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Some early people
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Readers who take a narrow view on the automation of inductive theorem proving might
be surprised that we discuss the waterfall. It is impossible, however, to build a good in-
ductive theorem prover without considering how to transform the induction conclusion into
the hypothesis (or, alternatively, how to recognize that a legitimate induction hypothesis
can dispatch a subgoal). So we take the expansive view and discuss not just the induction
principle and its heuristic control, but also the waterfall architecture that is effectively an
integral part of the success.

Boyer and Moore had met in August 1971, a year before the induction work started,
when Boyer took up the position of a post-doctoral research fellow at the Metamathe-
matics Unit of the University of Edinburgh. Moore was at that time starting the second
year of his PhD studies in “the Unit”. Ironically, they were both from Texas and they had
both come to Edinburgh from MIT. Boyer’s PhD supervisor, W.W. Bledsoe, from
The University of Texas at Austin, spent 1970–71 on sabbatical at MIT, and Boyer ac-
companied him and completed his PhD work there. Moore got his bachelor’s degree at
MIT (1966–70) before going to Edinburgh for his PhD.

Being “warm blooded Texans”, they shared an office in the Metamathematics Unit at
9 Hope Park Square, Meadow Lane. The 18th century buildings at Hope Park Square were
the center of Artificial Intelligence research in Britain at a time when the promises of AI
were seemingly just on the horizon.7 In addition to mainline work on mechanized reason-
ing by Rod M. Burstall, Robert A. Kowalski, Pat Hayes, Gordon Plotkin,
J Strother Moore, Mike J. C. Gordon, Robert S. Boyer, Alan Bundy, and
(by 1973) Robin Milner, there was work on new programming paradigms, program trans-

7The Metamathematics Unit of the University of Edinburgh was renamed into “Dept. of Computational
Logic” in late 1971, and was absorbed into the new “Dept. of Artificial Intelligence” in Oct. 1974. It was
founded and headed by Bernard Meltzer. In the early 1970s, the University of Edinburgh hosted most
remarkable scientists, of which the following are relevant in our context:

Univ. Edinburgh PhD life time
(time, Dept.) (year, advisor) (birth–death)

Donald Michie (1965–1984, MI) (1953, unknown) (1923–2007)
Bernard Meltzer (1965–1978, CL) (1953, Fürth) (1916?–2008)
Robin J. Popplestone (1965–1984, MI) (no PhD) (1938–2004)
Rod M. Burstall (1965–2000, MI & Dept. AI) (1966, Dudley) (*1934)
Robert A. Kowalski (1967–1974, CL) (1970, Meltzer) (*1941)
Pat Hayes (1967–1973, CL) (1973, Meltzer) (*1944)
Gordon Plotkin (1968–today, CL & LFCS) (1972, Burstall) (*1946)
J Strother Moore (1970–1973, CL) (1973, Burstall) (*1947)
Mike J. C. Gordon (1970–1978, MI) (1973, Burstall) (*1948)
Robert S. Boyer (1971–1973, CL) (1971, Bledsoe) (*1946)
Alan Bundy (1971–today, CL) (1971, Goodstein) (*1947)
Robin Milner (1973–1979, LFCS) (no PhD) (1934–2010)

CL = Metamathematics Unit (founded and headed by Bernard Meltzer)
(new name from late 1971 to Oct. 1974: Dept. of Computational Logic)
(new name from Oct. 1974: Dept. of Artificial Intelligence)

MI = Experimental Programming Unit (founded and headed by Donald Michie)
(new name from 1966 to Oct. 1974: Dept. for Machine Intelligence and Perception)
(new name from Oct. 1974: Machine Intelligence Unit)

LFCS = Laboratory for Foundations of Computer Science

(Sources: [Meltzer, 1975], [Kowalski, 1988], etc.)
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Bob Boyer and J Moore
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Figure 2: Robert S. Boyer (1971) (l.) and J Strother Moore (1972?) (r.)

In this article we describe how this leap took place, and sketch the further development
of automated inductive theorem proving.

The work on this breakthrough in the automation of inductive theorem proving was
started in September 1972, by Robert S. Boyer and J Strother Moore, in Edin-
burgh, Scotland. Unlike earlier work on theorem proving, Boyer and Moore chose to
make induction the focus of their work. Most of the crucial steps and their synergetic
combination in the “waterfall”5 of their now famous theorem provers were developed in
the span of a single year and implemented in their “Pure LISP Theorem Prover”,
presented at IJCAI in Stanford (CA) in August 1973,6 and documented in Moore’s PhD
thesis [1973], defended in November 1973.

5See Figure 1 for the Boyer–Moore waterfall. See [Bell & Thayer, 1976] for the probably first
occurrence of “waterfall” as a term in software engineering. Boyer and Moore, however, were inspired
not by this metaphor from software engineering, but again by a real waterfall, as can be clearly seen from
[Boyer & Moore, 1979, p. 89]:

“A good metaphor for the organization of these heuristics is an initially dry waterfall. One
pours out a clause at the top. It trickles down and is split into pieces. Some pieces evaporate
as they are proved. Others are further split up and simplified. Eventually at the bottom a
pool of clauses forms whose conjunction suffices to prove the original formula.”

6Cf. [Boyer & Moore, 1973].
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The BBMS

Bob Boyer suggested we meet for research discussions in
the evening.
Bob left about 1973; Robin arrived about then.
Rod suggested we form the BBMS.
The BBMS was hosted by Rod and Sissi, and Robin and
Lucy.
The meetings were (in my memory!) always packed, with
people sometimes having to sit on the floor.
We discussed programming languages and their
semantics and theorem proving and concurrency and
anything else that interested us.
We even had an outside speaker - Adrian Bird told us
about genetics at Rod’s house.
The BBMS met until sometime around 1985 (?), maybe 10
years in all,
A motivation and scientific and social basis to found LFCS.
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Lucy Milner
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Sissi Burstall
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Logic Programming and the Fifth Generation Project:
1982 − 1992

A massive government/industry research by Japan’s MITI, to
1 create a massively parallel “epoch-making computer" with

supercomputer-like performance. Prototype machine
performance between 100M and 1000 LIPS

2 and so provide a platform for future artificial intelligence
applications using concurrent logic programming (Ehud
Shapiro: Concurrent Prolog).

A number of languages were developed, all with their own
limitations; in particular, the committed choice feature of
concurrent constraint logic programming interfered with the
logical semantics of the languages

Did not meet with commercial success (cf Lisp machines) as
eventually surpassed in speed by less specialized hardware.

At the end of the ten-year period, the project had spent about
$400 million at 1992 exchange rates and was terminated.
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Reaction to the Fifth generation project

The Japanese in the 1980’s had a reputation for
invincibility.
Parallel projects were set up:

1 US: the Strategic Computing Initiative; and MCC, the
Microelectronics and Computer Technology Corporation.

2 UK: Alvey
3 Europe: ESPRIT, the European Strategic Program on

Research in Information Technology; and the
ICL-Bull-Siemens ECRC (European Computer Research
Centre).
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The Alvey Programme

The Alvey Programme ran from 1983 to 1987. Focus areas for
the Alvey Programme included:

VLSI (very large scale integration) technology for
microelectronics
Intelligent Knowledge Based Systems (IKBS) or Artificial
Intelligence (AI)
Software Engineering
Man-Machine Interface (included Natural Language
Processing)
Systems Architecture (for parallel processing)
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The protagonists
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From letter to Alvey: June 2, 1984
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Response from Alvey: June 19 1984
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The LFCS building
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A letter from the Principal: November 5th 1984
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Another letter from the Principal: November 5th 1984
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George Cleland
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Programme of work for the Assistant Director
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Robin’s inaugural lecture
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Robin’s inaugural lecture
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An LFCS Presentation by Robin
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An LFCS Presentation by Robin
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An LFCS Presentation by Robin
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An LFCS Presentation by Robin
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The Lab lunch

The PARC Computer Science Laboratory (CSL)

Lab Director Bob Taylor held periodic informal meetings in
the“beanbag" conference room where CSL staff presented new
ideas. Members received frank and sometimes brutal feedback
from their colleagues
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LFCS social-intellectual life

Lab lunch

Seminars

Clubs: Concurrency; Semantics; ML...

Away days

Directors’ meetings
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LFCS Education:ML
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LFCS Education:ML
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The LFCS postgraduate course
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The LFCS postgraduate course

Edinburgh University Postgraduate Exam Questions in
Computation Theory

For more than 10 years, an informal course of lectures and
seminars in Computation Theory has been offered to
first-year PG students. This course is designed to give a
suitable grounding for research in this area as well as a
survey of current research topics. It is divided into three
broad sections: Complexity, Programming Methodology
and Semantics.
Every year in May there is an informal three-day open-book
examination on the material taught in the course. This
report contains all of the questions which have appeared
on these examinations since the course began.
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LFCS Directors

Robin Milner 1986 – 1989
Gordon Plotkin 1989 – 1992
Rod Burstall 1992 – 1996
Don Sannella 1996 – 1999
Samson Abramsky 1999 – 2001
Colin Stirling 2001 – 2004
Julian Bradfield 2004 – 2008
Phil Wadler 2008 – 2011
Jane Hillston 2011 – 2015
Stephen Gilmore + Don Sannella 2015 – present
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LFCS Faculty: the 32

Stuart Anderson
Myrto Arapinis
David Aspinall
Luca Bortolussi
Julian Bradfield
Peter Buneman
James Cheney
Mary Cryan
Vincent Danos
Kousha Etessami
Wenfei Fan

Michael Fourman
Stephen Gilmore
Andrew Gordon
Chris Heunen
Jane Hillston
Paul Jackson
Kyriakos Kalorkoti
Elham Kashefi
Aggelos Kiayias
Leonid Libkin
John Longley

Richard Mayr
Gordon Plotkin
Ajitha Rajan
Don Sannella
Ian Stark
Perdita Stevens
Colin Stirling
Stratis Viglas
Philip Wadler
Petros Walden
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LFCS social-intellectual life

Lab lunch

LFCS Seminars

Groups/seminars: PEPA club; Security seminars; PL
Thursday group; category theory (with math);....

Away days (Jane Hillston)

Friday afternoon cake.
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LFCS Evolution

From a lab to an institute, among other institutes.
From a tight focus to a many-splendoured thing.
Continuation of old topics, often with new twists, and changes of
emphasis, e.g., mobile computing, web programming,
performance and spatial modelling.
Wonderful gain of many others: e.g., software engineering,
algorithms and complexity, automata theory, games, automated
verification, databases, systems and synthetic biology, quantum
computing, networks, security and cryptography.
Loss of some things: educational outreach to industry, integrated
approach to our PhD students.
From a small group to almost a department (cf Cornell).
From a CS context to a hugely-varied Informatics one.
with rich opportunities for interaction and growth: e.g., machine
learning, big data, theorem proving, systems.
From a CS context to a University one: e.g., biology (modelling
and learning), mathematics (optimisation), economics (games),
sociology (security).
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A Question

What is LFCS to you?
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