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Preface

Host versions

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

• IMS 07314 - IBM PC compatible running MS-DOS

• IMS 04314 - Sun 4 systems running SunOS.

• IMS 06314 - VAX systems running VMS.

About this manual

This manual is the Too/set Reference Manua/ to the ANSI C toolse1.

The manual provides reference material for each tool in the toolset describing:

• Command line syntax, including an example command line.

• Command line options.

• 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 Le.
the occam and FORTRAN toolsets and the documentation reflects this. Exam­
ples are given in C.

The appendices provide details of:

• Toolset conventions.

• Transputer types.

• The C assembler.

• Server protocol.

• ITERM files.

• Bootstrap loaders.

72 TDS 34601 October 1992



xx About the toolset documentation set

About the toolset documentation set

The documentation set comprises the following volumes:

• 72 TDS 345 01 ANSI C 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 346 01 ANSI C Toolset Reference Manual (this manual)

• 72 TDS 347 01 ANSI C 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 are also provided about howto modify the run­
time startup system. although only the very experienced user should
attempt this.

• 72 TDS 348 01 ANSI C Optimizing Compiler User Guide

Provides reference and user information specific to the ANSI C optimizing
compiler. Examples of the type of optimizations available are provided in
the appendices. This manual should be read in conjunction with the refer­
ence chapter for the standard ANSI C compiler. provided in the Tools Ref­
erence Manual.

• 72 TDS 354 00 Performance Improvement with the DX314 ANSI C 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 355 00 ANSI C 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 Ref­
erence Manual and the Language and Libraries Reference Manual.

• 72 TDS 360 00 ANSI C Toolset Master Index

A separately bound master index which covers the User Guide. Toolset
Reference Manual. Language and Libraries Reference Manual. Optimiz­
ing Compiler User Guide and the Performance Improvement document.

72 TDS 34601 October 1992



Preface

Other documents

xxi

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.

occam and FORTRAN toolsets

At the time ofwriting the occam and FORTRAN toolset products referred to in this
document set are still under development and specific details relating to them are
subject to change. Users should consult the documentation provided with the cor­
responding toolset product for specific information on that product.

Documentation conventions

The following typographical conventions are used in this manual:

Bold type

Teletype

Italic type

Braces {}

Brackets []

Ellipsis ...

72 TDS 346 01

Used to emphasize new or special terminology.

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

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

Used to denote optional items in command syntax.

Used in command syntax to denote optional items on the com­
mand line.

In general terms, used to denote the continuation ofa 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 icc-ANSI C
compiler

This chapter describes in detail the ANSI C compiler ice. It describes the com­
mand line syntax, compiler options, preprocessor directives, and other features of
the compiler such as support for transputer code. The chapter ends with a list of
error messages.

This chapter applies to both the standard and optimizing C compilers supplied with
this toolset unless otherwise stated. The 'ANSI C Optimizing Compiler User Guide'
provides details of command line options only available when using the optimizing
compiler and also provides a complete list of error diagnostics for the optimizing
compiler.

1.1 Introduction

The ANSI C compiler conforms fully with the X3.159-1989 ANSI standard for the
C programming language. This standard has now been ratified as "ISO/IEC
9899:1990 Programming languages - C". The ANSI C compiler provides support
for concurrent programming as well as some additional extensions to the C lan­
guage including compiler directives, pragmas and low level programming.

The ANSI standard for the C language defines the language including runtime
library support, new types and function prototyping. For a summary of the differ­
ences between ANSI C and the original definition of the language see chapter 4
'New features in ANSI C' in the accompanying Language and Libraries Reference
Manual. The ANSI C compiler includes support for parallel programming through
a set of library functions with associated types and structures, a mechanism for
incorporating transputer code sequences, and a group of compiler pragmas for
enabling compiler options in sections of code and for conveying directives to the
linker. The transputer code mechanism supports the full set of transputer instruc­
tions and operations and also supports labels.

Parallel processing is achieved through a library of process, channel, and sema­
phore functions and their related types and data structures. Calls to the functions
are compiled by ice into highly efficient parallel code for the transputer.

ice generates code for a particulartransputer, transputertype, or class, and a tar­
get should be specified for all compilations. The default is to produce code for the
IMS T414.

1.2 Running the compiler

To invoke the compiler use the following command line:
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~ icc filename {options}

1.2 Running the compiler

where: filename is the C program source code. If no extension is given . C is
assumed. Only one filename may be given on the command line.

options is a list of options given in table 1.1. Options to select the transputer
target for the compilation are listed in appendix B.

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

Options may be entered in upperorlowercase and can be given in any
order on the command line.

Options must be separated by spaces.

If no arguments are given on the command line brief help information is displayed;
the full help page is displayed by using command option 'HELP'.

Note: icc must be invoked in a writeable directory, that is, one in which you (or
any alias you use to invoke the compiler) have write access.

Option Description

Transputer type See appendix B for a list of options to specify transputer type.
AS Assemble the input file to produce and object file. The ?om-

piler phase is suppressed. See section 1.2.7.
C Performs a syntax check only. Generates no object code. This

option is ignored by the optimizing compiler.

D symbol Defines a symbol. Same as #define symbol 1 at the start of
the source file.

D symbol=value Defines a symbol and assigns a value. Same as #define
symbol value at the start of the source file.

EC Disables checks for invalid type casts. ANSI compliance
check.

EP Disables checks for invalid text after #else or #endif. ANSI
compliance check.

EZ Disables checks for zero-sized arrays. ANSI compliance
check.

FC Change the signedness property of plain char to be signed.
The default is to compile charS as unsigned.

FH Performs a number of software quality checks. See section
1.2.9.

FM Generates warning messages on #defined but unused
macros.

Table 1.1 Standard icc compiler options
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Option Description
FS Directs the compiler to treat right-shifts of signed integers as

arithmetic shifts. See section 1.2.8.
FV Reports all externally visible functions and variables which

are declared but unreferenced, and have file scope.
G Generates comprehensive debugging data. The default is to

produce minimal debugging data. Debugging data is required
for the correct operation of idebug.

HELP Displays full help information for the tool.
I Displays detailed progress information at the terminal as the

compiler runs.
J dir Adds dirto the list of directories to be searched for source files

incorporated with the'include directive in extended search
paths. See section 1.4.9 for details.

KS Enables stack checking.
0 outputfile Specifies an output file. If no filename is given the compiler

derives the output filename from the input filename stem and
adds the . teo extension.

p mapfile Produces a map ofworkspace for eachfunction defined in the
file, and a map of the static area of the whole file. The map is
written to the file mapfile. See section 1.3.

PP Lists the preprocessed source file to stdout.

S Compiles the source file to assembly language and writes it
to a file. Assembly is suppressed and no object code is pro-
duced. The file is named after the input file and given the . s
extension.

U symbol Disables a symbol definition. Equivalent to 'undef symbolat
the start of the source file.

WA Suppresses messages warning of '=' in conditional expres-
sions.

WO Suppresses messages warning ofdeprecated function decla-
rations.

WF Suppresses messages warning of implicit declarations of
extern int () .

WN Suppresses messages warning of implicit narrowing or lower
precision.

WT Suppresses messages warning of the possibility of less effi-
cient code when compiled for a transputer class.

WV Suppresses messages warning of non-declaration of void
functions

Table 1.1 continued - Standard ice compiler options
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Examples of use:

UNIX based toolsets:

ice hello
ilink hello. teo -f estarlup.lnk
ieeonf hello.efs
ieolleet hello.efb
iserver -sb hello.btl-se

1.2 Running the compiler

MS-D-OSNMS based toolsets:

ice hello
ilink hello.teo If estarlup.lnk
ieeonf hello.efs
ieolleet hello.efb
iserver /sb hello.btl/se

1.2.1 Optimizing compiler options

There are a number of options which may be specified on the command line but
which the standard ANSI C compiler will ignore. These options are supported
exclusively by the optimizing ANSI C compiler and they enable and support a range
of code optimizations performed at compile time. These options are documented
in detail in the 'ANSI C Optimizing Compiler User Guide' which accompanies this
toolset. The options are listed in table 1.2 for completeness.

Option Description

FSC Provides information on how the compiler has treated rou-
tines with respect to side effects.

00 Disable optimization.

01 Enable local optimization.

02 Enable both global and local optimization.

QS Optimize for space.

QT Optimize for time.

WS Suppress warning messages about possible side effects.

Table 1.2 Optimizing compiler options

1.2.2 Transputer targets

The compiler generates code for a specific transputer type. This means that a pro­
cessor type should be specified for all transputer targets except the default which
is built into the compiler. The default processor type which is used if no target is
specified is the T414.

Transputers are also grouped into classes for the purpose of generating common
code suitable for running on a number of different transputer targets. Transputer
classes group transputers according to word size and instruction set compatibility.
They can be used to generate code for combinations of transputers.

The use of transputer types and classes in developing programs is explained in
appendix B. The command line options for selecting a transputer target are given
in this appendix.

72 TDS 34601 October 1992



1 ice - ANSI C compiler

1.2.3 Error modes

7

All code in mixed language transputer programs must be compiled and linked in
the same or a compatible error mode. ice always generates code in UNIVERSAL
error mode, which is compatible with HALT and STOP error modes created by
other INMOS compiler toolsets.

The error mode for a mixed language program can be consolidated into a single
mode for the entire program by specifying the appropriate linkeroption. If no mode
is specified the linker generates the program in HALT mode.

1.2.4 Default command line options

Commonly used command line parameters can be defined in the host environment
variable ICCARG. Parameters specified in this way are automatically added to the
end of the command line when the compiler is invoked.

Command line parameters must be specified in ICCARG using the syntax required
by the ice command line.

1.2.5 File extension defaults

The . c extension is assumed on input source files and does not need to be speci­
fied. If no output file is specified the compiled object file is named after the input
file and given a . tco extension. A . tco extension is also added ifa file is specified
without an extension.

When the input file is an assemblersource file, a file extension (otherthan .c) must
be specified. Even though the 'AS' option is specified to invoke the assembler, the
compilerwill assume a Csource file is to be compiled ifa file extension is not speci­
fied on the command line.

1.2.6 Search paths

The normal search paths are used for locating files specified on the command line.
The search rules are described in appendix A.

Search paths for files imported with the 'include compiler directive differ slightly
from those for files specified on the command line and can be extended by the use
of special syntax and a command line option. Details of this facility can be found
in section 1.4.9. .

1.2.7 Using the assembler

Assembler source files may be assembled by using the ice command line option
'AS'. This causes the compilation phase of the compiler to be suppressed and the
input file to be passed directly to the assembler. If the input assembly source file
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8 1.2 Running the compiler

contains preprocessor directives, the compiler preprocessor must first be used to
process the source file; the output from the preprocessor may then be used as
input to the assembler.

The use of the assembler is described in appendix C, together with examples of
how it is invoked. The file name conventions for assembler files and the command
options which may be used with the assembler are listed. The appendix also
describes the syntax of assembler directives and lists the error messages which
may be generated by the assembler.

1.2.8 Compatibility with other C implementations

Two compiler options are provided which may assist users porting existing C code
to transputer systems.

Arithmetic right shifts

By default, the compiler implements right-shifts of signed integers as logical shifts,
the command line option FS switches the implementation. This allows correct
working of programs which assume that right shifts of signed values propagate the
sign.

Signedness of char

By default the compiler implements plain chars as unsigned chars. The com­
mand line option Fe switches the implementation to signed char. Details of type
representation are given in chapter 6 of the ANSI C Language and Libraries
Manual.

1.2.9 Software quality check

The FH option allows policing ofsoftware quality requirements. The option requires
all externally visible definitions to be preceded by adeclaration (from a header file),
thus guaranteeing consistency.

When the FH option is used the compiler reports:

• all forward s tatic declarations which are unused when the function is
defined.

• all repeated macro definitions (this is when macros are redefined to the
same value; redefining a macro to adifferent value is always diagnosed as
an error).

• (optimizing compiler only) - reports all unused function arguments.

Note: the standard compiler reports all unused function arguments by default.
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1.3 Memory map

9

The compiler may be instructed, via the P mapfile option, to produce a map ofwork­
space for each function defined in the file, and a map of the static area of the whole
file. The file contains information which may assist the user during program debug­
ging. The map is written to the file mapfile.

The file consists ofa series ofworkspace maps; one for each routine, giving details
of workspace requirements. These are followed by a series of section maps; one
for each section of code, listing details of its static variables.

The file is generated in text format and is structured as follows:

• The name of the source file for which the map of code and data is being pro­
duced. 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, this is always UNIVERSAL for C pro­
grams.

• Name of the routine forwhich the map ofworkspace is being produced. Items
in the workspace map are given in ascending order of workspace offset.

List of local variables giving their offset (in bytes) into the routine's work­
space. This list may include temporary variables introduced by the com­
piler.

List of formal parameters giving their name and offset (in bytes) into the
routine's workspace. Parameters added by the compiler may also be
listed, see table 1.3.

The workspace requirement of the routine in bytes. Note: this includes
the four word call overhead introduced by the transputer call instruction.

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

• A list of static variables or routines, giving the following details:

- Name of static variable or routine. This may be in the form
'<name>%xp', see table 1.4

- Type of variable or routine

- Offset in bytes into static data or code area

- Other properties of variable or routine, see table 1.4.

Static variables are either placed in the static or code areas. Details of how the
compiler allocates space for static data are given in section 6.15 of the ANSI C Lan­
guage and Libraries Manual.

72 TDS 346 01 October 1992



10

Formal parameter

Compiler temporary

Result pointer

Return address

Global static base pointer (gsb)

Static link

1.3 Memory map

Table 1.3 Parameters inserted by compiler

Property Description

global Globally visible static item.

static Static item.

pointer to external Static item introduced by the compiler to
object enable code to access an external object.

The name of the external object is used as
the prefix to the compiler generated name.
e.g. 'fred%xp' is a static item introduced by
the compiler which points to an external
object named 'fred'.

translated from data Static items whose name has been modified
name by the IMS_translate pragma are listed

under the name that is put into the object file.
They are annotated with the message:
'translated from sourcename', where
sourcename is the name used in the source
file.

Table 1.4 Static variable properties

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.

The compiler does not generate an explicit "No static data" message. If a file
does not contain static data, such information will not be present 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.
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Map of code and data for source file hello.c

11

Created by INMOS C compiler Version 2.02.05 (built at 18:11:13 Dec 10 1991)

Target processor T4
Error mode UNIVERSAL

Map of workspace

Routine : main

Variable name

b
a

Formal parameter name

<return address>
<gsb>

Offset (bytes)

Offset (bytes)

8
12

Workspace size

Map of workspace

Routine : bill

24 bytes

Variable name

<compiler temporary>
<compiler temporary>
z

Formal parameter name

<return address>
<gsb>
<result pointer>
c
f

Offset (bytes)

0
4
12

Offset (bytes)

20
24
28
32
36

Workspace size 36 bytes

Section map
-----------
Section name static%base

Name Type Offset (bytes)

fred static data

Section map
-----------
Section name text%base

Name Type Offset (bytes)

main code 4 global
bill code 36 static
-----------

Figure 1.1 Example compiler map
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12 1.4 Compiler directives

1.4 Compiler directives

1.4.1 #define

Syntax: 'define name [(arg1, . . .,argn )] [value]

#define allows simple macro substitution to be performed. In its simplest mode
of operation name and value represent a series of ASCII characters causing the
preprocessor to substitute all occurrences of name by value (which may be nUll).
Arguments may also appear after the name, and when this happens the prepro­
cessor will still replace all occurrences of name and its following arguments by
value, but in this case the value string will have been defined in terms of the
expected arguments, and will therefore exhibit a dependence on the original text.

'define YES 1 /* replace all occurrences
of YES by 1 */

#define max(a,b) (a > b ? a : b)
/* max(2,4) will be replaced by

(2 > 4 ? 2 : 4) */

1.4.2 #elif constant_expression

Syntax: #elif

This directive can be used in place of the sequence

#else
#if constant_expression.

1.4.3 #else

Syntax: #else

This directive can be used with the #if, #ifdef, and #ifndef directives to mark
the beginning of text which will be ignored whenever the expression following the
#if evaluates to a non-zero value.

1.4.4 #endif

Syntax: #endif

This directive must be used with the #if, #ifdef, and #ifndef directives to mark
the end of the text which may be affected by the #if ... #else ... #endif
construct.

72 TDS 346 01 October 1992



1 ice - ANSI C compiler

1.4.5 terror
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Syntax: terror text

This directive causes an explicit error with the text following the directive displayed
in the error message. This is useful for determining which pieces of code are being
bypassed by a construct of the form #if ... #else ... #endif.

1.4.6 #if

Syntax: #if constant_expression

This directive, along with the #else and #endif directives, is used in asimilarway
to the if ... else construct of many high level programming languages. When it is
encountered, the preprocessor evaluates the following constant expression and
if it is zero it ignores all text up to the following #else or #endif directive. If, how­
ever, the expression evaluates to non-zero, then the text between the #else and
#endif directives (if any) is ignored. This mechanism would typically be used to
allow conditional compilation.

As an extension to this directive, the preprocessor also allows 'if defined' type
expressions. In this case 'defined' is used as a unary operator which returns true
if its operand represents an identifier that is currently defined within the preproces­
sors symbol table, and false if it is not. By combining this operator with the logical
operators it is possible to build complex expressions of the form:

#if defined foo & ! defined dummy

/* if foo is defined & dummy is not */

1.4.7 #ifdef

Syntax: #ifdef identifier

This directive works in a similar way to the #if directive, but instead of basing its
decision on the result of an expression it uses the existence or non-existence of
the identifier within the preprocessor's symbol table as the criterion. If the identifier
has not previously appeared in a 'define directive or if it is not one of the prede­
fined identifiers then all text up to the following #else or #endif directive is
ignored; otherwise all text between the #else and 'endif directives is ignored.

1.4.8 'ifndef

Syntax: #ifndef identifier

This directive is similar to #ifdef, except that the text is passed if identifier is not
currently defined.
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14 1.4 Compiler directives

1.4.9 #include

Syntax: #include filename

The #include directive instructs the preprocessor to read the contents of the
named file as if they were at the current position in the current file. The filename
must be enclosed within angle brackets «filename» or double quotes ("file­
name"). The two forms generate different search strategies.

If angle brackets are used only those directories specified by ISEARCH are
searched. No other directories (including the current directory) are searched. This
method is mainly used to include the standard library header files.

If double quotes are used to enclose the filename the standard toolset search is
used, but incorporating a method for extending the search list. First the current
directory is searched. If the file is not found the search continues with the list of
directories specified after the compiler •J' option. If the file is still not found, or if no
list is given, directories specified by ISEARCH are searched.

A #include preprocessing directive may appear in a source file that has been
read because of a #include directive in another file. There is no fixed limit to
#include nesting.

Relative directory names

Relative directory names are treated as relative to the directory containing the cur­
rent source file.

Backslash character in filenames

In included filenames the backslash is not treated as introducing an escape
sequence unless it is followed by another backslash ('\ \').

1.4.10 #line

Syntax: #line linenumber [filename]

This directive instructs the compiler that subsequent lines begin with line number
linenumber in the file filename. If no file name is specified, the original name is
retained. linenumber must be within the range 1 to 32767 inclusive.

1.4.11 #pragma

Syntax: #pragma pragma ( params )

This directive activates and deactivates various compiler options in sections of C
code. It may be used to set (or override) options specified on the command line.
Most pragmas also take parameters or numerical arguments.

Table 1.5 lists the main compiler pragmas and table 1.6 lists the parameters to
IMS_on and IMS_off.
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Option

IMS on (params)

IMS off (params)

IMS nolink (functionname)

IMS_linkage (["name"])

IMS_modpatchsize (n)

IMS_codepatchsize (n)

IMS translate (name,
" newname ")

IMS descriptor (function­
name,mnguage_~pe,work­
space,vectorspace, "descrip­
tor-string" )

15

Description

Enables specific compiler actions. Takes a list
of parameters which specify the actions to be
enabled.

Disables specific compiler actions. Takes a list
of parameters which specify the actions to be
disabled.

Compiles the function functionname without a
global static base parameter. The function
must already have been declared but must not
have been defined or called. This pragma is
used for importing code written using lan-
guages such as occam which do not use
static data, and for exportin-g C functions to the
same languages.

Enables the user to change the order in which
code modules are linked together; this may aid
the use of faster on-ehip RAM. The compiler
creates the object code into a section named
"text%base". The IMS linkage pragma
causes the compiler to change the name of the
section to that supplied in the string. If no string
is present, "pri%text%base" is used; this
section being inserted at the front by the linker
in the default case. A linkage command (see
9.4.6) controls of the ordering of the sections.
The linkage directive should appear at the start
of the code, before any function definitions.

Specifies the number of bytes reserved by the
compiler for a linker module number patch. n
has default values of 3 for 32-bit targets and 2
for 16-bit targets.

Specifies the number of bytes n reserved by
the compiler for a linker code patch. n has a
default value of 6 for 32-bit targets and 4 for
16-bit targets.

The compiler replaces all references to name
(e.g. an external routine) by "newname". "new­
name" is a C string which can contain alphanu­
meric characters; the underscore (' '), percent
('%'), or full stop (' . ') characters. -

Creates a TCOFF descriptor for C functions.
Further details are given below.
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Parameter Short Description
form

1.4 Compiler directives

channel.J>ointers cp Treats a variable of type Channel in the scope
of the definition typedef const volatile
void * as a channel type for the debugger.
Default is off. This pragma is enabled in the
header file channel. h. If channel. h is
included in the program this pragma will remain
active until specifically disabled.

inline_ops il Compiles certain operations on long operands
(signed or unsigned) on 16-bit targets as in-line
operations rather than as calls to the compiler
library. Operations affected are: ~(bitwise com­
plement), +, -, & (bitwise AND), I (bitwise OR),
A (bitwise exclusive OR), «, », <, <=, =, ! =,
>=, and >. D~fault is on.

printf_checking pc Checks that arguments passed to a function
conform to the format used by printf. Default
is off. This pragma is normally used to check for­
mal arguments which are to be passed directly
as format strings to printf.

For each function within the scope of the pragma
the last formal parameter is read as a format
string and subsequent variable arguments are
checked for correct type, according to the for­
matting rules of printf. This pragma is
enabled in s tdio . h for the declaration of
printf and related functions, and subse­
quently disabled.

scanf_checking sf Checks that arguments passed to a function
conform to the format accepted by scanf.
Default is off. Otherwise this pragma has the
same effect printf checking. This pragma
is enabled in stdiO: h for the declaration of
scanf and related functions, and subsequently
disabled.

stack_checking sc Checks for stack overflow at the start of each
function. Default is off.

warn_bad_target wt Warns of inferior code generated for a transputer
class rather than for a specific transputer target.
Default is on.

warn_deprecated wd Warns of parameterless function declarations.
Default is on.

warn_ implici t wi Warns of undeclared functions. Default is on.

Table 1.6 Parameters to IMS on and IMS off
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Pragma INS_nolink

17

The pragma INS nolink enables C routines to call or be called from occam and
other languages:-

Syntax: 'pragma INS_nolink (fname)

The following code uses the pragma to allow an occam routine OCCAMREALOP to
be called in a C program:

extern float OCCAMREALOP(const float x,
const int op,
const float y);

'pragma IMS nolink (OCCAMREALOP)

float x, y, z;
z = OCCAMREALOP(x, op_add, y);

The following code allows the C function max to be called from occam:

extern int max(const int x, const int y);
'pragma INS nolink (max)
extern int max(const int x, const int y)
{ return x > y ? x : y; }

Note: functions which have had the IMS nolink pragma applied may not be
called through a pointer. The library routine call vithout gsb is supplied to
allow a call through a pointer to a nolinked function. -

Pragma IMS_descriptor

The pragma IMS descriptor creates a TCOFF descriptorfor C functions. It also
causes the definition of two TCOFF symbols giving the workspace and vector­
space requirements of the function. This pragma is of particular use when modify­
ing the C runtime startup code, further details of which are given in chapter 3 of the
ANSI C Language and Libraries Reference Manual. It is also applicable when mak­
ing use of the dynamic loading facility provided in the C library (see chapter 2 of
the ANSI C Language and Libraries Reference Manual and chapter 12 of the ANSI
C Toolset User Guide).

Syntax: 'pragma IMS_descriptor (functionname, language_type, \
workspace, vectorspace, udescriptor-stringn

)

The parameters to the pragma are given in table 1.7.
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18 1.4 Compiler directives

functionname Name of the C function to which the descriptor applies.
language_type The language in which the descriptor string is written. The

language is given as a keyword:
unknown
occam
ansi c
fortran
isoyascal
modula2
ada
assembler
occam harness
Alternatively the descriptor-string may be an empty string,
however, a language type must still be given.

workspace The amount of workspace required by the function.
(Expressed as a number of words).

vectorspace The amount of vector space required by the function.
(Expressed as a number ofwords). This is usually '0' for C
functions.

"descriptor-stringn This is the descriptor string itself. If the string is not empty
then it must contain an occam style function declaration
equivalent to the C function prototype.

Table 1.7 Parameters to IMS_descriptor

The rules governing the use of this pragma are as follows:

• The function must be externally visible.

• The function must have been declared before the pragma appears.

• The function must not have been defined before the pragma appears.

• The pragma must appear in the same file in which the function is defined.

• Only one descriptor pragma can exist per function.

• No argument to the descriptor pragma can be the result of earlier prepro­
cessor substitutions.

An example of the use of this pragma follows:

void centry(int bill);

#praqma IMS_descriptor(centry, occam, 32, 0, \
"PROC centry(VAL INT bill)\n SEQ\n:")

void centry(int bill)
{

/* function body */;
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This defines an occam descriptor for the function centry. A requirement for 32
words of workspace and no vectorspace is also recorded in the descriptor. The
syntax for the descriptor string is the standard syntax for occam descriptors.

Note: type compatibility between the parameters in occam and C is retained by
following the rules given in the ANS/ C Too/sel User Guide, Mixed language pro­
gramming chapter.

Example TCOFF output from the above can be obtained using the 't' option on the
lister tool ilist, as follows:

00000080 SYMBOL EXP "centry" id: 4

00000092 SYMBOL EXP ONI "centry'wa" id: 5
0000009F SYMBOL EXP ONI "centry'vs" id: 6
OOOOOOAC DEFINE SYMBOL id: 5 32
000000B1 DEFINE-SYMBOL id: 6 0
000000B6 DESCRIPTOR id: 4 lanq: OCCAN
vs: 32 vs: 0
PROC centry(VAL INT bill)

SEQ

1.4.12 #undef

Syntax: #undef identifier

This directive causes the current definition of identifier (as defined using the
#define directive) to be deleted.

1.5 Compiler predefinitions

Certain macros which identify global information, and some function names, are
automatically recognized by the compiler. Generally, these items can be refer­
enced directly in C programs and do not need to be declared.

Note: Predefined variables _lsb and ""params (see section 1.5.2) should be
declared to avoid spurious warning messages being generated by the compiler.

1.5.1 Macro names

All predefined macro names defined by the ANSI standard are present; they are:

DATE
FILE- -
LINE- -
STDC
TIME- -
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The current date.
Name of the current source file.
Line number of the current line of source.
A non-zero value if the implementation conforms to ANSI C.
The current time.
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CC NORCROFT
Ice
PTYPE
ERRORMODE

SIGNED CHAR

Details of the ANSI macros and the values they can take can be found in chapter
4 of the ANSI C Language and Libraries Reference Manual.

The following INMOS macro names are also defined:

Derived from the Norcroft C compiler.
INMOS C compiler.
Processor type.
Execution error mode.
Signedness of the plain char type, defined if the
ice 'FC' command line option is used.

Details of the macros and the values they can take can be found in chapter 5 of
the ANSI C Language and Libraries Reference Manual.

1.5.2 Other predefines

Two further names _lsb and yarams are predefined by the compiler. They can
be used in expressions in the same way as C variables. Both represent addresses
which may be manipulated in low level programming and must be declared as fol­
lows:

extern volatile const void *_lsb;

extern volatile const void *-params;

_lsb is a pointer to the base of the compiled file's data area.

yarams is a pointer to the base of the the current function's parameter block. It
can be used to obtain low level information about a function's runtime code.

The following example illustrates how -params can be used to determine a func­
tion's return address, global static pointer, and workspace pointer.

void p ()
{
extern volatile const void *-params;
typedef struct paramblock

{ void *return address;
void *gsb; -
int regparam1, regparam2;

}
paramblock;

paramblock *pp = (paramblock *)-params;

/* Return address is: pp->return address
global static base sb is: pp->gsb
caller wptr is: (void *) (pp + 1) */
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1.6 Transputer inline code

INMOS C provides different levels of support for inlining transputer instructions:

• A special keyword asm can be used to enclose sequences of transputer
instructions into CJ)rograms. The asm statement and how to use it is
described in chapter 5 of the ANSicLanguage and Libraries Reference
Manual.

• A number of functions are supplied which can be compiled inline as trans­
puter instructions, provided the appropriate header files are included in the
source code. The inputs and outputs of the instructions are treated as
parameters to and results from the functions.

1.6.1 Inlined functions

Each of the supplied functions is designed to allow access to a transputer instruc­
tion which is not directly accessible from the C source level. Note: however, that
the automatic inlining will only occur if the appropriate header file has been incorpo­
rated in the source code by using the #include directive. The header files contain
prototypes for the routines. Table 1.8 lists the functions, the instructions they sup­
port and the header file which is required.

Function Instruction supported Header file
BitCnt bitcnt misc.h
BitCntSum bitcnt misc.h
BitRevNBits bitrevnbits misc.h
BitRevWord bitrevword misc.h
BlockMove move misc.h
CrcByte crcbyte misc.h
CrcWord crcword misc.h
DirectChanln in channel.h
DirectChanlnChar in channel.h
DirectChanlnlnt in channel.h
DirectChanOut out channel.h
DirectChanOutChar outbyte channel.h
DirectChanOutlnt outword channel.h
memcpy move string.h
Move2D move2dall misc.h
Move2DNonZero move2dnonzero misc.h
Move2DZero move2dzero misc.h
ProcGetPriority Idpri process.h
ProcReschedule - process.h
ProcTime Idtimer process.h
strcpy - string.h

Table 1.8 Inlined functions
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Note: the 'OirectChan.. .' functions- must not be used with virtual channels: sec­
tion 6.3.1 of the ANS/ C Too/set User Guide. discusses this.

Descriptions ofall the functions are provided in the ANS/ CLanguage andLibraries
Reference Manual.

1.7 Compiler diagnostics

This section lists diagnostic error messages generated by ice. The section is
introduced by descriptions of some standard terms which may be encountered in
the message texts.

1.7.1 Message format

Diagnostic messages are displayed in the standard toolset format for error mes­
sages. Details of the standard can be found in appendix A.

1.7.2 Severities

Diagnostics are tagged with a severity level which indicates their effect on the com­
pilation. Severity levels are the same as those used in the toolset standard but have
slightly different meanings, which are described below.

Information messages provide the user with information about the functioning or
performance of the tool. They do not indicate an errorand no useraction is required
in response.

Warning severity diagnostics are generated whenever legal. but unorthodox pro­
gramming styles are detected. Compilation is unaffected and object code is gener­
ated normally.

Error severity diagnostics are generated whenever the compiler detects a pro­
gramming error from which it can recover. Compilation continues. but may abort
if more errors are detected subsequently. No object code is generated.

Serious severity diagnostics are generated when programming errors are
detected from which the compiler cannot recover. Compilation continues but code
has been lost. No object code is generated.

Fatal errors indicate internal inconsistencies in the software and cause immediate
termination of the operation with no output. Fatal errors are unlikely to occur but
if they do the fact should be reported to your local INMOS distributor or field
applications engineer.

Error. Serious. and Fatal diagnostic messages return error codes for handling by
system MAKE programs and batch files.

1.7.3 Standard terms

This section explains some of the standard terms and notation used in compiler
error messages.
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abstract declarator

When using explicit casts or when passing an argument to sizeof () , a
data type must be specified. This can be done by declaring an object of the
correct type without specifying the name of the object. Declarations of this
type are called abstract declarations, because they apply to no known
object.

Examples of abstract declarations are:

(int) a = b; /* 'int' is the abstract
declarator */

sizeof(int [3]); /* 'int [3]' is the abstract
declarator */

char

Stands for a single ASCII character.

context

Stands for a type, for example, 'character constant', 'integer constant', and
'string constant'.

deprecated declaration

This means that a function declaration is incomplete. Declarations should
specify the type of the function and the type of each formal parameter. If
there are no parameters then the function type void should be specified.

expression

Stands for a C expression.

filename

A file name.

function prototype

A function declaration which usually precedes the function definition. It
declares the function's type and the types of its parameters.

identifier

A C identifier, for example, a variable or function name.

initializer

An initial value which is assigned to an object at the time of its declaration.

message string

The string which follows a compiler directive.
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op

1.7 Compiler diagnostics

An operator. Valid operators include: "++", "--", "->", "<=", and the unary
operators &, ., + and -.

store class

A C storage class. Valid classes are static or extern.

string

Any string of ASCII characters.

struct/union

A variable of type struct or union.

type

A type identifier.

void context

This can occur at any point in a program where a value is not expected, for
example, calling a function without using the returned number.

instruction

A transputer instruction, or a pseudo-instruction as accepted by the asm
construct. -

1.7.4 ANSI trigraphs

The ANSI specification includes a number of three character sequences that can
be used to represent certain ASCII characters that may not be present on all key­
boards. These sequences, known as trigraphs, are used in compiler error mes­
sages to stand for these characters.

ANSI standard trigraph sequences consist of a sequence of 2 question marks fol­
lowed by a third character. A complete list of ANSI trigraphs is given in the chapter
4 of the accompanying ANSI C Language and Libraries Manual.

1.7.5 Warning diagnostics

#define macro identifier defined but not used

The named macro has been defined, but not referenced in the rest of the
program. This message is only generated if specifically enabled by the 'FM'
compiler option.

'&' unnecessary for function or array identifier

A pointer to a function or array is implied by use of the name alone; the (,'
operator is not required.
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missing] for subscript, found token

A subscript operator has been found and a closing square bracket was
expected to be found after the subscript value, instead of which the token
token was found.

missing attributes for attribute list

An attribute list has been found which is empty.

missing constants for constant list

A constant list has been found which is empty.

missing identifier for # directive, found token

A # directive has been specified and an identifier was expected to be found
after the #, instead of which the token token was found.

missing identifier for REP statement, found token

A replicator statement has been found and an identifier was expected to
be found after the keyword rep, instead of which the token token was
found.

missing identifier for VAL statement, found token

A value statement has been found and an identifier was expected to be
found after the keyword val, instead of which the token token was found.

missing identifier for attribute list, found token

An attribute list has been found and an identifier was expected to be found
after the opening parenthesis starting the list, instead of which the token
token was found.

missing identifier for attribute, found token

An attribute list has been found and an identifier was expected to be found
in the attribute list, instead of which the token token was found.

missing identifier for name, found token

A name expression has been found and an identifier was expected to be
found at the start of the expression, instead of which the token token was
found.

missing identifier for subfield, found token

A subfield expression has been found and an identifier was expected to be
found after the subfield operator, instead of which the token token was
found.

72 TDS 34601 October 1992



2 icconf - configurer

missing statements for statement list

A statement list has been found which is empty.

missing string for #INCLUDE statement, found token

71

An #include statement has been found and a string was expected to be
found after #include, instead of which the token token was found.

missing string for USE statement, found token

A use statement has been found and a string was expected to be found
after the use keyword, instead of which the token token was found.

missing type for DEFINE statement, found token

A define statement has been found and a type identifier was expected to
be found after the keyword define, instead of which the token token was
found.

missing type for attribute, found token

A parameter list declaration has been found and a parameter type was
expected to be found in the list, instead ofwhich the token token was found.

missing} for constant list, found token

A constant list has been found and a closing brace was expected to termi­
nate the list, instead of which the token token was found.

missing} for statement list, found token

A statement list has been found and a closing brace was expected to termi­
nate the list, instead of which the token token was found.

modification of 'name' illegal, already used

The named symbol is a node type that has been used to derive other sym­
bols and an attempt has been made to modify one of its attributes.

object file for 'name' undefined

Named process has not been associated with an object file.

overflow in REP statement expression

A numerical overflow has occurred dUring the evaluation of a replicator
statement, that is, the replicator identifier has overflowed.
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overflow in arithmetic expression

A numerical overflow has occurred during the evaluation of an arithmetic
expression.

overflow in decimal integer constant

A numerical overflow has occurred during the conversion of a string repre­
senting a 32 ~it decimal integer constant.

overflow in dimension size expression

A numerical overflow has occurred during the evaluation of a dimension
size expression (which is done to the precision of the hosts integer word
length).

overflow in dimension sizes for 'name'

A numerical overflow has occurred during the evaluation of the array size
for the named symbol (performed to the precision of the integer word length
of the host).

overflow in dimension sizes for constant

A numerical overflow has occurred during the evaluation of the array size
for a constant array (performed to the precision of the integer word length
of the host).

overflow in hexadecimal integer constant

A numerical overflow has occurred during the conversion of a string of dig­
its representing a 32 bit signed hexadecimal integer constant.

overflow in octal integer constant

A numerical overflow has occurred during the conversion of a string of dig­
its representing a 32 signed bit octal integer constant.

overflow in real double constant

A numerical overflow has occurred during the conversion of a string of dig­
its representing a 64 bit real constant.

overflow in real float constant

A numerical overflow has occurred during the conversion of a string of dig­
its representing a 32 bit real constant.

overflow in subscript value expression

A numerical overflow has occurred during the evaluation of a subscript
value expression (which is done to the precision of the hosts integer word
length).
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place 'name' on 'name' illegal, channel/edge

73

An illegal place statement has been specified where the first named ele­
ment is a channel and the second named element is an input (or output)
edge.

place 'name' on 'name' illegal, edge/link

An illegal place statement has been specified where the first named ele­
ment is an input (or output) edge and the second named element is a link.

process 'name' and channel 'name' placed on different processors

The named channel, which is a channel of the named process, has been
placed on the link of a processor which is different to the processor placed
with the process.

process 'name' and processor 'name' execution types mismatch

The named process has an execution type (specified in the object file
associated with the process) which is incompatible with the execution
types of other processes executing on the named processor.

process 'name' and processor 'name' processor mismatch

The named process has a processor type (specified in the object file
associated with the process) which is incompatible with the processor type
of the named processor.

process 'name' multiply USEd

Named process has been used more than once in a use statement.

process 'name' multiply placed

Named process has been used more than once in a place statement.

process 'name' unplaced

Named process has not been placed.

process type 'name' multiply USEd

Named process type has been used more than once in a use statement.

processes 'name' and 'name' placed on different processors

The named processes, which are connected by channels, have been
placed onto different processors and there is no link connection is available
between the processors for placing the channels.
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processor 'name' unconnected and placed

The named processor has not been connected to the hardware network
and has been placed with one or more processes.

reference to undefined symbol 'name'

Named symbol has been referenced but had not been defined at the point
of reference.

root processor 'name' undefined

When configuring to boot from ROM, the named processor (specified using
the P option) has not been defined in the configuration source.

subscript out of range for 'name', value

Named symbol has been accessed with the subscript operator and the
subscript value used is outside the valid range of the dimension being sub­
scripted. value is the dimension number that was subscripted.

subscript out of range for constant, value

A constant value has been accessed with the subscript operator and the
subscript value used is outside the valid range of the dimension being sub­
scripted. value is the dimension number that was subscripted.

symbol 'name' multiply defined in symbol table

Named symbol has been multiply defined in the configuration source.

unalligned address for attribute 'name'

The named attribute, which is a sub-attribute of the location attribute for
a process, has been assigned an address which is not word aligned. value
is the unaligned address.

uninitialised symbol 'name' in expression

Named symbol, which is ofarithmetic type, has been used in an expression
and has not been assigned any value.

unterminated character constant

A character constant has been specified where a closing quote has not
been found before the end of the line.

unterminated comment statement

A comment has been started and has not been terminated before the end
of the file.
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unterminated string constant

A string constant has been specified where a closing double quote has not
been found before the end of the line.

unused connector 'name' in placement

Named connector has not been used in a connect statement and has
been used in a place statement.

value for attribute 'name' out of range

Named attribute has been assigned a value that is not in the valid range
for the attribute.

zero length character constant

A zero length character constant has been specified.

string for process 'name' exceeds maximum memory address

The named segment of the named process has been specified an address
which results in the segment exceeding the maximum memory address of
the processor that the process has been placed on. string is the memory
segment name which can be code, heap, stack, static or vector.

string for process 'name' overlaps unusable memory

The named segment of the named process has been specified an address
which results in the segment overlapping the unusable memory region of
the processor that the process has been placed on. string is the memory
segment name which can be code, heap, stack, static or vector.

2.4.4 Serious messages

The following diagnostic messages are generated at severity level Serious.

ROM memory size required when booting from ROM

The RA or RO command line options have been specified and the RS option
has been omitted.

TCOFF descriptor, illegal dimension size, value
TCOFF descriptor, illegal type for name, type
TCOFF descriptor, missing (, found char
TCOFF descriptor, missing ), found char
TCOFF descriptor, missing :, found char
TCOFF descriptor, missing? or !, found char
TCOFF descriptor, missing ], found char
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TCOFF descriptor, missing OCCAM PROC keyword
TCOFF descriptor, missing OCCAM identifier
TCOFF descriptor, missing OF for CHAN or PORT parameter
TCOFF descriptor, overflow in dimension size
TCOFF descriptor, undefined channel parameter
TCOFF descriptor, unknown OCCAM parameter type
TCOFF descriptor, unknown OCCAM process type
TCOFF format, expected INDEX-ENTRY command (value)
TCOFF format, expected LIB-INDEX-START command (value)
TCOFF format, expected LINKED-UNIT command (value)
TCOFF format, expected START-MODULE command (value)
TCOFF format, invalid ADJUST-POINT adjust size (value)
TCOFF format, invalid ADJUST-POINT value type (value)
TCOFF format, invalid DEFINE-MAIN symbol reference (value)
TCOFF format, invalid DEFINE-MAIN/DESCRIPTOR definitions
TCOFF format, invalid DEFINE·SYMBOL symbol reference (value)
TCOFF format, invalid DEFINE·SYMBOL value type (value)
TCOFF format, invalid DESCRIPTOR language type (value)
TCOFF format, invalid DESCRIPTOR scalar size (value)
TCOFF format, invalid DESCRIPTOR string size (value)
TCOFF format, invalid DESCRIPTOR symbol reference (value)
TCOFF format, invalid DESCRIPTOR vector size (value)
TCOFF format, invalid INDEX·ENTRY attributes (value, value)
TCOFF format, invalid INDEX·ENTRY language type (value)
TCOFF format, invalid INDEX·ENTRY string size (value)
TCOFF format, invalid LOAD-TEXT text size (value)
TCOFF format, invalid ORIGIN SYMBOL format ('string')
TCOFF format, invalid SET-LOAD·POINT symbol reference (value)
TCOFF format, invalid START·MODULE attributes (value, value)
TCOFF format, invalid START·MODULE language type (value)
TCOFF format, invalid SYMBOL string size (value)
TCOFF format, invalid code entry offset (value)
TCOFF format, invalid/undefined DEFINE·MAIN definition
TCOFF format, multiple DEFINE-MAIN commands
TCOFF format, multiple DESCRIPTOR commands
TCOFF format, multiple LOAD·TEXT commands
TCOFF format, multiple ORIGIN SYMBOL commands
TCOFF format, multiple VIRTUAL SECTION commands
TCOFF format, unexpected ADJUST-POINT command
TCOFF format, unexpected command (value)

An error has been detected in an object file specified by a use statement
or a library file containing the system processes.

TCOFF format, expected INDEX·ENTRY command (value)

A module in a library file containing the system processes has been
requested and does not exist.
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advanced and interactive/postmortem debugging are incompatible

The GA option and the G or GP options have been specified together.

77

advanced debugging and profiling are incompatible

The GA option and the PRE or PRU options have been specified together.

advanced debugging requires software through routing

The GA option and the NV option have been specified together.

booting from ROM and advanced/interactive debugging are incompatible

The Gor GA options and the RA or RO options have been specified together.

booting from ROM and profiling are incompatible

The PRE or PRU options and the RA or RO options have been specified
together.

execution and utilisation profiling are incompatible

The PRE option and the PRU option have been specified together.

illegal ROM memory size, value

Value specified for the RS option is not greater than zero. value is the illegal
memory size.

illegal format ROM memory size, string

An illegal format memory size value has been specified for the RS option.
string is the illegal format memory size.

illegal record length (value)

A record length has been input from a file which exceeds the maximum
string length for a file. value is the illegal record length found.

illegal string length (value)

A string length has been input from a file which exceeds the maximum
record length for a file. value is the illegal string length found.

interactive and postmortem debugging are incompatible

The G option and the GP option have been specified together.
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internal token buffer overflow, value

An internal buffer used for storing a source line has overflowed. value is the
size of the internal buffer in bytes.

multiple ROM memory sizes, string

The RS option has been specified more than once. string is the latest value
for the RS option.

multiple input file names, string

The input file name has been specified more than once. string is the latest
input file name.

multiple output file names, string

The 0 option has been specified more than once. string is the latest value
for the 0 option.

multiple processor names, string

The P option has been specified more than once. string is the latest value
for the P option.

processor name required when booting from ROM

The RA orRO options have been used and no P option has been specified.

running from ROM and post mortem debugging are incompatible

The RO option and the GP option have been specified together.

too many errors occurring, value

Number of errors exceeds maximum number allowed. value is the maxi­
mum number of errors allowed.

unable to allocate memory

Amount of memory available to the configurer is insufficient for configuring
the configuration source.

unable to close 'string' (value)
unable to close (value)
unable to open 'string' (value)
unable to open (value)
unable to read (value)
unable to seek (value)
unable to tell (value)
unable to write (value)
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These messages are generated as a result ofan error occurring in the host
file system. value is the error failure code.

unexpected command line token, string

An argument has been specified on the command line to the configurerthat
is not recognized as a valid option string.

unexpected end of input

The end of the file has been found unexpectedly in an object file.

2.4.5 Fatal errors

Any fatal errors which occur should be reported to your 10callNMOS distributor or
field applications engineer.

The following errors are generated at severity Fatal:

did not find all processors in BuildDataStructs{)
did not find all processors in FilllnKernelTable{)
did not find all processors in PlaceDebugKernels{)

An internal error has occurred in the configurer. The configurer has found
an internal inconsistency while virtual routing.

problem in allocation routines

An internal error has occurred in the configurer. The configurer has incor­
rectly attempted to allocate memory from the heap.

problem in deallocation routines

An internal error has occurred in the configurer. The configurer has incor­
rectly attempted to return memory to the heap.

unable to support advanced debugger, no host edge
unable to support interactive debugger, no host edge

An internal error has occurred in the configurer.
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3 icollect - code
collector

This chapter describes the code collector tool icollect which generates an
executable file for a single or multitransputer program from a configuration data
file, or for a single transputer program directly from a linked unit. The tool is also
used to create files for input to the EPROM programmer tool ieprom, and to create
files that can be dynamically loaded by a user program.

3.1 Introduction

icollect generates bootable files for transputer programs, and other execut­
able files in special formats.

Bootable files are transputer executable files that can be directly loaded onto the
transputer hardware down a transputer link. The bootable file contains all the
information for loading and running the program on a specific network of proces­
sors, including data that controls the distribution of code on the network, and self­
booting code for each processor. Bootable programs are therefore self-distributing
and self-starting when they are sent down a transputer link.

Recommended program development for single and multitransputer programs is
to create a configuration data file (Le. binary file) and to use this as input to the col­
lector. The configuration data file describes the placement of processes and chan­
nels 'on the processor network in a special format which can be read by the collec­
tor. They are created from configuration descriptions by the configurer.

Single transputer programs can by-pass the configuration stage and use a single
linked unit as input. The collector then adds bootstrap and system code for a single
processor. Unconfigured programs can only run on a single transputer.

icollect can be directed to generate output files in a special format for proces­
sing by the ieprom tool, and executable code with no bootstrap or system process
information, intended for dynamic loading by a supervisory program.

The command line default is to assume input from a configuration binary file. Spe­
cial format outputs are selected by specifying command line options.

The main inputs and outputs of the collector tool for bootable programs are shown
below.
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Unconfigured program (using IT' option):

icollect

Configured processor program:

icollect

3.2 Running the code collector

3.2 Running the code collector

The code collector is invoked using the following command line:

~ icollect filename {options}

where: filename is a configuration data file created by a configurer or a single
linked unit created by ilink. Only one filename may be given on the com­
mand line.

options is a list of the options given in Table 3.1.

Options must be preceded by 1_' for UNIX-based toolsets and I I' for
MS-DOS and VMS based toolsets.

Options may be entered in upper or lowercase 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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Option Description
B filename Uses a user-defined bootstrap loader program in place of the

standard bootstrap. The program is specified by filename and
must conform to the rules described in appendix F.

This option can only be used with the 'T' option (unconfigured
mode) and cannot be used with the 'RA' and 'RQ' options.

BM Instructs the tool to use a different bootstrapping scheme,
which uses the bottom of memory, see section 3.8.

This option is only valid for configured programs Le. when the
'T' option is not used.

c filename Specifies a name for the debug data file. A filename must be
supplied and is used as given.

This option can only be used with the 'T' option (unconfigured
mode) and cannot be used with the 'D' or 'K' options.

CM Instructs the collector to add a bootstrap which will clear
memory during the booting and loading of the transputer net-
work. Intended for use with parity-checked memory (see sec-
tion 3.4).

D Disables the generation of the debug data file for single trans-
puter programs. This option can only be used with the 'T' option
(unconfigured mode).

E Changes the setting of the transputer Halt On Error flag. HALT
mode programs are converted so that they not stop when the
error flag is set, and non HALT mode programs to stop when
the error flag is set.

This option can only be used with the 'T' option (unconfigured
mode).

I Displays progress information as the collector runs.

K Creates a single transputer file with no bootstrap code. If no file
is specified the output file is named after the input filename and
given the. rsc extension.

This option can only be used with the 'T' option (unconfigured
mode).

M memorysize Specifies the memory size available (in bytes) on the root pro-
cessor for single transputer programs. memorysize is specified
in bytes and may be given in decimal format (optionally fol-
lowed by 'K' or 'N' to indicate Kilobytes or Megabytes respec-
tively), or it may be specified in hexadecimal using the 'i' or '$'
prefixes.

This option can only be used with the 'T' option (unconfigured
mode) and results in a smaller amount of code being produced
(see section 3.3).
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Option Description
o filename Specifies the output file. A filename must be supplied and is

used as given. (See section 3.2.4).
p filename Specifies a name for the memory map file. A filename must be

supplied and is used as given. The file extension .map should
be used when the file is to be used as input to imap, see chapter
12.

RA Creates a file for processing by ieprom into a boot from ROM
file to run in RAM. If no output file is specified the filename is
taken from the input file and given the .btr extension.

This option is only necessary when using the 'T' option (uncon-
figured mode) to create a ROM code file.

RO Creates a file for processing by ieprom into a boot from ROM
file to run in ROM. If no output file is specified the filename is
taken from the input file and. given the .btr extension.

This option is only necessary when using the 'T' option (uncon-
figured mode) to create a ROM code file.

RS romsize Specifies the size of ROM on the root processor in bytes. Only
valid when used with the 'RA' or 'RO' options.

romsize is specified in bytes and may be given in decimal for-
mat (optionally followed by 'K' or 'M' to indicate Kilobytes or
Megabytes respectively), or it may be specified in hexadecimal
using the 'If or '$' prefixes.

This option is only necessary when using the 'T' option (uncon-
figured mode) to create a ROM code file.

S stacksize Specifies the extra runtime stack size in words for single trans-
puter programs.

stacksize is specified in words and may be given in decimal for-
mat (optionally followed by 'K' or 'M' to indicate Kilowords or
Megawords respectively), orit may be specified in hexadecimal
using the 'I' or '$' prefixes.

This option can only be used with the 'T' option.

T Creates a bootable file for a single transputer. The input file
specified on the command line must be a linked unit. This
option can not be used for programs linked with the reduced
runtime library.

y Disables interactive debugging with idebug and reduces the
amount of memory used. (See section 3.10).

This option can only be used with the 'T' option (unconfigured
mode).

Table 3.1 icollect command line options
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3.2.1 Examples of use

Example A (unconfigured program mode):

UNIX based toolsets:

ice hello
i1ink hello.tco -f cnonconf./nk
icollect hello.lku -t
iserver -sb hello.btl-se

Example B (configured program mode):

UNIX based toolsets:

ice hello
ilink hello.tco -f cstarlup.lnk
icconf hello. cfs
icollect hello.cfb
iserver -sb hello.btl-se

85

MS-DOSNMS based toolsets:

ice hello
i1ink hello.tco If cnonconf./nk
icollect hello.lku It
iserver /sb hello.btl /se

MS-DOSNMS based toolsets:

ice hello
i1ink hello.tco If cstartup./nk
icconf hello. cfs
icollect hello.cfb
iserver /sb hello.bt/ /se

Note: single transputer programs linked with the reduced runtime libraries cannot
be linked and collected with the 'T' option, they must be configured.

3.2.2 Default command line

Commonly used command line parameters can can be defined for the tool using
the ICOLLECTARG environment variable. Parameters specified in this way are
automatically added to the command line when the tool is run.

Parameters in ICOLLECTARG must be specified using the syntax required by the'
command line.

3.2.3 Input files

The input file to icollect is either a configuration data file generated by a confi­
gurer, or a linked unit generated by ilink. By default the collector assumes a con­
figuration data file; for single transputer programs the input file may be a linked unit,
in this case the 'T' option must be given.

Input files of an incorrect format generate an error message and no output is pro­
duced.

3.2.4 Output files

The output produced by the tool depends the type of file input to the collector and
the collector options used. Provided the user does not specify an output file using
the '0' option, files will be produced with the extensions indicated below:
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Single processor non-configured case (T option)

The default output file is a binary file that can be loaded directly onto the transputer
hardware down a transputer link. This type of file is known as a boot from link pro­
gram. Boot from ROM programs and dynamically loadable code must be specified
as output using the appropriate command line options.

If no filename is specified the output file is named after the input file and given a
.btl extension. If an output filename is specified the file is given the specified
name.

Files created using the 'RA', 'RO', and 'K' options, and where no output filename is
specified,are given special extensions to indicate the file type. File extensions
used for each of the file types are listed below.

Option File type Extension given
specified

RA RAM executable file .btr
RO ROM executable file .btr
K Dynamically loadable file .rse

Configured programs

When the program has been configured, the collector will output a file with the
.btl extension if the program was configured to boot from link; the default case.
If the program was configured to boot from ROM then the collector will generate
a .btr file.

Memory map files

A memory map file may be generated, in addition to the normal output, by specify­
ing the 'p' option. The format of these files is described in section 3.9.

Debug data file

For unconfigured transputer programs only, the collector automatically generates
a configuration binary file for use by the debugger. By default the filename stem
is taken from the output file and the extension' . efb' is added. If the 'c' option is
specified then the filename given is used, as supplied. Generation of the debug
data file can be disabled with the 'D' option.

3.3 Memory allocation for unconfigured programs

The memory allocation outlined in this section applies only to single processor pro­
grams collected with the 'T' option and without the 'K' option. For configured pro­
grams the layout of code and data in memory is determined by the configurer. For
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programs generated with the 'T' option the layout is determined by the collector.
The details of memory use depend on the language used and the options to icol­
lect, this is described below.

Memory which is not reserved by the system for program code and data (known
as free memory) can be made available to a user application. For C programs this
is used for the heap and, optionally, the stack. In the case of a single occam pro­
gram the free memory passed as an array.

To calculate the actual memory available, the loader program in the bootable file
first reads the total memory size from the host environment variable IBOARDSIZE.
This communication with the host is performed after the program has been loaded
onto the transputer board but before the program is started. The size of the free
memory is given by IBOARDSIZE minus the combined program code and data
space required.

The process code which reads IBOARDSIZE requires approximately 3.5 Kbytes
of memory. This process is executed and terminated before the user program
runs, and the segment of free memory that the process uses is then returned to
the user program. Therefore when the user program executes it will not know
whether the process was present or not.

When the 'M' option is used to specify the memory size, IBOARDSIZE is not read
and therefore the total amount of memory required when loading the program will
be approximately 3.5 Kbytes less.

A memory map file may be obtained by specifying the 'p' command line option. The
content of memory map files is described in section 3.9.

3.3.1 C and FORTRAN programs

For C programs the bootstrap loader must allocate memory for static data, stack
and heap areas. FORTRAN programs have similar requirements and are handled
in the same way.

When the collector'S' option is specified the program's stack is placed at the bot­
tom of memory. When the's' option is not specified a stack area is allocated by
the runtime system, typically at the top of free memory.

Areas for static data and heap are always allocated by the language's runtime sys­
tem at the bottom of free memory. The heap area grows upwards, towards the top
of memory, and the stack grows downwards.

Figure 3.1 shows the memory map layouts for programs with and without the stack
requirement specified by the user.

The value of LoadStart is described in section 3.9.
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Without using's'
option

1
Stack ~

Heap t
Static

Code

Top of
memory

ree memory

Bottom of
user memory
(LoadStart)

Using's' option to
specify stack size

1
Heap t F

Static
1

Code

Stack ~

Figure 3.1 Memory maps for C and FORTRAN

3.3.2 occam programs

Free memory

Vector space
(if used)

Code

Workspace

stack.buffer
(if used)

Top of memory

Bottom of user
memory (LoadStart)

Figure 3.2 Memory map for occam program

An occam program requires space to be allocated for code, workspace and, poss­
ibly, vector space. Programs can also be passed one or two arrays as parameters;
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one (always available) provides access to the free memory. The other is optional
but, if used, it is placed at the bottom of the memory map to provide access to the
transputer's fast internal RAM. This array is known as the stack.buffer. The
default bootstrap loader attempts to optimize placement of the program's, and its
own, code and workspace. If present, the stack .buffer array is placed at the
bottom of memory (at LoadStart). This is followed in order by the workspace,
code, vector space (if used) and free memory.

Figure 3.2 shows the memory map of the loaded occam code as created by the
default bootstrap loader.

3.3.3 Memory initialization errors

While the loader is executing the memory initialization process, described above,
warning messages may be obtained which have the following format:

Warning-SystemA- message

where: message can be one of the following:

IBOARDSIZE, unable to read

IBOARDSIZE environment variable is not defined correctly.

number, illegal format number

The value specified for IBOARDSIZE is in the wrong format.

illegal 16 bit memory size, set to zero

The value of IBOARDSIZE is greater than 64Kwhen a 16 bit processor
is being used. The memory size has therefore been set to zero.

negative memory size, set to zero

A negative value was specified for IBOARDSIZE, which has been set
to zero.

unable to reset free memory

The loader cannot return the memory it has used to the user.

All the above errors are generated by the system process at runtime.

3.3.4 Small values of IBOARDSIZE

When the IT' option is used, very small values of IBOARDSIZE (including zero) are
detected at runtime and prevent the program from being run. (This can also hap­
pen when IBOARDSIZE has been incorrectly specified, because icollect
assumes a default value of zero.) Small values of IBOARDSIZE cause the collector
to generate a warning message but do not prevent the generation of a bootable
file.
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IBOARDSIZE must be ~ to the total memory requirements of the user program
being executed.

3.4 Parity-checked memory

If any processors in the network use parity-checking on external memory (typically
using the T426) then it is essential that that memory is initialized (written to) before
it is read. Reading from an uninitialized location is likely to cause a parity error.
Internal memory is not parity-checked, so a bootstrap program can always get
started, but the initialization must be done before any program using external
memory is run. Therefore the initialization of memory must be done during the
booting and loading of the processors.

There is an option to the collector, 'CM', which instructs the collector to use a boot­
strap that clears memory on each transputer before the application code is
executed. This must always be used when collecting programs for a network that
contains one or more T426s. When selected, the 'CM' option applies to all proces­
sors in the network, not just to T426s.

In order to clear the memory on a processor, it is necessary for the bootstrapping
sequence to know the size of the memory. There are four cases to consider:

A configured program.

Here the memory size is known at configuration time, and is specified by
the user in the configuration source file. The bootstrapping sequence pro­
duced by the collector will clear the amount of memory specified (in the
configuration source file) before booting the application.

2 A collected program with fixed memory size.

The collector may be used, with the 'T' option, to produce a bootable file
from a single linked unit. The amount of memory on the processor may be
specified with the 'M' option. In this case the bootstrapping sequence will
clear the amount of memory specified (with the ')I' option) before booting
the application.

3 A collected program with variable memory size, booted from link.

If the collector is run with the 'T' option, but without the 'M' option, the
memory size is known only at runtime. The memory size is found out at run­
time using the environment variable IBOARDSIZE. In this case the boot­
strapping sequence will clear memory up to the minimum required to boot
the program. After booting, the value of IBOARDSIZE will be read and the
remaining memory will be cleared.

4 A collected program with variable memory size, booted from ROM.

If the collector is run with the 'T' option, but without the 'M' option, and the
program is booted from ROM, then the memory size is not known at all. In
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this case the bootstrapping sequence will clear enough memory for the
minimal requirements of the application. It is then the user program's
responsibility to clear any additional memory required.

Initialization of memory is carried out regardless of the processor type; memory
is initialized even if the processor is not a T426. So if the 'CM' option is selected
every processor's memory in the network will be initialized (including 16-bit trans­
puters).ln the case of the T426, the bootstrap code also clears the parity registers
by reading them before the program starts.

3.5 Non-bootable files created with the K option

Files created with the 'K' option are non-bootable files which can be dynamically
loaded or manipulated by a program at runtime. Non-bootable files cannot be
loaded and run on transputer hardware in the normal way.

3.5.1 File format

Non-bootable files consist of program code preceded by a specific sequence of
data words which provide runtime information. The sequence of data words and
code blocks is summarized in table 3.2. Descriptions of the more important data
items are given in table 3.3.

Data Number of bytes occupied Unit

Interface descriptor size Four bytes

Interface descriptor Set by above -

Compiler id size Four bytes

Compiler id Set by above -
Target processor type Four -

Version number Four -
Program scalar workspace requirement Four words

Program vector workspace requirement Four words

Static size Four words

Program entry point offset Four bytes

Program code size Four bytes

Program code block Set by above -

Table 3.2 Sequence of code segments in non-bootable files
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Target

Version

Scalar workspace

Vector workspace

Static size

Entry point offset

Code size

Code

3.6 Boot-from-ROM output files

A value indicating the processor type or transputer
class for which the program was compiled. Set by
compiler options or by default. Possible values and
their meaning are:
Value Applies to:
2 T212, T222, T225,M212
4 T414
8 T800, T801, T805
9 T425, T400, T426
10 TA
11 TB

The format version number of the file. This can be
either 10 or 11 in TCOFF files. For C and FORTRAN
programs this value is 11, which indicates that the
'Static size' parameter (below) is present. For occam
programs the value is 10, indicating no static data; the
parameter list will also not be present.

Specifies the size of the workspace required for the
linked program's runtime stack.

Specifies the size of the workspace required for the
linked program's vector (array) data.

Specifies the size of the static area (only present if the
file format version number is 11).

Indicates the offset in bytes of the program entry point
from the base of the code block.

Indicates the size of the program code in bytes.

The program code.

Table 3.3 Details of code segments in non-bootable files

3.6 Boot-from-ROM output files

Boot-from-ROM output files are either generated by using the collector options
'RA' or 'RO' for unconfigured programs or by configuring a program to boot from
ROM, prior to collecting. (The configurer also has 'RA' and 'RO' command line
options).

The boot-from-ROM files contain code that can be loaded into EPROM using the
ieprom tool. The code may be run on the root transputer ofa network; processors
on the network connected to the root transputer are booted from the root trans­
puter links.

'RA' generates code which is executed from RAM.The code is copied from ROM
into RAM at runtime. 'RO' generates code which is directly executed from ROM.

RAM executable code can be used for applications which are to be executed from
fast RAM, and for code which may be user-modified. ROM executable code
requires no external RAM and can be used to create a truly embedded system.
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3.7 Alternative bootstrap loaders for unconfigured programs

If not otherwise specified, icollect uses the standard INMOS primary bootstrap
loading sequence. The correct code for the application program is chosen auto­
matically from a library of bootstraps compiled for different transputer types and
error modes.

The collector can be directed to use other bootstrap loader programs defining dif­
ferent loading sequences by specifying the 'B' option. This option directs the col­
lector to append a user-defined loader program in place of the standard bootstrap
code.

User-defined bootstraps must comply with the format used by the standard INMOS
loader. The source of the standard INMOS Network Loader is supplied with the
toolset. The source is fully commented and can be used as a template to design
and code your own loading sequence.

3.8 Alternative bootstrap schemes

When building for a configured network, the collector uses a bootstrapping
scheme which makes use of the top two hundred bytes of memory. This memory
is required to load the last few bytes of application code prior to its execution. The
memory region becomes available to the user once their application is running.

This scheme does not remove memory from the user's environment on a perma­
nent basis and it facilitates the absolute placement of code and data by the user.
See the Too/set User Guide for details.

The user can tell the collector to use a different booting scheme by using the option
'BM'. In this case the booting scheme permanently removes a section of memory
from the user's environment and moves the value of LoadStart accordingly. This
section of memory is never made available to the user. This booting scheme does
not support the absolute placement of code and data by the user.

The booting scheme invoked by the 'BM' option, is used by default for unconfigured
programs Le. those collected using the 'T' option.

3.9 The memory map file

A memory map file may be obtained by specifying the lp' command line option,
followed by a filename. Such files contain the memory layout for each processor
in the network.

The file layout takes the form of a list of code and data to be placed on respective
processors. The right hand side of the file gives the start and end address followed
by the size of each block.

The memory map file contains the following information:
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• icollect version data

3.9 The memory map file

• For each processor· the following details are given:

o Processor type

o Error mode (HALT or STOP)

o LoadStart (lowest user memory address)

o For each process on this processor the following is listed:

o Code, name offile, offset from start (decimal), start address and
end address (hex), size (decimal), entry address (if any, in Hex)

o Workspace, start and end address (hex), size (decimal)

o Any other data requirements

• Boot path for the network - only present if program is configured

• Connectivity of the network - only present if program is configured

The absolute addresses are calculated using LoadStart, which is the base of user
memory. This varies for different processor types Le. the value of LoadStart for
a T4 processor is different to that for a T8.

If the 'BM' option is used the memory from MemStart to LoadStart is used by the
low level bootstraps and their workspace.

When the 'BM' option is not used the value of LoadStart is determined by the con­
figuration, see the reference chapter for the configurer, for further details.

The addresses allocated to various data items reflect the command line options
specified to the collector. Details of the memory map files for the following types
of files are given below:

• Unconfigured (single processor), boot from link programs targetted at a
specific processor type.

• Unconfigured (single processor), boot from link programs targetted at a
processor class.

• Configured, boot from link programs.

• Boot from ROM (single and configured)

3.9.1 Unconfigured (single processor), boot from link

Program targetted at transputer type

The first memory map described in this section is for a program which is to be
booted for a specific processor type.
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The example shown in Figure 3.3 was produced by the following command line:

icollect -t hello.lku -s 400 -p hello.map(UNIX)

icollect It hello .lku /p / s 400 hello. map (MS-DOSNMS)

where: hello .lku was produced by compiling and linking the example program
hello. c for aT425 in the default halt-on-error mode. The compiled object
file was linked with the Clinker indirect file cnonconf. Ink because the
example is for an unconfigured program.

hello ".map lists code and data segments to be placed on each processor (one
in this case). For each process the workspace and vector space requirements are
given together with the entry point of the process. Notice that the first three pro­
cesses listed are non-user processes; this will always be the case for this type of
program.

icollect : INMOS toolset collector
Sun Version 3.0.14

Memory map for processor 0 T425
Load Start is 80000168, HALT ON ERROR, Minimum memory size is 21056

LOW priority INITSYSTEM process 'Init.system'
Code from 'sysproc.lib', file offset 9438

#800001F8 #80000418 544
Entry address #800001F9

Invocation stack #800001D8 #800001FO 24
Workspace #80000168 #800001D8 112

LOW priority SYSTEM process 'System.process.a'
Code from ~sysproc.lib', file offset 27180

#80004670 #80005040 2512
Entry address #80004671

Invocation stack #80004654 #80004668 20
Workspace #8000443C #80004654 536
Vectorspace #80005040 #80005240 512

HIGH priority SYSTEM process 'System.process.b'
Code from 'sysproc.lib', file offset 45498

#8000044C #800004A8 92
Entry address #8000044C

Invocation stack #80000430 #80000444 20
Workspace #80000418 #80000430 24

LOW priority USER process
Code from 'hello.lku', file offset 2

#80000888 #8000427C 14836
Entry address #800008B3

Invocation stack #8000086C . #80000880 20
Workspace #800007A8 #8000086C 196
Extra stack #80000168 #800007A8 1600
Static #8000443C #8000466A 558

Parameter data #8000427C #8000443C 448

Figure 3.3 Memory map file for a single T425 processor program
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Program targetted at transputer class

The second memory map described in this section is for a program which is to be
booted for processor classes TA or TB.

The example shown in Figure 3.4 was produced by the following command line:

icollect -t hello.lku -p hello.map

icollect It hello.lku /p hello.map

(UNIX)

(MS-DOSNMS)

where: hello .lku was produced by compiling and linking the example program
hello. c for class TA in the default halt-on-error mode. The compiled
object file was linked with the Clinker indirect file cnonconf . Ink because
the example is for an unconfigured program.

icollect : INMOS toolset collector
Sun Version 3.0.14

Memory map for processor 0 TA
Load Start is UNKNOWN, HALT ON ERROR, Minimum memory size is 20180

LOW priority INITSYSTEM process , Init.system'
Code from 'sysproc.lib', file offset 10420

13048 13F68 544
Entry address 13049

Invocation stack 13028 13040 24
Workspace 13CB8 13028 112

LOW priority SYSTEM process 'System.process.a'
Code from 'sysproc.lib', file offset 30561

1419C 14B6C 2512
Entry address 14190

Invocation stack 14180 14194 20
Workspace 13F68 14180 536
Vectorspace 14B6C f406C 512

HIGH priority SYSTEM process 'System.process.b'
Code from 'sysproc.lib', file offset 45888

134 190 92
Entry address 134

Invocation stack 118 12C 20
Workspace to 118 24

LOW priority USER process
Code from 'hello.lku', file offset 2

lED 13AF8 14872
Entry address 110B

Invocation stack IC4 108 20
Workspace 10 IC4 196
Static 13F68 14196 558

Parameter data 13AF8 13CB8 448

Figure 3.4 Memory map file for a single TA processor program

The memory layout is the same as for the previous example except that no space
is allocated for the extra stack (because extra stack was not requested on the com­
mand line). LoadStart, from which the start and end addresses are calculated, can
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only be calculated at runtime. This is because the value of MemStart cannot be
determined at collect time. The numbers given, in place of absolute addresses are
offsets from LoadStart.

3.9.2 Configured program boot from link

icollect : INMOS toolset collector
Sun Version 3.0.14

Memory map for 'Single' processor 0 T425
Load Start is SOOOOOAO, HALT ON ERROR, Minimum memory size is 73236

HIGH priority INITSYSTEM process 'Init.system.simple'
Code from 'sysproc.lib', file offset 13366

#SOOOOOE4 #S000015S 116
Entry address #SOOOOOE4

Invocation stack #SOOOOOCO #SOOOOOE4 36
Workspace #SOOOOOAO #SOOOOOCO 32

HIGH priority OVERLAYED SYSTEM process 'System.process.b'
Code from 'sysproc.lib', file offset 4471S

#SOOOOlS4 #SOOOOlEO 92
Entry address #SOOOOlS4

Invocation stack #S0000170 #80000184 20
Workspace #S000015S #S0000170 24

LOW priority USER process 'Simple'
Code from 'hello.lku', file offset 2

Entry address
Invocation stack
Workspace
Static
Heap

Parameter data

#SOOOl17S #SOO04B6C 14S36
#800011A3
#SOOOl164 #8000117S 20
#800000AO #80001164 4292
#SOO04B6C #80005424 2232
#80005424 #SOOllC24 51200

#SOOllC24 #SOOllD50 300

Boot path for network

Boot processor 0 down link 0 from HOST

Connectivity for network

Connect HOST to processor 0 link 0

Figure 3.5 Memory map file for a configured T425 processor program

The example shown in Figure 3.5 was produced by the following command line:

icollect hello.cfb -p hello.map

icollect hello.cfb /p hello.map

(UNIX)

(MS-DOSNMS)

where: hello. cfb is the configuration binary file produced by the configurer for
the single processor 'Hello World' example program introduced in chapter
4 of the ANS/ C Too/set User Guide.
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The Memory map for the configured program is similar to that produced for uncon­
figured transputer programs except that it has two additional configuration sec­
tions at the end of the file. The Boot path for the network lists processors in the
order in which they are to be booted. The Connectivity for network lists the linkcon­
nections between the processors.

3.9.3 Boot from ROM programs

There are four cases for this type of program:

• Unconfigured (single processor), boot from ROM, run in RAM

• Unconfigured (single processor), boot from ROM, run in ROM

• Configured program, boot from ROM, run in RAM

• Configured program, boot from ROM, run in ROM

The memory maps for each of these are summarized below.

Unconfigured (single processor), boot from ROM, run in RAM

The memory map for this case will have the same layout as the single processor
boot from link programs.

Unconfigured (single processor), boot from ROM, run in ROM

It is not known at collect time where in memory th.e ROM is to be placed. Therefore,
the start and end addresses of the code segments are given as offsets from the
start of ROM, and are annotated as such. Items such as workspace will have abso­
lute addresses allocated, if the program is targetted at a specific processor type.

Note: for C programs the runtime startup system would require modification first,
in order to provide the system with details of heap and stack etc.

Configured program, boot from ROM, run in RAM

The layout of the memory map for this case will be the same as that for the boot
from linkconfigured program. This is because everything (code and data) is copied
into RAM.

Configured program, boot from ROM, run in ROM

For this case the root processorwill be shown in the same format as the single pro­
cessor case, run in ROM; some memory locations being expressed as offsets from
the beginning of ROM.

The other processors in the network will appear as in the boot from link case.
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The example shown in Figure 3.6 was produced by the following command line:

icollect hello.cfb -p hello.map

icollect hello.cfb /p hello.map

(UNIX)

(MS-DOSNMS)

where: hello. cfb is the configuration binary file produced by the configurer, for
the single processor 'Hello World' example program introduced in chapter
4 of the ANS/ C Too/set User Guide. The configurer 'RO', 'RS' and 'p' options
were used to create a. boot from ROM input file for the collector.

icollect : INMOS toolset collector
Sun Version 3.0.14

Memory map for 'Single' processor 0 (Booting and running in ROM) T425
Load Start is 800000AO, HALT ON ERROR, Minimum memory size is 58204

36
32

156f3B6Ff3AD3
f3AD6

f800000CO f800000E4
f800000AO f800000CO

HIGH priority INITSYSTEM process , Rom. init. system. simple'
Code from 'sysproc.lib', file offset 16750

ROM OFFSET
ROM entry offset

Invocation stack
Workspace

92

20
24

f3BCBf3B6F
f3B6F

f800000FC f80000110
f800000E4 f800000FC
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Figure 3.6 Memory map for program configured to boot from and run in ROM

3.10 Disabling interactive debugging - 'Y' option

The 'y' collector option has two effects on the program being built:
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• It disables interactive (breakpoint) debugging of the program

• It reduces the amount of memory used.

For programs compiled and linked for a specific transputer type, this option will
cause icollect to produce a program that uses less memory. However, pro­
grams compiled and linked for transputer classes 'TA' or 'TB' will not build when
this option is used. This option is only valid for programs collected with the T option.

3.11 Error messages

This section lists error messages generated by icollect. The messages are
listed in alphabetical order under the appropriate severity classification. In all
cases the introductory string (severity, and filename if appropriate) is omitted.

icollect generates errors of severities Warning and Serious. Serious errors
cause the tool to terminate without producing any output.

3.11 ~1 Warnings

The following messages are prefixed with 'Warning-'. They are only generated
when the 'T' option is used (single processor mode).

Extra disable option on command line ignored

The program has been configured with interactive debugging disabled
and the 'y' option specified to the collector is therefore superfluous.

Flip error mode ignored with user bootstrap

The 'E' option is ignored when a user-defined bootstrap is specified
since the collector will only accept a single linked unit as a bootstrap.

Program configured with interactive debugging enabled, option
ignored

The program has been configured with interactive debugging enabled
and the 'y' option has been specified to the collector. The 'y' option is
ignored and the boot file is built.

strange board size for sixteen bit processor: Setting to zero

The memory size specified exceeds the addressing capacity of a 16 bit
processor (64 Kbytes). The collector uses a memory size ofzero for the
rest of the build.

3.11.2 Serious errors

The following errors are prefixed with 'Serious-'.
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Address space for target processor exhausted

The address space required by the program is greater than 64Kbytes,
the maximum addressable space on a 16-bit processor.

Bootstrap file already specified

More than one bootstrap file was specified. Only one file is allowed.

Bootstrap filename too long

The maximum length allowed for the bootstrap filename is 255 charac­
ters.

Bootstrap is greater than 255 byte in library file

The library bootstrap is too large. This should only occur if the library
file is invalid or corrupt.

Cannot have both rom types

'RA' and 'RQ' options are mutually exclusive and cannot both be speci­
fied on the same command line.

Cannot have configured and memory size

The memory size option is incompatible with building a bootable pro­
gram for a configuration binary file.

Cannot have configured and non bootable file

The collector cannot generate both a network loadable file and a non­
bootable file simultaneously for the same program.

Cannot have rom and non bootable file

The collector cannot generate both a ROM-Ioadable file and a non­
bootable file simultaneously for the same program.

Cannot open file filename

Host file system error. The file specified cannot be opened.

Cannot patch parameter data for processor class

The 'y' option has been specified with a linked unit for a processor class.
The collector cannot initialize some of the data without a linked unit for
a specific processor type.

Cannot use absolute placement and bottom of memory loader

The user has specified BM to the collector but is using absolute code and
data placement at configuration. This combination is not legal.

Command line parsing error at string

Unrecognized command line option.
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Debug file already specified

More than one debug was file specified. Specify one only.

Dynamic memory allocation failure

Memory allocation error. The collector cannot allocate the required
amount of memory for its internal data structures.

Error in writing to debug file

Host file system error. The debug file could not be written. This mes­
sage will only appear if the collector is invoked with the 'T' option
(unconfigured mode).

Expected end tag found not present in .cfb file

A specific end tag is missing in the configuration binary file. Either the
file is corrupted or the versions of icollect and configurer used are
incompatible.

Illegal tag found in .cfb file

Incorrect format configuration binary file, recognized as an illegal tag.
Either the file is corrupted or the versions of icollect and configurer
used are incompatible.

Illegal language type found in input file

Source language used to create the file is not supported by the collec­
tor. Less likely, but possible, is that the file was created using an incom­
patible (possibly earlier) version of a tool.

Illegal process type

Unrecognized process type. Either the file has been corrupted or the
versions of icollect and configurer used are incompatible.

Illegal processor type

Unrecognized processor type. Either the file has been corrupted or
icollect and the configurer are incompatible.

Illegal tag found in input file: filename

Incorrect format input file. The most likely reason for this error is that an
incorrect file 'has been specified. Other less likely but possible explana­
tions are that the file was created using an earlier or incompatible ver­
sion of one of the tools, or that the file has become corrupted.

Input file already specified

More than one input file specified on the command line.

Input file has not been linked filename

The collector accepts only linked files, either directly when using single
processor operation, or indirectly via entries in the configuration binary
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file. This message can be generated if the file was created using a pre­
vious version of a tool, or if the file is corrupt.

Input file is of incorrect type: filename

If the 'T' option is specified (single processor program) the input file
must be a single linked unit ( .lku type). If the 'T' option has not been
specified the input file must be a configuration binary file (. cfb type).

Input filename too long

The maximum length allowed for the input filename is 256 characters.

Linked unit file in cfb and linked unit in input file found do not match:
filename

The linked file specified in the configuration binary and the one found
the collector do not match.

Linked unit module not found in: filename

The required library module is missing or has been corrupted. This
message is generated when an incorrect version of the library is
installed.

Memory requirement for build is greater than specified, an extra <n>
bytes required at least

The amount of memory specified on a processor is not enough for the
program to execute. An extra <n> bytes are required at least.

Memory size already specified

Memory size must be specified once only.

Memory size string invalid

Memory size must be given in decimal or hex. Hex numbers must be
introduced by 'I' or '$'.

Memory size string too long

Specified memory size is too large.

More than one parameter statements

The collector expects only one parameter statement per processor.
Eitherthe file has been corrupted orthe versions of icollect and con­
figurer used are incompatible.

No debug and debug output file specified in command line

Options '0' (disable debug) and 'e' (debug filename) cannot be used
together.

No input file specified

One, and only one, input file must be specified on the command line.
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No parameter descriptor present in input file: filename

The formal parameter descriptor in the input file is not present. This
usually means that the process has not been linked with a main entry
routine. This message will only appear if the collector is invoked with the
'T' option (unconfigured mode).

Output file already specified

More than one output file was specified. Specify only one.

Output filename too long

The maximum length allowed for the output filename is 256 characters.

Parameter descriptor error in input file: filename

The formal parameter descriptor in the input file is not of the correct
form, indicating that the process interface is not one recognized by the
collector. This message will only appear if the collector is invoked with
the 'T' option (unconfigured mode).

Print map file already specified

More than one print map file was specified. Specify one only.

Program configured for boot from ROM command line is boot from link

The specified configuration binary file was created for either ROM or
RAM, and neither has been specified to icollect.

Program configured for running in RA mode command line is RO mode

Wrong mode specified, or incorrect option given to the configurer when
the specified configuration binary file was created. RA and Ra modes
are mutually exclusive.

Program configured for running in RO mode command line is RA mode

Wrong mode specified, or incorrect option given to the configurer when
the specified configuration binary file was created. RA and Ra modes
are mutually exclusive.

Require at least <ny> bytes at the top of memory for bootstrapping on
processor <n>

The bootstrapping sequence requires an extra <ny> bytes at the top of
memory. Once the bootstrapping has finished this memory is available
to the user.

Rom size already specified

ROM size must be specified once only.
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Rom size in input file and command line do not match

The ROM size specified on the command line does not match that spe­
cified to the configurer when the input file was created.

Rom size not specified

A ROM size must be specified because the input file is to be loaded into
ROM.

Rom size string invalid

ROM size must be given in decimal.

Rom size string too long

ROM size specified was too large.

Stack size already specified

Stack size must be specified once only.

Stack size string invalid

Stack size must be specified in decimal format.

Stack size string too long

Specified stack size was too large.

Strange function or attribute for linked unit in : filename

The collector has found an unfamiliar value in the input file. Either an
old version of a tool was used in the creation of the input file, orthe input
file has been corrupted.

System error

Host system error has occurred, probably when accessing a file. This
message may be generated when a file is read and -its contents seem
to have changed or the file does not exist.

Unexpected end of file: filename

One of the files specified in the configuration binary has ended prema­
turely. filename identifies the offending file. If the message 'Suspect cor­
rupted file' is substituted for filename then the file is corrupted.

User bootstrap not allowed when program is configured

User defined bootstrap loaders can only be used with single processor
programs.

User bootstrap not allowed with rom option

User defined bootstrap loaders cannot be used with ROM-loadable
code.

72 TDS 346 01 October 1992



106 3.11 Error messages

User bootstrap type does not match that of linked unit

Either the target processor type or the error mode of the bootstrap code
does not match that of the input file.

3.11.3 Fatal errors

Internal error <message text>

An internal error has occurred this should be reported to your local
INMOS distributor or field applications engineer.
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4 idebug - network
debugger

This chapter is a reference chapter for the network debugger tool idebug. It
describes the command line syntax and gives examples of the commands to use
in different situations. It provides detailed reference information about the debug­
ger symbolic debugging functions and Monitor page commands, and provides a
list of error messages.

This chapterdoes not describe howto use the debugger, which is covered in Chap­
ter 8 of the Too/set User Guide.

4.1 Introduction

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

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

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

The debugger can also be invoked on a dummy network to examine the static fea­
tures of a program. The dummy network simUlates the contents of memory loca­
tions and registers, and can also be used to explore the features of the debugger
without running a real program.

4.2 Debugging the root transputer

idebug can be used to debug single and multitransputer programs. The tech­
niques and commands to use when invoking the debuggerdifferslightly depending
on whether or not the program (or a process forming part of the program) runs on
the root transputer, and according to the debugging mode (post-mortem or break-
point). .
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108 4.2 Debugging the root transputer

Two procedures are used to debug programs in post-mortem mode, depending on
whether the application uses the root transputer. Programs that use the root trans­
puter are referred to in this chapter as R-mode programs, and programs that do
not use the root transputer are referred to as T-mode programs. Command line
options are used to select the correct mode of operation for idebug.

To avoid the need for a memory dump, programs can be skip loaded over the root
transputer using iskip. Skip loading requires at least one extra processor in the
network (which will be used by the debugger) but speeds up debugging consider­
ably and is the recommended method where more than one processor is available.
Skip loading is described in detail in chapter 15 of this manual.

4.2.1 Board wiring

Before any program can be debugged in post-mortem mode, the transputer's
Analyse signal must be asserted once, and once only. Because different proce­
dures must be adopted for programs which do and do not use the root transputer,
the debugger cannot assert the signal automatically and so the appropriate
iserver option must be specified on the idebug command line.

Table 4.4 summarizes the command sequences to use for the two program modes
on different board types.

4.2.2 Post-mortem debugging R-mode programs

Code running on the root transputer, and loaded with iserver directly, is
debugged in post-mortem mode from a memory dump file which is specified by the
'R' option. The memory dump file must be created using the idump tool before the
debugger is invoked. Other transputers in the network are debugged down links
connected to the root transputer, in the normal way.

For R-mode programs, idump asserts the Analyse signal and the 'SA option is not
required on the idebug command Une. In fact a second assertion of the signal
would cause data in the memory to become corrupted. If idump is not used before
the debugger is run then the debugger cannot load onto the root transputer and
a server error is reported.

A description of the idump tool can be found in chapter 5 of this manual.

4.2.3 Post-mortem debugging T-mode programs

T-mode programs are loaded using iskip and subsequently debugged using the
'T' option to specify the root transputer link to which the network is connected. The
'SA server option must also be added to the idebug command line in order to
assert Analyse.

If the 'SA option is not given, the debugger can not be booted onto the root trans­
puter and the server aborts with an error message. The debugger should then be
re-invoked with the correct options.
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4.2.4 Post-mortem debugging from a network dump file

To suspend a post-mortem R or T debugging session without losing the original
context, the Monitor page [!!J command can be used to dump the entire state of
a network into a network dump file. The debugger can then be invoked using this
file, without being connected to the network (although one transputer will still be
needed to run the debugger).

Note: This option will only work for programs that have not been interactively
(breakpoint) debugged.

Memory dump files and network dump files are not the same: the former contains
a single processor's memory image while the later contains data about a complete
network (they are also in different formats). The ilist tool can be used to deter­
mine the format of a dump file.

4.2.5 Debugging a dummy network

The debugger may be used to debug a program using dummy data. Using the
debugger command line 'D' option which simulates the contents of memory loca­
tions and registers, static features of a program may be examined. This is useful
to determine processor connectivity and memory mapping for each processor in
the network. Because memory locations etc. are simulated, this option only
requires the root transputer in order to execute the debugger (even when used with
a bootable file for a network of transputers).

The 'D' option may also be used to explore most features of the debugger without
running a program.

4.2.6 Methods for interactive breakpoint debugging

Interactive mode breakpoint debugging does not require use of the memory dump
tool because the program is automatically skip loaded over the root transputer
where the debugger is running. However, like all skip loads it requires an extra pro­
cessor on the network.

4.3 Running the debugger

The debugger is invoked using the following command line:

~ idebug bootablefile {options}

where: bootablefile is the bootable file to be debugged.

options is a list of the options given in Table 4.1.

Options must be preceded by '-' for UNIX-based toolsets and 'I' 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.
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Only one bootable file may be specified on the command line.

If no arguments are given on the command line a help page is displayed giving the
command syntax and a list of command line options.

Command line parameters for programs being debugged interactively should not
be entered on the debugger command line. The debugger will prompt for these
parameters when the code being debugged is about to be started.

Note: idebug is unique amongst the toolset tools in that, when invoked with com­
mand line options, its driver program does not automatically reset (or analyze, as
appropriate) the root transputer. This is due to the diversity of hardware configura­
tions where the appropriate sequence may not be obvious to the driver. Because
of this, the task ofselecting the appropriate iserver command is delegated to the
user.

Failure to supply the appropriate iserver reset (SR) oranalyze (SA) options along
with idebug command line options will result in iserver failing to boot idebug.

Only when invoked with no command line options at all will idebug automatically
reset the root transputer and display its own help page.

Option Description

A Assert INMOS subsystem Analyse. Directs the debugger to
assert Analyse on the sub-network connected to the root pro-
cessor.
Required when using B004 type boards.

AP A replacement for the A option when running programs on
boards from certain vendors. Asserts Analyse on the network
connected to the root processor.
Contact your supplier to see whether this option is applicable
to your hardware. It does not apply to boards manufactured by
INMOS.

B Iinknumber Interactive breakpoint debug a network that is connected to
the root processor via link Iinknumber. idebug executes on
the root processor.
Must be accompanied by the iserver 'SR' option.

c type Specify a processor type (e.g. T425) instead of a class (e.g.
TA) for programs that have not been configured.

D Dummy debugging session. Can be used for familiarization
with the debugger or establishing memory mappings.
Must be accompanied by the iserver 'SR' option.

GXX Improves symbolic debugging support for C++ source code.
Should be specified when debugging C++ programs.

72TDS 346 01 October 1992



4 idebug - network debugger 111

Option Description

I Display debugger version string.

Must be accompanied by the iserver 'SR' option.

J I hexdigits Takes a hexadecimal digit sequence of up to 16 digits and
replicates it throughout the data regions of °a program (stack,
static, heap and vectorspace as appropriate) when interactive
debugging. The digit sequence must be preceded by a hash,
'I', character.

Used when breakpoint debugging configured T426 programs.

K Ihexdigits As the J option but includes freespace.

Used when interactive debugging non-configured T426 pro-
grams.

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.
filename is the file that contains the contents of the root pro-
cessor (created by idump or isim). The file is assumed to
have the extension . dmp if none is supplied.

S Ignore subsystem signals when interactive debugging.

T linknumber Postmortem debug a program that does not use the root pro-
cessor, 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 com-
mand.

Table 4.1 idebug command line options

4.3.1 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 offile types used by the debugger. The table covers alllan­
guages 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.

. occ occam source code file.

.inc occam include file.

. efb 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.

. lku Linked unit generated by linker.

. tee Object file generated by compiler.

. lib 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
debuggerwill accept different extensions for a particular file type. (For example the
extensions used by imakef such as . tah which can be used instead of . tee).

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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I TERM 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 IQ' command line option.

IDEBUGSIZE Defines the amount of memory available on the root transputer
board. This variable must be specified for idebuq to work cor-
rectly (idebuq requires at least 1 Mbyte of available root trans-
puter 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 IT' option and without the
IM' option), where the memory size was not specified.

Table 4.3 Environment variables used by idebuq

4.3.3 Program termination

If the program terminates by issuing the 'terminate' command to the server, the fol­
lowing message is displayed:

[Proqram 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 returned 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 fol­
lowing list. Command lines are shown in both in UNIX and MS-DOSNMS formats.

Note: Commands are given for a B008 board wired subs (see section 4.7.1). For
the commands and command sequences to use on other board types see sec­
tion 4.7.2.
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4.4.1 Debugging T-mode programs - option 'T'

idebug boofablefile -t linknumber -sa
idebug boofablefile It linknumber I sa

where: boofablefile is the program bootable file;

linknumber is the number of the link of the root processor which is con­
nected 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 'sI: option to assert Analyse on the network.

4.4.2 Debugging R-mode programs - option 'R'

idebug boofablefile - r dumpfile
idebug boofablefile / r dumpfile

where: boofablefile 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 idwnp, 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 links.

4.4.3 Debugging a network dump file - option 'N'

idebug boofablefile -n netfile - sr
idebug boofablefile In neffile Isr

where: boofablefile is the program bootable file;

neffile 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 Q!] 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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4.4.4 Debugging a previous breakpoint session - option 'M'

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

where: boofablefile is the program bootable file;

115

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

Use the IM' option to debug a previous breakpoint debugging session where either
the network has crashed (error flag was set) or the host I BREAK Ikey was used
to to terminate the debugger. This option is the same as the IT' option but informs
the debugger the breakpoint runtime kernel is present. The 'M' option should be
accompanied by the iserver IsA' 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 [Y] com­
mand.

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

4.4.5 Reinvoking 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 reinvoked on the same dump file by passing the ISR'
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 configurervia the lp' 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 con­
nected 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 boolablefile -b linknumber -sr
idebug boofablefile /b linknumber / sr

where: boofablefile 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 kernel and idebug virtual link system on each processor used
by the program. iserver is not required to load the program, but an extra proces­
sor is required to run the debugger; the program is in effect 'skip' loaded.

When first invoked in interactive mode, the debugger immediately enters the Moni­
tor page where the [!] (Breakpoint Menu) command can be used to set break-
points 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 con­
sult 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 E.

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.

4.7.1 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 8004 boards and on all 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 subsys­
tem registers. On 8004-type boards the addresses are as follows:

Signal Hardware address

Reset #00000000

Analyse #00000004

Error #00000000

An example ofa 8004-type board is the IMS 8404 TRAM. Fordetails ofthe subsys­
tem wiring on other boards consult the Datasheet or board specification.

In addition, TRAM boards and 8004 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 8004 boards the signals are not propagated at all.

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 pro­
gram mode.

For further details about loading programs see the chapters on loading and debug­
ging in the Too/set User Guide (chapters 7 and 8).

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 ofa set error flag will terminate the debugger without
warning - the debugger can, however, be subsequently re-invoked in post-mor­
tem 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

8004 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 pr~gram -t linknumber -a -sa

R idwnp 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 'SI' 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 4.4 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 nec­
essary 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 'I:, 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 com­
mands 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.

4.9.1 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.

4.9.2 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 ifI RETURN Iis pressed without
entering an address.

Addresses can be specified in decimal or hexadecimal format. Hexadecimal num­
bers must be given as a sequence of hexadecimal digits preceded by the charac­
ters 'I', '$', or '%'. The '#' and '$' characters are used to prefix a full hexadecimal
address. The '%' 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 orWptr (derived from the cur­
rent Wdesc) currently displayed in the monitor page. One of the following forms
may be used:

i +nnn or i -nnn: for addresses relative to Iptr - in this case nnn is a~ offset.

w+nnn orw-nnn: for addresses relative to Wptr - in this case nnn is a word 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:

I START OF LINE I Move the cursor to the beginning of the string.

I END OF LINE I Move the cursor to the end of the string.

I DELETE LINE I Delete the string.

~ Move the cursor left one character.

~ Move the cursor right one character.

[I] Replace the current string with the string used in the pre­
vious invocation of the command.

I DELETE I Delete the character to the left of the cursor.

I RETURN I Enter the string.

Note: I START OF LINE I, I END OF LINE I, I DELETE LINE I, and I DELETE I are
mapped by the ITERM file to specific keys on the keyboard. Details of the key map­
pings on your terminal can be found in the Delivery Manual that accompanies this
release. [I] will not be applicable to some commands.

4.9.5 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 I TOP I, I RETRACE I, IRELOCATE Iand
I RESUME Iwhich 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.

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

t = 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 Error Switch the current 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
filename 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.

1* Inspect View a region 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.

0* 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 tir1)er queue.

ut Update Update the monitor page display to reflect the cur-
rent state of the processor.

V Process names Display the memory map of processes on the cur-
rent processor.

wt* 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.

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

4.9.7 Symbolic-type commands

I HELP' Display help information.

I REFRESH'

I RELOCATE'

I RESUME I

I RETRACE'

I TOP"

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.

Locate to the last instruction executed on the current pro­
cessor.

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

4.9.8 Scroll keys

I LINE UP ,

72 TDS 346 01

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

October 1992



4 idebug - network debugger 123

I LINE DOWN I

I PAGE UP I

I PAGE DOWN I

I TOP OF FILE I

I END OF FILE I

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

Scroll the currently 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
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

[!J ASCII

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 I RETURN I to accept the default (last specified) address, or
enter the desired address. The address can be entered as a decimal num­
ber, a hexadecimal number preceded by"', or the short form '%h . .. 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
S - Set a breakpoint on this processor
T - Toggle a breakpoint on this processor
C - Clear a numbered breakpoint
A - Clear all breakpoints on all processors
B - Clear all breakpoints on this processor
E - Set a breakpoint at all entries this processor
G - Set a breakpoint at all entries all processors
M - Set a breakpoint at all main () this processor
L - List all breakpoints and hits
P - List all breakpoints and hits on this processor
Q - Quit this option

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 I RETURN Iwith 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 pro­
cesses 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 pro­
cessor 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 pro­
gram.

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, Gand Moptions will not set a breakpoint in a high priority (con­
figuration 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

A - Check all network processors for discrepancies
B - Check this processor for discrepancies
C - Compare memory of this processor on screen
D - Find first error on this processor
Q - Quit this option

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 'K 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 'x.

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 I SPACE Ito read and display the next block.

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

#800001234
#80000123C
#800001244

Processor Code
0011223344556677
0011223344556677
0011223344556677

Correct Code
7766554433221100 *
0011223344556677
7766554433221100 *

#8000012AC AABBCCDDEEff0011 AABBCCDDEEff0011

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

Pressing I SPACE I automatically invokes option 'D' - Find first
error ... (see below).

Find first error • option 0

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'.

[Q] 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 I RETURN Ito 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 '%h . .. h'.

The memory is displayed in batches of sixteen transputer instructions,
starting with the instruction at the specified address. If the specified
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address is within an instruction, the disassembly begins at the start of that
instruction. Where the preceding code is data ending with a transputer
cpfix' or cnfix' instruction, disassembly begins at the start of the pfix or
nfix code.

Each instruction is displayed on a single line preceded by the address cor­
responding 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.

IT] 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 cK' command, starting
from the current processor and wrapping round. Ifa processor is found with
both flags set the display is changed to the new processor as if the cp' option
had been used. Press I TOP Ito display the source line which caused the
error.

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 '0' or cG' options because the Iptr and Wdesc
addresses are not yet known.) This command may also be used to browse
source files rather like the I CHANGE FILE I symbolic function. However,
unlikeI CHANGE FILE Iit allows some of the symbolic debugging operations
to be used.

Note: Editing keys may be used with this command to provide a simple his­
tory 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
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:
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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 debuggerto different processes on the processor. The pro­
cess numbers assigned to process names by the debugger can be deter­
mined by using the Monitor page Process Name Cv) option before invok­
ing the 'F' command.

Once a valid process number has been supplied (if applicable), the debug­
ger prompts for the filename of the compiled object module. The full object
filename (including extension - conventionally . tco) 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 his­
tory mechanism (see section 4.9.4). At each prompt this command may be
aborted by pressing I RETURN Iwith 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 . lku) 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) con­
tains 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 ?

The object module filename must be specified because the debugger
extracts the source code filename from the debug information in the com­
piled object file.
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At each prompt this command may be aborted by pressing I RETURN Iwith
no typed input.

@] Go to process

This command locates to the source code for any process which is cur­
rently shown on the screen. Any process displayed by using the [0, [TI,
[!], [!], or~ commands may be selected.

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

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

To select a process and display the source code, move the cursor to a dis­
played Iptr value and press I RETURN I, or use one of the following short­
cuts:

• The [0 option locates to the current process (the process corre­
sponding to the displayed Iptr and Wdesc values).

• If currently in high priority, the [TI option can be used to locate to
the interrupted low priority process (the process corresponding to
the displayed IptrlntSave and WdesclntSave values).

• The hex numbers [!] - [£] will 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 pro­
cesses waiting on links).

Type 'Q', I FINISH I, orl REFRESH Ito abort this command.

[8] Hex

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

Start address (#hhhhhhhh) ?

Press I RETURN I to accept the default address, or enter the desired
address. The address can be entered as a decimal number, a hexadecimal
number preceded by 'I', or the short form '%h • .. h'. If the specified start
address is within a word, the start address is aligned to the start of that
word.

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

3 2 1 0 7 6 5 4 11 10 9 8 15 14 13 12

For a two byte per word processor. the ordering would be:

1 0 3 2 5 4 7 6 9 8 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 dis­
play.

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 I RETURN Ito accept the default address. or enter the desired
address. The address can be entered as adecimal number. a hexadecimal
number preceded by"'. or the short form '%h . .. h'.

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

Typed Memory Dump
o - ASCII
1 - INT
2 - BYTE
3 BOOL
4 INT16
5 - INT32
6 - INT64
7 REAL32
8 REAL64
9 - CHAN
Q - Quit this option

Which occam type (1 - INT) ?

Give the number corresponding to the type of data to be displayed. press
I RETURN Ito accept the default type or enter Qto 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.
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C FORTRAN occam

int INTEGER INT

char CHARACTER BYTEunsigned char

LOGICAL BOOL

short INTEGER*2 INT16signed short

long INTEGER*4 INT32signed long

float REAL REAL32REAL*4

double DOUBLE PRECISION REAL64long double REAL*8

Table 4.5 Type equivalents for Inspect command

ASCII arrays are displayed in the format used by the Monitor page com­
mand 0. Other types are displayed both in their normal representation
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 to the nearest
word.

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

o Jump into and run program

This command starts up a program from the Monitor page, or restarts a pro­
cess which has encountered a breakpoint or has been stopped by one of
the debug support functions (for details of these functions see the appropri­
ate Language and libraries 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
virlual channels for use with the debugging kernel. 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:
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Simply press I RETURN Iif 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 moni­
tor page, the following menu is displayed:

Jump into Application

R - Resume process stopped at a breakpoint
o - Resume monitoring of network

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

Which option (J,O,Q,R) ?

Note: the I RESUME Ikey can be used as an alternative to using this com­
mand with the R option.

Resuming from debug support functions

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

Jump into Application

° - 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,O,Q) ?

Jump options

The four Jump options are described in the following table:

72 TDS 34601 October 1992



4 idebug - network debugger 133

Option Description

R Restarts the process that encountered the breakpoint.

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

Note: When a process has stopped, other processes con-
tinue to run until they either encounter a breakpoint or pro-
gram error (Le. one of the debugging support functions), or
become dependent on the stopped process.

Note: Using this option for a process stopped on a break-
point 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 loca-
tions 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.

[K] Processor names

This command displays the internal processor numbers corresponding to
processor names used in the configuration description and the corre­
sponding processor type. Processor numbers must be given when select­
ing 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.

IT] 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 displaYEfd.

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

Link Information (virtual links present)
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This is to warn that the linkstate information may be for software virtual pro­
cesses which cannot be located to in the normal manner. In this case it is
more useful to use the Monitor pagern command to display the software
virtual links instead.

For configured programs, the debugger checks that the link the root pro­
ces'sor 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 link m !!! >

The format of the display is similar to the following:

Link Information
Link 0 out Empty
Link lout Empty
Link 2 out Iptr: #80000256 Wdesc: #80000091 (Lo)
Link 3 out Empty
Link 0 in Empty
Link 1 in Empty
Link 2 in Iptr: #80000321 Wdesc: #80000125 (Lo)
Link 3 in Iptr: #80000554 Wdesc: #80000170 (Hi)
Event in Empty

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

Mode 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 offreespace; this area is used for con­
figuration code before execution ofa userprogram 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 at least 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 (T80S) «!»

If an incorrect MemStart is detected the symbolic functions may not work
correctly. In this case the program should be rebuilt for the correct proces­
sor types before reinvoking the debugger.

Q!] 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 (idebuq com­
mand line option 'B') orwhen post-mortem debugging a breakpoint session
(idebuq 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 tar­
get 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 I RETURN I 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 ...

~ 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 return 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 pro­
cessor, or the address of the last instruction executed. Either press
I RETURN Ito accept the default address, or enter the desired address. The
address can be entered as a decimal number, a hexadecimal number pre­
ceded by"', or the short form '%h • •. h'.

Useful process addresses can be determined using the [g, [!], or IT]
commands to display processes. These processes can, however, be more
easily located by using the@] command. The value of the saved low prior-
ity Iptr can also be used.

If the 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 corresponding Wdesc is offered as
a default. Press I RETURN Ito accept the default, or specify a value in the
same format as the Iptr.

If no symbolic features other than 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 symbolic features
are available.

~ 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 proces­
sor name used in the configuration file, use the 'K' command. If the proces-
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sor 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 dis­
played:

Error : That processor number does not exist

To abort the command press I RETURN Iwith 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 proces­
sor. 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 with­
out 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 con­
firmation before quitting.

CB] Run queues

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

Both process queues are empty

Ifneitherqueue 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. Ifonly one queue is empty, the debuggerdisplays
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 ofa 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 kemei are also displayed and
identified with the string' (Runtime kernel)'.
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[!] Show debugging messages

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

Show Messages Menu

B Show message for breakpoints ON
D Show debug messages ON
E Show message for program errors ON
Q Quit this option

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

Options Band E control the display of prompts when a breakpoint or pro­
gram error (Le. 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.

[Q] 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.

[YJ 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 pro­
cess when using certain other monitor page options. In addition to the pro­
cess 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 free­
space 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 '%'.

~ 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.

o Exit

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

m Enter post-mortem debugging

This command allows the debugger to be switched into post-mortem mode
when the program crashes (a process sets the errorfJag 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 'N'
option.

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

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.

~ Display software virtual links

This command displays instruction pointers and process descriptors for the pro­
cesses 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 fol­
lowed 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 virluallinks 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

This command is used to display the source corresponding to the last
instruction to be executed on the current processor. It is the same as typing
'G', then 'I' (or 'G', then 1RETURN I).

1 RELOCATE 1

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

I RETRACE I
This command returns to symbolic mode and performs a symbolic
I RETRACE I. It cannot be used if the processor has been changed at the
Monitor page.
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I RESUME I

4.10 Symbolic functions

This command resumes a process stopped at a breakpoint in a similar
manner using the I RESUME Icommand when in symbolic mode. It is a
shorthand equivalent to using the J command and selecting the R option
to resume a process stopped at a breakpoint from the monitor page.

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

I REFRESH I

This command refreshes the screen.

4.10 Symbolic functions

Symbolic 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: t =Functions only available in interactive mode.

IBACKTRACE I

I END OF FILE I

I CHANGE FILE I

I CHANNEL I

Locate to the calling function or procedure [page 146].

Go to the last line in the file [page 147].

Display a different source file [page 147].

Locate to the process waiting on a channel [page 144].

ICONTINUE FROM It Restart a stopped process from the current line [page 145].

I ENTER FILE I

I EXIT FILE I

I FINISH I

I GET ADDRESS I
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Change to an included source file [page 147].

Return to the enclosing source file [page 147].

Quit the debugger [page 148].

Display the location of a source line in memory [page 147].
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I GOTO LINE

I HELP I

I INSPECT I

I INTERRUPT It

I MODIFY It

I MONITOR I

RELOCATE I

RESUME It

RETRACE I

SEARCH I

Go to a specific line in the file [page 146].

Display a summary of commonly used symbolic functions
[page 147].

Display process information (e.g. instruction pointer, pro­
cess descriptor, process name) [page 144].

Display the type and value of a source code symbol
[page 143].

Force the debugger into the Monitor page without stopping
the program [page 145].

Change the value of a variable in memory [page 145].

Change to the monitor page [page 148].

Locate back to the last location line [page 146].

Resume a process stopped at a breakpoint [page 145].

Undo a I BACKTRACE I [page 146].

Search for a specified string [page 147].

TOGGLE BREAK It Set or clear a breakpoint on the current line [page 145].

I TOGGLE HEX I

I TOP OF FILE

Enables/disables hex-oriented display of constants and
variables for C and FORTRAN [page 147].

Locate back to the error or last source code location
[page 146].

Go to the first line in the file [page 147].

4.10.1 Symbolic functions

I INSPECT I

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 I INSPECT I. If the cursor is not on a valid symbol when
I INSPECT Iis pressed, a symbol name is prompted for. Type I RETURN Ito
abort theI INSPECT Ioperation, or type a name followed by I RETURN I. The
case of letters in a variable name is significant - except when debugging

72 TDS 34601 October 1992



144 4.10 Symbolic functions

FORTRAN where case is not significant. Variable names which contain
spaces must be entered without the spaces. Specifying an empty expres­
sion aborts the I INSPECT Ioper~tion.

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 follow­
ing 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

I INSPECT I 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.

I CHANNEL I
This function 'jumps' down a channel if a process is waiting at the other end.
This is used in the same way as I INSPECT I, but positioned on a channel.
The debugger locates to the source line corresponding to the waiting pro­
cess; that process can then be debugged.

The ICHANNEL I function will jump to other processors along transputer
links as long as the program has not been configured to use virtual links
(see section 8.4 of the debugging chapter in the Too/set 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 pro­
cessor programs that have not been configured there is no defined region
and the message: <stack area unknown> is displayed to reflect this.

If a Wdesc has not been supplied, it is shown as 'invalid'.

4.10.2 Interactive mode functions

The following functions are only available when running in interactive mode.
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I TOGGLE BREAK 1

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 number
it is 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).

I RESUME I
This function restarts a process stopped at a breakpoint. (To restart a pro­
cess which has been stopped by one of the debug support functions use
ICONTINUE FROM I)·

ICONTINUE FROM I

This function restarts the program from the line indicated by the cursor.
ICONTINUE FROM Ishould only be used to resume a process after it has
been stopped by one of the debug support functions. The result of continu­
ing from other points in the code may be unpredictable if there are interven­
ing stack adjustments.

I MODIFY 1

This function changes the value of a variable in transputer memory. For C
and FORTRAN, I MODIFY 1 accepts expressions involving any symbol in
scope. To modify a variable place the cursor on the name and press
I MODIFY I·

Expression language

Variables to be modified can be specified using the I INSPECT Iexpression
language. Details of the syntax can be found in the following language spe­
cific sections.

I INTERRUPT I
This function forces the debugger to enter the Monitor page without stop­
ping the program.

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.
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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).

I BACKTRACE I

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.

I RETRACE I

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

IRELOCATE I

This function returns the cursor to 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 orthe file selec­
tion functions.

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 @] 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.

GOTO LINE

This function locates to a particular line in the source file. Specify a line
number, or type IRETURN Ito abort the operation.
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TOP OF FILE

Moves to the start of the current file.

I END OF FILE I

Moves to the end of the current file.

I SEARCH I

147

This function searches forwards in the source file for a specified string.
Either specify a search string or press I RETURN I to accept the default,
which is the last string specified.

I ENTER FILE I

Enters an included source file. Position the cursor on the include directive
and press I ENTER FILE I.

I EXIT FILE I

Exits from an entered include file.

I CHANGE FILE 1

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

4.10.5 Miscellaneous functions

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

I GET ADDRESS I

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')

I TOGGLE HEX I

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

I MONITOR I

This function switches to the Monitor page environment.

I FINISH I

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.
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4.11 INSPECT/MODIFY expression language for C

149

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

4.11.1 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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