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Preface
This manual is a combined user and reference guide to the occam 2 toolset.
Part 1 'User guide and tools' (this book) describes the toolset and shows how
it is used to develop and run transputer programs. Part 2 'occam libraries and
appendices' (72 TDS 276 02) describes the libraries supplied with the toolset
and provides reference data in the form of appendices. A guide to how to use
this manual, follows immediately after this preface.

The occam 2 toolset

The occam 2 toolset is a set of software tools for developing transputer pro­
grams on host systems. Used with the occam libraries, it provides a complete
environment for developing programs on transputers and transputer networks.

The toolset allows occam programs to be written using any convenient text
editor. Programs are then compiled and linked using programs resident on the
host or running on the transputer board. Self-booting code for single transputers
and multitransputer networks is produced using separate tools, and loaded from
the host system down the transputer link.

Tools that assist program development include a librarian tool for building code
libraries, a network debugger which provides both interactive and post-mortem
debugging facilities, and a transputer simulator that allows programs to be tested
without transputer hardware. A Makefile generator is provided to assist with
program version control, and a binary lister tool allows object files to be decoded
and displayed in a readable form.

Transputer programs are normally written in occam to make full use of trans­
puter parallel processing. Programs can also be written in C and included in
occam programs as separately compiled procedures.

The occam 2 toolset is intended for developing programs on transputers and
transputer boards that are loaded from the host via a transputer link. Boards
that boot from on-board ROM require application software to be in a format
suitable for blowing into ROM. Two tools are provided with the toolset to support
EPROM programming, they are the EPROM program formatting tool and the
EPROM memory configurer.
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Host versions

The manual is designed to cover all host versions of the toolset:

IMS D7205 - IBM and NEC PC running MS-DOS.
IMS D5205 - Sun 3 systems running SunOS
IMS D4205 - Sun 4 systems running SunOS
IMS D6205 - VAX systems running VMS
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How to use the manual
About the manual

The occam 2 user manual is divided into two parts, as follows:

• User Guide and tools 72 TDS 275 02

- Chapters 1 to 11 show how the tools are used to develop pro­
grams on single transputers and transputer networks.

- Chapters 12 to 26 provide details of individual tools in terms of
command line syntax, command options, running the tool and
possible error messages.

• occam libraries and appendices 72 TDS 276 02

- A detailed description is given of all the libraries supplied with the
toolset.

- A number of appendices provide reference material for program­
mers such as predefined names and constants, transputer in­
structions, and the implementation of occam on the transputer.
A glossary of terms and a short bibliography is also included.

References which span the two parts, take the form of a part number followed
by a chapter or section number. Each part contains its own index.

This manual does not contain details of how to install the software, which is to
be found in the Delivery Manual that accompanies the shipment.

The manual is intended to cover all host versions of the toolset; where there are
differences between the various host implementations, they are highlighted and
explained.

Readership

This manual is intended for programmers and system designers who wish to
develop transputer programs on host systems. Readers of the manual should
already be familiar with programming in a high level language, the software de­
velopment process, and the general ideas of occam and parallel processing.
Familiarity with the syntax of occam will also be an advantage, because oc­
cam programs and code fragments are used throughout the book to illustrate
concepts and procedures. For information about the occam language, refer
to the 'occam 2 Reference Manual', which accompanies this release. For an
introduction to occam programming, read 'A tutorial introduction to occam
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programming'.

How to use the manual

The reader should also be familiar with the hardware and operation of the trans­
puter evaluation board on which the programs will be developed. Information
about INMOS transputer evaluation boards is available in the form of product
datasheets.

User guide

The User Guide, provided in part 1 of this manual, contains information to show
programmers how to use the tools to develop transputer programs. It describes
how to design and build programs for transputers and transputer networks.

Example programs supplied with the toolset are used extensively throughout the
User Guide to illustrate program design and development.

Chapter breakdown

For those who do not wish to read the entire Guide or wish to get started quickly,
some recommendations follow.

If you have not used the toolset before then you should first read chapter 2,
which contains an overview of the toolset.

Chapter 3, 'Getting started' is provided as a tutorial to show users how to compile,
link and run simple occam programs on a single transputer. The example used
is provided in the examples directory supplied with the toolset.

Before attempting to write any programs of your own you should read chapters
4 and 8, which show how to compile simple programs that use host terminal i/o.
If you are new to occam you should begin by writing a program which runs on
a single processor before attempting to write multiprocessor code.

Chapter 7 explains how to debug programs running on transputer boards, and
describes how to use the T425 simulator to test programs before loading them
onto hardware. Reading this chapter thoroughly and working studiously through
the examples will help to familiarise you with the operation of the debugger and
simulator tools.

Chapter 9 gives details of how to develop mixed language programs. It shows
how modules written in C can be inserted into an occam program using a set
of library procedures to initialise static and heap areas. Read and digest the
information in this chapter carefully before attempting to write mixed language
programs.

Chapters 10 and 11 provide more specialised information covering the use of
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the low level programming and EPROM programming facilities provided with the
toolset. These facilities are not aimed at the users who are new to occam or
transputers. Users intending to use the EPROM tools should be familiar with
INMOS transputers and with. memory products.

Tools

The Tools section, provided in part 1 of the manual, contains reference informa­
tion for all tools in the toolset. Each tool is described in a separate chapter.

The Tools section is not intended to be read in chapter order. Chapters should
be consulted as required to obtain information about how to use specific tools.

The occam libraries

Reference information for the occam libraries is given in part 2 of this manual.
All the occam library routines provided with the toolset are described. Routines
are grouped according to the library to which they belong.

Appendices

These appear at the end of part 2 of the manual. They provide reference infor­
mation on the following topics:

• Predefined names.

• Transputer instructions.

• Constants.

• The implementation of occam on the transputer.

• Configuration language definition.

• Bootstrap loaders.

• ITERM

• Host file server protocol.

A glossary of terms and a short bibliography is also included.
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Conventions used in the manual

How to use the manual

Convention Description

Italics Used in command line syntax to denote parameters for which
values must be supplied. Also used for book titles and for
emphasis.

Bold Used for new terms, pin signals, and the text of error mes­
sages.

Teletype Used for listings of program examples and to denote user
input and terminal output.

IKEYI Used to denote function keys for the debugger and simulator
tools. Keyboard layouts for specific terminals can be found in
the Delivery Manual that accompanies the shipment.

D Used to indicate the continuation of a function key description.

Braces Used to denote lists of items in command line syntax.

{ }

Brackets

[ ]

Used to denote optional items in command line syntax.

Option prefix Examples of command line input are duplicated to show both
option prefix characters. Use the line containing the' I' char­
acter if you have an MS-DOS or VMS based system and the
line containing the '-' character if you are using any other host
including UNIX.
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6.4 Boards and subnetworks
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There are two basic types of transputer evaluation board: those that boot from
link and those that boot from ROM.

Boot from link TRAM boards form the majority of transputer boards in general
use. They are loaded down the link that connects the root transputer to the host
using the iserver tool. Programs intended to run on boot from link boards
must consist of bootable code, such as that generated by icollect.

Examples of boot from link boards supplied by INMOS are the IMS 8008 PC
motherboard (with appropriate TRAMs) and the IMS 8014 and IMS 8016 VME­
bus standard interface boards.

Boot from ROM TRAM boards are intended for standalone applications such as
embedded systems.

Examples of boot from ROM products are the INMOS iq systems IMS 8418
Flash ROM TRAM and the IMS 8016 VME board operating in boot-from-ROM
mode.

6.4.1 SUbsystem wiring

Subsystem wiring is the way in which boards are connected together, and de­
termines the manner in which transputer subnetworks are controlled.

Three signals are used to control transputers mounted in a system, namely Re­
set, Analyse, and Error. Together these are known as the System Services. All
INMOS transputer boards use a common scheme for propagating these signals
to other subnetworks. The scheme is as follows.

Each transputer board has three ports for communicating system services from
one board to another. These are Up, Down, and SUbsystem. Up is the input
port, used to control the board from an external source; Down and Subsystem
are both output ports and are used to propagate the Up signal to other boards
or subnetworks.

The Down and Subsystem ports work in the following ways:

Down propagates the Up signal unchanged to the next board or subnetwork.
This allows multiple boards to be chained together by connecting successive Up
and Down ports and the whole network can be controlled by a single signal.

Subsystem transfers control to the board, allowing subnetworks downstream of
the board to be independently reset, analysed, and their error flags read, under
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the control of the transputer to which the subsystem is attached.

6.4.2 Connecting subnetworks

Multiple transputer systems can either be controlled by the host computer or by
a master transputer controlled by the host computer.

In a typical multitransputer system the root transputer's Up port is connected
to the host computer so that the host can control the loading of programs and
monitor errors on the network. The first processor in the subnetwork is connected
to either Down or Subsystem depending on the application, and other processors
on the network are chained together via their Up and Down ports.

In a simple application requiring multiple transputers, the subnetwork would nor­
mally be connected to Down on the root transputer. This would allow the host
computer to reset the whole network in a single operation and to monitor the
error signal on any transputer in the network.

A more complicated application may require several programs to be loaded onto
the subnetwork under the control of the root transput.er. Here the subnetwork
would be connected to Subsystem so that the root transputer could repeatedly
reset and re-load the subnetwork. Any errors in the subnetwork would be de­
tected by the root transputer through its Subsystem port, and the error would not
be propagated through the Up port to the host computer. Reset and Analyse
signals are propagated through to the Subsystem port, but the error signal is
not relayed back. (Note some boards do not conform to this system of signal
propagation - see section 6.5.1).

6.5 Loading programs for debugging

Special debugger and server options must be used for the debugging of pro­
grams running on transputer boards. The options vary with the subsystem wiring,
the board type, and whether or not the program uses the root transputer. The
effects of subsystem wiring are described above; the effects of board type and
program mode are described in the following sections.

Commands to use for various combinations of subsystem wiring, board type, and
program mode, are listed in Table 14.3.

6.5.1 Board types

Some early INMOS boards of the 8004 type, unlike later TRAM-based boards,
do not propagate Reset through to the Subsystem port. On these boards the 'A'
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debugger option must be supplied on the debugger command line to reset the
network.

6.5.2 Use of the root transputer

The use made of the root transputer by the program changes the procedures
you must use in post-mortem debugging. This is because the debugger program
executes on the root transputer and any application code becomes overwritten
when the tool is invoked.

Two procedures can be used to load and debug code running on the root trans­
puter:

Programs can be loaded in the normal way using iserver, and the
program image in the root transputer's memory saved to a file. The
code running on the root transputer is then debugged from the dump file.
Code running on the rest of the network is debugged in the normal way
by reading the transputer memory directly down the transputer links.

The dump file is created by invoking idump. The debugger is subse­
quently invoked using the debugger 'R' option that directs it to read the
dump file.

Note: On boards that contain only one transputer this method must be
used.

2 Programs can be loaded over the top of the root transputer by invoking
the iskip tool before iserver. This leaves the root transputer free
to run the debugger. The program can then be debugged down the root
transputer link in the normal way.

If iskip is used an extra processor is required over and above those
required to run the application program.

Programs configured for a subnetwork that does not include the root transputer
can be loaded with iskip and iserver and debugged down the root trans­
puter link using the debugger 'T' option.

Details of the procedures to use for loading and debugging all types of transputer
programs can be found in section 14.2.

6.5.3 Analyse and Reset

Care must be taken that Analyse or Reset are only asserted once on a network
that is to be debugged, or incorrect data will be obtained. To ensure this the
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debugger should be invoked using the standard command sequences given in
Table 14.3.

6.6 Example skip load

This section shows how to load a program into a network over the root transputer
using the iskip tool.

6.6.1 Target network

The program to be loaded is configured for a target network consisting of two
T800 processors mounted on a B008 motherboard. A T414 processor in slot
zero acts as the root transputer, and the target network is connected to link 2 on
the root transputer via one of the links on processor 1. The two T800 processors
are connected by a single link.

The target network and its connections are shown schematically below.

target network
host computer root transputer , ,

host host link skip link 2 processor processor
file process 1 2

server

6.6.2 Loading the program

The file twinprog . btl contains the bootable program.

To prepare the board for running the program on the target network, invoke
iskip using one of the following commands:

iskip 2 -r -e
iskip 2 Ir le

(UNIX)
(MS-DOS and VMS)

This sets up the system to direct the program to the target network over the top
of the root transputer and starts the route-through process on the root transputer.
Options 'r' and le' respectively reset the target network and direct the host file
server to monitor the halt-on-error flag.
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The program can then be loaded using one of the following commands:
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iserver -ss -se -se twinprog.btl
iserver Iss Ise Isc twinprog.btl

6.6.3 Clearing the network

(UNIX)
(MS-DOS and VMS)

On transputer boards error flags can be cleared using a network check program
such as ispy. (Error flags can become set when the board is powered up).

The ispy program is provided as part of the board support software for INMOS
iq systems products. These products are available separately through your local
INMOS distributor.

An alternative to using a network check program is to load a dummy process
onto each processor. In the act of loading the process code the error flag is
cleared. This method is described in section 14.3.6.
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7 Debugging occam
programs

This chapter describes how to debug occam transputer programs. It describes
the facilities of the toolset debugger idebug and shows how they can be used
to debug transputer programs in a systematic manner. It explains how the de­
bugger can be used in two modes (post-mortem and interactive) to analyse
transputer programs and describes the two debugging environments (symbolic
and Monitor page). The chapter ends with a tutorial example to illustrate break­
point debugging, some hints about debugging occam code, and a list of points
to note when using the debugger.

Chapter 14 provides detailed information about idebug, including command
line syntax, symbolic debugging functions and monitor page commands.

7.1 Introduction

The network debugger idebug is a comprehensive debugging tool for transputer
programs. It can be run in post-mortem mode to determine the cause of failure
in a halted program, or in interactive mode to execute a program stepwise by
setting breakpoints in the code. In either mode programs can be debugged from
source code using the symbolic functions or from the machine code using the
Monitor page commands.

Post-mortem debugging allows programs to be examined for the cause of failure
after the transputer halts on error. The debugger locates the errant process
in the program either by direct examination of the program image in transputer
memory or by reading memory dump files. Processes running in parallel with
the errant process can be examined anywhere on the network.

Breakpoint debugging allows programs to be executed in a stepwise manner
under interactive control. Breakpoints can be set within the code to cause the
program to pause for the inspection of variables, channels, and processes; vari­
ables can be modified and the program continued with the new values.

The debugger can also be invoked on a dummy network to examine the static
features of a program. The dummy network simulates the contents of memory
locations and registers, and can also be used to explore the features of the
debugger without running a real program.
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7.1.1 Debugging with isim

The transputer simulator tool isim can also be used to debug transputer pro­
grams from a low level environment. Using a similar environment to the de-
bugger Monitor page transputer memory can be examined, breakpoints set, and e
programs executed by single stepping.

The debugging facilities of the simulator are briefly described in this chapter
(section 7.12). Details of how to use the simulator tool can be found in chapter 23.

7.2 Programs that can be debugged

The debugger can analyse programs running on transputers that are either di­
rectly attached to a host through a server program, or connected to the host via
a roottransputer. The debugger runs on the root transputer and networks to
be debugged must incorporate a 32-bit transputer with at least 1 Megabyte of
memory at the root (2 Megabytes or more is preferable). If breakpoint debugging
is used the transputer network must contain at least two processors, because
the root transputer is dedicated to running the breakpoint debugger in parallel
with the user's program.

7.3 Runtime errors

A running occam program may halt for a number of reasons. Among the most
common causes of error are:

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

• An array index is out of range.

• An arithmetic error, such as overflow or divide-by-zero has occurred.

• An array element is being aliased at runtime, that is, being referred to by
more than one name within a given scope.

When a runtime error occurs, the debugger can be used to pinpoint the line of
occam causing the error, and to investigate the state of that process and other
processes in the system. It can also be used to investigate the state of the
processor or network when the program stopped.

Note: The debugger may not find all current processes; for example, it cannot
automatically find processes which have deadlocked waiting for communication
on internal channels. Deadlocks are discussed in more detail in section 7.17.
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Possible causes of runtime errors are:
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STOP In occam the STOP process behaves as though an error has occurred.
The following occam statements behave like STOP:

• IF statements where no guard evaluates TRUE.

• CASE statements where no case evaluates TRUE and there is no
ELSE statement.

• ALT statements where no guard evaluates TRUE.

Arithmetic errors Arithmetic errors such as overflow and divide by zero cause
an error.

Floating-point calculations cause an error if any input is infinity or 'Not-a­
Number', or if a result would be infinity or 'Not-a-Number'. This can be
avoided by explicit use of the IEEE library routines. See the loccam 2
Reference Manual' for details.

Shifts Shifting an integer by more than the number of bits in its representation
or by a negative value causes an error.

Type conversions Type conversions where the value is not in the range ac­
cepted by the new type cause an error. For example, a value converted
to type BYTE must lie in the range 0-255.

Repllcators Negative replicators in replicated constructs (SEQ, PAR, IF, or
ALT) cause an error. (Zero replicators are permitted.)

Array accesses Any access to elements outside the range of an array cause
an error. This also applies to segments of arrays.

If a segment of an array is assigned to another segment of the same
array, the two segments must not overlap.

The sizes of an array must correspond when an array is passed as a
parameter to a procedure or function, or when an array· is assigned or
abbreviated. Zero length segments are allowed.

Abbreviations Abbreviating the same element of an array twice in the same
scope generates an error. The compiler 'alias checking' option 'A' dis­
ables this form of error checking.

Communications Attempting to communicate a zero length array on a channel
of type CHAN OF ANY causes an error. Zero length counted arrays are
permitted.
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A CASE input process where the communicated tag does not match any
of those supplied, causes an error.

Retyping Any RETYPES expression must be aligned to the correct word or byte
boundary. For example, bytes with indexes 5, 6, 7 and 8 of a declared a
BYTE array cannot be retyped as INT32 , since INT32s must be aligned •
on a word boundary.

7.4 Compiling programs for debugging

Programs to be debugged must be compiled with full debugging data enabled;
this is a default of the occam compiler.

7.4.1 Symbolic debug information

The occam compiler generates object files containing full debugging informa­
tion, by default. Two command line options may be used to limit the debugging
information produced by the compiler.

The 'y' option disables interactive debugging using breakpoints, while the '0'
option makes the compiler produce minimal debug information only. Minimal
debug information enables the debugger to backtrace out of a procedure or
function to a module compiled with full debug information. It is intended for _
modules that are placed in libraries (e.g. the libraries supplied with this toolset
are compiled with this option).

The '0' option only affects the debug information produced and does not alter
the code generated. Code generated using the '0' option is identical to that
generated with full debug information.

The 'Y' option produces object code which is optimal for channel communications
on a transputer. It disables channel communications via library routines (see
sections 25.7 and 7.6.1). As a result, the· object code produced for channel
communications will often be different.

7.4.2 Error modes

Programs to be debugged should be compiled and linked in HALT mode Le the
toolset default. The behaviour of a program when an error occurs depends on
the mode in which the program was compiled and linked, as follows:

• In HALT mode any error during program execution halts the transputer e
immediately.
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• In STOP mode, errors do not halt the program, rather they stop the
process allowing other processes executing on the same transputer to
continue. Programs compiled in this mode can only be debugged if they
are halted explicitly.

• Programs compiled in UNIVERSAL mode will adopt the error mode se­
lected at link time Le. HALT or STOP mode. If UNIVERSAL mode is
selected at both compile and link time, then the error behaviour will de­
fault to HALT mode.

7.5 Post-mortem debugging

Post-mortem debugging is the analysis of stopped programs, that is, programs
that have failed to run correctly and set the transputer error flag. Programs that
are to be debugged in this mode should be compiled in HALT mode so that the
processor halts when the flag is set, and they should be loaded by iserver,
using the 'SE' option, so that the error flag is monitored.

Post-mortem debugging can also be used to debug programs that have been
explicitly interrupted with the host system BREAK key. To interrupt a program,
for example when a program 'hangs', press the BREAK key, which stops the
server but not the program, and then invoke idump to take a snapshot of the
running program. Invoking idump stops the program by sending an Analyse
signal to the transputer in order to take a snapshot of its current activity.

7.5.1 Program loading

Programs which run on the root transputer, or which use the root transputer to
run part of a multiprocessor program, must be debugged from an memory image
of the transputer. This is necessary because the debugger executes on the root
transputer and overwrites the code in the transputer's memory.

The memory dump is performed using the idump tool after the program has
failed and before the debugger is invoked with the 'R' option. Details of how to
invoke the idump tool can be found in chapter 15.

Alternatively the program can be skip loaded onto the next processor on the
network, avoiding the root transputer. This requires one extra processor on the
network over and above the number needed to run the program. Skip loading is
described in chapter 24.

If only one transputer is available, for example on single-transputer boards, the
memory dump method must be used. If more than one transputer is available
skip loading is the recommended method since it is a quicker operation.
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Figure 7.1 Debugger runtime kernel
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7.6 Breakpoint debugging

Breakpoint debugging allows programs to executed under interactive control us­
ing breakpoints set in the code. Breakpoints can be set on any line of source.
Symbolic and Monitor page facilities can be used to examine code, inspect vari­
ables, jump down channels to other processes or processors, and determine
the state of the network. Special symbolic functions and Monitor page com­
mands, only available in breakpoint mode, support the modification of variables
and memory locations and the restarting of programs from the breakpoint or from
other points in the code.

Programs that communicate to the host must use iserver SP protocol, as _
used by INMOS libraries. .,

7.6.1 Runtime kernel

The breakpoint debugger places a special runtime kernel on each processor in
addition to the application bootable code. This kernel provides a communication
network to enable the debugger to transparently share transputer links with the
application in addition to providing a breakpoint handler to deal with breakpoints,
errors, inspection of processor state etc. The scheme is illustrated in Figure 7.1.

Note: The debugging kernel places the transputer into Halt-On-Error mode re­
gardless of the error mode of the program. This means that during breakpoint
debugging a transputer will always HALT when an error occurs.

The runtime kernel requires a certain amount of memory on each processor, the
exact amount differing slightly between processor types. Kernels on processors
with hardware support require slightly more memory because they retain more
state information. The size of the kernel on each transputer type is given in
Table 7.1.

Apart from the extra memory required, the kernel is transparent to the application
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Processor Kernel size H/W support
M212 10K No
T212 10K No
T222 10K No
T225 12K Yes
T414 12K No
T800 12K No
T400 14K Yes
T425 14K Yes
T801 14K Yes
T805 14K Yes

Table 7.1 Runtime kernel size and processor breakpoint support
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program if processes on different processors communicate with each other in the
normal way using channels supplied by the configurer (maximum of four input
and four output per processor).

Note: To allow breakpoint debugging to function correctly a program must not
place channels explicitly onto processor link addresses. Programs that do so
may introduce conflict with the runtime kernel, which also uses the external links.
Programs currently coded in this way should be recoded to pass in external
channels from the configurer, otherwise breakpoint debugging may not be used.

7.6.2 Hardware breakpoint support

Certain transputers have built-in instructions for breakpointing (see Table 7.1).
For those processors without hardware breakpoint support, breakpoints should
not be set within high priority processes because the mechanism used to im­
plement breakpoints causes high priority processes to lock the processor and
disable all communications to the processor via the runtime kernel.

The effect on the network of encountering such a breakpoint will depend on
the position of the processor in the network hierarchy but in any event should be
avoided. The debugger is unable to check the validity of breakpoints and it is the
programmer's responsibility to ensure correct operation on processors without
direct hardware breakpoint support.

7.6.3 Compiling the program

Programs to be debugged using breakpointing must not be compiled or linked
using the 'Y' option. The compiler default is to create code with fu" debug data,
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including interactive support.
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All modules in a program must be compiled in the same or a compatible error
mode. Error modes are checked at link time and incompatible modes prevent _
the link completing successfully. •

7.6.4 Configuring the program

Programs to be debugged using breakpoint debugging must not be configured
using the 'Y' option.

7.6.5 Loading the program

Breakpoint debugging does not require special loading or memory dump proce­
dures because the program is automatically skip loaded by idebug. However,
breakpoint debugging does require one extra processor on the network because
the root processor is dedicated to running the breakpoint debugger.

7.6.6 Clearing error flags

If either iserver or idebuq detect that the error flag is set immediately a
program starts executing it is likely that the network consists of more processors -
than you are currently using and that one or more of the unused processors •
has its error flag set. (Error flags can become set when transputer boards are
powered up).

On transputer boards error flags can be cleared by running a network check
program such as ispy. This ensures a clean network on which to load the
program.

The ispy program is provided as part of the board support software for INMOS
iq systems products. These products are available separately through your local
INMOS distributor.

An alternative to using a network check program to clear the network is to load
a dummy process onto each processor. In the act of loading the process code
the error flag is cleared. This method is described in section 14.3.6.

7.6.7 Breakpoint functions and commands

Several symbolic debugging functions and Monitor page commands are only e
available in breakpoint mode. The commands available are summarised below. .
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Symbolic functions

ITOGGLE BREAKI Set/clear breakpoint.

IRESUMEI Execute from breakpoint.

ICONTINUE FROMI Execute from current line.

IMODIFYI Modify variable.

7.6.8 Breakpoints
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Monitor page commar:'ds

[ID Breakpoint menu.

Q] Execute program.

[ID Show debug messages.

[ill Update register display.

~ Write to memory.

Breakpoints can be set, cleared, and listed using Monitor page commands, and
set/cleared using symbolic functions.

Breakpoints can be set at any point in a process running on any processor. At
each breakpoint (or on program error, see section 7.11) the process pauses and
the source code may be displayed.

Note: When a process is paused at a breakpoint or program error other parallel
processes in the program continue to run.

Note: A side effect of pausing at a breakpoint or error is that the debugger
suspends iserver communications in order to preserve debugger output to
the screen.

Breakpoints can be set at code entry points, or on any line of source code. Vari­
ables within scope at the breakpoint can be modified and the process restarted.
Breakpoints can also be set at the Monitor page but care should be taken not
to set breakpoints at addresses that do not correspond to the start of a source
code statement,. otherwise the behaviour is undefined.

Setting breakpoints at symbolic level is the recommended method.

7.7 Program termination

Program termination is signalled to the debugger by the termination of iserver
(explicitly in the user code). If the program contains independently executing
processes which do not require communication with the server the debugger
may be resumed to interact with these processes.

To run or debug the program again it must be reloaded onto the transputer using
iserver, or idebuq in breakpoint mode.

72 TDS 275 02 March 1991



120 Debugging occam programs

7.8 Symbolic facilities

Symbolic debugging is debugging at source code level using the symbols de­
fined in the program for variables, constants and channels. Features provided
in symbolic debugging include the examination of source code, the inspection
of variables and channels, and the backtracing of procedure calls. A number of
special breakpoint functions are available if the debugger is invoked in breakpoint
mode.

Source level debugging is accessed through symbolic functions mapped to spe­
cific keyboard function keys (e.g. /INSPECT/). Keyboard layouts for specific ter­
minal types can be found in the Delivery Manual that accompanies this release.

The main symbolic debugging activities and the functions that are used to access
them are described in the following sections.

7.8.1 Locating to source code

Locating to the source code for a particular process is a crucial procedure in
the debugging process on which other operations depend. For each required
location the debugger must be given a memory address which it uses to locate to
the source. When the required code is located, symbolic functions can be used
to browse the code and inspect variables. Where the source code is unavailable,
for example, libraries supplied as object code with minimal debug information,
the line containing the library call is located to instead.

When first invoked in post-mortem mode the debugger determines the address of
the last instruction executed, which it uses to automatically locate to the relevant
source code. Subsequently for each new point to locate to in the code the
debugger requires a new address which can be supplied by the programmer.

Addresses of important segments of code can be determined using the Moni­
tor page commands that display lists of processes waiting on the run queues,
the timer queue, and on the transputer links. Any address in memory can be
specified using the Monitor page '0' command.

Certain addresses are already known to the debugger and can be located to
using symbolic functions without specifying the address or switching to Monitor
page commands. Many of the common operations used during source code
debugging can be performed directly with symbolic functions. They include re­
locating to the previous location and locating to the original error.

The symbolic functions that can be used directly for locating to known areas of
code are listed below.
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IRELOCATEI

Locate back to the error, or last source code location.

Locate back to the last location line.

A strategy for debugging multiprocess programs by locating each process in turn
is described later in this chapter in section 7.10.

7.8.2 Browsing source code

Several functions are available for browsing source files once they have been
located. They include functions for navigating files, changing to included or new
files, and string searching. The functions are listed below.

ITOP OF FILEI

IBOTTOM OF FILEI

IGOTO L1NEI

ISEARCHI

IENTER FILEI

IEXIT FILEI

ICHANGE FILEI

Go to the first line.

Go to the last line.

Go to a specified line.

Search for a specified string.

Enter an included file (one incorporated by #INCLUDE).

Exit to the enclosing file.

Display a different file.

7.8.3 Inspecting variables

The values of constants, variables, parameters, arrays, and channels can be
inspected at any point in the code. A special inspect function for channels only
allows the debugger to locate to the process waiting at the end of the channel.
Symbols to be inspected must be in scope with the source line last located to.

If the debugger is used in breakpoint mode variables may also be modified.

The two inspect functions are listed below.

UNSPECTI

ICHANNELI

Display the value and type of a source code symbol.

Locate to the process waiting on a channel.

Jumping down channels

The ICHANNELI function can be used to locate to a process waiting on a channel.
This is known as 'jumping down' a channel and works for channels on the same
processor (internal or soft channels) or channels assigned in the configuration to
transputer links (external or hardchannels which connect processes on different
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processors together). Debugging can then continue at the waiting process. If
no process is waiting on a channel the channel is given as 'Empty'.

7.8.4 Tracing procedure calls

Two functions assist in the tracing of procedure or function calls. They can be
used even if the source is not present, for example, libraries supplied as object
code with minimal debug information, but in this case the line containing the
function call is displayed rather than the library code itself. Where procedures are
nested successive backtrace operations will locate to the original call. Variables
and 9ther symbols can be inspected at any stage. The two functions are listed
below.

IBACKTRACEI

IRETRACEI

Locate to the procedure or function call.

Reverse the last IBACKTRACEI.

7.8.5 Modifying variables

The IMODIFyl function allows variables to be changed in transputer memory and
the program continued with the new values.

7.8.6 Breakpolntlng

Symbolic functions are provided for setting and clearing breakpoints, for modify­
ing the value of a variable, and for continuing the program.

ITOGGLE BREAKI

~
IRESUMEI

ICONTINUE FROMI

Set or clear a breakpoint on the current line.

Change the value of a variable in memory.

Resume the program from the breakpoint.

Resume the program from the current line.

7.9 Monitor page

The debugger Monitor page is a low level debugging environment which gives
direct access to machine level data. It allows memory to be viewed and disas­
sembled and gives access to information about the processor's activity through
the display of error flag status and pointers to process queues. Specific debug­
ging operations are invoked by mainly single letter commands typed after the
Option prompt.
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7.9.1 Startup display

123

When first invoked in breakpoint mode, or in post-mortem mode with an invalid
Iptr or Wdesc (see below), the debugger enters the Monitor page environment
and displays information such as the addresses of instruction and workspace
pointers, status of error flags, and information about the processor run queues.
The memory map is also displayed.

If an Iptr or Wdesc is invalid at startup it is marked as invalid. This is indicated
by the presence of an asterisk.

The Monitor page display differs slightly between post-mortem and breakpoint
modes. In post-mortem mode the display includes the saved pointers for the low
priority process if the processor was running at high priority when analysed; in
breakpoint mode the display does not include these pointers but does include
the contents of the A, B, and C registers, if known. At startup in breakpoint mode
no machine pointers or register values are available (the program has not yet
started) and so no values are displayed.

A typical post-mortem startup display is shown in figure 7.2.

Toolset Oebuqqer : V2. 02.00 Processor 0 "example" (T800)

Processor State
J:ptr '80003B7A
Wdeso '801FFE30
Error Set
I'PU Brror Clear
Halt On Error Set
Fptr1 (low Empty
Bptr1 queue)
I'ptrO (hiqh Empty
BptrO queue)
Tptr1 (timer Empty
TptrO queues) Bmpty
Clock1 (low) '000234C5
ClockO (hiqh) '00803152

Memory map
Confiquration oode : '80000070 - '80000141' ( 224)
Stack : '80000150 - '80000761' ( 1568 )
Proqram code : '80000770 - '80005A81' ( 21K)
Confiquration code : '80005A90 - '80006293 ( 2052 )
Freespace '80006294 - '8011'1'1'1'1' ( 2024K)

Total memory usaqe : 25236 bytes (25K)

On-chip memory (4K) : '80000000 - '800001'1'1'
Memstart : '80000070

Oebuqqer has enouqh memory for 805 processors

Error explicitly set, Last instruction was : seterr

Option (? for help) (A,C,O,E,I',G,H,J:,K,L,M,N,O,P,Q,R,T,V,X,?)

Figure 7.2 Example post-mortem Monitor page display for a T800 processor

Items displayed on the startup page and their meanings are summarised in Ta­
ble 7.2. Most of the data displayed is common to all transputer types. Where
the display differs for specific processor types and debugging modes, this is
indicated in the table.
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Item displayed Description

Debugging occam programs

Iptr Instruction pointer (address of the last instruction ex­
ecuted).

Wdesc Workspace descriptor (pointer to process workspace).

IptrlntSavet Saved low priority instruction pointer, if applicable.

WdesclntSavet Saved low priority workspace descriptor, if applicable.

A Registert Contents of A register, if known.

B Registert Contents of B register, if known.

C Registert Contents of C register, if known.

Error Status of transputer error flag.

FPU Error Status of FPU error flag (T800 series only).

Halt On Error Status of halt on error flag.

Fptrl Front pointer to low priority process queue.

Bptrl Back pointer to low priority process queue.

FptrO Front pointer to high priority process queue.

BptrO Back pointer to high priority process queue.

Tptrl Pointer to low priority timer queue.

TptrO Pointer to high priority timer queue.

Clockl Value of low priority transputer clock.

ClockO Value of high priority transputer clock.

t Not available in breakpoint mode.
t Not available in post-mortem mode. Not known in breakpoint mode on
processors with no hardware support for breakpointing.

Table 7.2 Items displayed at the Monitor page

Process pointers

Iptr points to the last instruction executed and Wdesc to the process
workspace. Low priority Iptr and Wdesc are also displayed if the proces­
sor was running in high priority mode when it was halted. An asterisk placed
next to either an Iptr or Wdesc indicates an invalid memory location for the
process. 'NotProcess' Wdesc indicates that no process was executing on
the processor when it halted, which may occur in the presence of deadlock.

Practical note:

• If Wdesc contains the word 'MemStart' it is likely that the Analyse
signal has been asserted more than once on the network. This can
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occur on transputer boards where the subsystem signal is asserted on
analyse, as on the IMS 8004. For further guidance on the use of such
boards refer to section 14.4.

• If Wdesc contains the word 'NotProcess' it means that there were no
runnable processes at that instant on the transputer (check timer and
external links for any waiting processes). See 7.10.2.

• If WdesclntSave contains the word 'NotProcess' it means that a
low priority process was not interrupted when the high priority process
started running.

Fptr and Bptr point to the process run queues, which hold information about
processes awaiting execution. The suffix 1 indicates the high priority queue and
o the low priority queue. If the front and back pointers are the same then only
one process is waiting; if there are no processes waiting the pointers have no
value and the queu~ is given as 'empty'.

Tptrl and TptrO are pointers to the high and low priority timer queues re­
spectively.

Registers

In breakpoint mode only, the contents of the transputer registers Areg, Breg,
and Creg are displayed for those processors which have built in instructions for
breakpoint handling, (see table 7.1). Values displayed are those which were
current when the process stopped.

Error flags

Two flags are displayed for all processors: Error and Halt-on-error. The FPU
Error flag is also displayed for transputers with an integral floating point unit (IMS
T800 series).

Clocks

Clockl and ClockO display the values of the low and high speed transputer
clocks when the process was stopped. In breakpoint mode the clock values (and
queue pointers) can be updated using the Monitor page 'u' command.

Memory map

The memory map display is included on the standard startup display, as though
the Monitor page 'M' option had been automatically invoked. Any or all of the
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