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CCS CONCEPTS
•Hardware→ Emerging technologies; • Software and its en-
gineering→ Software development processmanagement;Open
source model; • Social and professional topics → Sustainab-
ility; •General and reference→Computing standards, RFCs
and guidelines.
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1 INTRODUCTION
Lock-in due to dependency on specific suppliers of proprietary
technologies and services is a major challenge that can be avoided
through use of open source software (OSS) [6] and open source
hardware (OSH) [10]. There are a number of initiatives that utilise
a combination of OSS and OSH, including the White Rabbit (WR)
project [9]. This combination is attractive since it empowers or-
ganisations to be in control of their ICT solutions and through
potential use of a variety of different suppliers creates conditions
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for avoiding lock-in and thereby provides opportunities for long-
term sustainable solutions. Moreover, the relationship between OSS
(and OSH) and standard setting has received increased attention in
recent years and there is a need to better understand this relation-
ship in different contexts [1, 2]. The WR project was initiated by
CERN to address technical needs concerning “reliable, fast and de-
terministic transmission of control information in a network” with
sub-nanosecond accuracy and picosecond precision [9] in scientific
contexts. WR technology has been widely deployed in more than
30 scientific contexts in at least 17 different countries worldwide,
which includes accelerators, synchrotrons, spallation sources, neut-
rino detectors, cosmic ray detectors, national time laboratories, and
other applications [5]. Further, OSS and OSH developed in the WR
project had a key role in standard setting for the latest edition of the
Precision Time Protocol (IEEE 1588) standard [4] where accuracy
and precision was vastly improved [8]. The WR project has also
been described as one of several cases of “fruitful collaborations
between standards and open source development” [1]. Altogether,
this motivates WR as a relevant case for studying the interaction
between OSS (and OSH) and standard setting. Organisational en-
gagement can be considered an important aspect in assessing the
long-term sustainability and diversity of OSS and OSH projects [3],
and companies have early engaged strategically with OSS [7]. There
is lack of studies that focus on organisational engagement in pro-
jects that combine OSS and OSH for concrete cases, and past studies
focusing on WR mainly address technical aspects of the system.
Hence, our study contributes to filling that knowledge gap and
thereby contributes the first study on engagement with WR and
its broader ecosystem which includes collaborative open projects
encompassing OSS, OSH, and associated digital artefacts.

2 AIM
The overarching goal in this study is to characterise engagement
with OSS, OSH, and standard setting in the context of the WR pro-
ject and its broader ecosystem. Specifically, the study investigates
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the relationship between engagement with the WR project and
standardisation activities in the context of the Precision Time Pro-
tocol (IEEE 1588) standard [4]. The investigation seeks to illustrate
how standards can be developed and extended through open collab-
orative projects in the open hardware domain. This paper presents
an overview of initial results concerning two principle contri-
butions. In a first part, we characterise engagement with open
collaborative projects in the broader WR ecosystem over time. In a
second part, we characterise the relationship between engagement
with open collaborative projects in the broader WR ecosystem and
standard setting in the context of the IEEE 1588 Standard.

3 METHOD
A case study of WR and its broader ecosystem is undertaken that
involves analysis of data from public data sources relating software
and hardware development activities in the broader WR ecosystem
and standardisation activities related to IEEE 1588. Specifically, data
sources include git repositories for open collaborative projects in the
broader WR ecosystem, web pages related to WR and contributing
organisations (for the first contribution), and in addition web pages
and technical specifications related to standardisation activities
related to IEEE 1588 (for the second contribution) and the role
of WR in that context. A total picture of contributions over time
related to authors’ associated organisations, organisation types and
associated headquarters locations was compiled. LinkedIn was the
primary source for establishing organisation type and organisation
headquarters.

4 RESULTS
Overall, initial results indicate that contributors to repositories in
the broader WR ecosystem are part of a long-term sustainable com-
munity representing a diversified mix of different organisations
and organisation types which have been engaged for more than
a decade. CERN has been the most engaged organisation and has
contributed to a clear majority of the WR repositories, provided
a majority of the contributions, more than a third of all identified
affiliated authors, and contributed during a total time span of 13
years. Further, there are long-term relations between engagement
with open collaborative projects in the broader WR ecosystem and
standard setting, where e.g. the coordinator of the WR standardisa-
tion effort at CERN (who also was co-chair for the High Accuracy
subcommittee during the IEEE 1588-2019 standardisation process)
has been engagedwith amajority of the open projects in the broader
WR ecosystem. There is also considerable and long-term interac-
tion between the community that implements the Precise Time
Protocol (IEEE 1588-2019) software stack (PPSI) and the broader
WR ecosystem.

5 SUMMARY
Based on initial results from the study, we find that the diversified
and long-term sustainable White Rabbit ecosystem has had a sub-
stantial impact, both in terms of its scientific contributions toWhite
Rabbit technologies with wide and global adoption, and in terms of
impact on standardisation and related activities in the context of
IEEE 1588. Further, White Rabbit has created potential for extended
business opportunities for hardware providers especially in light

of IEEE standardisation. Extended engagement by organisations
using White Rabbit is beneficial for maintaining momentum and
promoting future sustainability of the White Rabbit ecosystem and
technologies.
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