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Output

An output is indicated by the symbol ! The example

c ! e

outputs the value of the expression e to the channel c.

2.2.2 Constructions

A number of processes can be combined to form a construct. A construct is itself a process and can there­
fore be used as a component of another construct. Each component process of a construct is written two
spaces further from the left hand margin, to indicate that it is part of the construct. There are four classes
of constructs namely the sequential, parallel, conditional and the alternative construct.

Sequence

A sequential construct is represented by

SEQ
PI
P2
P3

The component processes PI, P2, P3 ... are executed one after another. Each component process starts
after the previous one terminates and the construct terminates after the last component process termi­
nates. For example

SEQ
cl ? x
x .- x + I
c2 x

inputs a value, adds one to it, and then outputs the result.

Sequential constructs in occam are similar to programs written in conventional programming languages.
Note, however, that they provide the performance and efficiency equivalent to that of an assembler for a
conventional microprocessor.

Parallel

A parallel construct is represented by

PAR
PI
P2
P3

The component processes PI, P 2, P3 ... are executed together, and are called concurrent processes. The
construct terminates after all of the component processes have terminated, for example:

PAR
cl ? x
c2 ! y

allows the communications on channels c I and c2 to take place together.

The parallel construct is unique to occam. It provides a straightforward way of writing programs which
directly reflects the concurrency inherent in real systems. The implementation of parallelism on a single
transputer is highly optimized so as to incur minimal process scheduling overhead.
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Communication

2 Transputer ·architecture

Concurrent processes communicate only by using channels, and communication is synchronized. If a
channel is used for input in one process, and output in another, communication takes place when both the
inputting and the outputting processes are ready. The value to be output is copied from the outputting pro­
cess to the inputting process, and the processes then proceed.

Communication between processes on a single transputer is via memory-to-memory data transfer. Be­
tween processes on different transputers it is via standard links. In either case the occam program is iden­
tical.

Conditional

A conditional construct

IF
conditionl

Pl
condition2

P2

means that Pl is executed if condi tionl is true, otherwise P2is executed if condi tion2 is true, and
so on. Only one of the processes is executed, and then the construct terminates, for example:

IF
x = 0

y := y + 1
x <> 0

SKIP

increases y only if the value of x is O.

Alternation

An alternative construct

ALT
inputl

Pl
input2

P2
input3

P3

waits until one of inputl, input2, input3 ... is ready. If inputl first becomes ready, inputl is per­
formed, and then process Pl is executed. Similarly, if inpu t2 first becomes ready, input2 is performed,
and then process P2 is executed. Only one of the inputs is performed, then its corresponding process is
executed and then the construct terminates, for example:

ALT
count ? signal

counter := counter + 1
total ? signal

SEQ
out ! counter
counter := 0

either inputs a signal from the channel coun t, and increases the variable coun te r by 1, or alternatively
inputs from the channel total, outputs the current value of the counter, then resets it to zero.

The ALT construct provides a formal language method of handling external and internal events that must
be handled by assembly level interrupt programming in conventional microprocessors.
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Loop

occam model 15

WHILE condition
P

repeatedly executes the process P until the value of the condition is false, for example:

WHILE (x - 5) > 0
x := x - 5

leaves x holding the value of (x remainder 5) if x were positive.

Selection

A selection construct

CASE s
n

P1
ill,q

P2

means that P1 is executed if s has the same value as n, otherwise P2 is executed if s has the same value
as ill or q, and so on, for example:

CASE direction
up

x := x + 1
down

x := x - 1

increases the value of x if direction is equal to up, otherwise if direction is equal to down the value
of x is decreased.

Replication

A replicator is used with a SEQ, PAR, I For ALT construction to replicate the component process a number
of times. For example, a replicator can be used with SEQ to provide a conventional loop.

SEQ i = 0 FOR n
P

causes the process P to be executed n times.

A replicator may be used with PAR to construct an array of concurrent processes.

PAR i = 0 FOR n
Pi

constructs an array of n similar processes PO, P1, ... , Pn-l. The index i takes the values 0, 1, ... , n-1, in
PO, P1, ... , Pn-1 respectively.
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2.2.3 Types

Every variable, expression and value has a type, which may be a primitive type, array type, record type
or variant type. The type defines the length and interpretation of data.

All implementations provide the primitive types shown in table 2.1.

CHAN OF protocol

TIMER

BOOl

BYTE

INT

INT16

INT32

INT64

REAl32

REAl64

Each communication channel provides communication between two concur­
rent processes. Each channel is of a type which allows communication of data
according to the specified protocol.

Each timer provides a clock which can be used by any number of concurrent
processes.

The values of type BOOL are true and false.

The values of type BYTE are unsigned numbers n in the range 0 <=n< 256.

Signed integers n in the range _231 <=n< 231 .

Signed integers n in the range _215 <=n< 215.

Signed integers n in the range _231 <=n< 231 .

Signed integers n in the range _263 <=n< 263.

Floating point numbers stored using a sign bit, 8 bit exponent and 23 bit frac­
tion in ANSI/I EEE Standard 754-1985 representation. 1

Floating point numbers stored using a sign bit, 11 bit exponent and 52 bit frac­
tion in ANSI/IEEE Standard 754-1985 representation. 1

Table 2.1 Types

2.2.4 Declarations, arrays and subscripts

A declaration T x declares x as a new channel, variable, timer or array of type T, for example:

INT x:
P

declares x as an integer variable for use in process P.

Array types are constructed from component types. For example [ n ] T is an array type constructed
from n components of type T.

A component of an array may be selected by subscription, for example v [e] selects the e'th component
ofv.

A set of components of an array may be selected by subscription, for example [v FROM e FOR c]
selects the c components v [e], v [e + 1], ... v [e + c - 1]. A set of components of an array
may be assigned, input or output.

2.2.5 Procedures

A process may be given a name, for example:

PROC square (INT n)
n := n * n

defines the procedure square. The name may be used as an instance of the process, for example:

square (x)

is equivalent to

n IS x:
n := n * n

1.IEEE Standard for Binary Floating-Point arithmetic ANSI/IEEE Std 754-1985
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2.2.6 Functions

A function can be defined in the same way as a procedure. For example:

INT FUNCTION factorial (VAL INT n)
INT product:
VALOF

IF
n >= 0

SEQ
product := 1
SEQ i = 1 FOR n

product .- product * i
RESULT product

defines the function factorial, which may appear in expressions such as

m := factorial (6)

2.2.7 Expressions

An expression is constructed from the operators given in table 2.2, from variables, numbers, the truth val­
ues TRUE and FALSE, and the brackets ( and) .

Operator Operand types Description

+ - * / REM integer, real arithmetic operators

PLUS MINUS TIMES AFTER integer modulo arithmetic

= <> any primitive relational operators

> < >= <= integer, real relational operators

AND OR NOT boolean boolean operators

/\ \/ >< "- integers bitwise operators: and, or, xor, not

« » integer shift operators

Table 2.2 Operators

For example, the expression

(5 + 7) / 2

evaluates to 6, and the expression

(#lDF /\ #FO) » 4

evaluates to #0 (the character # introduces a hexadecimal constant).

A string is represented as a sequence of ASCII characters, enclosed in double quotation marks". If the
string has n characters, then it is an array of type [nJ BYTE.

2.2.8 Timer

All transputers incorporate a timer. The implementation directly supports the occam model of time. Each
process can have its own independent timer, which can be used for internal measurement or for real time
scheduling.

A timer input sets a variable to a value of type INT representing the time. The value is derived from a clock,
which changes at regular intervals, for example:

tim ? v

sets the variable v to the current value of a free running clock, declared as the timer tim.
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A delayed input takes the following form

tim ? AFTER e

2 Transputer architecture

A delayed input is unable to proceed until the value of the timer satisfies (timer AFTER e). The comparison
performed is a modulo comparison. This provides the effect that, starting at any point in the timer's cycle,
the previous half cycle of the timer is considered as being before the current time, and the next half cycle
is considered as being after the current time.

2.2.9 Peripheral access

The implementation of occam provides for peripheral access by extending the input and output primitives
with a port input/output mechanism. A port is used like an occam channel, but has the effect of transfer­
ring information to and from a block of addresses associated with a peripheral.

Ports behave like occam channels in that only one process may input from a port, and only one process
may output to a port. Thus ports provide a secure method of accessing external memory mapped status
registers etc.

Note that there is no synchronization mechanism associated with port input and output. Any timing con­
straints which result from the use of asynchronous external hardware will have to be programmed explicit­
ly. For example, a value read by a port input may depend upon the time at which the input was executed,
and inputting at an invalid time would produce unusable data.

During applications development it is recommended that the peripheral is modelled by an occam process
connected via channels.

2.3 Configuration

occam programs may be configured for execution on one or many transputers. The transputer develop­
ment system provides the necessary tools for correctly distributing a program configured for many
transputers.

Configuration does not affect the logical behavior of a program (see section four, Program development).
However, it does enable the program to be arranged to ensure that performance requirements are met.

PLACED PAR

A parallel construct may be configured for a network of transputers by using the PLACED PAR construct.
Each component process (termed a placement) is executed by a separate transputer. The variables and
timers used in a placement must be declared within each placement process.

PRI PAR

On any individual transputer, the outermost parallel construct may be configured to prioritize its compo­
nents. Each process is executed at a separate priority. The first process has the highest priority, the last
process has the lowest priority. Lower priority components may only proceed when all higher priority com­
ponents are unable to proceed.

2.3.1 INMOS standard links

Each link provides one channel in each direction between two transputers.

A channel (which must already have been declared) is associated with a link by a channel association,
for example:

PLACE LinkOlnput AT 4 :
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3 Error handling

Errors in occam programs are either detected by the compilerorcan be handled at runtime in one of three
ways.

1. Cause the process to STOP allowing other processes to continue.

2. Cause the whole system to halt.

3. Have an arbitrary (undefined) effect.

The occam process STOP starts but never terminates. In method 1, an errant process stops and in partic­
ular cannot communicate erroneous data to other processes. Other processes will continue to execute
until they become dependent on data from the stopped process. It is therefore possible, for example, to
write a process which uses a timeout to warn of a stopped process, or to construct a redundant system
in which several processes performing the same task are used to enable the system to continue after one
of them has failed.

Method 1 is the preferred method of executing a program.

Method 2 is useful for program development and can be used to bring transputers to an immediate halt,
preventing execution of further instructions. The transputer Error output can be used to inform the trans­
puter development system that such an error has occurred. No variable local to the process can be over­
written with erroneous data, facilitating analysis of the program and data which gave rise to the error.

Method 3 is useful only for optimizing programs which are known to be correct!

When a system has stopped or halted as a result of an error, the state of all transputers in the system can
be analyzed using the transputer development system.

For languages other than occam, the transputer provides facilities for handling individual errors by soft­
ware.
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4 Program development

2 Transputer architecture

The development of programs for multiple processor systems can involve experimentation. In some
cases, the most effective configuration is not always clear until a substantial amount of work has been
done. For this reason, it is desirable that most of the design and programming can be completed before
hardware construction is started.

4.1 Logical behavior

An important property of occam in this context is that it provides a clear notion of 'logical behavior'; this
relates to those aspects of a program not affected by real time effects.

It is guaranteed that the logical behavior of a program is not altered by the way in which the processes
are mapped onto processors, or by the speed of processing and communication. Consequently a program
ultimately intended for a network oftransputers can be compiled, executed and tested on a single comput­
er used for program development.

Even if the application uses only a single transputer, the program can be designed as a set of concurrent
processes which could run on a number of transputers. This design style follows the best traditions of
structured programming; the processes operate completely independently on their own variables except
where they explicitly interact, via channels. The set of concurrent processes can run on a single transputer
or, for a higher performance product, the processes can be partitioned amongst a number of transputers.

It is necessary to ensure, on the development system, that the logical behavior satisfies the application
requirements. The only ways in which one execution of a program can differ from another in functional
terms result from dependencies upon input data and the selection of components of an ALT. Thus a simple
method of ensuring that the application can be distributed to achieve any desired performance is to design
the program to behave 'correctly' regardless of input data and ALT selection.

4.2 Performance measurement

Performance information is useful to gauge overall throughput of an application, and has to be considered
carefully in applications with real time constraints.

Prior to running in the target environment, an occam program should be relatively mature, and indee9
should be correct except for interactions which do not obey the occam synchronization rules. These are
precisely the external interactions of the program where the world will not wait to communicate with an
occam process which is not ready. Thus the set of interactions that need to be tested within the target
environment are well identified.

Because, in occam, every program is a process, it is extremely easy to add monitor processes or simula­
tion processes to represent parts of the real time environment, arid then to simulate and monitor the antici­
pated real time interactions. The occam concept of time and its implementation in the transputer is impor­
tant. Every process can have an independent timer enabling, for example, all the real time interactions
to be modelled by separate processes and any time dependent features to be simulated.

4.3 Separate compilation of occam and other languages

A program portion which is separately compiled, and possibly written in a language other than occam,
may be executed on a single transputer.

If the program is written in occam, then it takes the form of a single PROC, with only channel parameters.
If the program is written in a language other than occam, then a run-time system is provided which pro­
vides input/output to occam channels.




