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Introduction ,

We intend to study systems of cammunicating processes in which processes
interact with each other in a continuous asynchronous fashion, as do planets around
a star. Such processes cannot be considered "campyting agents" as they just
behave instant by instant according to laws which are not "computations" in any
mechanical sense. Their interactions are not instantaneous synchronous ccmmmica—'
tions, but rather a continuous flow of information which does not fit in the

message passing paradigm. These éystems develop in continuous time and their
interactions are often expressed in terms of continuous values. More importantly,
their behaviqur cannot be fully understood by forcing them into a discrete
enviromment, as a whole range of interesting phenamena is then lost.

Asynchronous electronic circuits will be used as a source of interesting
exanples, and we shall be able to model and analyse puzzling behaviours like
asynchronous feedbacks, metastable states, arbitration and indeterminacy. All
these phenamena will be explained in terms of a single principle, which simply
forbids the existence of null-delay. feedback loops. This also shows that these
canplex real-world behaviours can be described by just assuming
concurrency in continuous time, and do not necessarely depend on other features
of the physical universe, like relativistic or quantum mechanic effects.

Analog Processes
A signal is a value varying in continuous time, and an analog process is a
transformation of signals, for example:
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Signal Sa Analog P _— Signal S




The signals above can be expressed as functions of time:
Sa(t) = sin t SB(t) = 1
and the process P transfoming S, into S, can be described by a single transition
Tas which could be in this case;
T (s)(t) = s(t) =sint +1
afB

In fact, applying Tm‘3 to Sa we get SB:

T (S) = At. S (t) -sint+1
aB a a
= At.sint-sint +1
= aAt. 1
= SB

In general a process will consist of sewveral transitions, and systems will
camprise several connected prooesses.

An algebra of analog processes _
A process is described by a collection of transitions M + B, where the temm

M is the signal produced by the transition, and B is the output port of the
transition. The signal M is an expression of same of the input ports of the
process. Here is an example of the syntax we shall use to talk about processes:

(@ > B8) + ((a & y) >38)

For clarity we shall sometimes prefix processes with their input ports, although
this is not strictly necessary as the input ports of a process will always
coincide with the free variables of the signal parts of the transitions:

ay:a+B + avy+S$§ (1)

this is a process with input ports o,y and output ports 8,8 (parenthesis have
been amitted).

The intended behaviour of processes will be explained by algebraic laws.
We will only be concerned with the most interesting laws and we shall not try to
present a canplete set of equations. The followj.mj three laws express the fact
that processes are unordered collections of transitions:

[+] (T +7T') +T" = T+ (T'+7T"
[+] T+T' = T'+7T
(NIL] T +NIL = T

where NIL is the empty transition and 7,T' and T" range over transitions.

The intended meaning of e.xpfession (1) is a process which at any instant of
time produces on the output port g the current value of the input port o, and on
the output port § the current value of the join (v) of a with y. The join





































