A theory of FLOSS projects and Open Source business
models dynamics

Abstract

In this article, we propose a theory that explains how Free/Libre Open
Software (FLOSS) projects work and how companies rely on these FLOSS
projects to develop their commercial offers, what we refer to as their "open-
source" business model(s). This article builds on and refines the studies of
the FLOSS organization by connecting two interrelated aspects: 1) how this
organization evolves over time, in order to 2) better understand the value
that users create and capture at each moment of a FLOSS project, with a
particular focus on open-source companies, which are specific users who do
business based on the software created by the FLOSS project. We describe
these models and show that the open-source business models of companies
are based on contributing to FLOSS projects in order to be able to provide
"3A" services (assurance, adaptation, and assistance or support for use) that
are complementary to the access to the software. Providing these services
requires participation in the FLOSS project, which provides the project with
the resources to operate.

This work can help the software engineering community by showing how
FLOSS evaluation tools can be improved by taking into account the maturity
of the solution, the strategic need of the target user, and the complementary
open-source offers that exist.

Keywords: FLOSS, Open-source, Business models, Value network,
Software-flow, Strategy

1. Introduction

There is an extensive research on the functioning of Free/Libre Open Software
(FLOSS) projects and on how companies rely on them to develop their
commercial offerings (see [Shahrivar et al., [2018; |Liao et al., |2019; [Trzeciak
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et al. 2022; [Li et al.| 2024, for recent reviews). These works describe a
complex situation where some projects coordinate numerous actors without a
clear hierarchy, an organization that has been called a "bazaar', to take the
famous work by Raymond| (1999), or "FOSS" projects by [Fitzgerald (2006)
while others seem to be controlled by a single company, such as MySQL, for
example, others by a non-profit organization (e.g. a foundation like Linux by
the Linux Foundation).

FLOSS projects have first been described as actors (individuals or organiza-
tions) working together to develop and maintain a solution they need and
use (von Hippel and von Krogh, [2003). In such a project, these "users" who
will contribute to the production effort are a priori unknown, and contributing
is not a prerequisite for accessing the softwardr]. The licenses proposed in
these types of projects allow for the release of the source code and its free
usd?l The term 'free" is used in the sense of freedom of use, but in most cases
also implies free of charge.

But FLOSS projects have also served users beyond their contributors, includ-
ing commercial activities, since as early as the 1990s (Red Hat was founded in
1993 for instance). These offers have found a clientele among organizationﬂ.
Today, a FLOSS project can be used by different companies with different
business models. Faria and Belfo| (2019)) detail the model of three Portuguese
companies proposing commercial offers based on the same open Enterprise
Resource Planning (ERP) Odoo| going from selling development times to
the billing of the installation and maintenance of complete solutions (in
Portuguese).

These open-source commercial offers based on FLOSS solutions, or of FLOSS
projects managed by commercial entities, seem to have outnumbered the early
collective FLOSS projects, if not made them disappear. This phenomenon

1We use the vague term "user" to refer to an economic agent that uses a solution, without
distinguishing whether that agent is an individual or an organization. When necessary, we
will specify which type of user we are referring to.

2Tt is beyond the scope of this article to discuss in depth the IP aspect of software and
of open-source. A good introduction can be found in [Thiruthy| (2017]).

3See, for instance Markets and Markets’ 2021 report| for details of open-source companies’
clients. See the recent special issue of the Journal of Systems and Software for a presentation
of the challenges for companies to adopt FLOSS (Stamelos et al.|[2020) in terms of reusability
but also security, but also the study of |Chesbrough| (2023)) for the Linux Foundation on
the massive adoption of FLOSS products by Fortune 500 companies.


https://www.odoo.com/fr_FR/partners/country/portugal-177
https://www.odoo.com/fr_FR/partners/country/portugal-177
https://www.marketsandmarkets.com/Market-Reports/open-source-services-market-27852275.html

have been described as "open-source 2.0" by [Fitzgerald (2006). Many studies
have described the diversity of the open-source commercial offers, from [West
(2003); |[Bonaccorsi and Rossi (2003)); Dahlander and Wallin! (2006)) to Duparc
et al. (2022)). However, as detailed in the next section, most have focused
on a single type of open-source business, namely that in which a company
develops and controls a FLOSS project. Yet most of the open-source business
models seem to be based on consulting on or facility management of software
produced by a FLOSS project |7_f] It also remains difficult to understand how
these different business models articulate with FLOSS projects and contribute
(or not) to their support (Trzeciak et al., [2022), even if some case studies are
quite enlightening on that aspect. For instance [Zhang et al.| (2021)) proposed
an in-depth analysis of corporate participation in the Opentack Cloud FLOSS
project, which involves hundreds of companies, beside independent developers
and non profits. They showed that companies participate in the project in
different parts and with different intensity, depending on their use of the
software and especially on their offer: "Companies that make substantial
and extensive contributions tend to be the providers of a full cloud solution.
Usage—oriented companies tend to contribute to a large scope of projects
and have a preference for deployment tools. Companies that select specific
projects to contribute to either are driven by their particular business or
are infrastructure vendors who develop infrastructure that supports the
development of OpenStack' (p. 2252). But their results need to be generalized.
This article aims to do so by proposing a theory of how the FLOSS projects
and the open-source company develop and interact. As exemplified by this
last sentence, it will do so by distinguish between the software development
project (which will be called "FLOSS" business model) and the use of its
production in commercial offers (which will be called "Open-source" business
models).

Our analytic framework draws on the "business model" framework (Massa
et al., 2017, Pisano and Teece] 2007; [Teece, 2018) that has already been used
by many studies on the open-source business models (Lin and Maruping, [2022;
Trzeciak et al.| 2022), even if most of them address only some elements of

“In addition to the already cited Market and Market’s article, see Kang and Son| (2016)
in the field of (open) Geographic information systems where they claim that "the service
and support business model takes the highest percentage in the business of open source
GIS software, and consulting does the second highest".


https://www.openstack.org/

the business model (see Section [2)). This framework emphasizes the fact that
an organization (here the FLOSS project or the open-source company) can
be studied in terms of its capacity 1) to create value (for its users, here the
outputs of the FLOSS project and the commercial proposal of the open-source
company) and 2) to capture a part of this value to cover the costs of 3) the
resources it has to develop and the activities it has to carry out to create said
value.

This definition of a business model helps to highlight several points regarding
the functioning of FLOSS projects, but also of the open-source companies
that are at the focus of this article. First, although value capture is often
seen as a mere financial flow’] it must not be reduced to this, as illustrated
by open innovation practices, through which some actors can benefit from the
intellectual production of others (Chesbrough et al.; [2018]). FLOSS projects
capture value in the form of human time that the various participants devote to
the development of a shared code. On the other hand, despite the availability
of the code, not all users seem able to benefit from the software solution
as they pay open-source companies to "use" it. Second, a business model
goes beyond a billing model, or a value creation/value capture model: it is
about articulating an offer (what value is created for the "user", sometimes
the "client") with how the elements needed in order to propose this offer are
developed (value Creation)ﬂ These elements include the software code, as
well as the other elements needed to use it (such as user guides), but also the
capacity to match needs with software, and to adapt each one to the other,
what (Ethiraj et al., [2005) called the "user capabilities".

This means that the participants in a FLOSS project create and capture
value in many forms, depending on the structure of the project, but also on
the strategies of these participants: "beyond just saving time and money,
non-financial gains such as the knowledge and ideas acquired externally

5An example of such a narrow understanding of what a business model is can be found
in the analysis of revenue capture in the field of open-source Geographical information
system field by |Kang and Son| (2016)).

SWhile [Raymond| (1999) has been seminal in explaining the benefits for a company to
develop an open-source billing model, this work is also an example of the lack of articulation
between value creation/capture and the resources. It does not explain why and how much
open-source companies must invest in the FLOSS project either, something that research
still has to explore today, according to [Trzeciak et al.| (2022]).



proved extremely beneficial in terms of value capture for the companies in
this study" (Morgan and Finnegan, 2014} p. 235). FLOSS projects are "value
networks', i.e. an "organization of the cooperation of different actors in the
production and capture of value that they use to satisfy their needs" (Morgan
et al., 2013).

This article proposes to refine the study of the FLOSS organization as a value
network by exploring two interconnected aspects:

« RQ1: how does the FLOSS organization evolve over time? We
will show that software has to be initiated, but also developed, expanded
and maintained over time; this will be done by analyzing what users
capture when they adopt a FLOSS project’s software, what investments
are made in the FLOSS project, and how the project organizes these
captures and investments.

o RQ2: among FLOSS users, what value is captured by open-source
companies, which do business based on the software created by the
FLOSS project, and thanks to what investments made in the
project?

In doing so, this article aims to develop the initial findings of Lin and Maruping
(2022)), who emphasized "the importance of temporal dynamics and processes
in understanding how new ventures organize for open innovation in emerging
large-scale collaboration environments' (p. 225). It aims to provide a theory of
the economics of FLOSS projects, by developing the "preliminary propositions"
of Jullien et al.|(2019). Specifically, this article provides a taxonomy of FLOSS
and open-source business models, and explains at what point in the life of
the FLOSS project each open-source model is possible.

The article is structured as follows. Section[2]draws on the literature to provide
the necessary background on the software industry so as to understand how
the shortcomings of classic, private software production have fostered the
emergence of FLOSS and open-source models. It also points to the limited
understanding of their articulation in the literature. Section [3| aims at filling
this gap. It examines the evolution of FLOSS projects’ business models in
terms of organization and benefits to users, and identifies how each stage
of the FLOSS business model allows for the construction of different open-
source business models by companies. The final section discusses the different
FLOSS and open-source business models, which differ in the way in which they



articulate value creation, value capture and the capacities to do so (Baden{
Fuller and Morgan, [2010)), as well as addressing their articulation, before
concluding.

This work theorizes that the main value creation of FLOSS projects involves
managing the software "flow" — the evolution of software versions, to develop its
functionalities, for security reasons (bug fixes), or for technological evolution
— beyond the "stock", i.e. accessing a software product “as is”. In order to
benefit from this evolution, users need to participate in the production, to
see their needs taken into account, but also to develop the skills to be able
to contribute or simply to understand how the solution works and can be
adapted to their needs, via a mechanism close to the one described by |Cohen
and Levinthal (1989)) for innovation. Because certain users do not have the
necessary skills or find it cheaper to outsource this effort, they may pay open-
source companies to "participate' for them. Depending on their position in
the FLOSS project and the maturity of the FLOSS project, these open-source
companies can develop different business models, which are detailed below,
but are all based on the offering of "3A" services that complement access
to the software (assurance, adaptation, and assistance or support for use).
FLOSS benefits from these contributions. Offering these services requires
investment from open-source companies, i.e. participation in the FLOSS
project, which, in turn, provides the project with the resources to operate.

2. Software Industry, FLOSS Advantages and Open-source Business
Models: State of the Art

We first explain how the basic condition of software production has contributed
to structuring the industry, but has also created dissatisfaction among certain
users, explaining the emergence of the FLOSS movement. By better defining
the characteristics of these specific users and of other software users, we
explain why there is a market for open-source companies and summarize what
is known and not known about them.

2.1. The software industry

2.1.1. Software solutions

Modern software solutions are shared by multiple users for obvious cost
reasons. However, because of the variety of the demands, a software solution,
and its producer, have to deal with somewhat contradictory goals (Cusumano,



2004; |Hornl, 2004): to be as adaptable and “customizable” as possible, but also
as stable as possible, to be resilient in the long term. Producing software is
not like producing a physical product, it is something that has to be organized
and sustained over years to deal with the evolution of needs, but also of
the technologies with which a software product interacts (other software,
hardware, etc.)

Most of the time, the number of competing solutions is reduced, because of
the strong increasing returns to adoption effects (in the sense given by |Arthur}
1994)): economies of scale because of the zero marginal cost of reproducing
it, technological interrelations (between different software, such an operating
system and a business software solution) as well as, since the Internet, network
externalities (software need to exchange compatible data).

To articulate the few solutions with the various needs, most of the software
solutions is a combination of a more or less central "software base" that allows
economies of scale on the standard part of the needs, and services consisting
in requirement specification, solution selection, adaptation, and maintenance
in operational condition (Cusumano, 2008).

The possible arrangements to produce such a solution vary, depending on who
allocates and pays for the human and technical resources needed to develop
two main capacities (Ethiraj et al., 2005): the capacity to translate user needs
into technological requirements, and the mastery of the development process
(developing, but also prioritizing and integrating the code into a coherent
solution). It can be produced through supply pooling (a publisher creates
a solution and sells it to "customers") or demand pooling (a group of actors
co-develop a solution that meets common or complementary needs), with
various intermediate arrangements (actors commission a vendor to develop a
solution for them).

In the dominant model that emerged in the 1980s, and which we will call the
"classic" software business model, software is developed by a private actor.
This does not goes without limitations.

2.1.2. The "classic” software business model

In this classic business model an actor, that we will call a software "publisher",
invests in the development of a software, by identifying the needs and coding
the corresponding solution. The ownership of the code, granted by the
copyright system, allow the owner to select those who are authorized to use
the software. The authorization is called a "license" to use "copyrighted'



software code, and is usually granted in exchange for payment. This actor
also has to manage the software’s evolution over several years, to meet
evolving needs and technologies, over and above day-to-day maintenance (e.g.,
bug fixing) (Cusumano, 2004). The cost of this evolution management is
financed by selling access rights to new versions of the same solution or, more
recently, by granting renewable access for a limited period of time of the
online application, in exchange for more regular updates of the solutior[]

This structure has its disadvantages. The software evolution remains entirely
dependent on its publisher. Any intervention on the software is impossible,
even for correcting errors or enriching functionalities. And it is important
to remember that while the advent of software packages in the 1980s made
the software base part more visible, the service part of selecting, but also
customizing/ integrating a solution into an internal infrastructure remains the
largest source of spend, especially for business customers (Campbell-Kelly and
Garcia-Swartz, 2015; [Yost, 2017)). It is also easier for this publisher to propose
extensions or complementary software, and to prevent competitors from
entering or remaining on the market by changing the interface, impeding the
dynamics of the solution and its ecosystem —an illustration is the competition
between Microsoft and Netscape in web browsers (Gilbert and Katz, 2001)
and the lawsuits that nearly lead to the split of Microsoft in two companies
(operating system and browser) (Economides, [2001). This explains, with the
diffusion of the Internet, the Free Software Movement (Tuomi, 2001), as a
specific type of demand pooling organization.

2.1.3. The appeal of FLOSS

Demand pooling, i.e. users dedicating resources (people) to a software project
is indeed how the first programs were developed, and a strong culture of
cooperative development has long existed in the research community and
between public research centers and industry (Rosenberg) 1982)). In the
mid-1980s the Free Software Movement, initiated by Richard Stallman, a
researcher at MIT, relaunched this practice, providing the industry with new
standards, such as Linux (operating system) or Apache (web server |

“For instance, Microsoft proposes or the purchase of a perpetual license of its products,
for one computer and without update, or access to its cloud offer, on an annual basis.
Today, Adobe propose only online access to its solutions, on a yearly or monthly basis.

8The original manifesto for the development a completely free operating system, the
GNU manifestol, was published in 1985, following an original announcement in 1983. Among
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For users capable of coding their needs, the availability of the source code opens
up the possibility of making improvements by themselves, something often less
costly than waiting for the publisher to make appropriate upgrades (Franke
and von Hippel, 2003)). Moreover, they have an incentive to share these
improvements. They can expect feedback on them, and complementary and
cumulative innovations. Their modifications, which reflect their specific needs,
can be integrated and maintained in future versions. They also benefit from
individual learning effects and reinforce their competence (von Hippel and
von Krogh|, 2003; Lakhani and von Hippel, 2003). These users have been
named “innovative users” by von Hippel who highlights their importance in
the initiation of most FLOSS projects (ibid).

These users can be organizations, and |West and Gallagher| (2006) identified
four main strategic reasons for them to do so. (More recent studies, syn-
thesizing the reasons why corporate engage in FLOSS, such as |(Germonprez
et al. 2017 [Kendall et al.l 2020, detailed these reasons without challenging
the framework.) Organizations may seek to create a kind of pooled R&D
project (e.g., Kubernetes, a solution “for automating deployment, scaling,
and management of containerized applications”, i.e. a tool for cloud deploy-
ment, “builds upon 15 years of experience of running production workloads
at Google, combined with best-of-breed ideas and practices from the commu-
nity”). They may spin out an existing software solution that becomes too
costly to maintain with regard to its strategic advantage, such as Netscape’s
web browser, Mozilla (Agerfalk and Fitzgerald,, 2007) that became Firefox
in 2004°] More recently, planned FLOSS projects have emerged, usually led
by a consortium of companies in order to share development costs around
a new industry standard (According to Teixeira et al.| (2016), OpenStack
can be seen as such an example, even though it was initiated by two actors,
Rackspace Hosting, an American cloud computing company, and NASA, but
quickly opened up to other participants).

For non-innovative users, too, FLOSS solutions may be cheaper, given the ab-

other things, and as the first FLOSS solutions, Stallman created Emacs (1984), which is
still used and among the best program design tools today, and the GCC (1985) compiler
for C and C++ (among other languages), which are still widely used. On the subject of
the rise of Linux as an alternative standard to proprietary operating systems see also West,
and Dedrick| (2001)).

?The Mozilla foundation has managed this project since 2003.
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sence of fees, but also due to better compliance with standards/norms that fa-
cilitates interoperability, thus integration in the information system (Almeida,
et al., [2011; |[Sanchez et al., [2020). It is never a zero cost solution, because
of the cost of this integration into the information system, something not
always anticipated by these FLOSS solution adopters (Morgan and Finnegan),
2014). |Olson et al.| (2018) detailed the different challenges and costs of such
an integration in the case of Enterprise Resource Planning (ERP), and Butler:
et al. (2022) addressed the general case of choosing a FLOSS component.
Non-innovative users do not have the capacity to develop their needs into the
FLOSS project. Must they find an actor to do it for them to be able to use
the FLOSS solution, and is that the core business of open-source companies?
Can this solution be used without contributing and for what needs (after all,
not all innovative users contribute to the FLOSS solutions they use)? To
answer these questions, we need a better definition of what is behind the
choice of a software solution, in terms of users’ needs and skills.

2.2. Choosing a software solution

A software solution is a resource whose choice depends on (Shaikh and
Cornford, [2011)): its level of strategic importance as a resource (in the sense
given by Grant, |1991} Teece| 2010), but also on the capacity to evaluate and
appropriate the solution (Ethiraj et al., |2005)).

2.2.1. Characterize the users’ requirements for a software solution

A software solution’s strategic importance is evaluated in terms of “software-
stock” (is the resource more or less specific at the time of acquisition?),
but also in terms of “software-flow” (should it evolve over time?) (Shaikh
and Cornford, 2011)). The more strategic and durable the resource for the
company, the more important its “upgradability” is, i.e. the fact that it will
be maintained (but fixing) but also improved to adapt to new technologies
or needs (ibid). The more the software needs to be adapted to the needs
(in terms of functionality or integration with the infrastructure), the more
important its adaptability is (Bennett et al. 2000; |Li et al., |2009).

“Upgradability” and “adaptability” lead to four models of needs (Figure [1)).
If the resource is perceived as being unlikely to change, it is what we will call a
"commodity", as defined by [Van der Linden et al.|(2009), and can be served by
what has been called "Off-the-self" solutions (Li et al., [2009; Van der Linden
et al} 2009), from commercial or FLOSS origins. If little customization is
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expected, one will try to acquire a standard solution at the best cost. We will
call this "Low-cost" needs. Browsers, whether FLOSS (Firefox) or proprietary
(Edge, Opera), or office suites (Libre Office, MS Office) are such examples
of comodities that serve low-cost needs. If a lot of customization is needed,
one will look for an adaptable solution at the best cost. We will call this
'Adaptable" needs. An example of such needs and solutions is the Enterprise
Resource Planing offers (SAP ERP, Oracle ERP, Microsoft’s Dynamics 365
are proprietary examples, Odoo, ERP5, or Dolibarr| are FLOSS examples).
The resource may have a significant upgradable dimension, due to expected
technological changes or expected evolution of internal needs. If the need is
not too specific, users will look for a solution that guarantees technological
compatibility over time, and avoids lock-in as much as possible (what we call
'"Lock-out"). For example, a network infrastructure (hardware plus software)
must comply with standards such as IPV6 to allow interconnection with the
outside world. This can be provided by private companies, such as Cisco, or
by FLOSS solutions such as those presented by the TekLager company, which
implements FLOSS routing operating systems such as OPNSense, pfSense, or
OpenWRT. If the need is seen as both specific and evolving over time, users
will consider whether they can "control" the adaptability of the solution over
time. The type of solutions involved is highly dependent on the companies,
as emphasized by (Van der Linden et al.| 2009), infrastructure systems are
an example, such as systems for automating the deployment, scaling, and
management of containerized applicationsEG].

However, this choice also depends on the users’ capacity to make it. Software
is a highly technical industry, in which the users’ capacity to envision the
technical needs and master the translation of business (functional) needs into
(software) specifications is at least as important as the capabilities of solution
providers to offer an effective solution (Ross et al., [1996]).

2.2.2. Characterize the user’s ability to choose a software solution

The two capacities defined before with |[Ethiraj et al.| (2005)) (to translate needs
into technological requirements, and to develop —code — them) allow to split
software users into three groups (Jullien and Zimmermann, 2011} |Viseur and

Omost solutions are based on the FLOSS Kubernetes, but there are company offerings

that complete them with private add-ons, as explained by TechTarget.com in the article
"Compare 10 leading container management systems", published online September 30, 2019.
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Figure 1: Segmentation of users’ needs according to the characteristics of their requirements
for a software solution
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2023) that are summarized in Table [I] The first group masters both

skills and is thus able to translate program requirements into code. These are
the above-mentioned "Innovative-users', as they are referred to by
(2001). The second group is capable of translating needs into functional
requirements or finding bugs in programs, but not participating in their
development. Kogut and Metiu (2001) stressed their importance for software
production because they help define the needs and verify the quality of the
solution, but remain at the border of the development project. In accordance
with these authors, we will call them "Frontier-users'. The third group,
characterized by the absence of both capacities, are called "No-skill-users”.
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Table 1: Type of software solution users according to their capacities. Based on

et al.| (2005); Jullien and Zimmermann| (2011); Viseur and Jullien| (2023

Capacity to translate

needs into technological

Capacity to develop —
code — the needs

requirements
Innovative-user Yes Yes
Frontier-user Yes No
No-skill-user No No
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The most competent users do not necessarily outsource the least; they are more
able to define their needs, and to assess the quality of the provider (Tadelis|
2007; |Weeks and Feeny, [2008; |(Gambal et al., 2022; [Simoes and Santos, 2024)).
Innovative-users have access to a larger strategic portfolio of solutions, be-
tween those they may implement themselves and those they may outsource,
than Frontier-users, who have to outsource the development of their require-
ments. However, Frontier-users are able to define, specify their needs and
evaluate solutions accordingly, while No-skill users have limited exploration
capabilities of the various types of offers available. Open-source companies
can provide services of specifying the needs and evaluating the (FLOSS)
solutions according to these needs (No-skill users), but also by developing the
needs and getting them accepted by the project (for all the users).

However, we will now show that it is not what has been the most studied in
the literature on open-source business models.

2.3. Open-source business models: what is known

A search in Scopus and the Web of Science using the keywords "open-source"
and "business model" yielded 173 articles, starting with Hecker (1999). Some
of them are loosely connected to the “business model” aspect but address
other interesting aspects, such as security advantages, or implementations.
We completed this search with querying “open-source business model" on
SciSpace, without any further additions. We completed this list with readings
about FLOSS project organization, which, surprisingly gave older literature
(Google scholar research, keywords “open-source communities”), and with
a search of the newest articles those found through the first two searches.
After reading all the abstracts, we based our analysis on the most recent
articles (published in 2018 or later) in addition to the references of the field
(evaluated by our knowledge of the field and the number of citations). We also
completed the description of our business models by identifying references to
the selected articles, via a Google Scholar search for papers citing the articles
identified in the literature review. We ended with 147 articles cited here. We
summarize below what these articles have explained and why we see a need
to complement their findings. Several articles proposed a literature review in
this field (Shahrivar et al) 2018; Li et al., 2024} are the most recent).

The recent literature on FLOSS projects focuses on project organization and
governance and the relationship between open-source companies and projects,
trying to better understand the value of these companies’ contributions to the
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FLOSS project, but also the risks of these contributions in terms of project
stability (Ferraz and Santos| [2021; |Viseur and Charleux, 2021} Schaarschmidt),
2023), as well as the link between open-source companies’ participation in
FLOSS and their commercial offer (Mouakhar and Benkeltoum, [2020).

Regarding the open-source aspect, some articles proposed either a thorough
analysis of up to 120 FLOSS projects/open-source companies (Duparc et al.,
2022), or a smaller number but trying to focus on one type of commercial
offer (Spijkerman and Jansen, 2018, ten cases of B2B open-source compa-
nies studied). Other articles focused on a detailed analysis of a specific
ecosystem ([Faria and Belfo, 2019, on the business models of open-source
companies implementing Odoo), a specific market (Kang and Son|, 2016} on
the geographic information systems field) or a specific open-source business
model (Riehle, 2021, on the "distributor" business model, what we will refer
to as "publisher" open-source business model).

In most of these studies, the FLOSS project is seen as a resource with which
some of the software development can be outsourced, and which is then used
to build a classic offering (West, 2003; Bonaccorsi and Rossi, 2003; |Dahlander
and Wallin, |2006; Chesbrough and Appleyard, |2007; Kang and Son, [2016):
selling licenses to use complementary software products or hardware, or selling
deployment and maintenance serviceq'}

The open-source business model most studied, and recently reviewed by
Shahrivar et al. (2018)), is the "open-source editor", when an actor manages a
FLOSS project for which it does most of the development. We assume that
this is due to the fact that it is the most antagonistic to the classic model
of the private software editor that sells access to its intellectual property.
Several business models have been identified, which differ in terms of what is
charged to customers and the degree of involvement in the FLOSS project.

These studies helped us identify different strategies to propose value and
capture it in the context of an open-source business model, or the participation
of open-source companies in a FLOSS project, and, as previously mentioned,
we will refer to them as illustrations of the different business models we present
below. However, they do not provide a complete picture of the business model

1V MWare’s Tanzy Platform offering|in the field of container orchestration is an example
of such a proposition: "Tanzu Labs provides services for every step of your platform
journey, from configuring your platform and migrating valuable applications to helping
you implement best practices for managing a developer-centric platform."
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of the FLOSS project and of these open-source companies, as defined in the
introduction: the organization’s capacity to 1) create value (for its users,
here the outputs of the FLOSS project and the commercial proposal of the
open-source company) and to 2) capture part of this value to cover the costs
of 3) the resources it has to develop and the activities it has to carry out
to crate said value. Most of the time, point 3 is missing in the business
model articles, while Demil and Lecocq (2010)) stressed that value capture
is underpinned by a dynamic articulation between value propositions and
resources, and, as already said, Zhang et al.| (2021]) exemplified this in the
case of OpenStack for FLOSS.

To get a more complete picture, it is necessary to start from the FLOSS
project, and more specifically, to understand why some software users have
chosen to collaborate with others in an open way to produce software (Trzeciak
et al., |2022)). As explained by Morgan et al.| (2013), the core of a FLOSS
project is the building of a "value network", which needs to be studied, i.e.
why potential complementors are crucial to the participants for their value
creation/capture, but also their level of commitment to the project: the effort
they put into it, how they collaborate to align their goals with those of other
partners in this project.

We will show that each phase of the FLOSS project corresponds to a specific
organization, a specific FLOSS business model, but also specific companies’
open-source business models. We will present these phases and their business
model, and the elements of their evolution, using the business model canvas
(Osterwalder and Pigneur, |2010) that allows for a synthetic description of the
different elements of a business model. Presented as a table of nine cells, it
details the different elements of value creation, value capture, and resources
(see Table . The proposition of value is detailed in Value proposition, but
also to whom (User segmentation), how it is delivered (what is exchanged
with the users, or user relationships) and through which Channels (platform,
physical platform...) The resources to do this are detailed in Key resources
(what the organization owns that allows it to deliver the value), but also Key
partners (with whom they build the resources and the proposition of value.
For open-source companies we will discuss if/how the FLOSS project is a
key partner) and doing what action (or Key activities). Finally, the value
flow is broken down into Value capture and Cost structure. It is important to
understand that value can be monetary, but also in terms of effort (e.g. time
spent).
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Table 2: Business model canvas, adapted from |Osterwalder and Pigneur| (2010)

Key part-
ners

Key
stakeholders
for the
project/
company to
build the
value
proposition.
For
open-source
companies
we will
discuss
if/how the
FLOSS
project is a
key partner

Key activities

Activities that are
at the heart of build-
ing the value propo-

sition

Key resources

The human and
technical resources
(capital and labor)
required to perform
the (key) activities
and deliver the solu-

tion

Value proposition

What the solution deliv-
ers (here a software solu-
tion, but sometimes com-
plemented by other soft-

ware or services)

User Relation-
ships

The type(s) of of-
fer (service, prod-
uct), but also how
it is delivered (e.g.

the level of person-

alization).
Channels
Channels used
to distribute
(Oaline, Stores,

On-Premises...)

User Seg-
ments
Types of
users

interested in
the solution
in terms of
profile (end
user, organi-
zation...)
but also
skills (here:
innovative,
frontier,
no-skill
users)

Cost structure (time & money)

All costs (effort —time—, money...) of the

(key) resources and key activities

Value capture (time & money)

All flows of value captured by the project
or company that "finance" the costs (time or
money given by participants, money paid for
a product/service sold, etc.)
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We will use this presentation which is the most familiar when presenting
a single (FLOSS/open-source) business model. When presenting multiple
business models, the nine items are presented in a single column.

3. Understanding FLOSS projects’ Business Models to Identify
Companies’ Open-Source Business Models

We will study how and what value is created by the FLOSS value network,
over time, before looking at the open-source models.

3.1. FLOSS projects’ global characteristics

As for software projects in general, FLOSS projects are very heterogeneous,
in terms of diffusion, the number of people involved, and the quantity of code
produced (Krishnamurthy, 2002; Healy and Schussman, [2003; |Liao et al.,
2019). A minority of these projects aim at providing complex software for
complex needs (e.g. operating systems such as Linux) and last more than five
years (Ait et al., [2022). The majority address a limited need, manageable by
a small team, sometimes reduced to one single developer (Liao et all 2019).
In such cases, however, they cannot be referred to as FLOSS, cooperative
projects, and we will see that they lead to limited possibilities of open-source
business models in addition to jeopardizing their sustainability[?]

Some constants exist, in terms of project modularity, and specialization of the
contributors (Crowston et al., 2008; Medappa and Srivastava, 2019; Palazzi
et al., 2019; Joblin et al., 2023): each project is led by a core group of
developers (the ‘kernel’) which develops the main part of the source code,
and whose members, or at least some of them, are at the origin of the project
(for the majority of the projects, this core team is reduced to one or two
developers). A larger group follows the development, sometimes reports
bugs, proposes corrections (‘patches’) or new developments. An even larger
group simply uses the program and may sometimes posts some questions on
user mailing lists. The bigger a project is, the more complex and strict the
mechanisms are to select contributions and questions, so the main developers

12The risks, in terms of security (bug correction) and sustainability of such projects
maintained by one single person are well explained in Glen S. Small’s "open source projects
pose significant security risks." TechTarget.com, published online| 28 November 2022
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are not inundated with peripheral problems. This has been referred to as an
“onion model” organization (Figure El

Project
Leaders
Core Developer

Contributing
Developers

Bug Reporters

Readers

Passive Users

Figure 2: The Onion Model Organization of a FLOSS project, from Amrit and Van Hil{
legersberg (2010)

Software development management platforms, such as GitHub or GitLab
today, allow the core group to accept, or refuse, contributions (for details of
such an organization, see |Zimmermann, 2020). The “codebase” is designed
to comprise (1) a core and (2) a set of modules. As stressed by
Howison| (2024), "both academics and practitioners have considered modular
(or loosely coupled) software structures to be key to the success of open
source software (OSS) projects" (Baldwin and Clark], 2006; |Crowston et al.,
2008; Lindberg et al., 2016; Medappa and Srivastava, 2019). Modules are
“distinct parts of the larger system, which can be designed and implemented
independently as long as they obey the design rules” (Baldwin and Clark],
2000). This allows the developers to focus on the parts of the code they
are interested in. It reduces the cost of testing new features, too (a change
is confined to the affected module and should be tested only there). As
explained, contributors have an incentive to make the extra effort to submit
their code to the global project, to avoid the risk of certain decisions or a coding
evolution making their change incompatible, requiring them to redevelop
it. Finally, learning about this organization, being recognized by the core
contributors implies, as has been shown for innovation (Dasgupta and David
, having internal resources (developers) to do so (Lin and Maruping,

13Tt is hard to trace the origins of this model. It seems to appear in the analyses of
Nakakoji et al.| (2002).
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. In general, it seems that to benefit from the project, companies have
to have a "gatekeeper, who navigates code and information flow between
his/ her firm and external actors" or the FLOSS project (Nguyen Duc et al.|
Subsection 4.1). In concrete terms, it means contributing to the FLOSS
project, as this helps to decrease the cost of contributing (by learning how
to do so, but also being recognized by the other contributors that makes
code inclusion easier (Nguyen Duc et al., 2017, Subsection 4.5)), and for most
involved, gives rights to control others’ contributions, and thus the project’s
evolution (Schaarschmidt} [2023; |Dahlander and Wallin|, 2006; |Herstatt and|

Ehls, 2015] third part). It structures a hierarchy regarding the control of the
FLOSS project participants and evolution (Table (3)).
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Table 3: Roles and power within a FLOSS project. Adapted from |Crowston and Howison:
(2005); [Nakakoji et al.| (2002)

Owner Core con- | Package | Contribu- User
tributor manager, tor
main
developer

Access to the software-stock X X X X X
Access to the production system X X X X
(possibility of adding a code that
addresses specific/own needs)
Contribution and contributor X X X
management (software-flow con-
trol)
Project evolution management X X
(project roadmap control)
Alienation management! (brand, X
code, test bases...) (solution con-
tributors/ users control)

I Alienation in the legal sense of the term, i.e. the transfer of intellectual property rights,
definitions of the contracts based on the IP ownership (software license, contributor contract,
brand use...)
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These mechanisms depend on the maturity of the project (Crowston and
Scozzi, 2002), and are built in three phases (Koch, 2008; Guimaraes et al.,
2013; [Kuwata and Miural, [2015; Jullien et al., 2019; [Liao et al., 2019} [Setia:
et al., 2020)): creation, development, and maturity@. This is not surprising
given that these phases are those of software development (Lehmanl, [1980)
and of collective action (Marwell and Oliver, |1993) in its production aspect,
and of the diffusion of innovation (Rogers, [2010) for the adoption aspect.

We will show that for each phase the FLOSS project proposes and captures
different values, but also requires different resources to benefit from them; as
a consequence the open-source business models are also phase-dependent.

3.2. Phase 1: Creation. The Innovative-user phase

3.2.1. FLOSS projects: initiating a new development to meet Innovative-
users’ control-needs

It is difficult for a project to succeed, or even to start, when the initial
contributors are not its (first) users (Jullien and Roudaut| 2012). Some
Innovative-users have control needs (Figure (1) and perceive the possibility
of developing a software solution to meet their needs (thanks to the open
contribution mechanism) over time (thanks to the open license mechanism).
As explained above, this is understandable when the software solution is
a complementary asset (Van der Linden et all |2009)): potentially sharing
the same solution with competitors does not threaten their competitive
advantage, which relies more on their capabilities to internally tailor and use
the solution. The OpenStack project illustrates this: it develops “a set of
software components that provide common services for cloud infrastructure”,
i.e. the capacity to manage hundreds of computers. It was started by a user,
NASA, and is used by many large companies (Adobe, Volkswagen, Walmart,
etc.), as well as by some major cloud service providers (Google, OVH-Cloud,
etc.)

Unlike an internal project, the FLOSS structure helps share development
costs, and multiply the sources of innovation (Lee et al., 2020). However,
open to anybody does not mean to everybody. When a project begins, it

MKuwata and Miura| (2015) speak of five phases. While the correspondence is not
perfect, they agree on the idea of phase, and we estimate that the birth and childhood
phases correspond to the creation phase of the others, the Adolescence and Adulthood to
development, and the end of adulthood and obsolescence to the maturity.
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is not very visible (there are millions of projects on these platforms), and,
of course, participation requires development skills. All these factors allow
the initiators to control the foundations of the project that is developed by a
small and very connected group of developers (Joblin et al., [2023)).

We see this phase as close to a classic demand pooling consortium, as few
actors cooperate to share the cost of developing a dedicated solution. However,
there is no need for long negotiations about who does what, who owns what (in
terms of intellectual property, for instance), making it easier to integrate new
participants. Finally, the fact that a software can be designed incrementally,
with a modular architecture that allows each actor to develop its own needs,
means that the effort (the investment) can be small and the results can be
evaluated almost immediately before deciding to make new efforts. All this is
an advantage when starting an innovative (and therefore uncertain) project,
because it reduces the risk taken (i.e. the loss of the investment made) (Bessen
and Maskin| 2009; Farrell, 1995)).
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Table 4: Business model for a FLOSS project in phase 1

Key part-
ners

Innovative-
Users

Key activi-

ties

Software de-

velopment

Key
sources
Development
platform,
Project

manager

Value proposition

Controlled & Personalized
software solution

Customer
Relation-
ships
Customers
are produc-

ers

Channels

Development

platform

Customer

Segments

Innovative-
Users

Cost structure (time & money)

Development time (development and

project management)

Developers’ time

Value capture (time & money)
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The project’s business model is summarized in Table ] Value is created
by those who benefit from (and capture) the value created (the software)
thanks to the resources they invest in the project (development time). The
key capacities are to be able to program the needs, in a collective, open way.
This last element is quite specific, and numerous studies have shown that it
has to be learned (Stol et al., 2014). This paves the way for a first open-source
business model.

3.2.2. Open-source business model: customized software development services
In this phase, the open-source business model is the provision (and billing)
of development time, but also of the capacity to understand, and sometimes
manage, a FLOSS development (De Laat|, [2005; [Viseur and Jullien, 2023]).
Unlike the classic bilateral relationship found in custom development, the
small but open group of user-developers must be organized and coordinated
without formal hierarchical relationships. Since its purpose is to develop the
FLOSS project, the most important resource of the open-source company
is the developers it employs. They must be multi-skilled in the sense that
they must be able to develop on-demand technical solutions from (Innovative-
)Jcustomers’ specifications but also to integrate them into a coherent software
architecture. This will be referred to as an “open-source customization”
business model (see Table [5)).
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Table 5: Open-source customization business model

(Key)
partner:
FLOSS
project
Innovative-
Users
contributing
to the
FLOSS
project

Key activi-

ties

FLOSS Soft-
ware develop-
ment

FLOSS
project

participation

Key re-

sources
FLOSS
development

experts

Value proposition

Custom development
within a FLOSS project
FLOSS project manage-
ment

Customer
Relation-

ships

Technical,

service based

Channels

One-to-one
B2B services
via the

project

Customer

Segments

Control
(Innovative-
Users)

Cost structure (time & money)

FLOSS Developers
(software development and project man-

Human resource:

agement experts)

Billing for development hours

Value capture (time & money)
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Based on people’s time provision, it involves few economies of scale (even if
there are increasing returns on the development skills and on the coordination
of different teams/projects)]

If the solution matures, new users are attractedﬁ. Opening up the project
beyond the closed club of initiators marks the transition from Phase 1 to
Phase 2 (Setia et al., [2020)).

3.3. Phase 2: Flourishing development or decline

A project can remain small and be developed and managed by its initiators;
as said at the beginning of this section, this is the case with the majority of
projects. However, there is a risk that a competing project will take the lead
and make it irrelevant until it is abandoned by its promoters-(Ehls, [2017)).
But growth has its own challenges.

3.3.1. FLOSS projects: structuring open collaboration

The project will grow first with new Innovative-users attracted by its potential,
which allows them to exercise some level of control over its future. As the
actors diversify, their goals may diverge, too. The difficulty in maintaining
technical coherence, as well as the difficulty for newcomers to contribute to
the code, may also grow. This is true for any software project, but has specific
consequences for FLOSS]

As the software industry has gradually evolved from a craft activity dependent
solely on the talent of programmers to one of greater industrialization (Duvall
et al., 2007), a FLOSS project must be structured (Ferraz and Santos, [2021)).

15Tt is actually hard to find examples of such activity, as it concerns the beginning of
a project, and thus projects that are less visible, and less studied. However [Viseur and
Jullien| (2023) give an example of how the initiators of a project, CommunesPlone, today
Smartweb, a Content Management System for municipalities, have been rapidly paid to
develop the project for the first users. Another example is the Eclipse Foundation’s offer
to help actors federate around new FLOSS projects, such as Oniro, an "Operating System
Platform for Connecting Devices Big and Small"

16While making an emerging project visible, attracting new contributors is quite a
challenge. The embeddedness of the project’s initiators in other projects (Sutanto et al.l
2021)), and their outreach capabilities in general (Weng and Sohl [2023) seem key here.

HFor example, Daniel et al.| (2013), in a study of 357 SourceForge projects, showed that
the diversity of contributors’ cultural backgrounds has a negative impact on community
engagement, whereas diversifying the roles taken in the project, i.e. making the project
more structured, has a positive impact on its dynamics.
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From a governance perspective, this means finding the right balance between a
hierarchical organization, which is a source of productive efficiency, and open-
ness, which facilitates the integration of new members and thus innovation™}
This requires a certain bureaucratization of the organization (O’Mahony and
Ferraro, |2007)), such as the setting of rules for contributing, and in general
a complexification of the governance/coordination framework (Shaikh and
Henfridsson, 2017} [Palazzi et all 2019). This structuring of the organization
relies on human capacities and involvement (software project developers), and
increasingly, as the project grows, technical capacities. In addition to develop-
ment platforms, other tools are becoming essential such as: bug tracking and
bug management systems, non-regression test baselﬂ, feature request man-
agement systems, etc. Each tool provides possibilities of managing different
levels of contribution rights, according to the centrality of the contributors
in the project, their past contributions, and their recognized skills, but also
different structures of coordination and governance (Shaikh and Henfridsson,
2017)). From a software engineering point of view, it also means working on
the architecture of the code, to make it modularﬂ.

We see this as creating a dual movement regarding the possibilities and the
incentives to participate. It increases the barrier to contributions relating
to the core of the software, because of the cost of learning how it works (for

18We refer, of course, to the classic dilemma between exploration and exploitation of
a technological solution, coined by March| (1991)). For software, this means a trade-of
between increasing the team (and the contributions) and managing the organizational and
technical complexity of a bigger project [Tilson et al.| (2010); Lee et al.| (2020)); McIntyre
et al.[ (2021). The study of [Liu et al| (2021) on software consortium organizations, also
strongly echoes our points, in a (slightly) more closed environment.

19 Automating software use scenarios to verify that modifications have not generated
bugs.

20The importance of a modular architecture has been stressed by |Bessen| (2006)); Baldwin
and Clark| (2003). In an early study of the Apache web server project (Mockus et al., |2000]),
it was hypothesized that open-source projects’ core teams tend to consist of no more than
15 persons, for accessibility and managerial purposes, and this has not been proven wrong
since. Well-decomposed OSS architectures are still considered to reconcile the division of
labor through self-selection and self-assignment (Palazzi et all 2019; |Shaikh and Vaast],
2023). [Lee et al. (2017)), in a study of Python, showed that, to increase productivity, most
contributors have to individually contribute only to a small number of modules, while a
small amount number have to participate in a lot of modules, to facilitate the coordination
between sub-modules.
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newcomers), but also because of the layers of controls which “protect” against
the entry of too many people. This keeps the core team small and makes it
possible to continue to manage that core.

As a consequence, the project’s business model does not change much in
this phase (see Table @: users are still contributing to the components they
are interested in. However, the contributions, and the skills provided are
more heterogeneous, from the core contributors managing the software core
to peripheral ones reporting bugs or requesting functionalities (potentially
accessible to the Frontier-users), through module developers.
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If the project does meet the challenges of growth, it will have built a specific
kind of "architecture of participation" (MacCormack et al. 2006), the “onion’
based socio-technical organization we introduced at the beginning of this
section (Figure . This makes it possible to address "lock-out" requirements
on a limited functional basis, because it means that there is a basic solution
supported by a working organization.

Later on, and if this modular organization effectively leads to the development
of software functionalities, by growing the library of modules, "Adaptable"
needs start to be addressable (the core solution with customization or specific
peripheral modules). In return, the more contributions there are, the greater
the need to verify their coherence, compatibility, and orchestration (See
Bogart et al., [2021] for a detailed analysis of the organizational and technical
challenges to organize and maintain over time the coherence of project,
especially the compatibility between the core and the various modules, referred
to in this article as "packages"). This FLOSS project’s new business model
opens the door to new open-source business models.

)

3.3.2. Open-source business models: editor business models and periphery
business models.
Different editor business models. The term “open-source editor” introduced
earlier emphasizes that, in many projects, one actor coordinates contributions
(in terms of feature requests and code), selects them, sometimes develops
them, and manages the project roadmap. The larger the project, the more
important this role is. There are clear increasing returns that explain why
this role is usually played by one actor. First, an editor can amortize a
project management platform over several projects: the technical platform,
which is less a key resource today with the existence of cloud services such as
GitHub or GitLab; the legal apparatus to manage contributions and protect
the official distribution of the software, such as the trademark that identifies
the project; and the knowledge, embedded in the staff, of managing a FLLOSS
project. The editor can also build part of the project management system
in-house, such as the non-regression test base, a key element to validate
the system and ensure it functions correctly for users/clients (for example,
Brosgol, 2019) explains how the mastering of a non-regression (private) test
base appears to be key to the success of he AdaCore company’s business
model). Finally, it can act as the legal entity representing an defending the
project’s intellectual property (the project’s code, name or logo) and its
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The open-source editor must finance these editing activities. Several business
models can be found, depending on the needs and capacities of the customers
addressed (these models are detailed in Table [7|at the end of this paragraph).

The first model, when the editing role is internalized by one Innovative-user,
is not really an open-source model: there is no commercial business directly
created by the editing activity. This is what |Li et al. (2024)) described as
the "usage-oriented [business] model" and described (p. 17). |Agerfalk and
Fitzgerald (2007) explore the concept of “opensourcing”, illustrating why a
user may wish to pay the costs of managing a FLOSS project: to both benefit
from external contributions (new ideas) and keep control of the solution. Two
machine learning library FLOSS projects exemplify this: PyTorch, initiated
by Meta and Tensorflow, by Google. Both companies needed to develop their
machine learning capacity, as complement to their key resource, the data
they own. This meant facilitating the transfer of new machine learning tools
from the academy and the testing of these tools, which justified their open
licensing.

At some point, the user-editor may want to hand over the editing role to
another actor, to encourage innovation, or because of the management costs,
as did OpenStack initiators in 2012 with the launch of the independant
(Openlnfra Foundation)@. Since September 2022, PyTorch is managed by
the PyTorch Foundation, a subsidiary of the Linux Foundation, to develop a
"vendor neutral" project (Tensorflow is still managed by Google, also a major
sponsor of the PyTorch Foundation).

This second model, probably the most original and yet the least studied, with
the notable exception of the synthesis proposed by lzquierdo and Cabot| (2018)),

21The importance of a legal entity has been stressed by the creation of the Free Software
Foundation and by the study ofO’Mahony| (2003)), for instance. Some projects strive
without one. The “PostgreSQL Global Development Group”), which is not a legal entity,
still manages PostgreSQL, one of the main competitors of Oracle’s databases (Oracle and
MySQL). However a dedicated association, the [PostgreSQL Community Association of
Canada, manages its trademark.

#2"OpenStack Launches as Independent Foundation, Begins Work Protecting, Empower-
ing and Promoting OpenStack". BusinessWire. 19 September 2012. Retrieved 10 January
2025.
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is the “foundation” open-source business model. Many of the best-known
FLOSS solutions are managed by such an editor: Linux (Linux Founda-
tion), Apache (Apache Foundation)), Eclipse (Eclipse Foundation)), OpenStack
(Openlnfra Foundation))... These foundations play the role of the neutral
actor required to ensure the independence/neutrality of the project, i.e. to
manage a consortia of actors who do not want to see the software project fall
under the control of a competitor, but need to ensure that it meets their needs
("control" or '"lock-out" needs for Innovative-users). They also provide both a
technical and also a governance framework that helps the project structure, as
shown by |Chakraborti et al. (2024)) in their study of the Apache Foundation’s
project incubator or by the guidelines on starting a project| provided by the
Linux Foundation. As the Openlnfra Foundation’s membership page shows,
foundations charge for this service by proposing different levels of membership,
with increasing access to control over the project’s development with the
amount paid.

The success of the project also enhances for-profit open-source business
opportunities (See Table [7] at the end of the paragraph).

The open-source customization model that began in Phase 1 can continue into
Phase 2: a core contributor helps some Innovative-users with very complex
problems (Riehle, 2012). For instance, the Feexian company employs several
Debian operating system core contributors to provide support services to key
accounts, in particular deployment and maintenance services for (very) large-
scale distributions (facilitated by their knowledge of the package management

tools)Z]

With the emergence of more standard needs (Adaptable, Lock-out), come new
demands, mainly from Frontier-users, for which the editor has a competitive
edge thanks to its technical development infrastructure and its core developers:
the provision of additional guarantees with respect to the free offer in terms
of solution stability and security. The editor can provide (and sell) two types

23 Another example of such a company is Ideas on Board that advocates its expertise by
showcasing its commits to Linux, or |Collabora. With it 150 employees, Collabora is "a
global consultancy, specializing in delivering the benefits of Open Source software to the
commercial world. We enable our clients to develop the best solutions, whether writing a
line of code, or shaping a longer-term strategic software development plan. By harnessing
the potential of community-driven Open Source projects, and re-using existing components,
we help our clients reduce time to market and focus on creating product differentiation”.
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of certification.

Editors can implement a system to certify the modules (assurance needs),
and/or the actors able to develop, implement and maintain them (see the pe-
ripheral business models below). The certificates are clear signals of trust for
Frontier-users, and open up the market for complementary services. Depend-
ing on the project’s structure, this “ecosystem manager” open-source business
model can be performed by a private editor (see the ERP Odoo’s certified
partners) or by a foundation (e.g. Linux Foundation’s Kubernetes certificates),
and is today one of the FLOSS Foundations’ major activities (Germonprez
et al., 2020).

Editors can also provide guaranteed/assured editions of the software solution
(e.g. Canonical that offers guaranteed versions of the Linux based operating
system Ubuntu). They rely on the economies of scale which arise due to
automated integration of a large set of modules that address standard needs.
These solutions are sold to clients that require less adaptation (Lock-out), but
also to clients less willing to pay, for instance those in need of a stable version
of the core software to support peripheral modules that are adapted to their
needs (Adaptable, see below). This “open-source publisher” business model,
described by [Riehle (2021)), does not benefit from revenues linked to the sale
of access licenses in the same way as the classic model, but rather to assurance
subscriptions relating to the evolution of the software. The rise in pay-per-
use or yearly renewable licenses by companies such as Adobe illustrates the
convergence between the two models. Although the high coordination costs
cannot be overlooked, open-source publishers benefit from lower development
costs than classic publishers, as long as the Innovative-users keep contributing
to the development.
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Table 7: Open-source Editor business models in Phase 2: value addressed,
captured and resources (each business model is presented in on column).

Open-source Editor business models

Customization
Foundation Ecosystem Publisher
manager
Value Custom devel- Participant-Neu- | Management & Provision of a
proposition opment within a | tral Manage- certification of standard main-
FLOSS project ment of a FLOSS | FLOSS actors/ tained FLOSS
project modules solution
Need(s) ad- | Control Control & Lock- | Adaptable Adaptable, possi-
dressed, user | (Innovative- out (Innovative- | (Innovative- + bly Low-cost (All
segments Users) Users), then Frontier-Users), Users)
Adaptable (Inno- | Lock-out
vative- + Fron-
tier- Users)
Customer One-to-one ser- Club of sponsors | Partially cus- Standard services
relationship | vices via the who buy reputa- | tomized to auto- | via an online
& Channel project tion & access to mated services platform
project control via an online
platform
Key activi- FLOSS develop- | FLOSS project management (software, administra-
ties ment tion, legal aspects)
Key re- FLOSS develop- | FLOSS developers, project managers, development
sources ers platform
Brand
Key part- FLOSS project FLOSS project, FLOSS project, core developers
ners developers core developers Module producers
Cost struc- Human re- Human resources: developers & project managers
ture sources: Assets: Project development and management in-
frastructure
developers Human resources:
marketing
Value cap- Billing for devel- | “Membership” Certification Billing of stan-
ture opment hours fees services dard assurance/

Software contribution from innovative-users

assistance ser-

vices
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The specific implementation of a FLOSS solution and the production of
assured versions rely on some common resources, mainly related to the
management of the dynamics of the project’s core, via a (strong) participation
as core developer(s) (Linaker and Regnell, 2020). It is not surprising that an
organization which relies more on the first model at the beginning of Phase 2
progressively develops the second model as the project grows and the users
diversify (the history of AdaCore presented by [Brosgol, 2019, —p. 19-20— also
illustrates how a company paid to develop a FLOSS product for innovative
users has become the editor and then publisher of the Ada language’s GNAT
compiler and libraries). For these models, the owner of the brand, and of the
intellectual property, associated with the FLOSS project benefits from the
project’s reputation, signaling to customers that they are the go-to choice to
provide (sell) guarantees and expertise on the generally eponymous FLOSS
project (Schaarschmidt et al., [2015)). Most of the time the editor takes the
same name as the project. However, the two main capacities which were
indistinguishable in Phase 1 (specifying needs and managing complex software
projects) are increasingly dissociated in this phase, and an actor can choose
to focus on one model only.

Modular architecture also opens up new avenues for models that are less
dependent on the project’s core, focusing on developing or modifying specific
modules.

Peripheral business models: consultant and module publisher. These periph-
eral business models are summarized in Table [§| at the end of the paragraph.

If the modules are developed in an open-source way, they can have the same
advantages for a user as the core of the solution: no licensing costs, testing,
compliance with standards, adaptation facilitated by opening the code. In
this case, some companies can provide module adaptation for Innovative-users
who chose to externalize this task or Frontier/No-skill users who need it.

Providers can offer consulting and customization, combining expertise on
their client’s business and on its specific needs, and technical expertise on
modules. They can address “control” needs (fine-tuning, without lock-in), but
benefit less from economies of scale, particularly from learning effects. We
call them open-source “business-solution consultants”. The open-source ERP
Odoo has a rich ecosystem of such consulting companies, such as [Transition.
This can evolve towards the supply of a maintained technical capacity, if it
succeeds in organizing the editing activities around the modules, and therefore
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in selling the access to this maintained solution. These “business-module
publishers” benefits from the fact that the core of the solution remains free,
reducing the cost for the customer. Some sell the modules under classic
private licenses. It is not an open-source business model, even if it contributes
to the richness of the FLOSS project’s solutions. These offers do not respond
to Control or Lock-out needs, but possibly to Adaptable needs. Cybrosys,
which presents itself as "the Worlds Largest Odoo App Contributor Company”,
produces a mix of free and paid modules.

There is no need for these two models to develop expertise on the core of the
application, thanks to the modular and open architecture. However, providers,
especially business-module publishers, need to make sure that their modules
remain compatible with the core, and to contribute to the core to do so.
We will summarize this by saying that, once again, the two main capacities
needed to obtain a software solution lead to two main open-source business
models. The first, addressing needs definitions and software adaptation,
is mostly based on human skills and the sale of expertise time, with little
economies of scale. The second, addressing software development, and selling
(granted) versions of maintained technical solutions provide more room for
economies of scale.

38


https://www.cybrosys.com/
https://www.cybrosys.com/about-us/
https://apps.odoo.com/apps/modules/browse?author=Cybrosys Techno Solutions

Table 8: Open-source peripheral business models in Phase 2: value addressed,
captured and resources (each business model is presented in on column).

Business Consultant

Business module publisher

Value proposition

Need specification / solution

delivery services

Standard business- specific mod-
ules within a FLOSS solution

Need(s) addressed,

user segments

Adaptable, any user (outsourcing or assistance) Adaptable, any

user (outsourcing or assistance)

Customer relationship
& Channel

One-to-one services

Standard B2B services (module

selling platform)

Key activities

Developing a human expertise on

businesses
and in their instantiation in

code

Key resources

Human: need specifi- cation

Human: need specifi- cation &

software development

Key partners

None in the FLOSS project

ecosystem

FLOSS project as a stable plat-

form

Cost structure

Human resources:

need specification

Human resources: developers
and need specification

Development infrastructure

Value capture

Billing for consulting hours

Selling assurance on modules
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3.3.3. Phase 2 synthesis

The open-source models which have emerged in Phase 2 for the core of the
solution diffuse toward the periphery, with the same mechanism of being
paid to manage the software flow and adapt a solution, the modules, to
clients’ needs. The architecture of participation allows this, but also grants
the FLOSS project’s sustainability. By driving the newcomers’ additional
efforts to the periphery, the core remains manageable and its participants
to retain the benefits of their participation for themselves. It also provides
the project with the resources to expand the range of needs it addresses, and
thus the clientele that can be targeted by the peripheral business models and
the editor (e.g. more demand for the certified, assured versions, or for use
assistance).

Finally, we want to point out that these business models are coherent the
results of [Zhang et al.| (2021]) on OpenStack, from the core-periphery contri-
bution distribution to the open-source business models found and especially
the link between their commercial offer and their involvement in the project,
even if the scope of OpenStack makes that several editors models seem to
cohabit and that each company’s specific activity would need deeper analy-
ses. However, it seems clear to us that their full-solution model reflects our
publisher business model; their self-business-oriented model seems close to
our business module publisher; and their specific sub-solution model regroups
companies that propose an outsourcing solution. The business model of some
companies in this ecosystem may propose business solution publishers, which
we theorize is more common in the mature phase of a project, or Phase 3,
which we will discuss in the next session. This is not surprising, as OpenStack
is considered a mature, and even sometimes outdated solution?]

3.4. Phase 3: Maturity and beyond

3.4.1. FLOSS projects: core maintenance and peripheral developments

A software project always needs technical updates, if only because of the
constant evolution of the associated technologies (hardware and software).
However, the number of contributors needed, as well as the intellectual appeal
of the project, decrease as the project matures, as showed by |Guimaraes et al.
(2013) and Joblin et al. (2023, Table 1, p. 14-15), among others. The projects

24Gee the discussion of this in Jeffrey Burt’s 2023 article for The Next Platform: "Reports
Of OpenStack’s Death Greatly Exaggerated'| (read January 10 2025).
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is also threatened by the natural tendency toward structural inertia and by
an increasing difficulty to adapt. This may be due to technical decay that
increases over time (Le et al., 2018)) and/or, as previously mentioned, because
of an overly rigid organization, like in traditional organizations (O’Mahony
and Ferraro| 2007)). Finally, a project can simply be abandoned by its core
developers that do not wish to keep investing time in it, or because they
consider it to be finished (Coelho and Valente, [2017; [Ehls, [2017). Over a list
of almost 2,000 popular GitHup projectsAvelino et al.| (2019)) found that more
15% were abandoned by their maintainer

Although there is less "vendor lock-in" with FLOSS, technological lock-in
remains, as does the cost of maintaining an aging solution. Innovative-users
will increasingly seek/initiate younger (FLOSS) projects, that they can more
easily adapt (Control), with less technological lock-in (Lock-out)(See |Lundell
et al., 2017, on that aspect). Peripheral developments may continue for a
while (new or updated modules), provided that the global solution, and its
core, remain maintained; if the core maintainers leave it can be hard to find
people to taking up the maintenance role. Less than half of the abandoned
projects studied by |Avelino et al. (2019) found new maintainers.

The project must organize this maintenance and its financing.

[t is tempting for a private editor (publisher or consultant, but also user-editor)
to stop maintaining the FLOSS version, as did the ERP publisher OpenBravo
in 2010. This is to force users trapped in technological lock-in to pay for
access (mainly the publisher), but mostly because community feedback and
contributions are less frequent and thus less valuable compared to the cost
of maintaining an architecture of participation (all editors). The decline in
investment in community management accelerates the exodus of contributors,
as stressed by Shaikh and Henfridsson (2017, in their discussion section).
The abandonment of CentOS (for Community ENTerprise Operating System)
Linux by RedHat, after the company stopped publishing the source code of
its own Linux distribution, RedHat Enterprise Linux, for free, is one of the
latest examples (See a summary of this by Noureddine, 2023)).

The project’s business model is no longer the user-as-innovator principle, in
which value was created mainly by those who needed it (directly or indirectly),

250sdev.org maintains a list of 76 mostly FLOSS operating systems| that were abandoned
by their developers as of January 2025.
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and by the coordination of this value creation (software flow management).
Rather it is the organization of the financial flow between the users of the
solution (core and modules) and the maintainers of the core, and increasingly
of the modules (see Table [9)).

Open-source business models are able to organize such a financial flow.
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Table 9: Business model for a FLOSS project in phase 3

Key partners

Innovatives and
open-source
companies using
the modules

Key activi-

ties

Software core
maintenance
Modules

coordination

Key re-
sources

Project
Maintainers,
Brand

Value proposition

Maintenance of a stable so-
lution which can be a sup-
port for adaptation to spe-
cific needs offers (via the
modules)

Customer
Relation-
ships
Download of

the solution

Channels

Distribution

platform

Customer Seg-
ments

Standard needs
(Adaptable/Low-

cost, all users)

Specific needs ad-
dressed by specific
modules:  module
producers
(Adaptable,
Frontier- or Non-

skilled-
represented by

users,

open-source compa-

nies)

Cost structure (time & money)

Human resources: Maintenance time (reduced
requirements compared to Phase 2)

Assets: Software infrastructure established in
Phase 2 must be maintained

Value capture (time & money)

Module users fund core maintenance develop-
ers. Publishers and facility managers can also
participate in maintenance to ensure the sus-
tainability of the solution.
(In both cases, directly to ensure compatibility,
or through a foundation.)
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3.4.2. Open-source business models: Maintaining a mature solution

FLOSS editors. 1f the project remains FLOSS, it can be outsourced to a
foundation at this stage, since, as explained in Phase 2, organizing such a
financial flow is one of the core services it provides. If, to our best knowledge,
the reasons why companies give money to projects have never been studied, we
defend the idea that by donating to a project, actors are identified as sponsors,
as explained on the operating system Linux Mint’s dedicated page which
facilitates access to customers interested in peripheral services. Identifying
and certifying distributors can also be a source of revenue for the editor.

The various outsourcing strategies than can be found in the software indus-
try (Tadelis, 2007; Weeks and Feeny, [2008) can also be applied to FLOSS,
from the most customized services to the most standard cloud services.
Some companies outsource part, or all of their infrastructure, but are seeking
a solution tuned to their needs and maintained (between Adaptable and
Control). FLOSS components can be part of this IT facility management
service, with the mentioned advantages regarding flexibility and maintenance
costs. This option may also reduce the risk of lock-in by offering a way out,
albeit a theoretical one, in case of dissatisfaction with the supplier.

There are “open-source outsourcing” specialists (e.g. Smile, which presents
itself as “the European leader in integration and open-source outsourcing
solutions”). Mouakhar and Benkeltoum! (2020) describe such a business
model with their FACT’Open case (p. 25). Table (10| describes this model.
Traditional outsourcing specialists have also integrated FLOSS in the tech-
nologies/software they follow (e.g. Infosys, which “offers an extensive range of
services that help enterprises adopt open-source at scale, accelerate business
innovation, [...] and contribute back to communities.”) Some of them, such as
IBM with RedHat, have bought FLOSS specialists to do so. This model relies
on economies of scale because the same IT solutions can be monitored and
maintained for different clients, and on economies of scope because several
software solutions are managed for the same client. The level of investment
in the FLOSS project depends on its importance for the customers: relying
on official versions, getting a little more involved in tracking bugs and fixing
them, or, if it is core software for the infrastructure, having one or two
developer-contributors to monitor the (weaker) software flow, in a much less
costly way than in Phase 2.
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Table 10: Open-source outsourcing business model

(Key)
partner:
FLOSS
project
Some FLOSS
projects that
are at the
core of the
infrastruc-
ture
managed
may be
important to
follow

Key activi-

ties

FLOSS
project
assessment
IT infrastruc-
ture manage-

ment

Key re-
sources
IT/Software
management
(humans and
infrastruc-

ture))

Value proposition

Maintenance services for
the client’s IT infrastruc-
ture

Customer
Relation-

ships

Technical,

service based

Channels

One-to-one

B2B services

Customer

Segments

Lock-out (all
users), even
if risk of
vendor
lock-in

Cost structure (time & money)

Human resource:

managers

developers and IT

Value capture (time & money)

Billing for development/ maintenance/
management hours
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An open-source publisher can deploy a SaaS solution, for Frontier or even
No-skill customers with Low-cost or Adaptable needs, based on the FLOSS
software it controls (e.g. the WordPress platform; Gangadharan| (2017) pro-
posed a list of the existing Open Source Solutions for Cloud Computing).
It is best positioned to do so when its name is associated with the project
(brand), and because it owns the project management infrastructure. However,
developing a SaaS solution requires new investments in the SaaS software and
hardware platform, and specific human capacities to manage the platform
(Bezemer and Zaidmanl, 2010)). If this strategy succeeds, this “open-source
SaaS publisher” model can benefit from a recurring flow of low unit sub-
scriptions, but also from significant economies of scale thanks to the extreme
standardization of the source code deployed and the machines managed.
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Table 11: Open-source SaaS publisher business model

(Key)

partner:
FLOSS
project
Peripheral
modules and
their
developers
may be
important
for the at-
tractiveness
of the
solution

Key activi-

ties

SaaS
form
agement

plat-
man-

Maintenance
of the
FLOSS

solution

Key re-

sources

Software
management
infrastruc-
ture, SaaS
platform

Brand

Value proposition

Provision of a standard
maintained hosted solution

Customer
Relation-

ships

Standard
B2B services

Channels

Online plat-
form

Customer

Segments

Low-cost (All

users)

Cost structure (time & money)

Human resource: SaaS infrastructure

(human and software)

Standard pay-per-use solution

Value capture (time & money)
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Drawing on the two models, the “cloud platforms” integrate FLOSS into
their software libraries, with the same advantages and the same investment
in the projects as outsourcing companies, and the same economies of scale
as the SaaS. These platforms rely on FLOSS products to build their own
infrastructure, and thus have the competences to follow FLOSS projectﬂ

26Wankhede et al.| (2020) give an idea of the FLOSS solutions that are used by the three
main cloud platforms, Microsoft Azure, Google cloud platform and Amazon EC2.
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Table 12: "Open-source" Cloud business model

(Key) Key activi- | Value proposition Customer Customer
partner: ties Relation- Segments
FLOSS ships
project
Some FLOSS | Cloud Provision of a catalog of Low-cost (All
solutions 1 t intained stan- | Standard

platform ow cost maintained stan ) users)
may be dard solution services
. management
important
for the at- Key re- Channels
tractiveness sources
of the Cloud in- Online plat-
platform frastructure, form

brand

Cost structure (time & money)

Mainly Cloud infrastructure

Standard solution pay-per-use

Value capture (time & money)
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For these SaaS companies, the core competencies are much less about FLOSS
project management than about SaaS platform management.

Peripheral business models. The transition into Phase 3 of the FLOSS mod-
ules may be delayed compared to the software core, and Phase 2 open-source
models may prevail .

When modules become sufficiently stable, providers with strong business and
coding expertise can develop a stand-alone solution that addresses a specific
need. The competition will be based on business needs, rather than on the
FLOSS aspects (even if using a FLOSS core may offer a price advantage),
for these “open-source business solution publishers” (Table [13| below), that
are exemplified by the GR’Open case in Mouakhar and Benkeltoum| (2020)).
With a stable core, providers may choose to develop specific distributions,
in order to capture all of the revenue from assurance services, or even from
installation /adaptation to the customer’s IS, a classic verticalization strategy
in the IS industry (Fink and Markovich, [2008). Coop-IT Easy, for instance,
proposes Odoo-based solutions for the social economy. Providers may also
attempt to make their module into a multi-platform solution (Askimet cre-
ated an anti-spam extension for WordPress, and ported it to other content
management systems such as Drupal).
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Table 13: Open-source business solution publisher business model

(Key)
partner:
FLOSS
project
Floss
projects as
support for
the modules
developed

Key activi-

ties

Developing a
human exper-
tise on busi-
nesses and in
their instanti-

ation in code

Key
sources

re-

Human (soft-
ware develop-

ment)

Value proposition

Stand-alone business- spe-
cific solutions

Customer
Relation-

ships

Standard
B2B services
(complete
solution)

Channels

Online plat-

form

Customer

Segments

Adaptable,
Frontier /Non-
skilled users

Cost structure (time & money)

Human resources (developers and need
specification) & Development infrastruc-

ture

solution

Value capture (time & money)

Selling assurance on a complete business
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4. Discussion and Conclusion

FLOSS projects have long been studied by software engineering research, as
they provide insights into the organization of a group development process
(the reference article on this matter seems to be Crowston et al., 2006), and
into how companies can evaluate a FLOSS project/product (for a summary
of such metrics and tools, see Jansen, |2014)). Today, the analysis of FLOSS
organizations has shifted to understanding how the project organization can
be reproduced internally to foster innovation (Stol et al. 2011} |2014)), and
more recently, how it impacts the business of adopters (Buchner and Riehle,
2023)). The concept of continuous software engineering (Fitzgerald and Stol,
2017), i.e. the idea that a software project needs to be understood as the
continuous integration of software development, its operational deployment
and business strategy, emphasizes the need to rethink the fundamentals of
how a FLOSS project works.

This is because understanding why a company chooses a FLOSS product,
and why open source companies are needed in the adoption of such products,
remains something to be investigated, as shown by the recent survey by |Li
et al.| (2022)). There are probably several reasons for this lack of integrated
analysis.

One is that most of these studies focus on mature FLOSS projects, despite
the knowledge that FLOSS projects are heterogeneous (Krishnamurthyj, 2002;
Healy and Schussman) 2003)), in terms of size, ambition, but also stage of
development (Koch) 2008; Jullien et al., |2019; Liao et al., [2019; Setia et al.,
2020). We have argued that this limits both our understanding of how these
projects work, but also why and how actors, especially companies, invest in
them, and what are the open source business models that benefit and support
FLOSS projects.

Therefore, this article has attempted to inform these concepts by discussing
the key questions they raise about the organization of FLOSS projects and
the participation of companies throughout the life of the project: how does
a FLOSS project organize a value network of participants, over its different
development phases, and how does this affect the business models (plural) of
a specific type of participants, namely open source companies.

To do so, this article has drawn on the theoretical proposition of Morgan et al.
(2013) to see FLOSS projects as "value networks", i.e. an "organization of the
cooperation of different actors in the production and capture of value that
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they use to satisfy their needs". For each phase, we have therefore examined
what value this network produces, for whom, and using which resources, i.e.
the project’s business model. This led to a more precise definition of what
open source companies propose in order to complement the project and with
which resources, one of them being their level of involvement in the FLOSS
project.

We summarize here the dual dynamics that characterize FLOSS projects
(research question 1) and open-source business models (research question 2),
before suggesting implications for practitioners and concluding with research
needs.

4.1. FLOSS projects, open-source business models

FLOSS projects go through phases that are characterized by the way the
collaboration is structured in terms of governance, production process, and
solution provided (value captured and value created by the project). As
previously explained by Morgan and Finnegan| (2014), benefiting from the
solution implies efforts to adapt the solution to one’s needs, but also by
participating in the production of code and in the governance of the project
to adapt the solution to one’s needs. We have completed this analysis by
showing that the needs met and the efforts made vary according to the phase
of the project, and, as a consequence the open-source models are also phase
dependent.

4.1.1. RQ1: the phases of a FLOSS project

Most projects remain small, allowing a group of one or a few actors to
collaborate on a solution which mainly serves themselves (FLOSS Phase
1). Some, because of their scope, and their success, become structured
technical projects which organize different levels of participation and allow for
several open-source business models (FLOSS Phase 2). The architecture of
participation is also an architecture of selection, giving those who have access
a competitive advantage in providing the services mentioned. Phase 2 can
last years, even decades (e.g. Linux). The choice of model for coordinating
value creation (the project’s editor), between private companies, foundations,
or platforms depends on who is influential at the project’s inception. Finally,
when the solution matures, the value proposition of the FLOSS project, which
consists in coordinating actors willing to contribute their needs and ensuring

the code remains open, loses some of its attractiveness. Table [14] summarizes
the FLOSS business models by phase.
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Table 14: The different business models of a FLLOSS project by phase.

Phase 1

Phase 2

core development

project

peripheral module

projects

Phase 3

Value Creation

Value Controlled & personalized | Modular open Adaptation to Maintenance of a stable solution
Proposi- software solution software solution specific needs of a which can be tailored to specific
tion stable solution needs (via the modules)
(Control/Adaptable)
Need(s) Control (Innovative-users) | Control, lock-out Control Standard needs
addressed, (Innovative- or (Innovative-users), (Adaptable/Low-cost, all users)
user Frontier-users Adaptable Specific needs addressed by specific
segments represented by (Innovative- & modules: module producers
open-source Frontier- users, (Adaptable, Frontier- or Non-skilled-
companies) represented by users, represented by open-source
open-source companies)
companies)
User rela- | The users are the The users are the Download of the Download of the solution.
tionship & | producers, interaction producers (directly or | solution. Interaction | Interaction through a distribution
Channel through the project’s through open-source | through a platform
platform companies). distribution platform
Interaction through
the development
platform
Resources
Key Software development Software development | Module development | Software core maintenance Module
activities & coordination coordination
Key Development platform Development Module developers Project Maintainers Brand
Resources | Project manager platform Brand
(assets & (architecture of
capaci- participation) Project
ties) manager Project
editor
Key Innovative-users Innovative-users & open-source companies Innovative-users & open-source
partners for both the core & the modules (not always companies using the modules

the same users)

o4




Phase 1

Phase 2

core development peripheral module

Phase 3

project projects
Value Flow
“Cost, Development time Human resource: Developers time (devel- Human resources: maintenance time
structure” | (development & project opment & project management). Assets: (reduced requirements compared to
(time & management) s'oftwa.re infrastructure (free online solution Phase 2). Assets: the infrastructure
like GitLab can be used) o o
money) built in Phase 2 must be maintained
Value Developer time Core developer time. | Module developers Module users, publishers, & facility
capture Contributions from managers fund core maintenance
(time & module users/ developers (directly to ensure
money) open-source compatibility, or through a
companies to ensure foundation).
compatibility
Examples (from the academic environment to complete those presented in the text)

PPanGGOLIN!is "a
software suite used to
create and manipulate
prokaryotic pangenomes
from a set of either
genomic DNA sequences
or provided genome
annotations' |(Gautreau

et al.| (2020). The number
of contributors remains
small (12) but goes
beyond the original team
that signed the scientific
paper presenting it.
PPanGGOLIN has
received [the ‘promising’
award of the French
Ministry of Higher
Education and Research’s
2023 Free Research

Software Awards.

The Coq interactive theorem prover, which
has been in development for 35 years, is a
good example of a long-running project that
still generates a lot of peripheral (module)
development, but is also still active in its
core development. The history of the project
is presented in its Wikipedia page.

The |Scala language project, which
present itself as|'a mature
open-source project'| is maintained
by a core team of developers at
EPFL, that does not accept direct
contributions to the core project (no
open git repository). The
contribution process and the
governance are very formalized and
hierachical. There are still a lot of

peripheral modules being developed.
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https://github.com/labgem/PPanGGOLiN
https://www.ouvrirlascience.fr/the-2023-open-science-free-research-software-awards/
https://www.ouvrirlascience.fr/the-2023-open-science-free-research-software-awards/
https://github.com/coq/coq
https://en.wikipedia.org/wiki/Coq_(software)
https://www.scala-lang.org/
https://www.scala-lang.org/news/new-governance.html
https://www.scala-lang.org/news/new-governance.html
https://www.scala-lang.org/governance/
https://www.scala-lang.org/governance/
https://index.scala-lang.org/

Alongside the project’s life the efforts and investments made by the project
and its contributors evolve from the coordination of experts to the industrial-
ization of a software production, and from the collaborative development of a
core solution, a user-as-innovator open collaboration, to the coordination of
different peripheral contributions addressing different needs based on a core
technology, something closer to an (open) innovation platform.

The more dynamic a FLOSS project, the stricter this selection process, but
also the more business opportunities for open-source companies (RQ2).

4.1.2. RQ2: open-source business models are FLOSS phase-dependent
Open-source models are models of service, the commercial provision of what
Jullien and Zimmermann (2009) called "3A services': 1) assistance with needs
specification, 2) adaption of software to the organization, and the organization
to the software, both of which are based on human capacities 3) access to a
maintained /assured technical capacity, or "assurance", based on the mastery
of a software factory, which is a combination of technical tools and human
skills.

This is not really new in terms of value creation, as these are the two main
capacities we have been discussing since the introduction. However, when the
solution is developed by a FLOSS project, open-source companies have to
invest time and effort in contributing to it in order to be able to provide the
services sold: software project management <-> help and assurance on the
core software flow; module development, selection or customization <-> user
requirements specification and instantiation (Schaarschmidt, 2023)).

The capacity of open-source organizations (communities, companies or foun-
dations) to capture a part of the value created is reinforced by the control
of dynamic immaterial assets: the brand (if they own it and if the project is
recognized and is dynamic) but also databases (of bugs, for example, which
must be constantly updated), which are kept secret.

Our work concurs with [Lin and Maruping (2022) in that open-source business
models depend on and co-evolve with the FLOSS project, its maturity, but
also its scope, which will influence the level of investment an open-source
company must maintain in the FLOSS project (value contribution to the
project), and the value it can capture. This has been illustrated by the
different business models we identified, that are summarized in Table [I5] for
the editor models, and Table (16|
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https://training.linuxfoundation.org/full-catalog/?_sft_product_type=training
https://training.linuxfoundation.org/full-catalog/?_sft_product_type=training
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https://github.com/enterprise
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https://www.smile.eu/en/company/who-are-we
https://www.smile.eu/en/company/who-are-we
https://www.itransition.com/erp/odoo
https://www.cybrosys.com/
https://coopiteasy.be/
https://coopiteasy.be/
https://coopiteasy.be/
https://akismet.com/features/
https://akismet.com/features/

The articulation between the maturity of the FLOSS projects and the needs
in each phase is summarized in Figure [3
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There is a form of path dependency between open-source business models, as
there is a form of path dependency in the evolution of participants’ roles: it is
easier for a key project initiator to become a core developer than a newcomer.
However, this is always a contestable position, for two reasons: if a player is
seen as too invasive by the Innovative-users, if they feel their needs are not
being respected, they may “fork” the projecﬂ or create a new one; second,
the key competencies are not exactly the same at each stage. An actor must
have the resources (finance, skills) to adapt.

Finally, at each stage, new players that already possess business capacities
can capture part of the value by getting involved in the development, thus
diminishing the incumbents’ competitive advantage. This is not necessarily a
bad thing for the project and its dynamics, but can explain the instability of
the private stakeholders gravitating around it.

This also means that before choosing a FLOSS solution, or an open-source
company, their models are to be evaluated.

4.2. Lessons for practitioners

4.2.1. Users: selecting a FLOSS project and an open-source company

For users, the choice of FLOSS solutions is governed by the same type of
process as any software solution: defining the user’s needs and resources, in
terms of skills (Innovation, Frontier, or Naive user), as well as effort (time,
money), but also assessing the solidity and sustainability of the collaborative
project in terms of product and process quality, as well as the diversity of
actors, as analyzed by [Shaikh and Levinal (2019)). The fact that code has been
released under an open license by a single person is not enough to qualify a
piece of code as a FLOSS solution.

The four quadrants we have presented show different competitive advantages
of FLOSS. In terms of control needs, a FLOSS project allows Innovative-users
to share the cooperative development of a solution that is better adjusted to
their needs, cheaper than an in-house project, and whose upgradability can be
controlled over time. Other users delegate this control to providers, even if a
FLOSS solution may facilitate the switch from one provider to another. Using
a FLOSS solution may be interesting for lock-out needs, because it ensures
better long-term compliance with standards, providing that the solution is

2TForking means taking the source code and using it to create a new FLOSS project. For
a historical analysis of a fork, see |Gamalielsson and Lundell| (2014).
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dynamically developed by several actors. This can be evaluated by Innovative-
and Frontier-users. For Adaptable demands, a FLOSS solution may reduce
the cost of adaptions, as investment can be focused on the modules while the
core solution is free of charge. Yet, once again, apart from Innovative-users,
these adaptations are to be contracted to providers, and the provision of a
good solution depends as much on the (FLOSS) solution as on the relationship
between the provider and the client. Finally, in terms of Low-cost-related
needs, an advantage can be found in FLOSS solutions: they are license-free.
However, even a solution addressing these demands may face bugs or need
technical evolution and is never cost-free.

For any use, a good FLOSS solution must be maintained, by more than one
actor, or the risks are as high as using a free-of-charge private solution, for a
gain (the license cost), which may not be that significant, as illustrated by
the study of |Orucevic-Alagic and Host| (2014) or the Android project. Table
details the benefits of FLOSS for each demand and user.
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4.2.2. Building an open-source business model

Companies willing to develop an open-source business model must understand
that if the value created is the same as for classic models, its realization
deals with specific capacities. To be able to assess a FLOSS solution means
understanding its existing components and its evolution. To be able to
adapt and assure a FLOSS solution means contributing to it. The level
of contribution depends on what is provided (adaptation/assurance of the
core, or adaptation/assurance of modules). Somehow, as the open-source
companies act as a substitute for their Innovative-clients or in the name of
their Frontier- or No-skill users, they have to develop the same participating
capacities as an Innovative-user and find in the FLOSS project the same
possibilities to address needs as Innovative-users. The Innovative-user in
Table [17| can be an open-source company.

4.8. Conclusion: limits and perspectives

Research has given much of its attention to Phase 2 FLOSS projects, as
illustrated by the guidelines/methods for assessing the health of FLOSS
projects (for a synthesis of such metrics and tools, see [Jansen, |2014)). This is
understandable, since it is here that the technical, management questions, as
the open source models, are the most numerous, as also illustrated by this
work (Phase 2 is the longest subsection). However, it is equally important to
better understand the management of Phase 1 (how to identify a promising
project) and Phase 3 (does a mature solution still offer FLOSS advantages?)
The best governance structure for each phase of a FLOSS project, as well as
how to manage the transition from one phase to another, also needs further
investigation.

Open-source companies can also participate in several FLOSS projects and
deploy different business models depending on the project. This is easier as the
key resources are similar — the roles of project publisher and business-module
publisher, for example, call upon the same types of skills (management of a
maintained technical capacity) — or meet complementary customer needs.

This explains why research and practice have found it difficult to understand
companies’ open-source business models, and more specifically the link be-
tween participation in projects and value capture. We hope this work on the
foundations of the FLOSS/Open-source business models helps elucidate these
links, even if more research is still needed on some points.

In particular, the role of foundations as neutral actors coordinating competi-
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tors, their governance, and the reasons why an editor decides to outsource its
project to them, as why some actors sponsor some FLOSS projects by giving
money to them warrant further study. This is also the case for the 3A services
implemented in the peripheral open-source models, that, as in the computer
industry in general, account for the largest share of business activity (again,
see Markets and Markets’ “Open Source Services Market” 2021 report).
Therefore, we advocate that the software engineering community improves
FLOSS evaluation tools by taking into account the maturity of the solution
(again, phases 1 and 3 are understudied and modeled), but also the strategic
needs of the adopters.
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