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Contents overview

Contents
Preface
Tools
oc Describes the occam 2 compiler.
2 occonf |Describes the configurer which generates configuration
binary files from configuration descriptions.
3 icollect |Describes the code collector which generates executable
code files.
4 idebug |Describes the network debugger. Lists the symbolic functions
and Monitor page commands at machine level.
5 idump Describes the memory dumper tool which dumps root trans-
puter memory for post mortem debugging.
6 iemit Describes the memory configurer tool which helps to confi-
gure the transputer memory interface.
7 ieprom |Describes the EPROM formatter tool which creates execut-
able files for loading into ROM.
8 ilibr Describes the toolset librarian which creates libraries from
compiled code files.
9 ilink Describes the toolset linker which links compiled code and
libraries into a single unit.
10 ilist Describes the binary lister which displays binary files in a
readable form.
1 imakef | Describes the Makefile generator which creates Makefiles for
toolset compilations.
12 imap Describes the map tool which generates a memory map for
an executable file.
13 iserver |Describes the host file server which loads programs onto
transputer hardware and provides host communication.
14 isim Describes the transputer simulator which allows programs to
be run without hardware.
15 iskip Describes the skip loader tool which loads programs onto
external subnetworks.
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Contents overview

Appendices

A Toolset standards and

Describes the conventions and standards of the

conventions toolset.
B Transputer types and |Describes the meaning and use of transputer
classes types and classes and lists the command line

options to select them for the compiler and
linker.

C ISERVER Protocol

Describes the server protocol and the
ISERVER functions.

D ITERM

Describes the format of the ITERM files.

E Bootstrap loaders

Describes the INMOS bootstrap loading
scheme and advises on how it might be custom-
ized.
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Preface

Host versions

The documentation set which accompanies the occam 2 toolset is designed to
cover all host versions of the toolset:

« IMS D7305 - IBM PC compatible running MS-DOS
e IMS D4305 - Sun 4 systems running SunOS.
» [MS D6305 — VAX systems running VMS.
About this manual
This manual is the Toolset Reference Manual to the occam 2 toolset.
The manual provides reference material for each tool in the toolset describing:
o Command line syntax, including an example command line.
 Command line options.
e How to run the tool.
A list of error messages which may be obtained.
Many of the tools in the toolset are generic to other INMOS toolset products i.e.
the ANSI C and FORTRAN toolsets and the documentation reflects this. Examples
are given in C.
The appendices provide details of:
» Toolset conventions.
* Transputer types.
* Server protocol.

ITERM files.

Bootstrap loaders.
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About the toolset documentation set

About the toolset documentation set

The documentation set comprises the following volumes:

72 TDS 366 01 occam 2 Toolset User Guide

Describes the use of the toolset in developing programs for running on the
transputer. The manual is divided into two sections; ‘Basics’ which
describes each of the main stages of the development process and
includes a ‘Getting started’ tutorial. The ‘Advanced Techniques’ section is
aimed at more experienced users. The appendices contain a glossary of
terms and a bibliography. Several of the chapters are generic to other
INMOS toolsets.

72 TDS 367 01 occam 2 Toolset Reference Manual (this manual)

72 TDS 368 01 occam 2 Toolset Language and Libraries Reference
Manual

Provides a language reference for the toolset and implementation data. A
list of the library functions provided is followed by detailed information
about each function. Details of extensions to the language are given in an
appendix.

72 TDS 379 00 Performance Improvement with the INMOS Dx305 occam
2 Toolset

This document provides advice about how to maximize the performance
of the toolset. It brings together information provided in other toolset docu-
ments particularly from the Language and Libraries Reference Manual.
Note: details of how to manipulate the software virtual through-routing
mechanism are given in the User Guide.

72 TDS 377 00 occam 2 Toolset Handbook

A separately bound reference manual which lists the command line
options for each tool and the library functions. It is provided for quick refer-
ence and summarizes information provided in more detail in the Tools
Reference Manual and the Language and Libraries Reference Manual.

72 TDS 378 00 occam 2 Toolset Master Index

A separately bound master index which covers the User Guide, Toolset
Reference Manual, Language and Libraries Reference Manual and the
Performance Improvement document.
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Preface XXi

Other documents

Other documents provided with the toolset product include:
¢ Delivery manual giving installation data, this document is host specific.
* Release notes, common to all host versions of the toolset.
e ‘occam 2 Reference Manual’ published by Prentice Hall.

» ‘A Tutorial Introduction to occam Programming’ published by BSP Profes-
sional Books.

FORTRAN toolset

At the time of writing the FORTRAN toolset product referred to in this document
set is still under development and specific details relating to it are subject to
change.

INQUEST

The INQUEST products referred to within this document are INMOS window-
based debugging and profiling products, which may be bought separately and
used with the toolset.

Documentation conventions

The following typographical conventions are used in this manual:

Bold type Used to emphasize new or special terminology.

Teletype Used to distinguish command line examples, code fragments,
and program listings from normal text.

Italic type In command syntax definitions, used to stand for an argument
of a particular type. Used within text for emphasis and for book
titles.

Braces {} Used to denote optional items in command syntax.

Brackets [ ] Used in command syntax to denote optional items on the
command line.

Ellipsis . . . In general terms, used to denote the continuation of a series. For
example, in syntax definitions denotes a list of one or more
items.

| In command syntax, separates two mutually exclusive alterna-
tives.
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1 oc-—o0CCam 2
compiler

This chapter describes the syntax and command line options of the occam 2
compiler oc. The chapter ends with a list of error messages.

Appendix B of the Language and Libraries Reference Manual describes some
technical aspects of occam’s implementation on the transputer, including the

allocation of memory, the machine representation of occam types, and other
hardware dependencies.

1.1 Introduction

The toolset compiler implements the occam 2 language targeting to IMS T212,
M212, T222, T225, T400, T414, T425, T426, T800, T801, and T805 transputers.
Transputer targets are discussed in detail in Appendix B.

oc supports some extensions to the occam 2 language, including: compiler direc-
tives; extended channel handling; extended syntax; and low level programming
support. These are compiler-dependent and do not extend the definition of the
language. Extensions supported by oc are listed in Appendix A of the Language
and Libraries Reference Manual.

Each compilation of a program must be targetted at a specific transputer type or
class, in one of three execution error modes and with interactive debugging either
enabled or disabled. The selection or not of interactive debugging determines the
method of channel input/output used by the compiler.

All components of a program to be run on the same transputer must be compiled
for compatible target processors, error modes, and method of channel i/o. The
compiler provides comprehensive error message information.

Libraries and separately compiled units must be already compiled before any file
which references them can itself be compiled. It is the programmer’s responsibility
to ensure all components of a program are compiled in the correct order and that
object code is kept up to date with changes in the source; the linker will object if
this is not done. This may be assisted by using a MAKE program in conjunction with
the imakef tool. The imakef tool depends on a particular system of file exten-
sions being used. For details of version control using MAKE programs and the
imakef tool see Chapter 11. The operation of the compiler in terms of standard
file extensions is shown below.

occam source files can contain references to object code libraries, 0occam
source to be included in the compilation, separately compiled occam code, and
code produced by compatible compilers for other languages.
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4 1.2 Running the compiler

For a full description and formal definition of the occam 2 language see the
occam 2 Reference Manual.
lib H

CaElpC

tco

The object file is generated by the compiler in Transputer Common Object File
Format (TCOFF). Object files are required to be in this format to be compatible with
other tools in the toolset such as the librarian and linker tools.

1.2 Runhing the compiler

The occam 2 compiler takes as input an occam source file and compiles it into
a binary object file. Command line options determine the target transputer for the
compilation, the compilation error mode, and other compiler facilities such as alias
and usage checking. A target processor and compilation error mode should be
specified for each compilation. The compiler defaultis to produce code for the T414
in HALT mode, and for code of this type the transputer target and error mode
options may be omitted.

To invoke the compiler use the following command line:

»  oc filename {options}

where: filename is the name of the file containing the source code. If you do not
specify a file extension, the extension .oce is assumed.

options is a list, in any order, of one or more of the options given in Table
1.1.

Options must be preceded by ‘-’ for UNIX-based toolsets and '/’ for
MS-DOS and VMS based toolsets.

Options may be entered in upper or lower case and can be given in any
order.

Options must be separated by spaces.

If no arguments are given on the command line a help page is displayed giving the
command syntax.
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1 oc - occam 2 compiler 5

if the compilation is unsuccessful, error messages are displayed giving the name
of the file and the number of the line where the error occurred. Compiler error
messages are listed in section 1.13.

Example:

UNIX based toolsets:

oc -t425 simple

ilink simple.tco hostio.lib -t425 -f occama.lnk
occonf simple.pgm

icollect simple.cftb

iserver -se -sb simple.btl

MS-DOS/VMS based toolsets:

oc /td425 simple

ilink simple.tco hostio.lib /t425 /f occama.lnk
occonf simple.pgm

icollect simple.cftb

iserver /se /sb simple.btl

In this example the source code for a single processor program is compiled for a
T425 transputer. The example also shows the commands for linking, configuring,
collecting, and loading the program.

Option Description
Transputer |See Appendix B for transputer type options.
lype

A Prevents the compiler from performing alias checking.This
option also disables usage checking. The default is to perform
alias checking. When alias checking is enabled, the compiler
may insert run-time alias checks. Details of alias and usage
checking rules are given in Appendix C of the Language and
Libraries Reference Manual and also in the occam 2 Reference
Manual.

B Displays messages in brief (single line) format.

c Disables the generation of object code. The compiler performs
syntax, semantic, alias and usage checking only.

CODE nnn |Specifies how large to make the code buffer. If not specified, the
compiler will allocate 240 Kbytes. The code buffer is expressed
as Kbytes, e.g. to allocate a buffer = 100kbytes, specify CODE
100.

D Generates minimal debugging information. The defauit is to

produce full debugging information. Debugging data is required
by the debugger and by the transputer simulator.

72 TDS 367 01
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1.2 Running the compiler

Disables the use of the compiler libraries. This prevents the
compilation of some programs which require ‘complicated’ arith-
metic such as real arithmetic on a processor which does not
have a floating point unit. If this option is used and the occam
code requires use of the libraries, an error is reported.

Enables the compiler to recognize the restricted range of trans-
puter instructions via the ASM construct, as listed in section C.8
of the User Guide.

Produces code in HALT mode. This is the default compilation
mode and may be omitted for HALT mode programs. (See
options S and X also).

Displays additional information as the compiler runs. This
information includes target and error mode, and information
about directives as they are processed. The default is not to
display this information.

Disables run-time range checking. The default is to insert run-
time range checks. See section 1.6.

Disables usage checking. The default is to perform usage
checking. Usage checking is also disabled by option ‘A’. Details
of alias and usage checking rules are given in Appendix C of the
Language and Libraries Reference Manual and also in the

occam 2 Reference Manual.

Disables the insertion of run-time checks for calls to ASSERT.

Disables warnings when CHAN OF ANY is used. See section
1.7.

Disables warnings when the obsolete construct GUY is used.
See section 1.7.

Disables warnings when function or procedure parameters are
not used. See section 1.7.

Disables warnings when declared variables or routines are not
used. See section 1.7.

O outpultfile

Specifies the name of the output file. If no output file is specified
the compiler uses the current directory and input filename and
adds a . tco extension.

P filename |Generates a map file giving details of code mapping in memory.
A filename must be specified. Map files can be displayed as
normal text files and are read by the imap tool. See section 1.11.
R filename |Redirects error messages to a file.
S Produces code in STOP mode. (See options H and X also).
U Disables the insertion of code to perform run-time error checks.
The default is to perform run-time error checks. See section 1.6.
\'4 Prevents the compiler from producing code which has a sepa-

rate vector space requirement. The default is to produce code
which uses separate vector space. See section B.1.4 in the
Language and Libraries Reference Manual.
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W Enables the compiler to recognize the full range of transputer
instructions via the ASM construct. Transputer instructions are
listed in Appendix C of the User Guide.

WALL Enable all warnings which are controlled from the command line.
See section 1.7.
WD Provides a warning whenever a name is descoped. See section
1.7.
WO Provides a warning whenever a run-time alias check is gener-

ated. See section 1.7.
WQUAL Enables software quality warnings, see section 1.7.

X Produces code in UNIVERSAL mode. See section 1.5. (See
options H and S also).

Y Disables interactive debugging. See section 1.8. Note: This
option also disables the ‘virtual routing’ facilities of the confi-
gurer.

Table 1.1 occam 2 compiler options

1.3 Filenames

occam source files can be given any legal filename for the host system you are
using. The use of the .occ extension for occam source, and the . inc extension
for files containing declarations of constants and protocols, is recommended. If an
extension is not specified for the input file, the compiler will assume the extension
IS .occ.

Output files are specified using the ‘0’ option. If you do not specify a filename, the
input filename is used (minus any directory name) and a . tco file extension is
added. In this case the file will be placed in the current directory i.e. the directory
from which the compiler is invoked.

If you use the Makefile generator tool imakef you must use the extensions
described in section 11.3.

14 Transputer targets

The compiler produces code for the IMS T212, M212, T222, T225, T400, T414,
T425, T426, T800, T801, and T805 transputers. Command line options are
provided to specify the processor type for the compilation. If more than one
processor type is specified, the compilation will terminate immediately and an error
message will be displayed. If no target is specified the compilation defaults to a
T414 target.

Programs may also be targetted at transputer classes, which enable the same
code to be run on groups of related transputer types.

A description of transputer types and classes can be found in Appendix B.
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8 1.5 Error modes

1.5 Error modes

The execution error mode determines the behavior of a program if it fails during
execution. There are two main modes; HALT system and STOP process. There
is also a special mode called UNIVERSAL. Command line options are provided to
select the error mode for the compilation. Specifying more than one error mode will
cause the compilation to terminate immediately and an error message will be
displayed.

The execution behavior of programs compiled in the different modes is as follows:

HALT When an error occurs in the program the transputer halts. This
is useful for developing and debugging systems and is the
default mode. Forerrors to be detected correctly the server must
be invoked with the ‘SE’ option.

STOP When an error occurs the system behaves like the occam
STOP process, that is the process causing an error does not
continue. Other processes continue until they become depen-
dent upon the stopped process. This ensures that a failure in
one process does not automatically produce failure in other
processes. Using this mode it is possible to build a system with
redundancy and enable a system to run even if parts of the
program fail or processes fail because a time out is exceeded.

UNIVERSAL UNIVERSAL mode enables the user to compile code that may
be run with either HALT or STOP mode in effect. The decision
about which mode to adopt need not be taken until the sepa-
rately compiled modules are combined into a linked object file.
On linking the modules, any code that has been compiled in
UNIVERSAL error mode will adopt the error mode of the other
modules i.e. either HALT mode or STOP mode. HALT and
STOP error modes may not be combined on the same
processor.

Code compiled in either HALT or STOP mode may call code compiled in
UNIVERSAL mode, however, code compiled in UNIVERSAL mode may only call
code which has also been compiled in UNIVERSAL mode. It cannot call code
which has been compiled in HALT or STOP mode.

Ali separately compiled units for a single processor must be compiled for compat-
ible error modes. Where a library is used the module with the appropriate error
mode will be selected.

Compilation error modes and their effects are described in more detail in section
5.3 of the occam 2 Toolset User Guide.

1.6 Enable/Disable Error Detection

By default the compiler inserts code to execute run-time checks for errors it cannot
detect at compile time. In some circumstances it may be desirable to omit the run
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time error checking in one part of a program, for example, in a time-critical section
of code, while retaining error checks in other parts of a program, for debugging
purposes. Three command line options are provided to enable the user to control
the degree of run-time error detection performed; they are the ‘K’, ‘U’ and ‘Na’
options.

The compiler option ‘K’ disables the run-time range checks for the module being
compiled. Range checking only includes checks on array subscripting and array
lengths.

The compiler option ‘U’ prevents the compiler from inserting any code to explicitly
perform run-time checks. This will disable run-time checks associated with type
conversion, shift operations, array access, range validation and replicated
constructs such as SEQ, PAR, IF, and ALT. Runtime checks implicit in the trans-
puter instructions are still performed, for example, add will automatically check for
arithmetic overflow.

Note: The ‘U’ option can be used to remove unnecessary runtime checks from
code which is fully debugged and known to be error-free. It is equivalent to
implementing the occam error mode UNDEFINED.

The ‘NA’ option prevents the compiler from inserting any code to check calls to
ASSERT. In effect, each ASSERT behaves like SKIP. Any calls to ASSERT which can
be evaluated at compile time will still be checked.

The effect of using these options is described in detail in section 5.3.2 of the
occam 2 Toolset User Guide.

1.7 Enabling/disabling warning messages

There are several command line options which allow the user to either enable or
disable the generation of certain warning messages produced by the compiler:

¢ The NWCA option disables the generation of warning messages when CHAN
OF ANY is used. CHAN OF ANY is now considered obsolete and replace-
ment with named protocols of type ANY is recommended. See section A.2.3
of the occam 2 Toolset User Guide.

o The NWGY option disables the generation of warning messages when the
GUY construct is used. GUY is now considered obsolete and ASM should be
used instead.

o The NWP option disables warning messages being generated when param-
eters to procedures are not used.

e The NWU option disables warning messages being generated when vari-
ables or routines are not used.

e The WALL option turns on all warnings which are controlled from the
command line i.e. it is currently equivalent to WD, WO and WQUAL.
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¢ The WD option provides a warning whenever a name is descoped, for
example when a name is used twice and one occurrence of it is hidden
within an inner procedure. See section 8 of the occam 2 Reference

Manual for details of occam scope rules.

o The WO option provides a warmning whenever a run-time alias check is
generated i.e. to check that variables do-not overlap. These checks
generate extra code and the user may wish to be alerted to this.

e The WQUAL option enables software quality wamings. Currently these
include a warning about incorrect positioning of PLACE statements and a
waming about unused CASE options.

Section 1.13.1 lists the waming messages which are affected by these options.

1.8 Support for debugging

The occam 2 compiler supports interactive debugging with idebug by default.
When interactive debugging is enabled the compiler will generate calls to library
routines to perform channel input and output, rather than using the transputer’s
instructions.

Interactive debugging may be disabled using the compiler ‘Y’ option. This option
forces the compiler to use sequences of transputer instructions for channel input
and output, resulting in faster code execution. Note: This option also disables the
‘virtual routing’ facilities of the configurer.

Code which has interactive debugging disabled may call code which has interac-
tive debugging enabled, but not vice versa. However, when interactive debugging
is disabled in one part of the program this will prevent the interactive features of
the debugger being used on the program as a whole.

The compiler ‘D’ option disables the generation of full debugging data. Minimal
debugging data remains to allow the debugger to backtrace through the code. This
option enables library code to be created without the overhead of debugging data.

1.9 Separately compiled units and libraries

Any group of one or more occam procedures and/or functions may be compiled
separately provided they are completely self-contained and make no external
references except via their parameters or compiler directives. Separate compila-
tion is used to reduce the need for recompilation, and to split compilations into
smaller parts. Separately compiled code is known as a compilation unit.

Any collection of compilation units may be made into a library using the librarian
ilibr (see chapter 8). Libraries and compilation units differ in the following way:

¢ Libraries are selectively loaded as required by the transputer type and error
mode of the compilation, whereas separately compiled units are always
loaded. If a unit containing incompatible code is used an error is generated,
whereas libraries containing incompatible code are ignored.
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All separate compilation units and libraries must be compiled before the program
that references them is itseif compiled. An easy way to ensure this is to use the
toolset Makefile generator imakef with a suitable Make utility. For more details
see Chapter 11.

1.10 Code insertion using ASM

Two compiler options are provided to enable the compiler to recognize transputer
instructions inserted into source code using the ASM construct. The ‘G’ option
permits use of a limited range of sequential instructions whereas the ‘W' option
permits use of the full range of transputer instructions. For further details see
Appendix D of the User Guide. Transputer instructions are listed in Appendix C of
the User Guide.

111 Memory map

The compiler may be instructed, via the P mapfile option, to produce a map of work-
space for each function defined in the file. The file contains information which may
assist the user during program debugging. The map is written to the file mapfile.

The file consists of a series of workspace maps, one for each routine, giving details
of workspace requirements. These are followed by a section map listing details of
procedures and functions.

/rﬁap of code and data for source file simple.occ <\\

Created by occam 2 compiler Beta Vn 2.01.79 (19:33:49 Oct 20 1992) (SunOS-S
und)

Target processor : T4
Error mode : HALT

Map of workspace

Routine : simple

Variable name Offset (words)
$anon0 4
length 5
result 6
buffer 10
Formal parameter name Offset (words)
fs 8
ts 9
memory 10
<hidden_dimension> 11
<vectorspace_pointer> 12

Workspace size = 53 words, Vectorspace size = 128 words

Section map

Section name : text%base : size = 164 bytes

Name Type Offset (bytes)
\\fimple code 3

J

Figure 1.1 Example compiler map
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The file is generated in text format. The following information is present:

® The name of the source file for which the map of code and data is being
produced. The full pathname will be given if it exists.

® Version data for the compiler.

® The target transputer of the compilation, T805, T400, etc.

® The error mode of the compilation.

* Name of the routine for which the map of workspace is being produced. ltems

in the workspace map are given in ascending order of workspace offset.

« List of local variables giving their offset (in words) into the routine’s work-
space. This list may include temporary variables introduced by the
compiler.

« List of formal parameters giving their name and offset (in words) into the
routine’s workspace. Parameters added by the compiler may also be
listed, see Table 1.2.

¢ The workspace and vector space requirements of the routine in words.
This includes the requirements of all nested calls but not the four word
overhead introduced by the transputer call instruction.

* Name of the section for which the section map is being produced. ltems in
the section map are given in ascending order of section offset.

Details of how the compiler allocates space for variables are given in section B.1
of the Language and Libraries Reference Manual.

Formal parameter
hidden dimension
vectorspace pointer
static link

Table 1.2 Parameters inserted by compiler

Note: The message ‘No local variables” may be displayed if no user vari-
ables are found, however, compiler temporaries may have been assigned to work-
space. In addition some compiler temporaries may not be listed in the map file.

Information generated in the compiler map file may be extracted by the imap tool.
This tool can be used to produce a memory map for the program after it has been
compiled, linked and collected. See chapter 12.

1.12 Compiler directives

The occam compiler supports a number of directives that allow the programmer
to customize a compilation. All are extensions to the language. If the compiler ‘T’
option is used directives are displayed on the screen as the compilation proceeds.
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Directives supported are:

#INCLUDE - inserts occam source code

#USE — references separately compiled units and libraries
#IMPORT — references non-occam compiled code

#COMMENT - inserts comments in object code

#OPTION — allows selection of compiler options from within source text
#PRAGMA — miscellaneous extensions, including support for the import of

other languages, code placement in RAM, and disablement
of checks on specific variables.

1.12.1 Syntax of compiler directives

Filenames referred to in compiler directives must be enclosed in double quotes (”).
Files are located according to the search strategy defined in section A.4 of the
Tools Reference Manual.

If double quotes are to be used within a directive, the double quote character must
be preceded by an asterisk (*).

The scope of directives are defined, like declarations of constants and protocols,
by the level of indentation in the occam source.

When imakef is used, if a filename in a #USE, #INCLUDE or #IMPORT directive
does not already have an extension then imakef will add the appropriate exten-
sion depending upon the target that it is attempting to build. If you use the Makefile
generator tool imakef you must use the extensions described in sections 11.3 and
A.6 of the Tools Reference Manual

1.12.2 #INCLUDE

The #INCLUDE directive inserts the contents of a named file at the point in the
program source where the directive occurs, with the same indentation as the direc-
tive.

#INCLUDE files can be used by any number of programs, including separately
compiled units, and are commonly used to share common declarations of
constants and protocols between several programs.

To track file dependencies within included files use of the imakef£ tool is recom-
mended.

The syntax of the #INCLUDE directive is as follows:
#INCLUDE ”filename” [comment]

where: filename is the name of the file to be included. The extension must be
supplied.

comment is any text preceded by the characters ‘—-'.
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14 1.12 Compiler directives

The first text after the directive must be the filename enclosed within double quotes
(). All other text on the line is ignored and may be used for comments. For
example:

#INCLUDE “header.inc”
Included files may be nested to any depth.

1.12.3 #USE

The #USE directive allows separately compiled occam units and libraries (in
TCOFF format) to be referenced from occam source. The file referenced by the
#USE directive must be compiled for a compatible processor type and compilation
mode as the main program, and should be made available in all modes for which -
the program will be compiled.

The compiler ignores all library modules compiled with a processor type or
compilation mode incompatible with the current compilation. A library may be used
in any number of separately compiled units or other libraries, provided that each
unit contains the #USE directive.

Any names in the library which do not conform to occam syntax, and which have
not been translated by means of a TRANSLATE pragma will be ignored. Note: this
means that a TRANSLATE pragma must precede its related #USE directive. See
section 1.12.7.

The syntax of the #USE directive is as follows:
#USE "filename” [comment]

where: filename is the name of the object code file. The object file can be a
compiled (. teo) or library (. 1ib) file. If you omit the file extension, the
compiler adds the extension of the output file. This will be . tco unless you
specified an output filename using the ‘0’ option.

comment is any text preceded by the characters ‘—’.

The firsttext after the #USE directive must be the filename, which must be enclosed
within double quotes (*). All other text on the line is ignored and may be used for
comments. For example:

#USE “module”

#USE “library.lib”
#USE "module.tco”
#USE "module.t2h”

1.12.4 #IMPORT

The #IMPORT directive allows code produced by compatible non-occam
compilers to be referenced from occam programs. It operates in the same way
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as #USE except that the code that is imported is marked as ‘foreign’ and not
included in makefile searches.

Note: The code imported by #IMPORT must be compatible with the current toolset
linker ilink.

The syntax of the #IMPORT directive is as follows:
#IMPORT "filename” [comment]

where: filename is the name of the compiled equivalent occam process. If no
extension is given the . tco extension is assumed.

comment is any text preceded by the characters ‘—'.

The first text after the # IMPORT directive must be the file name, which must be
enclosed within double quotes (*). All other text on the line is ignored and may be
used for comments.

An example of how to use the #IMPORT directive is given below:

#IMPORT ”centry.lib” -- C interface code

PROC.ENTRY (fs, ts, flag, wsl, ws2, in, out)
—— call C language program

The parameters supplied in the program call, flag, ws1, ws2, in, and out are
those of the type 2 procedural interface. The program must be linked with C
libraries centry.1lib and 1ibc. 1lib. Details of this method of mixed language
programming can be found in section 11.2 of the User Guide.

Details of an alternative method of mixed language programming where non-
occam programs are called directly using library functions can also be found in
Chapter 11 of the User Guide.

1.12.5 #COMMENT

The #COMMENT directive allows comments to be placed in the object code. These
comments can be read by the binary lister tool ilist.

The syntax of the #COMMENT directive is as follows:
#COMMENT “string” [comment]

where: string is the text of the comment. Comments must be enclosed in double
quotes following the #COMMENT directive. Comments cannot be split over
more than one line.
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16 1.12 Compiler directives

Comments may not appear at the exact position in the object code corresponding
with the source code directive, but the sequence of comments in the file is always
maintained. Comments included by #COMMENT are stripped from the object code
when it is linked or made bootable.

The main use for the #COMMENT directive is in libraries or other pre-compiled code
where it can be used to indicate a version number, record dependencies on other
libraries, and hold copyright information. The comment strings can then be
displayed using ilist.

An example of how to use the #COMMENT directive is given below:
PROC my.lib ()

#COMMENT "My library V1.3, 18 May 1988”
#COMMENT "Copyright me 1988”

SEQ
. library source

#COMMENT acts like #PRAGMA COMMENT. For example:
#COMMENT ”string”

is equivalent to:
#PRAGMA COMMENT ”string”

See also section 1.12.7.

1.12.6 #OPTION

The #OPTION directive allows you to specify certain command line options within
the source text of a compilation unit, so that they apply only to that unit. Options
specified in this way are simply added to the command line when the compiler is
invoked.

Arguments to #OPTION are those that relate directly to the source, namely:
A - disable alias (and usage) checking.
E — disable the compiler libraries.
G - allow sequential code inserts (via the ASM construct).
K - disable the insertion of run-time range checks.
N — disable usage checking.
U — disable the insertion of any run-time error checks.
V - disable separate vector space usage.
W — enable full code inserts, (via the ASM construct).
Y - disable interactive debugging.

Specifying any other option produces an error. Descriptions of the arguments can
be found in Table 1.1. v
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#OPTION directives can only appear in the file to which they apply; they cannot be
nested in an included file. #0OPTION directives must also be the first non-blank or
non-comment text in the source file. If they are found at any other position in the
file an error is reported.

The syntax of the #OPTION directive is as follows:
#OPTION “optionname {optionname}” [comment]

where: optionname is any option permitted in a #OPTION directive. Spaces within
the double quotes are ignored. No option prefix character is required in the
syntax and none should be specified.

comment is any text preceded by the characters ‘—-'.

The first text after the #OPTION directive must be the list of options enclosed in
double quotes. All other text on the line is ignored and may be used for comments.

An example of how to use the #OPTION directive is given below. In the example
the unit does not require usage checking but contains transputer code inserts from
the restricted set.

—— This compilation unit requires sequential
—— code inserts and does rnot pass the usage check.

#OPTION "G N”

PROC x ()
body of procedure

The #OPTION directive should only be used for compiler options that are always
required for a specific compilation.

UNDEFINED error mode
#OPTION ”U” can be used to implement the occam error mode UNDEFINED.

1.12.7 #rPraGMA

The #PRAGMA directive is provided to reference segments of code for mixed
language compilations and/or linking functions:

#PRAGMA pragma-name {optional values} [comment]

where: pragma-name may be one of:

COMMENT
EXTERNAL
LINKAGE
PERMITALIASES
SHARED
TRANSLATE
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optional values may be specified for each type of pragma. The values that
the options may take are specific to the pragma being used; they are
described below.

commentis any text preceded by the characters ‘=-'. All pragma types may
have a comment appended to them.

#PRAGMA COMMENT ”string” [comment]

#PRAGMA COMMENT allows comments to be placed in the object code. These
comments can be read by the binary lister tool i1ist. In all respects #PRAGMA
COMMENT acts like #COMMENT (see section 1.12.5).

#PRAGMA EXTERNAL “declaration” [comment]

This directive allows access to other language compilations. declaration is a PROC
or FUNCTION declaration, with formal parameters which correspond to the
required calling convention. This is followed (within the string) by two numbers in
decimal, indicating the number of workspace slots (words) and optionally the
number of vectorspace slots to reserve for that call. The number of vectorspace
slots defaults to 0. The number of the workspace slots should not include those
needed to set up the parameters for the call. Note: that if the vectorspace require-
ment is zero, then no vectorspace pointer parameter will be passed to the routine.

It is important to ensure that enough space is allocated, both for workspace and
vectorspace, because the compiler cannot check for overruns.

The syntax of the declaration is as follows:

formal procedure or function declaration = workspace [, vectorspace]

Examples:

#PRAGMA EXTERNAL “PROC pl (VAL INT x, y) = 20”

#PRAGMA EXTERNAL “PROC p2 (VAL INT x, y) = 20, 100~
#PRAGMA EXTERNAL ”INT FUNCTION f1 (VAL INT x, y) = 50"
#PRAGMA EXTERNAL ”INT FUNCTION f2 (VAL INT x, y) = 50, 0~

The procedure or function name is the name by which the external routine is
accessed from the occam source. It is also the name which will be used by the
linker to access the external language function, though this may be modified by use
of the TRANSLATE pragma.

#PRAGMA LINKAGE [”section-name”] [comment]

This pragma enables the user to identify modules that he wishes to be placed in
on-chip RAM. The user may then prioritize the order in which these modules are
linked together by using a linker directive. On-chip RAM is allocated to workspace
first and then to code. Provided there is enough RAM available it should be
possible for commonly used subroutines to be processed in the on-chip RAM. This
should make the program run faster.
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Normally the compiler creates the object code in a section named “text%base”.
The #PRAGMA LINKAGE directive causes the compiler to change the name of the
section to that supplied in the string. If the directive is used but no section name
is provided by the user, the compiler supplies the priority section name
“pristextibase”. More than one module may take the section name
“pristextibase”.

A linker directive is used to change the order in which code modules are linked
together, by supplying a list of prioritized section-names, see section 9.4.6.
Provided that the linker does not encounter any linker directives listing section-
names, it will place “pri%text%base” modules first. Any unnamed modules are
added in an undefined order at the end of the linked unit.

Note: floating point routines such as REAL320P and REAL320PERR are automati-
cally optimized by the compiler by placing them in a “pri%text%base” section.

The #PRAGMA LINKAGE directive should appear at the start of the source code,
immediately following the #OPTION directive, if one is present.

For example:

#OPTION "N”
#PRAGMA LINKAGE ”PRIORITY1” - highest priority

#PRAGMA PERMITALIASES variable.list [comment]

This pragma disables alias checking for specified variables. It may be applied to
normal variables, abbreviations and RETYPES, or non-VAL formal parameters.

See Appendix C in the Language and Libraries Reference Manual for a description
of alias checking.

This pragma mustimmediately follow the declaration of the variable it refers to, e.g.

int x, y, z :
PRAGMA PERMITALIASES x .....

PRAGMA PERMITALIASES y ..... is correct
int x :

int y :

PRAGMA PERMITALIASES x ..... is incorrect

#PRAGMA SHARED variable.list [comment]

This pragma disables usage checking for specified variables. It may be applied to
normal variables, abbreviations and RETYPES, or non-VAL formal parameters.

See Appendix C in the Language and Libraries Reference Manualfor a description
of usage checking.

This pragma must immediately follow the declaration of the variable it refers to, in
the same manner as the pragma PERMITALIASES, see above.
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#PRAGMA TRANSLATE identifier ” string” [ comment ]

This is used to enable linkage with routines whose entry point names do not corre-
spond to occam syntax for identifier names; both imported names to be called by
this compilation unit and exported names defined in this compilation unit. An entry
point is a name which is visible to the linker. Thus procedures and functions
declared at the outermost level of a compilation unit are entry points, whereas
nested procedures and functions are not.

Any entry point defined in the compilation unit whose name matches identifier is
translated to string when inserted into the object file, and hence can only be refer-
enced as string when linking. String may not contain the NUL character (‘*#00’).

Any entry points in #USEd libraries and other compilation units whose names
match sfring can be referred to within the compilation unit as identifier. This also
applies to identifiers defined by EXTERNAL pragmas. TRANSLATE pragmas must
precede any reference to their identifier.

For example:

#PRAGMA TRANSILATE c.routine “"c_routine”
#PRAGMA EXTERNAL ”“PROC c.routine () = 100”7

1.13 Error messages

All messages produced by the compiler are in the standard toolset format. Details
of the format can be found in section A.7. Messages are generated at severity
levels Information, Warning, Error, and Fatal. No messages are generated at
severity level Serious.

No object files are generated if an error occurs.

Notes

1 The compiler libraries are automatically loaded if required, unless the
compiler ‘E’ option is used.

2 The compiler finds the compiler libraries by searching the path specified by
the host environment variable ISEARCH. The most common cause of a
compiler library error is failure to set up this logical name correctly.

The error messages listed here are those which are produced by incorrect use of
the compiler, caused for instance by failing to specify command line options
correctly. The compiler also reports all syntax and semantic errors found in the
program; these messages are not listed here as they are language specific and
therefore outside the scope of this document.

1.13.1 Warnings

Badly formed #PRAGMA name directive

The pragma directive does not conform to the required syntax.
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CHAN OF ANY is obsolete: use PROTOCOL name IS ANY

The CHAN OF ANY construct is now considered obsolete. The ability to
define a named protocol as in PROTOCOL name IS ANY provides greater
security and should be used in preference. This waming may be disabled
by means of the NWCA command line switch.

GUY construct is obsolete: use ASM instead

The GUY construct is obsolete; the ASM construct provides greater security
and should be used in preference. This waming message may be disabled
by means of the NWGY command line switch.

name is not used

The named variable is never used. This warning may be disabled by the
NWU command line option.

Name name descopes a previous declaration

This name descopes another name which has already been declared. This
warning is only enabled when the WD command line option is used.

No compatible entrypoints found in name

The named library contains no routines which may be called from this error
mode and/or processor type.

Obsolete channel type conversion: use channel RETYPE

The ability to pass a CHAN OF ANY as an actual parameter to a procedure
whose formal parameter is a different channel type is obsolete. A channel
RETYPE should be inserted before the call to make the type conversion
explicit. This warning may be disabled by means of the NWCA command line
switch.

Parameter name is not used

The named parameter is never used. This warning may be disabled by the
NWP command line option.

Placement expression for name clashes with virtual routing system

The named variable is placed on one of the transputer links. This may inter-
fere with the INMOS interactive debugging system or the virtual routing
system. *

Placement expression for name wraps around memory

The calculation of the machine address for this variable has overflowed;
the truncated address is used.
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PLACEment must immediately follow declaration of name

There should be no other variable declarations between a variable’s own
declaration and any modifying PLACE statement. This warning is enabled
for PLACE statements by the WQUAL command line switch.

Possible side-effect: PLACED variable name

A PLACEd variable has been declared inside a VALOF. The compiler cannot
ensure that this cannot cause a side-effect.

Possible side—effect: instanced PROC has PLACED variable name

A PLACEd variable has been declared inside a PROC which is called from
within a VALOF. The compiler cannot ensure that this cannot cause a side-
effect.

PORT name must be placed

A PORT type must be placed using an allocation. See the occam 2 Refer-
ence Manual for further details.

Routine name is not used

The named routine was never called. This warmning may be disabled by the
NWU command line option.

Run-time disjointness check inserted
number Run-time disjointness check inserted

The compiler has inserted run-time checks to ensure that variables are not
aliased (i.e. that they do not overlap). This warning is only enabled when
the Wo command line option is used.

TRANSLATE ignored: Module containing name has already been loaded

The #TRANSLATE pragma must precede any #USE of a library containing
that string.

TRANSLATE ignored: Name name has already been used
You may not specify multiple translation strings for the same name.
TRANSLATE ignored: String contains NUL character

The specified string for a #TRANSLATE pragma may not include a NUL
(zero) byte.

TRANSLATE ignored: String name has already been used

You may not specify multiple names to be translated to the same string.
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Unknown #PRAGMA name: name
The pragma name is ignored.

Using length ‘name’ in array part of counted array input is obsolete
The language no longer permits using the length part of a counted array
input to appear in the array part. It does however allow the following special
case to be written where the length only appears as the length of a slice:

channel.exp ? name :: [ array.exp FROM 0 FOR name ]

This is transformed by the compiler into the equivalent construct:

channelexp ? name :: array.exp

The former construct is obsolescent and programs should be re-written to
use the latter form.

Workspace clashes with variable PLACED AT WORKSPACE number

A variable has been placed at the workspace address number, and this
clashes either with another placed variable, or with the compiler's work-
space allocation requirements.

1.13.2 Errors

Bad object file format
Library or separately compiled procedure object code is not in the correct
format. The code may not have been linked correctly, or the file may have
become corrupted.

Badly formed compiler directive
A compiler directive following # was not recognized.

Badly formed #EXTERNAL directive

The number of workspace slots to reserve for the call has not been speci-
fied or negative workspace or vector space slots have been specified in
error.

Cannot open file ”string”
File is missing, or file system error.
Cannot open output file

The object file could not be opened. File system error,
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Cannot open output file (string)

The file given as parameter to the command line R option could not be
opened.

Cannot open source file

The source file cannot be opened. Either it does not exist, or there is a file
system error.

Code buffer full (nnn bytes); use command line to increase buffer size
The compiler has an internal buffer for code which is about to be placed into
the object file; this has overflowed. The CODE command line option may be
used to increase the size of this buffer.
Code insertion is not enabled
You must use the G or W options to enable assembler inserts.
Descriptor has incorrect format
Library or separately compiled procedure object code is not in the correct
format. The code may not have been linked correctly, or the file may have
become corrupted.
Duplicate error modes on command line
Multiple error modes may not be specified for the compilation.
Duplicate processor types on command line
Multiple processor types may not be specified for the compilation.
Expected string after #COMMENT
#COMMENT directive must be followed by a string containing the comment.
Expected string after #OPTION
#OPTION directive must be followed by a string containing the options .

‘Filename’ is not a valid object file

Library or separately compiled unit object code is not in the correct format.
The code may not have been linked correctly, or the file may have become
corrupted.

Instruction is not available in current code insertion mode

You must set the W option in order to use this instruction.
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Instruction is not available on target processor

The given instruction is not present in the target instruction set.
Invalid command line option (string)

The user specified an unrecognized command line option.
Missing filename

Filename is missing on #USE, #INCLUDE or #IMPORT directive.
Missing object file name

There is no object file name parameter to the command line © option.
Missing output file name

There is no output file name parameter to the command line R option.
No filename given

No source file was specified on the command line.
number reading source file

File system error. The source file or an include file could not be read.
number is the host file system error number.

number writing to object file

File system error. The object file could not be written to. number is the host
file system error number.

Option in illegal position

Only one #OPTION directive is allowed in a file, and it must be on the first
non-blank or non-comment line in a file.

PRAGMA must immediately follow declaration of name

There should be no other variable declarations between a variable’s own
declaration and any modifying #PRAGMA.

Run out of symbol space
The source compilation unit is too large to be compiled.
Unrecognised option "char” in option string

Incorrect compiler options specified after a #OPTION directive.
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77

Option

Description

I

Display debugger version string.
Must be accompanied by the iserver ‘SR’ option.

J #hexdigits

Takes a hexadecimal digit sequence of up to 16 digits and repli-
cates it throughout the data regions of a program (stack, static,
heap and vectorspace as appropriate) when interactive debug-
ging. The digit sequence must be preceded by a hash, ‘#', char-
acter.

Used when breakpoint debugging configured T426 programs.

K #hexdigits

As the J option but includes freespace.

Used when interactive debugging non-configured T426
programs.

M linknumber

Postmortem debug a previous interactive debugging session.
idebug executes on the root processor.

Must be accompanied by the iserver ‘SA’ option.

N filename

Postmortem -debug a program from a network dump file file-
name, created by idebug. The file is assumed to have the
extension .dmp if none is specified.

Must be accompanied by the iserver ‘SR’ option.

. Q variable

Specify environment variable used to specify the ITERM file. The
default is “ITERM".

R filename

Postmortem debug a program that uses the root transputer. file-
name is the file that contains the contents of the root processor
(created by idump or isim). The file is assumed to have the
extension . dmp if none is supplied.

Ignore subsystem signals when interactive debugging.

T linknumber

Postmortem debug a program that does not use the root
processor, on a network that is connected to link linknumber of
the root processor. idebug executes on the root processor.

Must be accompanied by the iserver ‘SA’ option.

XQ

Causes the debugger to request confirmation of the Quit
command.

4.31

Table 4.1 idebug command line options

Toolset file types read by the debugger

The debugger uses information within files produced by toolset tools in order to
establish the hierarchy of components used to produce a bootable file.

Table 4.2 provides a list of file types used by the debugger. The table covers all
languages which the debugger supports (FORTRAN, C, and occam).
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File extension |Description
£77 FORTRAN source code file.
.h77 FORTRAN include file.
.c C source code file.
.h C include file.
.oce occam source code file.
.inc occam include file.
.cfb Configuration data file.
.pgm occam configuration data file.
.btl Bootable file to be debugged.
.btr ROM code file to be debugged.
.clu occam configuration object file.
.1ku Linked unit generated by linker.
.tco Object file generated by compiler.
.1ib Library file.
.dmp Root processor dump file (created by idump or isim) or
network dump file (created by idebug).

Table 4.2 File types read by debugger

With the exception of a dump file which must have a . dmp filename extension, the
debugger will accept different extensions for a particular file type. (For example the
extensions used by imakef such as . tah which can be used instead of . teco).

4.3.2 Environment variables
idebug requires three environment variables to be set up on the host system (in
addition to those required to run the iserver and to build a bootable file). These

are listed in table 4.3. Details of how to set up these variables can be found in the
Delivery Manual that accompanies this release.
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ITERM Contains the name of the file which defines key mappings for
debugger symbolic functions and some monitor page commands.
The name of the environment variable may be over-ridden by
using the ‘Q’ command line option.

IDEBUGSIZE |Defines the amount of memory available on the root transputer
board. This variable must be specified for idebug to work
correctly (idebug requires at least 1 Mbyte of available root
transputer memory: it is strongly recommended that 2 Mbytes or
more be available).

IBOARDSIZE { The amount of memory available for the application program.
Required for bootable single transputer programs (created from
linked units using icollect with the ‘T’ option and without the
‘M’ option), where the memory size was not specified.

Table 4.3 Environment variables used by idebug

4.3.3  Program termination

If the program terminates by issuing the ‘terminate’ command to the server, the
following message is displayed:

[Program has finished (after nnn seconds) - hit any key
for monitor page]

The debugger can be re-entered after server termination by pressing any key. The
final state of the network can be examined using the full range of symbolic and
Monitor page commands.

The exit status retumed by the program is displayed on the Monitor page.

If the program contains independent processes which require no communication
with the server then the debugger allows the program to be resumed. In this case
the debugger displays the following warning message:

[Warning: iserver terminated by user program: use CTRL-A
for monitor page]

4.4 Post-mortem mode invocation

To invoke the post-mortem debugger use the appropriate command from the
following list. Command lines are shown in both in UNIX and MS-DOS/VMS
formats.

Note: Commands are given for a BO08 board wired subs (see section 4.7.1). For

the commands and command sequences to use on other board types see
section 4.7.2.
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441 Debugging T-mode programs — option ‘T’

idebug bootablefile -t linknumber -sa
idebug bootablefile /t linknumber /sa

where: bootablefile is the program bootable file;

linknumber is the number of the link of the root processor which is
connected to the network.

Use the ‘T’ option for programs that do not use the root transputer, that is those
loaded by using iskip. The program is debugged from the program image that
is resident in the memory of each transputer; the information about the rest of the
network is extracted down the root transputer link. This method provides the fastest
post-mortem debugging because the root transputer memory image is not saved.
However, the option does require an extra transputer on the network. The ‘T’ option
should be accompanied by the ‘SA’ option to assert Analyse on the network.

442 Debugging R-mode programs - option ‘R’

idebug bootablefile -xr dumpfile
idebug bootablefile /x dumpfile

where: bootablefile is the program bootable file;

dumpfile is the root transputer memory dump file.
Use the ‘R’ option for programs that use the root transputer in a network. The dump
file is created by using idump, which produces a dump of the program image on

the root transputer only; the debugger extracts information about other transputers
on the network (if applicable) via the root transputer’s finks.

4.4.3 Debugging a network dump file — option ‘N’

idebug bootablefile -n neffile -sx
idebug bootablefile /n neffile /sx

where: bootablefile is the program bootable file;

netfile is a network dump file.
Use the ‘N’ option to debug programs without access to the original network of
transputers. This is effectively debugging off-line. The network dump file is gener-

ated by the idebug Monitor page [N ] command. Note: this can only be used for

programs that have not been debugged interactively. The ‘N’ option should be
accompanied by the iserver 'SR’ option to reset the network.
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444 Debugging a previous breakpoint session — option ‘M’

idebug bootablefile -m linknumber -sa
idebug bootablefile /m linknumber /sa

where: boofablefile is the program bootable file;

linknumber is the number of the link of the root processor which is
connected to the network.

Use the ‘M option to debug a previous breakpoint debugging session where either
the network has crashed (error flag was set) or the host [ BREAK | key was used
to to terminate the debugger. This option is the same as the ‘T’ option but informs
the debugger the breakpoint runtime kemel is present. The ‘M’ option should be
accompanied by the iserver ‘SA’ option to assert Analyse on the network. The
same action may be achieved when using the debugger in interactive mode with
a subsystem wired subs (see section 4.7.1) by use of the Monitor page
command.

Note: Symbolic functions and Monitor page commands that support breakpointing
are absent in post-mortem mode.

445 Re-invoking the debugger on single transputer programs

For programs running on a single transputer only and debugged from a memory
dump file the debugger can be re-invoked on the same dump file by passing the
‘SR’ option to iserver from the idebug command line. This option is required to
reset the transputer before loading the debugger program (the resetting is normally
done by idump).

4.4.6 Debugging boot from ROM programs

Programs which are configured to boot from ROM and run in RAM may be
debugged in post-mortem mode via a transputer link in a similar manner to that
described in section 4.4.1. The debugger must be run on the root processor of the
network (as specified to the configurer via the ‘P’ option) which must be set to boot
from link while debugging.

idebug romcodefile -t linknumber -sa
idebug romcodefile / t linknumber /sa

where: romcodefile is the .btr output file produced by icollect for use by
ieprom,

linknumber is the number of the link of the root processor which is
connected to the network.

4.5 Interactive mode invocation

To run the debugger in interactive mode use one of the commands below.
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Note: Commands are supplied for a B008 board wired subs. For the commands
to use on other board types see Table 4.4.

idebug bootablefile -b linknumber -st
idebug bootablefile /b linknumber /sr

where: bootablefile is the program executable file; -

linknumber is the number of the root transputer link where the application
network is connected.

In interactive mode idebug loads the bootable file directly onto the network and
sets up a runtime kemnel and idebug virtual link system on each processor used
by the program. iserver is not required to load the program, but an extra
processor is required to run the debugger; the program is in effect ‘skip’ loaded.

When first invoked in interactive mode, the debugger immediately enters the
Monitor page where the (Breakpoint Menu) command can be used to set
breakpoints before the program is started.

4.6 Function key mappings

All the debugger symbolic functions, and some Monitor page commands, are
assigned to specific keys on the keyboard by the ITERM file (the file specified by
the environment variable ITERM). For the correct keys to use on your terminal
consult the keyboard layouts provided in the Delivery Manual that accompanies
this release.

ITERM files are supplied with the release for terminals commonly used with your
host system but may also be created to suit your own requirements. Details of the
ITERM file and an example listing which illustrates the format can be found in
appendix D.

Key-mapped Monitor page commands are listed in section 4.9.7. A complete list
of symbolic functions can be found in section 4.10.

4.7 Debugging programs on INMOS boards

On transputer boards the Analyse and Reset signals can be propagated from the
root transputer in two ways, and this influences the options that must be used when
debugging programs.

4.71  Subsystem wiring

On transputer boards the subsystem signal is either propagated unchanged to all
transputers on the network (known as wired down), or the signals are connected
to the subsystem port (wired subs) from where they are controlled by the board’s
root processor.
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On B004 boards and other boards where subsystem is wired in the same way
Analyse must be asserted on the network before transputers can be accessed by
the debugger from the root processor. However, if Analyse is asserted more than
once the program will be corrupted in transputer memory.

The wiring type can be identified by the hardware addresses of the three
subsystem registers. On B004-type boards the addresses are as follows:

Signal Hardware address
Reset #00000000
Analyse #00000004
Error #00000000

An example of a B004-type board is the IMS B404 TRAM. For details of the
subsystem wiring on other boards consult the Datasheet or board specification.

In addition, TRAM boards and B004 boards differ in the way the subsystem port
is used. On TRAMs these subsystem signals are propagated to all transputers on
the network, whereas on B004 boards the signals are not propagated at all.

The sample program assert. occ illustrates resetting a B004-type board. This
program is supplied on the toolset examples directory.

4.7.2 Debugging options to use with specific board types

The conditions outlined above affect the commands that must be used when
debugging T-mode and R-mode programs. Table 4.4 shows the command line
options to use for different combinations of board type, subsystem wiring, and
program mode.

For further details about loading programs see the chapters on loading and debug-
ging in the User Guide (chapters 7 and 9).

4.7.3 Detecting the error flag in interactive mode

In interactive mode the debugger detects that a processor has its error flag set by
use of the subsystem services. If the hardware is not wired up to use the subsystem
services then the debugger is unable to detect when an error flag is set; this may
cause the debugger to hang for no apparent reason. On such networks the
iserver ‘SE’' option should be used to detect when an error flag has been set.
Note, however, that detection of a set error flag will terminate the debugger without
warning — the debugger can, however, be subsequently re-invoked in post-
mortem mode.

Note: When using the debugger in interactive mode, the hardware should be
set-up to use the subsystem services if possible.
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Board |Wiring |Mode | Command line(s) to use
TRAM down T |idebug program -b linknumber -sr -set -st
idebug program -m linknumber -sa

idebug program -t linknumber -sa

R |idump dumpfile size
idebug program -r dumpfile

subs T |idebug program -b linknumber -sr
idebug program -m linknumber -sa

idebug program -t linknumber -sa

R |idump dumpfile size
idebug program ~r dumpfile

B004 down T |idebug program -b linknumber -sr -set -st

idebug program -m linknumber -sa
idebug program -t linknumber -sa

R |idump dumpfile size
idebug program -r dumpfile

subs T |idebug program -b linknumber -a -sr
idebug program -m linknumber -a -sa
idebug program -t linknumber ~a -sa

R |idump dumpfile size
idebug program -r dumpfile -a

Command lines are given in UNIX format (*-’ option switch character). For
MS-DOS and VMS based toolsets use the ‘/’ option switch character.

The ‘ST’ option may also be used on any command line to display activity
information while the debugger is loading.

Modes: R = program using the root transputer; T = program not using the root
transputer, and debugged down a root transputer link.

program is the program bootable file.
T See section 4.7.3.

Table 44 Commands to use on different board types

4.8 Debugging programs on non-INMOS boards

If the hardware does not adhere to the INMOS subsystem convention then it is
necessary to determine how the hardware is configured with respect to the
subsystem and select the appropriate command line options.

It will probably be necessary to use the idebug command line ‘S’ option when
breakpoint debugging in order to stop the debugger monitoring the subsystem
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error status, and the iserver 'SE’ option to determine when the error flag has
been set.

Note: Some non-INMOS boards use a specific subsystem convention which is
supported by idebug, but which is different from the INMOS convention. To assert
subsystem Analyse on such boards, use the ‘AP’ rather than the ‘A’ option. The
board supplier should be able to say whether the ‘AP’ option is appropriate for their
system.

4.9 Monitor page commands

This section lists and describes the debugger Monitor page commands. The
commands are tabulated in alphabetical order for easy reference. Where a
command invokes an option submenu the operation of each option in the submenu
is described.

Monitor page commands are also listed for easy reference in the Handbook that
accompanies this release.

49.1 Command format

All Monitor page commands are either single letter commands or are invoked by
a single function key press. Key mappings for the few general commands that use
function keys can be found in the Delivery Manual that accompanies this release.

49.2 Specifying transputer addresses

Many Monitor page commands require a memory address to be entered. Where
there is a default value, this is displayed with the prompt. The default address is
the last address specified or located to, and is used if[RETURN | is pressed without

entering an address.

Addresses can be specified in decimal or hexadecimal format. Hexadecimal
numbers must be given as a sequence of hexadecimal digits preceded by the char-
acters ‘¥, ‘$’, or ‘%’. The ‘#' and ‘$’ characters are used to prefix a full hexadecimal
address. The ‘s’ character adds MOSTNEG INT to the hexadecimal value using
modulo arithmetic. This is useful when specifying transputer addresses which are
signed and start at MOSTNEG INT. For example, %70 is interpreted as #80000070
on a 32 bit transputer, and as #8070 on a 16 bit transputer.

Address may also be specified relative to the Iptr or Wptr (derived from the
current Wdesc) currently displayed in the monitor page. One of the following forms
may be used:

i+nnnor i-nnn: for addresses relative to Iptr —in this case nnnis a byte offset.
w+nnn or w—-nnn. for addresses relative to Wptr —in this case nnnis aword offset.

4.9.3 Scrolling the display

Several commands mapped by the ITERM file (see below) may be used to scroll
certain of the Monitor page displays. Cursor keys may also be used.
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4.9.4 Editing functions

The following string editing functions are available for on-screen editing of strings
for certain commands:

Move the cursor to the beginning of the string.

Move the cursor to the end of the string.

Delete the string.

(«] Move the cursor left one character.

] Move the cursor right one character.

(A] Replace the current string with the string used in the
previous invocation of the command.

Delete the character to the left of the cursor.

Enter the string.

Note: [STARTOFLINE |, [ENDOFLINE ], [DELETELINE ], and[DELETE| are
mapped by the ITERM file to specific keys on the keyboard. Details of the key
mappings on your terminal can be found in the Delivery Manual that accompanies
this release. [A ] will not be applicable to some commands.

495 Commands mapped by ITERM

Certain Monitor page commands are mapped to specific keys on the terminal by
the ITERM file. Commands mapped in this way include keys which are used to
scroll the display (see below), commands which produce the same effect in both
debugging modes, and the commands [ TOP ], [RETRACE |, [ RELOCATE ] and

which invoke the corresponding symbolic mode functions.

The keys to use for all Monitor page commands mapped by ITERM can be found
by consulting the keyboard layouts supplied in the Delivery Manual.

4.9.6 Summary of commands

Key |Meaning Description

A* ASCII View a region of memory in ASCII.

Bi* |Breakpoint Display the Breakpoint menu enabling breakpoints to
be set, cleared or listed.

¥ = Interactive mode only.
* = String editing functions available for these commands, see section 4.9.4.
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Key |Meaning Description

c Compare Compare the code on the network with the code that
should be there to ensure that the code has not been
corrupted.

D* Disassemble Display the transputer instructions at a specified area
of memory.

E Next Emror Switch the curmrent display information to that of the
next processor in the network which has halted with its
error flag set.

F* Select file Select a source file for symbolic display using the file-
name of the object file produced for it.

G Goto process Goto symbolic debugging for a particular process.

H* Hex | View a region of memory in hexadecimal.

|* Inspect View aregion of memory in a symbolic type. Types are
expressed as standard occam types.

Jt*  {Jump Start or resume the application program.

K Processor Display the names and types of all processors in the

names network.

L Links Display instruction pointers and process descriptors

for the processes currently waiting for input or output
on a transputer link, or for a signal on the Event pin.

M Memory map Display the memory map of the current processor.

N* Network dump | Copy the entire state of the transputer network into a
‘network dump'’file in order to allow continued (off-line)
debugging at a later date.

o* Specify process |Resume the source level symbolic features of the
debugger for a particular process.

P* Processor Switch the current display information to that of
another processor.

Q Quit Leave the debugger and return to the host operating
system.

R Run queues Display instruction pointers and process descriptors of

-|the processes on either the high or low priority active
_| process queue.

St Show messages | Display the Messages menu enabling the default
actions of the debugger to debug support functions to
be changed.

T = Interactive mode only.
* = String editing functions available for these commands, see section 4.9.4.
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Key |Meaning Description

T Timer queues | Display instruction pointers, the process descriptors
and the wake-up times of the processes on either the
high or low priority timer queue.

Ut Update Update the monitor page display to reflect the current
state of the processor.

\' Process names |Display the memory map of processes on the current
processor.

Wit*  |Write Write to any portion of memory in a symbolic type.
Types are expressed as standard occam types.

X Exit Return to symbolic mode.

Yt Postmortem Change an interactive breakpoint debugging session
into a post-mortem debug session.

Z Virtual links Display instruction pointers and process descriptors
for processes waiting on the configurer’s software
virtual links.

? Help Display help information.

1 = Interactive mode only.
* = String editing functions available for these commands, see section 4.9.4.

4.9.7 Symbolic-type commands

Display help information.

Re-draw the screen.

Switch to symbolic mode and perform symbolic relocate.

Restart a process stopped at a breakpoint.

Switch to symbolic mode and perform symbolic retrace.
TOP Locate to the last instruction executed on the current

processor.

Key bindings for these commands on specific terminal types can be found in the
rear of the Delivery Manual.

4.9.8 Scroll keys

LINE UP Scroll the currently diéplayed memory, disassembly, queue,
or list.
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Scroll the currently displayed memory, disassembly, queue,
or list.

Scroll the cumrently displayed memory, disassembly, queue,
or list.

‘ Scroll the currently displayed memory, disassembly, queue,
or list.

Go to the top of the currently displayed processor name

list, or software virtual link list.

Go to the end of the currently displayed processor name

T

¥ (4]

list, or software virtual link list.

Scroll the currently displayed memory, disassembly, queue,
or list.

Scroll the currently displayed memory, disassembly, queue,
or list.

Scroll the currently displayed processor left.

Scroll the currently displayed processor right.

Key bindings for these commands on specific terminal types can be found in the
rear of the Delivery Manual.

4.9.9

]

Monitor page command descriptions
ASCIl

This command displays a segment of transputer memory in ASCII format,
starting at a specific address. If no address is given the last specified
address is used. Specify a start address after the prompt:

Start address (#hhhhhhhh) ?

Either press to accept the default (last specified) address, or
enter the desired address. The address can be entered as a decimal
number, a hexadecimal number preceded by ‘#', or the short form
'Sh...h.

The memory is displayed in blocks of 16 rows of 32 ASCII bytes, each row
preceded by an absolute address in hexadecimal. Bytes are ordered from
left to right in each row. Unprintable characters are substituted by a full
stop.

The scroll keys (section 4.9.7) can be used to scroll the display.
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Breakpoint menu (interactive mode only)
This command invokes the Breakpoint Menu:

Breakpoint Menu
Set a breakpoint on this processor
Toggle a breakpoint on this processor
Clear a numbered breakpoint
Clear all breakpoints on all processors
Clear all breakpoints on this processor
Set a breakpoint at all entries this processor
Set a breakpoint at all entries all processors
Set a breakpoint at all main () this processor
List all breakpoints and hits
List all breakpoints and hits on this processor
Quit this option

OHEZQREPQAAWV
O T I Y T T R T Y I

Breakpoint option (A,B,C,E,G,L,M,P,Q,S,T) ?

Options are selected by entering one of the single letter commands. A
selected option can be cancelled by pressing with no typed input
when it prompts for an address or a breakpoint number.

The ‘E’ and ‘G’ options, which set breakpoints at the entry point of all config-
uration level processes, are mainly for use with occam programs where
the entry point of the program is the start of the top-level process. For non-
configured occam programs the entry point is the first procedure called
when the program starts. For configured occam programs the entry point
is the configuration level code.

The ‘M’ option is intended for languages which have run-time support and
a known entry point to the application code (such as main () in C, or the
FORTRAN main program). This option sets a breakpoint at all the program
entry points on the current processor.

Note: for processors which do not have hardware breakpoint support the
debugger will not set breakpoints in high priority configuration level
processes when the ‘E’, ‘G’ or ‘M’ options are used.

Breakpoints are assigned a unique number which must be used with the
‘C’ option. Numbers are given on the List Breakpoints displays.

In addition, the List Breakpoint displays provide information about the
processor the breakpoint has been placed on (Proc: ), the address of the
breakpoint (Addr:), the number of times the breakpoint has occurred
(Hits:) and for breakpoints set in symbolic mode the filename and line
number they correspond to. For example:

4) Proc: 0, Addr: #8000408E, ”“facs.c”:201
Hits: 3
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This display means that breakpoint number 4 on processor 0 at address
#8000408E (which corresponds to line number 201 of the file “facs.c”)
has been hit three times.

Note: Only breakpoints which are set in symbolic mode (at the beginning
of a statement) are properly supported. Setting breakpoints at arbitrary
addresses using the ‘S’ option may cause incorrect execution of the
program.

Note: Breakpoints should not be set in high priority processes on proces-
sors without hardware breakpoint support (M212, T212, T222, T414, and
T800). The E, G and M options will not set a breakpoint in a high priority
(configuration level) process on these processors.

Compare memory

This option compares the code actually in memory on the network with the
code that was loaded, to check that memory has not become corrupted.

Note: This option treats breakpoints as corrupted code.
The following menu is displayed:

Compare memory
Number of processors in network is : n

Check all network processors for discrepancies
Check this processor for discrepancies
Compare memory of this processor on screen
Find first error on this processor

Quit this option

lol=NoN N

Compare memory option (A,B,C,D,Q) ?

Type one of the options A, B, C, D, or Q. Option ‘Q' returns to the Monitor
page.
Checking the whole network - option A

Option ‘A’ checks all the processors in the network and displays a summary
of the discrepancies found.

If there are no errors the following message is displayed:
Checked all processorrrs in network OK

If any errors are detected the number of errors is given along with the
address of the first error found and the name of the processor on which it
occurred.
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Checking a single processor - option B
Option ‘B’ checks just the current processor. In all other respects it is similar
to option ‘A"

Compare memory on screen - option C

Option ‘C’ displays the actual and expected code for each address in the
program code area of the current processor. Discrepancies are marked
with an asterisk (‘*’).

Memory is checked in blocks of 128 bytes. At the end of each block, type
either ‘Q’ to quit, or [SPACE | to read and display the next block.

The format of the display is similar to the following example:

Processor Code Correct Code
#800001234 : 0011223344556677 7766554433221100 *
#80000123C : 0011223344556677 0011223344556677
#800001244 : 0011223344556677 7766554433221100 *

#8000012AC : AABBCCDDEEff0011 AABBCCDDEEff0011

Press [DOWN] to scroll memory, [SPACE] for next err
or, or Q to quit :

Pressing automatically invokes option D’ - Find first
error. .. (see below).
Find first error - option D

Option ‘D’ searches the current processor’s memory for the first occurrence
of a discrepancy. If a discrepancy is found the display is the same as in
option ‘C’ above, and the memory can be checked and displayed as in
‘Compare memory on screen’.

Disassemble memory

The Disassemble command disassembles memory into transputer instruc-
tions. Specify an address at which to start disassembly after the prompt:

Start address (#hhhhhhhh) ?

Either press to accept the default address, or enter the desired
address. The address can be entered as a decimal number, a hexadecimal
number preceded by ‘¥#’, or the short form ‘sh. . . K.

The memory is displayed in batches of sixteen transputer instructions,
starting with the instruction at the specified address. If the specified

72 TDS 367 01 March 1993



4 idebug - network debugger 93

address is within an instruction, the disassembly begins at the start of that
instruction. Where the preceding code is data ending with a transputer
‘pfix’ or ‘nfix’ instruction, disassembly begins at the start of the pfix or
nfix code.

Each instruction is displayed on a single line preceded by the address
corresponding to the first byte of the instruction. The disassembly is a direct
translation of memory contents into instructions; it neither inserts labels,
nor provides symbolic operands.

The scroll keys (section 4.9.7) can be used to scroll the display.
Next Error

Next Error searches forward through the network for the next processor
which has both its error and halt-on-error flags set. Processors are
searched in the same order as they are listed by the ‘K’ command, starting
from the current processor and wrapping round. If a processor is found with
both flags set the display is changed to the new processor as if the ‘P’ option
had been used. Press to display the source line which caused the
eror.

If there is only one processor in the network then a message to this effect
is displayed.

Select source file

This command enables a program source file to be displayed within the
symbolic debugging environment for a particular processor. This allows
breakpoints to be set in modules which have not yet been reached in the
program’s execution. (Source which has not yet been executed cannot be
displayed using the 'O’ or ‘G’ options because the Iptr and Wdesc
addresses are not yet known.)

When the source file is first displayed, the cursor is placed on the first
source code line which generates object code. If the start of the source file
contains an include file itis possible for the debugger to locate this instead.
In order to locate the intended source file, use the key to exit

the include file.

The select source file command may also be used to browse source files

rather like the symbolic function. However, unlike
it allows some of the symbolic debugging operations to be
used.

Note: Editing keys may be used with this command to provide a simple
history mechanism (see section 4.9.4).

For mixed language programs, the behavior of this command will differ
depending on whether icconf or the occam configurer occonf has
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been used to configure the program. (icconf is supplied with FORTRAN
and ANSI C toolsets, occonf with occam toolsets.)

The differences in the behavior are described below:

Behavior of command when no configurer or icconf is used

If a processor has been configured to contain more than one process, this
option first prompts for the process number corresponding to the source
code:

Select process number (0 - N) ?

The range of numbers displayed in brackets are process numbers
assigned by the debugger to different processes on the processor. The
process numbers assigned fo process names by the debugger can be
determined by using the Monitor page Process Name (‘v’) option before
invoking the ‘F’ command.

Once a valid process number has been supplied (if applicable), the
debugger prompts for the filename of the compiled object module. The full
object filename (including extension — conventionally . teco) must be
supplied.

Object module filename ?

The object filename must be specified because the debugger extracts the
source code filename from the debug information in the compiled object
file.

Note: Editing keys may be used with this command to provide a simple
history mechanism (see section 4.9.4). At each prompt this command may

be aborted by pressing with no typed input.

Behavior of command when occonf is used

The debugger first prompts for the filename of a linked object module. The
full linked filename (including extension — conventionally . 1ku) must be
supplied.

Linked unit filename ?

The linked filename must be specified because the debugger needs to
know which linked unit (incorporated by a configurer #USE directive)
contains the object code from the source file to be displayed.

The debugger then prompts for the filename of a compiled object module
contained within the selected linked unit. The full object filename (including
extension — conventionally . tco) must be supplied.

Object module filename ?
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The object module filename must be specified because the debugger
extracts the source code filename from the debug information in the
compiled object file.

At each prompt this command may be aborted by pressing with
no typed input.

Go to process

This command locates to the source code for any process which is
currently shown on the screen. Any process displayed by using the [ T],

[T],[R], [T} or[Z] commands may be selected.

The cursor is positioned next to the Iptr value and pemitted responses
are listed on the screen, as follows:

Goto process - use [CURSOR] then [RETURN], or 0 to
F, (I)ptr, (L)o or (Q)uit

To select a process and display the source code, move the cursor to a
displayed Iptr value and press [RETURN |, or use one of the following
short-cuts:

» The[ 1] option locates to the current process (the process corre-
sponding to the displayed Iptr and Wdesc values).

« If currently in high priority, the [ L ] option can be used to locate to

the interrupted low priority process (the process corresponding to
the displayed IptrIntSave and WdescIntSave values).

* The hex numbers [I] — E] wili locate to the process corre-
sponding to one of the 16 lines displayed on the right hand side
of the Monitor page (the entries in the timer or run queues, or
processes waiting on links).

Type ‘Q’, [ FINISH ], or [REFRESH | to abort this command.

Hex

The Hex command displays memory in hexadecimal. Specify the start
address after the prompt:

Start address (#hhhhhhhh) ?

Press to accept the default address, or enter the desired
address. The address can be entered as a decimal number, a hexadecimal
number preceded by ‘#’, or the short form ‘sh. . . K. If the specified start
address is within a word, the start address is aligned to the start of that
word.
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The memory is displayed as rows of words in hexadecimal format. Each
row contains four or eight words, depending on transputer word length.
Words are displayed in hexadecimal (four or eight hexadecimal digits
depending on word length), most significant byte first.

For a four byte per word processor the sequence of bytes in a single row
would be:

3210 7654 11 10 9 8 15 14 13 12
For a two byte per word processor, the ordering would be:
10 32 54 76 98 11 10 13 12 15 14

Words are ordered left to right in the row starting from the lowest address.
The word specified by the start address is the top leftmost word of the
display.

The address at the start of each line is an absolute address displayed in
hexadecimal format.

The scroll keys (section 4.9.7) can be used to scroll the display.
Inspect memory

The Inspect command can be used to inspect the contents of an entire
array. Specify a start address after the prompt:

Start address (#hhhhhhhh) ?

Either press to accept the default address, or enter the desired
address. The address can be entered as a decimal number, a hexadecimal
number preceded by ‘#', or the short form ‘sh. .. A"

When a start address has been given, the following prompt is displayed:

Typed Memory Dump

- ASCII

- INT

- BYTE

BOOL

INT16

INT32

INT64

REAL32

REAL64

CHAN

Quit this option

vovoJoutdWNRO

Which occam type (1 - INT) ?
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Give the number corresponding to the type of data to be displayed, press
to accept the defauit type or enter Q to quit this option.

The types correspond to formal occam types as defined in the occam 2
Reference Manual. occam equivalences of C and FORTRAN types are
listed in table 4.5.

c FORTRAN occam
int INTEGER INT
char CHARACTER BYTE
unsigned char
LOGICAL BOOL
short N
signed short INTEGER*2 INT16
long N
signed long INTEGER*4 INT32
REAL
float REAL*4 REAL32
double DOUBLE PRECISION
long double REAL*8 REAL64

Table 4.5 Type equivalents for Inspect command

ASCIl arrays are displayed in the format used by the Monitor page
command [A]. Other types are displayed both in their normal representa-
tion and hexadecimal format.

The memory is displayed as sixteen rows of data. The address at the start
of each line is an absolute address displayed as a hexadecimal number.
The element specified by the start address is on the top row of the display.

Start addresses are aligned to the nearest valid boundary for the type, that
is: BYTE and BOOL to the nearest byte; INT16 to the nearest even
byte; INT, INT32, INT64, REAL32, REAL64, and CHAN fo the nearest
word.

The scroll keys (section 4.9.7) can be used to scroll the display. .
Jump into and run program

This command starts up a program from the Monitor page, or restarts a
process which has encountered a breakpoint or has been stopped by one
of the debug support functions (for details of these functions see the
appropriate Language and Libraries Reference Manual).

Starting a program

When starting a program the debugger converts (patches) the configura-
tion external channels (those assigned to links) for each processor into

72 TDS 367 01 March 1993



98

4.9 Monitor page commands

virtual channels for use with the debugging kemel. This action is indicated
by an activity indicator.

When the patching is complete the debugger prompts for a command line
for the program:

Command line:

Simply press if the program does not require any command line
parameters. The program will then start running.

Resuming from a breakpoint

When jumping into and resuming a program from a breakpoint, in the
monitor page, the following menu is displayed:

Jump into Application

Resume process stopped at a breakpoint
Resume monitoring of network

{(abandon process stopped at a breakpoint)
Restart process at a different location
- Quit this option

0y ow
1

Which option (J,0,Q,R) ?
Note: the key can be used as an altemative to using this
command with the R option.
Resuming from debug support functions

When resuming from one of the debug support functions, the following
submenu is displayed:

Jump into Application
O - Resume monitoring of network
(abandon process stopped at a program error)
J - Restart process at a different location
Q - Quit this option

Which option (J,0,Q) ?

Jump options

The four Jump options are described in the following table:
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Option |Description

R Restarts the process that encountered the breakpoint.

o Ignores the stopped process and resumes monitoring the
network for other process activity.

Note: When a process has stopped, other processes
continue to run until they either encounter a breakpoint or
program error (i.e. one of the debugging support functions),
or become dependent on the stopped process.

Note: Using this option for a process stopped on a breakpoint
removes the process forever.

J Restarts the process from a different location. Only use this
option if you are confident that the program can be resumed
from the new location; resumption from most locations will
corrupt the program.

Q Quits the Jump sub-menu.

Editing keys

Editing keys may be used with this command when entering the command
line parameters starting the program, see section 4.9.4.

Processor names

This command displays the intemal processor numbers corresponding to
processor names used in the configuration description and the corre-
sponding processor type. Processor numbers must be given when
selecting specific processors for display.

The scroll keys (section 4.9.7) can be used to scroll the display.

Note: The debugger displays only the first 19 characters of the processor
name. If this is a problem then names should be made unique within the
first 19 characters.

Links

The Links command displays the instruction pointer, workspace descriptor,
and priority of the processes waiting for communication on the links, or for
a signal on the Event pin. If no process is waiting, the link is described as
‘Empty’. Link connections on the processor, and the link from which the
processor was booted, are also displayed.

If a processor uses software virtual links then the title line of the data
displayed appears as:

Link Information (virtual links present)
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This is to wamn that the link state information may be for software virtual
processes which cannot be located to in the normal manner. In this case
it is more useful to use the Monitor page [ Z ] command to display the soft-
ware virtual links instead.

For configured programs, the debugger checks that the link the root
processor has been booted from matches that expected by the configurer.
It it does not, the following message is displayed:

Booted from link n < Should be linkm !!! >
The format of the display is similar to the following:

Link Information
out Empty
out Empty
out Iptr: #80000256 Wdesc: #80000091 (Lo)
out Empty
in Empty
in Empty
Link 2 in Iptr: #80000321 Wdesc: #80000125 (Lo)
Link 3 in Iptr: #80000554 Wdesc: #80000170 (Hi)
Event in Empty

Link
Link
Link
Link
Link
Link

WhHOWMNMFEO

Link 0 connected to Host

Link 1 not connected

Link 2 connected to Processor 1, Link 1
Link 3 connected to Edge

Booted from link 0

Memory map

. The Memory map command displays the memory map of the current

processor along with the mode that idebug is currently in. The mode may
be one of:

Mode A Description
Interactive Mode Interactive breakpoint debug-
ging session

Postmortem Interactive Mode |Postmortem debugging session
of a previous interactive debug-

ging session.

Postmortem Mode Postmortem debugging session
either down a transputer link or
from a dump file.

Dummy Session Dummy debugging session
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The display includes the address ranges of on-chip RAM, program code,
configuration code, stack (workspace) and vectorspace, the sizes of each
component in bytes rounded up to the nearest 1K bytes, total memory
usage, and the address of MemStart (the first free location after the RAM
reserved for the processor’s own use). '

Also displayed is the total memory usage. Total memory usage indicates
the amount of memory used by a user program. Note that this may include
a region of memory at the beginning of freespace; this area is used for
configuration code before execution of a user program starts (this memory
may be safely overwritten by the user program because the configuration
code finishes executing before the user code starts).

The minimum memory size specified to the configurer or the collector, or
as defined in IBOARDSIZE as appropriate, must be atleast as large as the
total memory usage for each processor.

Also displayed is the maximum number of processors that can be accom-
modated by the debugger’s buffer space. This will depend on the amount
of memory on the root processor, indicated to the debugger by the host
environment variable IDEBUGSIZE.

The address of MemStart is the value actually found on the transputer in
the network. If this does not correspond to that expected by the configura-
tion description, for example if a T414 was found when a T805 was
expected, the following message is displayed:

MemStart: #80000048 (T414)?
MemStart should be: #80000070 (T805) <<L1>>

If an incorrect MemStart is detected the symbolic functions may not work
comectly. In this case the program should be rebuilt for the correct
processor types before re-invoking the debugger.

[N] Network dump

The Network dump command saves the state of the transputer network for
later analysis. If the debugger is terminated without creating a network
dump file, debugging cannot continue from the same point without re-run-
ning the program. This is because the debugger itself overwrites parts of
the memory on each transputer in the network.

Note: This command cannot be used in interactive mode (idebug
command line option ‘B’) or when post-mortem debugging a breakpoint
session (idebug command line option ‘M’).

Once a network dump file has been created, debugging can continue from

the dump file, and the debugger does not need to be connected to the
target network.
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Before the dump file is created, the debugger calculates the disk space
required, and requests confirmation. The size of the file depends on how
much of each processor’s memory is actually used in running the program,
and is displayed as follows:

Create network dump file
Number of processors to dump :.2
File size excluding Freespace : 112604 bytes
File size including Freespace : 2097308 bytes
Continue with network dump (Y,N) ?
To continue with the network dump, type ‘Y’.
The debugger will then ask whether to include freespace in the dump file
(this is not normally required for configured programs).
Do you wish to include Freespace (Y,N) ?
Type 'Y’ or ‘N’ as appropriate and specify a ﬁlename after the prompt:
Filename (”“network.dmp” or ”QUIT”) ?
Press to accept the default filename, enter a filename (any
extension will be replaced by ‘. dmp’), or type ‘QUIT’ (uppercase) to exit.
If the file already exists, confirmation is asked for: ’
File ”“network.dmp” already exists
Overwrite it (¥Y,N) ?
If ‘N’ is entered then a new filename is asked for.
While the dump file is being written, a message is displayed at the terminal.
For example:
Dumping network to file “network.dmp” ...
Processor 1 (T800)
Memory to dump : 10456 bytes .
[O] Specify process

This command returns to symbolic debugging, either at the same source
line, or at another location. It can be used to locate to any source line,
whether or not a process is waiting or executing there. To ensure the
debugger locates to a valid process, it is better to use the ‘G’ command.

To retumn to symbolic debugging, the debugger requires values for Iptr
and Wdesc. Specify Iptr after the prompt:

Iptr (#hhhhhhhh) ?
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The default displayed in parentheses is the last line located to on this
processor, or the address of the last instruction executed. Either press
to accept the default address, or enter the desired address. The
address can be entered as a decimal number, a hexadecimal number
preceded by ‘¥, or the short form ‘sh...h".

Useful process addresses can be determined using the [L],[R], or
commands to display processes. These processes can, however, be more
easily located by using the [G ] command. The value of the saved low

priority Iptr can also be used.

Ifthe Iptr is not within the program body, the debugger indicates the type
of code to which it corresponds.

After the Iptr has been entered the debugger prompts for the value of the
process descriptor:

Wdesc (#hhhhhhhh) ?

If a displayed Iptr was specified, its coresponding Wdesc is offered as
a default. Press to accept the default, or specify a value in the
same format as the Iptr.

If no symbolic features otherthan a single ‘locate’ are required, then Wdesc
is not needed and the default can be accepted.

If an invalid Wdesc is given, most of the symbolic features will not work, or
will display incorrect values. However, the values of scalar constants and
some other symbols can still be determined.

Any attempt to inspect or modify variables or channels, or to backtrace, will
give one of the following messages:

Wdesc is invalid - Cannot backtrace

Wdesc is invalid - Cannot Inspect variables

Wdesc is invalid - Cannot Modify variables

Wdesc is invalid - Cannot auto backtrace out of library

Once the Iptr and Wdesc have been supplied, the debugger displays the
source code at the required location, and the full range of symboalic features
are available.

[P] Change processor

This command changes to a different processor in the network. Specify the
processor number after the prompt:

New processor number (0 — n) ?

To determine the mapping between the processor number and the
processor name used in the configuration file, use the ‘K’ command. If the
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processor exists the display is changed to provide information about the
specified processor. If the new processor’s word length is different from
that of the previous processor, the start address is reset to the bottom of
memory. If the processor is not in the configuration, the following message
is displayed:

Error : That processor number does not exist

To abort the command press with no input.

If there is only one processor in the network, an appropriate message is
displayed.

The scroll keys (section 4.9.7) can be used to change the displayed
processor. The sequence of processors is the same as that displayed by
the 'K’ command.

[@] Quit

This command quits the debugger and returns to the operating system.
Once quit, the debugger cannot be used to debug the same program
without reloading the program unless a ‘network dump’ file has been
created. This is because using the debugger overwrites some of the
contents of the network.

If the command line option XQ has been used the debugger will ask for
confirmation before quitting.

[R] Runqueues

This command displays Iptrs and Wdescs for processes waiting on the
processor's active process queues.lf both high and low priority front
process queues are empty, the following message is displayed:

Both process queues are empty
If neither queue is empty, the debugger ask which queue is to be displayed:
High or low priority process queue ? (H,L)

Type ‘H’ or ‘L’ as required. If only one queue is empty, the debugger displays
the non-empty queue.

The screen display is paged. The scroll keys (section 4.9.7) can be used
to scroll the display.

Note: In interactive mode this command may show the details of a process
more than once. The string ‘<!>’ next to the queue heading serves as a
reminder that this may occur.

Processes which belong to the debugging kernel are also displayed and
identified with the string ‘ (Runtime kernel)’.
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(5]

Show debugging messages

This command is used to enable and disable debugging messages and
prompts. It invokes the following submenu:

Show Messages Menu

-- Show message for breakpoints : ON
-- Show debug messages : ON
Show message for program errors : ON
== Quit this option

oMo w
]
]

which option (B,D,E,Q) ?

Options B and E control the display of prompts when a breakpoint or
program error (i.e. one of the debug support library functions
debug_assert() and debug_stop (), etc.) is encountered. Disabling
these options ensures that the debugger is entered on a breakpoint or error
without requesting confirmation.

Option D controls the display of debugging messages inserted with the
library functions debug_message (), etc.

Timer queues

This command displays Iptrs, Wdescs, and wake-up times for processes
waiting on the processor’s timer queues. Prompts and displays are similar
to those for the Run queues command.

Update registers

This command updates the clock and status display (e.g. run queues, links)
for the current processor. It enables the activity of other processes to be
monitored while one process is stopped at a breakpoint or error.

Process memory map

This command provides details on each process resident on a processor.
This consists of user processes, and configuration processes for virtual
channels (if applicable: their names begin with a ‘¢’); it does not include the
debugging kernel used by the debugger when interactive breakpoint
debugging (this information is shown by the Memory Map option).

A process is assigned a number by the debugger in order to identify the
process when using certain other monitor page options. In addition to the
process number, the following details are provided: the name of the
process, the priority the process starts in, and the process stack and code
areas. Note that for non-configured C programs, the stack area displayed
is not that used by the program (the actual stack used is provided by the
freespace area).
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An example output for two configured processes is shown below:

Process Memory Map
Process 0 : "occam process”
Initially : High priority
Stack : #80005000 - #80005023
Code : #8000A038 - #8000A04B

Process 1 : ”“c_process”
Initially : Low priority
Stack : #80005024 - #8000A037
Code : #8000A04C - #8000D73B

Note: The debugger displays only the first 19 characters of the process
name. If this is a problem then names should be made unique within the
first 19 characters.

Note: Processes placed on a processor to provide software virtual links
have names starting with ‘s’

Write to memory

This command writes a value to a specified address. Values must be speci-
fied in the current type (the type used in the previous Monitor page Inspect
command), or the occam type INT if the type was a CHAN or the Disas-
semble or Hex options have been used after an Inspect.

Exit

This command retumns to symbolic mode and locates to the current
address.

Enter post-mortem debugging

This command allows the debugger to be switched into post-mortem mode
when the program crashes (a process sets the error flag on any processor).
Halted processors prevent the breakpoint debugger from accessing the
network correctly and debugging must continue in post-mortem mode. It
has the same effect as re-invoking the debugger with the command line ‘M’
option.

If the program has not already started, then the debugger prompts for
confirmation:

‘The program has not started - are you sure (Y,N) ?
If the program has not crashed, the debugger prompts for confirmation:
The program has not crashed - are you sure (Y,N) ?

If checking of the subsystem error status is disabled (with the command
line ‘s’ option), then the prompt is:

Unable to detect if the program has crashed - are y
ou sure (Y,N) ?
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Typing ‘Y’ continues the operation, typing ‘N’ aborts it.

This command will only work if the subsystem is wired subs (see section
4.7.1). For a subsystem wired down, it is necessary to quit and restart the
debugger using the Monitor page ‘M’ command line option (instead of the
previous breakpoint command line ‘B’ option).

Note: State information for a process that has stopped (on breakpoint or
error) will be lost when switching from breakpoint to post-mortem mode. If
the information is important it should be noted before switching modes.

[Z] Display software virtual links

This command displays instruction pointers and process descriptors for the
processes currently waiting on software virtual links placed onto a processor by the
configuer. All of the virtual output links (displayed as Vout N) are displayed
followed by all of the virtual input links (displayed as vin N).

The scroll keys (section 4.9.7) can be used to scroll the display.

In order to establish the mapping of user channels onto software virtual links on
a particular processor, you should use the configurer information ‘I’ option when
configuring.

Note: all low priority user processes using software virtual links will be promoted
temporarily to high priority when they communicate. The debugger cannot tell if
they were originally at high or at low priority. If you need to specify a low priority
Wdesc then use the displayed value with the least significant bit set (e.g. $1234
becomes %$1235).

4.9.10 Symbolic-type commands

TOP

This command is used to display the source corresponding to the last
instruction to be executed on the current processor. Itis the same as typing

‘G’, then ‘1’ (or ‘G’, then [ RETURN ).
RELOCATE

This command retums to symbolic mode and performs a symbolic
[RELOCATE |. It cannot be used if the processor has been changed at the
Monitor page.

RETRACE

This command retums to symbolic mode and performs a symbolic
[RETRACE ]. It cannot be used if the processor has been changed at the
Monitor page.
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This command resumes a process stopped at a breakpoint in a similar
manner using the command when in symbolic mode. It is a
shorthand equivalent to using the 3 command and selecting the R option
to resume a process stopped at a breakpoint from the monitor page.

HELP I

These commands display a summary of the commands available at the
Monitor page.

This command refreshes the screen.

(7]

410 Symbolic functions

Symbglic debugging allows high level language programs to be debugged from the
identifiers used in the source code. Symbolic identifiers are the names given in the
program to variables, constants, channels, and functions.

Symbolic functions are invoked using keyboard function keys. Keyboard layouts
that show the key bindings for common terminal types can be found in the Delivery
Manual that accompanies the release. The symbolic functions are summarized
alphabetically below. Each description includes a reference to the page where the
command function is described in more detail.

Note: ¥ = Functions only available in interactive mode.

Locate to the calling function or procedure [page 112].

Go to the last line in the file [page 113].

Display a different source file [page 113].

Locate to the process waiting on a channel [page 110].

[ CONTINUE FROM |f Restart a stopped process from the current line [page 111].

Change to an included source file [page 113].

Return to the enclosing source file [page 113].
Quit the debugger [page 114].

Display the location of a source line in memory [page 113].
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Go to a specific line in the file [page 113].

Display a summary of commonly used symbolic functions
[page 113].

Display process information (e.g. instruction pointer,
process descriptor, process name) [page 110].

Display the type and value of a source code symbol
[page 109].

[INTERRUPT | Force the debugger into the Monitor page without stopping
the program [page 111].

Change the value of a variable in memory [page 111].

Change to the monitor page [page 114].

Locate back to the last location line [page 112].

Resume a process stopped at a breakpoint [page 111].

Undo a [BAGRTRACE ] [page 1121

Search for a specified string [paée 113].

T Set or clear a breakpoint on the current line [page 111].

Enables/disables hex-oriented display of constants and
variables for C and FORTRAN [page 114].

TOP Locate back to the error or last source code location

[page 112].

Go to the first line in the file [page 113].

4.10.1 Symbolic functions

INSPECT

This function displays the value and type of source code symbols. To
inspect a symbol, use the cursor keys to position the cursor on the required
symbol and press [ INSPECT ). If the cursor is not on a valid symbol when

is pressed, a symbol name is prompted for. Type to
abort the[ INSPECT | operation, or type a name followed by [ RETURN . The

case of letters in a variable name is significant — except when debugging
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FORTRAN where case is not significant. Variable names which contain
spaces must be entered without the spaces. Specifying an empty expres-

sion aborts the [ INSPECT | operation.

The symbol must be in scope from the line to which the debugger last
located, which may not be different from the current cursor position. If the
symbol is not in scope at that location, or not found at all, one of the
following messages is displayed (depending on the language being
debugged):

Name ‘symbol’ not in dynamic scope

Name ‘symbol’ not found

error: identifier “name” is not in scope
error: identifier ”"name” not found

Expression language

supports an expression language for examining source file
symbols. Details of the language and display formats for symbols can be
found in the appropriate, language specific, sections below.

This function ‘jumps’ down a channelif a process is waiting at the other end.
This is used in the same way as [ INSPECT |, but positioned on a channel.
The debugger locates to the source line comresponding to the waiting
process; that process can then be debugged.

The function will jump to other processors along transputer
links as long as the program has not been configured to use virtual links
(see section 9.4 of the debugging chapter in the User Guide). If a process
running on another processor is waiting for communication on a channel
the debugger jumps down the link and automatically changes to that
processor.

This function displays the Iptr and Wdesc of the last location, the process
name and priority, and the processor number.

If the Wdesc is not in the defined region for a process the message: Unde-
fined process is displayed in place of the process name. For single
processor programs that have not been configured there is no defined
region and the message: <Stack area unknown> is displayed to reflect
this.

If a Wdese has not been supplied, it is shown as ‘invalid’.
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4.10.2 Interactive mode functions

The following functions are only available when running in interactive mode.

TOGGLE BREAK

This function toggles a breakpoint on the source line indicated by the cursor
and provides information on the breakpoint number (as used by the Monitor
page command), whether it was set or cleared, and the line humber
jtis on.

When the source line the cursor is on produces no associated object code
the debugger displays an exclamation mark (<!>) after the line number to
indicate that the breakpoint has been toggled on a different line to the one
the cursor is on (as shown at the bottom of the display).

This function restarts a process stopped at a breakpoint. (To restart a
process which has been stopped by one of the debug support functions use

CONTINUE FROM ).
CONTINUE FROM

This function restarts the program from the line indicated by the cursor.

should only be used to resume a process after it has
been stopped by one of the debug support functions. The result of contin-
uing from other points in the code may be unpredictable if there are inter-
wvening stack adjustments.

MODIFY

This function changes the value of a variable in transputer memory. For C
and FORTRAN, accepts expressions involving any symbol in
scope. To modify a variable place the cursor on the name and press

[MODIFY .

Expression language

Variables to be modified can be specified using the expression
language. Details of the syntax can be found in the following language
specific sections.

INTERRUPT

This function forces the debugger to enter the Monitor page without stop-
ping the program.
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Note: This command does not operate if there are keystrokes waiting
before it in the keyboard buffers. It may also fail if the application program
is waiting for input from the keyboard.

Note: A side effect of this command is that the debugger suspends
iserver communications in order to preserve debugger output to the
screen.

4.10.3 Locating functions

The following functions are used to change the debugger’s current ‘location’. The
current location is the point at which the all symbolic functions apply — associated
with the location are an instruction pointer value and a workspace address. The
initial location will generally be a breakpoint (in interactive mode) or the point where
an error occurred (in post-mortem mode).

BACKTRACE

This function locates to the line where a procedure or function was called.
If the debugger is already located in the program’s topmost procedure, no
backtrace is possible.

RETRACE

This function locates back to the previous place where the debugger was
located. Repeated use of reverses the effect of previous

BACKTRACE | operations.
RELOCATE

This function returns the cursorto the last place located to by the debugger.
For example, it can be used to return to the original source line of an error
after browsing other areas of the code with the cursor keys or the file selec-
tion functions.

TOP

This function locates back to the line containing the original breakpoint or
error, or to the line located to by the previous use of the monitor page

or [0 | commands.
4.10.4 Cursor and display control functions
These functions are used to move the cursor around the program and to view other

source files.
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GOTO LINE

This function locates to a particular line in the source file. Specify a line

number, or type to abort the operation.

TOP OF FILE

Moves to the start of the current file.

END OF FILE

Moves to the end of the current file.

SEARCH

This function searches forwards in the source file for a specified string.

Either specify a search string or press to accept the default,
which is the last string specified.

ENTER FILE

Enters an included source file. Position the cursor on the include directive

and press [ ENTERFILE |.

EXIT FILE

Exits from an entered include file.

CHANGE FILE

This function opens a different source file for reading only. No symbolic
functions are available, unlike the Monitor page ‘F’ option.

This function displays a help screen of the commonly used debugger
symbolic functions.

GET ADDRESS

This function displays the address of the transputer code corresponding to
the source line where the cursor is currently placed (not necessarily the
current ‘location’)
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TOGGLE HEX

This function turns the display of hexadecimal values of variables on and
off. When enabled, the debugger displays hexadecimal as well as decimal
values. The default for C and FORTRAN is to display variables in decimal
format only.

This function switches to the Monitor page environment.

This function quits the debugger. The Monitor page ‘Q' command has the
same effect. If the command line option ‘XQ’ was used then the debugger
will ask form confirmation before quitting.

72 TDS 367 01 March 1993



4 idebug - network debugger 115

4.11 INSPECT/MODIFY expression language for C

The expression language for source code symbols (variables, constants, and
channels) follows the syntax of the C programming language with some minor
modifications.

4111 Syntax not supported

Table 4.6 lists the standard C expression syntax not supported in the debugger
expression language.

Area of limitation Example
Casting to pointer types (char *) ptr
Calling of functions sqrt (x)
Entry of strings "a string”
Entry of initializer lists {1, 2, 3}
Increment and decrement operators ++count
Trigraph sequences % (’
Bit field modification
Modification by assignment operators X=y
n+=1
Conditional operator a?b:c

Table 4.7 Limitations to syntax

In addition, the ‘address of’ operator ‘&’ returns an int rather than a pointer to the
type.

4.11.2 Extensions to C syntax

Subarrays

The language supports the specification of array subranges for arithmetic data
types. Subranges are specified as two array bounds separated by a semicolon. For
example: foo[2;4] displays the values of elements foo[2], foo[3] and
foo[4].

Note: For arrays and structures the information displayed will normally overwrite
part of the screen display. Press any key, when prompted, to restore the display.

Scope resolution operator

The scope resolution operator ‘: :” is available when debugging both C and C++
programs. This allows access to a global identifier which has been hidden by a
local declaration, for example:
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static int foo = 42;
void example (void) {
int foo = 321;

debug_stop(); /* program will stop here */
} :

In this example, when the program has stopped at the debug_stop () function,
the identifier £oo can be inspected and the value 321 (the value that is currently
in scope) will be displayed. If : :foo is inspected then the value 42 will be
displayed.

Hex constants

The hex constant syntax has been extended to accept a ‘4’ character after the
leading ox component of a hex constant. This provides a shorthand mechanism
for specifying transputer addresses in a similar manner to that provided in the
Monitor page. The ‘%’ character adds INT_MIN (the most negative integer) to the
hex constant using modulo arithmetic.

For example, 0x%70 produces the value 0x80000070 on a 32 bit transputer and
0x8070 on a 16 bit transputer.

Address constant indirect

When using[ INSPECT | or[ MODIFY | a constant expression which has type int or
unsigned int may be de-referenced. Normally only pointers may be de-refer-
enced: this addition removes the need to change to the Monitor page to inspect
memory locations.

For example, *0x80000000 (or *0x%0) would display the integer at memory loca-
tion 0x80000000 on a 32 bit processor.

4.11.3 Automatic expression pickup

When [ INSPECT ] or[ MODIFY ]is selected, idebug will automatically ‘capture’ the
identifier which is underneath the cursor (if any). The captured expression canthen
be modified (using the editing keys described below) before applying the selected
option.

In this release the automatic capture is more eager for simple struct or union
member expressions which contain only the . and -> operators.

This is best illustrated by example. In the following examples, the cursor is posi-
tioned over baz when [ INSPECT | or [ MODIFY | is selected:

72 TDS 367 01 March 1993



4 idebug - network debugger 117

Program text Expression captured
baz baz

baz.ptr baz.ptr

*(baz) .ptr baz

*baz.ptr baz.ptr
baz.ptr->ptr baz.ptr->ptr
baz.foo.ptr baz.foo.ptr
baz->foo->ptr baz->foo->ptr
baz[x] .ptr baz

In addition, for those captured expression which match the the program text, the
cursor may be positioned anywhere on the expression before selecting

4114 Editing functions

The following functions are available for the on-screen editing of expressions:
Move the cursor to the beginning of the expression.
Move the cursor to the end of the expression.

Delete the expression.

[« Move the cursor left one character.

D] Move the cursor right one character.

[A] Replace the current expression with the expression used in
the previous [ INSPECT | or [ MODIFY | operation.

Delete the character to the left of the cursor.

Enter the expression for evaluation.

Note:

[ START OF LINE |, [ END OF LINE |, [ DELETE LINE |, and [ DELETE ] are mapped by
the ITERM file to specific keys on the keyboard. Keyboard layouts can be found
in the Delivery Manual.

4.11.5 Warnings

When evaluating an expression, checking is performed which may lead to warning
messages being produced (e.g. overflow in arithmetic operation, mis-aligned
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pointer). Such warnings are intended to highlight potential problems and to ensure
that a user understands any action idebug is taking.

4.11.6 Types
C types are interpreted and displayed by the debugger as follows:

ANSI C types are categorized, by the debugger, as shown in table 4.8. These cate-
gories define the operations that can be performed on the various types and are
also used in efror messages when invalid operands are used in expression syntax.
For example, arithmetic can be performed on any of the ‘scalar’ types, but
attempting to use a ‘derived’ type, such as a struct, in an expression produces
an error message of the form “error: non-scalar left-hand operand..”

Name Member types

character char, signed char, unsigned char

floating float, double, long double

basic character, signed integer, unsigned integer, floating
integral character, signed integer, unsigned integer, enum
arithmetic integral, floating

scalar arithmetic, pointer

derived array, function pointer, struct, union

Table 4.8 Type categories in C
Type compatibility when using

Source and destination expressions must be type compatible according to the
rules of C. Scalar types are cast automatically into other scalar types but non-
scalar expressions must be strictly compatible.

Type conversions, where required, are performed according to normal C promo-
tion rules.

The following examples illustrate the rules governing type compatibility.
Given the following declarations:

int two_d_array[2][10];

int one_d array[10];

int foo;

char bar;

Then the following modifications are permitted:

Source: one_d_array (array of 10 integers)
Destination: two_d array[1] (row of 10 integers)
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Source: foo (a scalar type: int)
Destination: bar (a scalar type: char)
Source: two_d_array[1] [2] (single element of type int)
Destination. bar (single integer)

The following modification is not permitted:

Source: two_d_array[1] (row of 10 integers)
Destination. foo (single integer)

4.12 Display formats for source code symbols
When displaying an object, i debug will, where possible, also display type informa-
tion for an object (e.g. unsigned char).

4121 Notation

The debugger uses the following symbols in its display of values:
{1} indicates a list of values, or a structure
{1}... indicates a character list of unknown
length terminated by a null character
(which is shown)

res indicates a character
"\HH' indicates a hexadecimal character
non indicates a character string in an array of

known size

... indicates a character string of unknown
length terminated by a null character
(which is not shown)

< > indicates the contents of a basic or
channel object which is addressed by a
pointer (except when the object is
volatile)

() provides extra information about an object
In addition, in the descriptions below, the following notation is used:

ddd indicates a (possibly signed) decimal value

O0xHHH  indicates a hexadecimal value

ff indicates a floating point number of the
form: ddd.ddd or ddd.dddEddd
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4.12.2 Basic Types

Display formats for basic C types are given in table 4.9. Displays are given in
normal decimal format and in hex format (invoked by [TOGGLE HEX)).

Type Hex print off Hex print on

char ddd (’c’) type ddd (' \xHH'’) type
short

int ddd type O0xHHH (ddd) type
long

float fff £loat fff (0xHHH) float
double

long double fff double fff (0xHHH) double
For char, type is either signed char, orunsigned char.
Forintegral types, type is either just the type name, or unsigned followed by the
type name.

Table 4.9 Basic C types

4.12.3 Default type of “plain” char

By default, the type of a char (known as a “plain” char) typed into idebug is
unsigned char. This matches the default implemented by the INMOS C
compiler icc. If however, the default type of plain chars has been overridden with
the C compiler ‘FC’ option, it may be necessary to override the default type in
idebug by use of a cast. For example:

(signed char) ’c’

Note that such a cast is only necessary for a plain char entered by hand: idebug
will correctly interpret the type of a plain char identifier contained in program code.
4.12.4 Enumerated types
Variables of an enumerated type are displayed as their integer value (in exactly the
same manner as an int) followed by the name of the enumeration and the
enumeration constant name for the value. If there are multiple enumerated
constants that share the same value, a list is formed containing all of the enumera-
tionconstantnames. invalid enum constantis used toindicate whenavalue
is not a member of an enumerated type.

integer (enum-tag-name: enum-const-name)

integer (enum-tag-name: {enum-const-name, ...})

integer (enum-tag-name: invalid enum constant)
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4.12.5 Pointers
Pointers are displayed in one of the following ways:
0xHHH (null pointer)
O0xHHH (pointer to const volatile)
0xHHH (pointer to volatile)
OxHHH (channel pointer to link)
O0xHHH (channel pointer to idebug virtual link /ink)
0xHHH (channel pointer to software virtual link /ink)
OxHHH (channel pointer to Event in)
O0xHHH (channel pointer)
O0xHHH * (mis-aligned pointer)
0xHHH < content of basic object >

0xHHH (pointer)

4.12.6 Function Pointers

If the function pointed to is defined in the current module, then the name of the func-
tion is displayed.

0xHHH (function pointer to “functionname ()”)

0xHHH (cannot find corresponding function)

4.12.7 Structs

Members of structures are described as for other identifiers of the appropriate type.
In order to display structures in a readable manner, members which are derived
types are not always displayed in as much detail as when the member occurs on
its own. To obtain more detail, inspect the member of the structure explicitly.

identifier = {
member1
member2
member3

}

For large structures, idebug pages the display and requests confirmation to
continue after each page.
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4.12.8 Unions

Unions are displayed in the same manner as structs except that a question mark
? appears to the left of each member to indicate that only one member of the union
should be selected.

identifier = {
? member1
? member2
? member3
? :

4129 Addressof operator &

The result of the addressof operator, &, is automatically printed as both a hex and
integer value regardless of the setting of TOGGLE HEX. Note that the result type

of addressof is an int rather than a pointer to the type used and is displayed in
a similar way:

&identifier = 0xHHH (ddd)

4.12.10 Arrays
When displaying arrays, idebug prints the valid range of each dimension (if
known) in addition to any type information and the contents of the array. For single
dimension armrays containing arithmetic types each member of the array is
displayed regardless of the size of the array. For large arrays idebug pages the
display and requests confirmation to continue after each page. For large arrays,
where the full display may be unwieldy, use array subranging to display the area
of interest.
Single dimensional arrays of arithmetic types are displayed as:

identifier = array [0..M] of type {listof values}
Single dimensional arrays of other types are displayed as:

identifier = array [0..M] of fype
Multi-dimensional arrays of all types are displayed as:

identifier = array [0..M][0..N] of fype
Sub ranges of arrays are shown as follows:

identifier[ddd;ddd] = subarray of fype {list of values}
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4.12.11 Channels

Channels are displayed with information about the process that is waiting on the
channel (or Empty if no is process waiting), in one of the following forms:

identifier = Channel <Iptr: address, Wdesc: address (Lo)>
identifier = Channel <Iptr: address, Wdesc: address (Hi)>
identifier = Channel <Empty>

identifier = Channel <Empty (Link link)>

identifier = Channel <Empty (Software virtual link /ink)>

An asterisk * is used to denote an incorrect Iptr or Wdesc which is not in the
-defined memory map range of the program but is in the defined memory range of
the processor.

A double asterisk ** is used to denote an incorrect Iptr or Wdesc which is not
in the defined memory map range of the program and not in the defined memory
range of the processor.

channel (name) = Channel <Iptr: addr*, Wdesc: addr**>

4.13 Example displays

Tables 4.10 and 4.11 show the display formats for a number of types, using the
following source code segment compiled for a 32 bit transputer (for a 16 bit trans-
puter, addresses and integers in hex format would be displayed with 4 hex digits
instead of 8). The program containing this code is provided as display.cin the
C toolset debugger examples directory.

enum colour { red =1 };
struct Many {

int a)
double b;
};
enum colour shoe = red;
struct Many many = { -42, 2.0 };
int answer = 42;
char key ='A;
char string[] = "bye”;
char* ptr = sgtring;

short iarray[] {1, 2, 3, 4 };
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Expression |Display (hex print off)
answer answer = 42 int
&answer &answer = Ox801FFF2C (-2145386708) int
key key 65 ('A’) unsigned char
string string = array [0..3] of unsigned char ”“bye\0”
ptr ptr = 0x801FFF18 < "bye”... unsigned char >
array[1;2] |array[1;2] = subarray of short {2, 3}
shoe shoe = 1 int (colour: red)
red red = 1 int (enum constant)
many many = {
a = -42 int
b = 2.0 double
}
Table 4.10 Display formats with hex printing off
Expression |Display (hex print on)
answer answer = 0x0000002A (42) int
&answer &answer = 0x801FFF2C (-2145386708) int
key key 65 ('\x41’) unsigned char
string string = array [0..3] of unsigned char {\x62,
\x79, \x65, \x00}
ptr ptr = 0x801FFF18 < {\x62, \x79, \x65, \x00}...
unsigned char >
array[l;2 ?rray[l;Z] = subarray of short {0x0002, 0x0003
shoe shoe = 0x00000001 (1) int (colour: red)
red red = 0x00000001 (1) int (enum constant)
many many = {
a = OxFFFFFFD6 (—-42) int
} b =2.0 (0x4000000000000000) double
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4.14 INSPECT/MODIFY expression language for occam

The expression language for debugging occam programs is simpler than that
provided for C and FORTRAN — only a single identifier name can be entered for
inspection and only literal constants can be used as modification values.

4.14.1 Inspecting memory

To inspect the contents of any location in memory, specify an address rather than
a symbol name. Type the address as a decimal number, a hexadecimal number
(preceded by #), or the special short form %h. . . h, which assumes the prefix
#8000. ..

The debugger displays the contents of the word of memory at that address, in both
decimal and hexadecimal. For more versatile displays of memory contents, use
the Monitor page commands.

4.14.2 Inspecting arrays

If the symbol inspected is an array, elements from the array can be selected using
constant integer subscripts enclosed in square brackets (‘[' and ‘]"); if no
subscripts are specified the debugger prompts for them.

For short byte arrays the debugger displays the contents of the array as a string.
Otherwise the debugger displays the size and type of the array, and prompts for
subscript values. For example:

[5] [4]INT ARRAY ‘a’, Subscripts ?

Press[ RETURN | to obtain the address of the array, or enter the required subscripts,
which must be in the correct range. The subscripts should be typed either as
decimal constant integer values, or as integers separated by commas, for example
‘[3][2]’,0r‘3, 2'. Spaces are ignored.

To simplify access to values indexed by variables (such as ‘a[i]’) an array may
be indexed with ‘!’ (e.g. ‘a[!]’) — the ‘!’ character is replaced by the value of the
last integer displayed.

Scrolling arrays

As well as simply displaying a single element of an array, the debugger allows an
array to be scrolled through one element at a time. In addition, byte arrays can be
displayed as a 16 byte ‘segment’ of the array — this segment can be moved up and
down like a window into the array contents.

Array scrolling is enabled by adding ‘++' after the array name when prompted for
a symbol name, or after the subscript when responding to the ‘Subscripts ?’
prompt (entering ‘++' alone in response to the subscript prompt assumes a
subscript of zero). The debugger then displays the first array element and then the
following prompt on the second line of the screen:

Press [UP] or [DOWN] to scroll, any other key to exit :
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The [A] and [¥] cursor keys can then be used to scroll through the elements of
the array. The debugger will not allow you to scroll past the beginning or end of the
array. Pressing any other key will return you to normal symbolic mode.

Byte arrays can be viewed in sixteen character segments by appending a ‘+' after
the array name or subscript. As before, the cursor keys can be used to move the
‘window’ up and down the byte array one character at a time. Using ‘+' on anything
other than a byte array behaves identically to using ‘++’.

4.14.3 Type compatibility when using

Once a variable is selected the debugger prompts for a new value. The new value
should be specified in the expected occam type (as specified within the prompt)
although there are a few relaxations to this rule to allow for implicit casts when
using the debugger (see below). REAL32 and REAL64 values must be given in the
correct occam format — including a sign for the exponent, if present.

The following occam types may be freely mixed to provide implicit type casts so
long as the value is defined within the destination type:

BOOL BYTE INT INT16 INT32 INTé64

The following are examples of valid modification values:

Type Modify value
REAL32 42.0

INT64 TRUE

INT ra’

BOOL 1

BOOL ' *400’
INT16 #Aa0

INT32 $1a

BYTE 42

The following are examples of invalid modification values:

Type Modify value
REAL32 42

INT64 2.0

BOOL r*402’
INT16 32768

BYTE -1

BYTE #100

72 TDS 367 01

March 1993



4 idebug - network debugger 127

4.15 Display formats for source code symbols

When displaying an object, idebug will display its type and value, together with
its address in memory. If there is too much information to be displayed on one line,
it is displayed in two parts. The symbol’s name and type is displayed first and then,
after a short pause, the value and address.

The display formats for the basic occam types (BOOL, BYTE, INT, INT16, INT32,
INT64, REAL32 and REAL64), channels, arrays, and procedures and functions
are described below. For protocol names and tags, and timers only the type and
name are displayed.

4.15.1 Notation

The debugger uses the following symbols in its display of values:

'e’ indicates a character

"o indicates a character string

() provides extra information about an object
(at shows the memory address of an object
#hhh)

In addition, in the descriptions below, the following notation is used:

ddd indicates a (possibly signed) decimal value
#hhh indicates a hexadecimal value
fff indicates a floating point number of the

form: ddd.ddd or ddd.dddEddd

bbb indicates a boolean value (TRUE or FALSE)

4.15.2 Basic Types

Display formats for the basic occam types are given in table 4.12. When debug-
ging occam programs, the debugger always displays both decimal and hexade-

cimal values for integer types (regardless of the state invoked by [ TOGGLE HEX).
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Type Display

BYTE BYTE ‘name’ has value ddd (#hh, ’'c’) (at #hhh)
Note: non—printing characters are displayed as ’ .’

BOOL BOOL ‘name’ has value bbb (at #hhh)

INT type ‘name’ has value ddd (#hhh) (at #hhh)

INT16

INT32

INT64

REAL32 type ‘\name’ has value fff (#hhh) (at #hhh)

REATL64

Table 4.12 Display formats for basic occam types

If a variable is optimized out because it is not used in the program, then the
following message is displayed:

type ‘name’ was never used and has been optimised out.

4.15.3 Channels

For channels, which are not empty, the Iptr and Wdesc of the process waiting for
communication, and its priority, are displayed.

Channels are displayed in one of the following forms:
CHAN ‘chan’ is empty (at #hhh)
CHAN ‘chan’ has Iptr: #hhh and Wdesc: #hhh (Lo) (at #hhh)
CHAN ‘chan’ has Iptr: #hhh and Wdesc: #hhh (Hi) (at #hhh)

An asterisk * is used to denote an incorrect Iptr or Wdesc which is not in the
defined memory map range of the program but is in the defined memory range of
the processor.

A double asterisk ** is used to denote an incorrect Iptr or Wdesc which is not in
the defined memory map range of the program and not in the defined memory
range of the processor.

CHAN ‘chan’ has Iptr: #hhh* and Wdesc: #hhh (Hi) (at
#hhh**)

If the channel is a hard channel then information about the link (or event channel)
that it is mapped onto is also provided. For example:

CHAN ‘fs’ is empty (Link 1 in)

If the channel is a software virtual link provided by the configurer, then the virtual
link number is displayed. However, this does not show whether this is an input or
output virtual link. For example:

CHAN ‘fs’ is empty (virtual Link 41 at #hhh)
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4154 Arrays

If subscripts are specified then the type, value, and address of the array element
are displayed as described above.

If no subscripts are given then, for a short BYTE array, the contents are displayed
in ASCII. For any other type of array, just the dimensions, type and address of the
array are displayed.

4.15.5 Procedures and functions

For procedure or function names, the entry address, and nested workspace and
vectorspace requirements are displayed (no address is displayed for library
names).

PROC ‘name’ at #hhh, uses ddd WS and ddd VS slots

FUNCTION ‘name’ at #hhh, uses ddd WS and ddd VS slots

4.16 Example displays

Table 4.13 shows the display formats for a number of types, using the following
source code segment compiled for a 32 bit transputer (for a 16 bit transputer,
addresses and integers in hex format would be displayed with 4 hex digits instead
of 8).
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-- Debugger example: display.occ
-- Example of occam display types within idebug.

-— Note: This example usas the PAR construct in an
- inefficient manner for illustrative purposes only.

#INCLUDE “hostio.inc”
#INCLUDE ”1linkaddr.inc”
#USE "hostio.lib”
#USE "debug.lib”

PROC example (CHAN OF SP fs, ts, []INT free.memory)
VAL name IS ”“occam example” :

CHAN OF INT ca, cb :
PLACE ca AT event.in :
BOOL bool :

BYTE byte :

INT int :

INT16 intlé :

INT32 int32 :

INT64 inté4 :

REAL32 real32 :
REAL64 realé6d :

[20] [32] INT grid :
[256]1BYTE string :

INT x, vy :
INT not.used :
SEQ
PAR
ca ? x
cb ?y
bool := TRUE
byte := 'B’
int := -42
intlé := -42 (INT16)
int32 := -42 (INT32)
int64 := -42 (INT64)
real32 := 1.0 (REAL32)
realé64 := 1.0 (REALG64)

grid[0] := grid[1]
[string FROM 0 FOR SIZE name]
IF
(SIZE free.memory) > 0
free.memory[0] := 66
TRUE
SKIP

name
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DEBUG.STOP () -- debugger will locate to here

so.exit(fs, ts, sps.success)

Symbol Display

ca CHAN ‘ca’
(then, after a pause)
has Iptr: #80003EAE and Wdesc: #80003DE5 (Lo)
(PLACED AT 8) (Event in)

cb CHAN ‘cb’ has Iptr: #80003EB5 and Wdesc:
#80003DD9 (Lo) (at #B80003E24)

not.used INT ‘not.used’ was never used and has been
optimised out

bool BOOL ‘bool’ has value TRUE (at #80003E20)

byte BYTE ‘byte’ has value 66 (#42, 'B’) (at
#80003E1C)

int INT ‘int’ has value -42 (#FFFFFFD6) (at
#80003E18)

intlé INT16 ‘intl6’ has value -42 (#FFD6) (at
#80003E14)

int32 INT32 ‘int32’ has value -42 (#FFFFFFD6) (at
#80003E10)

inté4 INT64 ‘int64’ has value -42
($FFFFFFFFFFFFFFD6) (at #80003E08)

real32 REAL32 ‘real32’ has value 1.0 (#3F800000) (at
#80003E04)

real64d REAL64 ‘realé4’ has value 1.0
(#3FF0000000000000) (at #B0003DFC)

grid [20] [32]INT ARRAY ‘grid’ (at #800041D8)
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Symbol Display

string [256]BYTE ARRAY ‘string’ (at #80004BDS8)

string + [16]BYTEs from ‘string[0]’ is “occam
example...” (at #80004BD8) Press [UP] or
[DOWN] to scroll, any other key to exit :

string ++ |BYTE ‘string[0}’ has value 111 (#6F, ’'o’) (at
#80004BD8) Press [UP] or [DOWN] to scroll, any
other key to exit :

example PROC ‘example’ at #B80003E4C, uses 74 WS and
706 VS slots

DEBUG.STO |LIB PROC ‘DEBUG.STOP’ uses 25 WS and 0 VS

P slots
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4.17 Error messages

This section lists error messages generated by idebug. Other messages not in
this list may be generated by corrupt files and by files not created by the toolset.

4.17.1 Out of memory errors
If the debugger runs out of memory when trying to read in information and the
offending code module cannot be reduced in size, the amount of memory available

to the debugger may be increased by increasing the size of the memory on the
transputer the debugger is running on and updating IDEBUGSIZE accordingly.

4.17.2 If the debugger hangs

If the debugger starts up but then hangs with the message:
Loading network...

one of the following errors may have occurred:

1 The network connectivity is not correctly described in the configuration
description, for example, a link is not connected to a processor, or the type
of a processor has been specified incorrectly.

Network connectivity on a board can be checked by running a check or
worm program, such as the ispy program supplied with the support soft-
ware for some INMOS iq systems products. These products are available
separately from your local INMOS distributor.

2 You have set IDEBUGSIZE to be larger than the memory on the root
processor (where the debugger is running).

Change IDEBUGSIZE to reflect the correct root processor memory size.

4.17.3 Error message list

"filename” not compiled with full symbolic debug information

The object.code module does not contain sufficient debug information for
the debugger to locate to its corresponding source code (i.e. it contains
minimal debug information). Recompile the module and rebuild the
program in order to debug it symbolically.

Already located — No process is waiting at the other end of this link

An attempt to jump down a hard channel (link) has failed because there is
no process waiting at the other end.
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Attempted read outside Parameter block
Attempted write outside Parameter block

The configuration system has become corrupted. Check hardware using
a memory check program such as ispy. (The ispy program is supplied
as part of the board support software for INMOS iq systems products.
These products are available separately from your local INMOS distrib-
utor.)

Can only specify a transputer type if bootable is for a class

Cannot specify a transputer type for configured bootable files

You have tried to specify a processor type when the bootable file is already
for a specific processor type.

Cannot create network dump - reason

Creation of a network dump file is not permitted on a program that is, or has
been, interactively debugged. reason can be either of the following:

1 when in Interactive mode
2 when in Postmortem Interactive mode
3 Already reading one
Cannot debug boot from ROM run in ROM file "filename”
You may only debug boot from ROM run in RAM programs with idebug.
Cannot find this line’s location
Either of the following has occurred:

1 You have moved the cursor beyond the end of the current source
file for which there is no executable code.

2 The compiler has optimized the executable code out.
Cannot locate beyond Freespace area

The address specified is not within the memory map range of the
processor.

Cannot locate to area (Iptr: #address)

The address specified is not within the code area for the program on the
processor. area can be any of the following:

Reserved transputer memory
Runtime kernel
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Reserved memory
Configuration code area
Stack area

Vectorspace area

Static area

Heap area

Freespace area

Cannot open "filename”
Either the file does not exist or it is not on the ISEARCH path (note that by
default this includes the current directory). The i1ist tool can be used to
confirm this.

Note: if the file name is vrdebxx. tco (or something similar), where xxis
a sequence of digits, then you are probably trying to locate to one of the
configurer's software virtual link processes. Use the [Z] command to
display processes waiting on the software virtual links.

Cannot read processor number (Txxx)

The debugger cannot communicate with that processor. Any of the
following errors may have occurred:

1 The root processor’s core dump has been incorrectly specified.

2 The debugger has failed to analyze the network correctly. Either
you have failed to specify the ‘A’ option or the system control
signals are wired incorrectly.

3 The network does not match that specified in the configuration file.
Check network connectivity using a check program such as ispy.
(The ispy program is supplied as part of the board support soft-
ware for INMOS iq systems products. These products are avail-
able separately from your local INMOS distributor.)

Cannot run application — the program has crashed !

Use the (Enter post-mortem debugging) Monitor page command to
post-mortem debug the (now defunct) breakpoint session.

Channel is invali;!

The channel does not point to a known process executing on the processor.
Configuration info inconsistent with linked unit

You have probably relinked a component of a program and forgotten to

reconfigure it.
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Configured for post-mortem debugging only

You have explicitly disabled interactive debugging (using configurer or
collector options).

Debug info too large ( reason )

The debugging information for a particular compilation module is too large
forthe debugger. Either reduce the size of the offending module orincrease
the size of memory on the processor where the debugger is running (see
section 4.17.1 on how to overcome this).

reason can be any of the following:

ix.tags is full
ws.array is full
name table is full

Debugger incompatible configuration file *filename”

You have configured your program without specifying the debugger
compatible option (‘G’ option) to the configurer, iccont.

For mixed language programs configured with the occam toolset confi-
gurer occonf, the error may be that you have configured your program
with the configurer ‘RE’ option to enable memory layout re-ordering.

File has changed since configuration "filename”
You should rebuild the program again.
FILE IS TOO BIG - truncated

The debugger buffer capacity has been exceeded. The buffer contains as
much of the file as could be read before the capacity was exceeded (see
section 4.17.1).

lilegal virtual channel address

The channel has been (possibly incorrectly) tagged as virtual but does not
point to a valid software virtual channel (as defined by the debugging kernel
or the configurer). This is caused by a channel that has become corrupted
(normally by overwriting the location of the channel). You should ensure
that no compiler checks have been disabled to prevent accidental corrup-
tion.

Incompatible debugger modes: message
Mutually incompatible options have been specified on the command line.
Interactive debugging has been disabled

The module has been linked with the linker ‘Y’ option to disable breakpoint
(interactive) debugging. Rebuild your program without disabling interactive
debugging and retry.
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ITERM error on line linenumber, message

The debugger has detected a syntax error in the ITERM file. message
describes the error.

Name symbol is not in dynamic scope

The symbol symbol exists in the module, but is not in scope from where the
debugger last located to. In order to inspect the symbol you must locate to
a new position where the symbol is in scope.

Not a (compatible) bootable file "filename”

The file is either a non-bootable file or a pre-product release bootable file.
Use ilist to determine the contents of the file if in doubt.

Not enough free memory for the debugger

You have either not set the environment variable IDEBUGSIZE or you have
set it to be too small (it should be > 400K). Change the variable to reflect
the memory size of the root processor.

Not on a valid INCLUDE line

You may only use[ ENTER FILE | when the cursor is on a line with an include
directive.

Only debugging tools and cursor keys are available
You have pressed a key which is not defined.
Option must be followed by a link number (0 - 3)

Command line options ‘B’, ‘M’, and ‘T’ require a link number in the range 0
fo 3.

Option must be followed by a valid processor type (eg. T425)
The processor type supplied is not recognized by the debugger.
(Probe Go) : Processor number — Cannot contact

The debugger is unable to communicate with processor number. The
processor type specified in the configuration (or to the debugger via the ‘C’
option) does not match that found. Check the network using a program
such as ispy in order to determine the correct processor type.

(Probe Go) : Processor number — Expected processor type Txxx, found Txxx

The processor type specified in the configuration (or to the debugger via
the ‘C’ option) does not match that found. Check the configuration descrip-
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tion and the network (using a program such as i spy) in order to determine
the correct processor type.

(Probe Resume) : Processor number — Invalid Breakpoint

The debugger has stopped at a breakpoint which it did not place in the
code. If you wish to continue executing the program set a breakpoint at the
same address and retry the command.

Processor number : insufficient memory, require at least number bytes

The memory requirement of the processor as specified to the configurer,
the collector, orin IBOARDSIZE (as appropriate) is too small. (Note that the
value displayed may include memory for some configuration code that is
reclaimed when program starts executing.)

This may also be caused by the debugging Runtime kemel using an extra
11—15K of memory.

Processor type must be a 32 bit processor (eg. T425)

You must specify a 32 bit processor type because processor classes are
for 32 bit processors only.

Processor type must be not abbreviated

You must specify specific processor types rather than abbreviated types
(e.g. T425 rather than T5) because some abbreviated types cover more
- than one specific type.

READ ERROR - truncated

The debugger could not read all of the file. The buffer contains as much of
the file as could be read (see section 4.17.1 on how to overcome this).

Runtime kemnel is not present (or has been overwritten)

Either the runtime kemel has been corrupted or you are trying to post-
mortem a breakpoint session that didn’t occur.

There is no enclosing INCLUDE

You have attempted to use when not located in a nested
include file.

There are no processes waiting at either end of this link

An attempt to jump down a hard channel (link) has failed because there are
no processes waiting at either end.

This transputer link is connected to the host

The link specified in the ‘B’, ‘M, or ‘I’ command line option is the commu-
nication link from the debugger to the host and is not connected to the
network.
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Too many processes declared at configuration level ( number)
Too many processes used at configuration level ( number)

The debugger requires more memory in order to operate on this many
processes (see section 4.17.1 on how to overcome this).

Too many processors ~ There is only enough room for ( number)

The debugger requires more memory in order to operate on this many
processors (see section 4.17.1 on how to overcome this).

Unable to find any low priority entrypoints on any processor
Unable to find any low priority entrypoints on this processor
Unable to find any low priority main () on this processor

The processes you have requested the debugger to set breakpoints in are
all at high priority on processors with no hardware breakpoint support.

Unable to read environment variable ITERM

There is no translation for the ITERM environment variable which defines
the screen and keyboard format.

Unable to toggle a breakpoint on this line
The breakpoint cannot be set or cleared on this source line. Either:
1 The current file contains no executable code, or

2 Executable code is contained in an include file and the debugger
cannot determine whether you mean to toggle the breakpoint in
that file or in the current file.

Move to the line where you really want to toggle the breakpoint and retry
the command.

Unknown core dump format "filename”

The network dump file is in the wrong format or the wrong file has been
specified. You can use ilist to determine the format of the file.

Wdesc is invalid — message

The Wdesc supplied is invalid: this may be deliberate because it is
unknown. If you supplied it from the Monitor page environment, retry the
command with a valid Wdesc.

message can be one of:

cannot inspect variables
cannot modify variables
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cannot backtrace
cannot auto backtrace out of library

Wrong number of processors in network dump file filename

The number of processors does not correspond to the current program.
The wrong network dump file may have been specified.

You cannot backtrace from here (to configuration code)

This normally occurs when you try to backtrace from the program’s topmost
procedure into the bootstrap routine which is not supported symbolically by
the debugger (i.e. the configuration code area).

You cannot backtrace from here (to Iptr: #nnn, Wdesc: #mmm)

An attempt to backtrace from a procedure or function has failed because
the resultant process details are invalid (e.g. Iptris notin the Code area),
or you are trying to locate fo a software virtual link router process..

The Iptr and Wdesc shown are those of the invalid process which
supposedly called the current procedure or function.

Ifthis error occurs, you should use [ INFO ] before backtracing to check that
the current process details are valid (they are normally only invalid when
incorrect process details have been specified with the Monitor page ‘0’
command). Corruption of the stack (workspace) is another possible cause
of this error; to prevent accidental corruption you should ensure that no
compiler checks have been disabled.

This error can also occur if you try to locate to a process which implements
the software virtual links. This can be checked by using the command
to search for a process with a Code area which contains the displayed
Iptr and a stack area which contains the displayed Wdesc. If the name
of the process is “sROUTER [n]” then it is a software virtual link process
which can not be located to.

You have changed file, so you can’t use this key

There are certain symbolic features that cannot be used if you have
changed to another source file. Either use [RELOCATE |, or relocate to the
original file using the Monitor page (Select file) command, before
retrying the command.

You must specify a filename

The command line syntax requires a filename.
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You must specify a transputer type (bootable is for a TA class)
You must specify a transputer type (bootable is for a TB class)

The program you are trying to debug is for a transputer class (either TA or
TB); the debugger needs to know the actual processor type (e.g. T425).

You should retry using the debugger with the command line ‘C’ option to
specify the appropriate processor type.

You must specify the application boardsize in IBOARDSIZE to be <= #10000
On a T2 the maximum memory size is 64K (#10000).
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9 idump — memory
dumper

This chapter describes the memory dumper tool idump that dumps the contents
of the root processor’s memory to disk. It is used to enable the debugging of code
running on the root transputer.

_ 5.1 Introduction

The memory dumper allows programs that use the root transputer to be debugged
in the normal way using the debugger tool idebug. itis required because idebug
runs on the root transputer and overwrites all code and code in its memory. idump
saves the contents of the root transputer to a disk file in a format that can be read
by the debugger. Information contained in the file allows the debugger to analyze
datainthe root transputer in the same manner as other transputers on the network.

When idump is invoked it calls the server with the ‘SA’ option so that the space
occupied by the dumper program is saved before it is loaded onto the transputer.

5.2 Running the memory dumper

To invoke the idump tool, use the following command line:

> idump filename memorysize [ { startoffset length }]

where: filename is the name of the dump file to be created.

memorysize is the number of bytes, starting at the bottom of memory, to
be written to the file.

startoffset is an offset in bytes from the start of memory.

length is the amount of memory in bytes, starting at starfoffset, to be
dumped in addition to memorysize.

All parameters can be expressed in either decimal or in hexadecimal format. Hexa-
decimal numbers must be preceded by the hash character ‘#' or the dollar sign ‘$".

The memory dump file stores the contents of the transputer’s registers and the first
memorysize bytes of memory. The file is given the . dmp extension. After the dump
has been performed idump remains resident on the transputer board ready to
load the debugger.
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memorysize must be large enough to contain the complete program with its work-
space and vectorspace. If the program to be dumped uses the free memory buffer,
the whole of the transputer board’s memory should be dumped.

Further portions of memory can be dumped by specifying the start of the segment
of memory to be dumped and the number of bytes, using pairs of starfoffset length
parameters. The start address is given by starfoffset and the number of bytes by
length. The overall size of the memory dump file is given by the amount of memory
saved plus around 500 bytes for the register contents.

5.2.1 Example of use

Assuming a value of 100K for IBOARDSIZE:
idump core 102400

This command writes the contents of the root transputer’s memory to the file
core.dmp. The .dmp extension is added by default because the filename is
specified with no extension.

5.3 Error messages

Badly formed command line

Command line error. The command syntax requires a file name followed
by the number of bytes of memory to dump. Check the syntax of the
command and retry.

Cannot open file

File system error. The memory dump file could not be opened on the host
system.

Cannot write file

File system error. The memory dump file could not be written to the host
system.

You must tell the server to peek the transputer

idump has been invoked by calling the host file server with the incorrect
option. This error can only occur if the tool is not invoked with the supplied
driver file.
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Interface configurer

This chapter describes the memory configuration tool iemit. This tool can be
used interactively to explore the effects of changes in the external memory inter-
face parameters of certain 32 bit transputers. The tool can also be used in batch
mode to create ASCII or PostScript files. The tool produces a memory configura-
tion file which may be included as an input file to ieprom and blown into EPROM
along with a ROM-bootable application file.

The chapter describes how to use iemit and outlines its capabilities. Example
displays are provided, followed by a list of error messages which the tool may
generate. The format of the memory configuration file is described and an example
is given. Note: memory configuration files are simple text files which may be
created manually using a standard text editor or generated by using iemit.

6.1 Introduction

The IMS T400, T414, T425, T426, T800 and T805 transputers have a configurable
external memory interface (EMI) which allows a variety of types of memory device
to be connected using few extra components.

For these transputers, the interface configuration may be selected by one of two
mechanisms. The user may select one of the 17 standard memory configurations
(13 for the T414) or a customized memory configuration may be loaded from a
ROM or PAL on reset.

Both methods of memory configuration are available when booting from ROM or
from link. If the transputer is being booted from ROM, a customized memory
configuration may be added to the ROM or a standard configuration may be used.
If the transputer is booted from link a standard configuration may be used at no
extra cost, or a dedicated ROM or PAL may be added for a customized configura-
tion.

In order to generate a customized configuration the user may create a memory
configuration file, describing the memory configuration and have this blown into
an EPROM. The configuration chosen is made known to the fransputer by simple
board level connections which are detected by the transputer on reset. If a stan-
dard configuration is required the MemConfig pin is connected to the appropriate
address pin. For example, standard configuration 7 is selected via address pin
MemAD?7. If a customized configuration is required the MemConfig pin is
connected though an invertor to the appropriate data line, usually this is
MemnotWrDO0. Note: when iemit is used to generate the memory configuration,
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the MemnotWrDO pin must be used. For further details see The transputer data-
book.

The external memory interface configuration tool iemit produces timing
diagrams for potential configurations of the memory interface and wams of
possible errors in the design. It indicates whether one of the preset configurations
that are available would be suitable, or whether it would be necessary to use an
externally programmed configuration.

Note: That it is assumed that readers creating memory configuration files are
familiar with the memory interface of the processor that they are using. The stages
in designing a memory interface, including examples, are described in chapter 2
of The transputer applications notebook - Systems and performance. Further
information may also be found in The transputer databook.

6.2 Running iemit

The iemit tool can be invoked by the following command line:

» iemit options

where: options is a list of options given in Table 6.1.

Options must be preceded by ‘-’ for UNIX-based toolsets and ‘/’ for
MS-DOS and VMS based toolsets.

Options may be entered in upper or lower case and can be given in any
order.

Options must be separated by spaces.

If no arguments are given on the command line a help page is displayed giving the
command syntax.

Option Description

A Produce ASCII output file.
E Invoke interactive mode.
F filename |Specify input memory configuration file.
I Select verbose mode. In this mode the user will receive status

information about what the tool is doing during operation for
example, reading or writing to a file.

O filename |Specify output filename.
P Produce PostScript output file.

Table 6.1 iemit command line options

Note: that if option ‘E’ is selected i.e. interactive mode, then no other options may
be specified on the command line.
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The operation of iemit in terms of standard file extensions is shown below:

=

Examples of use

Job

iemit may be invoked in interactive mode by using one of the following
commands:

iemit -e (UNIX based toolsets)
iemit /e (MS-DOS and VMS based toolsets)

Output files in ASCII or PostScript may be specified by command options from
within interactive mode; altematively iemit may be invoked in batch mode, to
create an output file in one of these formats.

When the tool is invoked in batch mode to produce an output file in either ASCII
or PostScript format, then an input file must be supplied using the ‘F’ option. It is
also mandatory to specify either the ‘A’ or ‘P’ option. If the ‘O’ parameter is not
supplied then an output filename will be constructed, from the input filename, with
an extension of ‘. ps’ for a PostScript output, or ‘. asc’ for an ASCII output.

Example:

The following commands cause iemit to produce an output file in PostScript
format. The tool is invoked in verbose mode.

UNIX based toolsets:

iemit -i -p -f memconfig.mem -o waveform.ps
MS-DOS and VMS based toolsets:

iemit /i /p /f memconfig.mem /o waveform.ps

Note: iemit will make use of the ITERM host environment variable, if it is avail-
able, otherwise it will use defaults.
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6.3 Output files
Two different types of output may be produced by iemit, these are listed below:

* A memory configuration file suitable for including as an input file to the
ieprom tool.

¢ An output file in either ASCII or Postscript format, suitable for inclusion in
documentation.

The tool may be used interactively to produce a memory configuration file in text
format. This file may then be used as an input file to the ieprom tool, thus enabling
the memory configuration to be stored on ROM. iemi t is capable of saving and
reloading configurations to allow for design over an extended period and for
comparison of different configurations. The memory configuration file is described
and an example is given in section 6.6.

Additionally iemi t may be used to produce an output file which is either a plain
ASClI file containing timing data or a file in PostScript format containing waveform
diagrams. These formats were chosen so that the resuits of the program could be
easily included in reports or other documentation.

6.4 Interactive operation

When iemit is invoked in interactive mode the program will start up with the
default standard configuration 31.

The tool's user interface is presented as a number of display pages showing timing
data. The displays may be updated by changing the timing parameters, which are
accessed from page 1. All inputs are executed immediately so that the user can
see the effect on any of the displays. As each page is shown, the user has the
option of selecting another page for display by keying in its number. The current
configuration may be saved at any time to a specified output file.

The information displayed and options available on each page are described
below.

6.4.1 Page0

This page acts as an index to the others. It shows the title of each page and allows
one of them to be selected. An option is provided to enable an input file to initialize
the memory configuration. Other options enable the user to selectively generate
output files. Options are listed in table 6.2 and an example of the display page is
given in figure 6.1.

The user enters an option code followed by the key. If a file option is
specified the user will be prompted for a filename. Note: file extensions should be
specified, there are no defaults.
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Option

Description

1 to 6

Selects the page to be displayed.

Q

Quit - selection of this option exits the program.

L

Load previously saved configuration. A filename is prompted for,
and the configuration saved in that file is read in and the display
datais updated. The program expects a memory configuration file.

If loading does not succeed because the file has a bad format, the
current configuration is reset to standard configuration 31. If
loading fails because the file could hot be found or could not be
opened for reading, the load is abandoned without losing the
current configuration.

Save configuration to a file. The program prompts for the name of
afile to which the data will be written, by convention the extension
.mem should be used. Output is a memory configuration file. An
error is reported if the data could not be saved. The saved file is
given comments in its header indicating that it was created by the
iemit program.

Output pages in ASCII format to a file. The program prompts for
the name of a file to which the data will be written. Output is in plain
ASCII format with a form feed (FF) character after each page. It
includes full timing information and a representation of the timing
diagrams for read and write cycles. An error is reported if the
output could not be written.

Generate PostScript file. The program prompts for a filename. The
program writes to the file a program in the PostScript page descrip-
tion language to draw the timing diagrams for the chosen memory
interface configuration. The waveforms shown are the same as
those which can be seen by selecting pages 4 and 5.

The file produced fully conforms to the PostScript structuring
conventions, allowing it to be processed by other programs. The
diagram is designed to fit lengthways on an A4 page, and is suit-
able for inclusion in technical notes and reports. The file can be
sent directly to an Apple LaserWriter or other PostScript output
device.

Table 6.2 iemit page 0 options
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r’;age 0 ﬂ\\
T414/T800 External Memory Interface Program

Index - this page

EMI configuration parameters
General timing

Dynamic RAM timing

Read cycle waveforms

Write cycle waveforms
Configuration table

Page

aounaWNhFO

Please enter 1...6 to see a new page;
<S> to save confiquration to a file;
<L> to load a saved configuration;
<A> to generate an ASCII listing of all pages to a file;
<P> to generate PostScript file of waveforms;
<Q> to exit the program.

Figure 6.1 Example iemit display page 0

64.2 Page1

This page shows the input parameters to iemit. It is from these parameters that
the tool computes the timing information and the waveforms. Only one parameter
may be changed at a time and the display data is immediately updated. An
example of the display page is given in figure 6.2.

(/;age 1 ‘\\

EMI configuration parameters

Device type T425-25

EMI clock period Tm 20ns at ClockIn = 5MHz

Wait states 0

Address setup time T1l: 4 periods Tm

Address hold time T2: 4 periods Tm

Read cycle tristate/write data setup T3: 4 periods Tm

Extended for wait T4: 4 periods Tm

Read or write data T5: 4 periods Tm

End tristate/data hold T6: 4 periods Tm

Nonprogrammable strobe ”"notMemS0 ” 70" SO

Programmable strobe ”"notMemS1 ” ”1” S1: 30 periods Tm

Programmable strobe "notMemS2 ” 72" S2: 30 periods Tm

Programmable strobe "notMemS3 ” 73" S3: 30 periods Tm

Programmable strobe "notMemS4 ” 747 S4: 18 periods Tm

Read cycle strobe "notMemRd ” "r”

Write cycle strobe ”notMemWrB” "w”

Refresh period: 72 ClockIn periods Wait: O

Write mode: Late Configuration: 31
\\Fnter a new page number (0 for the index) or <C> to change a parameter: A/J

Figure 6.2 Example iemit display page 1

When the page is displayed, the user has the option to select a new page by
entering its number, or entering to change one of the parameters. In the latter
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