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0. INTRODUCTION

Following R. Milner’s development of his widely known Calculus of Commun-
icating Systems, there have been in the last decade several approaches to pro-
cess algebra, i.e. the algebraic treatment of communicating processes. In this
paper we give a short and informal presentation of some developments in pro-
cess algebra which started five years ago at the Centre for Mathematics and
Computer Science, and since two years in cooperation with the University of
Amsterdam and the State University of Utrecht'. Most of the present paper
can be found in the more complete survey [6], where the subjects of
specification and verification of processes are treated in so-called bisimulation
semantics. Here, we adopt a further restriction by concentrating on the
specification issue.

We start with a very simple axiom system for processes called Basic Process
Algebra, in which no communication facilities are present. This system is
interesting not only because it is a nucleus for all process axiom systems that
are devised and analyzed in the ‘Algebra of Communicating Processes’, but
also because it provides a link with the classical and successful theory of for-
mal languages, in particular where regular languages and context-free
languages are concerned. In Section 2 we explain this link.

Next, we introduce more and more operators, leading first to the axiom sys-
tem ACP (Algebra of Communicating Processes) where communication
between processes is possible, and finally to ACP, (Algebra of Communicating
Processes with abstraction). Examples are given showing that the successive
extensions yield more and more specification power; and a culmination point
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is the Finite Specification Theorem for ACP, stating that every finitely
branching, effectively presented process can be specified in ACP. by a finite
system of recursion equations. Of course, an algebraic system .for processes is
only really interesting and useful if also sufficient facilities for process
verification are present. These require an extension with some infinitary proof
rules which will not be discussed here (for these, see the full version of this
paper [6]). We refer also to the same paper for a more extensive list of refer-
ences than the one below.

1. Basic PROCESS ALGEBRA

The kernel of all axiom systems for processes that we will consider, is Basic
Process Algebra. Not only is for that reason an analysis of BPA and its models
worth-while, but also because it presents a new angle on some old questions in
the theory of formal languages, in particular about context-free languages and
deterministic push-down automata. First let us explain what is meant by
‘processes’.

The processes that we will consider are capable of performing atomic steps
or actions ab.c, ..., with the idealization that these actions are events
without positive duration in time; it takes only one moment to execute an
action. The actions are combined into composite processes by the operations
+ and -, with the interpretation that (a +b)- is the process that first chooses
between executing a or b and, second, performs the action ¢ after which it is
finished. At this stage it does not matter how the choice is made. These opera-
tions, alternative composition and sequential composition (or just sum and pro-
duct), are the basic constructors of processes. Since time has a direction, multi-
plication is not commutative; but addition is, and in fact it is stipulated that
the options (summands) possible at some stage of the process form a set. For-
mally, we will require that processes x,y,z, ... satisfy the following axioms
(where the product sign is suppressed):

BPA
x+y=y+x
(x+y)tz=x+(y+z2)
X+x=x
(x +y)z=xz +yz
(x)z =x(yz)

TABLE 1

In the Introduction we used the term ‘process algebra’ in the generic sense
A denoting the area of algebraic approaches to concurrency, but we will also
wdopt the following technical meaning for it: any model of these axioms will
)¢ a process algebra. The simplest process algebra is the term model of BPA,
vhose elements are BPA-expressions (built from the atoms a,b,c, . . . by means
of the basic constructors) modulo the equality generated by the axioms. The
.erm model itself (let us call it T) is not very exciting: it contains only finite



