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Introduction

This paper is inspired by Milner's approach to synchronous processes, as re-
ported in (Milner 82). The main differences are the use of a dense time domain and
a dense-nondeterminism operator. Milner has shown that many of the characteristics
of concurrent processes can be modelled and, more importantly, manipulated in an
algebraic framework tailored to synchronous discrete interaction. Although much
can be done in a discrete-time model by reducing the grain of discreteness to the
desired level, we think it is interesting to see what can be gained in a dense-

time framework and what additional difficulties arise.

At an appropriate level of abstraction there are entities which act and influ-

ence each other's behaviour through a continuous interaction. These entities are

called here agents and their interactions are assumed to happen in real time (we
use real numbers as a standard example of dense order). Agents progress by per-
forming actions. Actions are denoted by the letters a,b,c and d, and the set of
all the actions is A. Actions can be performed concurrently, so we denote by a-b
(or simply ab) the simultaneous occurrence of the actions 2 and b. We also admit

a neutral action 1, so that (A,*,1) is an abelian monoid.

Communication between agents can be modelled by requiring A to be a commutative
group (A,o,l,-). A successful communication between two agents is represented by
the matching of two complementary actions a and a. The fact that aa = 1 means that
communication involves exactly two agents, that the respective communication capa-
bilities are consumed during the process and that an external observer is unable
to tell which communication took place (he can only observe 1). Note that commu-

nication here means simple synchronisation, without passage of values.

The central idea in real time agents is the explicit use of time information
when expressing the behaviour of agents. Time is assumed to be dense, i.e. for
every two instants t',t" it is always possible to find an instant t such that

t'<t {t". We shall formalise the idea of observing a real time system during
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intervals of time (i.e. not observing at time instants) and we want to rule out
the possibility of observing zero-length actions. Hence the variables denoting
time will range over a dense domain X (for Kronos) = IR+, that is the set of

strictly positive real numbers. The letters t,u,v will range over K.

Deterministic Agents

We first examine agents which are deterministic, in the informal sense that
every agent has a unigue possible development in time. A formal property corre-

sponding to the idea of determinism will be examined later.

We begin with a very simple set of operators to build agents. Our initial oper-
ator signature consists of: a constant 11 representing the neutral agent always
performing the neutral action 1y a unary prefix operator a[t]: which represents
the act of performing the action a for an interval of time t; and the binary infix
operator X representing the synchronous composition (coexistence) of two agents.
An agent (denoted by p,q,r,s) is an expression over the signature ZD= {ll,a[t]:,X}

D
(where D stands for deterministic). The set of agents P is the free algebra over z .

Now we specify how our agents behave, by defining a set of binary relations
D a
% (for a€h and t € X) over P . We read p —t—> q as "p moves to g performing
a for an interval t", or "p takes t to move under a to g". The reduction rules for

deterministic agents are as follows:

(n ») B B
g % p—i—)p' q-:—>q'
(2] =) aft]ip —> » (x =)

pXaq —ab—> p'Xq'

(allal] )  aft+ulip => aful:v g

Rule (1 —>) asserts that Il moves under 1 for an arbitrary interval t to produce
11 again. Rule (a[] ->) says that a[t]:p takes t to move under a to p, with t>0.
Rule (a[]a[] ->) has to do with the density of time; it says that after an inter-
val t, a[t+u]:p has only reached a[u]:p. Note that it is possible to split actions
at arbitrary points, but this is done consistently so that the final outcome re-
mains the same. Rule (X =) gives meaning to the coexistence of two agents: if p
takes t to move under a to p' and q takes t to move under b to q', then pXq takes
t (the same t) to move under a+b to p'Xq'. Note that if q has form b[t+ul:om, we

can use (a[Ja[] =) to get a t-derivation of q, so that we can use (X ->).

This set of operational rules enjoys two fundamental properties:




































