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ABSTRACT

Corporate participation plays an increasing role in Open Source
Software (OSS) development. Unlike volunteers in OSS projects,
companies are driven by business objectives. To pursue corporate
interests, companies may try to dominate the development direction
of OSS projects. One company’s domination in OSS may ‘crowd
out’ other contributors, changing the nature of the project, and
jeopardizing the sustainability of the OSS ecosystem. Prior studies
of corporate involvement in OSS have primarily focused on predom-
inately positive aspects such as business strategies, contribution
models, and collaboration patterns. However, there is a scarcity
of research on the potential drawbacks of corporate engagement.
In this paper, we investigate corporate dominance in OSS ecosys-
tems. We draw on the field of Economics and quantify company
domination using a dominance measure; we investigate the preva-
lence, patterns, and impact of domination in the evolution of the
OpenStack ecosystem. We find evidence of company domination
in over 73% of the repositories in OpenStack, and approximately
25% of companies dominate one or more repositories per version.
We identify five patterns of corporate dominance: Early incubation,
Full-time hosting, Growing domination, Occasional domination,
and Last remaining. We find that domination has a significantly
negative relationship with the survival probability of OSS projects.
This study provides insights for building sustainable relationships
between companies and the OSS ecosystems in which they seek to
get involved.

*Corresponding authors

This work is licensed under a Creative Commons Attribution 4.0 Interna-
tional License.

ESEC/FSE 22, November 14—18, 2022, Singapore, Singapore
© 2022 Copyright held by the owner/author(s).

ACM ISBN 978-1-4503-9413-0/22/11.
https://doi.org/10.1145/3540250.3549117

Klaas-Jan Stol
Lero, the SFI Research Centre for Software
University College Cork
Cork, Ireland
k.stol@ucc.ie

Minghui Zhou
School of Computer Science, Peking University
Key Laboratory of High Confidence Software
Technologies, Ministry of Education
Beijing, China
zhmh@pku.edu.cn

CCS CONCEPTS

« Software and its engineering — Open source model; Pro-
gramming teams; - Human-centered computing — Empirical
studies in collaborative and social computing.

KEYWORDS

Open source ecosystem, software development, corporate partici-
pation, company domination, survival analysis

ACM Reference Format:

Yuxia Zhang, Klaas-Jan Stol, Hui Liu, and Minghui Zhou. 2022. Corporate
Dominance in Open Source Ecosystems: A Case Study of OpenStack. In
Proceedings of the 30th ACM Joint European Software Engineering Conference
and Symposium on the Foundations of Software Engineering (ESEC/FSE °22),
November 14-18, 2022, Singapore, Singapore. ACM, New York, NY, USA,
13 pages. https://doi.org/10.1145/3540250.3549117

1 INTRODUCTION

Open Source Software (OSS) has become the bedrock of informa-
tion technology and even our society [1]; it has been cited as a
multi-billion dollar business [72]. Over 80% of organizations rely
on OSS [30]. Software organizations are increasingly aware that
they must invest their resources into value-adding parts of their
overall software stack, rather than commodity and infrastructure
components, such as databases and other off-the-shelf function-
ality [21, 68]. Therefore, a growing number of companies partici-
pate in OSS communities and ecosystems, and some are becoming
major, and sometimes primary, contributors in OSS communities
[26, 58, 78]. In contrast to volunteer contributors who may have a
variety of motivations, companies are always driven by business
goals [24, 42], even when they are making contributions to OSS
[78, 84]. Prior literature suggested a number of theories on how
companies leverage OSS [15, 16, 35, 69, 78].

As highlighted in the field of economics, the tendency toward
capturing a dominant share of a market has always been an incen-
tive to companies who wish to win market leadership and thus
capture higher profits [17, 39, 65]. Similarly, to pursue business
objectives, companies involved in OSS may seek to control the
development direction of OSS projects by having their in-house de-
velopers work on these projects and make contributions to achieve
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their goals. Such intense involvement from companies is likely
to change the nature and community of an OSS project, because
such domination may crowd out volunteers and other contributing
companies [84]. Features of the open source development model
that have traditionally been considered strengths are a diversity
of contributors, leveraging ‘open innovation,” and an open devel-
opment model where anybody can contribute [48, 59, 83]. These
strengths are threatened when a single organization can exert ex-
clusive control over the future evolution of an OSS project, which
in turn can jeopardize the future sustainability of OSS projects and
ecosystems. Indeed, some studies suggest very high rates of project
failure or abandonment [8, 57, 72], and so it is important to better
understand the relationship between corporate dominance and the
sustainability of OSS projects.

A first stream of related research has studied corporate participa-
tion in OSS. These studies have mainly focused on understanding
why companies participate in OSS projects [71], how companies
make profits through OSS products or services [27], and how com-
panies contribute to and influence OSS projects [77-79, 84]. These
studies assume that contributing companies collaborate with others
(both companies and volunteers); very few studies have explored
the impact of control, or indeed, domination of companies on OSS
ecosystems. Prior research provides evidence of tensions in OSS
communities due to conflicting interests, for example, and such
tensions may result in open source developers (whether employed
or not) leaving, or companies abandoning a project [54, 75]. Further,
many prior studies have focused on individual projects, but not on
OSS ecosystems, which are larger-scale ensembles of repositories,
involving many different companies.

A second stream of research has investigated the sustainability of
OSS projects [3, 46, 53, 67], while the effects of corporate participa-
tion on the duration of OSS projects are rarely considered (cf. [67]).
None of these studies have focused on corporate domination in OSS
ecosystems. Understanding the prevalence of company domination
in OSS ecosystems and its impact on the sustainability of projects
is of prime importance because better insights into domination
dynamics can help to take appropriate action. For example, OSS
projects and ecosystems can shape community governance guide-
lines and policies to monitor and manage corporate involvement,
and take action when corporate domination jeopardizes the sus-
tainability of these projects. Hence, the goal of this study is to shed
light on corporate dominance in open source ecosystems. Given
the scarcity of research on this topic, we do this through a case
study of OpenStack, an OSS ecosystem that incorporates thousands
of repositories involving hundreds of companies to contribute.

To address this goal, we conducted a mixed-methods study fol-
lowing a sequential explanatory strategy [12], addressing three
specific research questions. First, as there is little empirical evi-
dence that goes beyond the anecdotal, our first question is:

RQ1: How prevalent is corporate dominance in OpenStack?

We define a dominant company in an OSS project as one that makes
the majority of contributions and thus has a strong influence on
the development roadmap of the project. We draw on Market Dom-
inance theory from the field of economics to define a measure for
corporate dominance in OSS. We find that domination commonly
exists in the development of most (more than 70%) repositories.
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In order to develop a better understanding of the characteristics
of corporate dominance, we pose the following question:

RQ2: What are patterns of corporate dominance in OpenStack?

We select a random sample of 120 repositories and manually analyze
the widely available online records about the dominant companies’
participation in these repositories of OpenStack. We identify five
distinct domination patterns: early incubation, full-time hosting,
growing domination, occasional domination, and last remaining.
Each pattern has unique characteristics, and multiple patterns may
occur in the evolution of an OSS repository.

Finally, we seek to understand the relationship between corpo-
rate dominance and the survival of repositories within OpenStack:

RQ3: Does corporate dominance correlate with the survival of OSS
repositories?

Using survival analysis, we find statistically significant evidence
that corporate dominance correlates negatively with the survival
probability of OSS repositories.

This paper makes three specific contributions to the literature
on OSS ecosystems. First, we unveil the prevalence of company
domination in the development of a large-scale OSS ecosystem.
Second, we categorize a set of domination patterns, which help
to understand the nature of the development of a complex OSS
ecosystem. Third, we show a relationship exists between corporate
dominance and the sustainability of OSS projects, and highlight a
number of implications for OSS community governance.

The remainder of this paper is structured as follows. We review
related work in Sec. 2 and introduce our method in Sec. 3. Sec. 4
presents the results of this study. We discuss the implications and
limitations of our study in Sec. 5. Sec. 6 concludes with a brief
summary of the key findings.

2 RELATED WORK

Recent years have seen considerable research on so-called hybrid
OSS projects involving corporate contributors [26, 44, 78, 84]. Early
research on corporate participation in open source focused on com-
pany motivation [6, 7, 13, 33, 51]. For example, Bonaccorsi and
Rossi [6] found that companies participate in OSS because it al-
lows smaller companies to innovate and affords them “many eyes”
to assist them in software development, whereas idealism is of
least importance to companies. Similarly, Henkel’s case study of
Linux [33] emphasized the importance of receiving outside tech-
nical support as a motivator for companies to participate in OSS.
There is a general consensus in the literature that companies focus
on economic and technological reasons for engaging with open
source communities, rather than social motivations such as devel-
oper reputation and learning benefits. Based on the understanding
of companies’ motivation towards OSS, several business strategies
were proposed [15, 31, 49]. For example, Hecker [31] outlines eight
classical open source business models: service support seller, loss
leader, widget frosting, accessorizing, service enabler, sell it free it,
brand licensing, software franchising.

To understand the nature of OSS development with intensive
corporate participation, researchers have conducted a series of
case studies on OSS-Commercial hybrid projects. For example,
Wagstrom et al. [43] conducted an in-depth analysis of companies’



Corporate Dominance in Open Source Ecosystems

practices in Gnome and Eclipse and identified two types of corpo-
rate participation. Zhou et al. [84] studied three projects producing
the same software and identified three corporate participation mod-
els, and they found that full control mechanisms and high intensity
of corporate participation are associated with a decrease in exter-
nal inflow and with improved retention. Valiev et al. [67] found
that the involvement of companies has a significant effect on the
sustainability of projects in PyPI ecosystem.

We conducted a series of studies [77-79] around company par-
ticipation in OpenStack, the same OSS ecosystem that we selected
in this study. We first investigate whether or not one company
dominates a project and the impact of such domination based on
only four repositories in OpenStack [77]. We defined dominant
companies as those that submit the most commits to the projects to-
gether with the companies that make more than 80% of the commits
contributed by the largest companies. We found that one company
often leads a project and this commercial domination is negatively
associated with the participation of other companies and contrib-
utors, while it is positively associated with the productivity of
contributors and the quality of issue reports. This definition of
domination enables the existence of dominant companies once the
project has been contributed by companies, no matter how many
contributions companies have made, which is different from the
domination investigated in this paper.

In follow-up work, we empirically identified eight contribution
models from the 124 involved companies based on their commercial
objectives and examined their contribution intensity, extent, and
focus. This study also found a significantly positive association
between the number of volunteers and the diversity of contribution
models [78]. In another study, we identified three collaboration
patterns of companies: intentional collaborations (including supply
and consumption, distribution-oriented ally, and service delega-
tion), passive collaborations, and isolated fashion. We also found a
positive association between a company’s position in the collabora-
tion network and its productivity [79]. In a more recent study, we
found that conflicts arising from diverging roadmaps of companies
and OSS projects are one reason that companies were withdrawing
as contributing organizations from OpenStack [75].

Despite considerable research on corporate participation in OSS,
corporate domination in open source has received little attention.
This paper bridges this gap and complements the literature by
conducting the first study investigating the prevalence, patterns,
and impact of company domination in OSS.

3 STUDY DESIGN

We applied a mixed-method approach [12] that combines a quanti-
tative analysis of the commit history data with a qualitative exami-
nation of online records. This section describes the dataset (Sec. 3.1);
the methods used for identifying company domination (Sec. 3.2)
and qualitatively characterizing corporate dominance to extract
patterns (Sec. 3.3); and quantitatively measuring the correlation
between company domination and the sustainability of OSS reposi-
tories (Sec. 3.4). A replication package is available [76].
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3.1 Dataset

OpenStack is an open source ecosystem of cloud computing in-
frastructure, including a set of software components that provide
common services and allow users to plug and play components
depending on their own needs [18]. We select the OpenStack ecosys-
tem for this study for several reasons. First, having been founded
in July 2010, it has a very extensive development history, which
ensures the availability of sufficient commit meta-data that allows
a meaningful analysis. Second, hundreds of companies have been
participating in the development of more than one thousand repos-
itories within the OpenStack ecosystem; this provides a wealth of
data for studying domination patterns, and offers ample data for a
detailed survival analysis. Third, OpenStack has been the subject
of several prior scientific investigations, which not only allows us
to develop a deeper understanding of this complex ecosystem with
extensive corporate participation based on rigorous prior studies,
but also to contribute detailed insights to this ecosystem which has
seen a very considerable uptake in the software industry.

We use the dataset provided by our previous studies. [78, 79],
which is a processed dataset of OpenStack that covers its devel-
opment history from July 2010 to January 2019. The dataset was
carefully preprocessed, including removing commits submitted by
bot accounts, merging multiple identities of developers, and iden-
tifying affiliations of developers and commits. We also validated
the accuracy of the affiliation of developers and commits by con-
ducting a survey with the corresponding developers directly and
archived a high accuracy (93%) [78], which gives us confidence in
the correctness of this dataset. This dataset involves 490 companies
contributing to 1,216 repositories of OpenStack during the evolu-
tion of 18 complete versions, resulting in 338,035 commits. Each
record in the dataset represents a commit, capturing its creation
time, the name of the repository it belongs to, and the author’s
name, email, and affiliation when contributing this commit.

3.2 Measuring Company Domination

We build on Market Dominance theory, which is a classic theory
from economics [29]. This theory is concerned with companies,
brands, products, or services that control a large portion of the
power in a particular market, relative to competing offerings [2, 29].
A dominant company in a specific market has a superior market
position in relation to its competitors [29, 32, 39]. The assessment
of dominance in a market is usually characterized by market share
[32]. One of the most commonly used measures, proposed by Melnik
et al. [39], is computed as follows:

=g 1o (5 -4)] M

In this formula, s; and sy represent the market share of the top
two companies in a specific market (s; > sz). The parameter y
captures the industry-specific and time-dependent significance of
potential competition. y = 1is commonly used to play a benchmark
measure [32, 39]. s? denotes the threshold market share beyond
which Company 1 (i.e., the top one company) will be considered as
having the dominant position in a market. This dominance measure
mainly focuses on the market shares of the two largest companies
in the market. The rationale of this measure is that, whether or not
a company can be considered as dominant in a market, depends

D
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on the size of its closest competitor. This measure is easy to apply,
which is why it can be used widely [32].

The contributions a developer has made to an open source reposi-
tory can strengthen their reputation and influence in the community
[41, 56, 81]. The same principle applies in OSS repositories that have
intense corporate participation [78, 84]. Companies pursue their
commercial objectives by making contributions to OSS repositories
that align with their business objectives [35, 78, 79], which may
result in a situation where they dominate a repository. Inspired
by Melnik et al’s [39] market dominance measure, we propose the
calculation of company dominance by replacing market share with
code authorship. It has been widely used in many studies for iden-
tifying developers who are responsible for maintaining modules
using the authorship of code changes [5, 41, 66]. We assume that
any version of an OSS repository is composed of a finite set of
code changes that are developed by a finite set of companies and
volunteers who submit their code modifications by sending contri-
butions (i.e., commits) to a shared code repository. Therefore, for a
company c, its Code Authorship (CA) of an OSS repository r in a
specific version v is computed as follows:

#ecommitsery

CA(c,r,0) = (2

#sum_commitsy y

where the numerator #commitsc, r , represents the number of com-
mits contributed by company c to repository r in the development
of version v, and the denominator #sum_commits, , represents the
number of total commits of the repository r that are contained in
version v.

After determining the code authorship of each company, we
assess company dominance in an open source repository by calcu-
lating the threshold of dominance (cf. Melnik et al. [39]) in terms
of code authorship as:

1

CAP (o) = - [1- (ca?, , - cad, )| 3)
where CA% ., Tepresents the code authorship of the top-contributing

2
2,r,0
second largest company’s code authorship, which poses the most

significant obstacle to the dominance of Company 1.
We then compare CA% - With CAP (r,0) to determine the exis-

company to repository r in version v, and CA: represents the

tence of company dominance. More specifically, if CAir’ , is greater

than CAP (r, v), then we deem Company 1 to have a dominant posi-
tion in repository r in the development of version v. Else, if CAir’ o
< CAP(r,0), then no company dominates this repository. We group
all individual, unaffiliated developers into a single ‘organization’
when calculating CA—that is, this ‘organization’ represents the
“rest of the community,” consisting of unrelated individuals. When
this organization of unaffiliated individuals dominates a project
as measured by the above formulas, then no single organization
dominates this project, because it is the individual contributors that
are the primary developers, similar to the ‘traditional’ notion of a
volunteer-driven OSS community [40, 82].

To validate this measurement of company domination, we ex-
plored the perspective of developers in the OpenStack ecosystem
using a questionnaire. We presented the percentage of commits
that a repository had received from the top-contributing company
and asked developers: “Do you think <company name> has played a
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dominant role in the development of <repository name> in <version
number>?"; respondents were asked to select one of two options:
‘Yes’ (representing the company did dominate the repository) and
‘No.

We randomly selected 345 experienced developers who made
contributions to the repositories that were dominated by companies
in OpenStack (3,349 in total), with a confidence level of 95% and a
margin of error of 5%. We then sent them the questionnaire (see
the appendix [76]) to solicit their opinions. 146 emails could not be
delivered. We received 35 valid responses, resulting in a response
rate of 17.6% (= ﬁ). Of those 35, 29 (83%) developers agreed
with our measurement, offering a sense of face validity of this
measure.

3.3 Extracting Domination Patterns

Company domination may occur when a company has made a
majority of commits to a repository within a specific timespan. After
identifying corporate dominance (see Sec. 3.2 for details), we sought
to extract patterns of company dominance from two perspectives:
the functionality of the company-dominated repositories, and the
dominant companies’ objectives towards the repositories.

3.3.1 Selecting Repositories based on their Categories. Prior studies
[78, 79] observed that companies’ contributions to OSS vary by
component functionality. For example, the plugin repositories in
OpenStack are mainly contributed and maintained by the compa-
nies that created these repositories [79]. Thus, there is reason to
believe that the patterns of company dominance relate to the types
of functionality.

The OpenStack community categorizes its repositories in release
into three types: components, client tools, and deployment tools
[19]. However, not all OpenStack repositories are included in a
distributed release [64], such as the repositories for building the
OpenStack communities. Zhang et al. [78, 79] proposed more than
ten categories of OpenStack repositories based on their function-
ality, but most of these are sub-categories of “component”, such
as ‘computing, ‘storage, and ‘networking. We ignored these sub-
categories of ‘component’ because these are too limited to Open-
Stack and may reduce the generalizability of our results. As a result,
we retained six general repository categories: components, client
tools, deployment tools, infrastructure tools, community build, and
plugin/driver, and revisited the categories of the 1,216 reposito-
ries, based on the definition of the six general categories proposed
in [19] and [78, 79] together. We first searched the official docu-
ments (i.e., created and maintained by the OpenStack Foundation)
and the README file of each repository. We then determined the
category of each repository by deductive thematic analysis [47],
using themes from prior research as seed categories. Specifically,
two authors independently cross-checked the set of categories and
descriptions that were derived from the homepage of OpenStack
[19] and Zhang et al. [78, 79] as a starting point, and applied them
to the 1,216 repositories. We obtained high consistency (Cohen’s
kappa coefficient = 0.86) between the two coders. Then, the two
authors discussed to address any disagreements. Table 1 shows the
distribution of the 1,216 repositories in the six categories.
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As the qualitative analysis is an extremely time-consuming and
intense effort, we randomly selected 20 repositories per category
(column 1 in Table 1) for analysis, with a total of 120 repositories.

3.3.2  Extracting Domination Patterns. We used data collection and
analysis methods previously used by Zhang et al. [78, 79], i.e., col-
lecting related data by search engine and conducting thematic anal-
ysis, to extract domination patterns. We first measured whether a
repository had been dominated in each version (i.e., approximately
six months in OpenStack) based on the domination measurement
described in Section 3.2. Then, for each dominated repository, we
conducted web searches using its name plus the name of the domi-
nant company and the term ‘OpenStack’ using the Google search
engine, and visited the top ten links (if available) to understand com-
pany dominance, and collected related online records; 269 online
records were collected (links are included in the online appendix
[76]). We used thematic analysis [14] to characterize patterns of
company dominance following a series of steps. (1) We first read
and analyzed all online records to understand why a dominant
company participated in OpenStack and dominated a repository,
and marked key phrases of interest. (2) We revisited the online
records and relevant phrases carefully to generate initial codes and
organized them in a systematic way. (3) After initial codes were
identified and assigned, we aggregated related codes into a cluster,
and identified a theme representing that cluster. Having identified
and labeled all clusters helped in identifying any emergent patterns
that characterized the occurrence of company dominance. (4) We
then revisited the initial set of themes to identify opportunities to
merge similar themes. (5) Finally, we defined the final set of themes.
To reduce potential researcher bias [52], the first two authors in-
dependently performed steps (1) to (4) described above. After this,
a sequence of meetings was held to resolve conflicts and assign
the final themes (Step 5). We reached theoretical saturation when
analyzed half of the targeted repositories, meaning roughly that
subsequent data all fit within the domination patterns derived from
the first 60 repositories. The results of our coding are available in
the online appendix [76].

3.4 Survival Analysis

Survival analysis is a cluster of statistical approaches where the
time of occurrence of an event of interest is modeled to understand
survival probabilities [36]. It is widely used in a variety of fields
such as epidemiology, biology, and demographic studies [70]. In the
software engineering literature, survival analysis has also been used
to study software project duration [53, 67] and developer turnover
[37, 55]. The most common tool for modeling survival analysis data
is the Cox proportional-hazards regression model [22]. It can be
used to study the dependency of survival time on both continuous
variables and categorical variables [22]; it allows us to examine any
given factor’s influence on the rate of the event happening at a
particular point in time [22]. Thus, in this study, we adopt the Cox
proportional-hazards regression model to investigate the impact of
company dominance on the survival of OSS repositories.

3.4.1 Basics of the Cox proportional hazards model. In this study,
we use the Cox proportional-hazards model to evaluate the effect
of company dominance, and several other control variables, on
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the survival status of an OSS repository. Our event of interest is a
repository becoming ‘dormant’; that is, when a repository does not
receive any contributions for a significant period of time, the repos-
itory is treated as being dormant, in line with prior work [8, 67].
This may happen when it is no longer maintained, or abandoned,
but also when it is considered ‘feature complete.’ Following prior
studies [34], we consider the event of interest, i.e., a repository
becoming ‘dormant, that occurred when a repository did not re-
ceive any commit within more than six months (i.e., a version in
OpenStack) after its most recent commit, specifically.

Since our dataset contains 18 versions of OpenStack’s develop-
ment history, we cannot observe repositories going dormant (the
event of interest in our survival analysis) in version 18, because
that version is the latest in the dataset. In survival analysis, these
cases are called right censoring and can be well handled by the Cox
model [22]. The survival probability (denoted as S(t)) refers to the
probability that a ‘live’ entity survives from the time origin (i.e. the
creation of an OSS repository) to a specified future time ¢ [36]. In
the Cox model, the probability expressed by the hazard function
(denoted by h(t)), which is the probability that a repository under
observation at time t undergoes an event (i.e., becomes dormant).
Simply stated, the hazard function h(t) can be treated as the risk of
becoming dormant at time ¢. The hazard function h(t) is defined as
follows:

h(t) = ho(t) X exp(bix1 + baxa + ... + bpxy)

where: t represents the survival versions of a repository; the co-
efficients (b1, bs, ..., b,) measure the effects of factors (x1, x2, ..., Xn,
resp.); ho is the baseline hazard, corresponding to the value of the
hazard if all factors x; are equal to zero. Factors with a statistically
significant coefficient are relevant to the survival probability.

The quantities exp(b;) are called hazard ratios (HR), which
present the effect of factors on the survival of a repository, es-
pecially: 1) HR = 1: no effect; 2) HR < 1: reduced hazard; and 3) HR
> 1: increase in hazard.

3.4.2 Control Variables. Software project ‘survival’ has been widely
investigated [3, 46, 53, 67]. Prior studies identified several factors
that impact survival probabilities of projects or repositories. To
reduce potential bias caused by only considering whether a repos-
itory is dominated by a company, we also include other related
factors in our model as control variables. The related definitions
and proposed metrics are as follows:

e Num_Dev: the number of developers who have contributed
at least one commit to the observed repository r in the de-
velopment timespan of version v;

Num_Commi ts: the number of commits that were received by
repository r in the development of version v;

Num_Corp: the number of corporations that participated in
the development of repository r in version v. Considering
the characteristics of extensive corporate participation in
OpenStack, we also include this factor in our model;
Repo_Category: a category factor referring the function
type of repository r. Table 1 shows the six categories of
the 1,216 repositories in OpenStack.

The first three factors, i.e., Num_Dev, Num_Commits, and Num_Corp,
are used to measure the active degree of an OSS repository. The
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Table 1: Six categories of the 1,216 repositories in OpenStack

Category Description # Repositories Example
Components To s.et up OpenStack’s cloud computing services and the management of these 400 Nova
services.

. . . . . . . . Cl-openstack-
Client Tools Client-side tools and libraries for interacting with OpenStack APIs. 126 client
Deployment Tools and recipes for deploying and maintaining the life cycle of OpenStack de- 547 Fuel-main
Tools ployment [78].

Infrastruct Sy
’lf(l) (jlas stueture provide infrastructure tools for the development of OpenStack [78]. 44 Gertty
Co'rnmunity To recor(.i, manage, and optimize the participation activities and code architecture 73 Stackalytics
Build for sustainable development.
. . To facilitate the integration of OpenStack and other hardware or software infras- Compute-
Plugin/Driver 26
tructure [79]. hyperv
last factor (Repo_Category) is mainly for examining the difference
of the survival probability of repositories belonging to different
categories (see Sec. 3.3 for details of repository categories). We log- 3501 Code Authorship = 0.5 4
transformed the first three skewed variables to stabilize the variance 300 4 i
and improve model fit [23]. Because of the time-varying factors g I
we identified (such as Num_Dev), we used the time-dependent Cox 2 2501 E
o
model [22, 80] in this study. We used the survival package in R @ 200 1 I
[63] to fit the model. Sec. 4.3 presents the results. S 150 i
5 150 1
E |
4 RESULTS 2 100 1 !
In this section, we present the quantitative and qualitative results 501 i
of the prevalence, patterns, and possible impact of company domi- oLl H
0.0 0.2 0.4 0.6 0.8 1.0

nation, combined with the corresponding discussion.

4.1 RQ1: How Prevalent is Corporate
Domination in OpenStack?

The first research question is concerned with establishing company
dominance as a phenomenon. To answer this question, we first
calculated code authorship of all contributing companies, following
the formula defined in Sec. 3.2. Specifically, the parameter v for each
of the 1,216 repositories is assigned with their overall time span,
i.e., from their creation to 30 August 2018 (the release date of the
most recent version in our dataset). Figure 1 shows the histogram
of the distribution of the largest code authorship in all OpenStack
repositories. The vertical axis represents the number of repositories,
and the horizontal axis represents the value intervals of the 1,216
repositories’ largest code authorship. The figure shows that most
repositories’ largest code authorship (i.e. max code authorship) is
greater than 0.50. Specifically, there are 888 repositories (accounting
for 73%) that are dominated by a single company with median code
authorship of 70.6%. This indicates that company domination is a
very common phenomenon when taking the entire development
history of all the repositories in OpenStack. Among the 888 dom-
inated repositories, 163 repositories are contributed by only one
company. This observation is consistent with recent literature that
some companies work in an isolated fashion in an OSS ecosystem
[79].
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Max Code Authorship

Figure 1: Distribution of max code authorship.

Further, we studied company domination at the level of ver-
sions, which represents a finer granularity. For each version, we
determined whether any repository was dominated by calculating
the threshold code authorship CAP (using the formula defined in
Sec. 3.2) and comparing this with code authorship of the company
who contributed the most commits to the repository in this version.
Different from the granularity of the entire history of one repository,
we only considered its commits contributed in each version. As
shown in Fig. 2, the blue bars represent the number of repositories
dominated by companies, and the green bars represent the total
number of repositories per version. The left y-axis corresponds
to the blue/green bars and represents the number of repositories,
and the right y-axis corresponds to the black plot and represents
the percentage of dominant repositories to the total repositories in
each version. For this analysis, we discarded the first five versions
due to the instability in the initial phase of OpenStack [77]. The
horizontal axis represents the versions from six to 18. As the num-
ber of repositories increases per version, the number of dominated
projects also increases. The percentages of dominated repositories
per version range from ca. 61.7% to ca. 78.5%, with a median of
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71.3%. It indicates that company domination consistently existed
during the development OpenStack.

Finally, we calculated the distribution of companies that dom-
inate different numbers of repositories. The results are shown in
Fig. 3, where the horizontal axis represents the 18 versions included
in our analysis; the green bar (‘= 0’) in the legend represents the
portion of companies that did not dominate any repository; blue
(‘= 1’) represents the portion of companies that only dominated
one repository; and yellow (‘> 1’) represents the portion of compa-
nies that dominated more than one repository. We can see that the
dominant companies account for a relatively small proportion, i.e.,
approximately 25.2% of companies have dominated one or more
repositories in each version on average, almost meeting the Pareto
distribution [25]. This proportion has been slowly increasing with
version evolution despite the first five unstable versions [79]: rang-
ing from 15.8% to 36.7%. Further, the proportions of companies that
dominated one repository and the proportions of companies that
dominated more than one repository are similar (median: 11.2%
and 13.7%). This indicates that nearly half (56.0%) of the dominant
companies dominate more than one repository.

1.0

s Dominated

B Total
—e— Percentage

o
©

Domination Percentage
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Number of repositories

o
N
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Figure 2: Percentage of dominated repositories per version.
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Figure 3: Distribution of companies dominating 0, 1, or more
than one repositories.
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Summary for RQ1: Company domination is common in the
development of OpenStack’s repositories, both during its entire
development history, and within specific versions of OpenStack.
Over 70% of repositories are dominated by a quarter of compa-
nies, a half of which dominated more than one repository.

4.2 RQ2: What are Patterns of Corporate
Dominance in OpenStack?

The second research question is concerned with deepening our
understanding of patterns of corporate dominance in OSS projects.
Using the method described in Sec. 3.3, we manually analyzed the
development history of 120 randomly selected repositories. The
120 repositories cover the six categories of OpenStack, specifically,
20 for each category. The development history of the 120 reposi-
tories varies from two versions to 18 versions, with a median of
eight versions. For each version of each repository, we explored
whether company domination occurred and why, using the ap-
proach described in Sec. 3.3. We identified five types of company
domination: Early incubation, Full-time hosting, Growing domina-
tion, Occasional domination, and Last remaining. The numbers of
observations of these five patterns in different versions of the 120
sampled repositories are shown in Fig. 4.

As arepository evolves, we may be able to observe different dom-
ination patterns over time; we then speak of a ‘pattern sequence.
The two patterns ‘Full-time hosting’ and ‘Early incubation’ account
for the majority of cases of company domination, and ‘Growing
domination’ has the minimum proportion. Next, we describe each
of these patterns.

4.2.1 Early Incubation. The Early Incubation pattern refers to a
company’s domination of a repository because that company cre-
ated the repository, and it was the dominating contributor. When
creating a new repository in OpenStack, the company tends to
make many contributions to that repository in the initial incuba-
tion process. New repositories are usually of limited interest to
other companies [79]. For example, to manage cloud applications
Red Hat created the repository Heat [11]; Heat is an OpenStack
service that provides a framework to organize the configuration
and deployment of cloud applications [19]. Red Hat contributed
the most commits to Heat in its first four versions, and the corre-
sponding code authorship CA ranged from 100% to 59%. Red Hat
reduced its contributions (from around 400 commits to 100 commits

Growing domination
7%

Occasional domination
19%

Last remaining
18%

Figure 4: Distribution of the five domination patterns.
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in each subsequent version); at the same time other companies were
slowly ramping up their involvement in further versions of Heat.
In the 120 analyzed repositories, we observed Early incubation in
39 repositories across all six repository categories. By definition,
Early Incubation always appears first in a pattern sequence.

4.2.2  Full-time Hosting. The Full-time Hosting pattern is similar
to Early Incubation, but unlike Early Incubation, companies follow-
ing this pattern remain the dominant contributor throughout the
complete development history of the repository (or until they quit
OpenStack). We distinguish between Full-time Hosting and Early
Incubation by looking at the company’s duration of involvement;
we consider a company dominating a repository for up to two years
(four 6-month versions) as Early Incubation. Longer-term domina-
tion (i.e., five or more versions) is considered Full-time Hosting. A
recent study [72] has found that the average time of incubation
an OSS project in the Apache Foundation is 23.9 months. There-
fore, we deem the choice of two years is, in our view, a reasonable
balance between characterizing an initial, short-term involvement
to incubate a repository to a stage where it could survive by it-
self, and a longer-term involvement that is more strategic. In other
words, there is a phenomenon in the evolution of the OpenStack
ecosystem where a company initiates a repository and continues
to play a dominant role in a continuing series of subsequent ver-
sions. Among the 120 repositories, we found that 53 repositories
(44%) have experienced this form of domination at some point, and
indeed this is the most common pattern we observed. For these
repositories, a high survival risk exists once the dominant compa-
nies reduce their involvement from OpenStack, or abandon these
repositories altogether. For example, Rackspace, an established IT
web hosting company and one of the initiators of OpenStack [78],
launched the repository quark in version 7 to achieve a scalable
networking service, and continued to be the dominant contributing
company in the seven versions that followed with an average CA
of 88%. However, quark has been inactive since Rackspace stopped
contributing in version 15. When a dominant contributing company
stops contributing, it may happen that a different company steps in
to become the next dominating contributor. In that case, a pattern
sequence emerges; we discuss this in more detail later.

4.2.3  Growing Domination. This type refers to a pattern of cor-
porate dominance whereby a company is increasing its contribu-
tions to a repository. Different from Early Incubation and Full-time
Hosting, this kind of company domination tends to occur in the
middle or later stages of a repository’s evolution. Therefore, this
pattern is always a part of a pattern sequence, and does not appear
as a stand-alone pattern in Table 2. In the 120 analyzed reposito-
ries, we identified this pattern in 11 repositories (9%). For example,
Rackspace started the development of Swift, which is a distributed
object storage software providing data store and retrieval service
[19]. This repository was added to OpenStack in August 2009 and
Rackspace was the dominant contributor in the first five versions.
At that point, SwiftStack, an object storage software company [62],
gradually replaced Rackspace as the leading contributing company,
and began to dominate Swift from version 16 onwards.
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4.24  Occasional Domination. Occasional Domination usually oc-
curs ‘by chance’ in a couple of versions during a repository’s evo-
lution, and the dominant companies always play a key role in the
development of OpenStack; that is, these companies, such as Red
Hat, rank in the top contributors by commit count to OpenStack.
We observed this pattern in 32 repositories (27%): 15 of them are
Client Tools and 12 of them belong to the Community Build cat-
egory. Client Tools and Community-Build repositories represent
functionality that is more general (i.e., support/utilities) than other
categories and unlikely to be dominated by any business-oriented
company. Therefore, the Occasional Domination pattern is more
likely to occur in these Client Tools and Community-build reposito-
ries compared to other domination patterns, due to the ‘incidental’
nature of this pattern. For example, in version 18, Red Hat con-
tributed eight commits (CA=50%) to oslo.db, a database connec-
tivity library handling different database back-ends, and various
other utilities [20].

4.2.5 Last Remaining. When a repository becomes inactive (i.e.,
receiving less than ten commits each version), company domina-
tion may happen because of a few commits contributed by the
last remaining company; hence, we name this pattern of dom-
ination “Last Remaining.” By definition, this pattern always oc-
curs at the end of repositories’ development history, after a se-
quence of one or more other patterns—hence the label ‘last. For
example, Mirantis only contributed four commits (CA=50%) to
docker-machine-openstack [61] in version 16. We observed this
pattern appeared in 30 repositories (25%), suggesting that around a
quarter of corporate dominance may be because these repositories
are no longer actively maintained, rather than due to active com-
pany domination. The reasons why some repositories are no longer
actively maintained are complex, and exploration for this is beyond
the scope of this paper, but is an avenue for future research.

4.2.6 Sequences of Patterns. Our analysis also revealed that domi-
nation patterns evolved over the history of repositories; we refer to
this as a ‘pattern sequence, as briefly introduced above. A pattern
sequence happens when one domination pattern is replaced by a
different one over time as contributing companies change their
involvement. Table 2 shows all the patterns (and their sequences) of
domination in the development history of the 120 analyzed reposi-
tories. The table shows, for example, that within the Components
repository category, the Early Incubation pattern was observed in
12 repositories (7+4+1): in 7 cases, Early Incubation was the only
pattern observed throughout the lifetime of a repository, but in 4
cases this pattern was replaced by the Growing Domination pattern
(E-G), and in one case it was replaced by the Last Remaining pat-
tern (E-L). If the same domination pattern appears in continuous
versions, we only counted it once, rather than counting that pattern
for each of the consecutive versions. For example, the combination
E-G indicates that Early incubation was observed for one or more
versions during the initial development of a repository, and was
then replaced by Growing Domination; this means that the reposi-
tory was later dominated by a different company that increased its
contributions to that repository.

Table 2 shows that the most common pattern of company dom-
inance varies by repository category; the most frequent pattern
per category is encircled. Component repository domination often
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Table 2: Frequency of observed domination patterns and pattern sequences, organized by repository category
E: Early incubation; F: Full-time Hosting; G: Growing Domination; O: Occasional Domination; L: Last Remaining

Repository Category E pattern and sequences F pattern and sequences O pattern and sequence
(20 repositories per

category) E E-G E-L E-O E-G-L F F-L F-O L (@] O-L
Components 4 1 5 1 2

ChemtToos R N . . AR ST
DeploymemTOOls ....... R , AR L . ST
e Toos s L , o @ ................... ,
CommuthBuﬂd SRS S SRR R o @ ..... ,
Plugm/Dnverz ...... S L @ ..... R CT

occurred in the initial incubation stage (any pattern of sequence
with ‘E’: 60%, 12=7+4+1 out of 20), then disappeared because of
other companies’ increased contributions (58%: 7 out of 12 cases),
or was replaced by a growing dominant player (E-G, 33%: 4 out
of 12 cases), or becoming inactive with the ‘Last remaining’ domi-
nated (only 1 out of 12 cases). For Client Tools, the most common
domination is ‘Occasional’ (50%, n=10). We observe the same pat-
tern in the Community Building repositories in OpenStack (45%,
n=9). The reason might be that these kinds of repositories, aiming
to improve the soft power of an OSS ecosystem, i.e., community
building or improving code maintainability, may have a limited
long-term attraction to companies that pursue business goals [78].

For the remaining three categories, i.e., deployment tools, infras-
tructure tools, and plugin/driver, the most common patterns are all
related to Full-time hosting (75%, 60%, and 65% respectively). This
means that most of these repositories are mainly dominated by the
corresponding sponsoring company. This also indicates that the
repositories in these three categories have high ‘survival risks’ if
the founding companies of these repositories reduce their contribu-
tions, or withdraw altogether. While our results do not suggest a
causal link, we can observe that this risk is realistic in infrastructure
tools, where the most common domination is F-L, meaning that
most of these repositories are mainly dominated by the correspond-
ing sponsoring company in their initial and intermediate stages,
and then became inactive when the sponsoring company withdrew.
Being dominated by one company for a long time may be a reason
of real concern in an OSS ecosystem of which the wider ecosystem
should be aware. OSS ecosystems thrive best when there is diversity
in contributing actors, and reducing this as well as the withdrawal
of key contributors poses a major risk to survival.

Summary for RQ2: We identified five patterns of corporate
domination in the OpenStack ecosystem. A repository may
see multiple domination patterns over its lifetime, as reposi-
tory founders and contributors may change their involvement.
Some domination patterns correlate by the type of repositories:
Early incubation is more common in Components; Occasional
domination is more common in Community-build repositories
and Client tools, and Full-time hosting is more common in the
remaining three categories.
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4.3 RQ3: Does Corporate Dominance Correlate
with the Survival of OSS Repositories?

The third and last research question focuses on a key outcome of
interest for open source communities, namely, is corporate domina-
tion linked to the survival of open source repositories? To answer
RQ3, we calculated the domination state (i.e., Is_Dominated) and
values of other control variables described in Sec. 3.4 for each repos-
itory in each survived version. We obtained 6,808 observations,
including 675 events (i.e., repositories that went dormant). As laid
out in Sec. 3.4, we used the Cox proportional-hazards regression
model. Before fitting the Cox model, we calculated the variance
inflation factors (VIF) to detect multicollinearity problems [38]. Due
to moderately high collinearity (VIF > 3) [9], we removed Num_Dev
and Num_Corp from the model so as to secure the reliability and sta-
bility of the regression coefficients. Therefore, the final regression
equation is:

Surv(tstart, tstop, Status) ~ Is_ Dominated + Log(Num_Commits) +
Repo_Category

where ts¢qr¢ and tsop in the response are used to set the time
interval for observing each repository, and we treat each version as
a time interval. Status in the response is the survival status (i.e.,
dormant or not) of a repository in the time range. Is_Dominated,
Repo_Category, and Num_Commi ts are predictors. Table 3 presents
the results of the fitted model.

The table shows that the p-values of three repository categories
(i.e., Client Tools, Infrastructure Tools, and Plugin/Driver) are non-
significant (p > .05), which means we found no evidence of the
association between the three repository categories and the reposi-
tory survival probability. Two repository categories, Components,
and Community Build, on the other hand, are significant, suggest-
ing that repositories that provide services, or serve to build the OSS
community, are less likely to become dormant over time when com-
pared with deployment tools. The p-value for Log(Num_Commits)
is less than 2e-16, with a hazard ratio HR = exp(coef) = 0.30, indi-
cating a strong relationship between the number of commits and a
repository’s decreased risk of becoming dormant. This finding is in
line with prior work [53, 67]
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Table 3: Coefficients of the model
(n=6,308, #events=675)

coef  exp(coef)  p-value

Is_Dominated 0.38 1.46 <0.001***
Log(Num_Commits) -1.20 0.30 <0.001™**
Repository Categories:

Components —-0.21 0.81 0.023”

Community Build —-0.51 0.60 0.006™*

Client Tools —-0.23 0.79 0.077

Infrastructure Tools —-0.19 0.83 0.354

Plugin/Driver -0.22 0.80 0.381

The variable Is_Dominated is a Boolean variable indicating
whether a repository is dominated by a company. After taking
these existing factors into consideration, the factor Is_Dominated
still shows a statistically significant impact on the survival of repos-
itories. As Table 3 shows, the p-value for Is_Dominated is less than
0.001, with a hazard ratio exp(coef) = 1.46, indicating a strong rela-
tionship between a repository’s state of being dominated and an
increased risk of it becoming dormant. Specifically, with other fac-
tors constant, being dominated (Is_Dominated = 1) increases the
hazard of a repository becoming dormant by a factor of exp(coef)
= 1.46, or 46%, which is a significant effect. This may suggest that
although having a strong supporter or advocate (i.e. the dominant
company) may benefit the evolution of an OSS project [77, 84], the
degree of contribution of such a supporter should be monitored,
and perhaps appropriate governance mechanisms should be put in
place to ensure future sustainability.

Finally, the p-values of the Cox model for all three overall tests
(likelihood, Wald, and score) are significant, indicating that the
model is significant. Further, the Concordance statistic, which is
the most common measure of goodness-of-fit in survival models
[22, 28], of the model is 0.85, indicating that the model explains the
observed data well and has a good predictive ability.

Summary for RQ3: After considering existing factors (the
number of commits and repository categories), we still find a
statistically significant association between company domina-
tion and the survival probability of a repository. That is to say,
being dominated by one company might be harmful to the long-
term development of OSS repositories. More careful monitoring
and management of corporate participation in OSS is needed.

5 DISCUSSION

5.1 Implications for Practice

In this study, we find that the development and maintenance of
most repositories in OpenStack mainly rely on a single company. In
some cases, these companies play a dominant role throughout these
repositories’ development. These findings suggest that although
large OSS ecosystems are developed in an open and transparent
form, the advantages of open source have not been fully utilized,
especially user innovations that are brought by contributors from
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diverse backgrounds. Despite that, we also find a statistically sig-
nificant association between company domination and the survival
probability of OSS repositories, raising an alarm about intense cor-
porate participation. Our work sheds some light on the internal
contribution mechanism of a large and popular OSS ecosystem
with hundreds of companies involved. This study offers a detailed
analysis of corporate dominance and seeks to increase awareness
of the significant implications that may have for the sustainability
of OSS ecosystems.

OSS communities can use dashboards to monitor the health of
an ecosystem, regarding company mobilization. Our method of
measuring company domination can play as one key metric for
the dashboard. Moreover, the survival model of OSS repositories
can help to identify risky situations, as this study links corporate
dominance to a negative survival probability.

Our findings highlight potential concerns for intense corporate
participation in OSS projects. Although pursuing business objec-
tives is a primary concern for companies, the decline or abandon-
ment of an OSS project should be of equal concern to organiza-
tions as this jeopardizes the survival probability of open source
ecosystems, and may render earlier investments in such ecosys-
tems worthless. For any company intending to join OSS, our study
emphasizes the importance of keeping a balance between their own
business goals and the open source project’s roadmap and long-
term sustainability. They can draw on our findings (e.g. the survival
model) and establish metrics to monitor this balance. Furthermore,
dominant companies that consider leaving a repository, could iden-
tify companies (or individuals) who may be willing to take over
the maintenance role of a repository, preventing it from abandon-
ment. As corporate participation in OSS ecosystems has become
the industry norm [26, 67, 84], these results may help companies
to become more aware of the responsibility that comes with OSS
contributorship, and seek a balance as they define an OSS strategy.

5.2 Implications for Research

As the importance of open source continues to grow in the software
industry, corporate participation in OSS is an inevitable trend [26,
78]. Different from volunteers, companies are driven by business
goals. Companies may maximize their benefits by dominating the
development of a project or only contributing to directly related
projects. The resulting corporate dominance may lead to a reduced
survival probability of OSS projects. Therefore, it is imperative
that companies balance their business goals and commitment and
investment in open source ecosystems in a responsible manner.
On the other hand, an existing study has found that corporate
participation (measured by the share of commits from companies)
in PyPI ecosystem has a negative effect on the sustainability of
the repositories in PyPI ecosystem [67]. However, our previous
study found that corporate participation (represented by the pro-
portion of the commits contributed by the company with the most
contribution) has a positive association with the productivity of
contributors and the quality of issue reports [77]. In this study, we
found company domination tends to decrease the survival probabil-
ity of these repositories. These diverse findings indicate that more
delicate metrics to measure the impact of corporate participation on
OSS projects and the characteristics of different OSS ecosystems are
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important. Future research may advance the measurement frame-
work toward company participation in OSS. A more challenging
task is to develop a model that predicts what percentage of the com-
mits contributed by the company will have a negative impact on
the survival of an OSS project. Investigating other possible impacts
of company domination on the development of OSS ecosystems is
also an avenue for future work.

5.3 Threats to Validity

We follow common guidelines for empirical studies [52, 73] to
discuss the validity threats of our study.

Construct Validity. We are interested in investigating the preva-
lence, patterns, and impact of company domination in OSS ecosys-
tems. We believe that these questions have a high potential to pro-
vide unique insights and values for practitioners and researchers. To
achieve this goal, we sought to measure company domination first.
There are a variety of ways to make contributions to OSS projects,
such as conducting code reviews, reporting issues, participating
in governance processes, and even securing funding. In this study,
we chose commits as the primary form of contributions because
of the following reasons: 1) the number of commits is widely used
in measuring OSS contributions in both literature [50, 67, 78] and
OSS communities [10]; 2) the code changes submitted as commits
are closer to software development. While other forms of contribu-
tions than code have recently attracted some attention in the SE
literature [4], domination in terms of non-code contributions to
OSS ecosystems remains an area for future research. We chose to
ignore commit size for three reasons, because OpenStack requires
contributors to create commits with only one ‘logical change’ [45].
Further, commit size distributions of companies do not show sta-
tistical differences; a recent study [74] has found that the majority
of companies primarily fix bugs and implement new features in
OpenStack, both essential activities in open source development.

By drawing on Market Dominance theory [32], we adopted a
measure of company domination. To validate its use, we surveyed
the perspectives of developers from OpenStack; 83% (29 out of 35)
of developers agreed with the proposed measure. This high level
of agreement lends face validity to this measure, and also suggests
that the measurements are conducted in a reasonable way. Besides,
when determining a domination type is Full-time Hosting Early In-
cubation, we took the incubation time (i.e., 23.9 months on average)
of OSS projects in the Apache Foundation [72] as a reference and
considered the dominant company’s duration of involvement: up to
two years as Early Incubation; longer time domination as Full-time
Hosting. The incubation time in different OSS foundations might be
various, which may slightly affect the distribution of the two domi-
nation patterns and the corresponding pattern sequences. Future
work should investigate the specific incubation time of OpenStack
and revisit the two domination patterns.

Internal Validity. From the internal perspective, we checked the
assumptions for the Cox proportional hazards model. Similar to
other regression models, the Cox model also faces threats to multi-
collinearity [38] and outliers [23]. We investigated the distribution
of the variables to fit the Cox model for RQ3 to detect outliers and
multicollinearity. We log-transformed variables (i.e., Num_Commits)
with highly skewed distributions to reduce heteroscedasticity and
calculate Variance Inflation Factors. As a result, we removed two
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factors (i.e., Num_Dev and Num_Corp) to avoid the impact of mul-
ticollinearity on our model. Our findings show an association be-
tween the response and predictors, but that association may not
be causal. There may be some aspects that we did not measure but
that cause both the response and the predictors to behave in the
observed pattern.

Further, we did not consider the type of corporate domination in
the Cox model. The reason for this is that no matter the type of cor-
porate domination, domination always threatens the open source
community’s diversity and potential for user innovation, which in
turn jeopardize the sustainability of OSS projects and ecosystems.
The impact of different domination types on the survival of OSS
projects may vary, however, and this is a fruitful direction for future
work.

External Validity. There is a scarcity of research on corporate
dominance in OSS ecosystems, which is why we adopted the case
study method to conduct an in-depth investigation. We selected
one very popular and large ecosystem, OpenStack, which enjoys
corporate participation from hundreds of companies. However, the
case study method does impose limits on the generalizability of our
findings, as case study findings tend to be tied to specific contex-
tual factors [60]. However, we do not seek to establish statistical
generalizability, but rather to offer insights into this unexplored
phenomenon which can help to develop an initial understanding,
which can provide a foundation for future studies [73]. The domi-
nation patterns categorized from diverse companies and six project
categories may have the potential to generalize to other open source
ecosystems where companies involved and similar projects exist.
However, investigating corporate dominance in other open source
ecosystems is an avenue for future research.

6 CONCLUSION

As corporate participation in OSS ecosystems is growing, their in-
fluence on the future evolution of these ecosystems also becomes
stronger, which in turn can have significant consequences for the
sustainability of these ecosystems. In this paper, we present a de-
tailed study of one popular OSS ecosystem, OpenStack, to (a) es-
tablish corporate dominance as a prevalent issue, (b) identify five
patterns of corporate dominance, and (c) apply survival analysis
on a large set of repositories, and find that corporate dominance of
repositories negatively associates with their survival chance.

This paper is among the first to provide a detailed investigation of
corporate dominance in OSS ecosystems, which we hope will draw
more attention to this phenomenon which may have a significant
impact on the future of OSS ecosystems. The findings of this study
may help OSS communities to increase their awareness of this issue
and the associated risks, and adjust their governance mechanisms
so as to ensure their future sustainability.
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