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Preface

This manual describes the Transputer Development System, an integrated programming environment devel-
oped by INMOS to support the programming of transputer networks in occam. The Transputer Development
System comprises an integrated editor, file manager, compiler and debugging system.

The Transputer Development System runs on a transputer board; for example it runs on an INMOS IMS B008
board with an IMS B404 TRAM (transputer module) containing an IMS T800 32-bit processor and 2 MBytes
of memory. This board is installed inside an IBM PC/AT or similar computer, which provides a means of
interfacing keyboard, screen and disks to the transputer.

The Transputer Development System allows occam programs to be written, compiled and then run from
within the development system. Programs may also be configured to run on a target network of transputers;
these may range from a single transputer on an evaluation board to networks of several hundred transputers.
The code for a transputer network may be loaded directly from the Transputer Development System, through
a link connecting the Transputer Development System transputer to the target network. Programs may also
be placed into a file separate from the Transputer Development System, or into a ROM (Read-Only Memory),
and used to load a network.

A post-mortem debugger allows programs running in the Transputer Development System environment or
on a transputer network to be examined after they have been interrupted or have stopped as a result of an
error. The line of source corresponding to a program error on one of the processors can be displayed, and
the values of variables may be examined. The state of other currently active processes on this processor,
and on other processors in the network, can also be examined.

The Transputer Development System software includes the interactive programming environment, the com-
pilation utilities and other programming tools, a number of libraries to support program development (such as
mathematical functions and I/O libraries), and an extensive set of examples in source form.

This manual is divided into two major parts: the User Guide, which introduces the system and takes the reader
through the steps needed to write, compile and run programs, and the Reference Manual, which contains
detailed reference information on the editor, utilities, tools, libraries and system interfaces.

The instructions on installing the software and a detailed list of the components of the release are contained
in a separate Delivery manual, supplied with the software.

This manual corresponds to the IMS D700E (I1BM PC) release of the Transputer Development System, which
supports new transputer targets and is supported by, and can generate programs supported by, the server
program iserver, used by all other INMOS hosted software products.



1 How to use the manual

The Transputer Development System Manual is broadly structured into four sections:
« Introduction
e User Guide
o Reference Manual
o Appendices

Each of the sections is briefly described below.

1.1 Introduction
This section gives a light, readable introduction to the transputer and the Transputer Development System
(referred to as TDS in the rest of this manual). The rest of the manual does not require this to have been

read and anyone reasonably familiar with the transputer can skip over this section. It does not require the
reader to be sitting at a terminal, in fact it can be read anywhere: in an armchair or on a train for example.

1.2 User guide

The user guide provides the essential information for someone to start using the TDS. It provides an intro-
duction to the facilities of the TDS and contains examples where appropriate. Most, but not all, is essential
reading, depending upon one’s individual interests.

Chapters 3 to 6, which introduce the development environment, should be carefully read by everyone.

Chapters 7 and 8 which deal with transputer networks and standalone programs need only to be read if they
satisfy a user’s interest.

Chapter 9 on debugging should be read by everyone, but not necessarily the sections relating to networks.

Chapters 10 and 11 which deal with EPROM programming and low level programming are not essential
reading.

1.3 Reference manual

The reference manual gives the detailed, technical information that was not appropriate to the user guide.
This part of the manual is not intended to be read as such, merely referred to.

1.4 Appendices

The appendices are there to provide rapid reference. As such certain of the information may duplicate that
already found in the reference manual, but it is in a more accessible form.

15 Delivery manual

Additional information about installation and host-dependent aspects of the software will be found in a separate
delivery manual shipped with the software.



2 Introduction

2.1 Overview

A transputer is a microcomputer with its own local memory and with links for connecting one transputer to
another transputer.

System (—N —N

services Processor

Interface —> Output

On-chip f—N
RAM” \— .

-

| Application specific interface

Figure 2.1 The transputer architecture

The transputer architecture defines a family of programmable VLS| components. A typical member of the
transputer product family is a single chip containing processor, memory, and communication links which
provide point to point connection between transputers. In addition, each transputer product contains special
circuitry and interfaces adapting it to a particular use. For example, a peripheral control transputer, such as
a graphics or disk controller, has interfaces tailored to the requirements of a specific device.

A transputer can be used in a single processor system or in networks to build high performance concur-
rent systems. A network of transputers and peripheral controllers is easily constructed using point-to-point
communication.

Transputers and occam

Transputers can be programmed in most high level languages, and are designed to ensure that compiled
programs will be efficient. Where it is required to exploit concurrency, but still to use standard languages,
occam can be used as a harness to link modules written in the selected languages.

To gain most benefit from the transputer architecture, the whole system can be programmed in occam. This
provides all the advantages of a high level language, the maximum program efficiency and the ability to use
the special features of the transputer.

occam provides a framework for designing concurrent systems using transputers in just the same way
that boolean algebra provides a framework for designing electronic systems from logic gates. The system
designer’s task is eased because of the architectural relationship between occam and the transputer. A
program running in a transputer is formally equivalent to an 0ccam process, so that a network of transputers
can be described directly as an occam program.

The occam language used in this product is 0CCam 2, this is a successor to the untyped language occam 1
or proto-occam.



4 2 Introduction

2.2 System design rationale

The transputer architecture simplifies system design by the use of processes as standard sofiware and
hardware building blocks.

An entire system can be designed and programmed in 0occam, from system configuration down to low level
IO and real time interrupts.

2.2.1 Programming

The software building block is the process. A system is designed in terms of an interconnected set of
processes. Each process can be regarded as an independent unit of design. It communicates with other
processes along point-to-point channels. Its internal design is hidden, and it is completely specified by the
messages it sends and receives. Communication between processes is synchronized, removing the need for
any separate synchronisation mechanism.

Internally, each process can be designed as a set of communicating processes. The system design is
therefore hierarchically structured. At any level of design, the designer is concerned only with a small and
manageable set of processes.

222 Hardware

Processes can be implemented in hardware. A transputer, executing an occam program, is a hardware
process. The process can be independently designed and compiled. Its internal structure is hidden and it
communicates and synchronizes with other transputers via its links, which implement occam channels.

The ability to specify a hard-wired function as an occam process provides the architectural framework for
transputers with specialized capabilities (e.g. graphics). The required function (e.g. a graphics drawing and
display engine) is defined as an occam process, and implemented in hardware with a standard occam
channel interface. It can be simulated by an 0ccam implementation, which in turn can be used to test the
application on a development system.

223 Programmable components

A transputer can be programmed to perform a specialized function, and be regarded as a ‘black box’ thereatter.
Some processes can be hard-wired for enhanced performance.

A system, perhaps constructed on a single chip, can be built from a combination of software processes, pre-
programmed transputers and hardware processes. Such a system can, itself, be regarded as a component
in a larger system.

The architecture has been designed to permit a network of programmable components to have any desired
topology, limited only by the number of links on each transputer. The architecture minimizes the constraints
on the size of such a system, and the hierarchical structuring provided by occam simplifies the task of
system design and programming.

The result is to provide new orders of magnitude of performance for any given application, which can now
exploit the concurrency provided by a large number of programmable components.

23 occam model

The programming model for transputers is defined by occam. The purpose of this section is to describe how
to access and control the resources of transputers using occam. A more detailed description is avaitable in
the occam reference manual.

Where it is required to exploit concurrency, but still to use standard sequential languages such as C or
FORTRAN, occam can be used as a harness to link modules written in the selected languages.
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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.
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Figure 2.2 Mapping processes onto one or several transputers

Every transputer implements the occam 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 implemenied 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.
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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 compllatlon of occam.
Programming of I/O, interrupts and timing is standard on alf 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.

2.4 A programmer’s introduction to the transputer

This description is intended to introduce the transputer to readers whose background is in programming rather
than in hardware.

Most of the information here is taken from ‘The Transputer Reference Manual’. Reference is also made to
other INMOS publications where particular matters are discussed at greater depth.

Transputers are members of a family of VLSI components. Many properties and features of transputers are
common to all members of the family, but some differ between members. This introduction concentrates on
the things which are common to all transputers.

A transputer is a VLSI device (a chip) consisting principally of a processor, memory and communications
links. Transputers can (but need not) have additional memory connected externally.

Transputers are designed to be connected to other transputers, through their communications links. Typically
there are four links on a transputer, but there is nothing fundamental about this number.

2.41 Addresses and the memory

Addresses in a transputer are signed binary integers whose range is determined by the word length of the
particular transputer. A word on the transputer may contain any integral number of 8-bit bytes. Existing
transputers have either 16-bit (2-byte) words or 32-bit (4-byte) words. Although data transfer to and from
memory is normally in multiples of words at the hardware level, the addressability is at the individual byte
level.

Each byte in address space has a distinct address. The lowest is the most negative number expressible
in the word size (—32768 on a 16-bit transputer). The highest address is the highest positive number so
expressible. Because negative numbers in decimal representation are not particularly easy to think about, it
is normal to use hexadecimal representation when talking about transputer addresses.

The address range of a 16-bit transputer is thus #8000 to #7FFF (64K bytes) and that of a 32-bit transputer
is #80000000 to #7FFFFFFF (4 Gigabytes).

Bytes within words are addressed with increasing addresses from the least significant end of the word. The
address of a word is always expressed as the byte address of its least significant byte. This ‘little-endian’
convention is applied uniformly to all data representation and addressing on the transputer. It is therefore
conventional for programming language compilers to allocate arrays with the lowest subscripted element at
the lowest address. This extends naturally to arrays of arrays.

Whether or not a particular address actually refers to a memory cell which can be read and/or written depends
on the type of transputer and what connections have been made to its external memory interface pins.

For convenience we shall call the minimum address Minint. The addresses at and immediately above
Minint are used to address the communications links, and for some special purposes which may be
considered equivalent to additional special purpose hardware registers.
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These addresses, and a block of addresses above these, refer to memory in the on-chip RAM of the transputer.
The size of the on-chip RAM varies between transputer types (e.g. on the IMS T800 it is 4096 bytes). On-chip
RAM has a faster access time than off-chip memory; the way program design can take advantage of this is
mentioned below. The first address not used by the processor for special purposes is called MemStart.

Whether or not addresses further from Minint than the size of on-chip RAM identify actual memory locations
depends on the external hardware design. External memory is normally connected in such a way that its
addresses follow on directly from the on-chip RAM. Most compilers rely on this convention. Some of the
highest end of address space may be allocated to ROM on self-starting systems. Other addresses above the
rest of RAM may be allocated for special purposes such as memory-mapped peripherals, shared video-RAM
or whatever a particular hardware design needs to provide in such a way that a program may access it as if
it were memory.

242 Registers and instructions

For a more complete description of the instruction set of the transputer see the book ‘Transputer instruction
set: a compiler writer's guide’.

Like the majority of processors for which programmers write programs the transputer has a small number
of registers and a repertoire of instructions, transferring bit patterns between registers and/or memory and
performing operations on these bit patterns.

The registers of the transputer are special purpose, and are not explicitly referenced by instructions. it is not
necessary for the beginning programmer to be aware of what registers there are, as high level programming
languages hide these from the programmer. As mentioned above some of these registers are actually
implemented in memory, the others are special purpose hardware.

Two registers, which are common to all transputers, are fundamental to the understanding of how programs on
the transputer are constructed. These are the instruction pointer register Iptr and the workspace descriptor
register Wdesc.

The instruction pointer register has the same size as the transputer word and so can hold a byte address
to a location anywhere in address space. It holds the address of the next instruction to be executed by the
processor.

The workspace descriptor register holds two items of information. lts least significant bit defines the processor
priority. The rest of the register holds the address of a word in memory. As word addresses always have
a zero in the least significant position, this word address is derived by forcing the priority bit to zero. The
word address, known as Wptz, points to a place in memory conventionally used for the local variables
of a procedure or other program unit. Any other information required to define the state of a process is
addressed, directly or indirectly, relative to Wptr. Absolute addressing is reserved solely for the locations
below Memstart and for addressing memory mapped peripherals, etc.

The design of the instruction set has two particularly important features. It is never necessary for absolute
addresses to be embedded in code, and so code can always be made position independent. All instructions
occupy one byte each and so the structure of the instruction set is independent of the word length of the
transputer.

Each one-byte instruction consists of two 4-bit fields. The most significant 4 bits define the operation and the
least significant 4 an operand. One of the 16 basic instructions is an ‘operate code’ whose operand extends
the instruction set. Two of the operands out of the other 15 possible are used as special purpose prefix
operations and allow either extended operation codes or operands up to the word length to be accumulated.
The remaining 13 instructions use the operand as an immediate literal value or address offset. Address
offsets are normally expressed in words, except for explicit byte accessing instructions and jumps and calls
which access program code addresses.

The set of instructions provided is especially tailored to the support of programs compiled from high level
languages, especially the occam language designed by INMOS for the transputer. occam is defined in the
‘occam 2 reference manual’.
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The instructions cover the usual range of operations including transfers between memory and registers,
arithmetic and logical operations on values in registers and the usual unconditional and conditional relative
jumps, etc. In addition there is a range of instructions which specifically support the 6ccam process model.
These instructions assume that the compiler has organised the run-time memory into workspace areas which
can be pointed to by Wptx, and use the locations immediately surrounding the word identified by Wptz for
special purposes connected with the management of processes and the switching of contexts.

Instructions are implemented by microcode in the processor, but the user need never be concerned with this
level of processing. Some transputers have additional special purpose processing units for such operations
as floating point arithmetic. From the programmer’s point of view these are treated as an extension to the
central processor with instructions encoded in a uniform manner.

243 Processes and communications

The transputer and occam model of computation is based on the concept of processes which communicate
solely by transferring messages to each other along channels. A communication is strictly point to point
with one sending process and one receiving process and is synchronised, insofar as either the sender or
the receiver may be ready to communicate before the other, and is then unable to proceed until the other
becomes ready and the transfer has taken place. A single communication may be any length from one byte
upwards, restricted only by the fact that the count (of bytes) must fit in one word, interpreted as an unsigned
integer.

The transputer instructions for communication and the hardware communication links have been designed so
that it is possible to compile identical code for communications between processes sharing a single processor
and for communications across hardware links. This makes it possible to design, and to compile components
of, multi-process programs independently of the allocation of these components to distinct processors. This
is one of the reasons for outlawing communication between processes by means of shared access to memory
locations. The hardware does not protect against such shared access but the occam compiler does. Another
important check that the compiler will perform if possible is that the sending process and the receiving process
in a communication agree on the length of each message transmitted. When the lengths of messages are not
known at compile time, it is conventional for them to be sent in a previous message along the same channel.

The channels used for communication are represented directly in the 0ccam language. Any word in memory
may be used as an internal (soft) channel. Such a word is named and allocated, in the same way as a program
variable, in the workspace of a process. The channel word holds a pointer to the workspace of a process
waiting for communication on that channel. This word will contain a unique null value except at the time when
one process is ready to communicate on that channel and another is not yet ready. This pointer will in turn
identify the instruction pointer value at which the other process may resume execution after the transfer is
complete. :

in order to ensure that the process at the other end of a communication will have an opportunity to become
ready, the processes running concurrently on any one processor are time sliced. Time slicing can only occur
after the execution of one of a limited set of instructions. These points are designed to be at positions in the
execution sequence where the quantity of state information in registers that needs to be saved at the switch
of context is minimised.

Processes awaiting communication are only identified in the channel word of that communication. Other
processes that have been started, but which are not actually being executed, are held on queues represented
by head and tail pointers in dedicated processor registers and the intermediate pointers in the workspaces of
the processes themselves. A similar queuing mechanism is used to handle the transputer’s real time clock,
for which any process may wait using head and tail pointers in the reserved memory below MemStart. The
representation of queues by links in the workspaces of the processes themselves does not impose a limit
on the lengths of such queues, and so very large numbers of parallel processes, many of which may share
common code, can coexist within a transputer.

The implementation of communication is such that when long messages are being transferred between
external links and memory, the processor is not involved, and so other processes using other links or not
using any links may proceed strictly in parallel. This feature, accompanied by careful program design, may
be used to optimise the performance of distributed computations.
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This brief introduction to the implementation of communications is intended only to give readers a general
idea of the way this is done. In practice the behaviour is complicated by the existence of two priorities, and
the need to be able to handle the 0CCam concept of alternation, which allows a process to be ready to
receive an input from any one of a number of channels at any one time.

244 Starting and stopping

Some of the pins on a transputer chip are provided to handle the special requirements of starting and stopping
transputer programs. Starting is concerned with getting a transputer going when it is first switched on or when
it must be restarted after stopping. Stopping is normally accompanied by the assertion of an error signal on
an output pin.

The way these pins are made visible to the programmer is dependent on the design of the circuit board on
which the transputer is mounted. In general it may be possible for external processors to set some of the
input pins and read the state of some of the output pins, or their state may depend on microswitch settings
or other hardware devices.

The normal method of starting a transputer is to cause it to execute a bootstrap program, which may in turn
load and/or execute any other program in the memory.

The BootFromRom pin determines whether the bootstrap is assumed already to exist in ROM or must be
received as a communication on a link before being executed. These two ways of starting are called boot
from ROM and boot from link, respectively. A Reset signal initiates the bootstrap process.

When booting from ROM the necessary boot program must have been written into the ROM chip, and the
chip wired into address space, in such a way that the two bytes at the extreme top of address space are
a jump instruction to the bootstrap program itself. According to the system design the rest of the program
may then be read from a link or another peripheral, or may already be resident in the ROM. Code for other
processors connected by links may also reside in the ROM of a transputer acting as network master and may
be transmitted to these processors as part of the bootstrapping process.

When booting from link the transputer starts in a state in which it can respond to any input on any one of its
links. The first byte received determines the next action. If this byte has any value greater than 1, it defines
the length of the bootstrap program which follows. Such a bootstrap program is read directly from the link into
memory starting at the address MemStaxrt, and the Iptr and Wdesc are initialised so that the instruction
at MemStart is the first to be executed, and the Wdesc is set for low priority with a workspace starting at
the first word above the bootstrap program. The identity of the host link and the previous values of Iptr
and Wdesc are preserved in registers.

If the first byte received when a transputer is set to boot from link is a 0 or a 1, one of two special actions
occurs. These special actions consist of writing or reading the contents of any one word in address space.
The read command (0) is expected to be followed by a single word which is interpreted as an address; the
transputer then sends the contents of that address out on the output link corresponding to the input fink on
which the command was received. The write command (1) is expected to be followed by two words, the first
is interpreted as an address and the second as a value to be written there.

These commands, alternatively known as peek and poke, may be used by a program at the other end of such
a link to determine the state of a transputer which has been reset but not booted, or to perform any other
diagnostic actions. Any number of peek or poke commands may be received and obeyed before a bootstrap
program is received.

The transputer has an error flag which can be set on the occurrence of arithmetic overflow and similar
conditions. It can also be set explicitly. The state of this flag is represented by the Error pin whose state can
be detected externally. INMOS evaluation boards are designed so that after an error is detected an Analyse
signal may be sent to the network of transputers including the one which has set error.

The Analyse signal forces a clean close down on each transputer and leaves it in a state in which its memory
and register contents at the time of error may be recovered. This feature is used by the debugger program.
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INMOS have established a set of conventions for the use of these signals for the loading and post-mortem
analysis of transputer programs. These are discussed in Technical Notes 33 and 34.

245 Programs

A transputer program, like any other, must be designed, written, compiled, linked, stored somewhere, loaded,
entered and run. A iransputer program, unlike most others, may be a multi-processor program.

A transputer program may be constructed to be totally self-contained, handling all its communications with its
peripheral devices itself, or it may be designed to require support at run time from some other program (arun
time system). Communication between a program and its run time system should be designed to use occam
channels. If the run fime system is on a processor also used by the program then it is conventional to build
the program as an occam procedure (PROC) and to pass these channels to it as procedure parameters.
Initial values of any kind may also be passed into such a program as parameters.

Otherwise the run time system may be any process connected to the program only by hard channels (links).
Such a run time system may be another transputer program, or any suitably designed program on other kinds
of processor connected in such a way that it can communicate using one or more INMOS links. INMOS
evaluation boards designed for mounting inside an IBM PC or compatible computer achieve this by using an
INMOS link adaptor which appears to the transputer as a pair of hard channels, but which appears to the
8086 (or similar) processor in the PC as a collection of addressable locations in memory.

246 Multi-processor programs

As it is possible for arbitrarily long messages to be communicated in a single transfer, the process of loading
a program into a transputer can be made very simple. A multi-processor program may be loaded into a
network of transputers from any point in the network, using any graph of link connections which spans the
network. Each processor in the network first receives a bootstrap program, which in turn performs its part in
the loading of more remote processors and finally itself. The code on each processor is then entered at its
entry point, and can perform an arbitrary amount of local initialisation or other computation before interacting
with one or more connected processors by attempting a link communication.

The stored form of a multi-processor program must be constructed using knowledge of the network connectivity
to be used for loading. The individual code blocks transmitted to the network have to have their destinations
identified. These destinations are defined solely by the path, in terms of link numbers at each processor on
the path, to be taken by the code. There is no concept of processor naming in the stored form of a program.

The software tool which constructs the stored form of a multi-processor program from its components is called
a configurer.

247 Conventions for the code on each processor

Conventions adopted by INMOS software tools define the structure of the code area and the data area on
each transputer processor. The hardware architecture does not impose any such structure, beyond requiring
each process to have, at any time, a block of words in memory to which the workspace pointer Wptx points.
As addressing relative to Wptr is the most efficient method of memory access, and offsets up to 15 words
from Wptx are the most efficiently accessed of these, compilers generate code which allocates these words
in blocks as stack frames to local variables, procedure parameters, etc.

It is a feature of occam 2 that the sizes of stack frames can be determined at compile time. This enables
a simple approach to be adopted to the allocation of stack frames for called procedures at addresses im-
mediately below the frame for the calling procedure. Parameter locations are so positioned that they can be
equally readily accessed by the calling code and by the called code after Wptx has been adjusted appropri-
ately. The size of each stack frame is called the workspace size of the procedure. This is handled internally
by the compiler for locally declared procedures, but must be kept in a compiled code descriptor for separately
compiled modules, such as those in a library of commonly used procedures.
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Parallel processes, including those executing common code, are allocated their own disjoint workspaces within
which all locally declared variables will be allocated. In occam the sizes of these are also determinable at
compile time.

Languages with recursion and/or arrays whose sizes are determined at run time do not allow such a simple
approach to the allocation of stack frames. There will inevitably be more overhead at run time associated
with procedure calling in such languages.

The variables of a program may be classified into the scalars, occupying up to 8 bytes each, and the arrays
or vectors, which are larger blocks normally accessed by indexing. Compilers may decide whether or not to
include the vectors in the workspace stack frame for a procedure. If a compiler allows vectors to be allocated
in a separate area, performance will probably be enhanced because of the more efficient access to scalars
with smaller offsets, but there will be added complexity at compile time as both scalar and vector workspace
sizes will need to be managed in compiled code descriptors.

The separate allocation of vectors has an additional benefit on the transputer where the lowest memory
addresses are those of the on-chip RAM which has the fastest access speed. By allocating scalar workspace
at the lowest addresses, followed by the code, followed in turn by the vector workspace, an optimum use of
on-chip RAM is likely to be achieved for the majority of programs.

When the user's program shares a single transputer with a run time system such as is provided by the
INMOS TDS, it is conventional for the run time system to be allocated at the high end of available memory.
When loading a user’s program, the workspace requirement of that program, and the run time system’s use
of memory for its own purposes can be taken into account before the called program is entered, and the
called program can be informed of the size of otherwise unused memory as a procedure parameter. This
technique is used by software tools within the TDS to create working arrays with sizes proportional to the size
of available memory.

25 Program development

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.

2541 Logical behaviour

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

It is guaranteed that the logical behaviour 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 of transputers can be compiled, executed and tested on a single computer
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 behaviour 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.
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252 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 indeed 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 0CCam, every program is a process, it is extremely easy to add monitor processes or simulation
processes to represent parts of the real time environment, and then to simulate and monitor the anticipated
real time interactions. The occam concept of time and its implementation in the transputer is important.
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.

253 The transputer development system

The transputer development system is an integrated development system which can be used to develop
occam programs for a transputer network. It consists of a plug in board for an IBM PC with a transputer
module, such as an IMS B404, and all the appropriate development software, see figure 2.3.
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Figure 2.3 Transputer development system

Most of the development system runs on the transputer board; there is a program on the IBM PC called a
‘server’, which provides the development system with access to the terminal and filing system of the IBM PC.

Using the TDS a programmer can edit, compile and run 0ccam programs entirely within the development
system. occam programs can be developed on the TDS and configured to run on a network of transputers,
with the code being loaded onto the network from the TDS. Alternatively an operating system file can be
created which will boot a single transputer or network of transputers. As a final variation, the TDS can be
used to create programs for single transputer or networks of transputers that operate completely independently
of the TDS; such code could be placed in EPROM for example. Programs that work independently of the
TDS are known as ‘standalone’ programs.

The TDS comes with all the necessary software tools and utilities to support this kind of development. There is
a variety of libraries to support mathematical functions and input/output for example. There is a sophisticated
debugging tool and software to analyse the state of a network.
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3 Directories

The software components of the Transputer Development System are supplied as compressed files. As part
of the installation procedure a directory \ARCD70O0E is created, where the compressed files are placed. The
directories required by the system are created and the appropriate files extracted from the compressed ones
and placed in the correct directories. The compressed files may then be deleted.
The main directory created is called \TDS3 and all files are stored in subdirectories.
The actual subdirectories used are (some in turn have subsubdirectories):
\TDS3\SYSTEM System and utility files.
These files must be accessible from any working directory.
If the operating system on the computer is DOS
then a path must be set to this directory.
\TDS3\COMPLIBS Compiler libraries.
\TDS3\TOOLS Software tools supplied with the system e.g. debugger.
\TDS3\IOLIBS Libraries of input/output procedures.
\TDS3\HOSTLIBS Libraries of procedures supporting the iserver interface.
\TDS3\MATHLIBS Libraries of additional mathematical functions.
\TDS3\TUTOR Tutorial material described in the user guide.
\TDS3\EXAMPLES Additional example programs that are supplied with the system.
\TDS3\ SERVER Server files.
\TDS3\INMOS Libraries used by TDS tools and examples only.
Some of the terms used above will not be familiar to many people at this stage. They will become clearer

by carefully reading and working through the user guide. There is a glossary at the end of the book and the
reference manual describes the more technical aspects of the system in greater detail.






4 The editing environment

4.1 Introduction

The Transputer Development System (TDS) consists of a plug-in transputer board and development software
which runs on the transputer board. This combination provides a complete, self-contained development
environment in which programs can be developed, compiled and run. Programs can also be developed and
compiled on the TDS to run on a network of transputers, the code being loaded on to the network from the
TDS. In this case the combination of transputer board and PC is referred to as the ‘host computer’, and the
transputer network is known as the ‘target system’. Finally, as is probably more realistic for most applications,
programs can be developed to run on transputers completely independently of the TDS; these are known as
‘standalone’ programs.

The principal interface to the system is an editor; as soon as the system starts up the user is placed in
an editing environment, and all program editing, compilation and running can be carried out within that
environment, by the use of a set of function keys. Instead of having a special command language to the
operating system to manage the filing system, file operations occur automatically as a result of certain editor
operations. There is also a set of ‘utility’ function keys which may be assigned to different functions during a
session. Throughout this manual the convention of referring to function keys (including utility function keys)
by name will be followed; for example: [CURSOR UP] or [COMPILE]. In fact these logical names may correspond
to a combination of physical keypresses at the terminal. The actual keys associated with these function key
names are given in the keyboard layout diagrams in appendix A.

The editor interface is based on a concept called ‘folding’. The folding operations allow the text currently
being entered to be given a hierarchical structure (‘fold structure’) which reflects the structure of the program
under development.

Because of the importance of folding within the TDS, this chapter starts by explaining folding. It then describes
how to boot up the TDS. As with many systems, the best way to start learning about the TDS is to start using
it. For this reason a tutorial file is provided; this does not assume any knowledge about the TDS so it can be
worked through before reading the rest of the chapter. Section 4.3 describes how to find the tutorial file. The
rest of the chapter describes the editor interface in some detail, and then describes the facilities for loading
and running code within the editing environment.

411 Folding

Just as a sheet of paper may be folded so that portions of the sheet are hidden from view, the folding editor
provides the ability to hide blocks of lines in a document. A fold contains a block of lines which may be
displayed in two ways: open, in which case the lines of the fold are displayed between two marker lines
(called creases), or closed, in which case the lines are replaced by a single marker line called a fold line.

To create a fold the user inserts creases around the text to be folded; the fold is closed automatically when
the second crease is made. Any text may be placed on the fold line to indicate what the fold contains; this
text is called the ‘fold header'.

A fold may be removed, so that its contents are once again placed in sequence with the surrounding lines.

Folds may contain text lines and also fold lines; therefore folds can be nested. Folds can be nested to a
maximum depth of 50.

An example of how folds are displayed by the editor follows. The fold line is marked with three dots (. . .).
A top crease is marked with the symbol {{{. A bottom crease is marked with }}}. There are two folds in
this program: one marked Declarations, and one marked initialise. In the second example the
fold initialise has been opened.
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Example: program with closed folds

... Declarations
SEQ
... initialise
WHILE going
process (ch, going)

Example: program with open fold

... Declarations
SEQ
{{{ initialise
going := TRUE
input ? ch
11}
WHILE going
process (ch, going)

A fold has an indentation associated with it; the fold and crease line markers begin at this indentation level.
No text may be inserted within the fold to the left of this indentation. In occam the indentation of a line is
significant; the folding features of the editor make it relatively easy to change the indentation of part of an
occam program.

Folding, in conjunction with the ability to nest folds, provides a way of organising a large document or program
as a hierarchy. The editor has functions to ‘enter’ a fold, which opens the fold and moves down into it, and
also to ‘exit’ the fold, which closes the fold and returns to the level from which the fold was entered. For
example, entering the fold marked Declarations in the example above would make the following lines
the only visible lines on the screen.

Example: entering a fold

{{{ Declarations
INT ch:
BOOL going:
PROC process ()
. body of process

11}
Here the line marked body of process is a fold nested inside the fold Declarations.

Any document can be folded in such a way that most of the folds are shorter than the length of the screen.
Fold operations then become the principal method of traversing a document, with screen scrolling operations
used only for small local movement.

Because a closed fold is represented by a single line on the screen, some editor line operations may act
on fold lines as well as text lines. When such an operation is applied to a foid line it also applies to the
fold contents. For example, deleting a fold line deletes all its contents as well. This means that operations
to transform the fold structure, (such as moving, copying, and deleting folds) appear identical to the line
operations which are familiar to any user of a screen-oriented editor.

So far folds have been described as sequences of text lines; however, not all folds are text folds. There
are also data folds, which are created by certain utilities in the system to store data. For example, when the
occam compiler compiles a section of source code it places the resulting code in a data fold. Data folds
appear as a single line on the screen, but cannot be opened and displayed by the editor.

In order to allow the system to distinguish the different types of folds, each fold has attributes to indicate the
nature of its contents.
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There are two attributes of interest:

1 The ‘fold type’ attribute which indicates to the editor the general nature of the contents of the fold
(e.g. text, data)

2 The ‘fold contents’ attribute which indicates in more detail the nature of the contents of the fold
(e.g. program text, comment text, compiled code, compiled and linked code).

The possible values of these fold attributes are listed in appendix F. Attributes remain with a fold until it is
removed.

4.1.2 Files as folds

The folding editor allows a fold to be designated a ‘filed fold’. The effect of this is to indicate that the fold
contents are to be stored in a separate file. When the fold is first opened, the contents of the file are read in,
and the fold may then be edited. When a filed fold is closed the system will write out the contents of all the
files which have changed since they were last written out.

Many of the data folds produced by the utilities are in fact filed folds. The attributes of a filed fold are stored
with the fold header, in the enclosing file, not in the file containing the fold’s contents.

A large document or program consists of many files, organised in a nested structure. For example, consider
the following program:

Example: use of filed folds

{{{F "filename" Example program -- top crease of a filed fold
. .F "filename" Declaration of PROC pl -- filed fold
..F "fijlename" Declaration of PROC p2
PAR
p1()
p2()
h

The filed fold marked Example program contains filed folds which contain the declarations of PROC pl
and PROC p2. Opening the filed fold marked Declaration of PROC pl causes the appropriate file
to be read in and inserted at that point in the text.

The file containing the declaration of p1 might also contain other filed folds. This shows how nested filed
folds can be used to make up a large document. The document can be navigated in the same way as a
small document, with only the explicitly opened sections of the document being read in by the editor. Most
operations which can be carried out on fold lines may also be applied to filed fold lines, including those that
contain nested files. So, for example, copying a filed fold line will make a copy of the file and all its nested
files.

A directory used by the TDS contains a small number of root or ‘top level files, within which all other files are
contained.
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4.2 Starting and finishing the system for the first time
4.2.1 Starting the system

This section describes how to start the transputer development system from DOS command level, and how
to start using the system.

To start the system for the first time move to an empty directory, ensure that there is a DOS path to the
directory \TDS3\SYSTEM and type:

tds3
In response to the tdas3 command the system will display a welcome message followed by:

TDS system file : file path name
Board memory size : xBytes

Once the TDS is loaded from disk, the system clears the screen and displays the top level view, which
consists of all the files in the current directory with the extension . TOP. In the case of a new directory, there
will be only one top level file: TOPLEVEL. TOP. The screen will appear as follows:

Press [ENTER FOLD] to start session
..F "TOPLEVEL.TOP"

The principal operations available on these top level filed fold lines are which enables a fold
to be entered and edited, and [FINISH], which ends the session. Most of the normal editing operations and
utilities are disallowed here.

To enter one of the folds the cursor should be placed on the appropriate fold and the key pressed.
The contents of the fold will be read in and displayed.

4,22 The TDS3 command
The TDS3 command has the form:

tds3

This calls a command file TDS3.BAT in the directory \TDS3\SYSTEM. This normally contains the following
command:

\tds3\system\iserver /sb \tds3\system\tdsload.bd
-f \tds3\system\tds3.xsc

This runs the server program ISERVER.EXE on the host, and the TDS loader program TDSLOAD .B4 on
the transputer. The TDS loader program loads the file given by the —£ parameter. See chapter 16 for full
details of the iserver command line.

423 Problems starting the system
If no transputer board is connected the system may hang, or it may display one of the messages:
Unable to access a tranputer

or another message as listed in section 16.4.3

This will also happen if the transputer board does not have its reset link connected correctly or if the system
is being run from an IBM PC which is neither a PC-XT nor a PC-AT. See the appropriate board manual for
details on these matters.

The system may hang if the wrong link adaptor addresses are used. This may occur if a TDS configured for
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the user area. The fold manager buffer is used by the TDS to hold filed folds as they are required by the
editor and some other tools. The user area holds the code of all the currently loaded EXEs and UTILs and
is used for the workspace of any one EXE or UTIL when it is run.

In order to optimise the use of on-chip RAM, which is at the lowest end of transputer address space, the TDS
moves the code of an EXE or UTIL, when it is about to be run, to an address that is as low as possible,
allowing room for its workspace below it. If the program has been compiled with separate vector space, then
this is allocated above the code. Above that, and below any other currently loaded programs, is an area
of memory which the program may address as the array £reespace. The size of this array is therefore
dependent on how many other programs are currently loaded. See figure 6.1

End of available RAM™>
TDS vectorspace | towards MOSTPOS INT

TDS code

TDS workspace

Fold Manager
buffer store

loaded code items
& code control data

freespace

User area )
current code item

vectorspace

current code item
code

current code item
workspace

MEMSTART

reserved

MOSTNEG INT

Figure 6.1 Memory usage within the TDS

The size of available RAM and the size of the Fold Manager buffer store are determined by parameters
supplied to the TDS when it is loaded. See section 16.2
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Programs may themselves subdivide the £reespace array by abbreviation or retyping (taking appropriate
precautions to avoid alignment errors), for example:

VAL freesize IS SIZE freespace:
VAL one.fifth.free IS freesize / 5:
VAL one.quarter.free IS freesize / 4:

-- allocate a fifth of freespace for integers
[JINT int.store IS
[freespace FROM 0 FOR one.fifth.free]:

-- allocate a quarter of freespace for bytes
[IBYTE byte.store RETYPES [freespace FROM
one.fifth.free FOR one.quarter.free]:

-- allocate anything else for long reals
VAL rest.start IS one.fifth.free + one.quarter.free:
VAL rest.free IS freesize - rest.start:
VAL double.rest IS rest.free /\ #FFFFFFFE: -- round down to
-- multiple of 2 words
[IREAL64 long.real.store RETYPES [freespace FROM
rest.start FOR double.rest]:

This proportional allocation technique is used by the occam compilation utilities and so the size and com-
plexity of program unit that may be compiled is dependent both on the size of memory available and the other
programs that are loaded at the time it is run.

6.5 The occam input/output procedures

This section describes some I/O procedures which are in libraries provided with the TDS software. These are
procedures which are either called in sequence within the user program to carry out a set of communications
on a channel, or in parallel with part of a user program to convert a stream of communications in one format
to a stream of communications in another format.

When using these procedures the distributed nature of the 0ccam model of communication must be kept
in mind. The /O procedures require access to a channel accepting the appropriate protocol. It is the
responsibility of the programmer to ensure that channels of the right protocol are supplied. Any multiplexing
of communication streams must be done explicitly within a program. Procedures are available in the libraries
to assist in this.

Some of the I/O procedures are based on lower-level procedures for number conversions and similar opera-
tions. These lower-level procedures are an essential part of the language implementation and are described
in the occam 2 reference manual.

The input/output procedures may be used to facilitate the coding of simple sequential inputs and outputs
from and to the external world. The external world is typically a keyboard and a screen and a filing system,
but some of these procedures are applicable to arbitrary devices. The procedures hide many of the detailed
features of the protocols on the channels to the run-time environment. Programmers whose requirements are
less straightforward may use the full facilities of the programming interface described in chapter 16: ‘System
Interfaces’.

If a program using the 1/O procedures is to be run on a transputer network, it is necessary to supply the
program with a set of channels accepting the appropriate protocols, and routing messages within the network
as required. Some interface procedures are provided in the libraries interf, ssinterf and spinterf
to aid in the multiplexing and routing of these protocols.

When a program has been loaded onto a network from the TDS, an EXE can be run within the TDS to com-
municate with the program in the network and supply a run-time environment consisting of screen, keyboard
and filing system.
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6.5.1 The input/output models

Three models of input/output are supported by appropriate sets of procedures.

The first model, the hostio model, is based on the conventional use of a filing system on a host computer
within which multiple files may be opened and then accessed using a stream number to identify them. In this
model the keyboard and screen are considered as special cases of files.

The second model, the streamio model, is a simple model of input and output which is applicable both
to an interactive terminal and to sequential text files, is based on a sequence of lines of text separated by
carriage return characters. The input from the terminal is called a ‘key stream’. Output to the terminal is
called a ‘screen stream’. This model is also appropriate for communication between the processes of an
occam program, if the information being sent is essentially a sequential text stream.

The third model is the ‘folded stream’ model, which allows files in the hierarchical fold structure within the
TDS to be read or written.

The three models are not mutually exclusive, and in some programs an appropriate mixture of library proce-
dures from the three groups may be used. The TDS itself provides an EXE with channels for all the models.
Programs designed to run eventually without run-time support from the TDS should use hostio calls for
their external I/O requirements as these can be supported by any version of the host server, iserver.

6.5.2 The hostio model

This model is supported by procedures in the hostio library group. It assumes the existence of a server
process, usually on a separate host processor, which provides the terminal access and filing system of
a typical operating system, in a way familiar to users of sequential languages such as C or Pascal. All
communications with this server are initiated by the program and use a pair of channels. Each transaction
consists of a message to the server, followed by a reply from the server. These messages use a simple
counted array protocol SP, the details of which are given in section 16.3. Each message to the server
includes an identifying tag defining the action required, and supplementary data depending on the tag.

Each possible command across this interface is supported by a library procedure, and there are also higher
level procedures performing useful sequences of low level transactions.

An important set of procedures is that which provides access to the host filing system. This includes the
concept of a stream identifier returned by the server when a file is opened, and passed back to the server
to identify the file in each subsequent transaction involving that file. Although the protocol does not limit the
number of files that may be accessed simultaneously, the particular implementation of iserver to be used
may do so. )

The library includes procedures for buffering and multiplexing SP protocol channels. By use of these it is
possible to use the protocol in many processes in parallel, optionally on many processors. Protocol conversion
interface procedures are also provided so that occam processes using the streamio model can cooperate
with those using the hostio model.

6.5.3 The streamio model
This model is supported by procedures in the libraries streamio, ssinterf, userio and interf.

For historical reasons the procedures in these libraries are coded in two ways. The old way, used in libraries
userio and interf represents keystream protocol as CHAN OF INT and screenstream protocol as
CHAN OF ANY. This is because variant protocols had not been introduced to the occam2 language when
these libraries were first included in the TDS. The new way, used in Iobranes streamio and ssinterf
uses protocols KS for keystream, and SS for screenstream.

Channels declared as CHAN OF ANY may be passed as parameters to procedures whose formals have
explicit protocols, and so should be used if for any reason the old style library procedures are used. The
preferred set of procedures is those using the strict protocols.
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Communications using the streamio model use a single channel. When characters are being handled
one at a time the keystream protocol is appropriate which handles each character as an integer. The TDS
provides a mechanism whereby the multiple codes generated by keyboards are mapped onto a set of special
integer values known as ‘cooked keys’. The details of this mapping are determined, in the TDS itself, by
the contents of the ITERM file (see section 16.3). In the absence of the TDS the user is resposible for
performing any such mapping. When characters are being handled in bigger groups, such as lines of text,
screenstream protocol may be used. This also provides abstractions of commonly available screen control
operations such as cursor control. It therefore allows the body of programs to be written without knowledge
of the sequences required by a particular terminal. In the TDS a mapping defined in the ITERM file may
be used, or an explicit conversion into the sequences required by particular terminals may be performed by
using appropriate interface procedures.

6.5.4 The folded file store model

Procedures for accessing the TDS fold structure are included in the libraries userio, interf£, ssinterf
and ufiler.

This model uses a pair of channels, called user filer channels, coded as CHAN OF ANY. Such a pair is
provided to an EXE by the TDS.

The user filer allows an EXE to perform operations on a fold on which the cursor is positioned when it is run.
Access may be made to any fold or immediately embedded sub-fold which may be filed. New sub-folds may
be created and written into.

6.55 Interface procedures

Procedures designed to be called as processes in parallel with other processes, for purposes of buffering,
multiplexing and protocol conversion, are collectively known as interface procedures.

The use of these, which may be unfamiliar to users of purely sequential languages, is demonstrated in several
examples supplied with the TDS. See for example section 6.7.2.

6.6 The pipeline sorter example

This section continues with the pipeline sorter example, introduced in section 5.10, and prepares it to run
within the TDS. More complete instructions are provided with the version of this example included in the
software. The three libraries are referenced from inside an EXE fold. The parameters keyboaxd and
screen of the monitor process are connected to the channels which communicate with the appropriate
components of the TDS.

{{{ EXE harness
{{{F "harness.tsr”" harness

#USE header -- ©program constants
#USE monitor -- EXE interface to TDS
#USE problem -- PROCs used in application
CHAN OF string app.in, app.out:
PAR
monitor (keyboard, screen, app.in, app.out, FALSE)

application

-t v
St et
- .
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The application contained in the fold is:

{{{ application
[string.length+1]CHAN OF letters pipe:
PAR

inputter (app.in, pipe[0])

PAR i = 0 FOR string.length

element (pipe[i], pipel[i+l])

outputter (pipe[string.length], app.out)

}}}

The program runs the monitor in parallel with the application. The application itself is made up of inputter,
outputter and a replicated instance of the element procedure. See figure 6.2.

EXE fold

Transputer
Development
System

keyboard

app.in
keyboard.handler

=

‘ screen.handler >

Figure 6.2 Pipeline sorter running in the Transputer Development System

application

element
processes

System connection through
the INMOS serial link
to the IBM XT/AT

After compiling the program it can be loaded using and run using [RUN EXE]. The screen will clear
and the user should enter a string of alphabetic characters followed by [RETURN|. The string of characters

is sorted into alphabetical order and displayed on the next line. The program is terminated by entering the
character ‘%’.

In chapter 7 it is shown how to distribute this application onto a network of transputers.

6.7 Example programs using the 1/O libraries

This section presents two example programs using the procedures in the I/O libraries. These example
programs are also included with the software, in the directory \TDS3\EXAMPLES.

The examples directory contains a number of examples showing how to use the I/O libraries; of these,
examples 2 and 4 are listed here. Example 2 shows an example of using the library stxreamio to read from
the keyboard and write to the screen. Example 4 shows the same program adapted to take its input from
a filed fold, using the interface procedure ks .keystream. from. fold. Other examples in this directory
show further use of the I/O libraries, such as writing to a file, and reading and writing a folded file.
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6.7.1 Keyboard and screen example

This example shows the building up of a table of real numbers using echoed input, followed by a simple
output tabulation.

{{{
{{{F
#USE
#USE
SEQ

88
"

*
88

EXE ex2 read a list of real numbers and display it
"ex2.tsr" ex2

uservals

streamio

This example uses keyboard and screen,

with echoed input of real numbers.

.write.nl (screen)

.write.text.line (screen,

Type a sequence of real numbers (optionally in hex) *
terminated by 0.0")

.write.nl (screen)

REAL32 x:
INT kchar:

[1

000]REAL32 ax:

INT j:

SE

ss
IN
ks
ss

11}

11}

Q
x := 1.0(REAL32)
j 1= 0

J
WHILE (NOTFINITE(x) OR (x <> 0.0(REAL32)))

SEQ
ss.write.char(screen, ’>’)
ks.read.echo.char (keyboard, screen, kchar)
IF
kchar = (INT’#’)
INT hexx RETYPES x:
ks.read.echo.hex.int (keyboard, screen, hexx, kchar)
TRUE
ks.read.echo.real32 (keyboard, screen, x, kchar)
IF
kchar = ft.number.error
ss.beep (screen)
TRUE
SKIP
ax[j] :==x
j:=3j+1
ss.write.nl (screen)
ss.write.text.line (screen, "These are the numbers you typed")
ss.write.nl (screen)
SEQ i = 0 FOR j
SEQ
ss.write.real32 (screen, ax[i], 10, 10)
ss.write.nl (screen)

.write.string(screen, "Type ANY to return to TDS")
T any:

.read.char (keyboard, any)

.write.nl (screen)

Note the use of the property of number input procedures which allows the first character to be read before
calling an appropriate input procedure.

Note also the n

eed to perform some action (here ringing the terminal bell) if an invalid number is encountered.
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6.7.2 Example showing input from file

This example, which is an adaptation of the previous example, shows how a program originally written to use
the echoed input procedures may be adapted to take its input from a file in the fold structure and to throw
away the echo.

{{{
{{{F
#USE
#USE
#USE
SEQ

[1
IN
IN
SE

EXE ex4 real numbers from a file
"ex4.tsr" ex4d

uservals

streamio

ssinterf

This example is derived from example 2
It takes its input from a file and throws away the echo

O0O0]REAL32 ax:

T j:

T input.error:

Q

ss.write.text.line (screen, "Takes from a file a sequence*
* of real numbers terminated by 0.0")

ss.write.nl (screen)

CHAN OF KS filekeys:
CHAN OF KS keyboard IS filekeys:
-- channel from simulated keyboard
CHAN OF SS echo:
CHAN OF SS screen IS echo:
-- echo channel with scope local to this PAR only

SEQ
ks.keystream.from.fold (from.user.filer[2],
to.user.filer[2],
keyboard, 1, input.error)
-- check input.error when real screen accessible again

REAL32 x:
INT kchar:
SEQ

j:=0

read a sequence of real numbers
8s.write.nl (screen)
.. consume rest of file if any
ss.write.endstream (screen) -- terminate scrstream.sink

.. test input.error, if OK tabulate

ss.write.string(screen, "Type ANY to return to TDS")
INT any:

ks.read.char (keyboard, any)

ss.write.nl (screen)

}
}

g
gt gt
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The contents of the three folds in the program are as follows:

The fold headed read a sequence of real numbers

{{{ read a sequence of real numbers
kchar := 0

x := 1.0(REAL32)

WHILE (NOTFINITE(x) OR (x <> 0.0 (REAL32))) AND

(kchar <> ft.terminated)
SEQ
ss.write.char (screen, ’'>’)

ks.read.echo.char (keyboard, screen, kchar)

IF
kchar < 0
SKIP
kchar = (INT'#’)
INT hexx RETYPES x:
ks.read.echo.hex.int (keyboard, screen, hexx, kchar)
TRUE
ks.read.echo.real32 (keyboard, screen, x, kchar)
IF
kchar = ft.terminated
SKIP
TRUE
SEQ
IF

kchar = ft.number.error
ss.beep (screen)

SKIP

The fold headed consume rest of file if any:

{{{ consume rest of file if any
IF

(kchar >= 0) OR (kchar = ft.number.error)

ks .keystream.sink (keyboard)
-- consume the rest of the keyboard file

TRUE
SKIP -- keyboard file has terminated or failed
}}}
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The fold headed test input.error, if OK tabulate:
{{{ test input.error, if OK tabulate
IF

{{{ 4input error
input.error <> 0

SEQ
ss.write.full.string (screen, "File reading error: ")

ss.write.int (screen, input.error, 0)
s8s.write.nl (screen)

11}
TRUE
SEQ
ss.write.text.line (screen,
"These are the numbers you typed")
{{{ write the table of j real numbers
ss.write.nl (screen)
SEQ i = 0 FOR j
SEQ
sg.write.real32 (screen, ax[i], 10, 10)
ss.write.nl (screen)
11}
}1}

Note that as a file can only be read to its end (using these simple procedures), the interface procedure
keystream. sink is called after the application code to ensure that the procedure
keystream. from. £file will terminate.

This example avoids the need to systematically change the names of the parameter channels keyboard and
screen by means of channel abbreviations renaming locally declared channels with these same names.






7 Configuring programs and loading
transputer networks

7.1 Introduction

To make effective use of transputer networks, an application must be expressed as a number of parallel
processes. Once this has been done, performance requirements can be achieved by adapting the application
to run on a number of transputers. To do this the programmer adds information describing the link topology
and describes the association of code to individual transputers. This is called ‘configuration’. This chapter
describes how to configure a program and how to load it onto a transputer network.

7.2 The transputer configuration and loading utilities

This section describes the utilities which enable the user to configure an 0ccam program for a network of
transputers, and then load the code into the network for execution.

A section of 0ccam to be allocated onto a processor must be contained within one or more SC folds. The
initial step in creating a configuration is separate compilation of each procedure which is to be loaded as
the code for a transputer. The resulting SCs and code calling them must then be collected together into a
filed fold, to which the utility is applied with the parameter set to PROGRAM. This makes a
PROGRAM foldset.

This PROGRAM then requires the necessary configuration statements to be added to describe the inter-
connections and to call the required procedures on the desired processors. The configuration language is
described in the next section.

These steps must be followed, even if the network contains only a single processor. In the case of a single
processor, the procedure loaded may have no formal parameters; in all other cases, the procedure loaded
on any processor must have at least one channel parameter which corresponds to a transputer link to enable
code to reach that processor. Alternative methods of building single processor applications are given in
chapter 8.

The utilities used for configuring and loading transputer networks are as follows:

checks that an 0ccam PROGRAM is a valid configuration and produces the necessary code to call
the individual procedures to be loaded on each processor.

when applied to a configured PROGRAM fold, creates a fold containing a list of the inter-
processor link connections of the target transputer network, the boot order of the processors in the network
and the memory map on each processor.

extracts and links all the code in an occam PROGRAM or SC into a single fold.
loads a transputer network with a previously configured program.

73 The configuration description

The allocation of code to processors in a transputer network is achieved using two occam language exten-
sions:

PLACED PAR
PROCESSOR number transputer.lype

These configuration constructs, and the mapping of inter-process channels onto transputer links, enable the
configuration utility, the configurer, to identify the code destined for a specific processor and to check that the
network described can be loaded.
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The code for any processor consists of one or more procedures, each contained within an SC fold, and the
code which calls those procedures. Code outside an SC should be kept to a minimum and cannot include
references to libraries containing code. Such code becomes a process running in parallel with other similar
processes on other processors in the network. The inter-processor channels are mapped onto transputer
links. One of the processors in the network is connected to the TDS, to allow the system to be loaded. This
is known as the ‘root processor’. There must be a route, via transputer links, from the root processor to all
other processors, to allow the network to be loaded.

The processor number is the logical identifier of that processor and may be any value in the integer range.
These numbers just identify the processor in messages from the TDS software; they serve no purpose in the
atlocation.

The root processor of any network must always be the first processor declared in the configuration.

The transputer.type part of the PROCE S SOR statement specifies which type of transputer is placed at this node
in the network. This information is used by the configurer to check that the process allocated to processor
has been compiled for the correct target transputer. Valid transputer types are T8 or T800 (IMS T800, T801,
T805), T4 or T414 (IMS T414), T425 (IMS T425) and T2 or T212 (IMS T212, T222, T225 or IMS M212).
Transputer classes are not permitted.

An SC procedure may be allocated to any number of processors in the network. A procedure is exported
from the host to the network once, each recipient processor taking a copy of the code. Only those procedures
in the PROGRAM which are actually allocated to a processor are exported to the network.

The PLACE statement is used to tie 0ccam channels to processor links. A channel which is placed at a link
twice must be placed at an input link address on one processor and at an output link address on a different
processor. A channel placed only once is a ‘dangling’ link to the environment outside the configuration being
described. The configuration utility produces a warning message if a dangling link is detected. For example,
the link connecting the TDS to the network program may be specified as a dangling link to allow the program to
communicate with an EXE running within the TDS. Link addresses are held in the system library 1inkaddr.

If there is a requirement to connect a processor to itself via formal channel parameters of the process aflocated
to it, a ‘soft’ channel must be used. A soft channel is a declared channel, which is not placed at a link address,
it may only be used by a single processor. Soft channels are useful for providing loop back termination of a
pipeline or for filling unused link parameters.

A configuration has the form:

Configuration-level declarations
Placed PAR

A Placed PAR has the form described in the occam 2 reference manual, with the extension that the
PROCESSOR part has the form:

PROCESSOR number transputer.type
Processor-level declarations
instance
where: transputer type = T2 | T4 | T5 | T8 | T212 | T414 | T425 | T80O
Configuration-level declarations may include:

« SC folds containing one or more procedures.

o Constant definitions using VAL.

« PROTOCOL definitions.

« #USE lines referring to libraries containing only constant and protocol definitions. Any logical name
referring to such a library must be valid for a T4 target.

o Channel declarations for placement as links between processors.
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Processor-level declarations may include:
o Placement of configuration-level channels at link addresses.
« Constant definitions.
o Variable declarations.
o Placement of variables.
o Abbreviations and retypes of variables.
o Channel declarations for use as ‘soft channels’ on this processor.
e Any other occam code that does not, explicitly or implicitly, reference library code.

Note that procedures to be used at configuration level may not be taken from a library; libraries used at
configuration level may only contain constant and protocol definitions.

Configuration examples

The structure required for loading a single processor system is:

{{{ PROGRAM single processor
{{{F "source.tsr" source
SC example.sc

PROCESSOR 0 T800
example.sc ()

11}

11}

The structure required for loading a system consisting of eight processors in a pipeline, seven of which contain
the same program is:

{{{ PROGRAM pipeline
{{{F "source.tsr" source
SC element (CHAN OF INT32 in, out, VAL INT board.no)
... SC pipe.end (CHAN OF INT32 in, out, VAL INT board.no)
VAL last IS 7 :
VAL input.links IS [5, 7, 6, 7, 5, 7, 6, 7]
VAL output.links IS [0, 2, 1, 1, O, 2, 1, 1]
[last + 1]CHAN OF INT32 links

PLACED PAR
PROCESSOR 0 T800
PLACE links[last] AT input.links[0] :
PLACE 1links[O0] AT output.links[0]

pipe.end (links[last], links[0], 0)

PLACED PAR i = 1 FOR last
VAL in IS i -1
VAL out IS i :
PROCESSOR i T800
PLACE links[in] AT input.links[i]
PLACE links[out] AT output.links[i]

element (links[in], links[out], i)

Tt
—
o
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7.4 Configuring a program

A program is configured using the [COMPILE] or [RECOMPILE] utility applied to a PROGRAM fold describing the
configuration. The utility will compile any nested compilation units which need to be compiled, and link the
SC for each processor. It will then check the configuration statements to ensure that they are consistent, and
will generate the loading and running information for each processor.

The utility can be used to see the results of configuration. Applied to a configured PROGRAM
fold, it creates another fold in the foldset which can be opened and viewed, listing the processors and their
connections, and giving a memory map for each processor.

After configuration has been completed, the network can be loaded. There is an additional utility [EXTRACT,
which will collect together all the code within a program into a single filed fold, called a CODE PROGRAM foid.
It is not necessary to use this utility before loading; it is provided so that the user can make a self-contained
code file and separate it from the program source (when, for example, developing the source code further
while keeping a backup copy of the last loadable code file produced). It is also used for creating a ‘standalone
program’ (see chapter 8).

For configurations containing different processor types, the utility should be applied to each processor
SC, supplying the appropriate processor type as a parameter. Then shouid then be applied to
the. PROGRAM fold to configure the network.

7.5 Connecting a network to the TDS

Before an application can be loaded onto a transputer network from the TDS, the network must be connected
to the TDS. This section outlines how to do this; for a detailed description of the connections from the board
running the TDS, see the appropriate board manual.

The transputer network is connected together by transputer links; the topology of the network must match
that described in the configuration description, otherwise the loading will fail. The network is loaded via a link
out of the host transputer (the transputer running the TDS) to one of the transputers in the network: the ‘root
transputer’. The TDS need only be connected to this one transputer; it will boot this transputer over the link,
and send loading information to it. The root transputer will boot the transputers connected to it, and route
loading information to them; these will in turn boot and load other transputers in the network, until the whole
network has been booted and loaded.

Any of the links out of the host transputer may be used to load the network, apart from the link connecting
the host transputer to the host computer. The use of such links to provide run-time support for a network
program is discussed in section 7.8.2.

As well as the link connection, INMOS boards also provide system control functions to monitor and control
the state of the transputer network. The system control connections on boards are chained together to allow
the whole of the network to be controlled from the host. The control connection consists of three signals:

Reset This is a signal from the host transputer to the network, which will reset all the transputers in the
network, ready for loading.

Analyse This is a signal from the host transputer to the network, which will bring all of the transputers in the
network to a controlled halt, so that their state can be examined.

Error This is a signal from the network to the host transputer, indicating that one of the transputers in the
network has set its error flag.

For a more detailed description of system control connections, see the appropriate board manual. For a
detailed description of the effect of the Reset, Analyse and Error signals on the transputer, and a description
of how a transputer boots, see the Transputer Reference Manual.
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7.6 Loading a network

A network is loaded using the utility. The utility may be used on a PROGRAM fold, or on a
CODE PROGRAM fold which has been extracted. Among the parameters for the utility are
the link out of the host transputer that should be used for loading, and what type of board the TDS is running
on (to tell the utility where the subsystem is). As the network is loaded, messages are displayed to indicate
the loading stage.

A detailed description of the loading mechanism is given in INMOS technical note 34 ‘Loading Transputer
Networks’. An outline of the mechanism is included here, for information.

A communication protocol exists between the host transputer and a target transputer network to direct the
loading of code to the desired place in each transputer. The communication consists of bootstrap packets,
routing information, address information, load information, code packets and execute items.

The bootstrap code for each transputer in the network is sent first. The bootstrap code is loaded at the
lowest available address (nearest to MOSTNEG INT). The bootstrap loads the distributing loader at the first
available addresses above itself. After all the transputers in the network are booted, the code of each of the
procedures allocated to processors in the configuration description is exported to the network preceded by
the necessary routing and loading information. Following this, the code which calls the procedures (the main
body) generated by the configurer is sent to each processor in turn and then each processor is told to start
executing the loaded program.

7.7 Using the transputer network tester

When configuring an application, and loading it onto a transputer network, it is important that the network is
connected in the configuration expected by the loader, otherwise the loading will fail. It is equally important
to be sure that the hardware in the network is all working properly, and that there are no communication
problems due to (for example) poor connections, electrical noise, or links set to the wrong speed.

Even with the messages produced while the network is being loaded, it may still be hard to track down the
cause of the error.

A program called nettest is provided to aid in investigating problems of this kind. It is described in detail
in section 15.2. Some of the facilities provided by this program are as follows:

e Explore a network of transputers and establish its topology, displaying the type of each transputer
in the network.

o Check the actual connected topology of the network against the topology specified by the configu-
ration description in a PROGRAM fold, and report any differences between the two.

o Test the memory of each transputer in the network.
o Reset or analyse all the transputers in the network.

The transputer network tester can be used to establish that the transputer network is functioning correctly,
and that it matches the configuration expected by the programmer. This allows the programmer to reduce or
eliminate the possibility of hardware faults when investigating problems in loading and running an application
on a network.

The transputer network tester uses a program called a ‘worm’ which distributes itself through all transputers
in the network. For an introduction to how worms work, see INMOS technical note 24 ‘Exploring Multiple
Transputer Arrays’.
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7.8 Running the pipeline sorter on a target transputer

Returning to the pipeline sorter example described in the previous two chapters, this section describes how
to run the example on a second transputer, loaded from the host transputer running the TDS. The host
transputer will be used to monitor the behaviour of the target system.

The occam code for the application must be separated from the code used for monitoring. This has already
been planned for by defining the code modules in separate procedure declarations.

This example is contained in the directory \TDS3\TUTOR, in EXAMPLES . TOP, so while reading this section
it will be useful to start up the TDS in this directory and follow the instructions given.

A later section of this chapter shows how to configure the application to run on multiple transputers.

7.81 Creating a PROGRAM fold

A PROGRAM fold describes the configuration of a system and the placement of occam procedures onto
distinct processors.

For a single target transputer the PROGRAM fold contains the filed fold prog2.tsx which in turn contains
one SC, and configuration information about the target hardware.

{{{ PROGRAM prog2
{{{F "prog2.tsx" prog2
#USE header
SC app.tsr
... configuration
11}
133;
The SC contains the application code described in the previous discussion of this example. Note that the
application code had to be executed in parallel with other processes in order to be able to move the code to
another processor.

{{{ PROGRAM prog2
{{{F "prog2.tsr" prog2
#USE header

{{{ SC app.tsr

{{{F "app.tsr" app
#USE header

#USE problem

PROC application (CHAN OF string in, out)

[string.length+1]CHAN OF letters pipe:
PAR
inputter (in, pipe[0])
PAR i = 0 FOR string.length
element (pipe[i], pipe[it+l])
outputter (pipe[string.length], out)

. e

configuration

o e

}
}
}}
11}

The application code is the same as the TDS version (see chapter 6) although there is now a procedure
declaration around it. The procedure is needed to provide a name, implementation detail and parameters for
placing this section of code on a processor.
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Notice that all the information needed for the application code must be contained inside the SC fold, including
the library references. The library header is used at the start of the PROGRAM foid so that the compiler can
understand the profocol string used in the SC procedure’s parameter list.

The configuration fold looks like:

{{{ PROGRAM prog2

{{{F "prog2.tsr" prog2

. SC app.tsr

{{{ configuration

... 1link constants

CHAN OF ANY app.in, app.out:

PROCESSOR 0 T4
PLACE app.in AT linkOin:
PLACE app.out AT linkOout:
application (app.in, app.out)

11}

11}

}}}

The configuration places the SC procedure application onto a transputer which has been given the
logical number 0. The transputer type is T4, denoting an IMS T414. The type of the transputer is needed for
the system to know how to initialise it at boot time. The system also checks to make sure that application
was compiled with the compiler parameter target . processor set to T4.

The instance of application has two actual channel parameters, app.in and app.out. These corre-
spond to the formal channel parameters in and out. The PLACE statement is used to map these occam
channels onto the transputer’s serial link hardware. The addresses 1ink0Oin and 1inkOout are contained
in the fold 1ink constants. The communication on app.in and app.out has been directed onto
transputer link zero (the link supports two 0ccam channels, one input channel and one output channel).

In this configuration, link 0 is a ‘dangling link’. Once the PROGRAM has been loaded into the target transputer,
it will run until the first communication made on app .in or app.out. It is up to the programmer to connect
a system to this link which will communicate with application in order for it to continue; otherwise it will
wait forever. In this example the monitox process will be run within the TDS to communicate with the target
system.

7.82 Monitoring the target with an EXE

To monitor the target system a monitor program must be run as an EXE. This may be as follows:

{{{ EXE interface

{{{F "interfac.tsr" interface
#USE header

#USE monitor

#USE linkaddr

CHAN OF string app.in, app.out:
PLACE app.in AT link2.in:
PLACE app.out AT link2.out:

monitor (keyboard, screen, app.in, app.out, TRUE)
11}
11}

The EXE consists of an instance of the library procedure monitoz with its keyboard and screen pa-
rameters connected to the TDS keyboard and screen channels, and the other channels connected to the
application, over link 2 of the host transputer.

The monitor procedure has its parameter using. subsystem set to TRUE, This enables monitor to
give the programmer an error message should, for any reason, the target transputer set its error flag.
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To show how this is done, it is necessary to look in more detail at the body of the screen handling process,
in the monitox procedure. The monitor procedure was described earlier, in Chapter 5, but there the details
of what happens when using. subsystem is TRUE were not discussed.

The main part of the screen handler looks like this:

{{{ body
WHILE going.in OR ((NOT using.subsystem) AND going.data)
SEQ
clock ? waketime
waketime := waketime PLUS one.hundredth.of.a.second
ALT

going.in & in ? char
. print keyboard character on screen
g01ng data & data ? length::string
print data from application on screen
monltcrlng & clock ? AFTER waketime
... if monitoring is TRUE, poll subsystem error pin
draw.cursor (kb.window)

11}

The screen handler is repeatedly waiting for one of three alternatives. Either keyboard characters are echoed,
a string of data comes from the application or a timeout happens should neither of the other two have occurred
in one hundredth of a second. If the timeout occurs then the program tests the subsystem error pin. If this
indicates an error then a message is sent to the user, after which the user can terminate the monitor and use
the TDS for subsequent analysis (e.g. running the debugger).

If the TDS is executing on an IMS B004 or IMS B008 board then the subsystem logic is decoded through
a PAL that can be accessed by software. The subsystem reset and error are at machine address zero (in
the middle of the transputer’'s address space). 0ccam addresses start from zero and are word aligned so a
program can access the subsystem by placing a port at #20000000.

This can be done by the following declarations:

VAL subsys.error.locn IS #20000000:
PORT OF BYTE subsys.error:
PLACE subsys.error AT subsys.error.locn:

Reading from this port, and finding bit zero set, detects the assertion of the subsystem error pin. This can
be done with the following 0ccam code:

BYTE error:
SEQ

subsys.error ? error

IF

(erroxr /\ 1) = 1 (BYTE)

. Error flag set!
TRUE

SKIP

7.8.3 Configuring and running the example

The following steps are now required, in the following order, to run the application as described on a two
transputer network.

1 Run [COMPILEjon ... EXE interface.
2 Configure the PROGRAM by running on ... PROGRAM prog2. This will also compile

and link the SC application.

3 Connect link two on the host transputer to link zero on the target transputer.
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4 Connect the ‘Up’ port from the target transputer board to the subsystem connection on the host
transputer board.

5 Load the PROGRAM. To do this invoke the utility on the PROGRAM fold. This will
extract the code from the PROGRAM fold and transmit it to the network. It will prompt for a parameter
indicating which host transputer link to use for the loading. The required value is link two, which is
also used by the monitox program to monitor the target from the host.

6 Getthe EXE monitor, using and run it, using [RUN EXE). This establishes communication
between the two transputers, so that the user can now supply data to the running application. Note
that the synchronisation on link communication holds up the PROGRAM until the EXE outputs some
data.

The next section shows how to distribute the application over multiple transputers.

7.9 Running the pipeline sorter on a four transputer network

This section shows how the code for the pipeline sorter example can be distributed over four transputers in
a network. The assumption made here is that the four transputer target network is an IMS B003 transputer
evaluation board. In the IMS B003, the system control lines are preconnected so that the host board can
automatically reset all the transputers simultaneously. Every transputer on the IMS B003 has two links
available on the edge connector (links 0 and 1) while the other two are preconnected in a square array (links
2 and 3).

7.9.1 A PROGRAM for four transputers
The PROGRAM fold appears as follows:

{{{ PROGRAM prog3
{{{F "prog3.tsr" prog3
#USE header
SC PROC interface
SC PROC worker
link constants
-- number of transputers must match value used inside SCs
VAL number.of.transputers IS 4:
configuration

11}
}1}
This example has two separately compiled procedures: interface and worker.

The procedure intexrface connects to the monitor as weil as doing string to letter protocol conver-
sions and some element processes.

The procedure worker is a number of element processes running in a pipeline.

The number of element processes on each transputer depends on the number of transputers available,
hence the constant number.of.transputers. This constant is needed at configuration level, as will
be seen later, and in both SC folds. The constant could have been put into a header library. The element
processes are divided into four equal sets, and one set is run on each processor. Any processes remaining
(in the case where the number of elements is not divisible by four) are run on the root processsor.

See figure 7.1 for a picture of how the pipeline sorter can be split up over four transputers.



98 7 Configuring programs and loading transputer networks

keyboard/_ (" keyboard.handler

screen screen.handler

app.out

element
processes

Figure 7.1 Pipeline sorter running on four transputer networker

7.9.2 The root transputer
The procedure intexface runs on the root transputer in the network. This is as follows:

{{{F "interface.tsr" interface
#USE header
#USE problem
{{{ extra constants for configuring for 4 transputers
VAL number.of.transputers IS 4:
VAL number.of.elements IS string.length:
VAL elements.per.transputer IS number.of.elements/
number. of.transputers:
VAL remaining.elements IS number.of.elements -
(elements.per.transputer * number.of.transputers):
}}}
PROC interface (CHAN OF string from.host, to.host,
CHAN OF letters to.pipe, from.pipe)
VAL elements IS elements.per.transputer + remaining.elements:
[elements]CHAN OF letters pipe:
PRI PAR
PAR -- prioritise processes using links
inputter (from.host, pipe[0])
element (pipe[elements - 1], to.pipe)
outputter (from.pipe, to.host)
PAR i = 0 FOR elements - 1
element (pipe[i], pipel[i+l])

11}
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The procedure interface has three processes at high priority and a number at low priority. The high
priority processes are those which communicate with the transputer links whereas the others only use internal
channels. This prioritisation of link communication can enhance the throughput of distributed systems. All
the above processes, regardless of priority, are running in parallel with each other.

The number of element processes in interface depends on number.of.transputers and how
many element processes all the other transputers have. The total number of element processes in the
target system must add up to number.of.elements. If the value of string.length is divisible by 4
then interface will include a quarter of the required element processes.

7.9.3 The three other transputers

The three other transputers in the network run copies of the procedure workex. This procedure is as follows:

{{{F "worker.tsr" worker
#USE header
#USE problem
... extra constants for configuring for 4 transputers
PROC worker (CHAN OF letters in, out)
VAL elements IS elements.per.transputer:
[elements]CHAN OF letters pipe:
PRI PAR
PAR -- prioritise getting the links started
element (in, pipe[0])
element (pipe[elements-2], out)
PAR i = 0 FOR elements - 2
element (pipe[i], pipe[i+l])

11}
The separately compiled procedure worker contains a quarter of the required element processes in a
pipeline. The two element processes that have channels mapped onto links run at high priority.

7.9.4 Configuration for four transputers

The configuration for the IMS B003 maps interface onto the root transputer (it is the first mentioned in
the program) and maps workexr onto all three remaining transputers.

Figure 7.2 shows how the processes are mapped onto the IMS B003.
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Figure 7.2 Pipeline sorter running on one IMS B003

The configuration is as follows:

{{{ configuration
CHAN OF string app.in, app.out:
[number.of.transputers]CHAN OF letters link:

PLACED PAR
PROCESSOR 0 T4
PLACE app.in AT link0O.in:
PLACE app.out AT linkO.out:
PLACE 1link[0] AT link2.out:
PLACE link[number.of.transputers - 1] AT link3in:

interface (app.in, app.out,link[0],
link [number.of.transputers -1])

PLACED PAR i = 1 FOR (number.of.transputers - 1)

PROCESSOR i T4
PLACE link[i - 1] AT 1link3.in:
PLACE 1link[i] AT link2.out:
worker (link[i - 1], link[i])

11}

For the three worker processes a replicator has been used with index i having the values 1, 2 and 3. All
the transputers are of type T4.

The interface is connected to the host through app.in and app.out on link 0 whilst the workexrs are
connected to each other and to interface through the link 2 to link 3 connections provided with the IMS B003
board.

The steps to configure and run the example are the same as in the previous example, where the program
was running on one transputer.
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8.1 Introduction

The last two chapters have discussed running programs within the TDS, and running programs on a network
loaded from the TDS. However, most applications will, once they have been developed, run separately from
the TDS. This chapter describes how to export a program from the TDS so that it can be run in a standalone
manner.

Programs running on a transputer network separate from the TDS need to be booted onto the network. This
can be done in two main ways: either the network is booted from a ROM, contained in one of the transputers
in the network, or the network is booted from a host computer connected to the network. Booting from a ROM
is discussed in chapter 10; in this chapter we will concentrate on programs booted from a host computer, via
a link.

Where a host computer (such as the IBM PC) is used to boot a network, it may aiso be convenient for the host
computer to provide some facilities (such as terminal I/O and filing system support) to the program running
in the network. A program which boots a network and provides host support is called a server.

The two servers provided with previous versions of the Transputer Development System have been replaced
with a single server isexrvex, which is also used by INMOS toolset products.

iserver can boot a program from a host file into an arbitary transputer network, and then provide support
using a special protocol called SP. It can also detect the setting of the error flag if the necessary connections
exist. In principle isexver can be re-implemented on any host computer for which add-on transputer boards
have been designed and can be optimised to take full advantage of all hardware features of the interface
between the host and the transputer.

A stand-alone program which communicates at run-time with a version of iservex on a host may be coded
in one of two ways. It may be coded as a PROGRAM within which the link(s) connecting the program to the
server are coded as channels PLACEDd at suitable hardware addresses. Alternatively it may be coded as
a procedure in an SC compilation unit with a particular conventional parameter list including server channels
and free space vector, and called by a bootstrap procedure from code added to the compiled SC using the
tool addboot. Such a procedure is called a standard hosted procedure.

Either of these methods leads to a pure binary file which may be ported to any host on which there is an
implementation of isexrver for a transputer board. In this way programs developed on a PC can be run
from a SUN3, MicroVax or other suitable host.

The advantages of the second method, making a standard hosted PROC, include the ability to use whatever
memory space is available, and to communicate with the host via whatever link the program was loaded
down. It is for these reasons that INMOS stand-alone tools are coded in this way. Such tools may also be
made by using INMOS occam toolset products.

The C sources of iserver are provided with the TDS. For details of where to find them, and how they can
be recompiled, see the ‘Delivery Manual'.

8.2 Using the iserver

Once iserver has booted a file into a network, it supports SP protocol over the link to the root transputer
(the first transputer in the network). This protocol is described in detail in section 16.5, of the ‘System
interfaces’ chapter.

Libraries are provided which support the use of SP protocol. These are sphdr, splib, solib, sklib
and spinterf.

These libraries are described in chapter 14.
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8.3 Creating a parameterless standalone program

The steps in creating a parameterless standalone program are as follows:

Firstly write the program as a PROGRAM configured for the required transputer network. Even if the program
is to be run on a single processor it must be described as a configuration. Use [COMPILE] or [RECOMPILE] to
compile and configure the program for the network.

Secondly, use to extract all the code and loading information for the network into a single file. It is
important that is used with the parameter output . fold set to BOOTABLE (not DIAGNOSTIC)
and the parameter £irst .processor.is.boot.from.link setto TRUE. If either of these are wrong,
the host file server will fail to boot the program into the network.

Thirdly, the extracted file needs to be exported from the TDS into a standard host operating system file. The
utility will leave a CODE PROGRAM fold as the last item in the PROGRAM foldset. Use
from the file handling utilities to write this out to a DOS file. The resulting file may be used by the host file
server. The format of such a code file is defined in appendix G.

8.4 Creating a standard hosted PROC
The steps in creating a standard hosted procedure are as follows:
1 Write the program as a procedure with the heading:
#USE strmhdr

PROC program (CHAN OF SP from.iserver,
to.iserver, []INT free.space)

Put this procedure in an SC foldset using [MAKE FOLDSET]. Use [COMPILE] to compile the foldset.
2 Use to extract the code into a CODE SC fold.

3 Use to get the addboot tool from the toolkit fold. Apply this tool to the SC. A new host
file will be created with a name supplied by the user.

4 This file may then be loaded and run using iserver:

iserver /se /sb filename

8.5 The pipeline sorter

This section describes how to configure the sorting application described in chapter 5 so that it can be run
as a standalone program from DOS.

The source of this program is contained in the tutorial fold structure, in the fold marked:

Running the example as a standalone program
The contents of this fold are as follows:

{{{ PROGRAM prog5
{{{F "prog5.tsr" prog5
#USE header
SC app.tsr
configuration

1}
}}}



8.5 The pipeline sorter 103

The source of the SC application is as follows:

#USE strmhdr -- SP, SS and KS protocols

#USE sphdr -- SP constants (sps.success)

#USE userio -- user io procedures (write.endstream)

#USE interf -- user io interface procedures (keystream.sink)
#USE splib —-- hostio procedures (so.multiplexor, so.exit)
#USE spinterf -- SP interface procedures

#USE header -- application constants

#USE problem -- application procedures

#USE monitor -- application environment

PROC application (CHAN OF ANY from.host, to.host)

[string.length+l] CHAN OF letters pipe:
CHAN OF string app.in, app.out:

CHAN OF INT keyboard:

CHAN OF ANY screen:

[2]CHAN OF SP from.isv, to.isv:

CHAN OF BOOL stopper:

CHAN OF BOOL mstopper:

VAL dont.use.subsystem IS FALSE:

VAL one.hundredth.of.a.second IS 156:
PAR

SEQ
PAR -- these processes should terminate in the order written

PAR i = 0 FOR string.length
element (pipel[i], pipel[i+l])

outputter (pipe[string.length], app.out)
SEQ
s80.s8crstream.to.ANSI (from.isv][0], to.isv[0], screen)
stopper ! TRUE
so.keystream. from.kbd (from.isv[1l], to.isv[1l], keyboard,
stopper, one.hundredth.of.a.second)
SEQ
monitor (keyboard, screen, app.in, app.out,
dont .use.subsystem)
write.endstream (screen)
ks.keystream.sink (keyboard)

mstopper ! TRUE

SEQ
so.multiplexor (from.host, to.host,
to.isv, from.isv,
mstopper)
so.exit (from.host, to.host, sps.success)

This program makes use of the standard library spintex£, which provides a number of processes which
may be run in parallel with an application to convert its input and output into communications with iserver.
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As before (in chapter 6), where this example was run as an EXE within the TDS, the monitor pro-
cess is connected to the application, and communicates over channels conforming to the TDS screen
and keyboard protocols. Since the program is not going to run within the TDS, but with a server, the
keyboard and screen channels need to be connected to the terminal facilities provided by the server.
This is done by the process so.multiplexor (available in the library splib) and the processes
so.scrstream.to.ANSI and so.keystream. from.kbd (available in the library spintezf ). The
process so.scrstream.to.ANSI converts the TDS screen protocol into a iserver commands which
will drive the terminal of the host computer. The process so.multiplexoxr communicates with the server
over a pair of channels, supplying keys from the keyboard and sending the stream of characters to the screen.

The code for the configuration is as follows:

#USE linkaddr
CHAN OF ANY from.host, to.host:

PROCESSOR 0 T800
PLACE from.host AT linkO.in:
PLACE to.host AT linkO.out:
application (from.host, to.host)

The steps in creating the standalone program are as follows:

1 Both the compiler utility set and the file handling utilities will be needed. If necessary, get them now
by pressing the key. If using the standard toolkit fold, this should finish with the compiler
utilities as the current utility set.

2 Move to the PROGRAM fold contained in the fold marked
Running the application as a standalone program in the tutorial fold structure.
Look at the contents of this fold to check that it corresponds to the program text given earlier.

3 Check that the processor type in the configuration matches the processor you are using. Close the
PROGRAM fold and press the key. The standard compiler parameters are needed, so if it
prompts for the parameters, just press [EXIT FOLD|.

4 When the compiler has finished, press to extract all of the code for the configured program
into a single file. requires two parameters, in parameter folds Transputer extractor
parameters and First processor in network parameters, within the Toolkit
fold. Make sure that these are the values given:

VAL output.fold IS BOOTABLE:
VAL first.processor.is.boot.from.link IS TRUE

If these are not the supplied values use [SELECT PARAMETER] to change them, then press
after selecting each parameter. The extractor will then run.

5 Now open the PROGRAM fold; it should look something like this:
{{{ PROGRAM prog5

F "prog5.tsr" progs
..F "prog5.dcd" code
..F "prog5.dds" desc
...F "prog5.cex" CODE PROGRAM prog
3}
The last line is the CODE PROGRAM fold containing all of the code. Move the cursor down onto

this line.

6 Now the file handling utilities are needed; switch to these using [NEXT UTIL] It may be appropriate to
use the key to check that the right utility set is current.
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7 The last utility in the set, [WRITE HOST], will be used to write a TDS fold out into a standard DOS file.
With the cursor on the CODE PROGRAM fold, press It will prompt for one parameter
with the line:

VAL HostFileName IS "":
Set the string in this parameter line to be the file name required, for example:

VAL HostFileName IS "sorter.bd":

Now press to let the utility continue. When it has finished it will have written the file
sorter .b4, into the current directory.

8 Now exit the TDS (Press until reaching the top level and then press [FINISH)).

9 To run the program, invoke the server as follows, ensuring that the following line, including spaces,
is typed exactly as shown:

iserver /sb sorter.bd

The /sb flag instructs the host file server to use the file sorter.bd as the file with which to boot
the transputer.

The sorter application should now run. As before, type strings of letters followed by to run
the sorter, type % to terminate the program.

Another version of the pipeline sorter coded as a standard hosted procedure is also supplied. The main pro-
cedure application is unchanged from example prog5 with the exception of the dummy third parameter
free.space. This example may be compiled and run according to the steps enumerated in section 8.4.
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This chapter describes the source-level debugger provided with the TDS. The TDS debugger provides an
interactive environment for the post-mortem debugging of 0cCam programs running on transputer networks.
It allows a user to inspect the processes which were running on each transputer, both at the occam source
level, and at the transputer instruction level. It can also display the contents of variables, channels, and other
data items, for any process running on any transputer. The mechanisms which the debugger uses are also
described. See section 15.1 for a full description of the debugger.

9.1 Using the debugger

The debugger is provided in the standard Autoload fold in the toolkit fold, so it may be loaded using the
key. It is an EXE, so can be run using the key. Before running the debugger, the cursor
should be placed on the foldset containing the source of the program to be debugged.

A program to be debugged should be compiled with the compiler parameter create.debugging.info
set to TRUE. It should also be compiled with error . checking set to HALT. This ensures that if any errors
occur while the program is executing, the transputer will halt immediately. The other error modes (STOP and
REDUCED) will not have this effect, and so in these modes the debugger can only be used after a running
program has been externally halted; the program will not halt itself when an error occurs.

A running 0occam program may halt for a number of reasons. Examples of these are:

e A STOP process, or a process which behaves like STOP (such as an IF with no true guards) has
been executed.

e An array access is outside the range of the array.
e An arithmetic error, such as overflow or divide-by-zero has occurred.
e An array element is being aliased at runtime.

See section 15.1.9 for a full list of possible causes of run time errors.

When one of these errors occurs, the debugger can be used to pinpoint the line of 0ccam causing the error,
and investigate the state of that process and other processes in the system.

The debugger is not guaranteed to find all current processes; it may not be possible to find processes which
have deadlocked waiting for communication. This is discussed in more detail later in the chapter.

9.2 Debugger facilities

The debugger’s facilities divide roughly into two sets. The first set is concerned with the 0CCam source code,
and allows the user to view the transputer network from the occam high level language level. This requires
that the occam program has been compiled with the create .debugging. info compiler option set to
TRUE. The second set of facilities views the transputer network from the assembly code level, and does
not require the debugging information produced by the compiler. Either set of facilities may be used on any
transputer in the network.
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9.2.1 Symbolic facilities

Given any transputer instruction address, the debugger can ‘locate’ to the corresponding 0ccam source line
(i.e. it can find the line in the source fold and display it). In particular, this means that it can display the
occam source line corresponding to any of the following:

e The last transputer instruction executed.

e Any process running in parallel.

« A process waiting for a timer.

o A process waiting for communication on a transputer link.

Processes waiting for communication on internal channels may be found by inspecting the contents of that
channel, as explained later.

The ability to locate to any occam source line requires the source to be available. When the location is in a
library the source code may not be available. However, if the library was compiled with the debugging option
enabled, the debugger can discover the line containing the call to the library routine, and will display that line
instead.

After ‘locating’ the source line, the TDS editing environment is available within the debugger, so that the
occam source of the program can be browsed, and if required, modified ready to recompile. The extra
debugging features are accessed by pressing special function keys, such as [BACKTRACE] or [INSPECT] within this
environment. The values of constants, variables, parameters, abbreviations, array elements, and channels,
which are in scope at the located line, may be inspected. Non-local variables and channels may aiso be
accessed. Values are displayed in hexadecimal, and in any other normal representation for their type.

From any occam location the user can ‘backtrace’, or discover where its enclosing procedure or function was
called from. This works even if the source of a library is not present because the library has been compacted.
This can be repeated for each nested procedure or function call, to form a complete stack trace. The values
of variables, etc., may be examined at any stage.

The user can also discover the type of any symbol currently in scope, and the address and workspace
requirements of any procedure or function.

By inspecting a channel, the debugger can discover the instruction pointer and workspace pointer of any
process waiting for communication on that channel. It can also use these values to jump’ directly to the
process which is waiting (i.e. locate the currently active position in that process), and then continue debugging
that process.

9.2.2 Lower level facilities

The debugger can display the transputer's state after being analysed: the instruction pointer (program
counter), workspace descriptor, process queue pointers, error, and halt-on-error flags. It can read the process
and timer queues, to display a list of the instruction and workspace pointers of the processes on the queues.
It can also display any processes waiting for communication on the transputer links, or for a signal on the
Event pin.

Memory can be displayed in ASCII, hexadecimal, or as any other occam type. It can also be displayed as a
simple disassembly of transputer instructions. This disassembly simply translates memory contents directly
into transputer instructions; it does not insert labels, nor provide symbolic operands. The debugger can also
provide a ‘memory map’ of each transputer in the network, showing the positions of code and workspace. By
displaying memory as CHAN type, channels waiting for communication may be located.
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9.3 Debugging a program running on a network of transputers

When a program has been loaded onto a network of transputers and run, an error may occur in one of the
transputers in the network. This may be indicated to the TDS by the Error signal on the transputer subsystem,
The example program in chapter 7 shows how a monitor process can be run as an EXE within the TDS to
monitor the state of the network. After an error has been detected, the monitor program can finish and the
debugger program may be run to analyse and examine the state of the network.

The monitor process running within the TDS could also be used to assert Analyse on the subsystem, to bring
the network to a halt even if no error has occurred. In this case the debugger may be used to examine the
network, but it should be told not to assert Analyse when it starts up.

The debugger is an executable procedure, or EXE, which should be run while the cursor is positioned on the
compilation fold of an occam PROGRAM which has halted, either because an error has occurred, or because
of user intervention. It is not possible to restart the 0Ccam program once it has been stopped.

The debugger will start by locating to the source line on which the error occurred, or (if no error has occurred)
by showing the state of the first processor in the network. The session using the debugger can then proceed.

A network program which does not terminate may be interrupted by asserting Reset or Analyse on its up
port. This may be done by running the debugger or by rebooting the TDS.

9.4 Debugging a program running within the TDS

If an error occurs while running an EXE program within the TDS, then the error will be detected by the TDS
server, which will display the message:

Error - iserver - transputer error flag set

This condition can also be forced by interrupting the TDS; this is done using ‘control-break’ on the standard
IBM PC keyboard. The procedure for restarting the TDS is described in the Delivery Manual.

In order to debug the program which has crashed, the data of the program must be saved before the TDS is
restarted. When rebooting the TDS, the TDS will offer the user the option of doing a ‘core dump’. This saves
the memory contents and state of the host transputer as a file on the host filing system.

Once the TDS has been restarted, the debugger can be loaded. If the debugger is then executed while
positioned on the compilation fold of the EXE that crashed, it can read the core dump file to determine the
state of the program when it crashed. The full range of debugging features are then available to debug the
EXE, as if the program were running on a single transputer in isolation.

9.5 Debugging a standalone program

The debugger can also be used to debug a program which has been developed under the TDS, but is being
run as a standalone program with its own server (such as the host file server). Here it is likely that the host
transputer, which is going to run the TDS, is also being used as the root transputer in the network, and
communicating with the server on the host. So, in order to be able to examine the state of the whole network,
the data space of the root transputer must be saved before the TDS is restarted. The rest of the network can
be examined over the link to the host transputer in the normal way.

If the standalone program crashes, the TDS should be restarted with the analyse signal asserted (see the
Delivery Manual). The TDS will give the option of producing a core dump before it starts. It is necessary to
tell it how much memory to dump, as the TDS does not know how much memory was used by the standalone
program. The coredump is only needed if the program includes the host transputer.

The debugger can then be run and used in the ‘network including host' mode, which reads the core dump
file to determine the state of the root processor, and analyses the rest of the network in the normal way.
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9.6 A worked example

This section describes an example debugging session. The source of a program to be debugged is supplied
as part of the TDS release, in the directory \TDS3\TUTOR. Change to that directory and start the TDS
before starting this session.

The program should be compiled as a TDS EXE, with erroxr.checking set to HALT, for a T4 (assuming
that you are not running the TDS on an IMS T800), and executed in the normal way.

The program is a (very inefficient) program to calculate the sum of the squares of the first n factorials. It has
been structured this way for clarity, and to demonstrate some debugging methods.

#USE userio
VAL stop.real IS -1.0(REAL64)
VAL stop.integer IS -1 :

REAL64 FUNCTION factorial (VAL INT n)
REAL64 result

VALOF
IF
n<o0
STOP
TRUE
SEQ
result := 1. O(REAL64)
SEQ i = 0 FO
result := esult *  (REAL64 ROUND i)

RESULT result

PROC feed (CHAN OF INT in, out)
INT n :
SEQ
in ? n

SEQ i = 0 FOR n
out ! i

out ! stop.integer

PROC facs (CHAN OF INT in, CHAN OF REAL64 out)

INT x =
REAL64 fac :
SEQ
in ? x
WHILE x <> stop.integer
SEQ
fac := factorial (x)
out ! fac
in ? x

out ! stop.real
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PROC square (CHAN OF REAL64 in, out)
REAL64 x, sq :
SEQ
in ? x
WHILE x <> stop.real
SEQ
8q = x * x
out ! sq
in ? x
out ! stop.real

PROC sum (CHAN OF REAL64 in, out)
REAL64 total, x :
SEQ
total := 0.0 (REAL64)
in ? x
WHILE x <> stop.real
SEQ
total := total + x
in ? x
out ! total

PROC control (CHAN OF INT keyboard, CHAN OF ANY screen,
CHAN OF REALG64 result.in, CHAN OF INT n.out)
REAL64 result
INT n, key, char
SEQ
write.full.string (screen,
"Sum of the first n squares of factorials")

newline (screen)

write.full.string (screen, "Please type n : ")

char := INT ’*s’

read.echo.int (keyboard, screen, n, char)

newline (screen)

write.full.string (screen, "Calculating factorials ... ")
n.out 'n

result.in ? result

newline (screen)

write.full.string (screen, "The result was : ")
write.real64 (screen, result, 0, 0) -- free format
newline (screen)

write.full.string (screen, "Press any key to exit : ")

keyboard ? key

CHAN OF REAL64 facs.to.square, square.to.sum, sum.to.control

CHAN OF INT feed.to.facs, control.to.feed :
PAR
feed (control.to.feed, feed.to.facs)
facs (feed.to. facs, facs.to.square)
square (facs.to.square, square.to.sum)
sum (square.to.sum, sum.to.control)

control (keyboard, screen, sum.to.control, control.to.feed)
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9.6.1 Running the example program

When you run this program, it will ask for a value for n. If you supply any number less than 100, it will execute
successfully.

Type 101; the TDS will fail with the message:

Error - iserver - transputer error flag set

The next action will depend on how the TDS is called from the host operating system. Please consult the
Delivery Manual.

9.6.2 Creating a core dump
Reboot the TDS in diagnostic mode. After a short delay, you will see a welcome message followed by:
Options
c :!: normal core dump
£ : normal core dump + freespace
a : standalone core dump - all of memory
8 : standalone core dump - part of memory
<RETURN> to skip

Press ‘C’, to request a core dump. Option ‘F’ should only be used if you had used the ‘€reespace’ buffer
in the program. The TDS will then ask :

Core dump filename ("core.dmp") ?

Press to accept the default filename
or enter another filename (any filename extension will be replaced by ‘. dmp')

You will then be told:

Writing core dump to file "fiename.dmp"

Finally, the TDS will be restarted.

9.6.3 Using the debugger
Use to load the debugger.

Now you will be able to start debugging. Move the cursor to the source of the EXE. When positioned on the
EXE fold line, you should press to start the debugger.

The screen will show:

TDS occam 2 Debugger - version identifier

Debugging an EXE

Read Core dump file, Ignore core dump, or Quit (C,I,Q) ?
You should type ‘C’ here, to indicate that you wish to read a core dump file. (If you type ‘I’, you can perform
a single locate to the error position, but because the debugger does not know the memory contents, it cannot

find the values of variables, etc., nor backtrace down the procedure stack). You will then be asked for the
filename:

Core dump filename ("core.dmp", or "QUIT") *?
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Press to accept the default filename
or enter another filename (any filename extension will be replaced by ‘. dmp’)
or type ‘QUIT (uppercase) to abort the debugger.

The debugger will then read the file to find out where the error occurred, displaying the following messages
one at time:

Reading logical name table ...

Reading Core dump file "filename.dmp"

Locating ...

Backtracing ...

Location was in LIB dreals, SC 1, offset 1433-Error explicitly set

It will display the program source, and leave the editor on the line causing the error. The error was actually
caused within a library for REAL64 arithmetic, but the debugger will locate to the line which the library was
called from. In this case it is inside procedure ‘square’, on the line:

8q = x * x

9.6.4 Inspecting variables

You may move the cursor around the screen, and inspect any variable. If, for example, you move the cursor
over the ‘x’, and press [INSPECT], you will be informed:

REAL64 ‘x’ has value ...
9.3326215443944096E+155 (#605166C698CF1838) (at #80000360)

The debugger can display the type of any occam symbol, and its contents. Here, ‘x’ is displayed first in its
decimal form, then hexadecimal. Finally its address in memory is displayed.

If you forget which tool key is INSPECT], you may press which will display a list of keys
along the top of the screen.

You will be able to inspect the values of ‘sq’, ‘squaze’, ‘stop.integer’, ‘stop.real’, etc. Any value
which is in scope at the error location will be accessible. You can ‘inspect’ the values of procedures and
functions, to find out their address and workspace requirements. You will also be able to enter other folds,
and browse through the source code, to determine the context of the error. If you forget where the error
actually was, press to return there. (Press again to tell you which tool key it
is!)

Instead of moving the cursor to each symbol in turn, you may also inspect a symbol by typing in its name. If

you move the cursor to a position where it is not over any symbol, and press [INSPECT], the debugger will ask
you to type in the name which you are interested in.

9.6.5 Jumping down channels

As well as finding the error location, the debugger can be used to find out which other processes were
executing at the same time. If you point at the channel ‘out’, for example, then press it will dispiay:

CHAN ‘out’ has Iptr:#80000611 and Wdesc:#80000285 (Lo) (at #800004B0)
This indicates that there is a process waiting for communication on that channel (the ‘Iptr’ and ‘Wdesc’
identify it), and the debugger also informs you that it is a low priority process, and gives the address of the
channel word in memory.

To find out which 0Occam process is waiting, press (again to find which tool key, press
[CODE INFORMATION]). The debugger will move the cursor to the line where the other process is waiting.



114 ' 9 Debugging

This will be inside the ‘sum’ procedure, on the line
in ? =x

As before, you may now point at any symbol and inspect it. You will find that channel ‘out’ also has a
process waiting. Use the key to ‘jump’ to that process. This will be in the ‘control’ procedure,
which is waiting for the final result. Again you may inspect any symbol. You can also discover that channel
‘screen’ has a process waiting, but note that there is a star (‘*’) on the message line. This indicates that
the process which is waiting is not part of your occam program — in this case it is the TDS itself, which is
listening for output to the screen. Therefore if you try to jump to that process, you will be told

Cannot jump - Channel points to an invalid location

9.6.6 Retrace and Backtrace

So far the debugger has helped to find three of the five processes which were running in parallel. What about
the other two? You can use the key to retrace your steps (see [CODE INFORMATION]). This will take
you back to the ‘sum’ procedure, then back to the ‘square’ procedure. Now you can look in channel ‘in’,
which you know is connected to the ‘facs’ procedure. Unfortunately it is empty, which means that the other
process is not waiting to communicate.

The next function fo try is [BACKTRACE] This key makes the debugger backtrace down the procedure calling
stack for one procedure or function call; i.e. it moves the cursor to the line from which the current procedure
or function was called. If you press now, the cursor will move to the line where ‘square’ was
called. Again, you can inspect any symbol which is in scope at this line. For example, you can look in the
channels ‘feed.to. facs' and ‘facs.to.square’, but both will be empty. You have already looked in
the other channels, but you can do so again.

This means that the other two processes were actually executing in parallel at the time of the error, rather
than waiting to communicate. To find them, you need to look at the transputer's active process queues.

9.6.7 Process Queues

The lower level transputer information is accessed by using the key. This displays a screentull
of information about that processor, and a list of available commands. The command which displays the

processor’s active process queues is ‘R’ (for ‘running’ processes). Again you can use [CODE INFORMATION] to
display a summary of what each command does, or type ‘?".

‘R’ will display a list of the processes on the queue. There will be two processes, identified by two lines
containing an Iptr and Wdesc.

Other useful commands are ‘T" (Timer queues), which displays the processes waiting on the transputer’s
timers; and ‘L’ (Links), which displays the processes waiting for communication on the transputer’s links.

9.6.8  Display occam

Type ‘O’ for 0ccam, so that we can display the occam for these processes. You will be asked:

Iptr (#80000766) ?

Here you should type the Iptr value shown on the first line on the right hand side of the display produced
by command ‘R’. You can either type it in full, or use a special short-hand version where ‘%’ is used to replace
‘#800..'. E.g. you could type either ‘#8000055A’, or ‘®55A". Hexadecimal letters do not need to be in
uppercase.

You will then be asked for a Wdesc, but the debugger will give the associated Wdesc as the default, so you
can simply type here. The debugger will then display the 0ccam line where the process was running.
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You will be left with the cursor in procedure ‘feed’, on the line
out ! i

Because this process is on the process queue, not waiting for communication, it has performed that commu-
nication, and is just about to resume executing. You can examine variables, etc., as before.

To find the last process, press again, and use the ‘O’ command to locate to the second process
listed on the queue. The debugger may discover that this process is actually executing code inside one of the
REALG64 arithmetic libraries. As INMOS does not supply the source code for these libraries, the debugger
cannot display the relevant line. Instead it will backtrace to the line where the arithmetic is being performed;
in this case the line inside the factorial function:

result := result * (REAL64 ROUND i)

Depending upon exactly how the program was executing when it failed, it may locate to the replicated SEQ
instead.

Again, you may inspect variables. By inspecting ‘i’, you find out how many times that loop has been executed.
You can to find out where the function was called from.
9.6.9 Finish

To exit the debugger from symbolic mode use [EXIT FOLD), then [FINISH. Use command ‘Q’ to exit from the
Monitor page.

9.6.10 Other functions

While in the debugger, there are a few more tools available. The key will return you to the error location,
or to the last location selected by an ‘0’ command from the monitor page.

The [LINKS] key displays a summary of which other processors this transputer’s links are connected to. This
is not useful when debugging an EXE, but is useful when debugging a PROGRAM.

The key displays the Iptr, Wdesc, and priority, of the last position located to, together with the
processor type and number.
9.6.11  More information
This worked example should have given you an idea of how to use this post-mortem debugger. Chapter 15

contains a full description of how to use all of these debugging tools, including extensions not listed here,
such as inspecting arrays.
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9.7 How the debugger works

The following documents describe the way the transputer implements occam for those who are more inter-
ested.

e Technical note 21: ‘The transputer implementation of occam’

This note details how such features as PAR, ALT, TIMER, and channels, are implemented on the
transputer.

e ‘The transputer instruction set — a compiler writer’s guide’

This book describes the transputer's instruction set, but at a lower level, and is not particularly
relevant to 0ccam programmers.

9.7.1 How the debugger accesses the network

The technical details of how the debugger analyses the network and examines its state are described in
INMOS technical note 33 ‘Analysing transputer networks’. The method used is outlined briefly here. It can
successfully analyse networks consisting of hundreds or thousands of transputers of mixed type.

First the debugger reads the program'’s configuration details, and uses these to build a picture of the transputer
network. It then reloads the network with a program known as an ‘analyse worm’. This program allows the
debugger to access any transputer in the network, by setting up a message routing system. Obviously, this
program will itself corrupt each transputer’s memory contents, so before it is loaded, the debugger ‘peeks’ the
portion of memory which will be overwritten into a buffer on the host, along with the saved register contents.
This works out to be approximately 700 bytes per processor, so, for example, a 10 processor network would
require 7 Kilobytes, or 10000 processors would require 7 Megabytes. Note that if each of these 10000
processors had 1 Mbyte of local store, this is minute compared with a total memory size of 10 Gigabytes!
When the debugger needs to read any memory contents which are not included in this buffer, it sets up
a communication path through the network and requests the required data. In this way it is not necessary
to buffer the complete memory contents of the network, so it is quite feasible to debug large networks of
transputers.

9.7.2 Debugging information generated by the compiler

An important aspect of this debugging system is that the create . debugging. info option of the compiler
merely forces the creation of the extra debugging information; it does not affect the compiled transputer
code which is produced. Thus a program compiled with debugging enabled will behave identically to the

same program compiled with debugging disabled. The option o disable debugging only exists to speed up
compilation, and to reduce file space requirements.

The debugging information generated by the occam 2 compiler now includes:

« Workspace offsets for all variables, procedure and function parameters, abbreviations, channels,
and arrays, together with their types.

e The types and values of all constants which have been declared.
e The names of all protocols and their variant tags, together with ports and timers.

e The workspace requirements and location of each procedure and function; at the transputer instruc-
tion level, occam functions and procedures are identical.

Using this information, together with the configuration details of the program, the debugger can build a
complete map describing the locations of any variables currently in use on any processor in the network.
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9.73 How the symbolic facilities work

Any occam process running within the network can be identified by the transputer number within the network,
an instruction pointer, and a workspace descriptor. On any one transputer, there may be many different
processes executing the same portion of code, but each will have a different workspace, where ali local
variables and channels are stored. Of course, the same code may also be executing on other processors in
the network.

After analysing the network, the debugger can determine the last instruction executed and the workspace
descriptor of each processor in the network. It uses this last instruction pointer, and instruction pointers taken
from the active process and timer queues, and the processes waiting on the transputer links, to find occam
processes to be examined.

9.74 Backtracing

Included in the debug information are details of the workspace requirements and code layout of each pro-
cedure or function. Therefore, given an instruction pointer, the debugger can discover which procedure is
currently being executed, and its workspace requirements. Using this information, together with that process’
workspace descriptor, it can read the return address of that procedure, and hence find the procedure call.
The workspace is then adjusted to allow for that used by the procedure, and the space used by the procedure
call, to give the workspace descriptor for the calling statement. This is then used, together with the return
address, to locate to the occam line containing the procedure or function call.

9.7.5 Inspecting variables

The compiler produces a map showing the workspace offset and type of each variable, parameter, or abbre-
viation used within that procedure. Thus, given an instruction pointer to indicate which procedure is being
executed, and a workspace descriptor for that procedure’s local data space, it can calculate the location of
any data item in the transputer’'s memory, and read the data to discover the variable’s contents.

Non-local variables must be accessed differently. The debug information includes details of the lexical level
of each procedure, so that the lexical level of non-local variables can be found. The lexical level is the level
of procedure nesting within the occam source. This is then used to follow the chain of procedure calls to
the correct procedure’s local data space, and hence to find the correct location of the data.

9.7.6 Jumping down channels

Channels which provide communication between two processes executing on the same transputer are im-
plemented by means of a word in memory. This contains the workspace descriptor of a process waiting for
communication on that channel, or a special value to indicate that it is idle. The debugger can examine
a channel to see whether a process is waiting, and if so, it can read the process’ instruction pointer and
workspace descriptor to jump directly to that process. )

9.7.7 Analysis of deadlock

If a set of 0ccam processes is deadlocked, there may be no available path into the occam program, from
which to start debugging. Internal, or ‘soft’, channels can only be inspected by the debugger if they are in
the scope of an active 0ccam process. This means that a deadlock may be difficult to debug. Note that a
deadlock waiting for a communication on a transputer link, or ‘hard’ channel, is easily debugged by inspecting
the process waiting on the link. ’

However, a simple source modification will allow easy detection of any of the deadliocked processes. Suppose
you believe that a certain channel, or a few channels, are causing the deadlock. Then all that need be done
is to add a small process in parallel, in such a position that this channel or channels are in scope. The added
process does not need to do anything, except be active in some way. For example, it could just wait on the
timer for a long time, or loop continuously. Note that on a transputer a process waiting on the timer consumes
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no cpu resource. However, the debugger can then find its way into the source, to inspect those channels,
and jump to the process which is waiting. Any variables which are in scope there may then be examined,
and debugging can continue as normal.

Consider this short procedure:

PROC deadlocks ()
CHAN OF INT c :

-— this procedure will deadlock here!

When executed, this procedure will deadlock on the internal channel ‘c’, leaving no active process, and thus
prevent the debugger from accessing any variables, etc. It can be changed to:

PROC deadlocks.but.debuggable ()
CHAN OF INT c :
PAR
TIMER t
INT n :
VAL one.second IS 15625 : -- T414B, low priority
VAL one.day IS one.second * ((60 * 60) * 24) :
SEQ
t?n
t ? AFTER n PLUS one.day -- this process will be
- waiting here!
c!0
INT x
SEQ
c ?x
c ? x -- The debugger will jump to here

This procedure will still appear to deadlock, and will not set the transputer’s error flag, but when it is interrupted
by analysing the network, there will be a process on the timer queue.

The debugger can read the timer queue to locate to the delayed timer input, and leave the cursor on that
line. The user can then move the cursor to the declaration of channel ‘c’, and press the function
key. The debugger will then move the cursor to show the deadlocked input statement; any variables which
are in scope can then be examined, to determine the cause of the deadlock.

Obviously, in this simple case it is easy to see what has caused the deadlock by inspecting the source code.
In more complicated programs this ability to find deadlocks can be very useful.

An alternative approach to the analysis of deadlock is to display all the workspace as CHAN variables and to
locate to any waiting channels so found. Only locations containing Wdesc values pointing to valid workspace
stack frames are included in such a display.
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9.7.8 occam scope rules

It is necessary to realise that the debugger can only supply the contents of variables which are in lexical
scope at the current occam context. This can best be illustrated by an example:

PROC p ()
INT a :
PROC q (VAL INT b)
INT c :
SEQ
c :=b + a

PROC r (VAL INT d)
INT e

SEQ

e

e

0
d/ e -- The debugger will locate to here
-- after the error

INT x :
SEQ
x, a := 99, 57
INT y
SEQ
y := 42
q (y)
r (x) -- And backtrace to here

In this example, the divide in procedure ‘x’ would cause an error, and the debugger can locate to that line.
Here the variables ‘e’, ‘d’, and ‘a’ may be inspected, but not ‘x’, ‘'y’, ‘e’, or 'b’, since these are not in scope.

After backtracing, when located at the call of ‘z’, only variables ‘a’ and ‘x’ may be inspected, since the others
are all no longer in scope.






10 EPROM programming

10.1 Introduction

The INMOS EPROM software is designed so that programs which have been developed and tested using
the TDS may be placed in a ROM without change. This has the advantages that an application need not be
committed to ROM until it is fully debugged and the actual production of the ROMs can be done relatively
late in the development cycle without the fear of introducing new problems.

Figure 10.1 shows how a network of five transputers would be loaded from the TDS.

Boot from link

link

n k 1 i

link

Boot from link

Figure 10.1 Loading a network from TDS

Figure 10.2 shows how the same network of five transputers would be loaded from a ROM accessed by the
root transputer. The data being input by the root transputer from the ROM buffer is identical to the data being
input by the root transputer in figure 10.1 from the link to the TDS.

Boot from link

link
fro&fl;?M_, Eg&tgrfgsggﬂ link Boot from link link Boot from link
link

Boot from link

Figure 10.2 Loading a network from ROM

Creating a ROM from a debugged network program is a straightforward sequence of steps using standard
TDS utilities and tools. The two components to be put into the ROM are: firstly the debugged application
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program and secondly an INMOS supplied loader. These two components are placed together in a fold
bundle to which the make EPROM tool is applied. The result of applying the tool is a third fold in the bundle
which can then be burnt directly into an EPROM.

Details of how to create the fold bundle, how to burn the created output into the ROM and how to create
ROMSs which have different loading and running requirements from the standard case are described in the
following sections.

This chapter introduces three programs which are used in creating ROMs.

EPROM hex program This is the program which is used to convert a working application program into a file
suitable for loading into an EPROM.

Hex to programmer program This program takes the output of the EPROM hex program, and sends it to
an EPROM programmer. The program interfaces to a GPXP640 EPROM Programmer using Intel
Hex format. The sources of the Hex to programmer program are provided so that they may be
modified for EPROM programmers expecting a different format.

Write EPROM file program This is similar to the Hex to programmer program but writes to a file.
This chapter also introduces a program which can be used in conjunction with the ROM software.

Memory interface program This is an interactive program which allows the user to explore the effects of
changes in the memory interface timing parameters of the IMS T414 and IMS T800 processors. It
can produce a memory configuration table which can be included by the EPROM hex program in
the file to be burned into the ROM.

Each of these programs is described in detail in chapter 15 of this manual. Section 15.3 describes the Memory
interface program in detail. Section 15.4 describes the EPROM hex program. Section 15.5 describes the
Hex to programmer program. Section 15.6 describes the Write EPROM file program.

10.2 How to create the fold bundie

An empty fold bundle is created by pressing twice anywhere in the fold structure. Two items
need to be placed in this fold bundie; the application program and the loader.

Once the application program has been tested on a target network it should be extracted by running the
utility of the occam compiler utilities on the compiled PROGRAM fold set to produce a CODE
PROGRAM fold. The CODE PROGRAM fold produced as a new last item in the PROGRAM foldset should be
moved into the fold bundle created earlier. When applied to a PROGRAM the utility prompts for two
parameters:

VAL output.fold IS BOOTABLE : -- BOOTABLE | DIAGNOSTIC
and

VAL first.processor.is.boot.from.link IS FALSE

The parameter output . fold determines whether the CODE PROGRAM fold is to contain load time diag-
nostic information. BOOTABLE is slightly faster and would be used if the processor booting from ROM has
no channel to communicate any load failures to. DTIAGNOSTIC could be used if a channel is available to
report failures to and the load is regarded as being unreliable in some way.

The parameter £irst .processor.is.boot . from.link determines how much space in RAM on the
first processor should be avoided by code loaded into that processor. The network loader running from ROM
has a greater workspace requirement than the equivalent loader run as part of the bootstrap when booting a
processor from link. Because the first processor will ultimately be booted from ROM, this parameter should
be set to FALSE both when developing the application and when extracting the program for burning into
EPROM.
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The second item to be placed in the fold bundle is the loader. The loader is added to the fold bundle as a
CODE SC fold. An example loader is provided in the TDS tools source directory \TDS3 \TOOLS\SRC with
the fold comment:

SC multiboard eprom loader (no diagnostics) 17th March 1988

This should be compiled and extracted to create a CODE SC fold, which can be moved and placed into the
fold bundle without modification.

The fold bundle is now complete and appears as follows:

{{{ £fold bundle for EPROM

...F CODE PROGRAM application

...F CODE SC multiboard eprom loader (no diagnostics) 17th March
31}

10.3  Creating the ROM file

Having created the fold bundle containing the application and the loader, the next step is to create from this a
file suitable for burning into an EPROM. The EPROM hex program epromhex (see section 15.4) performs
this function. The EPROM hex program must first be loaded from the Tools fold in the toolkit fold by using
and then run on the fold bundle created as a result of the actions described in the previous section.
The result is a new last fold in the bundle with the fold comment EPROM hex so the fold bundle now appears
as follows:

{{{ fold bundle for EPROM

...F CODE PROGRAM application

...F CODE SC multiboard eprom loader (no diagnostics) 17th March
...F EPROM hex

11}

The first line in the EPROM hex fold holds the start address of the ROM code in the processor's address
space and identifies the processor type. The remainder of the fold consists of a sequence of hexadecimal
bytes to be placed in ROM from the specified address onwards.

The EPROM hex program will prompt the question:

Insert copy for analyse (y/n)

This is described fully in section 10.6, ‘ROMs which load from a host computer’. For the example considered
here, the answer should be n (no).

10.4 Burning the ROM

The fold created by the previous section is now ready for sending to an EPROM programmer for burning into
the ROM. The Hex to programmer program performs this function. The Hex to programmer program must
first be loaded from the Tools fold in the toolkit fold by using [GET CODE].

The Hex to programmer program hextopzrg (see section 15.5) should be run with the cursor on the EPROM
hex fold produced by the EPROM hex program described in the previous section. It produces output in a
form suitable for controlling an EPROM programmer via COM1 on the the IBM PC. The file COM1 is treated
by DOS as a communications port. Therefore, to connect an EPROM programmer to an IBM PC requires a
serial card installed as COM1. It may be necessary to use the DOS MODE command to configure the serial
card to the correct baud rate, parity, etc., for the EPROM programmer.

The procedure used depends on the width of the memory interface on the board for which the EPROMs
are intended. The Hex to programmer program reads the first line of the EPROM hex fold to determine the
processor type and hence the number of ROMs required. The IMS T414, IMS T425, IMS T800, IMS T801
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and IMS T805 have a 4 byte wide memory interface and therefore require 4 byte-wide ROMs. The IMS T212,
IMS T222 and IMS T225 have a memory interface which can be configured dynamically to be 1 or 2 bytes
wide. If the code is intended for an IMS T212, IMS T222 or IMS T225 the program will ask whether the ROM
is being accessed in byte mode (1 ROM required) or word mode (2 ROMSs required). If more than one ROM
is required they must be programmed separately and the user must identify which is being programmed. The
Hex to programmer program will select the appropriate bytes from the EPROM hex fold.

The start address of the code within the processor’s address space is also read from the first line of the
EPROM hex fold. This, and the size of the ROM being programmed, are used to calculate the start address
of the code within the ROM. The ROM size is entered by the user.

An alternative program prom£file may be used to send ROM images to host files (see section 15.6).

10.5 Execution from ROM instead of RAM

Earlier sections of this chapter described how to make an EPROM suitable for booting a network of transputers
with an application which is run in RAM on all processors in the network. In certain circumstances it may
be desirable to execute the application code while it is resident in ROM rather. than loaded into RAM. It
may be the case that the application running on the processor booted from ROM is the only processor in
the network or the processor booted from ROM may boot all the other processors as in the earlier example
before continuing with the application code executed from ROM.

Single transputer with application in ROM

In the first case, where the application program is running from ROM as a standalone embedded system on
a single transputer, the fold bundle is simplified to contain just a CODE SC fold. The SC implements the
required application.

The application should be developed under the TDS as an SC compilation unit containing one procedure and
tested as the only processor in a network loaded by the TDS. The EPROM hex program sets up values for a
standard set of parameters for the SC to be included in the ROM, the parameters are values required by the
loader described earlier.

PROC EPROM.SC( INT entry.point,
[60] BYTE buffer,
VAL [600]BYTE memory.copy,
VAL []BYTE program.buffer)
application

The application needs to have this form. The best way to achieve this is to develop it under the TDS with
only those parameters necessary for loading from the TDS, and then move the developed SC into an SC of
the above form for final compilation and extraction, as follows:

{{{ SC eprom source

{{{F eprom source
. EPROM.SC -- standard parameter list
. SC application
application ()

11}
11}

When running the EPROM hex program, the question Insext copy for analyse? should be an-
swered n (no). The EPROM hex program may produce the warning message:

WARNING: total RAM space requirement exceeds maximum
allowed for a loader (limit = 560 bytes)

This message is significant only when the ROM is loading code into local RAM and so may be ignored in this
case.
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Load network then continue in ROM

In the second case, the ROM processor will boot the rest of the network as in the original example, but will
then continue executing from ROM.

Two different options are again possible. For the first option, the application to be run on the processor
booted from ROM is developed independently from the network; for example as an EXE running within the
TDS interfacing to the network program. For the second option, the application to be run on the processor
booted from ROM is developed as the root processor in the network program.

In the first option, the code running from ROM must emulate the action of the TDS in booting the rest of the
network and then carry on with the developed application.

. EPROM.SC -- standard parameter list
CHAN OF ANY boot.link:
PLACE boot.link AT 2:
SEQ
boot.link ! program.buffer -- load network
... SC application
application()

In the second option, the code running from ROM on the root processor must load the rest of the network as
in the original example but ignore all code directed to be loaded into RAM on the root processor. After the
load is completed, control should continue within the SC rather than terminate in the manner of the network
loader.

EPROM. SC -- standard parameter list

SC modified network loader

... 8C application

SEQ
load.network (program.buffer)
application()

When running the EPROM hex program, the question Insert copy for analyse? should be an-
swered n (no) in both of the options described above. The EPROM hex program may produce the warning
message:

WARNING: total RAM space requirement exceeds maximum
allowed for a loader (limit = 560 bytes)

This message is significant only when the ROM is loading code into local RAM and so may be ignored in
both of the above options.

10.6 ROMs which load from a host computer

For some applications it may be desirable to create a ROM which is capable of loading a network of transputers
from a host computer using a non-link interface (such as RS232). An example of this type of ROM is the
monitor program on INMOS evaluation boards which include serial RS232 ports.

This type of system is a variation of the single application running from ROM, in which the application is

a loader, and the ROM fold is created in a similar manner. The source of the INMOS monitor program is
provided in the TDS tools directory with the fold comment:

SC BOOx.monitor (24th February 1988)

for modification by users to match their particular hardware. The TDS uses additional handshaking sequences
and, if necessary, byte encoding, when loading a network via RS232.



126 10 EPROM programming

An outline of the INMOS monitor is given below.

PROC B0Ox.monitor (INT entry.point,
[60]BYTE buffer,
VAL[600]BYTE memory.copy,
VAL[]BYTE program.buffer)
link placements
constants
load
... analyse
SEQ
respond to wake up character
read.char (line, char) -- not encoded
IF
‘B’ : straight binary
'H’ : encoded hex
... octherwise bad protocol
get.char (line, char) -- encoded
char := char /\ #7F

IF
char = (INT ’A’)
analyse ()
char = (INT 'L’)
load ()
TRUE
bad protocol

The INMOS monitor can also interface to the TDS for analysing networks. Analysing and debugging software
accessing a processor needs to examine the contents of workspace as it was when the previous execution
of a program was halted (probably through the error flag being set). The low addressed part of RAM, which
is likely to be of interest to a debugger, is the area which the ROM employs for workspace. If the response to
the prompt by the EPROM hex program Insert copy for analyse? is given as y (yes), the program
in ROM will copy this area to the high addressed part of the available RAM. If it is not necessary for the ROM
to be used to interface to host software analysing the network then a n (no) response is suitable.

The TDS loading and analysing protocols and the special requirements for using serial lines are described in
INMOS technical notes 33 and 34.

Workspace for this type of ROM must be kept small to make certain that the loader is not directed to load
code to an area occupied by ROM workspace. The EPROM hex program produces the warning message

WARNING: total RAM space requirement exceeds maximum
allowed for a loader (limit = 560 bytes)

if the workspace used by the ROM extends into areas to which the loader may be directed to load code.
Note that compiling the code without a separate vector space in general reduces the code’s total workspace
requirement.

10.7 Adding a memory configuration to the EPROM

IMS T414, IMS T425, IMS T800 and IMS T805 transputers can configure their memory interface from a table
of words stored at the most positive addresses in their memory space. These addresses are within the area
occupied by an EPROM which can be used to boot a transputer. The EPROM hex program can include such
a configuration table into the output file at the correct configuration addresses. To cause this to occur it is
simply necessary to include the memory configuration table as an additional filed fold in the fold bundle on
which the EPROM hex program is run. The required fold is labelled ... (configuration) and must
be filed, using The order of the folds is unimportant.

The configuration table expected by the EPROM hex program is in the format output as a result of running the
Memory Interface program memint (see section 15.3). Such a fold may be generated by hand, if desired,
the main requirement being that the fold is complete (i.e. all address-value pairs are present).
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This chapter describes a number of features of the occam 2 compiler in the TDS which support low-level
programming of transputers. These are as follows:

Allocation This allows a channel, a variable, an array or a port to be placed at an absolute location in
memory.

Code insertion This allows sections of transputer machine code to be inserted into 0Cccam programs.

Dynamic code loading A set of compiler library procedures allow an occam program to read in a section
of compiled code (from a file, for example) and execute it.

Extraordinary use of links A set of library procedures allow link communications which have not completed
to timeout or be aborted by another part of the program.

1.1 Allocation
allocation = PLACE name AT expression :

The PLACE statement in occam allows a channel, a variable, an array or a port to be placed at an absolute
location in memory. This feature may be used for a number of purposes; for example:

e Mapping occam channels onto the ‘hard channels’ implemented by transputer links, from within an
occam program.

e Mapping arrays onto particular hardware, such as video RAM.
o Accessing devices (such as UARTSs or latches) mapped into the transputer’s address space.

The PLACE statement may not be used to force critical arrays or variables onto on-chip RAM. The occam
compiler allocates memory according to the scheme outlined in chapter 6; it does not take account of data
placed at some arbitrary position in the memory it is trying to allocate. So placing data within the data space
aliocated by the compiler will interfere with other data placed there by the compiler. To make the best use of
on-chip RAM, use the ‘separate vector space’ facility of the compiler described in chapter 6.

The address of a placed object is derived by treating the value of the expression as a subscript into an INT
array mapped onto memory. Thus PLACE n AT 1: would cause n to be allocated address #80000004
on a 32-bit transputer. Addresses are calculated in this way so that the transputer links can be accessed
using word length independent code (the links are addresses 0, 1 up to 7).

Translation from a machine address to the equivalent 0ccCam []INT subscript value can be achieved by
the following declaration:

VAL occam.addr IS (machine.addr><(MOSTNEG INT)) >> w.length:

Where w. length is 1 for a 16-bit transputer and 2 for a 32-bit transputer.
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Some useful allocations are given below:

CHAN OF ANY in.link0, out.linkO :
CHAN OF ANY in.linkl, out.linkl
CHAN OF ANY in.link2, out.link2
CHAN OF ANY in.1ink3, out.link3
CHAN OF ANY in.event :

PLACE out .link0 AT
PLACE in.link0 AT

Y

PLACE out.linkl AT
PLACE in.linkl AT

PLACE out .link2 AT
PLACE in.link2 AT

PLACE out.link3 AT
PLACE in.link3 AT

~ W AN [§ . [ X}

PLACE in.event AT 8:
[4]CHAN OF ANY out.links, in.links

PLACE out.links AT 0:
PLACE in.links AT 4:

All placed objects must be word aligned. If it is necessary to access a BYTE object on an arbitrary boundary,
or an INT1 6 object on an arbitrary 16-bit boundary, the object must be an element of an array which is placed
on a word address below the required address. For example, to access a BYTE port called io.register
located at physical address #40000001 on a T4 the following must be used:

[4]PORT OF BYTE io.regs.vec :
PLACE io.regs.vec AT #30000000
io.register IS io.regs.vec[l] :

Placement may be used on transputer boards to access board control functions mapped into the transputer’s
address space. For example, on the IMS B004, the subsystem control functions (Error, Reset and Analyse)
are mapped into the address space, and can be accessed from occam as placed ports. The following code
will reset subsystem on the IMS B004, an IMS B008 or compatible board:

PROC reset.b004.subsystem()
VAL subsys.reset IS (0 >< (MOSTNEG INT)) >> 2:
VAL subsys.analyse IS (4 >< (MOSTNEG INT)) >> 2:
VAL subsys.error IS (0 >< (MOSTNEG INT)) >> 2:
PORT OF INT reset, analyse, error:
PLACE reset AT subsys.reset:
PLACE analyse AT subsys.analyse:
PLACE error AT subsys.error:
TIMER clock:

INT time:
SEQ
analyse ! 0 -- set reset and initialise low
reset ! 0
reset ! 1 -- hold reset high
clock ? time
clock ? AFTER time PLUS 78: -- 5 ms is ample
reset ! 0 -- reset subsystem

The error and analyse functions can be controlied from 0occam in a similar way. The pipeline sorter exam-

ple described in chapter 7 shows an example of monitoring the subsystem error flag from a program (the
monitor program) running on the IMS B004.
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11.2 Code insertion
This section describes the facilities provided by the occam 2 compiler code insertion mechanism.

The code insertion mechanism enables the user to access the instruction set of the transputer directly within
the framework of an occam program. Symbolic access to 0ccam variable names is supported, as is
automatic jump sizing. More details on the instruction set may be found in the INMOS document ‘The
transputer instruction set — a compiler writer's guide’.

Code insertion may be employed to perform tasks not possible from occam, or for particularly time-critical
sections of a program. There are several reasons, however, which should encourage the user to refrain
from using code insertion as a solution to problems which may, with some thought, be solved using occam.
Paramount among these is that the validity of a system consisting entirely of occam can be checked by
the compiler. A compiler can check usage of channels, access to variables, communication protocols and
range violations. A single code insert prevents the compiler from performing these checks adequately. A
second reason for not using code insertions is that the transputer instruction set is suited for use by a high
leve! language, particularly occam, and algorithms which are simple to code and easy to debug in occam
become difficult and obscure when coded in the transputer instruction set directly.

11.2.1  Using the code insertion mechanism

An occam 2 code insertion is introduced by the construct GUY. The context of the GUY construct is deter-
mined, as with all occam constructs, by its indentation. The transputer instructions which follow the GUY
must be indented and there may only be one instruction per line. Lines may be terminated by a comment,
which is introduced by the —— symbol as in occam. The transputer instructions are upper case versions
of the standard mnemonics listed in INMOS documentation. The code insert is terminated by the matching
outdent.

A compiler parameter code . inserts determines which instructions may be used within sections of code
insertions, in the unit being compiled. If the value is NONE, no code insertions are allowed and the compiler
will flag the first such instruction as invalid. If the value is RESTRICTED, then the instructions allowed are
a restricted set of instructions which are sufficient for time-critical sections of sequential code. If the value is
ALL, then all transputer instructions are allowed including OPR for the creation of arbitrary instruction codes.
Since the inclusion of some instructions may have an unexpected effect on the 0ccam program (for example,
instructions which move the workspace pointer), instructions outside of the restricted set must be used with
great care. A list of the restricted set of transputer instructions is given in appendix H.

For example, to perform a 1’s complement addition we can write the following occam:

INT carry, temp:

SEQ
carry, temp := LONGSUM (a, b, 0)
¢ := carry PLUS temp

However, if this occurs in a time-critical section of the program we might replace it with:

GUY
ILDC 0
LDL a
ILDL b
LSUM
sUM
STL C

which would avoid the storing and reloading of cazrxy and temp.

Values in the range MOSTNEG INT to MOSTPOS INT may be used as operands to all of the direct functions
without explicit use of prefix and negative prefix instructions. Access to non-local occam symbols is provided
automatically without explicit indirection.
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A more complex example, which sets error if a value read from a channel is not in a particular range, takes
advantage of both these facilities:

INT a :
... other stuff
PROC get.and.check.index (CHAN OF INT c)

SEQ
c?a
GUY
LDL a -- push value of free variable onto stack
LDC 512 -- push 512 onto stack
CCNT1 -— if NOT (0 < a <= 512) then set error

If there is a requirement for the code insertion to use some work space, then the work space may be declared
before the GUY construct, in which case, the work space locations are accessed just like any other occam
symbols.

INT a :
SEQ
INT b, ¢
GUY
LDL a ~- push value in a onto stack
STL b -- pop value from stack into b

more code

11.22 Labels and jumps

To insert a label into the sequence of instructions, put the name of the label, preceded by a colon, on a line
of its own. Then when the label is used in an instruction, precede the name with a full stop. For example:

GUY
. some instructions
:FRED
... some more instructions
CJ .FRED

A restriction of the compiler is that the same label name may not be defined more than once within an occam
procedure.

11.3 Dynamic code loading
Introduction

The transputer development system permits the dynamic loading and execution of code, using the procedures
described in this section. The procedures are listed in section 14.2.6.

The procedures described allow the programmer to write an 0ccam program that reads in a compiled occam
procedure and then calls it. The called procedure may be compiled and linked separately from the calling
program and may even be generated by a compiler outside the TDS. It may be read into an array of the
calling program from a transputer link or from a file in a host filing system. Alternatively it may be converted
into an occam table by using as source code the wocctab tool and included in the calling program. It is
possible to pass parameters to the procedure, which must have at least 3 formal parameters.
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11.3.1  The call

The occam compiler recognises calls of a procedure KERNEL . RUN with the following parameters:

PROC KERNEL.RUN (VAL []BYTE code,
VAL INT entry.offset,
[1INT workspace,
VAL INT no.of.parameters)

The effect of a call of KERNEL.ROUN is to call the procedure in the code buffer, starting execution at the
location code [entry.offset]. The workspace buffer (see figure 11.1) is used by the called procedure
for its local scalar data. The required size of this buffer and the code buffer must be derived from information in
the code file. The parameters passed to the called procedure should be placed at the top of the workspace
buffer by the calling procedure before the call of KERNEL . RUN. The call to KERNEL . RUN returns when the
called procedure terminates. If the called procedure requires a separate vector space, then another buffer of
the required size must be declared, and its address placed as the last parameter at the top of workspace.
As calls of KERNEL.RUN are handied specially by the compiler it is necessary for no.of .parameters
to be a constant known at compile time. This imposes some restrictions on the way KERNEL . RUN is used.

Note that as, in general, a compiled procedure will include word-aligned constant tables it is important to
ensure that the code buffer is word aligned.

workspace{ (SIZE workspace) - 1] saved wptr saved by KERNEL . RUN

vector space pointer
or last parameter

[no.of.parameters+2] INT

parameters loaded by caller (must be > 3)

1st parameter

saved iptr saved by KERNEL . RUN

[ws.requirement] INT

workspace of
called procedure

workspace[0]

Figure 11.1 workspace buffer
The workspace passed to KERNEL . RUN must be at least:

[ws.requirement + no.of.parameters + 2]INT

where ws . requirement is the size of workspace required, determined when the called procedure was
compiled, and stored in the code file and no.of.parameters includes the vector space pointer if it is
required. The parameters must be loaded before the call of KERNEL . RUN. The parameter corresponding
to the first formal parameter of the procedure should be in the word adjacent to the saved iptr word, and the
vector space pointer or last parameter should be adjacent to the top of workspace where the wptr will be
saved.



132 11 Low level programming

11.3.2 Loading parameters

There are a number of library procedures to set up parameters before the call. These are:

LOAD.INPUT.CHANNEL (INT here, CHAN OF ANY in)
LOAD.INPUT.CHANNEL.VECTOR (INT here, []CHAN OF ANY in.vec)
LOAD.OUTPUT . CHANNEL (INT hexre, CHAN OF ANY out)
LOAD.OUTPUT .CHANNEL.VECTOR (INT here, []JCHAN OF ANY out.vec)
LOAD .BYTE.VECTOR (INT here, []BYTE b.vec)

The variable here is assigned the address of the second parameter. Note that when passing vector param-
eters, if the formal parameter of the PROC called is unsized then the vector address must be followed by the
number of elements in the vector, for example:

LOAD.BYTE.VECTOR (param[0] , buffer)
param[l] := SIZE buffer

Thus an unsized vector parameter requires 2 parameter slots. The size must be in the units of the array (not
in bytes, unless it is a byte vector, as above). For multi-dimensional arrays, one parameter is needed for
each unsized dimension, in the order the dimensions were declared.

All variables and arrays should be retyped to byte vectors before using LOAD .BYTE . VECTOR to obtain their
addresses, using a retype of the form: [JBYTE b.vector RETYPES variable:.
LOAD.BYTE.VECTOR may also be used to set up the address of the separate vector space. The size of
separate vector space does not have to be supplied, but must be adequate for the called procedure.

11.3.3 Examples
Example 1: load from link and run

This is a simple procedure to load a code packet from a link and run it. The type of the packet is given by
the protocol PROTOCOL CODE.MESSAGE IS INT::[]BYTE; INT; INT

The code is sent first, as a counted array, followed by the entry offset and workspace size. KERNEL . RUN
requires the called procedure to have at least 3 parameters, but if, as in this case, none of these are used,
then the declaration of the called procedure can have no formal parameters. If the called procedure uses
separate vector space then at least 2 other (possibly dummy) parameters must be specified.

PROC run.code (CHAN OF CODE.MESSAGE input, []INT run.vector,
[IBYTE code.buffer)
VAL no.parameters Is 3 : -- smallest allowed
INT code.length, entry.offset, work.space.size
INT total.work.space.size
SEQ
input ? code.length::code.buffer;
entry.offset; work.space.size
total.work.space.size :=
(work.space.size + no.parameters) + 2
[JINT work.space IS
[run.vector FROM 0 FOR total.work.space.size]
KERNEL.RUN (code.buffer, entry.offset,
work.space, no.parameters)

Example 2: loading arbitrary compiled procedures

This extended example, which is included in full in the software, shows how a program may be written which
can load separately compiled procedures created by the TDS or by INMOS toolset products. A compiled
procedure produced by [COMPILE] and [EXTRACT]in the TDS, is stored in a CODE SC filed fold. The structure of
such a fold is described in appendix G. Note that the representation of the fold structure is pairs of bracketting
bytes around the records containing the header information and the code. If a compiled procedure in a CODE
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SC fold is written out to a DOS file by WRITE HOST], the bracketting bytes are removed, but the records within
them are unchanged. The resulting host code file has exactly the same structure as one produced by the
INMOS toolset products (conventionally in a . rxx file).

The procedures load.tds and load. rxx load the contents of the two kinds of code file respectively. The
procedure call.pgm may be used to call a procedure loaded from either kind of file. The additional support
for programs with stack space in addition to work space and vector space is for programs compiled with the
INMOS scientific language compiler toolsets. This example allocates stack space between code space and
vector space, it may be more efficient to allocate stack space with workspace. Use of KERNEL . RUN gives
the user freedom to take such decisions.

It is not in general possible to write code to load and enter procedures whose parameter lists are not known
at the time the loader is designed.

-—{{{ loadpgm
... #USEs
other declarations
load.tds
.. load.rxx
--{{{ call.pgm
PROC call.pgm ([]BYTE work.area, VAL INT stack.len, ws.len,
params.len, code.len, vs.len, entry)
INT b.stack.len:
SEQ
compute stack length in bytes
--{{{ abbreviations etc
VAL b.ws.len IS ws.len TIMES bpw:
VAL b.vs.len IS vs.len TIMES bpw:
VAL b.params.len IS params.len TIMES bpw:
VAL b.code.len IS (code.len + (bpw - 1)) /\ (BITNOT (bpw-1)):
VAL stk.start IS O:
VAL ws.start IS stk.start + b.stack.len:
VAL p.start IS ws.start + b.ws.len:
VAL c.start IS p.start + b.params.len:
VAL v.start IS c.start + b.code.len :
VAL f.start IS v.start + b.vs.len :

b.workspace IS [work.area FROM ws.start

FOR b.ws.len + b.params.len]
b.codespace IS [work.area FROM c.start FOR code.len]
b.stackspace IS [work.area FROM stk.start FOR b.stack.len]
b.vecspace IS [work.area FROM v.start FOR b.vs.len]
VAL f.len IS (SIZE work.area) - f.start:

b. freespace IS [work.area FROM f.start FOR f.len]
--}1}}
SEQ
--{{{ load parameters and run the program
VAL p.len IS params.len TIMES bpw:
SEQ
{1INT pspace RETYPES [b.workspace FROM p.start FOR p.len]
SEQ
LOAD.INPUT.CHANNEL (pspace [l], from.isv)
LOAD .OUTPUT.CHANNEL (pspace [2], to.isv)
LOAD .BYTE.VECTOR (pspace [3], b.freespace)
[1INT freespace RETYPES b.freespace
pspace [4] := SIZE freespace
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CASE params.len
6 -- no stack, no vector space
SKIP
7 -- vector space but no stack
LOAD.BYTE.VECTOR (pspace [5], b.vecspace)
9 -- vector space and stack
SEQ
LOAD.BYTE.VECTOR (pspace [5], b.stackspace)
[1INT stackspace RETYPES b.stackspace:
pspace [6] := SIZE stackspace
LOAD.BYTE.VECTOR (pspace [7], b.vecspace)
[]INT workspace RETYPES b.workspace :
CASE params.len
6

KERNEL.RUN (b.codespace, entry, workspace, 4)

7
KERNEL.RUN (b.codespace, entry, workspace, 5)
9
KERNEL.RUN (b.codespace, entry, workspace, 7)
-=}}}
-=}}}
-~{{{ main
... declarations
SEQ

... determine code file type
CASE code.file.type
--{{{ CODE SC from current fold
code.file.CODESC. fold
load.tds (from.user.filer[0], to.user.filer[0],
code.len, bigspace, prog.loaded,
ws.len, ps.len, vs.len,
code.entry.offset, target.type, fresult)
-=}}}
--{{{ Dbootable or loadable program file

ELSE
load.rxx (from.isv, to.isv, [progfile.name FROM 0
FOR pfn.len],
code.file.type = code.file.bootable,
code.len, bigspace, prog.loaded,
ws.len, ps.len, vs.len, stack.len,
code.entry.offset, target.type, fresult)

-=11}

IF
... not loaded - message
TRUE
call.pgm (bigspace, stack.len, ws.len, ps.len,
code.len, vs.len, code.entry.offset)
... conclude
--1h
-=}}}

Other examples

There are other examples of the use of KERNEL. RUN in the loader programs whose source is included with
the software.
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11.4  Extraordinary use of links

The transputer link architecture provides ease of use and compatibility across the range of transputer prod-
ucts. It provides synchronised communication at the message level which matches the occam model of
communication.

In certain circumstances, such as communication between a development system and a target system, it is
desirable to use a transputer link even though the synchronised message passing of 0ccam is not exactly
what is required. Such extraordinary use of transputer links is possible but requires careful programming and
the use of some special 0ccam procedures.

The use of these procedures is described in this chapter. To use them in a compilation unit, the directive
#USE reinit should be inserted at the top of the source for that unit. See section 14.2.8 for a list of the
procedures.

11.4.1  Clarification of requirements

As an example, consider a development system connected via a link to a target system. The development
system compiles and loads programs onto the target and also provides the program executing in the target
with access to facilities such as a file store. Suppose the target halts (due to a bug) whilst it is engaged
in communication with the development system. The development system then has to analyse the target
system.

A problem will arise if the development system is written in ‘pure’ 0ccam. It is possible that when the target
system halts, the development system is in the middle of communicating on a link. As a result, the input or
output process will not terminate and the development system will be unable to continue. This problem can
occur even where an input occurs in an alternative construct together with a timeout (as illustrated below).
When the first byte of a message is received the process performing the alternative commits to inputting;
the timer guard cannot subsequently be selected. Hence, if insufficient data is transmitted the input will not
terminate.

ALT
TIME ? AFTER timeout

frc.n;t:other.system ? message

It is important to note that the problem arises from the need to recover from the communication failure. it is
perfectly straightforward to detect the failure within ‘pure’ 0ccam and this is quite sufficient for implementing
resilient systems with multiple redundancy.

11.4.2 Programming concerns

The first concern of a designer is to understand how to recognise the occurrence of a failure. This will depend
on the system; for example, in some cases a timeout may be appropriate.

The second concern is to ensure that even if a communication fails, all input processes and output processes
will terminate. As this cannot be achieved directly in occam, there are a number of library procedures which
perform the required function. These are described below.

The final concern is to be able to recover from the failure and to re-establish communication on the link.
This involves reinitialising the link hardware; again there is a suitable library procedure to allow this to be
performed.
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11.4.3 Input and output procedures

There are four library procedures which implement input and output processes which can be made to terminate
even when there is a communication failure. They will terminate either as the result of the communication
completing, or as the result of the failure of the communication being recognised. Two procedures provide
input and output where communication failure can be detected by a simple timeout, the other two procedures
provide input and output where the failure of the communication is signalled to the procedure via a channel.
The procedures have a boolean variable as a parameter which is set TRUE if the procedure terminated as a
result of communication failure being detected, and is set FALSE otherwise. If the procedure does terminate
as a result of communication failure having been detected then the link channel can be reset.

All four library procedures take as parameters a link channel c (on which the communication is to take place),
a byte vector mess (which is the object of the communication) and the boolean variable aborted. The
choice of a byte vector as the parameter to these procedures allows an object of any type to be passed along
the channel provided it is retyped first.

The two procedures for communication where failure is detected by a timeout take a timer parameter TIME,
and an absolute time t. The procedures treat the communication as having failed when the time as measured
by the timer TIME is AFTER the specified time £. The names and the parameters of the procedures are:

InputOrFail.t (CHAN OF ANY c, []BYTE mess,
TIMER TIME,
VAL INT t, BOOL aborted)

and

OutputOrFail.t (CHAN OF ANY c, VAL []BYTE mess,
TIMER TIME,
VAL INT t, BOOL aborted)

The other two procedures provide communication where failure cannot be detected by a simple timeout. In
this case failure must be signalled to the inputting or outputting procedure via a message on the channel
kill. The message is of type INT. The names and parameters to the procedures are:

InputOrFail.c(CHAN OF ANY c, []BYTE mess,
CHAN OF INT kill, BOOL aborted)

‘and

OutputOrFail.c (CHAN OF ANY c, VAL []BYTE mess,
CHAN OF INT kill, BOOL aborted)

11.4.4 Recovery from failure

To reuse a link after a communication failure has occurred it is necessary to reinitialise the link hardware. This
involves reinitialising both ends of both channels implemented by the link. Furthermore, the reinitialisation must
be done after all processes have stopped trying to communicate on the link. So, although the InputOrFail
and OutputOxrFail procedures do, themselves, reset the link channel when they abort a transfer, it is
necessary to use the fifth library procedure Reinitialise (CHAN OF ANY c), after it is known that all
activity on the link has ceased.

The Reinitialise procedure must only be used to reinitialise a link channel after communication has
finished. If the procedure is applied to a link channel which is being used for communication the transputer's
error flag will be set and subsequent behaviour is undefined.
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11.45 Example: a development system

For our example consider the development system described in section 11.4.1.

Development o Target
System Link System

Figure 11.2 Development system

The first step in the solution is to recognise that the development system knows when a failure might occur,
and hence the development system knows when it might be necessary to abort a communication.

The process which interfaces to the target system can be sent a message when the development system
decides to reset the target causing the interface process to abort any transfers in progress. The development
system can then reset the target system (which resets the target end of the link) and reinitialise the link.

The example program below could be that part of the development system which runs once the target system
starts executing, until such time as the target is reset and the link is reinitialised.

SEQ
CHAN OF ANY terminate.input, terminate.output
PAR
interface process
monitor process
. reset target system
Reinitialise(link.in)
Reinitialise (link.out)

The monitor process will output on both terminate.input and terminate.output when it detects
an error in the target system.

The interface process consists of two processes running in parallel, one which outputs to the link, the other
which inputs from the link. As the structures of the two processes are similar only the process which outputs
to the link need be shown; the input process is very similar.

It there were no need to consider the possibility of communication failure the process might be

WHILE active
SEQ
ALT
terminate.output ? any
active := FALSE

from.dev.system ? message
link.out ! message

This process will loop, forwarding input from £rom.dev. systemto 1ink. out, until it receives a message
on terminate.output. However, if after this process has attempted to forward a message, the target
system halts without inputting, the interface process will fail to terminate.
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The following program overcomes this problem:

WHILE active
BOOL aborted :
SEQ
ALT
terminate.output ? any
active := FALSE
from.dev.system ? message
SEQ
OutputOrFail.c(link.out, message,

terminate.output, aborted)

active := NOT aborted

This program is always prepared to input from texrminate .output, and is always terminated by an input
from terminate.output. There are two cases which can occur. The first is that the message is received
by the input which then sets active to FALSE. The second is that the output gets aborted. In this case the

whole process is terminated because the variable aborted would then be true.

11.5 Setting the error flag

The transputer error flag can be set using the predefined procedure CAUSEERROR (). This procedure is
recognised automatically by the compiler and does not need to be referenced by the #USE directive.

CAUSEERROR always halts the program, whatever the mode of the compilation. This is distinct from the
occam primitive process STOP, which only halts the program if the compilation is in HALT mode.
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121 Keys

May be pressed at any position in the program development environment. The toolkit fold is searched
for a fold marked:

Autoload (perhaps with other text here)

If this fold is found, all runnable code folds which are found in this fold are loaded as though
had been applied to each fold in turn. If the cursor was on a closed top level fold it is entered.

[BOTTOM OF FOLD|

Places the cursor on the line displaying the bottom crease symbol of the current enclosing fold.

BROWSE

Used to set the editor into browse mode, in which no changes may be made to the document.
is also used to end browse mode. It switches the set of allowable key functions in the
program development environment between the full set and a reduced set which does not allow any
form of data input. This function is not available in the toolkit fold or in the code information fold,
and it is not possible to enter the toolkit or code information fold when in browse mode.

CALL MACRO

Invokes sequence of keys defined using the key or recovered from a fold by using
[GET MACRQ]. If no macro sequence has been defined, the key has no effect.

CLEAR ALL

If the cursor is on a closed top level fold it is entered. Clears all loaded code items, both utilities
and user programs.

CLEAR EXE

If the cursor is on a closed top level fold it is entered. Removes the current EXE from the set of
current EXEs and selects the next.

CLEAR UTIL

If the cursor is on a closed top level fold it is entered. Removes the current utility set from the set of
current utility sets and selects the next.

CLOSE FOLD

Closes the current enclosing fold, and all open folds contained within it. The closed fold line is
placed on the line of the screen where the top crease was, unless the top crease was off the top
of the screen, in which case the closed fold line appears at the top of the screen. The cursor is
positioned on the closed fold line, at the same column position as it was before was
pressed. has no effect if the current enclosing fold was opened with an
operation, but a message is given to remind the user that should be used to get out of
the current fold.
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[CODE INFORMATION |

May be pressed while in the normal editing environment (not when within the toolkit fold). It creates
a display (which appears as a fold structure) showing the following:

1 A ‘help’ display for the current utility set, which is a sequence of lines listing the utilities in
the set and giving a brief explanation of each.

2 A list of the currently loaded code items, both UTILs and EXEs. Each code item is
identified by the text on the fold line when the code was loaded. The current utility set and
user program are indicated by a > at the start of the line.

3 For each of the loaded code items, there is a fold line which may be opened and viewed.
This contains the code size and data requirement for the code, and the ‘help’ information
for a utility.

4 The size of the fold manager buffer and the proportion used.
5 The amount of data space available for running a utility or user program.
While viewing the code information fold the following message is displayed:

Press [EXIT FOLD] to resume editing
Pressing to exit the fold returns the editor to the position it was at when was

pressed.
Any part of this display may be folded up and saved for later use by means of the and
keys.

Copies the current line and inserts the copy below the current line. If the line is a closed fold then
all the text lines and nested folds in the fold are copied. has no effect if the current line
is a top or bottom crease. The cursor is placed on the copy.

If the current line is a filed fold, or contains a filed fold, the user is prompted for confirmation, as the
operation may take some time. It can be confirmed by pressing again.

File names for files in the copied fold structure are derived from the names of files in the original
fold structure, adjusted to avoid clashing with any existing file names in the directory.

Used to copy a line, which may be a fold line, so that it may be moved to another place in the
document. It makes a copy of the current line and appends it to the end of the pick buffer. If the line
is a filed fold, or is a fold containing a filed fold, must be pressed again for confirmation,
as the copying may take some time.

As has no effect on the document, it may be used to copy portions of a program without
forcing the program to require recompilation. It may be used in browse mode.

CREATE FOLD

The first use of inserts a new top crease above the current line, at the current column.
The second use of creates a fold containing the lines between the new top crease and
the current line. The fold is closed and the cursor is placed at the end of the fold line marker, where
fold header text may be inserted.

Between the two presses of [CREATE FOLD] all editor functions except cursor movement and scrolling
are disallowed.

The indentation of the new fold is determined by the current column on the first use of [CREATE FOLD].
The lines to be enclosed within the new fold should all be sufficiently indented to fit into a fold at this
indentation (i.e. they must not extend to the left of this column).
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CURSOR DOWN

Moves the cursor down one line. On the bottom line of the screen it scrolls the screen one line down
the current view, if there are lines in the current view below the screen, and the cursor remains in
the same position on the screen.

CURSOR LEFT

Moves the cursor left one column, except in the leftmost column on the screen where it may cause
the view to pan.

CURSOR RIGHT

Moves the cursor right one column, except in the rightmost column on the screen where it may cause
the view to pan.

CURSOR UP

Moves the cursor up one line. On the top line of the screen it scrolls the screen one line up the
current view, if there are lines in the current view above the screen, and the cursor remains in the
same position on the screen.

DEFINE MACRO

Used to define a sequence of keys (which are commonly going to be used together) and assign
the sequence to a single keystroke. Two presses of [DEFINE MACRO] are needed to define a key
sequence; the required keys (which may not include [DEFINE MACRO] or [CALL MACRO]) should be
pressed between the two presses of [DEFINE MACRO]. N.B. the keys are obeyed when defining the
macro. The sequence may contain up to 64 keys. Any previously defined macro is forgotten. The
defined macro sequence may be invoked using the key, or may be saved in a fold by
using [SAVE MACRO]

DELETE

Deletes the character to the left of the cursor. The cursor, the character underneath the cursor and
all subsequent characters on the line are moved left by one place.

If the cursor is in the leftmost column of the current enclosing fold concatenates the current
line with the line above. The cursor is placed after the end of the first line.

DELETE] in the leftmost column has no effect if the current line is a fold line, top crease or bottom
crease, or is a line following the top crease of a view, a fold line or bottom crease.

Spaces may be deleted before a closed fold marker symbol to change the indentation of the fold.

DELETE LINE

Removes the current line from the document, and places it in the delete buffer. Anything already
in the delete buffer is deleted. All the lines below the current line in the view are moved up by one
line. has no effect if the current line is a top crease or bottom crease.

may be used to restore the delete buffer into the current view.
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DELETE RIGHT

Deletes the character under the cursor. All the characters to the right of the cursor are moved left
by one place. The cursor remains in the same position.

Character deletion has no effect when the character to be deleted is in the top line of the view, is
part of a marker symbol, or is to the left of the leftmost column of an open fold.

Spaces may be deleted before a closed fold marker symbol to change the indentation of the foid.

[DELETE TO END OF LINE |

Deletes all text from the character under the cursor, to the last significant character on the line,
inclusive. The cursor remains in the same position.

[DELETE WORD LEFT|

Deletes the word to the left of the cursor. The deletion is governed by the following rules:

e A symbol is a non-space non-alphanumeric character, or a sequence of alphanumeric
characters. A line contains a sequence of symbols, separated by zero or more spaces. A
symbol starting position is the position of the first character in a symbol.

If the cursor is on or to the left of the first significant (non-space) character on the line, the
characters from the cursor position to the current indentation are deleted. The cursor will
move to the current indentation.

If the cursor is to the right of the character following (immediately to the right of) the last
significant character on the line, the cursor will move to the character following the last
significant character on the line.

In all other cases the cursor will move to the first symbol starting position to the left of the
current cursor position, deleting all intervening characters.

[DELETE WORD RIGHT |

Deletes the word to the right of the cursor. The deletion is governed by the following rules:

e A symbol is a non-space non-alphanumeric character, or a sequence of alphanumeric
characters. A line contains a sequence of symbols, separated by zero or more spaces. A
symbol starting position is the position of the first character in a symbol.

if the cursor is to the left of the first significant (non-space) character on the line, all char-
acters between the cursor the first significant character on the line will be deleted.

If the cursor is on or between the last symbol starting position on the line, and the last sig-
nificant character on the line, all characters upto and including the last significant character
on the line will be deleted.

If the cursor is to the right of the last significant character on the line, the cursor will not
move.

In all other cases all characters between the cursor and the first symbol starting position to
the right of the current cursor position, will be deleted.
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END OF LINE

Places the cursor immediately to the right of the last significant character on the current line (i.e.
the last non-blank character). If the line is too long for the width of the screen the view will pan if
necessary.

ENTER FOLD

When used on a fold line clears the screen and displays the contents of the fold between the top
and bottom creases. The display is adjusted to the left so that the top and bottom marker symbols
start in the leftmost column. The cursor is positioned in the leftmost column of the second line on
the screen. This then becomes the current view and it is not possible to move outside the confines
of the fold until a corresponding has been done. When a fold has been entered its top
crease may no longer be edited.

ENTER TOOLKIT

Clears the screen, and displays the contents of the toolkit fold.

The top crease of the fold will include the name of the file from which this fold has been read.This
may be a shared toolkit file located using the search path TDSSEARCH or a local one in the current
directory.

The editing functions available while the toolkit fold is being edited are the cursor move opera-
tions, screen scroliling operations, fold browsing operations, line deletion/undeletion, line moving and
copying, code getting, character insertion and deletion.

While editing the toolkit fold the following message is displayed:
Press [EXIT FOLD] to resume editing

Pressing to exit the toolkit fold returns the editor to the position it was at
when was pressed.

Reverses the effect of the most recent [ENTER FOLD), closing the fold, and any open folds contained
within it. The closed fold line is positioned on the same line of the screen as it was when the
was done. The cursor is positioned on the first significant (i.e. the first non-blank)

~ character of the closed fold line. This key is also used to return from the toolkit fold, code information
fold, the help display, or parameter and output folds displayed by utilities.

[FILE/UNFILE FOLD |

When pressed on a fold, converts it to a filed fold, writing the contents out to a file. The file name
is taken from the fold header; it is the first contiguous alphanumeric sequence of characters in the
header. A comment describing the contents of the file may appear after the file name, separated
from it by one or more blanks. If a file of that name already exists in the directory, the file name
is adjusted to avoid a name clash (If the fold header is blank, a random name is made up). The
message Filed as filename indicates the file name used. The filename is added to the crease
line between quotes.

The name may include directory information. The use of directory specifications in file names should
be avoided as much as possible, as it makes it difficult to move groups of files between directories.
Relative directory specifications using . . \ should be avoided.

The system stores the filename along with other information about the fold. All alphabetic characters
are forced to lower case.

acts as a toggle; when pressed on a filed fold, it reads in the contents of the file
and makes it into a (non-filed) fold. The file is deleted.





