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“Developing Powerful, yet Reliable Software Systems” Abstract of the Laureate Lecture

“Assertions”

Professor Sir Antony Hoare

An assertion is a Boolean formula written in the text of a program, which the programmer asserts
will always be true when that part of the program is executed. It specifies an internal interface
between all of the program that comes before it and all that follows it. In the software industry today,
assertions are conditionally compiled in test runs of a program, and help in the detection and
diagnosis of errors. Alan Turning first proposed assertions as a means of checking a large routine.
They were rediscovered independently by Naur as generalised snapshots, and by Floyd, who used
them to assign meanings to programs. Floyd suggested that if the internal assertions were strong
enough, they would constitute a formal proof of the correctness of a complete program. In this
lecture, | will summarise the subsequent development of the idea, and describe some of its practical
impact.

In the early seventies, | developed an axiomatic approach for proofs of programs, covering all the
main constructions of a high-level programming language-iterations, local variables, procedures and
parameters, recursion and even jumps. Following Dijkstra, | always took a top-down view of the
task of software construction, with assertions formulated as part of program specification, and with
proofs conducted as part of program design. | hoped that this research would help to reduce the high
costs of programming error, and the high risks of using computers in critical applications. But the
real attraction for me was that the axioms underlying program proofs would provide an objective
and scientific test of the quality of programming language design: a language described by a small
collection of obvious rules, easily applied, would be better than one that required many rules with
complex side-conditions. In collaboration with Wirth, we tried out the idea on the Pascal language;
and later it inspired the design of Euclid by a team in Xerox PARC.

In scaling proof methods from small sequential algorithms to large software systems, it was
necessary to extend the power of the assertion language. The Z specification language was
developed by Abrial on the basis of Zermelo’s set theory, which Frankel showed to be essentially
adequate for expression of all concepts known to mathematics. It should therefore be adequate to
express all the abstractions useful to computing, and prove the correctness of their representations.

Dijkstra dealt with non-determinism, by imagining the choice to be exercised maliciously by a



demon. Jones and his fellow designers of VDM included initial as well as final values of program
variables. All these ideas were successfully tested by IBM in specifying the internal interfaces of a
large system, CICS.

The next challenge was to extend the technology to concurrent programs. Milner suggested that
their meaning could be specified by the collection of tests which they passed. Following Popper’s
criterion of falsifiability, Roscoe and Brookes concentrated on failures of a test, and constructed a
non-deterministic model of concurrency, following the paradigm of Communicating Sequential
Processes. This was applied industrially by the British start-up microchip Company Inmos in the
design of the occam programming language, and the architecture of the transputer which
implemented it. Finally, Hehner showed how Roscoe’s results could be coded directly in the language
of assertions, so that any kind of program, concurrent as well as sequential, could be interpreted as
the strongest assertion that describes all its possible behaviours.

This insight has inspired all my subsequent research. With the aid of He Jifeng, it has been applied
to wider varieties of programming paradigm and language, including hardware and software,
parallel and sequential, declarative and procedural. Ignoring radical differences in syntax, and
abstracting from implementation technology, very similar definitions and mathematical laws apply
in many different paradigms; perhaps Computing Science has achieved a level of maturity to
undertake the challenge that drives the progress of many other sciences, namely unification of

theories of programming.



