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Occam

Proto occam

Occamis anew programming language. Itis designed to support concurrent
applications in which many parts of a system operate separately and interact.
Occamis relevant to many present day applications, particularly those involving
microprocessors and real time. Occam will be essential for future applications
involving the interaction of many thousands of computing components.

The novelty of occamis in its treatment of concurrency Occam enables the
programmer to express a program in terms of concurrent processes which
communicate by sending messages through communication channels. This
has two important consequences. Firstly, it gives the program a clear and simple
structure as the individual processes operate largely independently Secondly, it
allows the program to exploit the performance of many computing components,
as each concurrent process may be executed by an individual processor

Occam can capture the hierarchical structure of a system by allowing an
interconnected set of processes to be regarded from the outside as a single
process. Atany level of detalil, the programmer is only concerned with a small
and manageable set of processes.

This manual describes the initial version of the programming language, proto
occam. Proto occamiis intended to allow programmers and designers to
experiment with the use of concurrency in programming and system design. To
avoid obscuring the treatment of concurrency, proto occam has been kept small
and contains a minimum of additional features.

This manual contains an introduction to the principles of the language, a tutorial
introduction to the central features of the language, and a programmer’s
reference manual, providing full details of the language, complete with
examples.
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1 Introduction

A process performs a sequence of actions, and terminates. Each action may be
an assignment, an input or an output. An assignment changes the value of a
variable, an input receives a value from a channel, and an output sends a value
toachannel.

Atany time between its start and termination, a process may be ready and
waiting to communicate on one or more of its channels. Communication is
synchronous. When both an input process and an output process are ready to
communicate on the same channel, the value to be output is copied from the
output process to the input process. The input and ouput processes then
continue.

Each channel provides a one-way connection between two concurrent
processes; one of the processes may output to the channel, and the other may
input fromiit.

A process may be ready and waiting to input from any one of a number of
channels. In this case, the input is taken from the first channel which is used for
output by another process.

Occam may be used to program a network of computers. Each computer with
local store executes a process with local variables, and each connection
between two computers implements a channel between two processes.

Occammay be used to program an individual computer The computer shares
its time between the concurrent processes, and the channels are implemented
by values in store. Indeed, a program designed for a network of connected
computers may also be executed unchanged by a single computer



2 Tutorial introduction to occam

This section introduces the main features of occam, and shows how to build
simple occam programs. It assumes that the reader has had some experience
of programming



21 Building blocks

There are three primitive processes from which all other processes are
constructed

Aninput process. The ? symbol denotes input.
channel ? variable

Aninput process inputs a value fromthe channel into the variable.

Anoutput process. The | symbol denotes output.
channel ! expression

An ouput process outputs the value of the expression to the channel.

An assignment process. The := symbol denotes assignment.

variable := expression

An assignment process transfers the value of its expression to the named
variable.

These three primitive processes can be combined sequentially or concurrently
to create more complex processes, and thus they form the building blocks for
programs.



2.2 Sequential processes

Inmany applications itis necessary to do a number of steps one after the other

Assume that we require a process to input a single value via an input channel
named chant, thento output the square of the value via an output channel
named chan2

chant— x xxx >chan2

Thisis asequential process, as the output cannot take place before the input has
finished.

This process will normally be part of a larger design. For the time being, we will
assume that the channels used to connect this process to the rest of the system
have already been declared

We will need a local variable, say x, whichis to hold the input value. Inoccam, a
declarationimmediately preceeds the process to which it applies, and so we first
need to declare the variable x, which is done as follows

VAR x:

Every declaration in occam is introduced by a keyword (such as VAR), followed
by anidentifier, or alist of identifiers. The declaration is attached to a process and
this is signified by the colon. Next we state that the process is sequential

VAR x:
SEQ

The word SEQ must line up underneath the word VAR.

The firsteventinthe sequence will be the arrival of a value via the channel chanf
tobe storedin x. Toindicate this we write

VAR x:
SEQ
chan1 ? x

We indent the input process to indicate that it is a component of the sequential
process.



2.2 Sequential processes

Continued

The next process has to output the value of x*x via another channel named
chan2

VAR x: chant— x xxx F>chan2
SEQ

chani ? x

chan2 ! xxx

Note that the output process is again indented to indicate it is a component of the
sequential process.

SEQ ensures that each component process terminates before the following
component process is executed, and the entire process will only terminate when
the final component process has finished Thus once the output of xxx has taken
place, the sequential process itself has finished

SEQ is an example of an occam ‘constructor’ It builds a ‘construct’ (comprising
the SEQ and its component processes), which, taken as a whole, can be
regarded as a single process. Occam has a number of constructors, all of which
are used in a similar way



23 Repetitive processes

If we wish to square more than one value of x, we need to repeat the process that
we have just written. To do this we use the repetitive process

WHILE x >=0

This evaluates the expression accompanying it. If this expressionis TRUE the
component process will be executed When the component process has
finished, the expression will be evaluated again, and so on. As soon as the
expressionis FALSE, the repetitive construct terminates.

Thus for the example where we wish to square any number of successive values
of X, we need the expression always to be TRUE. We can state this using

WHILE TRUE

Since the sequential process is now a component of the repetitive process, we
mustindent it

WHILE TRUE
VAR x:
SEQ
chan1 ? x
chan2 ! xxx

Because the WHILE expression is always TRUE the process never terminates.
If we wish the process to square positive values of x, terminating when a
negative value is input, we have to use the condition x >= 0.

Tobe able to dothis, we have to arrange for x to be input before the WHILE is
executed This requires, therefore, another SEQ construct

SEQ
chan1 ? x
WHILE x >= 0

Inthe example above, x is declared within the repetitive process. Obviously x
has to be valid for this particular sequence, so we have to move the declaration

VAR x:

SEQ
chan1 ? x
WHILE x >= 0



23 ~ Repetitive processes
Continued

We have already input a value into x, so now all that is left to do is to output the
value of xxx, and to input the next value ready to be tested nexttime.

VAR x:
SEQ
chan1 ? x
WHILE x >=0
SEQ
chan2 ! xxx

chan1 ? x



If we require many processes to be running as a concurrent system, we can
construct a parallel process. Here we shall take two processes which do not
communicate with each other and run them in parallel, and then indicate a
method by which parallel processes can communicate. A parallel process is not
just limited to two components, of course.

Let us take the simple process described in section 2.3 which takes aninput
value fromone channel, and outputs its square to another channel The program
is

WHILE TRUE
VAR x:
SEQ
chan1 ? x
chan2 ! xxx

We can take a similar process which inputs a value y via achannel named
chan3 and outputs y*y viaachannelnamed chan4

WHILE TRUE
VAR y:
SEQ
chan3 ?y
chan4 | yxy

We would like to execute these processes in parallel We state this using the
parallel constructor, remembering to indent the two component processes

PAR
WHILE TRUE
VAR x:
SEQ
chan1 ? x
chan2 ! xxx
WHILE TRUE
VAR y:
SEQ
chan3 ?y
chan4 ! yxy



24 ~Parallel processes
Continued

The parallel process causes the two component processes to execute
simultaneously and terminates when its component processes have finished
The parallel process looks like

chan1—{ x xxx >chan2

chan3— y vyxy —>chan4

Notice that the order of the component processes in a parallel construct does not
matter

The above component processes do not communicate with each other To

illustrate how two concurrent processes can communicate with each other, we
build a process which outputs x* This process looks like

chan1—{ x xxx
comms
y yxy (>chan2

Forthe parallel process we must first declare the linking channel, in this case
named comms. Thisis done using

CHAN comms:

We next declare that the process is parallel and include its component
processes properly indented

CHAN comms:
PAR
WHILE TRUE
VAR x:
SEQ
chani ? x
comms ! xxx
WHILE TRUE
VAR y:
SEQ
comms ?y
chan2 ! yxy

This completes the parallel process. If we require two-way communication
between the concurrent processes we would need to use two channels. Notice
that x and y are declared in the respective component processes.



25 ~Inputand outputrevisited

Two concurrent processes communicate by using input and ouput. One
executes an output to a channel, the other executes an input from the same
channel Inputand output are synchronised An input will not complete
execution until an output on the same channel is executed, and equally an output
will not complete execution untilan input on the same channel is executed

Itis worth pausing to consider allittle further what actually happens in the
example given above. Both components of the parallel construct start executing
inparallel After a shorttime, the first one will reach its input process. A value is
suppliedvia chan1, and the next thing that happens is that the first process
reaches the output to the connecting channel comms.

Now consider the second process. There are two possibilities. Either the second
process has not yet reached its input, in which case the first process waits until
the second process does reach its input from comms, or the second process
already has reached its input, and so is waiting for a value to arrive.

Eventually, the communication takes place, and both processes go on their
separate ways. The output to chan2 and next input from chan1 cantake place
inparallel The two processes will synchronise again to communicate the next
intermediate result.



2.6 ~ Naming processes

Inthe example of the parallel process above we had to write the text of both
squaring processes. However, a name can be given to any process, allowing
that process to be used by name when itis required.

If we are going to use a process several times, connected to the rest of the
program in a different way each time, itis clear that the channels that are used on
each occasion will be different. So let's rewrite the process, using non-commital
names for the channels

WHILE TRUE
VAR x:
SEQ
source ? X
sink ! xxx

The process declaration allows us to give the process a name, for example,
square. Parameters are added to indicate the non-commital names (often these
are called formal parameters’). The process declaration is used in the following
way to provide a squaring process

PROC square (CHAN source, sink) =
WHILE TRUE
VAR x:
SEQ
source ? X
sink | xxx:

Note that the squaring process itself is indented.
We can use this process simply as follows

CHAN comms:

PAR
square (chan1, comms)
square (comms, chan2)



2.6 Naming processes
Continued

Thus we can rewrite the entire program by combining this with the declaration of
the squaring process

PROC square (CHAN source, sink) =
WHILE TRUE
VAR x:
SEQ
source ? X
sink ! xxx:
CHAN comms:
PAR
square (chan1, comms)
square (comms, chan2)

Notice how in each use of the process square we specify which channelsitis
actually going to use (this specification is often called ‘passing parameters’). For
example, inthe first use of the squaring process the channel named source now
has the name chan1, and the channel named sink has the name commes.
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