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About FACS FACTS

FACS FACTS (ISSN: 0950-1231) is the newsletter of the BCS Specialist Group on Formal 
Aspects of Computing Science (FACS).  FACS FACTS is distributed in electronic form to 
all FACS members.

Submissions to FACS FACTS are always welcome.  Please visit the newsletter area of the
BCS FACS website for further details at: 

https://www.bcs.org/membership/member-communities/facs-formal-aspects-
of-computing-science-group/newsletters/

Back issues of FACS FACTS are available for download from: 
https://www.bcs.org/membership/member-communities/facs-formal-aspects-
of-computing-science-group/newsletters/back-issues-of-facs-facts/

The FACS FACTS Team

Newsletter Editors:
Tim Denvir timdenvir@bcs.org

Brian Monahan brianqmonahan@googlemail.com 

Editorial Team:
Jonathan Bowen, John Cooke, Tim Denvir, Brian Monahan, Margaret West.

Contributors to this issue:
Richard Bornat, Jonathan Bowen, Tim Denvir, Renaud Di Francesco, Egon Börger,

Rainer Glaschick, Keith Lines, Brian Monahan, Rajagopal Nagarajan,
Peter Sewell,  John Tucker, Margaret West, Glynn Winskel

BCS-FACS websites
BCS: http://www.bcs-facs.org 

LinkedIn: https://www.linkedin.com/groups/2427579/ 

Facebook: http://www.facebook.com/pages/BCS-FACS/120243984688255 

Wikipedia: http://en.wikipedia.org/wiki/BCS-FACS

If you have any questions about BCS-FACS, please send these to Jonathan Bowen
at jonathan.bowen@lsbu.ac.uk.
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Editorial
Dear readers,

Welcome to issue 2022-1 of the FACS FACTS newsletter. This being our first issue after
the 2021 AGM, we begin with our chairman, Jonathan Bowen’s report for the last year,
strait-jacketed into the required BCS format.

Our journal, Formal Aspects of Computing, published by Springer for the last 32 years,
is from this year onwards going to be published by the ACM. The press announcement
follows Jonathan Bowen’s report.

This newsletter, including its contributions, is edited, composed, and prepared by well-
informed volunteers with formal methods and computing science backgrounds. Unlike
the journal, we encourage a less traditional style of article that invites open discussion
and reflection  instead of review-style  commentary.  Even the  best  traditional  papers
have some of this style of sharing thoughts, rather than making proclamations. A great
example of this, among others, can be seen in the works of the late Robin Milner, we
feel.

This policy naturally means that, from time to time, we receive articles for which we
cannot conduct as rigorous a review as we might otherwise desire  but for which we
nonetheless  see  there  is  sufficiently  interesting  content.  A  case  in  point  in  this
newsletter  is  Richard  Bornat’s  report  of  his  own  seminar  on  aspects  of  Quantum
Computation. He shares his thought processes as he mulls over a number of questions,
and invites  conversation,  unlike  a  traditional  paper,  which  might  assert  a  claim or
position. We therefore invite, indeed urge, responses to this and other contributions:
we greatly hope that conversation will ensue!

There is, therefore, an element of trust between us, the newsletter team, and readers,
that published articles are worth reading and at least have something interesting to
say.  The absence of review means that we inevitably  must rely on you, the vigilant
reader, to actively help spot potentially controversial or debatable issues that arise –
and then for readers to provide considered responses, as occasion demands.

We consider all contributions as being potentially suitable for publication—and, as ever,
we endeavour to do our best in exercising our judgement in that regard.   We shall
continue to support a broad range of document formats for contributions – currently,
basic text, Word/ODF, LaTeX, and PDF – however, we may have to start limiting the
length of contributions, particularly for those in LaTeX and PDF formats, to around 40
pages  or  so.   We  are  also  considering  some  alternatives  to  make  the production
process less time consuming.

Besides  the  chairman’s  report  and the  ACM announcement,  in  this  issue there  are
reports of various FACS and related seminars, two book reviews, a further report from
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the History of Computing collection at Swansea, and a feature on the Turing Tradition
at the Logic School of Münster. A table of contents (with links) follows on the next page.

We hope you enjoy FACS FACTS issue 2022-1.

Tim Denvir
Brian Monahan

4



FACS FACTS Issue 2022-1   January 2022

Table of Contents
Editorial ...................................................................................................................... 3

BCS-FACS Specialist Group 2021 Chair's Report ...........................................................6

News Release: ACM to publish BCS FACS Journal ..........................................................9

Seminar/Meeting Reports:
Matrices of Sets
by Renaud Di Francesco, [Report: Keith Lines] ..........................................................12

How to Play at Quantum Computing (including QKD)
by Richard Bornat and Rajagopal Nagarajan ..........................................................15

LMS-FACS Evening Seminar 2021

Underpinning mainstream engineering with mathematical semantics,
by Peter Sewell, [Report: Rob Hierons] .....................................................................40

SEFM 2021 Conference Report
[Report: Jonathan Bowen]........................................................................................44

Short Reports: CALCO 2021, MFPS 2021, and FMAS 2021
[Report: Margaret West]..........................................................................................49

Annual BCS-FACS Landin Memorial Seminar 2021
Making Concurrency Functional
by Glynn Winskel, [Report: Brian Monahan] ...............................................................50

Book Reviews:
Essays Dedicated to Egon Börger on the Occasion of His 75th Birthday
Eds: Alexander Raschke, Elvinia Riccobene, Klaus-Dieter Schewe

[Report: Tim Denvir] ..............................................................................................54

Combinators: A Centennial View
by Stephen Wolfram, [Report: Jonathan Bowen] ..........................................................56

Features:
Unfinished Business: Abstract Data Types and Computer Arithmetic
by John Tucker  .................................................................................................60

Logic and Machines: Turing Tradition at the Logic School of Munster�

by Egon Börger and Rainer Glaschick ....................................................................69

5



FACS FACTS Issue 2022-1   January 2022

BCS-FACS Specialist Group 2021 Chair's Report
Member Group Name: FACS Specialist Group

Year: 2021

Report By: Jonathan Bowen

Group Chair: Jonathan Bowen

Group Treasurer: John Cooke

Group Secretary: Roger Carsley

Group Inclusion Officer: Margaret West

Other Committee Members: Ana Cavalcanti (FME Liaison), Tim Denvir (FACS FACTS 
newsletter co-editor), Brijesh Dongol (Refinement Workshop
Liaison), Rob Hierons (LMS Liaison), Keith Lines 
(Government and Standards Liaison), Brian Monahan 
(FACS FACTS newsletter co-editor)

Successes
Success Additional Comments

1. Continued evening seminars online, with 
recordings on YouTube

The BCS Zoom facilities and recording 
transfer to YouTube have widened access to 
FACS seminars. Thank you to Keith Lines, 
Ana Cavalcanti, and Rob Hierons, for help 
with organising 2021 seminars.

2. Publication of FACS FACTS newsletters We now aim for two major newsletters each 
year, published online in PDF format. Thank 
you to Tim Denvir and Brian Monahan for 
sterling work in editing the 2021 newsletters.

3. Move to hybrid (online and in-person) 
evening seminars at the end of 2021

The last two 2021 seminars at the London 
Mathematical Society (November) and our 
major Peter Landin Semantics Seminar at the 
BCS London office (December) are being 
delivered in hybrid format.
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Planned Activity Additional Comments

1. Continued hybrid evening seminars The BCS facilities for hybrid talks should 
enable this mode of delivery.

2. At least two FACS FACTS newsletters We aim for January and probably July as 
months of publication.

3. Collaboration with Formal Methods Europe
(FME) and London Mathematical Society 
(LMS) organisations

Note that our LMS Liaison Officer plans to 
retire at the end of 2021, so we need a new 
volunteer.

Impediment Description

1. Lack of volunteers to organise evening 
seminars

This has mainly fallen to the Chair and Keith 
Lines in 2021 but the position of Seminar 
Organiser is still vacant. It is an opportunity to 
invite speakers you would like to meet and 
hear. Volunteers are welcome!

2. Our LMS Liaison Officer is retiring (see 
above)

Thank you to Rob Hierons for organising the 
2021 FACS/LMS seminar. We now need a 
new and keen person in this post. It is an 
opportunity to be involved with both FACS and
the LMS. The main role is organizing an 
annual joint seminar each November. We 
believe that we have a volunteer!

3. Covid restrictions The lack of physical meetings has impeded 
networking of FACS members. Hopefully this 
will be alleviated with hybrid events.

Additional Facts and Figures

We aim for at least two FACS FACTS   newsletters   per year (with two in 2021, in February and 
July). We also aim for around six evening seminars per year (with seven in 2021).
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Further Comments

The Covid pandemic has continued to affect activities significantly. We have had no physical 
meetings during most of the pandemic, all being online until the start of hybrid events from 
November 2021. We organized the following evening seminars during 2021:

1 NPL’s Experience with Formal Aspects  , by Keith Lines, National Physical Laboratory,
6 April.

2 New Ways of Using Formal Models in Industry  , by Michael Leuschel, Heinrich-Heine-
Universität Düsseldorf, Germany, 6 May. In association with Formal Methods Europe
(FME).

3 Dimensionally  Correct  by  Construction:  Type  systems  for  programs  ,  by  Conor
McBride and Fredrik Nordvall Forsberg, University of Strathclyde, 15 June.

4 Matrices of Sets  , by Renaud Di Francesco, Sony Europe BV, 23 September.

5 Formal Modelling, Programming and Verification of Quantum Systems  , by Rajagopal
Nagarajan and Richard Bornat, Middlesex University London, 19 October.

6 Underpinning  Mainstream  Engineering  with  Mathematical  Semantics  ,  by  Peter
Sewell,  University  of  Cambridge,  18  November.  In  association  with  the  London
Mathematical Society (LMS), at the LMS headquarters.

7 Making  Concurrency  Functional  ,  by  Glynn  Winskel,  University  of  Cambridge,  17
December. The annual Peter Landin Semantics Seminar, in association with the FACS
AGM, at the BCS London office.

Thank you to all the FACS committee members for performing their various roles, as detailed 
above. In addition, John Cooke attended an online BCS Member Group Working Group 
meeting and Margaret West is always helpful with useful comments! New committee members
are very welcome, especially if interested in organising seminars and LMS liaison, as 
previously mentioned.
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News Release: ACM to publish BCS FACS Journal
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Matrices of Sets

Renaud Di Francesco, Sony Europe

Webinar presented: 23/09/2021

https://www.youtube.com/watch?v=Jb7g8-QA2k0

Reported by: Keith Lines, NPL

Introduction
On 23rd September FACS hosted, via a webinar, the first presentation for the BCS by Dr
Renaud Di Francesco: Director, Europe Technology Standards Office, Sony Europe.

The subject was matrices of sets, about which he has also presented this year at the
National  Physical  Laboratory  UK,  Université  Le Havre Normandie,  Université Gustave
Eiffel  and Coventry University.  Matrices of sets [1]  is  an interesting concept  that is
being applied to use-cases such as freight logistics [2,3].

Summary
The classic legend of the grains of rice on a chessboard [4] was used to explain how a
matrix of sets can provide a richer data model, than a matrix of numbers alone. Each
grain of rice can be thought of as an element of a set. For “grain of rice” it could, for
example, be possible to substitute “unique serial number of an artefact”.

Some historical background was presented, such as Cayley's introduction of matrices in
the late 1850s [5]. The work of Cantor [6] and Hilbert [7], amongst others, was also
touched upon.

The ability to perform operations distinguishes a matrix from what would otherwise
just be a straightforward data structure. The matrix of sets equivalent of multiplication
of purely numeric matrices was described,  along with matrix of sets equivalents of
eigenvectors and eigenvalues. Definitions of the addition and difference operators are
provided in [1].

Theorems concerning eigenvalues and triangular matrices were presented, along with
the proofs. There was also a description of a Matryoshka (or Russian Doll) property that
simplifies  multiplication  of  matrices  of  sets.  I.e.  for  two  matrices  that  are  being
multiplied, A and B, for row i from A and its equivalent column j from B: 

Ai , k Ai , k+1 and Bk , jBk +1 , j  where k = 1 to M,

where M is the number of rows in A and columns in B

There was also a description of using matrices of sets to generate polynomials.
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A proposal was made that matrices of sets can assist with the anonymisation of data.

Attention then turned to use-cases. As noted above, and in [2, 3], freight logistics has
proved to be a fruitful area of application. Collaborative filtering in recommendation
systems could also benefit from the rich data representation provided by matrices of
sets.

Finally, some next steps were proposed:

 Apply the Gram-Schmidt process to matrices of sets

 The use of Loeb’s sets with a negative number of elements [8]

Questions and Answers
Topics covered included:

 Standardisation has been an important part of Renaud’s career. Is there a role for
formal aspects in developing standards? Yes, but some strong use-cases would
be required.

 What software tool support is there for matrices of sets? Development of such
tools may be an interesting project for an expert in Mathematica or MATLAB.
Colleagues at the Université Le Havre Normandie have written code to implement
matrices  of  sets.  It  may  prove  difficult  to  represent  matrices  of  sets  using
MATLAB.

 What about the use of multi-dimensional arrays compared to matrices of sets?

Keith Lines, Data Science Department,
National Physical Laboratory UK, December 2021

View of the talk on Zoom (screenshot by Jonathan Bowen).
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How to Play at Quantum Computing (including QKD)
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LMS-FACS Evening Seminar 2021

Underpinning Mainstream Engineering with
Mathematical Semantics

Professor Peter Sewell
University  of Cambridge

November, 2021

Reported by: Rob Heirons

Synopsis
Despite  80+ years  of  research on semantics  and verification,  mainstream computer
systems  and  their  engineering  development  processes  remain  almost  entirely  non-
formal,  reliant  on  ad  hoc  testing  and  prose  specifications.  These  have  been  good
enough for industry to thrive, but their inability to exclude errors is one of the root
causes of today's endemic security failures.

In this talk, I discuss what it takes to put mathematically rigorous semantics to work for
full-scale mainstream systems, touching on scientific, engineering, and social aspects,
and on the benefits and costs. This draws on work with many colleagues on various key
interfaces:  processor architectures,  programming languages,  and network protocols;
and  on  the  CHERI  and  Morello  projects,  extending  conventional  architectures  and
languages with hardware support for capabilities, for fine-grained memory protection
and encapsulation.

Taking mainstream engineering artefacts seriously also prompts new theory and tools,
e.g.,  for  the relaxed shared-memory concurrency semantics  of  real  machines,  quite
different from traditional concurrency semantics, and for the semantics of C and of
CHERI capabilities.

About the speaker
Peter Sewell is a Professor of Computer Science at the University of Cambridge. His
research aims to enable rigorous semantics-based engineering of mainstream systems,
including real-world concurrency semantics, instruction-set semantics, and CHERI. His
PhD was with Robin Milner  in  Edinburgh.  He has held ERC AdG,  EPSRC,  and Royal
Society  research  fellowships.  With  Watson,  Moore,  and  Arm,  he  was  one  of  the
instigators of the UKRI Digital Security by Design programme, supporting development
of the Arm Morello prototype CHERI Armv8-A architecture,  processor,  software, and
semantics.
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On  Thursday  19th November  2021,  Professor  Peter  Sewell,  from  the  University  of
Cambridge, gave the annual FACS/LMS talk. The event was hybrid, with approximately
ten people in attendance physically and over 80 online. I believe that this was also the
first hybrid talk to be held at De Morgan House. The format worked well, allowing many
questions from both the physical and online audiences. 

The title  of  the  talk  was  “Underpinning  mainstream engineering  with  mathematical
semantics”. Within this, Professor Sewell described research in areas such as network
protocols, relaxed memory concurrency in hardware (processors) and relaxed memory
concurrency  in  programming  languages.  Within  these,  he  discussed  a  number  of
common problems. In most cases, there was no formal specification and the natural
language descriptions available were imprecise and of relatively little value. In addition,
these systems are extremely complex and there is a need for any formalism to cope
with this complexity.

The work described addressed these problems by devising a mathematical language
(formalism) that was specifically designed for the problem domain and that could also
be  mechanised  through,  for  example,  a  theorem  prover.  Specifications  were  built
through what was essentially an experimental  process:  by producing a specification
based on observations. The complexity of the systems considered led to observations
being  entirely  black-box  and  so  specifications  described  interfaces.  An  important
benefit  of  this  approach was that  the (mechanised)  specifications could act  as test
oracles.

Professor Sewell finished the talk with a description of some of the work being carried
out in the CHERI project. This project, which involves academics and researchers from
Arm, aims to design a processor that provides guarantees regarding (the absence of)
certain  types  of  vulnerabilities  associated  with  memory  usage.  The  work  is  thus
different  from the  previously  described  research  since  semantics  were  used  at  the
design stage. Professor Sewell largely concentrated on one of the features of CHERI,
which is to enrich pointers with additional information about how they can be used,
allowing these requirements to be checked in real-time. 

The talk was recorded:

https://www.youtube.com/watch?v=LeqbCTdsXOo

and the original announcement with details is given here:

https://www.bcs.org/events-calendar/2021/november/lmsfacs-talk-
underpinning-mainstream-engineering-mathematical-semantics/
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Rob Hierons introducing Peter Sewell’s talk.

Many people contributed to the success of the event. I would like to thank Professor
Sewell for accepting our invitation and for given an informative and thought-provoking
talk.  The  support  of  both the BCS-FACS committee  and the LMS Computer  Science
committee, led by Professor Bowen and Professor Wong respectively, was also crucial.
Finally, I would like to thank Katherine Wright for her patience and for organising the
event.

Peter Sewell at the start of his talk.
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Peter Sewell, explaining the importance of solid foundations in hardware and software!

Remote access via Zoom, including comments and questions by online participants.

All photographs by Jonathan Bowen
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SEFM 2021 Conference Report

Jonathan Bowen
Chair, BCS-FACS,

December 2021

Overview
The SEFM 2021  19th International  Conference on Software Engineering and Formal
Methods (https://sefm-conference.github.io) was held entirely online due to the Covid
pandemic  during 6–10 December  2021,  with  free  registration.  The conference  was
jointly  organised  by  Carnegie  Mellon  University  (USA),  Nazarbayev  University
(Kazakhstan), and the University of York (UK).

During  6–7  December,  a  number  of  online  one-day  workshops  and  a  two-day
symposium were  held,  including  OpenCERT  2021,  10th  International  Workshop  on
Open  Community  approaches  to  Education,  Research  and  Technology
(https://opencert.github.io),  at  which  I  presented  a  paper  on  Formal  Methods
Communities of Practice:  A Survey of Personal Experience (Bowen, 2021b). This was
partly inspired by Egon Börger’s 75th Festschrift earlier in the year in association with
the ABZ 2021 conference (Bowen, 2021a), which I attended with a paper presentation
online. See also Tim Denvir’s review of the  Festschrift proceedings elsewhere in this
issue of FACS FACTS. A number of FACS members attended the OpenCERT talk online.
A Springer LNCS post-proceedings is planned.

Co-located workshops and symposium with the SEFM 2021 conference.
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The main SEFM 2021 conference was held during 8–10 December, with a keynote 
speaker on each day of the conference.  I attended a number of the talks, including a 
keynote talk by Ana Cavalcanti, University of York, chair of Formal Methods Europe 
(FME) the FACS FME Liaison Officer, on RoboWorld: where can my robot work?

The SEFM 2021 proceedings has been published in the Springer LNCS series (volume 
13085), appearing in time for the conference (Calinescu and Păsăreanu, 2021).

SEFM 2021 opening page on Zoom.

Keynote speakers at the SEFM 2021 conference.
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Ana Cavalcanti’s keynote talk at SEFM 2021.

The opening slide for Ana Cavalcanti’s keynote talk.
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Conclusion
The  SEFM  2021  conference  and  its  associated
workshops  went  well  in  the  circumstances,  being
forced  to  be  completely  online  in  the  current
pandemic circumstances. An advantage is that it is
easy for anyone to attend from all  over the world,
with no travel costs and free registration. The ease of
recording online talks also means that that they can
be made available  for  later  listening.  A  significant
disadvantage  is  that  personal  networking  is  much
less  effective  online,  meaning  that  future
international  research  collaborations  are  more
difficult to foster. From personal experience, starting
new  research  cooperation  is  much  easier  with
someone  that  one  has  already  met  in  reality.  A
physical conference is an ideal opportunity for this.
After  this  initial  contact,  collaboration  online  is
easier. In addition, for online conferences, there are
timetabling issues with speakers and the audience in
different time zones around the world.

For further information on SEFM 2021, see: https://sefm-conference.github.io

Information on the SEFM 2021 proceedings
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Short Reports: CALCO 2021, MFPS 2021, and FMAS 2021
August—September, 2021

Reported by: Margaret West

John Cooke and I registered for a hybrid co-located event viz:

Conference on Algebra and Coalgebra in Computer Science
(CALCO 2021)

and:

37th  Conference  on  the  Mathematical  Foundations  of  Programming
Semantics (MFPS 2021)

which took place as a hybrid event from Salzburg, Austria between August 30th and
September 3rd 2021.  See https://www.coalg.org/calco-mfps2021/

There was a very interesting programme of papers from both Conferences which also
included a City walking Tour of Salzburg for those who attended in person. The walk
was transmitted via a head camera  to those of us who attended online.

Third Workshop on Formal Methods for Autonomous Systems
(FMAS 2021)

This  two  day  workshop  proved  to  be  both  interesting  and  stimulating  took  place
between 21st and 22nd October 2021 and was hosted by Maynooth University, Ireland.
This can be accessed via its web site: https://fmasworkshop.github.io/FMAS2021/

The workshop presented recent work on formal verification of autonomous systems
and was intended in particular  to stimulate collaboration between the robotics  and
formal methods communities. There were two invited speakers by,  respectively,  Clare
Dixon and Divya Gopinath.

This web site includes a list of accepted papers which will subsequently be available online 
via http://www.eptcs.org.

The invited talks are now available for everyone on the FME youtube channel:
https://www.youtube.com/channel/UC5rZj0AyBudca0YRgEAX-Ow/videos

Clare Dixon:       https://www.youtube.com/watch?v=qRzROixTcEY&t=8s
Divya Gopinath: https://www.youtube.com/watch?v=mIJ3yVVy_BM&t=3s
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Annual BCS-FACS Landin Memorial Seminar 2021

Making Concurrency Functional
Glynn Winskel

Huawei Edinburgh

December 2021

Reported by: Brian Monahan

One of the most challenging issues within computing lies in understanding systems
that involve concurrency.  Many regard the problem as concerning how to provide some
kind of concurrent programming model that can enable developers to reliably design
systems involving a wide range of interacting concurrent agents and their behaviour.

Such an approach typically needs to provide not only an appropriate notation
but also, crucially, a well-defined semantic foundation.  That foundation must
show how the notation defines agents and must also describe how they may
interact and evolve their configurations as a result. 

There  are  many  different  approaches  to  specifying  concurrent  behaviour,  typically
starting from a core notation which is  then endowed with a behavioural  semantics
describing  computational  reduction,  interaction  and  communication,  typically  using
something like a  Structural Operational Semantics involving inference-style rules and
bisimulation equivalences, as in the case of notations like CCS and π-calculus, or by
using a bespoke domain of traces and failures, such as for CSP.

Glynn Winskel’s starting point is very firmly the other way about – his work starts out,
not with some notation for concurrent behaviour, but instead begins by investigating
fundamental mathematical structures which naturally lend themselves to an exploration
of interaction and dependency and therefore what it means for system behaviour to be
concurrent.   As he states, his approach provides “a maths-driven foundation based on
distributed/concurrent  games  based  on  event  structures,  with  interaction  by
composition of strategies”.

At the start of the seminar, Winskel related the story of the sole one-to-one meeting he
had with Peter Landin himself.  Winskel had approached Landin to discuss studying for
a PhD with him.  During this rather informal meeting, the topic of concurrency came
up, with Landin proclaiming that he would start by considering concurrency in terms of
“dependencies  between  the  scopes  of  variables”.  Although Winskel  went  instead  to
Edinburgh to study the semantics of concurrency with Gordon Plotkin, it turned out that
Landin’s  earlier  remark  concerning  dependency  proved  to  be  rather  prescient.
Winskel’s thesis work developed the notion of Event Structure, based upon dependency
and conflict relations between events, which in turn provided the mathematical basis
for a semantic characterisation of Petri Net behaviour in domain theoretical terms.
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The remainder of the seminar presented a high-level tour of Winskel’s mathematical
approach to concurrency semantics.   Broadly speaking, the basic ideas explored here
consider games to correspond to types/constraints  and strategies to correspond to
programs/processes.   Winskel  started  by  reviewing  the  computational  aspects  of
functions with respect to interaction and in particular focused upon input and output
dependencies.  The issue here concerns how one might desire functions to take further
inputs  and also provide additional  outputs  in  rather  a  piecemeal  fashion,  so  as to
represent  interaction  and  communication  between  concurrent  agents  in  a  natural,
compositional way.   Clearly, this cannot work as such, but nevertheless contains a
valuable, core idea – how might it be possible to describe concurrent behaviour in a
way that is fundamentally compositional so that concurrent systems can be readily built
from independent  parts using compositional  combinators that  naturally  encapsulate
concurrent  actions  and  behaviour.   If  such  an  approach  could  be  found,  it  would
provide a naturally compositional approach to concurrent systems and their design (i.e.
in  the  same  sense  that  pure  functions  are  naturally  compositional  for  functional
programming  and design).    The  subtle  difference  between  this  approach  and the
process algebraic approach is that process algebra imposes structure on a pre-defined
syntax structure  via use of operational semantics rules and reductions, whereas with
this approach, the semantic relationships between entities are not directly imposed but
instead  emerge  naturally  as  inherent  properties  of  entities  having  a  well-formed
mathematical definition.

Event structures were then formally introduced as providing the basic structure upon
which Winskel’s approach to concurrency semantics is constructed – this introduces a
couple  of  fundamental  relations  over  events  that  represent  causal  dependency and
conflict, satisfying a couple of simple properties.

The next big step is to introduce a structure which conveys what is intuitively meant by
interaction and this is the formal notion of (2-person)  distributed game, based upon
separate  work,  initially  by  John  Conway  [1]  and  then  taken  in  a  more  categorial
direction by André Joyal [2].  The insights behind this notion of game are fundamentally
combinatorial and structural in nature where games involve making discrete moves to
change some underlying configuration.   

More notions and structures briefly touched upon in the rest of the seminar include the
important notion of Event Structures with Polarity, together with the notion of strategy.
Event Structures with Polarity  importantly provide a way to represent 2-party games
between  Process  (as  Player)  and  Environment  (as  Opponent)  through  alternating
markings.   A  strategy (for  Player)  in  a  game is  then  a  choice of  moves for  Player
together with their  causal dependence on Opponent moves – and symmetrically  for
strategies for an Opponent.   The important operation of taking the “dual” of a game is
then defined (by swapping Player and Opponent), together with the notion of parallel
composition which purely amounts to simple juxtaposition.

Further definitions and notions were also introduced, including ways to enhance and
extend behavioural characteristics to include quantum, probabilistic and real-number
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behaviour.    The  level  of  mathematical  sophistication  displayed  here  necessarily
increases with the introduction of various significant constructions taken from Category
Theory.   These higher-level constructions help provide compositional tools that also
operate at a lower functional level.

The overall  message of this excellent  seminar is that this approach yields a purely
mathematical framework of distributed games and strategies that can be specialised to
functional approaches that can be enhanced to incorporate a wide-range of applied
computational phenomena, such as quantum, probabilistic, and real-number aspects,
and thus includes applications such as back-propagation for machine learning.

Finally, the meeting itself was held over Zoom with a good number in attendance (well
over 40 people).   A video of the Zoom meeting will be made available in due course via
the BCS – together with the slides for this talk.

For anyone wishing to follow up further with Winskel’s research work and his approach
then there is also an introductory paper by Winskel in the previous FACS newsletter [3]
which goes to some length in describing many of the concepts briefly touched upon in
this  talk.    Many  of  Glynn  Winskel’s  research  papers  can  also  be  found  online  at
https://www.cl.cam.ac.uk/~gw104/.

References
[1]  J.H.Conway, On Numbers and Games, 2nd Ed, A K Peters/CRC Press; (11 Dec. 2000) 

[2]  A.Joyal.: Remarques sur la theorie des jeux a deux personnes. Gazette des sciences
      mathematiques du Quebec, 1(4) (1997).  English translation 2003 by Robin Houston.

[3]  G.Winskel, Domain Theory and Interaction, FACS FACTS newsletter, Issue 2021-2, July
      2021 

Postscript
In an earlier draft shared with Glynn Winskel, I had a sentence saying that there was
no connection between work on distributed games and economic game theory – but
that turns out to be incorrect.  There has been some research work to explore the
connections between the two areas – here are some relevant references:

Clairambault, P., Gutierrez, J., Winskel, G.: The winning ways of concurrent 
games. In: LICS 2012: 235-244 (2012)

Winskel, G.: Winning, losing and drawing in concurrent games with 
perfect or imperfect information. In: Festschrift for Dexter Kozen. Volume 
7230 of LNCS., Springer (2012)

Hedges, J: Dialectica Categories and Games with Bidding, In   Post-
proceedings of TYPES’14. Leibniz International Proceedings in Informatics 
39:89-110, 2015
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Hedges, J, A first look at Open Games, Blog post, 
https://julesh.com/2017/09/29/a-first-look-at-open-games/, 2017

Neil Ghani, Jules Hedges, Viktor Winschel, Philip Zahn: Compositional Game 
Theory In LICS 2018: 472-481 (2018)

Glynn Winskel further observes that:

There’s a lot of overlap [between economic and concurrent game theory] 
and I believe a great deal of traditional game theory can be subsumed 
under concurrent games. A start is made in the paper with Clairambault 
on Concurrent games with payoff—e.g. we show optimal strategies 
compose; Hedges’s open games can be presented as parameterised 
dialectica games and through concurrency, multiple players can be 
expressed etc.

More work is needed of course …

First slide of Glynn 
Winskel’s seminar.

Glynn Winskel answering questions at the end of his
seminar.

(Screenshot by Jonathan Bowen)
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Book Review: Essays Dedicated to Egon Börger on the
Occasion of His 75th Birthday

(Editors: Alexander Raschke, Elvinia Riccobene, Klaus-Dieter Schewe)

Reported by:  Tim Denvir

Egon Börger.
(Frontispiece of the Festschrift, from the ABZ 2016 conference website)

This volume, number 12,750 in the LNCS series, starts with an
account  of  Börger’s  life  and work by  the  editors.  They give  a
wide-ranging summary of Börger’s academic history, posts, and
significant publications.

Börger began his academic life in “philosophy” but this seems to
have consisted mainly in logic, indeed mathematical logic. They
assert  “he  spent  two  decades  in  logic  and  three  decades  in
computer science”.

The editors’  introduction is clearly  written with great care and
noble attempts at rhetoric.  For example:  “Börger is known not
only as an excellent scientist but also as a virtuoso for playing
with  the  dialectic  antipodes  of  theory  and  practice”.  They
describe  how  Börger  originally  wanted  to  go  into  music  and
become  a  conductor,  but  was  persuaded  to  study  philosophy
instead.  This  he  did  at  two  of  the  most  prestigious  French
universities, the Sorbonne and Louvain.
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An early monograph dwelt on using formal language to express semantics (meaning), fact and
problems. The editors are highly critical of “official politics” at the Universität Münster which,
they say, prevented Egon Börger succeeding Dieter Rödding after the latter’s unexpected death
and, they claim, resulted in the university’s loss of reputation in computer science. One assumes
that Dieter Rödding was head of the computer science department. Börger spent four out of five
of  his  sabbaticals  with  industrial  companies.  The  authors  emphasise  Börger’s  research  and
involvement with Abstract State Machines and the many publications and organisations in that
area which he spearheaded.

There  are  18  papers  in  the  volume,  by  44  authors.  Many  papers  relate  to  Abstract  State
Machines (something Börger himself  was,  as already noted, heavily  involved with)  but many
other topics are covered: Domain Knowledge (there are references to Michael Jackson, Pamela
Zave,  Dines  Bjørner);  Mitotic  sets  in  computability  theory;  Cyber-physical  systems;  Stepwise
Design;  Non-monotonic  reasoning;  Optimisation;  The  Requirements  Process;  B  and  Event-B;
Model Theory; Safety Assurance; Business Process Management. Throughout, the papers relate
their subject matter to semantics and almost all to ASMs. Several of the papers initially take the
form of letters to Egon Börger. In all, this volume is an exuberant wide-ranging sincere tribute to
Egon Börger and would be a pleasure, I think, to possess.

Picture Credit
Cover  photo  and  photo  of  Egon  Börger  with  kind  permission  from  the  organisers  of  the
Festschrift celebrated by LNCS 12750 and ABZ 2016.
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Book review: Combinators: A Centennial View
By Stephen Wolfram
Wolfram Research

Reported by: Jonathan P. Bowen

A previous article in FACS FACTS (Bowen, 2021) has
discussed Russian logician Moses   Schönfinkel   (1888 –
1942)  and  his  pioneering  work  on  combinatory
logic,  prompted  by  an  online  talk  by  Stephen
Wolfram (2020a), exactly a century to the hour after
a talk by Schönfinkel in Germany, where he was a
member  of  David  Hilbert‘s  group.  Wolfram wrote
further  on  this  in  several  December  2020  blog
posts  on  his  Writings website  (Wolfram  2020b).
These  have  now  been  expanded  into  the  book
under review (Wolfram 2021).

Wolfram is in the enviable position of not having to
worry  about  research  proposals  from  funding
bodies or research assessments. The success of his
eponymous  company  and  its  products,  especially
the  Wolfram  Mathematica mathematical  software
tool, means that he can pursue research interests in
whatever  direction  he  wishes.  Although  a

mathematician, he has other collaborators with complementary research skills that can
help with archival research to put his mathematical interests into a historical context
with newly discovered historic documents. He is essentially a modern-day “gentleman
scientist”  (now known more gender-neutrally  as  an “independent  scientist”),  just  as
others like Aristotle, Charles Babbage, Charles Darwin, and Albert Einstein were in the
past, with enough personal resources, and of course expertise and skill, to pursue his
scientific interests as he wishes.

The  book  starts  with  three  major  sections,  based  on  Wolfram’s  online  writings
(Wolfram, 2020b), followed by three shorter sections, an annotated bibliography, and a
rather small print but comprehensive index. The first large 160-page section has the
same name as the book and sets the overall scene regarding mathematical aspects of
combinators.  The  entire  book  is  362  pages  long  in  total  (321  pages  without  the
bibliography and index), so this section alone is around half of the book. The examples
use  the  “Wolfram  Language”,  a  text-based  functional  language  that  enables
mathematical modelling and is the basis of  Mathematica. The material is extensively
illustrated with visualizations. The section notes that combinators pre-date the concept
of  a  Turing  machine,  lambda  calculus (both  conceived  in  1936),  and even  Gödel’s
incompleteness  theorems (published  in  1931).  Schönfinkel’s  ideas  on  combinators
presented in 1920 are probably the first examples of abstract universal computation,
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as often modelled by the notion of a universal Turing machine. If the ideas had been
more widely publicized at the time, theoretical computer science could have taken a
different  course.  Combinators  as  introduced  in  1920  are  built  from  two  basic
combinators, now known as  s and  k, which can be modelled as simple replacement
rules, namely, using the notation of the Wolfram Language:

s[x_][y_][z_]  → x[z][y[z]]

k[x_][y_]  → x

Wolfram presents many examples using patterns in his Wolfram Language to build a
variety of complex objects. As a specific case, he demonstrates how the 16 different 2-
input Boolean functions (or “gates” if you are a computer hardware engineer) can be
modelled  with  just  combinations  of  applying  s and  k.  For  example,  the  Nand
function/gate  (“not  and”,  which can be  used in  combination to  create  any Boolean
function) can be modelled as the rather more complicated looking:

s [s [k [s [s [s] [k[k[k]]] ] ] ] ] [s] 

with  k[k[k]] representing  True and  k[k[s[k]]] representing  False.  Although the  s/k
expressions can look complicated to the human eye, this does not detract from the
universality with which they can be used for modelling computation.

The section continues with even more complex examples using the Wolfram Language,
with  various  visualizations  of  these.  These  include  application  to  chemical-like
“molecules”.  The  complexity  of  some  of  the  patterns  generated  is  reminiscent  of
Turing’s later work on  morphogenesis, based on deceptively simple mathematics to
produce perhaps unexpected shapes and patterns (Bowen et al., 2018).

The second 46-page section is entitled Combinators and the Story of Computation. This
takes a more historical view of early developments with respect to combinators, using
archival  documents,  many  of  which  are  newly  discovered  and  presented  in  their
historical context. A significant number of these relate to Moses Schönfinkel himself.
Others  are  related  to  Haskell  Curry (1890–1982),  who  studied  for  his  PhD  at  the
University  of  Göttingen,  the  same  university  where  Schönfinkel  was  based  and
presented his combinator ideas in 1920. Curry adopted and developed Schönfinkel’s
approach. He had the opportunity to publish more widely than Schönfinkel. Hence, we
now have the notion of “Currying” in computer science (converting a multiple-argument
function into a sequence of functions with a single argument), whereas it could have
become known as “Schönfinkeling” (Bowen 2020), although the latter would perhaps
trip off the tongue less easily!

The third 65-page section entitled  Where Did Combinators Come From? Hunting the
Story of Moses Schön nkelfi  and an associated 14-page addendum entitled  Where Did
Combinators Come From? Hunting the Story of Moses Schön nkelfi  provide more detailed
information on Schön nkel’s life and work, with interesting historical evidence throughfi
extensively researched documents sought from a range of sources by Wolfram’s team.
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The main section ends with the connections to Curry’s related research. The addendum
provides  more  information  on  Schön nkel’s  later  life,  which  has  been  somewhatfi
shrouded in  mystery.  It  includes  information  on Moses’s  younger  brother,  Gregory
Schön nkel, who lived in Moscow. This may be the reason that Moses ended up there.fi
There is little to go on with respect to Moses’s mental condition and even his precise
date of death (which could be 1940 or 1942). There are claims that Moses lived in a
“communal  apartment”,  but  this  may  have  been  Gregory’s  apartment.  Overall,  the
addendum makes some progress, and it is possible to speculate, but there is still much
doubt about Moses’s later life and death. The addendum ends with some thoughts on
the work of  Kazimierz Ajdukiewicz, who overlapped with Moses Schön nkel in Davidfi
Hilbert’s  group,  and  later  produced  some  research  work  with  similarities  to
combinations, but with no explicit mention of Schön nkel. It is assumed that they mustfi
have interacted, but there is no documentary evidence for this.

A short section announces a $20,000 prize for an “S Combinator Challenge”. Wolfram
hypotheses the conjecture that the rule

S f g x → f [x][g[x]]

is  sufficient  to  achieve  universal  computation  by  applying  it  repeatedly.  Wolfram
believes that this may well be the case but has not proved it. If anyone reading this
review can prove or disprove this conjecture, then the BCS-FACS Specialist Group would
be delighted to invite that person to give a joint seminar with the London Mathematical
Society or  in  the  annual  Peter  Landin Semantics  Seminar  series.  Please  contact  the
author of this review in this case!

A further section includes relevant excerpts from Wolfram’s 2002 book A New Kind of
Science. A comprehensive bibliography related to combinators in various subsections is
provided, together with a helpful index, including names of the wide range of people
mentioned in the book.

Overall,  the  first  section  of  this  book is  relevant  to  those  interested  in  theoretical
computer science and later sections are relevant to those interested in the history of
computing and mathematics. Although there is no formal dedication page at the start
of the book apart from the appreciation in the preface, this volume provides an apt
memorial for Moses Schönfinkel, who deserves to be better known as a foundational
figure  in  computer  science.  Had  his  work  and  life  not  been  cut  short  by  sad
circumstances of later mental health issues and lack of support, this might have already
been the case. Unlike Turing, his status has not yet been elevated to an appropriate
level compared to his foundational achievement regarding the introduction of the idea
of combinators. This book goes some way to address that in both a mathematical and
historical context.
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History of Computing Collection at Swansea University

The  History  of  Computing  Collection  specialises  in  computing
before  computers,  formal  methods,  and  local  histories  of
computing.  An  introduction  to  the  Collection  appeared  in  the
February  2021  issue  of  FACS  FACTS (2021-1,  pp.10-17).   The
Collection  is  located  on  the  Singleton  Campus  of  Swansea
University;  it can be visited by appointment.  A small number of
items  from the  Collection  are  on  display  in  the  Computational
Foundry, Bay Campus, which is the home of the Computer Science
Department. All inquiries welcome.

From the History of Computing Collection, Swansea University:

Unfinished Business: Abstract Data Types and Computer
Arithmetic 

John Tucker
University of Swansea

The emergence of abstract data types is something of a landmark in the theory and
practice of programming. The basic idea is simple and beautiful:  An abstract data type
is  characterised  by  its  operations  and  tests  together  with  a  list  of  their  algebraic
properties, thought of as axioms or laws. Implementation details are hidden from the
abstract data type’s user. It is an abstraction that supports design, comprehension and
reasoning.

In the formal theory, the operations and tests are specified syntactically in a signature
Σ and  their  properties  are  specified  in  a  set  E of  equations,  or  equations  with
conditions, that the operations and tests are required to satisfy. Implementations are
modelled  by  certain  algebras  of  signature Σ satisfying  the  laws  in  E.  Two

implementations are equivalent if they are isomorphic as Σ algebras. 

The  abstract  data  type  is  a  landmark  notion  of  the  1970s  for  in  it  we  see  many
programming notions, such as: interfaces, axiomatic specifications, information hiding,
correctness, generics, etc. – combined and made precise, in a way that is conceptually
strong enough to support an enduring and surprising mathematical theory. The History
of Computing Collection has plenty of material on the birth of abstract data types. Here
I am going to look at their ancestry. 
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I have chosen two offprints from the Collection that are themselves landmarks in the
study of data types. Although they belong to ‘prehistory’, thinking about their legacies
reminds  us  of  unfinished  business  for  computer  science,  and  serious  unfinished
business at that.

Von Neumann and Goldstine on computer arithmetic
The first is an offprint of a truly fundamental paper by John von Neumann (1903-1957)
and Hermann Goldstine (1913-2004), 

Numerical inverting of matrices of high order
Bulletin American Mathematical Society, 53: (11), (1947), 1021-1099. 

It belonged to the Leslie J Comrie (1893—1950), a doyen of numerical computation
before computers,  and was part of the library of his company Scientific  Computing
Services Ltd, which now belongs to the Swansea Collection (Figure 1).  Comrie founded
the company in 1937 following his dismissal  from the Admiralty.  In the company’s
prospectus he explained:

I am endeavouring to offer the scientific public an entirely new service  –
namely computations of a scientific  or technical  nature,  done by trained
professional  computers  using,  whenever  possible,  the  calculating  and
accounting machines that are now available.

The company is regarded as the first scientific computing bureau.

Ostensibly, the von Neumann and Goldstein paper are about calculating the inverse of a
(positive definite) matrix on an electronic computer, a task necessary for the solution of
large sets of linear simultaneous equations. The importance of solving linear systems,
and the classical method of Gaussian elimination, cannot be overestimated, then or
now. But this contribution of November 1947 is much more.

Solving linear systems, including very large systems, was long known and had been the 
subject of serious technical worries about rounding errors, not only by engineers but 
by contemporary statisticians and economists such as the Harold Hoteling (1895 - 
1973), whose analysis of the Gaussian Elimination method of 1943 give a bound of 4n-1.
In our paper, von Neumann and Goldstine removed the pessimism surrounding solving 
large sets of linear equations, and set a standard for the error analysis of algorithms 
that stood for decades. However, the standard was so high that it cast a shadow over 
the development of the mathematical analysis of rounding errors! 

Von Neumann and Goldstine’s 80-page paper was the first to carry out a thorough and 
definitive error analysis for computer computations. Of interest to us are the first two 
chapters in which they discuss the sources of error in computer computations and, in 
particular, they identify a class of numerical data types that we recognise as perfectly 
formed computer arithmetics. Their computer arithmetics are data types based on fixed
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precision representations of rational numbers, in a base  with s digits, and equipped 
with the operators

+, -, ×, ÷

The 1947 study of matrix computation belonging to L. J. Comrie
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Their definitions of the fixed precision representation are clear, precise and general:  

A digital number x is an s-place, base β, digital aggregate with sign:

x = ε(α1, ... , αs)

where ε = +1 or ε = -1 and α1, ... , αs ϵ {0, 1, ...  β-1}.

In  Footnote  13  (p.1032),  they  notice  that  these  arithmetics  can  be  found  in  the
computers they know:

All existing machines (or almost all) are decimal, that is, have  β = 10.
With rare exceptions  s  = 7 to 10, for example, on the familiar “desk”
machines 

s = 8 or 10. The “Mark I” computer at Harvard University has s = 11 or
23.

Non-decimal machines of the future are likely to adhere, at least at first,
to the same standard: for example,  β = 2, s = 30 to 40. 

Von Neumann and Goldstine give neat error bounds for applying the four operations. 

They also look at the fate of some of the classic laws that characterise arithmetic. They
observe  that  addition  does  not  present  problems;  that  while  commutativity  of
multiplication survives, the axioms of distribution, associativity of multiplication, and
division as  inverse to  multiplication fail.   However,  they  give  nice  error  bounds  to
measure the failure of the axioms, such as:

|(a × b) ÷ b  –  a| <  |b|-1 β-1

with a warning for |b| << 1. (See pages: 1038—1039) The remaining 5 chapters of the
paper addresses matrices.

The shadow of the technical standard set by this analytical tour de force is interesting.
It has been dispersed by focussing on stability (= sensitivity to errors in input), which
proved to be more significant than quantitative error bounds. Alan Turing, in a paper
the following year, also addressed matrix calculations in great generality, introducing
LU  factorisation  and  condition  numbers.   His  colleague  at  the  National  Physical
Laboratory, James H Wilkinson (1919—1986), later settled many of the problems in the
course of his research (Wilkinson 1963, 1971). Also, working with floating point made
error analysis easier. Although present in Konrad Zuse’s designs, and in a sense a very
ancient  number  representation,  floating  point  made  its  presence  felt  in  computing
much later (Rojas 1997, Muller et al 2010).
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L-R:  Julian Bigelow, Herman Goldstine, J. Robert Oppenheimer, John von Neumann

Finally,  let  us  remember  that Herman  Goldstine and John  von  Neumann’s paper
appeared after the 2nd World War had ended, after their work on the Manhattan Project
(Figure 2), and as electronic computers – at least some of them – came into the light.
Earlier that year,  the first part of Goldstine and von Neumann’s Planning and Coding
Problems for an Electronic Computing Instrument was published at Princeton in April
1947;  the  remaining  two  parts  appeared  in  April  and  August,  1948.  These  were
important  days  for  computer  science.  The  works  by  Goldstine and  von  Neumann,
including  our  numerical  paper,  count  among  the  earliest  attempts  to  make
mathematical models of practical computing machines.

van Wijngaarden on numerical analysis
The second offprint is by Adriaan ‘Aad’ van Wijngaarden (1916—1987)  (see overleaf) : 

Numerical analysis as an independent science. 
BIT 6 (1966), 66  -81

and was mine from my time at the Mathematisch Centrum (MC), Amsterdam. 

When  von  Neumann  and  Goldstine’s  paper  appeared  that  year,  in  1947,  van
Wijngaarden became head of computing at the MC. In the near 20 years that followed,
he  worked  on  building  the  first  computer  in  the  Netherlands,  employing  Edsger
Dijkstra; supervising the theses of the rival pioneer machine designer Willem van de Pol
and the pioneer semanticist Jaco de Bakker; and, of course, developing the language
Algol 60, celebrated in this Newsletter in 2021. The intellectual world of Algol 60 is
evident in the paper, which was presented earlier at a conference in 1964.
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Now,  Footnote  13 cited  earlier  suggests  that  von
Neumann  and  Goldstine’s  mathematical  model  of
computer  arithmetics  covered  the  computers  of  the
period, at least as a far as they knew. So, its relevance to
practical  computation  at  that  time  is  immediate.  The
scope of  van Wijngaarden’s paper is different and quite
radical in its vision. It begins with the idea that numerical
analysis and computer computation can be thought of as
independent of the mathematics it is normally perceived
to serve. Indeed, the numerical analyst:

might also consider the result of the computation to
be the thing that he wanted to have, and the
"mathematical" concepts as approximations to his
"numerical" concepts. 

(Page  66).  Computation  uses  rational  numbers  only;  and  rational  numbers  is  the
number system (= data type) needed to make measurements in the world and create
the data that are the raison d'être for the scientific computers of the day.

The  innovative  idea  of  van  Wijngaarden is  to  design  an  abstract,  self-contained
framework  for  numerical  computation.  It  builds  directly  upon  his  intellectual
experiences with Algol 60 with its aim to be a machine-independent language.  He
quotes at length the Algol 60 Report noting its silence on the type real. The paper is
intimately connected with the Algol 60 world-view, but van Wijngaarden sees further.

His approach is to propose axioms for numerical computation that are independent of
how the type real might be implemented, though they are shaped by computing with
exact  integers  and floating-point  numbers.  He  starts  with the  laws of  equality  and
order, mindful of the fact that familiar (mathematical) properties fail. Next come the
operations: 

+, -, ×, ÷

just as in von Neumann and Goldstine.

The errors  that  accrue  are  made explicit  by  axioms for  a  procedure  tolerance(x,e),
where x is an ideal value and e measures imprecision. The ideas and postulates gather
pace as new operators are defined as little (Algol) procedures. Van Wijngaarden goes on
to address summations, limits, continuity, integration and differentiation. He sensitively
explores the immutable computational constraints of precision and finiteness.

The interplay of base functions and predicates and Algol procedures make the paper an
abstract machine independent study of data types for the needs of numerical work.
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Such an abstract view of computation was noticed but not always with understanding or
admiration. William M Kahan (Turing Award 1989) is famed for his lifetime’s work on
the practical sciences of numerical computation. He is popularly associated with the
IEEE Standard for Floating-Point Arithmetic (IEEE 754) of 1985. His experimental work
and his technical reflections are deep.

In the early 1990s he wrote a critique of  van Wijngaarden’s then 20-year-old paper
complaining of the complexity of its 32 axioms, and that it did not apply to the CDC
6600 – the supercomputer of the time.  The last point displays a partial blindness to
the nature of abstraction and portability in van Wijngaarden’s project. These complaints
were immediately rubbished by Edsger Dijkstra in EWD 1126-0.

Van Wijngaarden’s  paper is  cited in Tony Hoare’s An axiomatic basis  for computer
programming of 1969; Jaco de Bakker’s early axiomatic work is also cited. Section 2 is
called Computer Arithmetic and some axioms for the integers are presented, including
ordering, addition, multiplication and 3 options for overflow. The axioms are needed to
prove the correctness  of  a  simple  division program based on an iteration.  Hoare’s
paper  is  cited  for  its  proof  rules  for  partial  correctness  tailored  to  the  while
programming language, and for the elegant case it makes for proving correctness. Its
influence was immediate, though it was a while before the proof rules received a pukka
logical analysis in Cook (1978). However, the true essence of this paper is in its title, of
course: axiomatisation!  

Rather than make a natural detour toward abstract data types in general, let me stick to
computer  arithmetics.  There  are  several  developments  of  so-called  exact  computer
arithmetics all designed to implement very reliable exact computations. One example is
interval analysis which focusses on implementations with rational number intervals;
this approach can be reformulated in various ways, not least using ordered Scott-Ershov
domains. 

Loose ends
Thus, abstract data types, their axiomatic specifications and associated term rewriting 
calculations and reasoning have a prehistory in arithmetical data types. But their 
subsequent mathematical theory, specification methods, conceptual spinouts, case 
studies, tools and applications have rarely returned to their ancestral numerical roots. 
Computer arithmetics rarely figure in the monographs, textbooks and papers of 
abstract data type theory. 

So, what has abstract data type theory to say about the most important data type, the
rational numbers? 

A programme of research was started by Jan Bergstra and myself when we developed

an equational specification of the rational numbers with the operations of +,-, ×, -1

in Bergstra and Tucker (2007). A division or inverse operator on the rationals is needed
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to make an algebra that is generated by its constants – a condition called minimality
that is necessary for an algebra to model a data type.  But what to do about division by
zero? Having little  patience with partial  operations in abstract  data types and their
painful semantics and logics, we took 0-1 = 0.  

This  was  the  beginning  of  quite  a  journey  for  research  into  laws  of  computer
arithmetic. We are focussed by different semantics for division by zero and the rational
number data type. Semantic options for division by zero we have explored are

0-1  = error,  0-1  =  ∞ (unsigned),   0-1  = +∞ (signed).

In each case we have found equational specifications for corresponding algebras of
rationals, and gone on to study the axiomatic classes to which they belong – a topic for
another time (Bergstra and Tucker 2020, 2021). From this start, we hope to tie up some
of  the  loose  ends  and  shorten  the  distance  from  abstract  data  types  to  practical
numerical computing.
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Logic and Machines: Turing Tradition at the

Logic School of Munster�
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Forthcoming events 
Events Venue (unless otherwise specified):

BCS, The Chartered Institute for IT
Ground Floor, 25 Copthall Avenue, London, EC2R 7BP

The nearest tube station is Moorgate, but Bank and Liverpool Street are within walking 
distance as well.

Details of all forthcoming events can be found online here:

https://www.bcs.org/membership/member-communities/facs-formal-aspects-of-
computing-science-group/

Please revisit this site for updates as and when further events are confirmed. 
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FACS Committee
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FACS is  always interested to hear from its  members and keen to recruit  additional
helpers. Presently we have vacancies for officers to help with fund raising, to liaise with
other specialist groups such as the Requirements Engineering group and the European
Association  for  Theoretical  Computer  Science  (EATCS),  and  to  maintain  the  FACS
website.  If  you are able to help,  please contact  the FACS Chair,  Professor Jonathan
Bowen at the contact points below:

BCS-FACS
c/o Professor Jonathan Bowen (Chair)
London South Bank University
Email:  jonathan.bowen@lsbu.ac.uk
Web:  www.bcs-facs.org

You can also contact the other Committee members via this email address.

Mailing Lists
As well as the official BCS-FACS Specialist Group mailing list run by the BCS for FACS
members, there are also two wider mailing lists on the Formal Aspects of Computer
Science run by JISCmail.

The  main  list  <facs@jiscmail.ac.uk> can  be  used  for  relevant  messages  by  any
subscribers. An archive of messages is accessible under:

http://www.jiscmail.ac.uk/lists/facs.html

including facilities for subscribing and unsubscribing.

The additional <facs-event@jiscmail.ac.uk> list  is specifically  for announcement of
relevant events.

Similarly, an archive of announcements is accessible under:

http://www.jiscmail.ac.uk/lists/facs-events.html

including facilities for subscribing and unsubscribing.

BCS-FACS announcements are normally sent to these lists as appropriate, as well as the
official BCS-FACS mailing list, to which BCS members can subscribe by officially joining
FACS after logging onto the BCS website.
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