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10 2 transputer architecture

1.3.2  Local memory

Each transputer in a system uses its own local memory. Overall memory bandwidth is proportional to the
number of transputers in the system, in contrast to a large global memory, where the additional processors
must share the memory bandwidth.

Because memory interfaces are not shared, and are separate from the communications interfaces, they can
be individually optimized on different transputer products to provide high bandwidth with the minimum of
external components.

1.4 Communication

To provide synchronised communication, each message must be acknowledged. Consequently, a link requires
at least one signal wire in each direction.

Transputer 1 Transputer 2
—P
process w process x
>
process y process z

Figure 1.4 Links communicating between processes

A link between two transputers is implemented by connecting a link interface on one transputer to a link
interface on the other transputer by two one-directional signal lines, along which data is transmitted serially.

The two signal wires of the link can be used to provide two 0CCam channels, one in each direction. This
requires a simple protocol. Each signal line carries data and control information.

The link protocol provides the synchronized communication of occam. The use of a protocol providing for
the transmission of an arbitrary sequence of bytes allows transputers of different word length to be connected.

Each message is transmitted as a sequence of single byte communications, requiring only the presence of
a single byte buffer in the receiving transputer to ensure that no information is lost. Each byte is transmitted
as a start bit followed by a one bit followed by the eight data bits followed by a stop bit. After transmitting a
data byte, the sender waits until an acknowledge is received; this consists of a start bit followed by a zero
bit. The acknowledge signifies both that a process was able to receive the acknowledged byte, and that the
receiving link is able to receive another byte. The sending link reschedules the sending process only after
the acknowledge for the final byte of the message has been received.

Data bytes and acknowledges are multiplexed down each signal line. An acknowledge can be transmitted as
soon as reception of a data byte starts (if there is room to buffer another one). Consequently transmission
may be continuous, with no delays between data bytes.
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Data 0 1 2 3 4 5 6 7

Acknowledge

1 0

Figure 1.5 Link protocol

The links are designed to make the engineering of transputer systems straightforward. Board layout of two
wire connections is easy to design and area efficient. All transputers will support a standard communications
frequency of 10 Mbits/sec, regardless of processor performance. Thus transputers of different performance
can be directly connected and future transputer systems will directly communicate with those of today.

Transputer 1 Transputer 2 Transputer 1 Transputer 2
— ———
I ——
Common clock Clock 1 Clock 2

Figure 1.6 Clocking transputers

Link communication is not sensitive to clock phase. Thus, communication can be achieved between inde-
pendently clocked systems as long as the communications frequency is the same.

The transputer family includes a number of link adaptor devices which provide a means of interfacing trans-
puter links to non-transputer devices.
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2 occam model

The programming model for transputers is defined by occam (page 29). The purpose of this section is to
describe how to access and control the resources of transputers using 0occam. A more detailed description
is available in the occam programming manual and the transputer development system manual (provided
with the development system).

The transputer development system will .enable transputers to be programmed in other industry standard
languages. Where it is required to exploit concurrency, but still to use standard languages, 0Ccam can be
used as a harness to link modules written in the selected languages.

2.1 Overview

In occam processes are connected to form concurrent systems. Each process can be regarded as a black
box with internal state, which can communicate with other processes using point to point communication
channels. Processes can be used to represent the behaviour of many things, for example, a logic gate, a
microprocessor, a machine tool or an office.

The processes themselves are finite. Each process starts, performs a number of actions and then terminates.
An action may be a set of sequential processes performed one after another, as in a conventional programming
language, or a set of parallel processes to be performed at the same time as one another. Since a process
is itself composed of processes, some of which may be executed in parallel, a process may contain any
amount of internal concurrency, and this may change with time as processes start and terminate.

Ultimately, all processes are constructed from three primitive processes - assignment, input and output. An
assignment computes the value of an expression and sets a variable to the value. Input and output are
used for communicating between processes. A pair of concurrent processes communicate using a one way
channel connecting the two processes. One process outputs a message to the channel and the other process
inputs the message from the channel.

The key concept is that communication is synchronized and unbuffered. If a channel is used for input
in one process, and output in another, communication takes place when both processes are ready. The
value to be output is copied from the outputting process to the inputting process, and the inputting and
outputting processes then proceed. Thus communication between processes is like the handshake method
of communication used in hardware systems.

Since a process may have internal concurrency, it may have many input channels and output channels
performing communication at the same time.

Every transputer implements the 0occam concepts of concurrency and communication. As a result, occam
can be used to program an individual transputer or to program a network of transputers. When occam is
used to program an individual transputer, the transputer shares its time between the concurrent processes
and channel communication is implemented by moving data within the memory. When occam is used to
program a network of transputers, each transputer executes the process allocated to it. Communication
between occam processes on different transputers is implemented directly by transputer links. Thus the
same 0ccam program can be implemented on a variety of transputer configurations, with one configuration
optimized for cost, another for performance, or another for an appropriate balance of cost and performance.

The transputer and 0ccam were designed together. All transputers include special instructions and hardware
to provide maximum performance and optimal implementations of the ocCam model of concurrency and
communications.

All transputer instruction sets are designed to enable simple, direct and efficient compilation of occam.
Programming of I/, interrupts and timing is standard on all transputers and conforms to the 0CCam model.

Different transputer variants may have different instruction sets, depending on the desired balance of cost,
performance, internal concurrency and special hardware. The occam level interface will, however, remain
standard across all products.



2 occam model 13

Figure 2.1 Mapping processes onto one or several transputers

2.2 occam overview
221 Processes
After it starts execution, a process performs a number of actions, and then either stops or 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 to a channel.
At any time between its start and termination, a process may be ready to communicate on one or more of
its channels. Each channel provides a one way connection between two concurrent processes; one of the
processes may only output to the channel, and the other may only input from it.
Assignhment
An assignment is indicated by the symbol :=. The example

v = e

sets the value of the variable v to the value of the expression e and then terminates, for example:
x := O sets xtozero,and x := x + 1 increases the value of x by 1.

Input
An input is indicated by the symbol ? The example
c ? x
inputs a value from the channel ¢, assigns it to the variable x and then terminates.
Output
An output is indicated by the symbol ! The example
c'le

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



