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Commercial
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Hao He and Minghui Zhou, Peking University
ecosystems to achieve innovations,3
reduce costs,4 or generate revenue
on complementary services. 5 To
achieve their goals in an OSS ecosystem, companies hire developers to
contribute to the projects within that
ecosystem.6–8 Many well-known
OSS ecosystems such as the Linux
kernel, Android, and OpenStack
are developed mainly through collaborations of different companies.
For example, companies contribute
more than 90% of code on average in
each version of OpenStack.9 Brian Fitzgerald calls the OSS
with extensive commercial participation OSS 2.0.10
Unlike self-motivated contributors, companies are
always driven by business profits,11 even when they are
making contributions to OSS.6,9 Companies involved in
OSS may try to control the development direction of the
OSS projects to maximize business profits or simply withdraw all their employees from OSS to avoid investment
failures. Therefore, while boosting software development,
commercial participation also brings challenges and risks
to the long-term development of OSS and the sustainability of critical open source ecosystems.

This article provides a landscape of commercial
participation in OpenStack, a large-scale open
source software (OSS) ecosystem. We discuss how
to achieve a balance between maximizing business
profit and ensuring the long-term sustainability
of OSS ecosystems.

O

pen source software (OSS) has dramatically
influenced computing and society,1 becoming
the infrastructure of our daily life. As reported,
more than 90% of software products contain
OSS components.2 The success of OSS 1.0 relies on the volunteers distributed all over the world, who bring to it open
innovation, low cost, and high quality.
Sensing the business opportunities of OSS, numerous companies have built business models around OSS
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We conducted a series of st udies 7,9,12 to understand how companies participate with other companies, focusing on a large-scale OSS
ecos ystem, OpenStack. Fol low i ng
these studies, we used the code commit history of OpenStack to analyze
how different development tasks are
completed in OpenStack and conducted a survey to explore developers’ perspectives on how company
domination affects the OSS projects.
In this article, by combining the findings from our prior work with the
results on the task variation of companies and developers’ feedback, we
provide a landscape of commercial
participation in OpenStack and propose lessons for the sustainability
of OSS ecosystems. We hope this article can shed some light on shaping
and sustaining OSS ecosystems as

175 Projects

FROM THE EDITOR
Welcome back to the “Open Source Expanded” column! We continue our
theme on community open source. This article in the series by Minghui Zhou’s
research group at Peking University shows that communal ownership of software does not conflict with commercial interests. Rather, it is complementary
and can work well when taken care of using good governance. Enjoy, and as
always, stay safe and healthy and keep on hacking.—Dirk Riehle

commercial participation continues
to increase in the future.13

THE PREVALENT
COMMERCIAL
PARTICIPATION AND ITS
CHARACTERISTICS

Fig ure 1 shows a la ndscape of t he
OpenStack ecosystem where 250 companies have contributed to 817 projects in the 14t h relea se (t he mos t

active release in the development
h i s tor y of O pen St ac k), res u lt i ng
in eight contribution models, three
col l aborat ion pat ter n s, a nd fou r
task preferences.

Commercial participation is
prevalent and extensive

In the 18 versions of OpenStack from
its launch to August 2018, 490 companies have been involved in the

817 Projects Received Commits in the 14th Release

Three
Collaboration
Patterns:

Other 25 Clusters

60 Companies 17 Companies
Development
Infrastructure
Vendor 4%
Community
Oriented
3%
Usage
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23%
Specific
Services Oriented
9%

• Intentional
• Passive
• Isolated

250 Companies Participated in the 14th Release

Research
Oriented 7%

Eight Contribution Models

Full Solution
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Objective
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and Focus
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• Feature Focused
• Reengineering Focused
• Mainly Correction and Feature

FIGURE 1. The commercial participation landscape in the 14th release of OpenStack.
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development. On average, each version
has 130 involved companies. Companies made far more contributions than
volunteers and have played a critical
role in the development of OpenStack,
which is evidenced by the amount of
developers, commits, and tasks.
The average proportion of developers invested by the companies is

OpenStack, ranging from hardware
manufacturers like Dell, semiconductor chip manufacturers like Intel, software providers like Red Hat,
to e-commerce platforms like eBay.
They join OpenStack because of varying commercial needs, select diverse
projects and tasks to contribute to, and
form different contribution mod-

While boosting software development, commercial
participation also brings challenges and risks
to the long-term development of OSS and the
sustainability of critical open source ecosystems.
approximately 80%, and the proportion of commits made by these developers is 90% in a release of OpenStack.9 On the other hand, Figure 2
shows the comparison of different
development tasks conducted by
companies and volunteers in the 14th
release of OpenStack. We can observe
that most (91% on average) activities,
regardless of their types, are carried
out by companies, meeting the Pareto distribution.

Various contribution models
motivated by commercial
needs present different levels
of contribution performance

Hundreds of companies with diverse business domains have joined

els. We discovered eight contribution
models in OpenStack 9 according to
the commercial objectives of companies. Each model’s participation
performance, that is, the intensity,
extent, and focus of companies’ contributions to OpenStack, varies with
its commercial needs.
For exa mple, some compa n ies
(full-solution providers) make profits
directly by providing full-cloud solutions to users, including private/public/
hybrid cloud services, and deployment
and maintenance services, among others. As another example, some companies use OpenStack in their production
environment or “live symbiotically off
an open source ecosystem.”14 When
companies obtain profits directly

Corrective Engineering 0.07

0.93

Forward Engineering 0.07

0.93

Reengineering 0.08

0.92

Management

0.14
0

0.86
0.2

0.4
Volunteers

0.6

0.8

1

Companies

FIGURE 2. The percentage of development activities conducted by companies and
volunteers.

80

COMPUTER 

through OpenStack, they tend to make
intensive and extensive contributions
to various OpenStack projects. By contrast, companies select specific projects
and make limited contributions when
they are motivated by integration aim
or are minor contributors (community
players or research groups).

Companies may engage
in intentional or passive
collaborations or may work
in an isolated fashion

Companies are often specialized in
one specific domain, and their particular knowledge and expertise have
great value in an OSS ecosystem. Collaboration among different companies therefore greatly facilitates efficient development and progress of
OSS ecosystems. Most companies in
OpenStack collaborate with others,
even with their competitors. Some collaborations are actively and intentionally pursued by supplying production
deployment, maintaining the same
distribution, delegating services, and
so on. For instance, Walmart relies
on Rackspace for its OpenStack solution, and both companies make extensive contributions to project Ansible
founded by Rackspace for deploying
OpenStack distributions. However,
some company collaborations in
OpenStack are passive and incidental. For example, Hewlett-Packard
and IBM provide computing services
in their OpenStack-based solutions,
so both make contributions to Nova,
a computing infrastructure project in
OpenStack. This collaboration pattern
is common in the development of large
OSS ecosystems.
Some companies may still be the
sole contributor to some projects, particularly when they are specific to that
company’s own interests. For example, the company Linbit (a provider of
software-defined storage) has founded
and is the sole contributor to the project “drbd-devstack” [a plug-in helps
to install Linbit’s Distributed Replicated Block Device (DRBD) back end
for OpenStack’s block storage service]
W W W.CO M P U T E R .O R G /CO M P U T E R

during the development of the following six releases. These projects appear
to just serve as “an open code archive,”
while the true advantages of open
source (such as user innovation) are not
brought into full play in some corners
in a large OSS ecosystem. As a higher
degree of collaboration always comes
with more efficient development,12 we
see room for improving efficiency in
these solo-contributed projects.

objectives toward OpenStack, for example, integrating OpenStack with
their own business by contributing
plug-ins or drivers.12 A few companies
conduct mainly reengineering activities, such as rename, in some projects. Specifically, 89 out of 222 companies (accounting for 38%) have one

To achieve a win-win situation on the sides of both
companies and OSS ecosystems, we encourage
companies to take into consideration the impact of
their participation on OSS projects and delicately
balance their own profits with the sustainable
evolution of the OSS ecosystems.

Companies have different
preferences in development tasks
when making contributions

Multiple development tasks such as
fixing bugs and implementing new
features need to be completed during
the preparation of releasing an OSS
d ist r ibut ion. 15 A combi nat ion of
keyword searching and a clustering
technique identifies four company
task completion patterns, as described
in Table 1: focused on correction, feature, or reengineering, or mainly focused on correction and feature. The
most common pattern is corrective
engineering, in which a company devotes approximately 95% of its commits to fix defects. The reason might
be “scratching one’s own itch”;16 that
is, companies encounter a problem of
OpenStack, write code to fix it, and
send a commit to the community.17
This is the most common motivation
of these casual contributors in OSS,
and it may suggest the unsustainability of these companies’ participation
in OSS communities. Up to a third of
companies’ preferences in the three
tasks is close to the general distribution of these tasks in OpenStack, that
is, mainly fixing bugs and implementing new features and also doing a few
reengineering tasks.
This pattern indicates that the
business strategies of these companies toward OpenStack are consistent
with the development route of OpenStack or do not affect their choices of
conducting development tasks. Some
companies focus mainly on adding
new features because of the creation
of new projects or companies’ specific

diversity, which is key to the health
and vitality of an OSS community.18
We conducted a survey with developers in OpenStack about the impact
of company domination on the development of OSS. More than half (18 out
of 34) of the respondents believe that
a company’s domination is negatively

preference in development tasks when
making contributions to the projects
of OpenStack. Companies with a single
task preference tend to be short-term
contributors, as evidenced by Spearman’s correlation.

The dilemma of commercial
participation and the
OSS community

Commercial participation can be a
two-edged sword for OSS ecosystems.
Although the diversity of commercial
participation in an OSS project is positively related to the number of volunteers,9 the reality is that most OpenStack projects rely heavily on a single
company that contributes more than
half of commits to these projects. Having one company be the main contributor, that is, domination,7 may threaten

related to the number of other companies involved. Some respondents
expressed their opinions on the impact of the domination; for example,
“high domination results in less involvement from minor players who
are concerned that they are free labor
to the main sponsor of the project.”
The significantly negative associations between a company’s domination degree and the number of other
involved companies and volunteers
of the projects in OpenStack7 have
provided statistical evidence for the
impact of company domination on the
development of OSS. An OSS project
that is dominated by a single company
for a long time will lose the benefits of
collective intelligence and face a high
survival risk when the dominated
companies withdraw.

TABLE 1. Companies’ preferences in development tasks.
Task preferences
Cluster ID

Corrective
engineering

Forward
engineering

Reengineering

Count

1

0.95

0.03

0.01

1,648

2

0.53

0.38

0.09

1,437

3

0.02

0.97

0.01

792

4

0.01

0.01

0.98

357
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Companies are always driven by
profit. Once a company achieves its
business objectives toward OpenStack
or realizes that its objectives can never
be satisfied, it may simply withdraw its
developers from OpenStack. For example, one developer from Aeode explains
why the company withdrew from
OpenStack: “Our commercial efforts
to make a public cloud were ultimately
unsuccessful.” Such withdrawals are
not uncommon: more than half of the
companies that joined in a certain version of OpenStack withdrew later. The
high withdrawal rate of companies can
result in losses of code quality19 (because the historical code contributed

but it may also induce risks for the sustainability of the community in the
long term. We call for care and interventions to be taken for the sake of society as a whole.

Companies: A delicate
balance in the profits

When joining OSS development or adjusting their existing OSS-participation strategies, companies can follow
certain rules, such as the eight contribution models9 and three collaboration patterns.12 These rules start from
companies’ objectives toward OSS
projects and end with how these organizations select projects, development

To sustain itself, an OSS community should
place itself in the whole landscape of the OSS
ecosystem, assist the participation of companies
and volunteers, and guard the development and
maintenance of each project.
by those companies will be left unattended) and productivity (because of
the frequent turnover of experienced
developers). Moreover, the withdrawal
of the dominating companies can also
lead to the ultimate failure of an OSS
project. For those projects maintained
by a single company, the survival risk
is particularly severe. For example, the
project quark was launched by Rackspace in the seventh version to achieve
scalable networking service in OpenStack and has become inactive since
Rackspace withdrew from it in the 15th
version. Quitting halfway not only has
a negative impact on OSS communities,
but it also wastes the company’s early investment of time and human resources.
However, designing a long-term engagement strategy is challenging.

BALANCING COMMERCIAL
PARTICIPATION AND OPEN
SOURCE SUSTAINABILITY

As shown, commercial participation
can make an OSS community flourish,
82
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tasks, and collaborators. A company
can design its OSS participation strategies by combining these rules with
its business objectives toward the OSS
projects. For example, if the objective is
to use the OSS product in a production
environment, a company should extensively contribute to an OSS ecosystem
(to keep up with the development of the
projects) and build collaborative relationships with the OSS-based solution
providers (to get a timely response).
Our measurements of companies’ contribution performance (contribution
intensity, extent, and focus), collaborative relationship, and task preferences
can be used as monitoring frameworks
for these organizations to realize their
roles in the development of an OSS
ecosystem and learn from other companies to improve the efficiency and
quality of their OSS contributions.
However, we must admit that OpenStack is becoming less active: the number of companies contributing to each
version decreased from 222 in the 14th

version to 86 in the 24th version. Besides occurring for technical reasons,
this decline may also indicate the
weakness of commercial participation
in OpenStack. For example, a company
may dominate the development of
one OSS project for maximizing profits or achieving objectives toward the
OSS project in a rush. Specifically, the
development of many (70%) projects
in each version may be contributed
mainly by one company. This company
domination tends to negatively affect
the participation of other companies
or volunteers, resulting in two possible cons for the OSS projects: 1) a loss of
the benefits of user innovation and 2) a
high sustainability risk once the dominating company withdraws from the
project. This indicates that the lessons
learned from OpenStack cannot be
copied directly, and companies should
balance their short-term benefits and
the long-term sustainability of the OSS
ecosystems during the process of making contributions.
Companies can set alarm lines in
the monitoring framework to decide
when to adjust. Being contributed and
maintained entirely by one’s own developers should serve as a warning of
not attracting other parties’ contributions. Another possible alarm line
could be scarce collaboration because
more collaboration with other companies leads to a higher development efficiency.12 Being focused on a single task
could also be a possible alarm because
preferring one type of task may lead to
a short-term contribution. To achieve a
win–win situation on the sides of both
companies and OSS ecosystems, we encourage companies to take into consideration the impact of their participation
on OSS projects and delicately balance
their own profits with the sustainable
evolution of the OSS ecosystems.

The OSS community: Governance
of commercial participation

To sustain itself, an OSS community
should place itself in the whole landscape of the OSS ecosystem, assist
the participation of companies and
W W W.CO M P U T E R .O R G /CO M P U T E R

volunteers, and guard the development and maintenance of each project. Diversity is one of the reasons for
the success of OSS,20 and the diversity
of companies in OSS projects is proved
to have a positive correlation with the
participation of volunteers, who can
play a mitigation role against companies following tech fashion or hype
curves.9 OSS communities can reuse
our diversity and domination metric of
company participation and take action
if volunteers become less involved.
The successful onboarding of individual contributors in OSS projects is
difficult.21 Companies may also face
the same challenge: those that conduct mainly a single type of task tend
to contribute to no more than one version. OSS communities may identify
the companies that prefer to perform
a specific development task and find
ways to extend their preferred types of
tasks. We expect early intervention to
increase the stickiness of OSS projects
to these companies.
One signal portending an OSS project’s failure is that the developers from
only a single company maintain it. We
noticed that the proportion of companies that become long-term contributors is extremely low. Therefore, an
OSS community may need to identify these single-company-maintained
projects first, assess their importance,
and rescue them (if important) by involving other interested companies.
Specifically, an OSS community can
reuse our metric of company domination to monitor the health status of its
projects. Once the degree of domination is larger than 50% (an empirical
value), the OSS community may need
to take further steps for assurance.

T

o harvest the strength of open
source, for example, user innovation and low R&D cost, commercial companies have been actively
joining OSS projects to make contributions. Driven by their business needs,
companies vary on their contribution
intensity, extent, and focus, together

establishing a vivid ecosystem as we
observed in OpenStack. However, the
profit-seeking nature of companies
inevitably brings risks to the community. They cannot help controlling the
development direction or dominating
a project and, therefore, may harm the
diversity of the community and affect
the inflow of volunteers. They may also
withdraw from the dominated project
and leave it to die. To balance commercial participation in open source, we
propose rules for companies and communities to follow. In particular, they
may carefully monitor contributing
activities and take actions at the alarm
line. What an open source community
would be like under intense and differentiated commercial participation
will be a controversial topic for a long
time, requiring substantial attention
in the future.
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