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1 icc Describes the ANSI C compiler.
2 icconf Describes the C configurer which generates configuration binary
files from configuration descriptions.
oc Describes the occam 2 compiler.
occonf Describes the 0ccam 2 configurer which generates configuration
binary files from configuration descriptions.
5 icollect Describes the code collector which generates executable code
files.
6 iemit Describes the memory configurer tool which helps to configure the
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7 ieprom Describes the EPROM formatter tool which creates executable
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9 ilibr Describes the toolset librarian which creates libraries from
compiled code files.
10 ilink Describes the toolset linker which links compiled code and
libraries into a single unit.
1 ilist Describes the binary lister which displays binary files in a readable
form.
12 imakef Describes the Makefile generator which creates Makefiles for
toolset compilations.
13 imap Describes the map tool which generates a memory map for an
executable file.
14 imem450 | Describes the memory configurer tool which helps to configure the
transputer memory interface for the ST20 and T450 processors.
15 irun Describes the application loader which enables applications to be
loaded and run on the target hardware.
16 iset Describes the Windows parameter tool which sets and clears tool
parameters defined in the Windows environment file from DOS.
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Preface

About this manual

This manual is the Toolset Reference Manual and it is designed to cover the following
products:

e ST20 toolset;
* ANSI C toolset;
e Occam 2 toolset;
for the following hosts:
* |BM 386 PC compatible running MS-DOS
e Sun 4 systems running SunOS or Solaris.

This manual provides reference material for each tool in the toolsets including command
line options, syntax and error messages. Many of the tools in the toolset are generic to
several toolset products e.g. the ST20 toolset, the ANSI C toolset and the occam 2
toolset and the documentation reflects this. Examples are given in C. The appendices
provide details of toolset conventions, processor types, the ANSI C assembler, memory
configuration files and the configuration languages.

A list of the tools supported by your particular toolset is given in the ‘User Guide’ which
accompanies your toolset. References in the documentation to tools, languages or
processor targets which do not apply to your toolset, should be ignored.

About the toolset documentation set
The toolset documentation set comprises the following volumes:

User Guide

Toolset Reference Language and libraries
Reference

¢ Toolset User Guide

Describes the use of the toolset in developing programs. The main stages of the
development process are described and a ‘Getting started tutorial is included.
The ‘Advanced Techniques' section is aimed at more experienced users.

» Toolset Reference Manual (this manual - see above)
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e ANSI C Language and Libraries Reference Manual
The manual is divided into two parts: the toolset libraries and the language refer-
ence. A set of appendices is also provided. The libraries section lists the runtime
library functions and provides detailed information about each function. A
chapter also describes how to modify the runtime startup system by removing
segments not required by the user’s application. Only very experienced users

should attempt this. The language reference for the toolset includes imple-
mentation and compliance data.

Other documents
Other documents provided with your toolset product include:
e Delivery manual
This document gives installation data and is host specific.
Documentation conventions
The following typographical conventions are used in this manual:

Bold type Used to emphasize new or special terminology.

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

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

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

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

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

| In command syntax, separates two mutually exclusive alternatives.
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1 icc - ANSI C compiler

This chapter describes in detail the ANSI C optimizing compiler icc. It describes the
command line syntax, compiler options, preprocessor directives, optimization and other
features of the compiler such as support for transputer code. The chapter ends with a
list of error messages. Examples of the types of optimization supported are given in the
appendices.

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 language 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. The ANSI C compiler includes support for
parallel programming through a set of library functions with associated types and struc-
tures, 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 trans-
puter instructions and operations and also supports labels.

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

icc generates code for a particular transputer, transputer type, or class, and a target
should be specified for all compilations.

The operation of the compiler in terms of standard toolset file extensions is shown below.
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1.2 Running the compiler

1.2 Running the compiler

To invoke the compiler use the following command line:

»  icc filename {options}

where: filenameis 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 either — or ‘/’
for MS-DOS based toolsets. Note: ‘-~ is used in all documentation examples.

Options may be entered in upper or lower case and can be given in any order
on the command line.

Options must be separated by spaces.

Options may be supplied in an indirect argument file, prefixed by ‘@’. See
section A.1.2 for details.

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 inputfile to produce an object file. The compiler phase is suppressed.
See section 1.2.6.
COMPACT Produce an object file which may be compacted by the linker. Compiler default. See
section 1.2.11.
D symbol Defines a symbol. Same as #define symbol 1 at the start of the source file.

D symbol=value |Defines asymbol and assigns a value. Same as #def ine symbol value atthe 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 cha r andplain bit-fields to be signed. The

default is to compile as unsigned.

FEEDBACK A feedbackfile, generated by the INQUEST profiling tool, is used as input to the
feedbackfile | compiler to improve the quality of optimization. See section 1.3.7.

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

FM Generates warning messages on #defined but unused macros.

FS Directs the compiler to treat right shifts of signed integers as arithmetic shifts. See
section 1.2.8.
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Option Description

Fsa number | Changes the alignment for structs and unions to number. See section 5.1.3 of
the ‘ANSI C toolset language and libraries reference manuat.

Note: code compiled with the Fsa option (whose interface contains structures
whose alignment is changed by the Fsa option) should not be mixed with code
compiled without it, or with a different value for the Fsa option.

FSC Provides information on how the compiler has treated routines with respect to side
effects.

FV Reports all extemally visible functions and variables which are declared but
un-referenced, 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 the
debugging tools.

HELP Displays full help information for the tool.
I Displays detailed progress information at the terminal as the compiler runs.
J dir Adds dir to the list of directories to be searched for source files incorporated with
the #include directive in extended search paths. See section 1.5.9 for details.
KP Inserts run-time code to check that pointers are correctly aligned, and that NULL
pointers are not de-referenced. See section 1.2.10 for details.
KS Inserts run-time code to check that the stack does not overflow. See section 1.2.10
for details.

NOCOMPACT Produces an object file which cannot be compacted by the linker. See section
1.2.11.

o outputfile Specifies the name of the output object file. If no filename is given the compiler
derives the output filename from the input filename stem and adds the .tco
extension.

00 Disable optimization.

ol Enable local optimization. Compiler default.

02 Enable both global and local optimization.

p mapfie Produces a map of workspace for each function 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
1.4.
Note: if this file is to be used as input to imap, it must be given an extension of the
form: .mxx. The characters ‘xx’are determined by the 2nd and 3rd characters of
the extension given to the compiler object file. For example if the compiler object
file takes the default extension .tco, the information file is given the extension
.mco.

PG Inserts instructions in the object code to collect data for ‘call-graph’ profiling with
the INQUEST profiling tool.

PL Inserts instructions in the object code to collect data for ‘/ine’ profiling with the
INQUEST profiling tool.

PP Runs the preprocessor and then terminates. The preprocessed source file is sent
to stdout. Compilation is suppressed. See section 1.2.7.

PPC Runs the preprocessor and then terminates. The preprocessed source file is sent
to stdout. Compilation is suppressed. Comments are preserved in the
preprocessed output. See section 1.2.7.

PR Inserts instructions in the object code to collect data for ‘routine’ (i.e. function)
profiling with the INQUEST profiling tool.

Qs Optimize for space.
QT Optimize for time. Compiler defauit.
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Option Description
s Compiles the source file to assembly language and writes it to a file. Assembly is
suppressed and no object code is produced. The file is named after the input file
and given the . s extension.
U symbol Disables a symbol definition. Equivalent to #undef symbol at the start of the
source file.
w Suppress all warning messages.

WA Suppresses messages waming of ‘=’ in conditional expressions.

WD Suppresses messages warning of deprecated function declarations.

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

WN Suppresses messages warning of implicit narrowing or lower precision.

WS Suppress warning messages about possible side effects.

WT Suppresses messages warning of the possibility of less efficient code when
compiled for a transputer class. Note: this option no longer has any effect and the
warning messages are no longer generated.

WTG Suppress messages waming of trigraphs.
WV Suppresses messages warning of non-declaration of void functions
Table 1.1 Standard icc compiler options
Examples of use:

1.21

icc —st20 hello.c

ilink —st20 hello.tco —f cstartup.Ink
icconf hello.cfs

icollect hello.cfb

icc —t450 hello.c

ilink —t450 hello.tco —f cstartup.ink
icconf hello.cfs

icollect hello.cfb

icc —t805 hello.c

ilink —t805 hello.tco —f cstartup.ink
icconf hello.cfs

icollect hello.cfb

Input/output files

The compiler command line will accept the following types of input file:

¢ A C source file, which by convention is given a ‘. ¢’ file extension. Although any

filename, which is legal on the host system, will be accepted. If a source file is
specified without an extension, the compiler will assume it is a C source file and
search for a file with a ‘. ¢’ file extension.

An assembler source file, which by convention is given an ‘. s’ file extension.
Assembler source files are input to the compiler’s built-in assembler, using the
‘as’ option, which suppresses compilation. Note: a file extension (other than
‘. ¢’) must be specified. Even though the ‘As’ option is specified to invoke the




1 icc - ANSI C compiler

assembler, the compiler will assume a ‘. ¢’ file extension if a file extension is not
specified on the command line.

Source files may contain preprocessor directives. If an assembler source file contains
preprocessor directives then it must be input to the compiler, using the ‘preprocess-only’
‘PP’ or ‘PPC’ command line options. The output from the preprocessor may them be input
to the assembler as described above.

The compiler produces a single ‘primary’ output file and optionally a ‘secondary ’ output
file. The type of output file produced depends on the command line options used. The
name of a primary output file is specified using the ‘0’ command line option. Primary
output files are generated as follows:

o By default the compiler generates an object file in Transputer Common Object
File Format (TCOFF). Object files are required to be in this format to be compat-
ible with other tools in the tooliset. If the ‘0’ command line option is not specified,
the input filename is used and a ‘. tco’ extension is added.

¢ An assembler source file. This is generated using the ‘s’ command line option,
the assembler is suppressed. If the ‘0’ command line option is not specified, the
input filename is used and an ‘. s’ extension is added.

¢ A text file generated by using the ‘preprocess-only’ ‘PP’ or ‘PPC’ command line
options. If no output file name is specified, then the output is written to stdout.

Figure 1.1 summarizes icc’s input and primary output file options. Sections 1.2.6 and
1.2.7 describe the use of the assembler and preprocessor options in further detail.

An optional secondary output file may also be produced by specifying the ‘¢’ command
line option together with a filename. This generates a map file describing the code and
data layout of the object file. Naming conventions for map files are described intable 1.1.
Section 1.4 describes the format of the map file.

ice ——-> Default
icc —>© Specifying the ‘s’ option
icc —-> Specifying the ‘as’ option
icec —-—-)» icc —»

Specifying the ‘PP’ option Specifying the ‘as’ option

IIT7

Figure 1.1 icc input/output file options
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1.2.2 Transputer targets

The compiler generates code for a specific transputer type. This means that a processor
type must be specified for all transputer targets. The only time a processor type does
not have to be specified is when the preprocessor is selected, see section 1.2.7.

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.

1.2.3 Error modes

All code in mixed language transputer programs must be compiled and linked in the
same or a compatible error mode. icc always generates code in UNIVERSAL error
mode, which is compatible with HALT and STOP error modes created by other
SGS-THOMSON 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 linker option. 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 vari-
able 1cCcARG. Parameters specified in this way are automatically added to the start of
the command line when the compiler is invoked.

Command line parameters must be specified in ICCARG using the syntax required by
the icc command line.
1.2.5 Search paths

The search rules are described in appendix A. Search path rules 1 and 2 are used for
locating files specified on the command line.

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 1.5.9.
1.2.6 Using the assembler

Assembler source files may be assembled by using the icc command line option ‘As’.
This causes the compilation phase of the compiler to be suppressed and the input file

. L7, 853, THOMSON
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to be passed directly to the assembler. If the input assembly source file contains prepro-
cessor 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.

Note: the compiler also has an option ‘s’ which will compile a C source fileinto an assem-
bler source file. The assembler phase is suppressed.

The use of the assembler is described in appendix D, 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.

1.2.7 Using the compiler preprocessor

Source and header files may be preprocessed using the ‘ep’ command line option. The
preprocessor implements translation phases 1 to 4 of the ANSI Standard, section
2.1.1.2. The ‘PPC’ option additionally preserves comments in the preprocessed output.
These two options suppress compilation and can be thought of as ‘preprocess-only’
mode.

The preprocessor is used to resolve preprocessor directives (i.e. directives with a ‘#
prefix) and to perform macro expansion. Preprocess-only mode is particularly useful for
header files or for assembler source files because the assembler does not have the
ability to process preprocessor directives. The output from preprocess-only mode may
then be fed back into the compiler or assembler for further processing.

In preprocess-only mode, a target processor type need not be specified. In this case the
preprocessor symbol _PTYPE takes the value zero ‘0’ which is adummy value. If a target
processor is specified then _PTYPE will be set as normal.

Preprocess-only mode generates a text file which by default is sent to standard out
(stdout), alternatively the ‘0’ command line option can be used to name an output file.
1.2.8 Compatibility with other C implementations

A number of 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 command
line option FC switches the implementation to signed char, plain bit-fields are also
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signed. Details of type representation are given in chapter 5 of the ‘ANS/ C Language
and Libraries Reference Manuaf.

Alignment of structs/unions

By default, the compiler aligns structs and unions on a word boundary. The
command line option ‘FSA number modifies this. Chapter 5 of the ‘ANS/ C Language
and Libraries Reference Manuarl describes the use of this option in more detail.

Some C implementations align a struct/union according to the strictest alignment
requirements of the fields of the struct/union; this can be achieved using the ‘Fsa1’
option.

1.2.9 Software quality check

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

When the FH option is used the compiler reports:
e all forward static 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 a different value is always diagnosed as an error).

1.2.10 Runtime checking options

The Kp and KS command line options cause the compiler to insert run—-time code to
perform checking.

Enable pointer dereference checks

When the KP option is specified, the compiler inserts a check each time a pointer is
dereferenced. This check ensures that the pointer is not NULL and that the pointer is
correctly aligned for the type of object being accessed. For example, in the following
code,

int *pi;

char *pc;

*pc = (char)(*pi);
two pointer checks will be inserted: one to check that pi is not NULL and that it points
to a word-aligned object, and another to check that pc is not NULL.

Note: that no check is inserted if a pointer is assigned or read but not dereferenced. For
example, no checks will be inserted in the following code,

int *pil, *pi2;
pil = pi2;
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Pointer dereference checks are not performed in functions which have been marked
with the pragma IMS_nolink.

Enable stack checks

When the KS option is specified, the compiler inserts a check on entry to each function.
This check ensures that the stack has enough space available for the function’s work-
space, plus a margin for calling library functions which do not contain stack checks. This
margin is currently 150 words.

As the stack check always ensures that there is a margin free below a function’s work-
space, any leaf functions (functions which do not call other functions) whose workspace
fits into this margin do not require a stack check. The compiler will automatically
suppress the stack check for such functions.

Stack checks are not performed in functions which have been marked with the pragma
IMS_nolink.

1.2.11 Compactable code

By default the compiler will generate code which may be compacted by the linker. Rather
than assuming a ‘worst case’ size for a variable length instruction, the compiler leaves
information in the object file which the linker then uses to determine the optimal length
of the instruction. The object file produced by the compiler will be larger than if compact-
able output was switched off, using the icc ‘NOCOMPACT’ option, but after linking the
code will be smaller and faster.

Compacted and non-compacted code may be mixed, however, non-compacted code
may not be supported by future toolsets.

1.3 Compiling with optimization switched on

Compiling source code with optimization enabled generates highly efficient object code.
The purpose of optimization is to improve the execution time of object code as well as
the program’s use of memory i.e. workspace or stack or code-size. Compiler options
QT and QS enable the user to control whether the optimization performed is predomi-
nantly to improve execution time or memory use. Optimization does not affect the func-
tionality of the program, although compile times will be slower when a high level of opti-
mization is performed.

The compiler implements both local and global levels of optimization:

¢ The global optimizations include: common subexpression elimination, strength
reduction, loop invariant code motion and tail-call optimization. The optimizer
examines each function as a single unit, enabling it to obtain as much information
as possible about that function, while performing the optimization. Global opti-
mization is more complex than local optimization; generally the more information
available to the optimizer the better chance the optimizer has of improving code.
The compiler pragma IMS_nosideeffects enables the user to clarify the
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behavior of individual functions. (Compiler pragmas are described in section
1.56.11).

¢ The local optimizations include: flowgraph, peephole and redundant store elimi-
nation. To perform these optimizations efficiently, the optimizer only needs to
operate on short sequences of code.

1.3.1 Advantages of enabling optimization
The advantages of enabling the optimizing features of the compiler are that:

® |t saves development time by relieving users of the need to optimize their code
themselves.

® |t allows users to write more readable, and hence more maintainable, code
because they can rely on the compiler to transform the code into a more efficient
form.

® There are some optimizations which cannot be performed by the user at asource
code level but can only be performed by the optimizing compiler at compile time.

* The compiler is able to analyze the cost/effectiveness of potential optimizations
and will only apply an optimization where a saving can be made in either execu-
tion time or space.

1.3.2 When optimization should not be used

If it is required to debug a program it may be wise to disable optimization using the ‘00’
command line option. The compiler will generate debug information requested via the
‘G’ option when optimization is enabled, however, the SGS-THOMSON debugging prod-
ucts will produce more accurate results if optimization is disabled in the compiler.
1.3.3 Optimization options

Disable optimization 00

The option ‘00’ disables all optimization which can be specifically enabled at the
command line using the ‘01’ and ‘02’ options.

Enable local optimization o1

This option is enabled by default and applies the following local optimizations:
o Flowgraph optimization, including dead code elimination.
¢ Peephole optimization.
¢ Redundant store elimination.

Local optimizations are described, with examples, in section C.1.
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In addition, workspace allocation by coloring is enabled. This is in fact a global optimiza-
tion and is described in section C.2.6.

Enable local and global optimization 02
This option, enables the following local and global optimizations:
¢ All optimizations enabled by option 01.
* Global common subexpression elimination.
e Loop invariant code motion.
o Strength reduction.
¢ Tail-call optimization.
¢ Tail recursion optimization.
Global optimizations are described, with examples, in section C.2.
Optimize for time QT

This option controls how optimization is applied once it has been enabled by either the
01 or 02 options. The option instructs the compiler to perform only those optimizations
which will not reduce the speed of the program. Where a choice exists between gener-
ating faster, but larger code over slower, more compact code, it will generate the faster
code. This option is enabled by default.

Optimize for space QS

As above, but does the reverse, i.e. only performing those optimizations which will not
increase the size of the program. Where a choice exists between generating faster, but
larger code over slower, more compact code, it will generate the more compact code.

There is no definitive list for either the QT or Qs options, as to which optimizations will
or will not be applied. This will vary depending on the code being optimized.

1.3.4 Enable side effects information messages

The Fsc option enables the generation of information messages about the ‘side effect’
characteristics of functions as the compiler performs optimization. The messages report
the actions of the compiler to give the user visibility of how functions are treated with
respect to side effects. The messages are purely informational and do not signal any
required response from the user.

Information messages are listed in section 1.8.4. Side effects are discussed in more
detail in section 1.5.11, as part of the description of the compiler pragma IMS_nosi-
deeffects.

1.3.5 Disable side effect warning messages

The Ws option disables messages warning users that functions marked as side effect
free may in fact still cause side effects. See section 1.5.11.
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1.3.6 Language considerations

Before the compiler can optimize a function call it has to be sure that the optimization
is safe i.e. that it will not break the code. Therefore it will treat function calls with caution,
assuming that they may modify global variables, unless it can deduce with certainty their
true behavior.

This section outlines language features which affect the implementation of optimization
by icec.

const keyword

The const keyword states that after it is initialized, a variable cannot subsequently be
modified by the program. For a const variable, the compiler does not have to make
worst case assumptions about its being modified when ambiguous modifications are
seen. If a variable is never modified, then declaring it as const will, in general, allow the
compiler to do a better job of optimizing.

Note: when pointers to const objects are used e.g.
const char *p

the const keyword does not guarantee that the char will not be modified, just that it
will not be modified through pointer p.

volatile keyword

The volatile keyword states that a variable may change asynchronously, or have
other unknown side effects. The compiler will not move or remove any loads or stores
to a volatile variable. volatile should be used for variables shared between parallel
threads (or variables modified by interrupt routines), or variables which are mapped onto
hardware devices.

register keyword

The register keyword is taken as a hint to the workspace allocator to allocate the vari-
able at a small workspace offset.

1.3.7 How to use feedback information to improve optimized code quality

When the compiler is optimizing code, it requires information about how the code
executes: for example, it needs to know how many times a loop will iterate, or given a
conditional branch, whether the branch is likely to be taken or not. This information is
generally not available to the compiler, so it has to make educated guesses, which
enable it to achieve a general level of optimization without perhaps ‘fine-tuning’ perfor-
mance in particular circumstances. One way of improving the compiler’s ability to opti-
mize code is to actually gather the required information during execution of the program,
and then rerun the compiler, feeding in the gathered information. Thus, the compiler can
be ‘taught’ how the program executes. If the information given to the compiler accurately
represents how the program normally executes, then the quality of code generated can
be improved.
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This method of program development is supported by the combined use of the ANSI C
toolset optimizing compiler and the profiling tools supplied in the INQUEST product.

The sequence of events required is:

Step 1 Compile the program with global optimization and line profiling enabled (using
the compiler’s ‘02’ and ‘PL’ options). If you are only worried about one or two critical
routines then you can just enable profiling information for the source files with those
routines in.

Step 2 Link, configure, and collect the program as usual.

Step 3 Execute the program with a sample input. Note: that it is important that the
sample input is an accurate representation of the program’s normal input, so that the
behavior of the program on this sample is close to the normal behavior of the program.
(Alternatively, for embedded systems, it may be the behavior in some critical situation
which is most important, so it is required that the compiler should optimize the code for
this critical situation, in which case, the sample input should represent this critical
situation.)

Step 4 After the program terminates, run the profiling tool of the INQUEST product to
extract ‘line’ profiling information from the target network and create the ‘feedback files,
which contain the information the compiler needs. (Currently only ‘/ine’ profiling informa-
tion can be used to generate ‘feedback files).

Itis possible to execute the program on a number of different sample inputs, and accu-
mulate the feedback information. To do this, repeat steps (3) and (4) for each sample
input, and use the INQUEST ‘line’ profiling options to append new data to the ‘feedback’
files, rather than recreating them each time.

Step 5 Now recompile the source files for which you have gathered profiling information,
specifying the feedback file (using the compiler’s ‘FEEDBACK filename’ option). Do not
enable any profiling options in this recompilation.

Note: that the source code must not have changed in any way between the compilation
with profiling enabled and the compilation using the feedback files, otherwise the
compiler will not be able to work out which program constructs, the feedback information
refers to. If the compiler detects that the source has changed, it will report the error:

Serious—icc—<filename> (<line>)— Feedback file is out of step with source

Step 6 Relink, configure and collect the program as usual.

15
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Example:

Suppose you have a program made up of two files bitl.c and bit2.c and you are
compiling for an ST20 target:

Step 1: compile with line profiling enabled:

icc bitl.c —st20 -02 —pl
icc bit2.c —st20 —02 —pl

Global optimization is enabled by ‘02°.

Step 2: link, configure and collect:
ilink bitl.tco bit2.tco —f cstartup.lnk —st20 —o bit.lku

icconf bit.cfs
icollect bit.cfb

Step 3: execute the program, for example:

irun —sb bit.btl

Chapter 15 of this manual has further details about irun and the accompa-
nying ‘User Guide’ describes how to load and execute programs.

Step 4: gather profiling information using the INQUEST line profiling tool, and create a’
feedback file, for example:

iline bit.btl —feed
The profiler will create two feedback files called bitl1.d and bit2.d.

Consult the profiler documentation which accompanies your INQUEST product
for details of how to use the line profiling tool.

Step 5: recompile your program using the feedback files (generated by step 4):

jcc bitl.c —st20 —02 —feedback bitl.d
icec bit2.c —st20 —02 —feedback bit2.d

Step 6: relink, configure and collect:
ilink bitl.tco bit2.tco —f cstartup.lnk —st20 —o bit.lku

icconf bit.cfs
icollect bit.cfb
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14

Memory map

The compiler may be instructed, via the P mapfile option, to produce a map of workspace
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 debugging and can
be used as input to the memory mapper imap. The map is written to the file mapfile.

The file consists of a series of workspace maps; one for each routine, giving details of
workspace requirements. These are followed by a series of section maps; one for each
section of code or data, listing details of its contents.

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 produced.
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 programs.

Name of the routine for which the map of workspace is being produced. ltems in
the workspace map are given in ascending order of workspace offset, expressed
as bytes or words as indicated in the heading. If the workspace map is in words,
individual items may still be expressed and annotated as byte offsets. The
following information is provided:

» Alist of local variables giving their offset into the routine’s workspace. This list
may include temporary variables introduced by the compiler.

» Alist of formal parameters giving their name and offset into the routine’s work-
space. Parameters added by the compiler may also be listed, see table 1.2 for
alist of their names (further details of these parameters can be found in section
5.16 of the ‘ANSI C Language and Libraries Manuaf).

* The workspace requirement of the routine. 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. ltems in the
section map are given in ascending order of section offset.

* Alist 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 1.3

Type of variable or routine
Offset in bytes into static data or code area
Other properties of variable or routine, see table 1.3.

{

|

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 5.15 of the ‘“ANS/ C Language and
Libraries Reference Manuaf.
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/;;p of code and data for source file twoprocs.c

S-sun4)
Target processor : ST20
Error mode UNIVERSAL

Map of workspace

Routine hello_proc
No local variables
Formal parameter name

<return_address>
<gsb>
4

Workspace size = 16 bytes
Map of workspace
Routine : world_proc

No local variables

Formal parameter name

<return_address>
<gsb>
P

Workspace size = 16 bytes
Map of workspace
Variable name
<compiler_temporary>
hello

world

Formal parameter name

18

Created by INMOS C compiler Version

4.01.09 (02:24:52 Mar 11 1995)

Ooffset (bytes)

offset (bytes)

[
4
8

offset (bytes)
0
4
8

offset (bytes)

~

(Suno

<return_address> 12

<gsb> 16

Workspace size = 28 bytes

Section map

Section name textsbase size = S:8 bytes

Name Type offset (bytes)

hello_proc code 0 global

world_proc code S:9 global
\:i?in code S:10 global

Figure 1.2 Example compiler map
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Formal parameter
Compiler temporary
Result pointer
Return address
Global static base pointer (gsb)
Static link

Table 1.2 Parameters inserted by compiler

Property Description

global

Globally visible static item.

static

Static item which is not globally visible.

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

an external object. The name of the external objectis 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 name Static items whose name has been modified by the

IMS_translate pragma are listed under the name thatis put
into the object file. They are annotated with the message:
‘translated from sourcename’, where sourcename is the
name used in the source file.

1.4.1

Table 1.3 Static variable properties

Notes on the compiler memory map format

The message “No local variables” may be displayed if no user variables
are found, however, compiler temporaries may have been assigned to work-
space.

If a file does not contain static data, such information will not be present in the
map file and in this case the ‘static%base’ section map will not appear. The
compiler does not generate an explicit “No static data” message.

When optimization is enabled using the command options 01 or 02 the compiler
may remove some local variables from the map file generated. In such cases the
variable will not occupy any space in workspace. These variables are listed at
the end of the local variable map together with the message "Not Allocated”.

Some offsets may only be resolved by the linker. In this case the compiler inserts
the string ‘s: °, which informs the linker there is a local symbol ‘n’ which needs
resolving. The linker inserts the value of the symbol in a LOCALVALUE record in
the linker map file and this value will be inserted in the map file generated by
imap. See chapters 10 and 13.

Variables and external symbols are truncated to a maximum of 32 characters.

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 13.

19




1.5 Compiler directives

1.5 Compiler directives

1.5.1 #define
Syntax: #define name[(argl.,. . .,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 prepro-
cessor to substitute all occurrences of name by value (which may be null). Arguments
may also appear after the name, and when this happens the preprocessor 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 (2) :+ (4)) */

15.2 #elif
Syntax: #elif constant_expression
This directive can be used in place of the sequence
#else
#if constant_expression
1.5.3 #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 #i £ evalu-
ates to a non-zero value.
15.4 #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.
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1.5.5 #error
Syntax: #error tfext

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.

1.5.6 #if
Syntax: #if constant_expression

This directive, along with the #else and #endi f directives, is used in a similar way to
theif. . . else construct of many high level programming languages. When it is encoun-
tered, 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, however, the expres-
sion evaluates to non-zero, then the text between the #else and #endi f directives (if
any) is ignored. This mechanism would typically be used to allow conditional compila-
tion.

As an extension to this directive, the preprocessor also allows ‘if defined’ type expres-
sions. 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 preprocessor’s symbol table,
and false if it is not. By combining this operator with the logical operators it is possible
to build complex expressions e.g.

#if defined foo & ! defined dummy

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

1.5.7 #ifdef

Syntax: #ifdef identifier

This directive works in a similar way to the #if directive, but instead of basing its deci-
sion 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 predefined 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.

1.5.8 #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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1.5.9 #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 (”filename”). The two
forms generate different search strategies.

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

If double quotes are used, then the compiler first searches for the file in the directory of
the top level source file (relative directory names are relative to the directory of the
current source file). If the file is not found the search continues with the list of directories
specified after the compiler ‘3’ option. If the file is still not found, or if no list is given, direc-
tories 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 current
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 (‘\\).

1.5.10 #line

Syntax: #line linenumber [filename]

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

1.5.11 #pragma

Syntax: #pragma pragma ( params)

This directive activates and deactivates various compiler options in sections of C code.
lt may be used to set (or override) options specified on the command line. Most pragmas
also take parameters or numerical arguments. Table 1.4 lists the main compiler
pragmas.
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Option

Description

IMS_codepatchsize

Specifies the number of bytes reserved by the compiler for a
linker code patch. Requires the compiler NocoMPACT option
to be used.

IMS_descriptor

Creates a TCOFF descriptor for C functions.

IMS_interrupt_handler

Causes the specified function to be treated as an interrupt
handler function. Only applicable when compiling for a T450
or ST20 target. Should not be used in conjunction with the
IMS_nolink pragma.

IMS_linkage

Enables the user to change the order in which code modules
are linked together.

IMS_modpatchsize

Specifies the number of bytes reserved by the compiler for a
linker module number patch. Requires the compiler
NOCOMPACT option to be used.

IMS_nolink

Compiles a specified function without a global static base
parameter. Should not be used in conjunction with either the
IMS_interrupt_handler or the IMS_trap_handler
pragmas.

IMS_nosideeffects

Marks the specified function as being side effect free.

IMS_off

Disables specific compiler actions.

IMS_on

Enables specific compiler actions.

IMS_place_at_workspace_offset

Allocates a local variable at a specific offset in the local
workspace.

IMS_translate

The compiler replaces all references to a specified name with
anew name.

IMS_trap_handler

Causes the specified function to be treated as a trap handler
function. Only applicable when compiling for a T450 or ST20
target. Should not be used in conjunction with the
IMS_nolink pragma.

Further details of each option is given below.

Table 1.4 icc compiler pragmas

Pragma IMS_codepatchsize

Specifies the number of bytes reserved by the compiler for a linker code patch.

Syntax: #pragma IMS_codepatchsize (n)

n has a default vaiue of 6 for 32-bit targets and 4 for 16-bit targets.

Note: this pragma has no effect when compactable object code is generated, which is
the default. The compiler NOCOMPACT option must be specified on the command line.

Pragma 1MS_descriptor

The pragma IMS_descriptor creates a TCOFF descriptor for C functions. It also
causes the definition of two TCOFF symbols giving the workspace and vectorspace
requirements of the function. This pragma is of particular use when modifying the C
runtime startup code, further details of which are given in chapter 3 of the ‘ANS/ C

byy. B THONRN
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Language and Libraries Reference Manual. Itis also applicable when making use of the
dynamic loading facility provided in the C library (see chapter 2 of the ‘ANSI C Language
and Libraries Reference Manuaf and the ‘Dynamic code loading’ chapter of the ‘User

Guide).

Syntax: #pragma IMS_descriptor (function-name, language_type, \
workspace, vectorspace, “descriptor-string”)

The parameters to the pragma are given in table 1.5.

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.

e 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 preprocessor

substitutions.

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
iso_pascal
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
of words. This is usually ‘0’ for C functions.

“descriptor-string” 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.
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An example of the use of this pragma follows:
void centry(int bill);

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

void centry(int bill)

/* function body */;
}

This defines an 0ccam 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 0cCam descriptors.

Note: type compatibility between the parameters in occam and C is retained by
following the rules given in the ‘Mixed language programming’ chapter of the accompa-
nying ‘User Guide for those toolsets which support mixed language programming.

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 ﬂ\w

00000092 SYMBOL EXP UNI “centry’ws” id: 5
0000009F SYMBOL EXP UNI “centry’vs” id: 6
000000AC DEFINE_SYMBOL id: 5 32
000000B1 DEFINE_SYMBOL id: 6 0
000000B6 DESCRIPTOR id: 4 lang: OCCAM
ws: 32 vs: 0
PROC centry(VAL INT bill)

SEQ

_ Y,

Pragma IMS_interrupt_handler

This pragma indicates to the compiler that the named function is to be used as an inter-
rupt handler.

Syntax: #pragma IMS_interrupt_handler (function-name)
The named function must have been declared before the pragma is encountered.
A warning is generated and the pragma is ignored if,
o the named function has been defined before the pragma is encountered;
 its parameter is not a function identifier;
¢ it is given no parameters or more than one parameter;

o the target processor is not a T450 or ST20.
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Command line parameters must be specified in OCARG using the syntax required by the
oc command line.

3.3 Filenames

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

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

If you use the Makefile generator tool imakef you must use the extensions described
in section 12.3.

3.4 Transputer targets

The compiler generates code for a specific transputer type. This means that a processor
type should be specified for all transputer targets. If more than one processor type is
specified, the compilation will terminate immediately and an error message will be
displayed.

Transputers are aiso 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 also given
in this appendix.

3.5 Error modes

The execution error mode determines the behavior of a program if it fails during execu-
tion. There are two main modes; HALT system and STOP process. There is also a
special mode called UNIVERSAL. Command line options are provided to select the error
mode for the compilation. Specifying more than one error mode will cause the compila-
tion to terminate immediately and an error message will be displayed. The execution
behavior of programs compiled in the different modes is as follows:
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HALT When an error occurs in the program the transputer halts. This is useful
for developing and debugging systems and is the default mode. For
errors to be detected correctly the server must be invoked with the ‘SE’
option.

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

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

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

All separately compiled units for a single processor must be compiled for compatible
error modes. Where a library is used the module with the appropriate error mode will be
selected.

Note: The implementation of error modes on the T9000 is done via a trap handler
(installed automatically by the configurer), which gives either HALT or STOP behavior
when an error occurs.

Compilation error modes and their effects are described in more detail in the ‘Program-
ming single transputers’ chapter of the ‘occam 2 Toolset User Guide'.

3.6 Enable/Disable Error Detection

By default the compiler inserts code to execute run-time checks for errors it cannot
detect at compile time. In some circumstances it may be desirable to omit the run time
error checking in one part of a program, for example, in a time-critical section of code,
while retaining error checks in other parts of a program, for debugging purposes. Three
command line options are provided to enable the user to control the degree of run-time
error detection performed; they are the ‘K’, ‘U’ and ‘N2’ options.

The compiler option ‘K’ disables the run-time range checks for the module being
compiled. Range checking only includes checks on array subscripting and array lengths.
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The compiler option ‘U’ prevents the compiler from inserting any code to explicitly
perform run-time checks. This will disable run-time checks associated with type conver-
sion, shift operations, array access, range validation and replicated constructs such as
SEQ, PAR, IF, and ALT. Runtime checks implicit in the transputer instructions are still
performed, for example, add will automatically check for arithmetic overflow.

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

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

The effect of using these options is described in detail in the ‘Programming single trans-
puters’ of the ‘occam 2 Toolset User Guide'.

3.7 Enabling/disabling warning messages

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

¢ The NWCA option disables the generation of warning messages when CHAN OF
ANY is used. CHAN OF ANY is now considered obsolete and replacement with
named protocols of type ANY is recommended. See section ‘Language exten-
sions’ appendix of the ‘occam 2 Toolset Languages and Libraries Reference
Manual.

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

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

o The NWU option disables warning messages being generated when variables or
routines are not used.

* The WALIGN option provides a warning whenever a runtime alignment check is
inserted for a RETYPE.

e The waLL option turns on all warnings which are controlled from the command
line i.e. it is currently equivalent to WD, WO, WALIGN and WQUAL.

* The WD option provides a warning whenever a name is descoped, for example
when a name is used twice and one occurrence of it is hidden within an inner
procedure. See section 8 of the ‘occam 2 Reference Manuat for details of
occam scope rules.
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¢ The wo option provides a warning whenever a run-time alias check is generated
i.e. to check that variables do not overlap. These checks generate extra code
and the user may wish to be alerted to this.

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

Section 3.14.1 lists the warning messages which are affected by these options.

3.8 Support for debugging
The occam 2 compiler supports interactive debugging with the debugger by default.

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

3.9 Channel inputioutput

By default the compiler will generate calls to library routines to perform channel input and
output, rather than using the transputer’s instructions. The compiler’s ‘¥’ option forces
the compiler to use sequences of transputer instructions for channel input and output,
resulting in faster code execution.

Note: that code which is compiled to use transputer instructions for channel input/output
may call code which uses library routines to perform channel input/output, but not vice
versa.

Note: The ‘Y’ option is incompatible with the ‘software virtual routing’ facilities of the
configurer. When software processes are used to implement the routing of channel
communications between non-adjacent transputers, channel input/output must be
implemented by library calls. See the chapter about ‘Configuration’ in the ‘occam 2
Toolset User Guide' for further details.

3.10 Separately compiled units and libraries

Any group of one or more 0cCam procedures and/or functions may be compiled sepa-
rately provided they are completely self-contained and make no external references
except via their parameters or compiler directives. Separate compilation is used to
reduce the need for recompilation, and to split compilations into smaller parts. Sepa-
rately compiled code is known as a compilation unit.

Any collection of compilation units may be made into a library using the librarian i1ibr
(see chapter 9). Libraries and compilation units differ in the following way:

o Libraries are selectively loaded as required by the transputer type and error
mode of the compilation, whereas separately compiled units are always loaded.
If a unit containing incompatible code is used an error is generated, whereas
libraries containing incompatible code are ignored.
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All separate compilation units and libraries must be compiled before the program that
references them is itself compiled. An easy way to ensure this is to use the toolset Make-
file generator imakef with a suitable Make utility. For more details see Chapter 12.

3.11 Code insertion using asM

Two compiler options are provided to enable the compiler to recognize transputer
instructions inserted into source code using the AsM construct. The ‘G’ option permits
use of a limited range of sequential instructions whereas the ‘W’ option permits use of
the full range of transputer instructions. For further details see the ‘Transputer Code
Insertion’ appendix of the ‘occam 2 Toolset User Guide'.

3.12 Memory map

The compiler may be instructed, via the P mapfile option, to produce a map of workspace
for each function defined in the file. The file contains information which may assist the
user during program debugging and can be used as input to the memory mapper imap.
The map is written to the file mapfile.

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

(/>Qap of code and data for source file simple.occ ‘\\

Created by 2.03.48

Target processor : T450
Error mode : HALT

Map of workspace

Routine : simple
Variable name
length

result

buffer

Formal parameter name
fs
ts
<vectorspace_pointer>

Sectiorn map

Name

\\‘simple

Offset (words)
4

5
9

Offset (words)
7
8
9

Workspace size = 52 words, Vectorspace size = 378 words

Section name : text%base : size = 156 bytes

Type Offset (bytes)
code 2

Figure 3.1

Lyy, BN

Example compiler map
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The file is generated in text format. The following information is present:
® The name of the source file for which the map of code and data is being produced.
® Version data for the compiler.
® The target transputer of the compilation, T450, T805, T400, etc.
® The error mode of the compilation.

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

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

e List of formal parameters giving their name and offset (in words) into the
routine’s workspace. Parameters added by the compiler may also be listed,
see Table 3.2 for a list of their names. Further details of these parameters can
be found in the appendix of the ‘occam 2 Toolset Language and Libraries
Manual which describes 0ccam 2 implementation details.

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

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

Details of how the compiler allocates space for variables are given in the appendix of
the ‘occam 2 Toolset Language and Libraries Manual which describes 0ccam 2 imple-
mentation details.

Formal parameter
hidden dimension
vectorspace pointer
static link

Table 3.2 Parameters inserted by compiler

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

Information generated in the compiler map file may be extracted by the imap tool. This
tool can be used to produce a memory map for the program after it has been compiled,
linked and collected. See chapter 13.

3.13 Compiler directives

The occam compiler supports a number of directives that allow the programmer to
customize a compilation. All are extensions to the language. If the compiler ‘I’ option
is used directives are displayed on the screen as the compilation proceeds.
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Directives supported are:

#INCLUDE — inserts OCCam source code

#USE — references separately compiled units and libraries

#IMPORT — references non-0ccam compiled code

#COMMENT ~— inserts comments in object code

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

languages, code placement in RAM, and disablement of checks on
specific variables.
3.13.1 Syntax of compiler directives

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

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

The scope of directives are defined, like declarations of constants and protocols, by the
level of indentation in the 0CCam source.

When imakef is used, if a filename in a #USE, #INCLUDE or # IMPORT directive does
not already have an extension then imakef will add the appropriate extension
depending upon the target that it is attempting to build. If you use the Makefile generator
tool imakef you must use the extensions described in sections 12.3 and A.6.

3.13.2 #INCLUDE

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

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

To track file dependencies within included files use of the imakef tool is recommended.
The syntax of the #INCLUDE directive is as follows:
#INCLUDE " filename” [comment]
where: filename is the name of the file to be included. The extension must be supplied.
comment is any text preceded by the characters ‘—.

The first text after the directive must be the filename enclosed within double quotes (”).
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All other text on the line is ignored and may be used for comments. For example:
#INCLUDE "header.inc”
Included files may be nested to any depth.

3.13.3 #USE

The #USE directive allows separately compiled 0ccam units and libraries (in TCOFF
format) to be referenced from 0Cccam source. The file referenced by the #USE directive
must be compiled for a compatible processor type and compilation mode as the main
program, and should be made available in all modes for which the program will be
compiled.

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

Note: that if a library, which will be read by an 0cCam compiler #USE directive, contains
routines of the same name, these routines must have the same interface i.e. result type
and parameter list, and should have the same functionality.

Any names in the library which do not conform to occam syntax, and which have not
been translated by means of a TRANSLATE pragma will be ignored. Note: this means
that a TRANSLATE pragma must precede its related #USE directive. See section 3.13.7.

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

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

comment is any text preceded by the characters ‘—'.
The first text after the #USE directive must be the filename, which must be enclosed

within double quotes (). All other text on the line is ignored and may be used for
comments. For example:

#USE "module”

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

3.13.4 #IMPORT

The #IMPORT directive allows code produced by compatible non-occam compilers to
be referenced from 0ccam programs. It operates in the same way as #USE except that
the code that is imported is marked as ‘foreign’ and not included in makefile searches.
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Note: The code imported by #IMPORT must be compatible with the current toolset linker
ilink

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

where: filenameis the name of the compiled equivalent 0CCam process. If no extension
is given the . tco extension is assumed.

comment is any text preceded by the characters —'.

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

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

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

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

The parameters supplied in the program call, f1ag, ws1, ws2, in, and out are those
of the type 2 procedural interface. The program must be linked with C libraries
centry.lib and libc. 1ib. Details of this method of mixed language programming
can be found in the ‘occam 2 Toolset User Guide'.

Details of an alternative method of mixed language programming where non-occam
programs are called directly using library functions can also be found in the ‘Mixed
language programming’ chapter of the ‘occam 2 Toolset User Guide'.

3.13.5 #COMMENT

The #COMMENT directive allows comments to be placed in the object code. These
comments can be read by the binary lister tool i1ist.

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

where: string is the text of the comment. Comments must be enclosed in double quotes
following the #COMMENT directive. Comments cannotbe split over more than one
line.

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

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

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

#COMMENT ”My library V1.3, 18 March 1995”
#COMMENT "Copyright me 1995”

SEQ
.. library source

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

is equivalent to:
#PRAGMA COMMENT ”string”

See also section 3.13.7.

3.13.6 #OPTION

The #0PTION directive allows you to specify certain command line options within the
source text of a compilation unit, so that they apply only to that unit. Options specified
in this way are simply added to the command line when the compiler is invoked.

Arguments to #0PTION are those that relate directly to the source, namely:
A - disable alias (and usage) checking.
E — disable the compiler libraries.
G - allow sequential code inserts (via the AsM construct).
K — disable the insertion of run-time range checks.
N - disable usage checking.
U —disable the insertion of any run-time error checks.
V — disable separate vector space usage.
W - enable full code inserts, (via the AsM construct).
Y —disables channel i/o by library calls, instead transputer instructions are used.

Specifying any other option produces an error. Descriptions of the arguments can be
found in Table 3.1.

12 457, 353 THOMSON




3 oc - OCCam 2 compiler

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

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

where: optionname is any option permitted in a #0PTION directive. Spaces within the
double quotes are ignored. No option prefix character is required in the syntax
and none should be specified.

comment is any text preceded by the characters —'.

The first text after the #0PTION directive must be the list of options enclosed in double
quotes. All other text on the line is ignored and may be used for comments.

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

— This compilation unit requires sequential
— code inserts and does not pass the usage check.

#OPTION "G N”

PROC x ()
body of procedure

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

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

3.13.7 #PRAGMA

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

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

where: pragma-name may be one of:

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

commentis any text preceded by the characters ‘—'. All pragmatypes may have
a comment appended to them.

#PRAGMA COMMENT ”string” [comment]

#PRAGMA COMMENT allows comments to be placed in the object code. These comments
can be read by the binary lister tool i1ist. In all respects #2PRAGMA COMMENT acts like
#COMMENT (see section 3.13.5).

#PRAGMA EXTERNAL "declaration” [comment]

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

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

The syntax of the declaration is as follows:

formal procedure or function declaration = workspace [, vectorspace]

Examples:

#PRAGMA EXTERNAL "PROC pl (VAL INT x, y) = 20”7

#PRAGMA EXTERNAL "PROC p2 (VAL INT x, y) = 20, 100”
#PRAGMA EXTERNAL ”INT FUNCTION f1 (VAL INT x, y) = 507
#PRAGMA EXTERNAL ”INT FUNCTION f2 (VAL INT x, y) = 50, 0”

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

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

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

A linker directive is used to change the order in which code modules are linked together,
by supplying a list of prioritized section-names, see section 10.4.6. Provided that the
linker does not encounter any linker directives listing section-names, it will place
“pristextbase” modules first.

Note: floating point routines such as REAL320P and REAL3 20PERR are automatically
optimized by the compiler by placing them in a “pristext%base” section.

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

For example:

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

#PRAGMA PERMITALIASES variable.list [comment]

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

See the ‘Occam 2 Toolset Language and Libraries Reference Manual for a description
of alias checking.

This pragma must immediately follow the declaration of the variables to which it refers.
For example:

INT X, ¥, 2 :

#PRAGMA PERMITALIASES X .....

#PRAGMA PERMITALIASES y ..... is correct
INT x :

INT y :

#PRAGMA PERMITALIASES X ..... is incorrect

If the pragma refers to formal parameters, it must immediately follow the procedure
heading.

To allow the compiler to generate efficient code, it is preferable to use the #PRAGMA
PERMITALIASES on individual variables, rather than applying the ‘4’ command line
option on the whole compilation. However, the most efficient code will be generated
when neither the PERMITALIASES pragma nor the ‘A’ command line option are used.

#PRAGMA SHARED variable.list [comment]

This pragma disables usage checking for specified variables. It may be applied to
normal variables, abbreviations and RETYPES, or non-VAL formal parameters.
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See the ‘0occam 2 Toolset Language and Libraries Reference Manuar for a description
of usage checking.

This pragma must immediately follow the declaration of the variables to which it refers.
If these are formal parameters, it must immediately follow the procedure heading. See
pragma PERMITALIASES above.

To allow the compiler to generate efficient code, it is preferable to use the #PRAGMA
SHARED on individual variables, rather than applying the ‘N’ command line option on the
whole compilation. However, the most efficient code will be generated when neither the
SHARED pragma nor the ‘N’ command line option are used.

#PRAGMA TRANSLATE identifier " string” [ comment ]

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

Any entry point defined in the compilation unit whose name matches identifier is trans-
lated to string when inserted into the object file, and hence can only be referenced as
string when linking.

String may not contain the following characters: the NUL character (‘*#00°), space(‘ ),
or open and close parentheses (‘(’ and ‘)’).

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

For example:

#PRAGMA TRANSLATE c.routine ”c_routine”
#PRAGMA EXTERNAL "PROC c.routine () = 100"

3.14 Error messages

All messages produced by the compiler are in the standard toolset format. Details of the
format can be found in section A.7. Messages are generated at severity levels Informa-
tion, Warning, Error, Serious and Fatal.

No object files are generated if a message occurs at severity levels Error, Serious or
Fatal.

Notes

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

2 The compiler finds the compiler libraries by searching the path specified by the
host environment variable ISEARCH. The most common cause of a compiler
library error is failure to set up this environmental variable correctly.
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The error messages listed here are those which are produced by incorrect use of the
compiler, caused for instance by failing to specify command line options correctly. The
compiler also reports all syntax and semantic errors found in the program; these
messages are not listed here as they are language specific and therefore outside the
scope of this document.
3.14.1 Warnings
Badly formed #PRAGMA name directive

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

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

GUY construct is obsolete: use ASM instead

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

name is not used

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

name placed below MEMSTART
The named variable has been placed below MemStart.
name placed below MEMSTART

The named variable has been placed below MemStart on one of the byte-mode
link control words.

lllegal use of PROTOCOL tag name in an expression

A PROTOCOL tag name has been used in an expression. This is illegal and will
not be permitted in future compilers.

Name name descopes a previous declaration

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

No compatible entrypoints found in name

The named library contains no routines which may be called from this error mode
and/or processor type.
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Obsolete channel type conversion: use channel RETYPE

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

Parameter name is not used

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

Placement expression for name clashes with virtual routing system

The named variable is placed on one of the transputer links. This may interfere
with the interactive debugging system or the virtual routing system.

Placement expression for name wraps around memory

The calculation of the machine address for this variable has overflowed; the trun-
cated address is used.

Possible side-effect: PLACED variable name

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

Possible side—effect: instanced PROC has PLACED variable name

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

PORT namé must be placed

A PORT type must be placed using an allocation. See the ‘0occam 2 Reference
Manuar for further details.

PRAGMA or PLACEment must immediately follow declaration of name

There should be no other variable declarations between a variable’s own decla-
ration and any PLACE statement.

Routine name is not used

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

Run-time allignment check required for RETYPE

A RETYPE is being used to convert from one type to another with a more restric-
tive alignment requirement. The compiler inserts a run-time check to ensure that
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the object is suitable aligned. This warning is only enabled by means of the
WALIGN command line option.

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

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

Tag name is not handled in CASE input

Tag name appears in the channel’s PROTOCOL, but no guard for it appears in this
CASE input. This warning is only enabled by means of the WQUAL command line
switch.

TRANSLATE ignored: Module containing name has already been loaded

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

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

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

TRANSLATE ignored: String name has already been used

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

The pragma name is ignored.
Using length ‘name’ in array part of counted array input is obsolete

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

channel.exp ? name :: [ array.exp FROM 0 FOR name ]
This is transformed by the compiler into the equivalent construct:
channel.exp ? name :: array.exp

The former construct is obsolescent and programs should be re-written to use
the latter form.
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Workspace clashes with variable PLACED AT WORKSPACE number

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

3.14.2 Errors

Bad object file format

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

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

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

Cannot open file ”string”
File is missing, or file system error.
Cannot open output file
The object file could not be opened. File system error.
Cannot open output file (string)
The file given as parameter to the command line R option could not be opened.
Cannot open source file

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

Code buffer full (nnn bytes); use command line to increase buffer size

The compiler has an internal buffer for code which is about to be placed into the
object file; this has overflowed. The CODE command line option may be used to
increase the size of this buffer.

Code insertion is not enabled
You must use the G or w options to enable assembler inserts.
Descriptor has incorrect format

Library or separately compiled procedure object code is notin the correct format.
The code may not have been linked correctly, or the file may have become
corrupted.
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Duplicate error modes on command line

Muiltiple error modes may not be specified for the compilation.
Duplicate processor types on command line

Muiltiple processor types may not be specified for the compilation.
Expected string after #COMMENT

#COMMENT directive must be followed by a string containing the comment.
Expected string after #OPTION

#OPTION directive must be followed by a string containing the options .
‘Filename’ is not a valid object file

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

Instruction is not available in current code insertion mode

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

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

The user specified an unrecognized command line option.
Missing filename

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

There is no object file name parameter to the command line 0 option.
Missing output file name

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

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

File system error. The source file or an include file could not be read. numberis
the host file system error number.
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number writing to object file

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

Option in illegal position

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

PRAGMA or PLACEment must immediately follow declaration of name

There should be no other variable declarations between a variabie’s own decla-
ration and any #PRAGMA.

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

Incorrect compiler options specified after a #OPTION directive.
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This chapter describes the configurer tool occonf that configures code for transputer
networks. It describes the command line syntax and explains how the tool is used to
generate a configuration data file for input to the code collector tool. The chapter ends
with a list of error messages.

4.1 Introduction

The configurer takes a configuration description created using the transputer configura-
tion language and produces a configuration binary file which icollect uses to
generate bootable code for a transputer network. The bootable code may be generated
in a specific error mode.

A configuration description describes how code is to be run on a network of transputers.
It consists of separate definitions of the software and hardware networks, and a
mapping description which defines how the software will be placed on the processor
network. Using this description the configurer allocates code to particular processors
and performs wide ranging consistency checks on the mapping of software to hardware.
The chapter on ‘Configuration’ in the ‘User Guide’ explains how to write a configuration
description.

occonf enables any topology of software network to be placed on any topology of hard-
ware network. There are no restrictions on how many communication channels may be
allocated to a single inter—processor link. Where possible channels should be left
unplaced by the user, so that occonf can implement the ‘best’ route through the
network.

Linked modules and libraries which are referred to by a configuration description must
be already compiled and linked before any file which references them can itself be confi-
gured.

The operation of the configurer tool is illustrated below. Files are represented in terms
of their standard toolset file extensions.

'+ .inc;

occont
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4.2 Running the configurer

occonf produces two output files:
* the main configuration binary file (. c£b) for the collector

« afile (. clu) containing executable code packets, used by the collector.

4.2 Running the configurer
To run the configurer use the following command line:
»  occonf filename { options}

where: filename is the configuration description file. If no file extension is specified, the
extension .pgm is assumed. Only one file may be specified.

options is a list of one or more options from Table 4.1.

Options must be preceded by ‘— for UNIX-based toolsets and either ‘~ or */’
for MS-DOS based toolsets. Note: ' is used in all documentation examples.

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

Options must be separated by spaces.

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

Examples of use:

oc -t450 simple.occ
ilink -t450 simple.tco hostio.lib -f occam450.1nk

occonf simple.pgm

icollect simple.cfb

oc -t805 simple.occ

ilink -t805 simple.tco hostio.lib -f occama.lnk
occonf simple.pgm

icollect simple.cfb
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Option Description

B Displays messages in brief (single line) format.

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

CODE nnn Specifies how large to make the code buffer. If not specified, the configurer will allo-
cate 40 Kbytes. nnnis a value in Kbytes i.e. the ‘K’ suffix is not required.

G Enables the configurer to recognize the restricted range of transputer instructions,
via the asM construct. See section 4.13 and the appendices of the accompanying
‘User Guide'.

Ga Generates a configuration which can be debugged using the INQUEST debugger
in interactive mode. This option is incompatible with the ro, Nv, PRE and PRU
options. See section 4.14.

H Produces code in HALT error mode. This is the default configuration mode and may
be omitted for HALT error mode programs. See section 4.7.

HELP Displays a full help page which lists all the standard options.

I Displays extra information as the tool runs. This information includes target and
error mode, and information about directives as they are processed. The defauit
is not to display this information.

K Disables run-time range checking. The defaultis to insert run-time range checking.
See section 4.8.

NA Disables the insertion of run-time checks for calls to ASSERT. See section 4.8.

NV Generates a configuration without virtual routing. Note: any definition of router
attributes for processor nodes will be redundant. See section 4.11.

NWCA Disables warnings when CHAN OF ANY is used. See section 4.12.

NWGY Disables warnings when the obsolete construct cuy is used. See section 4.12.

NWP Do not warn if declared parameters are not used.

NWU Do not warn if declared variables or routines are not used.

o outputfile Specifies an output filename. If no output file is specified the configurer uses the

input filename and adds the extension .cfb.

PRE Generates a configuration which can be profiled by the INQUEST execution
profiler. Note: This option cannot be used with the GA and PRU options. See
section 4.14.

PRU Generates a configuration which can be profiled by the INQUEST utilization
profiler. Note: This option cannot be used with the GA and PRE options. See
section 4.14.

s Generates code which favours space efficiency. Where a choice exists between
generating faster, but larger code over slower, more compact code, it will generate
more compact code.

QT Generates code which favours faster execution times. This is the default. Where
a choice exists between generating faster, but larger code over slower, more

) compact code, it will generate the faster code.
R filename Redirects error and information messages to a file.
RA Creates a file suitable for a boot-from-ROM application in which the user and

system processes for the root processor and all other processors are loaded into
RAM to execute.
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4.3 Default command line

RE Enables re-ordering of code and data layout in memory, using the order . code,
order.vs and order.ws attributes.

Also enables the location.code, location.ws, and location.vs attrib-
utes. See section 4.9.

RO Creates a file suitable for a boot-from-ROM application in which the user and
system processes for the root processor execute in ROM and for all other proces-
sors the user and system processes are loaded into RAM to execute.

s Produces code in STOP error mode. See section 4.7.

U Disables the insertion of all extra run-time error checking. The default is to insert
run-time error checks. This is a ‘stronger’ option than K, and can be used to imple-
ment the 0cCam UNDEFINED error mode. See section 4.8.

v Prevents the configurer from producing code which has a separate vector space
requirement. The default is to produce code which does use separate vector
space.

W Enables the configurer to recognize the full range of transputer instructions, via the
zésun;ld Z?nstruct. See section 4.13 and the appendices of the accompanying ‘User

WALIGN Warns whenever a runtime alignment check is inserted. See section 4.12.
WALL Enable all warnings. See section 4.12.
WD Provides a warning whenever a name is descoped.
WO Provides a warning whenever a run-time alias check is generated.
WQUAL Enables software quality warnings, see section 4.12.
X Produces code in UNIVERSAL error mode. See section 4.7.
Y The ‘Y’ option disables the use of library calls for channel input/output and instead

uses transputer instructions. See section 4.10.

Table 4.1 occonf command line options

4.3 Default command line

Default command line parameters can be defined on the system in the OCCONFARG
environment variable. Parameters must be specified using the syntax required by the
configurer command line.

4.4 Search paths

If a directory path is not specified the configurer uses the standard toolset search mech-
anism for locating input files, include files, and system library files. Briefly, the current
directory is searched first, followed by the directories specified by ISEARCH (if defined
on the system). For details see section A.4.

4.5 Configurer library files

Depending on the command line options used, the configurer reads a number of special
library files which contain system processes. The library files are searched for on the
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directory specified by ISEARCH. This is normally the toolset 1ibs directory, in which the
files were originally installed. The library files are listed in table 4.2.

Library Description

sysproc.lib System startup processes for the different transputer types.
sysvlink.lib |Software through-routing processes.

sysdebug.1lib | Debugging kernels to support the INQUEST debugger.
sysprof .1lib Profiling kernels to support the INQUEST profiler.

Table 4.2 Configurer library files

4.6 Boot-from-ROM options

The boot-from-ROM options RO and RA indicate that the program is to be collected for
loading into EPROM and select the execution mode (from ROM or RAM) for the root
transputer code.

4.7 Configuration error modes

The configuration error mode determines the behavior of a program if it fails during
execution. The execution behavior of programs configured in the different modes is as
follows:

HALT An error halts the transputer immediately.
STOP An error stops the process and causes graceful degradation.

UNIVERSAL Code configured in this mode behave as either HALT or STOP mode, according to
the state of the transputer’s HaltOnEmror flag.

The error mode selected for the configuration must be compatible with the error mode
of the compiled units, referenced by the configuration source. The configurer will
produce an error message, if this is not the case.

Table 4.3 indicates the compilation error modes which are compatible and the possible
error mode they may be configured for.

Compatible compilation error modes occonf options
HALT, UNIVERSAL H
STOP, UNIVERSAL S
UNIVERSAL X

Table 4.3 occonf error modes

Compilation error modes and their effects are described in more detail in section 9.3.1.
Note: that occam UNDEFINED mode can be achieved by using the configurer u option,
to disable the insertion of run-time checks. This option behaves in the same way as the
U option to the occam compiler, which is documented in the ‘Programming single trans-
puters’ chapter of the ‘User Guide'.

% 127
IO7A- i v




4.8 Enable/Disable Error Detection

4.8 Enable/Disable Error Detection

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

The K option disables the insertion of run-time range checks on array subscripting and
array lengths.

The U option prevents the configurer from inserting any code to explicitly perform run-
time checks. This option will disable run-time checks associated with type conversion,
shift operations, array access, range validation and replicated constructs such as SEQ,
PAR, IF, and ALT.

The Na option prevents the configurer from inserting any code to check calls to ASSERT.
In effect, each ASSERT behaves like SKIP. Any calls to ASSERT which can be evaluated
during configuration will still be checked.

Note: that some checks are still performed; some transputer instructions implicitly check
for erroneous conditions.

The K, U and NA options behave in exactly the same way, as the same options provided
for the occam compiler. The effects of using these options are described in the
‘Programming single transputers’ chapter of the ‘User Guide'.

4.9 Enabling memory re-ordering and placement

The RE option enables the user to have more control of the layout of code and data areas
in memory. When this option is used, the special processor attributes ‘order.code’,
‘order.vs’ and ‘order.ws’ which indicate the relative priority of different data and
code areas, and the placement attributes location.code, location.ws, and
location.vs, are enabled. See the ‘Configuration’ chapter in the ‘User Guide’ for
more details.

4.10 Channel input/output

By default the configurer will generate calls to library routines to perform channel input
and output, rather than using the transputer’s instructions. The configurer’s ¥ and NV
options, when used together, force the configurer to use sequences of transputer
instructions for channel input and output, resulting in faster code execution.

Note: that code which is configured to use transputer instructions for channel input/
output may call code which uses library routines to perform channel input/output, but
notvice versa. This means that an application which includes linked units built with the
Y option, must be configured with the ¥ and NV options to maintain compatibility.

The NV option is also described in section 4.11, below.

L b7, 35 THONON




4 occonf - OCCam configurer

4.11 Virtual routing

In order to support the virtual routing facilities of the configurer it is required to perform
channel input/output using library routines.

The virtual routing facilities of the configurer are normally enabled, thatis, the configurer
automatically adds virtual routing and multiplexing processes if they are required by the
configuration.

If virtual routing is not required the virtual router can be disabled by using the Nv
command line option. In the absence of explicitly supplied multiplexing processes, the
normal limit of two channels per link (one in each direction) and a maximum of 4 links
applies. If these limits are exceeded and the Nv option is specified then the configura-
tion will generate errors indicating that channels could not be placed by the configurer.
In this case the Y or NV options should notbe used at any stage in the application build.

If the NV option is to be specified to the configurer then the preceding compilation and
linking stages of the application build may be performed using the compiler and linker
Y option. This is because library i/o will not be required.

If the Nv option is not specified then library i/o must be used for all stages of the
application build.

Note: the use of the Nv option also has an effect on the value of LoadStart, see section
4.15.1.

4.12 Enabling/disabling warning messages

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

* The NWCA option disables the generation of warning messages when CHAN OF
ANY is used. CHAN OF ANY is now considered obsolete and replacement with
named protocols of type aNY is recommended. See the ‘occam 2 Toolset
Language and Libraries Reference Manual.

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

* The NWP option disables warning messages being generated when parameters
to procedures are declared and not used.

» The NWU option disables warning messages being generated when variables or
routines are not used.

e The WALIGN option provides a warning whenever a runtime alignment check
is inserted for a RETYPE.
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4.13 ASM code

* The WALL option turns on all warnings i.e. it is currently equivalent to WALIGN,
WD, WO and WQUAL. _

» The wD option provides a warning whenever a name is descoped, for example
when a name is used twice and one occurrence of it is hidden within an inner
procedure. See section 8 of the ‘occam 2 Reference Manual for details of
occam scope rules.

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

e The WQUAL option enables software quality warnings Currently these include
warnings for unused options in CASE inputs and warnings about badly posi-
tioned PLACE statements.

Section 4.16.1 lists the various warning messages which are affected by these options.

4.13 AsMmcode

Two configurer options are provided to enable the configurer to recognize transputer
instructions, via the AsM construct (see the appendices of the ‘User Guide’).

The w option enables the full range of transputer instructions. The G option enables the
use of a limited range of sequential instructions. Examples of the use of transputer code
insertion can be found in the ‘Low level programming’ chapter of the ‘User Guide’.

The transputer instruction set is documented in full in the Transputer Instruction Set —

A compiler Writer’s Guide. @
414 SupportforINQUEST X s-13 6K

Three options are available to support the use of the INQUEST debugger and profiler
tools.

The Ga option generates a configuration which can be debugged by the INQUEST
debugger in interactive mode.

When the Ga option is used, the configurer will allocate debugging kernels to all proces-
sors which are available for debugging and which have been placed with at least one
process. See figure 4.1.

] O ©
® ®

[] processor @ rrocess available for debugging

(K) debugging kernel (O nprocess not available for debugging

Figure 4.1 Allocation of debugging kernels using the GA option
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Processes may be debugged provided the nodebug attribute (set in the MAPPING
section) is set to FALSE, which is the default.

The ea option must not be used with the RO boot-from-ROM option, or with the PRE and
PRU profiling options.

The PRE and PRU options generate a configuration which can be profiled by the
INQUEST execution and utilization profilers respectively. Processes may be profiled
provided the noprofile attribute (setin the MAPPING section) is set to FALSE, which
is the default. The PRE and PRU options are mutually exclusive.

4.15 Default memory map

By default the configurer maps code into memory into the same order as the compiler
i.e. beginning at LoadStart: workspace; code; separate vector space. The memory
segments are contiguous. The upper limit of the memory available to the configurer is
defined in the configuration description file (. pgm file), by the memsi ze attribute speci-
fied for the processor node. The default memory map is illustrated in Figure 4.2.

memory —» ——————————————
. Free Space '

<— FreeStart
System data Contiguous memory

Vector Space
Segment

Code
Segment

Workspace

Segment < LoadStart

«— MemStart

Reserved by
Minint = transputer
MOSTNEG INT architecture

—_—

Figure 4.2 occonf default memory map

The first 2 or 4 Kbytes of memory (16K for the T450) above MOSTNEG INT is imple-
mented as on-chip RAM, and includes a few words which are reserved by the transputer
hardware for the implementation of links and other hardware registers. LoadStart is
either just above or coincident with MemStart, see below. FreeStart is the start of
unused memory.

4.15.1 LoadStart

The position of LoadStart for a processor varies depending on the use of occonf
command line options and the reserved processor attribute, optionally specified within
a configuration description.
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4.16 Configurer diagnostics

When the reserved processor attribute is specified, LoadStart is defined to be the
memory location obtained by adding the value of reserved to MOSTNEG INT.

When the reserved processor attribute is not specified, LoadStart is coincident with
or just above MemStart:

¢ LoadStart = (MemStart + 12 words) when the Nv command line option has not
been specified i.e. virtual through-routing support is enabled.

Note: for most processors, MemStart is assumed to be greater or equal to 28
words from MOSTNEG INT, but if not then LoadStart = MOSTNEG INT + 40
words. Processors which have a MemStart which is less than 28 words from
MOSTNEG INT are the M212, T212, T222, T225 and T414.

e LoadStart = (MemStart + 6 words) when the Nv command line option is speci-
fied, disabling virtual through-routing and profiling is enabled.

* LoadStart = MemStart when the Nv command line option is specified but
profiling is not enabled.

The value of LoadStart can be checked once the application has been collected, by
generating and examining the collector map file.

4.15.2 System processes

System processes are code and data placed by the configurer for initializing the applica-
tion. By default, the system startup processes’ code and data are placed into user
process data areas i.e. workspace or separate vector space. These system processes
do not interfere with the user’s data because they complete their task before the space
is needed by the user’s code. Note: these system processes do not include the virtual
routing processes and profiler and debugger kernels, placed by the configurer.

4.15.3 Configuration description examples

A series of example configuration descriptions are supplied in the occonf examples
subdirectory. These include configurations for specific network topologies such as rings,
grids, trees, and pipelines.

4.16 Configurer diagnostics

If the source code does not conform to the 0CCam 2 configuration language definition,
then the configurer will issue diagnostics, in the form of error messages, during the
compilation process. When this occurs no object file nor configuration binary file will be
produced.

Errors in the configuration source produce diagnostic messages in standard toolset
format. Details of the format can be found in section A.7.
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Diagnostics are generated at the standard severity levels Information, Warning, Error,
and Fatal. No messages are generated at severity level Serious.

Warning messages are listed below.
Note: if you obtain a configuration diagnostic message which does not appear in any
of the following error lists, consult the diagnostic message lists in the icconf reference
chapter. Some messages are common to both occonf and icconf, and to avoid
duplication are only listed for icconf.
4.16.1 Warning messages
In the following list the Warning prefix is omitted for clarity.
Badly formed #PRAGMA name directive

The pragma directive named does not conform to the required syntax.

CHAN OF ANY is obsolete: use PROTOCOL name IS ANY

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

GUY construct is obsolete: use ASM instead

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

name is not used

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

Name name descopes a previous declaration.

This name descopes another name which has already been declared. This
warning is only enabled by means of the wb command line option.

No channel has been placed onto the host connection

PLACE or MAP statements should be used to define channel input/output across
the host connection, if host communication is required.

No direction known for channel name on PROCESSOR name

The configurer cannot determine whether channel name is used for input or
output on this processor; it will make a guess.
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Obsolete channel type conversion: use channel RETYPE

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

Parameter name is not used

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

Placement expression for name clashes with virtual routing system

The named variable is placed on one of the transputer links. This may interfere
with the INQUEST interactive debugging system or the virtual routing system.

Placement expression for name wraps around memory

The calculation of the machine address for this variable has overflowed; the
truncated address is used.

Possible side-effect: PLACED variable name

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

Possible side-effect: instanced PROC has PLACED variable name

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

Processor name unused
The named processor has no code placed onto it.
Routine name is not used

The named routine is never called. This warning may be disabled by means of
the NWu command line option.

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

The configurer has inserted run-time checks to ensure that variables are not
aliased (i.e. that they do not overlap). This warning is only enabled by means of
the wo command line option.

Unknown #PRAGMA name: name
The named pragma is unknown and therefore ignored.
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Using length ‘name’ in array part of counted array input is obsolete
The language no longer permits using the length part of a counted array input
to appear in the array part. It does however allow the following special case to
be written where the length only appears as the length of a slice:
channel.exp ? name :: [ array.exp FROM 0 FOR name ]
This is transformed by the compiler into the equivalent construct:
channel.exp ? name :: array.exp

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

Workspace clashes with variable PLACED AT WORKSPACE number

A variable has been placed at the address number in workspace, and this
clashes either with another placed variable, or with the configurer’s workspace
allocation requirements.
4.16.2 Error messages
Most of the messages in this section have been caused by mis—use of the configuration
language. For further help see the ‘Occam Configuration Language’ appendix in this
manual. These messages are generated at the severity level Error.
name has already been mapped
name appears twice on the left—-hand side of a MAP or PLACE statement.
name has already been used as a physical NODE

Some attributes have already been set for name, so it can only be used as a
physical node and not as a logical node.

ARC name has already been connected

Examine all ‘CONNECT’ statements creating link connections between processor
edges or a processor edge and an external edge.

Attribute name has already been set on NODE name

Check the declaration of node name and any attributes defined for namein the
mapping and network sections.

Attribute name has not been set for NODE name

Attribute name is a mandatory node attribute and should be set in the NETWORK
description.
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Attribute name may not be SET
You may not SET a link attribute.
Attribute name may not be used on logical NODEs

Logical nodes cannot have attributes set for them. Perhaps you meant to set the
attribute for a node representing a physical processor.

Attribute name set to illegal value on NODE name
Check the syntax and range of permitted values for the type of attribute required.
For further help see the ‘Occam Configuration Language appendix in this
manual.

CHAN name is placed but not properly connected

Check that the ArC that CHAN name is PLACEd on is connected within the
NETWORK description by a CONNECT statement.

CONNECT expression must be of type EDGE

CONNECT expressions connect two nodes or anode to an external edge by spec-
ifying their link connections. They take the form:

‘CONNECT edge TO edge [WITH arcname)’
where arcname is optional.

Cannot PLACE name which was declared outside a PROCESSOR construct
PLACE statement must immediately follow channel declaration.

Cannot disable virtual routing with the INQUEST debugger

You have used the command line options NV and GA together; they are incom-
patible.

Cannot interactively debug ROM programs

You have used the command line options RO and GA together; they are incom-
patible.

If you want to debug your program, develop it as a boot-from-link program or
boot-from—ROM program with the RA option and debug, and when it is clear of
errors re-configure as a boot-from-ROM program with the RO option.

Cannot run both profilers together

You have used the PRE and PRU command line options together, selecting both
INQUEST profiler tools. These tools are mutually exclusive.
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Cannot run the profiler with the INQUEST debugger

The PRE or PRU command line options have been used in conjunction with the
ca command line option; they are incompatible.

Cannot set NODE name as root; another has already been set

Examine the other processor declarations, one of them has the root attribute
set.

Cannot use VAL on a CHAN, PORT, TIMER, or hardware item

Abbreviations of CHAN, PORT, TIMER, NODE, ARC and EDGE cannot use VAL.
Cannot use VAL on a hardware item

It is illegal to use VAL on a NODE, ARC Or EDGE.
Channel name is mapped onto ARC name, not connected to this processor

You need to identify which physical or logical processor is connected to ARC
name. Either the ARC is connected to the wrong processor or you are trying to
map the wrong channel to ARC name.

Channel name is used for both input and output, but ARC name connects to an
EDGE

ARC name connects this processor to an edge, so this processor can input on
it or output on it but cannot do both. Two channels are required to support
two-way communication.

Channel name mapped onto unconnected ARC name

ARC name is required to be connected to a physical link. This is done using a
CONNECT statement within the NETWORK description e.g.:

‘CONNECT edge TO edge [WITH arcname}’
Channel name used for input by more than one process

Channel name appears in a previous PROCESSOR statement, defining a process
and its channels.

Channel name used for output by more than one process

Channel name appears in a previous PROCESSOR statement, defining a process
and its channels.

Channel name with protocol containing INT used across different wordlengths

This is a constraint of the current configurer, see the ‘Occam Configuration
Language’ appendix in this manual.
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Code buffer full (nnn bytes); use command line to increase buffer size

The configurer has an internal buffer for code which is about to be placed into
the object file; this has overflowed. The CODE command line option may be used
to increase the size of this buffer.

EDGE name has already been connected
Edge name has been connected in a previous CONNECT statement.
EDGE name is not connected to rest of network

Edge name defines a peripheral device which, if it is to be used, needs to be
connected to the rest of the network by a CONNECT statement.

Expected a NODE attribute, found a subscript expression

You appear to have used too many subscripts. The configurer expected to see
the name "1ink” as in:

CONNECT name [link] [number] TO ........
where name is a node name and number is the link connection

FUNCTION namereturns a REAL result butis compiled for wrong calling conven-
tion

A routine compiled for class TA can only be run on a T800 if it obeys the correct
calling conventions. See the advice for 0cCam code given in section B.2.3.
Alternatively re-compile your code for a T8 transputer.

lilegal item in configuration code

An illegal expression has been used in the configuration description. Check the
description against the syntax definition, described in the ‘Occam Configuration
Language’ appendix in this manual.

lllegal item inside CONFIG construct

Check the configuration description against the syntax definition, described in
the ‘Occam Configuration Language appendix in this manual.

lllegal item inside MAPPING construct

Check the configuration description against the syntax definition, described in
the ‘Occam Configuration Language appendix in this manual.

lllegal item inside NETWORK construct

Check the configuration description against the syntax definition, described in
the ‘Occam Configuration Language’ appendix in this manual.
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lllegal processor type ”name”

Supported processor types are: "T2127 "T222" "T225" "M212"
7T400” "T414” "T425” "T800” "T8OL” "T805” "T450"

Implementation restriction: Cannot RETYPE INT constants on 16-bit processors;
use INT16

This is a constraint of the current configurer, see the ‘Occam Configuration
Language’ appendix in this manual.

Implementation restriction: Cannot declare name name inside a replicator
Declarations of NODES, ARCS, and EDGES may not appear inside a replicator.

Implementation restriction: Cannot use INT constant arrays on 16-bit proces-
sors; use INT16

This is a constraint of the current configurer, see the ‘Occam Configuration
Language’ appendix in this manual.

Implementation restriction: Cannot use replicator name in channel abbreviation
outside a PROCESSOR construct

You have encountered an implementation restriction.

Implementation restriction: INT constant overflows on 16-bit processors; use
INT16

This is a constraint of the current configurer, see the ‘Occam Configuration
Language’ appendix in this manual.

Implementation restriction: root NODE name must not be an array element
You have encountered an implementation restriction.
Left hand side of mapping must be of type CHAN
Channels are mapped onto an ARC, with a statement of the following form:
MAP channel.list ONTO arc
where channel.listis a list of channels previously declared to have type CHAN.
Left hand side of mapping must be of type NODE

Logical processors are mapped onto a physical processor, with a statement of
the following form:

MAP processor.list ONTO node

where processor.listis a list of logical processors previously declared as NODE
types.
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Link name[link][number] has already been connected
Check any previous CONNECT statements to identify what
link name[1ink][number] is connected to.

Link number number is illegal for this NODE

T400 and M212 transputers have just two links, identified 0'and 1. All other trans-
puters in the T2/T4/T8 series have four links, numbered 0, 1, 2 and 3.

Location attributes ignored because re-ordering isn’t enabled
Use the RE command line option to enable the 1ocation attributes.
Multiple CONFIG constructs not permitted

The cONFIG keyword introduces the software description, which is a PAR or
PLACED PAR and should include PROCESSOR statements defining all required
software processes.

Multiple MAPPING constructs not permitted

All MaP statements should appear in one section introduced by the MAPPING
keyword. Any attributes used to control the use of memory or routing should also
be included in this section.

Multiple NETWORK constructs not permitted

All statements describing the connectivity and attributes of physical nodes
should be placed in one section, introduced by the NETWORK keyword.

NODE name has not been mapped

Check your mapping description, a logical processor has been declared but not
mapped to a physical processor.

No CONFIG construct

The software description is missing or has not been introduced by a CONFIG
keyword.

No NETWORK construct

The network description is missing or has not been introduced by a NETWORK
keyword.

No NODE has been specified as root

Configurations which are for boot-from-ROM application must have one
physical node defined to be the root transputer. This is performed using the root
aftribute in a SET statement.
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No hardware route exists from processor name for channel name

There is no direct link available for channel name to use. Because through-
routing has been disabled by the Nv command line option an indirect route
cannot be established.

No priority expression permitted when mapping CHANs

The priority expression PRI can only be used when mapping logical processors
onto physical processors. The priority expression relates to the software
process which will run on the processor.

Not enough links from processor name for channel name
The Nv command line option has been specified, disabling virtual routing. This
means that only one channel can be placed in each direction, onto each link
specified in the hardware description.

Ordering attributes ignored because re-ordering isn’t enabled
Use the RE command line option to enable the oxrder attributes.

PRI expression nn must evaluate to 0 or 1
Priority expressions are introduced by a PRI keyword in a MAP statement. PRI
expressions may take one of two integer values; either 0 indicating high priority
or 1 indicating /ow priority.

Priority expression of mapping must be of type INT

PRI expressions may take one of two integer values; either 0 indicating high
priority or 1 indicating low priority.

Process evaluates to STOP

The logic within the configuration description itself evaluates to a STOP and will
therefore not execute.

Process mapped at high priority may not contain a PRI PAR

The logic of the MAP statement which includes the PRI expression conflicts with
the internal logic of the program which uses a PRI PAR.

Processor type has already been set for NODE name
Node name already has the type attribute set. Check the hardware description.
Processor type has not been set for NODE name

The attribute type is a mandatory node attribute and should be set in the hard-
ware description for NODE name.
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ROM memory size has not been set for root NODE

The size of ROMattached to the root node must be specified using the romsize
attribute. (The root node is the node which has the root attribute set).

Right hand side of mapping must be a physical NODE

Logical processors are mapped onto a physical processor, with a statement of
the following form:

MAP processor.list ONTO node

where node is a physical node declared within the hardware description.
Right hand side of mapping must be of type ARC
Channels are mapped onto an ARC, with a statement of the following form:
MAP channel.list ONTO arc
where arc is a named link declared within the hardware description.
Right hand side of mapping must be of type NODE or ARC

MAP statements are used to map logical processors onto physical processors
or channels onto named links called ARCs. The statement takes the form:

MAP processor.list ONTO node

where node is a physical node declared within the hardware description.

OR:

MAP channel.list ONTO arc

where arc is a named link declared within the hardware description.
SET expression must be of type NODE

The SET expression is used to set attributes for physical processors. It takes the
form:

SET device (attribute.assignment)
where device is a node name.
Too many channels inputting on ARC name

An ARC can carry amaximum of two channels, one in either direction. It is a dedi-
cated link i.e. one which will not be used by virtual channels.
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Too many channels outputting on ARC name

An ARC can carry a maximum of two channels, one in either direction. It is a dedi-
cated link i.e. one which will not be used by virtual channels.

Unknown attribute name name
The attribute name used is not supported by the language. Valid attributes are:
link, linkquota, location.code, location.ws, location.vs,
memsize, nodebug, noprofile, order.code, order.ws, order.vs,

reserved, romsize, root, routecost, tolerance, type

Further information can be found in the ‘Occam Configuration Language
appendix in this manual.

Value must be in range 0 to n for attribute name
Attribute name has been incorrectly specified.

WITH expression must be of type ARC
The only configuration statement that a WITH expression may appear in, is a
CONNECT statement. This is used to connect an ARcC with a link connection. It
takes the form:

‘CONNECT edge TO edge [WITH arcname]’
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5 icollect - code collector

This chapter describes the code collector tool icollect which generates an execut-
able 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
forinput to the EPROM programmer tool i eprom, and to create files that can be dynami-
cally loaded by a user program.

5.1 Introduction

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

Bootable files are transputer executable files that can be directly loaded onto the trans-
puter hardware down a transputer link. The bootable file contains all the information for
loading and running the program on a specific network of processors, 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 (i.e. binary file) and to use this as input to the collector.
The configuration data file describes the placement of processes and channels on the
processor network in a special format which can be read by the collector. 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. This method of program
development is not recommended and may not be supported in future toolsets.

icollect can be directed to generate output files in a special format for processing
by the iepromtool, and executable code with no bootstrap or system process informa-
tion, intended for dynamic loading by a supervisory program.

The command line default is to assume input from a configuration binary file. Special
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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5.2 Running the code collector

Unconfigured program (using ‘T’ option):

@—. icollect

*occam only .

56

Configured processor program:

icollect
T

. X,
! .map;

5

5.2 Running the code collector
The code collector is invoked using the following command line:
P icollect filename { options}

where: filenameis a configuration data file created by a configurer or a single linked unit
created by i1ink. Only one filename may be given on the command line.

options is a list of the options given in Table 5.1.

Options must be preceded by ‘~ for UNIX-based toolsets and either ‘— or ‘/’
for MS-DOS based toolsets. Note: ‘~’ is used in all documentation examples.

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

Options must be separated by spaces.

Options may be supplied in an indirect argument file, prefixed by ‘@’. See
section A.1.2 for details.

If no arguments are given on the command line a help page is displayed giving the
command syntax.
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Option Description

BM Instructs the tool to use a different bootstrapping scheme, which uses the bottom
of memory, see section 5.8.
This option is only valid for configured programs i.e. when the ‘T’ option is not
used.

cM Instructs the collector to add a bootstrap which will clear memory during the
booting and loading of the transputer network. (See section 5.5).

cP Performs collect time patching i.e. reduces the amount of memory used. (See
section 5.10). 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 whenthe 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 processor for single
transputer programs. memorysize is specified in bytes and may be given in
decimal format (optionally followed by ‘K’ or ‘M’ to indicate Kilobytes or Megabytes
respectively), or it may be specified in hexadecimal using the ‘# or ‘s’ 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 5.4).

o filename

Specifies the output file. A filename must be supplied and is used as given. (See
section 5.2.4).

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 13.

Creates a file for processing by ieprom into a boot from ROM file to runin 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 (unconfigured mode) to
create a ROM code file.

RO

Creates a file for processing by ieprominto a boot from ROM file to runin ROM.
If no output file is specified the filename is taken from the input file and given the
.btxr extension.

This option is only necessary when using the ‘T’ option (unconfigured 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 format (optionally
followed by ‘K’ or ‘M’ to indicate Kilobytes or Megabytes respectively), or it may
be specified in hexadecimal using the ‘# or ‘s’ prefixes.

This option is only necessary when using the ‘T’ option (unconfigured mode) to
create a ROM code file.
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Option Description
s stacksize Specifies the extra runtime stack size in words for single transputer programs.
(For occam programs this option refers to stack.buf fer, see section 5.4.2 for
details).

stacksize is specified in words and may be given in decimal format (optionally
followed by ‘K’ or ‘M’ to indicate Kilowords or Megawords respectively), or it may
be specified in hexadecimal using the ‘# 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 C programs
which are linked with the reduced runtime library.

Table 5.1 icollect command line options

5.2.1 Examples of use

Example A (unconfigured program mode):

icc — t450 hello.c
ilink —t450 hello.tco —f cnonconf.Ink
icollect hello.lku —t

Example B (configured program mode):

icc —st20 hello.c

ilink —st20 hello.tco —f cstartup.ink
icconf hello.cfs

icollect hello.cfb

icc —t805 hello.c

ilink —t805 hello.tco —f cstartup.ink
icconf hello.cfs

icollect hello.cfb

Note: single transputer programs linked with the reduced runtime libraries cannot be
linked and collected with the ‘T’ option, they must be configured.
5.2.2 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 automati-
cally added to the command line when the tool is run.

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

5.2.3 Input files

The input file to icollect is either a configuration data file generated by a configurer,
or a linked unit generated by i1ink. By default the collector assumes a configuration
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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 produced.

5.2.4 Output files

The output produced by the tool depends the type of file input to the collector and the
collector options used.

Specifying an output filename

An output filename can optionally be specified using the 0 option, followed by a filename,
which will be used as given. If the 0 option is not used, the input filename will be used
with an extension added indicating the file type, see below.

Default case

The default output file is a binary file that can be loaded directly onto the transputer hard-
ware down a transputer link. This type of file is known as a boot from link program. By
default the file is given the .bt1 extension.

Boot-from-ROM/RAM

Boot-from-ROM programs output is generated by using the appropriate command line
options; RO for boot-from-ROM; Ra for boot-from-RAM. By default the file will be given
the .btr extension.

C programs must be configured, prior to using icollect, in order to generate boot-
from-ROM or RAM output. 0occam boot-from-ROM or RAM output can be generated
from either configured or unconfigured input.

Dynamically loadable output

Dynamically loadable code is generated by using the k command line option. By default
the file is given the . rsc extension.

Dynamically loadable code file may only be generated when the input to the collector
is a linked unit and the T option is used, i.e. this type of output can only be produced for
the unconfigured case.

Memory map files

A memory map file may be generated, in addition to the normal output, by specifying
the ‘P’ option. The format of these files is described in section 5.9.

5.3 Program interface for occam unconfigured programs

For programs which are loaded onto a single transputer, the program interface must
conform to the appropriate format, depending on whether or not memory size is speci-
fied on the collector command line.
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5.4 Memory allocation for unconfigured programs

5.3.1 Interface used for ‘T’ option

occam programs which are collected with the T option, without specifying memorysize
(using the M option), must use one of the following formats of procedure declaration:

PROC program (CHAN OF SP from.link, to.link,
[1INT user.buffer)

PROC program (CHAN OF SP from.link, to.link,
[]JINT user.buffer, stack.buffer)

where: from.link and to.1link arethe input and output channels respectively of the
transputer link, down which the transputer was booted.

user.buffer is the free memory buffer.

stack.buffer is a buffer allocated at the base of memory by the collector,
whose size is determined by the s option. If the s option is not specified when
icollect is invoked this buffer will be of size zero.

5.3.2 Interface used for ‘T’ and ‘M’ options

In the case where both the ‘T” and ‘M’ options are used, the program must conform to
one of the following procedure declarations:

PROC program (CHAN OF any protocol from.link, to.link,
[1INT user.buffer)

PROC program (CHAN OF any protocol from.link, to.link,
[1INT user.buffer, stack.buffer)

where: The channel protocol can take any valid type.

The other variables are as defined above.

5.4 Memory allocation for unconfigured programs

The memory allocation outlined in this section applies only to single processor programs
collected with the ‘T’ option and without the ‘K’ option. For configured programs the
layout of code and data in memory is determined by the configurer. For programs gener-
ated 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 icollect, 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 transputer 0CCam program
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
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