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Abstract. In this paper, we discuss certain Communities of Practice
(CoP) in the �eld of formal methods, used for software engineering, es-
pecially with respect to state-based notations. The multiple communities
involved with formal methods are examined here as related CoPs. In this
context, the CoPs involved are open communities encouraging participa-
tion by al those interested, both in research and application. The authors
have both been involved with formal methods over several decades, for
most of their careers, and it is hoped that their observations in this pa-
per may help future community building to further the development of
formal methods, and software engineering in general. A bibliography is
included at the end of the paper.

1 Background

. . . a job is about a lot more than a paycheck. It's about your dignity.

It's about respect. It's about your place in your community.

� Joe Biden

The �rst author of this paper has been involved in building and investigating
communities [32], both in the area of formal methods [45], especially the Z no-
tation [51], and also in museum-related [7,60] and arts-related [37,52] contexts.

http://www.jpbowen.com


This has been facilitated by the increasing possibility of worldwide virtual com-
munities without geographic bounds [12]. This paper considers aspects of com-
munity building for formal methods, especially in the context of the Community

of Practice (CoP) approach to understanding the evolution of communities that
are based around an area of developing knowledge [90,91]. Note that it is also
possible to visualize and formalize communities, especially if online [32,52]. In
addition, patterns in citations can be investigated formally [54].

Bowen �rst became involved with community building at the Oxford Univer-
sity Computing Laboratory's Programming Research Group (PRG) in the late
1980s. He was a Research O�cer working on formal methods [69] and speci�cally
the Z notation [26,64] at the time. He also became involved with the European
ESPRIT ProCoS I and II projects on Provably Correct Systems, led by Tony
Hoare at Oxford, Dines Bjørner at DTH in Denmark, and others in the early
1990s [8,23,48].

The subsequent ProCoS-WG Working Group of 25 partners around Eu-
rope existed to organize meetings and workshops in the late 1990s [24]. The
ProCoS-WG �nal report in 1998 [49] presented comments by members of the
group, including those who joined after the start of its formation. For example,
Prof. Egon Börger [39] of the University of Pisa in Italy participated at many
ProCoS-WG meetings. He was an invited speaker at the ZUM'97 conference
[47] and, with Jean-Raymond Abrial and Prof. Hans Langmaack of the Univer-
sity of Kiel, he organized an important set of case studies formalizing a Steam
Boiler problem in a variety of formal notations [4], including a number of contri-
butions by ProCoS-WG members. He used ProCoS-WG to present his work
on the correctness theorem for a general compilation scheme for compiling Oc-
cam programs to Transputer code [17]. The in�uence of the ProCoS initiative
has continued for decades after the original projects and Working Group [35,68].

Fig. 1. Participants at the ProCoS-WG meeting, held in 1997 at the University of
Reading, and co-located with the ZUM'97 conference.

2



See Figure 1 for a group photograph of participants at the �nal ProCoS-WG

workshop held at the University of Reading in the UK during 1997, co-located
with the ZUM'97 conference on the Z notation [47]. At this conference, partici-
pants in the Z community were introduced to Abstract State Machines (ASM)
[19].

In 2006, a number of formal methods researchers contributed to a book on
Software Speci�cation Methods [61], based around a common case study, includ-
ing use of the Z notation [31] and ASM [18]. In the same year, a Festkolloquium

at Schloss Dagstuhl in Germany brought together many of these contributors
[6], resulting in an article in a subsequent Festschift volume [44].

The BCS-FACS (Formal Aspects of Computing Science) Specialist Group
forms a community of those interested in formal methods in the United Kingdom.
Such a community depends on a core committee to keep it active. Although it
has been in existence since 1978, there as a period when activitied declined in
the 1990s. From the early 2000s, a new committee as formed with Bowen as
Chair, leading to a renewal of activities. For example, in December 2003, the
BCS-FACS Workshop Teaching Formal Methods: Practice and Experience was
held at Oxford Brookes University [10]. The group also holds regular evening
seminars mainly at the BCS London o�ce and selected talks have appeared as
chapters in an edited book [11].

In 2008, the newly formed Abstract State Machines, B and Z: First Inter-

national Conference, ABZ 2008 started in London, UK, edited by Egon Börger
(ASM), Michael Butler (B-Method), myself (Z notation), and Paul Boca as a
local organizer [15,16]. This was an extension of the previous ZB conferences,
that were a combination of previously separate B and Z conferences. In 2011, a
special issue of selected and extended papers from the ABZ 2008 conference was
produced for the Formal Aspects of Computing journal, edited by Egon Börger,
myself, Michael Butler, and Mike Poppleton [14]. More recently, a 2018 book
on Modeling Companion for Software Practitioners using the ASM approach,
co-authored by Egon Börger and Alexander Raschke, has appeared [20,36].

2 State-based Formal Methods

The model should not dictate but re�ect the problem.

� Egon Börger [20]

Some key state-based formal methods are summarized in Figure 2. There
have been a number of comparative studies of formal methods approaches. For
example, a 1996 Steam Boiler Control case study competition book demon-
strated di�erent formal methods [4,5]. A 2001 book [59] (second edition in 2006
[61]) presented the questions that should be answered in developing an example
invoicing case study using a variety of formal methods.

Formal methods overlap with communities of researchers in other areas that
require a rigorous basis to their approaches. For example, formal methods are
bene�cial for compilers [53,62,63], Hardware Description Languages (HDL) [57,95],
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Alloy: Daniel Jackson [71].

ASM: (Abstract State Machines) Egon Börger & Yuri Gurevich [13,20].

B-Method & Event-B: Jean-Raymond Abrial [2,3].

TLA: (Temporal Logic of Actions) Leslie Lamport [75].

VDM: (Vienna Development Method) Dines Bjørner & Cli� Jones [72].

Z: Jean-Raymond Abrial & Mike Spivey [1,70,85].

Fig. 2. Some key state-based formal methods with their major progena-
tors/promulgators.

Human-Cyber-Physical Systems (HCPS) [76], logic programming [22,25,28], safety-
critical systems [29,88], security [55,56], software maintenance [40,41,86], soft-
ware testing [74,87], etc. That said, there can be some resistance to accepting
formal methods in some communities within software engineering as a whole
[9,46,67]. Education and training are important aspects with respect to the ac-
ceptance and promulgation of formal methods [30,34,58].

3 Communities of Practice

Everything we do is practice for something greater than where we cur-

rently are. Practice only makes for improvement. � Les Brown

A Community of Practice (CoP) [90] is a social science concept for modelling the
collaborative activities of professional communities [12] with a common goal over
time [91,92]. It can be relevant in a variety of contexts, for example agile methods
[73,93], student teaching in higher education [77,78,79,80], and developing large
organizations [84]. Information on the successful creation of a CoP is available
[89]. CoPs are typically open communities and it is in this context that they are
discussed in this paper.

A CoP modelling approach can be used in various scenarios, for example
in the context of this paper, formal methods communities [33,35,51]. A CoP
consists of:

1. A domain of knowledge and interest. In the case of formal methods, this is
the application of mathematical approaches to computer-based speci�cation,
modelling and development.

2. A community based around this domain. For formal methods, like other
academically-based disciplines, this includes conference organizers and pro-
gramme committee members that are interested in formal methods as core
facilitators, conference presenters and delegates as participants, as well as
other researchers and practitioners involved with developing and using for-
mal methods.

3. The practice undertaken by the community in this domain, developing its
knowledge, sometimes formalized as a Body of Knowledge (BoK) [51]. The
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formal methods community encourages the transfer of research ideas into
practical use [65,66]. Some formal methods approaches have been used in
industrial-scale software-based projects, although information on these can
be di�cult to promulgate due to commercial sensitivities and Non-Disclosure
Agreements.

There are various stages in the development of a CoP [90]:

1. Potential: There needs to be an existing network of people to initiate a
CoP. In the case of formal methods as a whole, researchers interested in
theoretical computer science, especially discrete mathematics and logic, were
the starting point. For example, the inital Z meetings were held in Oxford
with an informal proceedings [81,21], due to the location of the Programming
Research Group there.

2. Coalescing: The community needs to establish a rhythm to ensure its con-
tinuation. In the case of many successful formal methods, a regular specialist
workshop is typically established initially. For the Z notation, a more for-
mal Z User Meeting (ZUM) was established, together with a Z User Group
(ZUG) established in 1992 [50]. Initially meetings were in the United King-
dom, but it then became an international conference in 1995 [43]. Online
information was maintained, initially as a FTP service with an associated Z
FORUM electronic mailing list [27].

3. Maturing: The community must become more enduring. An initial work-
shop series may become a more formal conference series and establish itself
internationally. With maturity, there may be a combining with other for-
mal methods. For example, the International Conference of Z Users became
the ZB conference in 2000 [42], combined with the B-Method, and then the
ABZ conference, combining ASM, the B-Method, and the Z notation in a
single conference in 2008 [15]. This conference has continued through to the
present [82]. Another sign of maturity is the production of a standard, e.g.,
the international ISO/IEC standard for the Z notation [70]. The FTP ser-
vice became a website and the Z FORUM mailing list was linked with the
comp.specification.z newsgroup [27] (now part of Google Groups).

4. Stewardship: The community needs to respond to its environment and de-
velop appropriately. A particular formal methods community should interact
with related organizations, e.g., those associated with similar formal meth-
ods. Overall, Formal Methods Europe (FME, https://www.fmeurope.org)
has acted as a stewarding organization internationally, developing beyond
the bounds of Europe, and organizing the regular FME conference from
1993 [94], becoming the FM conference more recently, and following on from
the original VDM conferences.

5. Legacy: All CoPs eventually end; if successful they morph into further com-
munities. State-based formal methods communities such as those around
ASM, B, VDM, Z, etc., have coalesced around the ABZ conference, which
continues to this day, as noted above [82]. The various CoPs around these
approaches are at di�erent levels of development with respect to their CoP
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evoluation. Currently, as of 2021, there is much activity around the B-
Method and the related Event-B. Research around ASM is also still active.
However, research on VDM and Z is now somewhat dormant. Exactly how
all these related communities will continue is something that is worth con-
sidering and planning for at the appropriate time.

It remains to be seen precisely what legacy the various state-based formal meth-
ods, especially those associated with the ABZ conference, leave in the future.
For the moment, the various communities continue to come together through
the ABZ conference, as well as other more informal and individual interactions.

It is interesting to re�ect on the occurrence of various formal methods and
tools in the titles of papers in the two most recent ABZ conference proceedings for
2020 [83] and 2021 [82], as reported by Bowen [38]. Event-B is the most popular
formal methods, with 14 papers. 11 papers mention the Rodin tool, providing
Event-B tool support. There are nine papers with ASM in the title (including
two mentioning the associated ASMETA toolset). Alloy, a Z-like language with
tool support, is mentioned in three paper titles, as is the ProB tool providing tool
support for B. The Atelier B, UML-B, and UPPAAL tools are each mentioned
in one title. TLA, VDM, and Z are not mentioned in any paper titles. So, the
�A� (ASM and Alloy) and �B� (mainly Event-B with the associated Rodin and
ProB tools) in conference title �ABZ� are still active with respect to research,
especially strongly in the cases Event-B/Rodin and ASM. However, the �Z� part
of he conference has essentially disappeared. That said, Z is still an inspiration
for some formal methods research and is still used in industrial projects, even
if not widely publicized. Tools are increasingly important for industrial use of
formal methods at scale.

4 Conclusion

Education is for improving the lives of others and for leaving your com-

munity and world better than you found it.

� Marian Wright Edelman

As discussed in this paper, there are a number of competing state-based formal
methods for modelling computer-based systems. The communities associated
with formal methods have developed since the 1980s, such as the Z notation,
the B-Method, Event-B, and ASM. Each has their own advantages and disad-
vantages, which are beyond the scope of this paper to provide in detail. Each
have their own community of adherents, that have now somewhat merged with
the establishment of the ABZ conference in 2008 [15]. By their nature, formal
methods communities tend to be open communities, with participation by both
researchers and practitioners actively encouraged.

The various interrelated formal methods communities may be seen as exam-
ples of Communities in Practice (CoP) in action. CoPs can potentially merge
and create new CoPs. For example, the B-Method and then Event-B were devel-
oped after the Z notation largely by the same progenitor, Jean-Raymond Abrial,
with some in the Z community subsequently becoming part of the B community.
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A Community of Practice depends on people with di�erent skills for success,
be it for ideas, vision, organization, etc. Typically, a small number of key person-
nel are needed for the successful launch of any new formal methods community.
Figure 2 provided some key initial personnel for a selection of state-based formal
methods. A successful CoP then needs to reach a critical mass in size, following
some of the developments covered in this paper.

The earliest formal methods communities were formed around VDM and Z,
which grew up in parallel, although Z concentrated on formal speci�cation at
a high level with little tool support, whereas VDM also considered re�nement
towards program code more explicitly. These are now in the late stages of a
CoP. ASM developed separately somewhat later and its �exibility has proved
useful on modelling systems at a high level. Due to the lack of re�nement and
tool support in Z, the B-Method and then Event-B were developed to more
explicitly handle these aspects with some compromise on the high-level nature
of the language. Alloy also provides tool support using a Z-like language that is
useful as a prototyping tool, perhaps for parts of a largerly Z speci�cation that
could bene�t from closer investigation for example. Judging by the activities
reported in recent ABZ conferences, Event-B is the most active CoP at the
moment.

Predicting the future is always di�cult, but formal methods communities
have been successful enough to leave their mark on the computer science com-
munity as a whole. Certainly the most active formal methods CoPs have shifted
from consideration of fundamental ideas to tool support, enabling better poten-
tial for industrial usage. The experience of the authors is mainly with state-based
formal methods, but the examples in this paper may also be applicable to model-
checking communities, for example. In any case, the authors hope that the ex-
periences presented here will help future researchers in developing a Community
of Practice based on their own research.

Acknowledgments: The authors are grateful to many formal methods colleagues
for inspiration and collaboration over the years. Jonathan Bowen thanks Museophile
Limited for �nancial support.
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