For example, in Brazil Ericsson is 
providing and managing both the operations support systems and the business support systems 
(Laughlin, 2010). 

As a result, its complementary assets are primarily focused around sales of subscriptions, and 
sales of mobile handsets. In 2015 Telefónica’s mobile business revenue totaled € 27,936 million, 
87.7% of which corresponded to mobile subscriptions, and 12.3% represented revenue generated 
by handset sales (Telefonica, 2016). Overall, Telefónica’s operating margin has been declining 
over the past years. This is a common trend in the mobile operating market. The technological 
developments of 3G and 4G has made network operations more expensive, while applications 
such as Whatsapp and Skype have eroded on the revenues on SMS and phone calls. 
Simultaneously, customers are not willing to increase spending in the same order of magnitude for 
their data plans, resulting in decreasing operating margins.

Telefónica owns a total of 545 patents (Telefónica, 2015, p.95). These patents are focused around 
three pillars: big data, internet of things and network infrastructure. 

“Our Research and Development is focused on two tracks: network innovation and digital services. 
We have IPR in both worlds. With regard to the latter we innovate in different areas, like personal 
communications, cloud services, security services, and video services. We produce IP in more or 
less all the areas where we have some innovation activity. With regard to the networks we have IP 
in both mobile and fixed networks and network virtualization. The usual suspects nowadays where 
all the companies in the sector are focusing their innovation.” (Fullea Carrera, 2016)

While the firm is working on development of 5G, it does not own SEP to the current 3GPP 
standards. The firm’s appropriation profile is primarily defensive, filing patents to protect their own 
activities, rather than seeking licensing deals covering core technologies. The main value of the IP 
for Telefonica lies in its defensive abilities:

“Losing the ability to enforce a patent within the Open Source ecosystems we engage in is not an 
issue for us, we are one of the drivers of the initiative. We do think that IP always needs to be 
protected as it is a valuable asset. Our intention is to protect out innovations as much as possible. 
[…] Even in those cases where we think that having the IPR is still valuable. In case we provide 
royalty free licenses we still maintain the defensive value of the patents. Contributing to Open 
Source does not mean giving up our IP” (Fullea Carrera, 2016).



Page �  of �49 61

4.4.1 Network Functions Virtualization
The concept of NFV was discussed in Section 4.1.1. For Telefonica NFV is of particular interest 
because it is a network operator. Implementing NFV in a network can significantly decrease 
deploying and maintenance costs and the required investments for building new capabilities into 
the network (SDX central, 2016). Telefonica’s profit margin has been declining for the past five 
years to a historic low-point of 6% (Telefonica, 2016), as described in the introduction to this case 
study. Therefore Telefonica has taken an interest in NFV and has created the NFV Reference Labs 
in 2014 (Rath, 2014) which in 2015 released its OpenMANO NFV orchestration software as OSS 
(Telefonica, 2015). Together with other operators the firm persuaded ETSI to host its first ever 
Open Source project (ETSI OSM) aimed at developing a reference software implementation of its 
management and orchestration standard. However, the standardization process is still ongoing, 
and the aim is for the Open Source project to test ideas and provide input into the standard. 
Telefónica's OpenMANO was subsequently integrated into the ETSI OSM project.

Openness, design paradigm and appropriability regime
As described in Section 4.1.1, NFV is standardized by ETSI, which scores 10 out of 13 points on 
openness. The standard has not been finalized yet and currently the market is in a predominant 
phase. Its current appropriability regime is categorized as commercial licensing under NDA, as the 
FRAND conditions places upon the patents of firms involved with the development of the standard 
cannot be enforced until the standard is released.

Complementary assets and appropriation profile
Telefónica is primarily active as a seller of internet subscriptions, whereas the actual infrastructure 
and it’s management/maintenance is outsourced to companies such as Ericsson. As a result their 
complementary assets are focused on sales, and not on network operations. Wikipedia (2016) lists 
hundreds of different Telecom operators, and in any given country there are often between 4 and 
10 competitors in the market, all primarily focused on sales, while outsourcing their networks. 
Therefore it can be concluded that these are primarily generic SCA’s.

Over the past years profit margins for operators have been under pressure, including those of 
Telefónica, and in an effort to decrease operating costs and increase its operating margins, the firm 
is looking to expand its complementary assets to include network operations (Thompson & 
Serrano, 2016).

The firms that own these complementary assets have developed a strong position in these assets 
through both patent portfolio and the developed expertise. Hence acquiring these assets is capital 
intensive and has strong barriers. To minimize investments Telefónica decided to use an Open 
Source approach to the development of these assets, as it will allow them to share development 
with other operators.

The company owns some patents related to NFV (Fullea Carrera, 2016). However, ETSI OSM is 
licensed under the Apache V2.0 license. One of the requirements of the Apache V2.0 license is 
that a contributor supplies a free perpetual grant for any patents it owns that would cover the 
contributions it has made to the software. Additionally, the Apache V2.0 license prevents users 
from filing patent litigation over patents covering any functionality of the software through a 
defensive suspension. “We contribute to Open Source projects where we don’t fear this [losing 
appropriability], or we don’t find it an issue compared to the benefits we get from our contribution to 
the project. That is always a part of the decision to engage with Open Source projects” (Fullea 
Carrera, 2016). This statement indicates that Telefonica’s profile towards NFV is defensive.
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Resource characteristics
Value and Rareness
For Telefonica, NFV is a key instrument in lowering network costs and capital expenditure. As their 
profit margin has been declining over the past five years, this is a requirement for the firm, that has 
some strategic value. NFV is a technological development which can be considered as a 
prerequisite in order to be able to compete in the market for operators. Therefore, I have 
categorized NFV as having weak value and rareness characteristics for Telefonica.

Inimitability and Non-substitutability
Network operating software is offered by numerous vendors and is a minimum requirement to 
compete for any operator. The software can be procured from many different vendors, and 
currently there are multiple Open Source projects working on an implementation. NFV is an 
infrastructure type software which is currently being standardized, hence it can be concluded that 
the underlying functionality is widely known. Therefore I have rated these characteristics as low for 
NFV.

Adopted Open Source strategy
Telefónica’s Open Source strategy is aimed at developing additional complementary assets while 
minimizing the required investments. They have created OpenMano and subsequently ‘donated’ 
the code to the ETSI OSM project, where they are an active participant. Their main goal here is to 
create community focused on developing something they need themselves as well: “Basically the 
creation of an ecosystem is one of the reasons for us to contribute to Open Source. The most 
usual cases for us to contribute to Open Source is those where we see that we can create a 
collaborative scene where many companies can work together” (Fullea Carrera, 2016). This 
strategy can be classified as a self-service strategy.

4.5 Apple
Apple is a US based multinational technology company that is mainly focused on consumer 
electronics. The firms main products consist of the Mac, iPhone and iPad. The firm was founded in 
1976 and is headquartered in California. Apple is the largest IT company in the world based on 
both revenue and assets, and is the second largest mobile phone manufacturer (behind Samsung).  
Apple entered the smartphone market in 2007 and has currently released 13 different models. 

Apple’s main revenue used to be generated by the Mac computer products and the iPod, but the 
iPhone has become by far its biggest revenue centre over the past decade. Apples total net profit 
rose from $1,330 million in 2005 to $5,339 million in 2015. The majority of this increase can be 
attributed to the iPhone. Within 2 years after its initial release the iPhone overtook laptop sales, 
which was up to then the main revenue centre for Apple. In 2015 iPhone net sales was $155,041 
million which represented 66% of Apple’s total net sales, whereas the iPhone only represented 
about 35% of Apples net sales in 2010.

Apple is active in three major complementary assets: chipsets, devices and sales. The chipsets 
produced by Apple are used exclusively in their own products. While Apple sells some devices 
through their web-shop and a limited amount of physical stores. Apple stores are primarily located 
in the US, while the rest of the world is covered by ‘premium resellers’. The majority of Apple 
phones are sold through partnerships with wireless broadband operators in combination with a 
subscription.

The Apple patent portfolio consists of 10,942 patents (Curtis, 2015), but the firm is not reporting 
any of their patents on their website, or in their annual report. The financials also do not report on 
licensing revenue, indicating that Apple’s appropriation profile is primarily defensive.
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As described in Section 2.6, Apple has been engaging with OSS for a long time. Since 1999, all of 
it’s operating systems are build on top of FreeBSD (Markoff, 1999), a unix-based operating system 
with a permissive license. However, before FreeBSD is integrated into the Apple operating 
systems, Apple makes many changes to the kernel. Apple releases these updated kernels as 
“Darwin” under the Apple Open Source License, which can be classified as a permissive license. 

By using a permissive license Apple is able to create a range of proprietary features on top of the 
kernel, such as the graphical user interface and the entire networking functionality. These 
additional features are not included in the Open Source releases of Darwin and are what 
distinguishes OS X from other operating systems. 

Apple launched OpenDarwin as a project to increase collaboration between Apple developers and 
the Open Source community, focused on developing the kernel and creating a community-led 
operating system based on Darwin. However, over the years the community felt that the project 
was not supported enough by Apple and was merely used as a “hosting facility for Mac OS X 
related projects”. The development of a standalone Darwin operating system failed according to 
the community website. “Availability of sources, interaction with Apple representatives, difficulty 
building and tracking sources, and a lack of interest from the community have all contributed to 
this” (OpenDarwin, 2006). 

4.5.1 XNU
iOS Apple’s mobile operating system for its iPhone, iPad and iPod touch. iOS is based on the XNU 
kernel, which is an Open Source Unix kernel based on a hybrid between two other Open Source 
unix kernels (FreeBSD and Mach). In many cases Darwin is exactly like FreeBSD, but under the 
hood there are significant differences changing how internal methods work. Hence XNU can be 
considered a new standalone kernel and a technology on its own and the underlying technology 
standard to iOS. Android is the main competitor to iOS and is the market leader in the smartphone 
market with about 87.6% market share, iOS has a market share of roughly 11.7% (IDC, 2016). 

Openness, design paradigm and appropriability regime
While XNU is released under the Apple Public Source License, which is has a partial copyleft 
clause making it incompatible with GPL. It cannot be considered true copyleft because under the 
license developers are allowed to link to proprietary files. Moreover, there is no standalone 
developer community building XNU. While XNU is Open Source, and it is possible to submit 
contributions, Apple has the final say on anything that is submitted to the kernel.

These processes are not transparent to the public, and for non-Apple employees it is not possible 
to get a seat at the table or vote on any decision. So the processes are completely closed, while 
the results are completely open. Therefore XNU scores 6 out of 13 points on openness.

Within the Unix world there are already countless different kernels available, such as GNU/Linux, 
BDS, NetBSD, Solaris and XNU. Additionally,there are also kernels available not based on the 
Unix architecture such as the Windows NT kernel from Microsoft. Therefore it can be concluded 
that this technology landscape is fragmented and is in a predominant stage.

The Apple Public Source License is recognized by the Free Software Foundation and the Open 
Source Initiative as an Open Source license. The License contains a patent grant clause covering 
any contributions. Moreover, the license stipulates that if someone is making a contribution 
covered by a patent from a third-party, it is the contributors responsibility to obtain a patent license 
before redistributing the code (Apple, 2003). Therefore it can be concluded that this license 
enforces an open appropriability regime.
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Complementary assets and appropriation profile
Apple has developed a range of specialized assets for XNU. More specifically, XNU is the kernel 
around which all of Apple’s hardware and software is created. The Apple chipsets are optimized for 
XNU, while iOS is a proprietary extension of the kernel. The iPhone, iPad, and iPod touch are all 
designed to operate iOS and it’s XNU kernel. Hence, it can be concluded that Apple owns a 
number of SCA’s regarding XNU.

Apple created the Apple Public Source License, including its patent grant. Therefore it is safe to 
assume that the firm has a defensive profile regarding XNU. Though, when looking at iOS, the firm 
is far more protective. Apple regards al its iOS extensions as proprietary products and is actively 
defending their unique functionalities. Since 2011 Apple has been involved in multiple high-profile 
cases with Samsung over its mobile software, design concepts and more (Reisinger, 2015). 
However, it’s prime target in these cases is to protect it’s own products, rather than to license 
technologies to as many producers as possible. Regarding iOS Apple’s profile is also primarily 
defensive.

Resource characteristics
Value and Rareness
The ecosystems Apple creates for its hardware are a large part of the firms unique offering and is 
what makes it stand out from Android devices or PC’s. When purchasing an Apple product 
consumers are not buying a piece of hardware, or an operating system; they are buying the 
complete product. Hence the operating system has a high strategic value for Apple. However, the 
operating system is a combination of the XNU kernel and the proprietary extensions. As discussed 
earlier in this chapter, Unix kernel’s are far from unique in the world, and the differentiating power 
lies in the extensions Apple has made to this kernel. I have rated the value and rareness of the 
technology to be low, because even though the majority of the value lies in the proprietary 
extensions, they are directly reliant on the XNU kernel itself.

Inimitability and Non-substitutability
While there are some differences between Apple’s iOS and Android, in functionality they are 
perfect substitutes. Even though there have been a number of patent infringement cases between 
Apple and other smartphone manufacturers, these cases have either been dealing with design 
patents, or with the fairness of the licensing terms under FRAND conditions. Operating Systems 
have been around for long enough to be considered infrastructure type software these days, and 
their underlying functionality are part of the common knowledge domain. Therefore I have rated the 
IN characteristics as low.

Adopted Open Source strategy
I have classified the strategy followed by Apple as a hybridization strategy. iOS is differentiated 
from XNU by its proprietary extensions which include all of the graphical features, but also some 
core functionality like networking and other services that run on the system. All of these extensions 
are created by Apple and are not released to the public.
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5 Conclusion
Analyzing data from case studies cannot be done using statistical methods, as the sample is to 
small for such an analysis. Instead, in case study research data is tested by comparing the ranking 
according to the values of the independent variable with the ranking according to the value of the 
dependent variable. If the two rank orders follow the pattern described in the proposition, the 
proposition is confirmed. If the rank orders differ, it must be determined whether the difference is 
such that it can be concluded that the two rank orders have no relation to each other, or that the 
rank orders have the same tendency (Dul & Hak, 2008).

Proposition 1: A more open standard will likely lead to a faster adoption of a 
dominant design.
The relationship described in this proposition is probabilistic, meaning that on average, open 
standards will lead to a faster adoption of a dominant design, but this is not necessarily true for 
every single case. 

Not all Open Source projects in the case studies are based on standards: OpenStack and IOS are 
not directly related to standards, even though some parts of these software packages are. 
However, a software package such as IOS incorporates many different standards for things like 
data storage, memory management, interaction with the different wireless modems (Bluetooth, 
Wifi, GSM, 3G, 4G, NFC), interaction with SD cards, USB interfaces and many more. While many 
of these standards are created by SDOs, there is not a single standard that takes precedent over 
the others in mobile operating systems, e.g. Wifi and 3G/4G are both key to the operating system.

The remaining three projects are all based on standards developed in very popular SDOs. Webkit 
covers the Javascript, HTML and CSS standards developed by W3C, ETSI OSM covers the ETSI 
NFV standard, GSM/3G/4G is developed by 3GPP and OpenDayLight is based on the OpenFlow 
standard developed by the Open Network Foundation. As a result, these standards instantly 
became the dominant design once they were published.

While the measures described in Chapter 3 represent the degree of openness and design 
paradigm of the standards, it is not possible to draw any conclusions regarding the adoption speed 
based on these case studies. First of all, the standards described in the case studies have all been 
developed by very popular SDOs that are globally recognized by the majority of companies. As a 
result these standards never had any significant competitors, and after completion became the 
dominant design instantly. Second of all, these case studies provide a snapshot of the 
technologies, as the study did not allow for a longitudinal approach. The adoption speed of a 
dominant design is something that manifests over time, and cannot be measured using the chosen 
research approach.

Proposition 2: A more open standard will likely result in a weaker appropriability 
regime than a less open standard.
The relationship described in this proposition is probabilistic, meaning that if the average openness 
of a pool of standards increases, the mean strength of the appropriability regime for this pool will 
decrease. However, for an individual case this is not necessarily true. As this study applies the 
case study approach with a low number of cases, statistical analysis is not a reliable measure. 
Moreover, this study is a preliminary test of a newly developed model. Therefore the patterns in the 
data have to be examined to determine if they support the proposition.
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The openness of the standard is measured using an adapted version of Krechmer (2005) resulting 
in a grade between 0 and 13, with 13 being the most open and 0 being the most closed. The 
appropriability regime has been measured using the IPR policy of the standard ranging from 1 to 5, 
with 1 being the weakest regime (royalty-free IPR), and 5 being the strongest regime (commercial 
licensing under NDA). The expected pattern is a negative linear relationship between the two 
variables. The measured data for the seven technology standards is presented in Figure 6. The 
pattern observed in this graph is similar to the expected pattern, with the most open standards 
being situated in the top-left corner of the graph, and the more closed standards being situated 
further to the bottom right of the graph. Therefore it can be concluded that proposition 2 is 
confirmed in this study.

Proposition 3: Firms are more likely to have specialized complementary assets for 
technologies in a dominant stage than for technologies in a pre-dominant stage.
This relationship is probabilistic, meaning that on average, more firms will have specialized assets 
for technologies in a dominant stage, than for technologies in a pre-dominant stage. When looking 
at the data presented in Table 6, this is proposition is not supported. 

Both Ericsson and Cisco have specialized assets in both pre-dominant technologies and in 
dominant technologies, while Apple has specialized assets in both its pre-dominant technologies. 
The emergence of a dominant design is not sudden, rather it is represented by an ever growing 
market share of the technology. Especially in slow developing technologies companies will not be 
able to afford waiting for a dominant design to emerge before investing in specialized assets, as 
this will potentially mean missing out on years of revenues. Moreover, at least in the software 
industry not all technologies ultimately converge on a dominant design. For example, there are 
countless of programming languages in the market, and while some are more popular than others, 
this has been the case for the past sixty years with none of the languages taking the lead in 
becoming the dominant design. The majority of early years programming languages such as 
FORTRAN and Basic have been replaced, but today languages like Java, Objective C, Perl, PHP, 
Ruby and ASP are still highly popular.

FIGURE 6: A MORE OPEN STANDARD WILL RESULT IN A WEAKER APPROPRIABILITY REGIME 
THAN A LESS OPEN STANDARD.
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Proposition 4: An offensive appropriation profile for a firm requires a tight 
appropriability regime.
The appropriation profile of a firm depends per technology area, a firm can have a very offensive 
profile for one technology, while being primarily defensive for another. This is strongly influenced by 
the initial openness and appropriability regime of the standard. For example, in OpenDayLight the 
standard is produced under a royalty free agreement, whereas the NFV Mano standard is 
developed by ETSI under FRAND conditions. This influences the extend to which a company is 
able to patent the core technologies and to what extend it can maintain an offensive profile for the 
technology. Ericsson deploys both technologies in its portfolio, however its appropriation profile for 
ETSI NFV Mano is offensive, while its profile for SDN is defensive. Similarly, Qualcomm has a 
primarily defensive stance for its Webkit developments, which is based on the Open Source 
standards for HTML, CSS and Javascript, while it is very offensive for its GSM, 3G and 4G 
technologies which are developed by 3GPP under FRAND conditions.

TABLE 6: FIRMS ARE MORE LIKELY TO HAVE SPECIALIZED COMPLEMENTARY 

Specialized

NFV - Ericsson SDN - Ericsson

XNU - Apple SDN - Cisco

OpenStack - Cisco 3GPP - Qualcomm

Generic
NFV - Telefonica W3C - Qualcomm

OpenStack - Ericsson
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TABLE 7: AN OFFENSIVE APPROPRIATION PROFILE FOR A FIRM REQUIRES A 
TIGHT APPROPRIABILITY REGIME.

Offensive
3GPP - Qualcomm XNU - Apple

NFV - Ericsson

Defensive

SDN - Ericsson NFV - Telefonica

W3C - Qualcomm

OpenStack - Cisco

SDN - Cisco

OpenStack - Ericsson

Open RAND Commercial 
license

Appropriability Regime
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Proposition 4 describes a necessary condition, meaning that a tight appropriability regime is 
required for a firm to have an offensive profile in this field, but not every firm operating in a tight 
appropriability regime will have an offensive profile. In other words, for this proposition no cases in 
the top left quadrant are expected, as this would indicate a firm having an offensive profile in a 
technology field where it is unable to charge licensing fees. The data presented in Table 7 shows 
that none of the firms have an offensive appropriation profile in technologies that have an open 
appropriability regime, or technologies that have a FRAND technology regime which only allows for 
royalties on the technology and not the interface. However, as this last category allows for some 
extend of rent-seeking, this possibility is not excluded by the proposition. Based on the data 
presented in Table 7 it can be concluded that proposition 4 is confirmed by the data.

Proposition 5: The value and rareness of a software resource is higher for 
specialized than for generic assets.
The nature of the generic asset is that it can be acquired easily in the market, while the specialized 
asset requires significant investments to develop. Therefore, we can assume that specialized 
assets are harder to come by, and more valuable than generic assets. The expected pattern for 
this proposition is that specialized assets have either weak, medium or strong Value and Rareness, 
while generic assets have either no, or score weak in Value and Rareness. The generic assets that 
are weak in Value and Rareness are not rare, but to some extend they are valuable to the firm. The 
data presented in Table 8 confirms this pattern, therefore we concluded that proposition 5 is 
confirmed by the data.

Proposition 6: The inimitability and non-substitutability of a software resource is 
higher for companies with a strong appropriation profile than for companies with 
weaker appropriation profiles.
Having a more offensive profile for a certain technology will result in a larger and stronger patent 
portfolio surrounding this technology. The firm will not only patent its specific applications, rather it 
will try to create a patent thicket covering a wide array of applications. As a result, the resources 
will be harder to imitate and more difficult to substitute, as any substitution based on the same 
basic technology will likely be covered (at least in part) by the firm’s patents. 

The pattern we are looking for is one where all resources covered by offensive profiles will score 
medium or strong on inimitability and non-substitutability, while all resources covered by defensive 
profiles will score none, or weak. The data presented in Table 9 confirms this pattern, hence we 
concluded that proposition 6 is confirmed by the data.

TABLE 8: THE VALUE AND RARENESS OF A SOFTWARE RESOURCE IS HIGHER FOR 
SPECIALIZED THAN FOR GENERIC ASSETS.

Specialized OpenStack- Cisco XNU - Apple NFV - Ericsson

SDN - Cisco 3GPP - Qualcomm

Generic W3C - Qualcomm NFV - Telefonica

OpenStack - Ericsson SDN - Ericsson

None Weak Medium Strong
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Proposition 7: Companies are likely to adopt more open strategies for resources 
with weak VRIN characteristics, than for resources with strong VRIN characteristics.
All of the firms engage in Open Source projects that are complementing in an economic sense to 
their businesses even when the resource is not of direct value to the firm. Ericsson’s contributions 
to OpenStack, or Qualcomm’s contributions to Webkit are not valuable in terms of the RBV, but by 
proxy generate a return to both firms. Apple releasing and maintaining the Swift language helps 
third party develop applications for their products, increasing the value of these products. Cisco 
focusses its Open Source activities on datacenter operations, which they provide the hardware for. 

Hence the Open Source activities are primarily guided by creating competitive advantage, demand 
for a complementary asset. Another reason to engage with Open Source can be to gain access to 
a resource that is necessary to operate, as is the case for Telefonica’s ETSI OSM developments. 
This resource is becoming a requirement for operators in the market, but investments can be 
substantial for a single operator. As the resource is not a direct source of competitive advantage it 
makes sense for Telefonica to drive an Open Source project and seek additional developers to 
share the costs with.

The observed patter between the VRIN characteristics of the software and the openness of the 
adopted Open Source strategy is illustrated in Figure 7. While there is some spread in the adopted 
strategies, the observed trend is a negative linear relationship as stated in Proposition 7. Therefore 
we concluded that proposition 7 is confirmed by the data.

TABLE 9: THE INIMITABILITY AND NON-SUBSTITUTABILITY OF A SOFTWARE RESOURCE IS 
HIGHER FOR COMPANIES WITH A STRONG APPROPRIATION PROFILE THAN FOR COMPANIES 
WITH WEAKER APPROPRIATION PROFILES.

Offensive XNU - Apple NFV - Ericsson

3GPP - Qualcomm

Defensive W3C - Qualcomm NFV - Telefonica

OpenStack - Ericsson SDN - Cisco

SDN - Ericsson OpenStack - Cisco

None Weak Medium Strong

FIGURE 7: COMPANIES ARE LIKELY TO ADOPT MORE OPEN STRATEGIES FOR RESOURCES 
WITH WEAK VRIN CHARACTERISTICS, THAN FOR RESOURCES WITH STRONG VRIN 
CHARACTERISTICS.
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5.1 Theoretical Model
Reflecting back on the theoretical model described in Section 2.7, a few changes have to be 
implemented based on the findings of this study. While the adoption speed of the design paradigm 
was not possible to measure during this study, the current state of the different design paradigms 
was. All of the tested propositions were confirmed by the data except for one. The positive 
relationship between the establishment of a dominant design and the amount of complementary 
assets owned by the firm was rejected. A possible explanation for this rejection was already 
provided earlier in this Chapter. However, based on this rejection I propose the following change in 
the model.

Rather than focussing on complementary assets owned 
by the firm, this variable should measure the intensity of 
competition for complementary assets. As the design 
paradigm is a market characteristic, this will apply to all 
firms in the market. An increased stimulation for one 
firm to invest in complementary assets based on market 
conditions, will apply to all firms. Therefore it can be 
expected that the establishment of a dominant design 
will  lead  to  an  increase  in  competition  for 
complementary assets. As a result, there will be more 
pressure on the value and rareness of an individual 
firm’s resources. When looking at the complete right 
side of the model this will have the following effect:

A more open standard will lead to a faster adoption of a 
dominant design, as a result competition for 
complementary assets will increase, and the value and 
rareness of an individual firm’s resources will decrease. 
As value and rareness for the resource decrease, it 
makes more sense to adopt a more open strategy. 

Overall it can be concluded that the RBV aspects of 
value, rareness, inimitability and non-substitutability are 
valid tools to assess Open Source strategies for specific 
resources. This is not unexpected, as the RBV is also often applied in outsourcing decisions. 
However, the aim of this study was to not only place this decision at the resource level, but to take 
a broader approach and incorporate the scope of the organization and the technology as well. The 
data has supported the relationships proposed between the PFI framework and the RBV, indicating 
that the combination of these two fundamental theories provides a good fit and basis for Open 
Source decision making. 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6. Discussion
The goal of this study was two-fold, on the one hand I wanted to find out in which cases firms 
engage with Open Source projects and how this benefits the firm, and on the other hand I wanted 
to develop a framework that can be used by firms to evaluate software projects and help them 
decide whether an Open Source approach would be beneficial. The first goal is covered by the 
theoretical contributions discussed in the next section, while the second goal is discussed in 
Section 6.2 Managerial implications.

6.1 Theoretical contributions
The purpose of this research was to answer the following question: “What variables influence 
organizations to choose Open Source activities over proprietary development?”. While Open 
Source is becoming a very common topic for many different technology firms, research on the topic 
is lacking. Existing studies primarily describe a few success stories, or in what ways companies 
engage with Open Source projects. However, to date no study has investigated the reasons for 
companies to do so and the situations in which it makes sense for a company to engage with Open 
Source projects. 

In this study I have developed a model providing clear insights into which variables are key to 
making Open Source decisions within a firm. By combining the PFI framework and the RBV I have 
created a model that is not only broader in scope than these original theories, but that is also filling 
the research gap in Open Source decision making. Additionally, these insights have been linked to 
specific Open Source monetization strategies. While such strategies were developed in earlier 
studies, a guideline on when to use what type of strategy was lacking. The model can be used to 
evaluate Open Source decisions based on both the external technological environment, and the 
internal configuration of the firm towards this environment. Based on this assessment the model 
provides insights on what type of Open Source monetization strategy to use.

Furthermore, an initial test of the model was performed providing preliminary insights into the 
validity of the model and creating additional research avenues, which will be highlighted in Section 
6.4.

6.2 Managerial implications
Open Source engagements cary both risks and potential rewards. As for every company decision, 
investments should be evaluated based on its returns and Open Source contributions are only 
sustainable when it creates value for the company.

These decisions are highly context dependent, therefore they need to be addressed on a case-by-
case basis. Each project covers a specific type of technology, that is of different value for each 
company. The model developed in this study supports managers to make a thorough assessment 
of the resource based within the context of both the company, and its external environment. Not 
every software resource is suitable for an Open Source approach, there are those that are simply 
too specialized to attract external contributors, while others are critical to a companies competitive 
advantage and should not be shared. Sharing valuable resources through Open Source often 
destroys this value for the company, as it results in sharing both the asset, and the IP.

Once the decision is made to engage with an Open Source project, the firm has to decide upon a 
strategy. The model gives an indication of what kind of strategy would fit depending on the VRIN 
characteristics of the resource. However, there is some leeway in these strategies and the firm has 
to decide which of these strategies it is best positioned to exploit.
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6.3 Research limitations
The theoretical contributions notwithstanding, there are several limitations to the study. Firstly, the 
cases are all situated in the same specific context: the telecommunications industry. Secondly, the 
telecommunications industry is an industry with both a high rate of standardization and a large 
amount of patents. Therefore the results are not well suited for generalization. However, large parts 
of the model have been based on existing and tested theories, such as the PFI framework and the 
RBV, which allows arguing for some generality. Nonetheless, the main aim of this study was not to 
prove the general theory, rather this paper is an effort to develop a conceptual model and provide 
basic theoretical insights in how Open Source activities relate to the firm.

Another limitation to the study was the limited access the researcher had to primary data. While a 
number of managers and experts from Ericsson have been interviewed, for Qualcomm and 
Telefonica only one manager could be interviewed, and for Apple and Cisco no primary sources 
were accessible. While the data is primarily based on the triangulation of several (secondary) 
sources, verification with a primary source is preferable, and this was not possible for all cases. As 
a result the reliability of the data especially for the Apple and Cisco case can be questioned. 

This research was conducted while the researcher was embedded with the IP licensing department 
of Ericsson. As this firm has a large patent portfolio and has an overall offensive profile regarding 
appropriability, this department has a certain agenda. Moreover, within ETSI, there are currently 
some Open Source developments ongoing on a project competing with one of Ericsson's products. 
Therefore there is a possibility that the researcher was influenced resulting in some degree of 
researcher bias. Moreover, the vast amount of data and technological details related to the 
different standards and patent portfolio may have caused misinterpretation of data by the 
researcher. These two issues could have negatively influenced the scientific nature of the 
research. Overall this study is not without its limitations, however as this was primarily a theory 
building and explorative research these limitations provide avenues for future research, which will 
be addressed in the following section.

6.4 Future research
The main focus of this study was the development of a conceptual model and conducting a 
preliminary test of the propositions. The next step in this research would be to extend the empirical 
testing of the model to a larger sample of data across multiple industries. While measures have 
been created for each variable, these are often of a low level of measurement and a more in depth 
analysis of the different constructs is required to determine the exact nature of the different 
relationships.

Within the current scope of the case studies proposition 1 could not be tested, as this requires 
longitudinal or historical data which was not available to the researcher. However, this is an 
important relation within the overall model. If a company decides to Open Source a previously 
closed technology, this will also result in a more open standard, changing the status quo for the 
entire environment. Therefore additional investigation into this relationship is valuable and 
recommended for future research. Additionally, I have proposed a change to the complementary 
assets variable, which will subsequently change the nature of the proposed relationships with that 
variable as well. Rather than looking at the complementary asset from a single firm’s perspective, I 
propose that this variable is changed to the intensity of competition on complementary assets. As a 
result, two new propositions:

Proposition a: The adoption of a dominant design will lead to an increase in intensity of 
competition on complementary assets.
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Proposition b: An increased intensity of competition on complementary assets will reduce the 
value and rareness of a firm’s resources.

The Open Source strategies described in this study were based on strategies described by 
Chessbrough and Appleyard (2007) in a Harvard Business Review article based on the four 
categories found by Perr, Sullivan, and Appleyard (2006). While these strategies seemed to fit to 
the cases in this study, this is not a peer reviewed source and additional or different strategies 
might exist within these categories. However, to date no Open Source strategy studies have been 
conducted. For that reason it would be valuable to investigate whether different or other strategies 
exist and how they relate to traditional strategies for outsourcing. Outsourcing decisions are 
fundamentally different from Open Source decisions, in that the firm retains ownership of the end 
product in outsourcing. Whereas in Open Source this is not the case. However, there are also 
valuable overlaps which could provide interesting insights into Open Source strategies.
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Appendices
Appendix A Krechmer’s Openness of Standards
The following list contains all characteristics and their measurement values.

(1) Open Meeting: everyone is allowed to participate in the meetings. There are two broad 
indicators of the level of transparency possible in Open Meetings:

1. All stakeholders can pay to become a member 
2. Any person or organization can participate in the process at acceptable cost

(2) Consensus: all interests are discussed until an agreement is reached. This right is measured 
on a ‘yes or no’ basis, where Yes = 1 and No = 0.

(3) Due Process: using balloting and an appeals process may for resolution. This right is 
measured on a ‘yes or no’ basis, where Yes = 1 and No = 0.

(4) One World: the same standard is implemented for the same capability, around the world. This 
right is measured on a ‘yes or no’ basis, where Yes = 1 and No = 0.

(5) Open Change: all changes to the organization and the standard are presented and agreed 
upon in a forum that conforms to all previous rights. This right is measured on a ‘yes or no’ 
basis, where Yes = 1 and No = 0.

(6) Open Documents: committee drafts, standards and other documents are easily available.

1. Work-in-progress documents are only available to committee members (standards 
creators). Standards are for sale. 

2. Work-in-progress documents are only available to committee members (standards 
creators). Standards are available for reasonable or no cost.

3. Work-in-progress documents and standards are available for reasonable or no cost.
(7) Open Interface: open access to standardized interfaces that support migration. This right is 

measured on a ‘yes or no’ basis, where Yes = 1 and No = 0.
(8) Open Use: implementers and users need to be able to test whether the standard provides the 

functionality they require.
1. Open Use via implementer testing events

2. Open Use via certification.
(9) On-going Support: standards are supported until user interest ceases rather than when 

implementer interest declines (use).  The support of an existing standard consists of four 
distinct phases after the standard is created

1. Create standards: The major task of SSOs
2. Fixes (changes) Rectify problems identified in initial implementations
3. Maintenance (changes) Add new features and keep the standard up to date with related 

standards work
4. Availability (no changes) Continue to publish, without continuing maintenance
5. Rescission Removal of the published standard from distribution
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Appendix B Interviews
Interviewed Position Date Duration

Gunnar Nilsson Open Source Strategies, 
Ericsson

27-06-2016 60 minutes

Magnus Karlsson Expert Open systems 
software architecture, 
Ericsson

07-07-2016 80 minutes

Christian Hoymann Senior Research 
Engineer, Ericsson

29-07-2016 45 minutes

Jimmy Ahlberg Defensive IPR Strategist, 
Ericsson

11-10-2016 30 minutes

Eduardo Fullea Intellectual Property & 
Standards Specialist, 
Telefonica

20-10-2016 50 minutes
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Interview 1: Gunnar Nilsson
Interviewed: Gunnar Nilsson, Ericsson

Date: 2016-06-27

Time: 09:00-10:00

Topic: Open Source within Ericsson

What does the current decision process for open source projects look like?

For simple small packages we have the following process in place:

All externally sourced software packages are made available trough the Bazaar, which is basically 
an e-commerce platform for software. Whenever R&D needs something that is not available in the 
bazaar, sourcing will do the acquisition and make the software available in the bazaar. For FOSS, 
there is a specific task force within sourcing called 3PPT. 3PPT evaluates all FOSS requests in 
terms of licenses and effects on existing IP.

How does Ericsson deal with FOSS contributions by employees/departments?

When R&D improves a FOSS package and wants to contribute this to the open source version, it 
has to be evaluated by the Open Source Core Team first. They look at the FOSS license, the 
global scale and the current (or future) patent licenses Ericsson has. 

We are always very careful to contribute to copyleft-type licenses, as we have to determine the 
scope of the ‘virality’ of the copyleft. But for permissive licenses we usually don’t have any issues. 
Then we look at the global scale of the project. When it is a project with a small development team 
and not very wide adaption we have no objections, when the scale is larger we have to investigate 
more. Finally, we look at our patent portfolio, not only current licensing deals, but also future 
potential deals, and patents which we determine valuable. The combination of these three factor 
determines whether or not we allow contributions to the upstream project. But at the same time we 
are not looking to create our own internal forks of FOSS projects, we want to stay as close to the 
original project as possible.

Does this happen often and for what kind of projects?

FOSS

General 
Directive

R&D

Bazaar

3PPT

Open Source 
Core Team
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We get FOSS contribution requests quite a lot, often just small stuff like bug fixes, or minor 
functions. But with functions the decision becomes more difficult, as we have to determine how the 
functionality of the software is changed, whether this is an innovation and how this relates to our 
patent portfolio.

We also get some requests to open source a project created by one employee or a department. 
This are usually just tools, nothing major. Usually this is open sourced because the centralized 
tools department notices the use of a non-authorized tool and has an alternative available. If this 
happens there will be no more budget to support the tool and the developer / department open 
sources the tool. They hope that the project will be picked up by some FOSS developer, but this is 
rarely the case. There is a misconception that FOSS developers are waiting for new projects to 
pick up, which doesn’t happen.

What do you think about the projects where Ericsson is a key contributor?

OPNFV, Open Stack, Open Daylight. These decisions become more strategic than tactical.

The current FOSS projects in the TelCo industry are being really hyped. Looking at the Gartner 
Hype cycle, these projects are probably somewhere close to the hype plateau and somewhere in 
the future they will experience this disillusion dip. I don’t believe in a fully automated, self 
calibrating network, each network will need specific integration and tuning. Even then there will 
always remain a human coordination element. While these open source projects are aiming to 
contribute to this, it will still take a long time for them to reach the stability and level of development 
needed. In the mean time there are already proprietary solutions available. Probably in the future a 
mix between proprietary and FOSS elements will be the optimal solution. These large operators 
have the idea that they themselves can be the ones integrating the FOSS projects into their 
networks and save costs by this. But looking at current examples, companies are usually hiring 
outside experts to integrate and maintain their FOSS projects, look at RedHat. 

Even for more established projects such as Open Stack, the project is growing and growing 
because all of the contributors are selfish. Even though the project is mainly developed by 
corporations, they all take on their own area of functionality and work on this, expanding the 
functionality. Due to this process the boundaries of the project are getting further and further apart 
and maintaining and stabilizing the software becomes very difficult. When you look at the more 
successful projects, they are governed far stricter and the scope of the software is well-defined. 
This is currently not the case for the majority of TelCo FOSS projects.

How do OPNFV, OpenDayLight and OpenStack relate to Ericsson’s core business?

They are not the core business, we don’t have many patents in the area. While we have our own 
version Ericsson Cloud Manager, this is not a main income stream. It’s more like a side-stream, or 
a complementary. It’s nice to offer it as well.
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Interview 2: Magnus Karlsson
Interviewed: Magnus Karlson, Ericsson

Date: 2016-07-07

Time: 13:30-15:00

Topic: Open Source within Ericsson: Mano, openO and OPNFV

Why did Ericsson join the OpenO project?

Our customer department was asked by China Mobile to help them set up an open source project 
for the management and orchestration layer. Due to geographical reasons it was not desirable to 
connect the client to the ETSI Mano project. Therefore the client was helped to setup Open O with 
the Linux Foundation and Huawei. Initially there was no intention from Ericsson to join the project, 
however due to some internal miscommunications the company did agree to participate and could 
not back out.

Cloud management and orchestration focusses completely on standardizing interfaces, it enables 
common computing and communications interfaces and the key methods are part of common 
engineering knowledge. As such MANO can be classified as infrastructure software and is 
regarded a commodity. However, the know-how of implementation and maintenance of MANO is 
not a commodity and is the part where Ericsson captures value.

Telecommunications operators are pressing for open source implementations of MANO. Not 
necessarily because they want to implement MANO themselves, but because this allows them to 
create a broader market for implementers and reduce these costs. 

What will be the consequences of a commoditized MANO for Ericsson?

Currently Ericsson is still earning money through the implementation of cloud management 
software, therefore it is not actively supporting Open O and Mano, but rather hopes that the 
projects will delay. However, it is clear that on the long term MANO will become a commodity. 
Ericsson is contributing to the project by helping define the standardized interfaces and making 
sure that it is compatible with other Ericsson products, but there will be limited code contributions. 
While standardization development is underway, the standard is not yet completed and multiple 
proprietary solutions are currently being sold in the market

Why is Ericsson contributing to OPNFV?

From the beginning it was clear that OPNFV will be a commodity, no matter what Ericsson does. In 
order to ensure the quality and compatibility with other Ericsson systems the company joined the 
project. OPNFV is the integration of many different things, and for every sub-project Ericsson has 
made a conscious decision to join, or not join. For instance, OpenDayLight is a project that 
improves SDN. Ericsson would not be able to keep up with the technological change in a 
proprietary project, whereas the open source project can. Moreover, ODL is a threat to Cisco’s 
operations, Ericsson joined ODL in part to attack Cisco’s eco-system.
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Interview 3: Christian Hoymann
Interviewed: Christian Hoymann, Ericsson

Date: 2016-07-29

Time: 10.15 - 11:00

Topic: 3GPP organization and governance

How are the Technical Specification Groups in 3GPP organized?

I work in the TSG  for Radio Access Network (RAN), which is one of the biggest groups with the 
highest workload. At the top level we have RAN plenary, which is where the project management of 
the technical specification is organized. Here we introduce new features which are then turned into 
work items. Each feature is defined as a single work item, and each work item is assigned to a 
single working group. The working group is where the actual detailed specification work is done. 
RAN plenary meets 4 times per year, while the working groups meet 6 times per year. RAN plenary 
monitors and steers the work the WG’s are doing on the work items, generally they don’t interfere 
but they make sure that the work is progressing according to schedule. When a WG finishes a 
work item it gets submitted to RAN plenary which approves the specification and publishes it.

How do technical specifications get submitted to the working groups?

So the WGs meet 6 times per year, which sets the planning for each sub period. These meetings 
are very strict and when you miss a deadline it is your own problem. This way we ensure that the 
work keeps continuing forward. Each meeting takes about a week and the goal is not to spend time 
on explanations and presentations. Everything that will be discussed and decided upon during the 
meeting has to be submitted in document form one week before the meeting, and everyone will 
have to have reviewed all the submissions. 

The submissions are not only the proposed technical specifications. Each specification has to be 
baked up by simulations, tests, throughput studies etc. There are often competing specifications 
and the decisions are primarily based on technical grounds. However, sometimes specifications 
can have the same efficiency / quality, when this happens the submitters will try to find technical 
support for their solutions which are not necessarily scientifically proven (e.g. easier to implement, 
faster time to market etc). When this happens we will often look for a compromise between the 
solutions. 

How are the decisions on specifications made?

Everyone in the room will have a veto’ing power on the decisions, we work with consensus 
building. Input in the meetings is only accepted from attendees. As a result all of the decisions 
really feel like group decisions, and everybody owns the decision. When someone tries to go back 
on decisions in later meetings often even the people who were initially opposed to the decision will 
argue in favor of the decision. These meetings are often attended by up to 300 people.

What about the influence of IPR on the processes?

Of course in the background everything is done with a hidden IPR agenda, but no-one will ever 
speak about this during the meetings and decisions are primarily based on technical advantages. 
No-one will ever make a contribution that is not backed by patents, but because of the way the 
WGs are organized there is a balance among participants.

Do firms try to influence this process through coalitions?
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There are some small coalitions, but these are not set in stone. These coalitions will vary per topic 
and will be more based on commonalities in technology than backgrounds. There is a coalition of 
network operators, which meets before the WG meetings in order to discuss things, but they are 
not very successful. More often than not the members will not reach an agreement, and event 
then, everyone has a veto right so their power is limited. Sometimes there is a sort of Chinese 
coalition, which stems from the ministry research lobby.

How hard is it for new companies to join and contribute to the WGs?

For a new firm to join and give input to the process right away is difficult. The technology is very 
complicated and new companies are often not knowledgable enough to create new inputs. Even 
for established firms it is still difficult to keep up. Besides that there is a long history in 3GPP with 
many discussions and decisions. As legacy technology such as GPRS or EDGE still heavily 
influences 4G technologies a lack of knowledge about this history is a large obstacle for 
newcomers. Usually it takes firms 2 to 5 years to get up to speed and start making contributions. 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Interview 4: Jimmy Ahlberg
Interviewed: Jimmy Ahlberg, Ericsson

Date: 2016-10-11

Time: 16:30-17:00

Topic: Open Source within Ericsson

Can you tell me about NFV / MANO, and how ETSI OSM relates to Ericsson?

So basically there are two things happening currently at ETSI. First we have the standardization 
track, of which we are a part. This is just like any other standardization track, where operators have 
shared a goal, and we and other vendors are developing solutions for this problem.

On the other side there is the Open Source pilot called OSM. This is to be a reference 
implementation of that same standard. However, we have a number of issues with this project. 
First of all, ETSI is never meant to be building implementations. It is a Standards organization, and 
even within the statutes of the foundation there is no provision for what they are doing now. So 
they have called it an Industry Specification Group, while they are actually building the software 
itself.

Additionally, ETSI OSM is licensed under the Apache V2 license, which has a very broad patent 
scope. So now we have two different IPR policies within ETSI, the one from ETSI itself, which is 
FRAND, and the IPR policy as written in the Apache V2 license.

Currently we are working on the standardization process, but we are not willing to engage with the 
Open Source Mano, as this would imply us granting all the relevant patent licenses for free, while 
we are also selling our own MANO solution. 

How valuable do you think NFV is to Ericsson in terms of competitive advantage?

Currently we are offering our own NFV MANO suite called Ericsson Cloud Manager, while this is 
not a large revenue driver it is an important addition to our offering. Besides, we own some patents 
covering the NFV / MANO technologies, which we are currently working on to get submitted to the 
standard. These will become increasingly important once the standardization is complete.

Is this the same for SDN?

Not really, no. SDN is something that was developed out in the open from the beginning, so we 
don’t really have any significant patents in this area. Rather we think that SDN is a commodity or 
will become a commodity in the market, so while we think it is important to participate in the 
development, this is not a key area for us. 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Interview 5: Eduardo Fullea
Interviewed: Eduardo Fullea Carrera, Telefonica

Date: 2016-10-20

Time: 13:30-14:20

Topic: Open Source within Telefonica & ETSI

I’d like to start with saying that any opinion that I express during this call is a personal opinion and 
may not represent the opinion of Telefonica.

Could you tell me a little bit about your job and what you do?
I work at the IPR department of Telefonica. We deal with the IPR management at the group level. 
My background is technological, I am a telecommunications engineer. I have worked many years in 
Innovation projects before I joined the IPR department. We manage the IPR assets from a 
technological point of view. I have also a lot of experience with standardization, so my personal 
focus within the team is not only on patents but also on the relationship between patents, 
standards and Open Source.

I haven’t seen Telefonica in some of the SEP studies I read. On what kind of 
technology is Telefonica focusing?
Our Research and Development is focused on two tracks: network innovation and digital services. 
We have IPR in both worlds. With regard to the latter we innovate in different areas, like personal 
communications, cloud services, security services, and video services. We produce IP in more or 
less all the areas where we have some innovation activity.

With regard to the networks we have IP in both mobile and fixed networks and network 
virtualization. The usual suspects nowadays where all the companies in the sector are focusing 
their innovation 

What are the main Open Source projects Telefonica is engaging with, and how is 
this perceived within the company?
One of our biggest projects is the FIWARE initiative. It is a large project subsidized by the 
European Commission that started some years ago. We strive to set up a framework on top of 
which innovative services can easily be developed. The FI in FIWARE stands for Future Internet. 
The original focus was on creating a framework for future internet services. in practice the kind of 
services that can be developed on top of this framework is very rich, like IOT, Smart Cities, Smart 
Industries can be build on top of FIWAER.

It is a European consortium which has developed a lot of generic enablers. These are Open 
Source Software projects that implement a specific functions that may be useful to create a specific 
platform for one of these use cases. The project has had several phases and is still ongoing. The 
current result is a catalogue of various Open Source reference implementations licensed under 
different OSS licenses that can be used by anyone interested by anyone to set up a platform. 
Taking the necessary enablers depending on the use case, where the interoperability is quite 
straight forward. The different companies will be based on the same enablers based on the same 
external APIs to other enablers. 
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So this is probably one of the most significant projects in which Telefonica has been involved. 
Telefonica has been the leader or enabler of this project, which is a very big European project. We 
are one of the most relevant drivers, but there is also Orange, and of course there are other types 
of actors, not only operators.

Looking to ETSI OSM, normally in ETSI there is a high rate of patenting on the 
standards, whereas the ETSI OSM license is not very patent friendly. How do you 
see ETSI OSM compared to the other ETSI activities?
I think that having Open Source projects linked to paper-ware standardization processes that 
produce specifications may be positive in many cases. So we think that it can be beneficial to 
accelerate the time-to-market for the services, it can also be good for interoperability. Also there is 
a sort of synergy between the specification and the reference implementation development, during 
the early implementation of the standard, while it is still under development the reference 
implementation may help improve the quality of the standard as bugs and flaws can be detected at 
an early stage. Additionally, the reference implementation may be more solid when there is a direct 
link to the people specifying the standard as they are usually more systematic about defining the 
system design or architecture, so we see some synergy in this cooperation between the SDOs and 
the reference implementation as OSS.

Of course the topic about the IPRs is an issue. For companies heavily relying on licensing 
revenues to finance their innovation it can be a challenge to contribute to this reference 
implementation when it is licensed that implies an explicit patent license or a non exertion 
compromise. But of course it depends on a company, for smaller players for which licensing is not 
an important revenue stream it may more positive. So I think the selection of one model or another 
depends on the specific situation in each case. Of course the optimal situation would be to find a 
middle ground, which does not negatively impact some actors over others. It is something to be 
analyzed case by case.

In ETSI OSM I am aware that there are some companies that are not participating because of the 
chosen OSS license.

Telefonica has some IPR in the NFV space, but is engaging with the NFV Open 
Source project nonetheless. Why did you decide to engage even though you own 
IPR in the field?
Losing the ability to enforce a patent within the Open Source ecosystem is not an issue for us, we 
are one of the drivers of the initiative. We do think that IP always needs to be protected as it is a 
valuable asset. Our intention is to protect out innovations as much as possible. The decision to 
contribute to Open Source projects that may have non-assertion commitment because of the 
selected license. Sometimes creating an Open Source ecosystem where we can collaborate is 
more important than giving up some IPR that we own.

Basically the creation of an ecosystem is one of the reasons for us to contribute to Open Source. 
The most usual cases for us to contribute to Open Source is those where we see that we can 
create a collaborative scene where many companies can work together.  Even in those cases 
where we think that having the IPR is still valuable. In case we provide royalty free licenses we still 
maintain the defensive value of the patents. Contributing to Open Source does not mean giving up 
our IP.

When contributing to Open Source, is there a fear that competitors will reap the 
benefits from investments made by Telefonica?
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We contribute to Open Source projects where we don’t fear this, or we don’t find it an issue 
compared to the benefits we get from our contribution to the project. That is always a part of the 
decision to engage with Open Source projects.

Do you think SDO activities and Open Source development will converge in the 
future?
We cannot generalize, so maybe not for every case. But I think it will become more and more 
useful to see such collaborative schemes. I think this pilot and similar ones will become more 
popular in the future. 

Comparing this to more traditional OSS which has a more direct benefit to the 
individual contributor, these specialized networking projects will probably attract 
fewer individuals. Do you think that the same benefits will be gained nonetheless?
I think we will not be able to attract the interest of individuals as much as other kinds of projects. 
We expect contributions to come from the enterprise world. When we are talking about networks it 
may be more valuable to have professional contributions coordinated from companies than a 
myriad of individual contributors. I don’t think this would be a problem, but we cannot expect plenty 
of individual contributors to be jumping on board to these kinds of projects.

How have Telefonica’s Open Source experiences been so far?
Overall the experiences have been very positive. For example within FIWARE the ecosystem is 
gaining quite some traction, not only within Europe. More and more companies from around the 
world, for example from latin America have adopted the model that has been released as part of 
the project. They are beginning to use this kind of platforms to develop commercial services such 
as IOT services, Smart City services, so our experiences have been quite positive. When I think 
about Smart City services, platforms which are based on the FIREWARE generic enables exposed 
API’s which allowed applications to be portable between different cities that have platforms 
according to the same model. So I think the ecosystem has not only been positive for us, but for all 
the companies that are coming on board of the ecosystem. So I think it is helping to promote a de 
facto standard which will be useful for a more interoperable and faster uptake of services like those 
in the Smart Cities. ETSI OSM is in an earlier stage, so it to soon to really assess the impact of this 
project at this time.


