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Normal forms for synchronous and asynchronous process calculi.
Discussion paper between Tony Hoare and Cedric Fournet,

Revised 1999-12-09, and circulated for comment.

Symbolic calculation is a useful skill for engincers engaged in the design and
validation of advanced technological products. The steps of the calculation are
justified by algebraic laws, proved by mathematicians within the relevant scientific
theory. A calculus is called complete if there are enough laws to prove every equation
that is true in the theory. Preferably, the proofs should be automated, for example by
reduction of both sides of an equation to some kind of normal form. Inequality of
normal forms should be easily detectable, preferably by display of a counter-example.

Process algebra is the branch of mathematics that has been developed to analyse,
predict, and control the behaviour of networks of interacting computers and programs,
It deals with issues of security, robustness and performance. Its great achievement
has been to apply the same mathematical abstractions at all levels of scale, from
instruction pipelines in a single microprocessor through multiprogrammed personal
computers, clusters and networks, right up to the entire world wide web. At the lower
end of the scale, communication is usually synchronised, with input of a message

~ d—"A occurring instantaneously with its output. Any overhead involved is minimal. Ona
larger scale, messages-are-buffered-in-flight-between output and input. Delays-are—

%( 1@;ﬁﬂpﬁﬁl@”ﬁ”ﬁdﬁ?éﬁéﬁﬁ?ﬁﬁﬁ“bs'signific-,ant--;zmDifferent branches of process algebra

~ have been developed to deal with the synchronous and asynchronous cases.

On occasion, there is a clear need for a calculus that combines both these modes of
interaction. For example, asynchronous message passing is generally implemented on ¢
synchronous hardware; conversely, control signals, atomic actions and checkpoints
have to be implemented on asynchronous networks as if they were instantaneous.
Furthermore, we may want to transform programs and protocols between these two
modes, to avoid latency and overhead by taking advantage of the characteristics of the
architecture on which the programs are loaded.

?
w0 o,

o

We propose to recapitulate some known normal forms for synchronous and '
Mazencliewdez |

asynchronous process calculi [Hennessy, de Nicola, Brookes, Roscoe, Bergstra,

Baeten], and suggest how they may be combined. (wij w o[-» g TQ

The known disadvantages of normal forms are

1. They involve taking limits of an infinite series of approximations, e.g., the
Taylor expansion of an infinitely differentiable function. However, many of
the symbolic calculations can be performed on the finite approximations, with
only a single inducfion at the end.

d © P&’JIS% } {u( B\A«m {

2. They may use noté{tions outside the limits of the familiar language used to
state the problem, e.g., complex exponents in the Fourier expansion of a real
periodic function. However, such notations gan suggest concepts that tutn out
to be mdependently interesting and useful{w /Jﬁ;c vt ¢ AT g
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