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Preface

Host versions

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

+ IMS D7305 - IBM PC compatible running MS-DOS
¢ IMS D4305 - Sun 4 systems running SunOS.
e IMS D6305 - VAX systems running VMS.

About this manual

This manual is the User Guide to the occam 2 toolset and is divided into two parts:
‘Basics’ and ‘Advanced Techniques’ plus appendices. In addition some chapters
are generic to other INMOS toolsets.

Differences from the previous release of the occam 2 toolset are listed immedi-
ately after this preface.

The basic section introduces the transputer and the toolset; provides an overview
of the development cycle and then provides a chapter on each of the following:

¢ Getting started — a tutorial.

¢ Parallel programming using a single transputer.

» The configuration process.

» Loading programs onto a transputer network.

e Access to host services.

* Debugging programs with the toolset debugger idebug.

The advanced section is aimed at the more experienced user and covers the
following topics:

» Advanced use of the configurer including placing code and data at specific
memory locations and the software virtual through-routing mechanism.

¢ Mixed language programming.
¢ Developing programs for EPROM.

» Low level programming facilities provided by the toolset e.g. dynamic code
loading.

The appendices provided in the User Guide include a glossary of terms and a bibli-
ography.
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Examples used in this manual

Examples used in this manual

Sources for many of the examples used in this manual can be found in the exam-
ples/manuals subdirectory supplied with the toolset. This directory is further
subdivided to group related example files. ‘Readme’ files provide guidance on the
content of the examples subdirectories, together with brief instructions about how
to build the examples.

Only complete examples are provided in source form, code fragments listed in the
manuals are not included.

About the toolset documentation set

The documentation set comprises the following volumes:

72 TDS 366 01 occam 2 Toolset User Guide (this manual)
72 TDS 367 01occam 2 Toolset Reference Manual

Provides reference material for each tool in the toolset including command
line options, syntax and error messages. Many of the tools in the toolset
are generic to other INMOS toolset products, e.g. the ANSI C and
FORTRAN toolsets, and the documentation reflects this — examples may
be given in more than one language. The appendices provide details of
toolset conventions, transputer types, the assembler, server protocol,
ITERM files and bootstrap loaders.

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

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

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

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

72 TDS 377 00 occam 2 Toolset Handbook

A separately bound reference manual which lists the command line
options for each tool and the library functions. It is provided for quick refer-
ence and summarizes information provided in more detail in the Tools
Reference Manual and the Language and Libraries Reference Manual.
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e 72 TDS 378 00 occam 2 Toolset Master Index

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

Other documents

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

 'ATutorial Introduction to occam Programming’ published by BSP Profes-
sional Books.

FORTRAN toolset

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

INQUEST

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

Documentation conventions

The following typographical conventions are used in this manual:

Bold type Used to emphasize new or special terminology.

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

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

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

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

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

| In command syntax, separates two mutually exclusive alterna-
tives.
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1 Introduction to
transputers

This chapter introduces transputers and the programming models which may be
adopted when designing programs for the transputer. It describes the main
features of the transputer and transputer systems, and introduces the Communi-
cating Sequential Process (CSP) model of parallel processing.

1.1  Transputers

Transputers are high performance microprocessors that support parallel proces-
sing through on-chip hardware and external communication links. They can be
connected one-to-another by their INMOS serial links in application-specific ways
and may be used as building blocks for complex parallel processing networks or
as powerful dedicated microprocessors.

The transputer is a complete microcomputer on a single chip. In addition to hard-
ware support for concurrent programming and inter-processor communication it
contains:

* A very fast (single cycle) on-chip memory.

* A programmable memory interface that allows external memory and
memory mapped devices to be added with the minimum of supporting
logic.

o System services for integrating transputer systems.
¢ Real time clocks.
= On the T8 series, an integral floating point unit.

Figure 1.1 shows the generalized architecture of the INMOS family of 32-bit trans-
puters. 16-bit transputers are also available.

1.1.1  Transputer links

Links allow processes running on connected processors to exchange data and
synchronize their activity. Support for link communications is implemented in hard-
ware on each transputer chip. Communications down links operate concurrently
with the processing unit and data can be transferred simultaneously on all links.
Most transputers have four links except the IMS M212 and T400 transputers which
have just two links.
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2 1.1 Transputers

Transputer links allow tools such as debugging programs to examine memory
directly, from a remote processor. Links also provide a means of loading programs
onto a network from the host down a single transputer link. Alternatively a network
can be loaded via its links from a ROM on a single transputer.

BootFromROM —*
Analyse —"  gystem N 30.pit
Reset ™™ services 1 Processor
Error <
& Link =— In
N interface —— Out
AN Link <f— In
On-chip [ \—— interface ——= Out
RAM N .
Link <t— In
\— interface Out
& Link =+— In
N interface ——= Out
I
Application specific interface

Figure 1.1 Transputer architecture

11.2  Process scheduling

Each transputer has a highly efficient run-time scheduler for time-sharing user
application processes running on the same transputer. Within a single transputer
communication between processes is supported using single words in memory.
Processes waiting for input or output, or waiting for a time-slice, consume no CPU
resources, and process context switching time is often less than one microsecond.
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1 Introduction to transputers 3

1.1.3  Real time programming

Features of the transputer provide direct hardware support for real time program-
ming. The key features are:

» Direct and efficient implementation of parallel processes in hardware.
* Prioritization of parallel processes.
+ Simple implementation of interrupt handling software.

« Easy programming of software timers, allowing close control of timing and
non-busy polling.
+ Placement of variables at specific addresses in memory, for accessing
memory mapped devices.
Direct support for these features can be found in the current range of INMOS
language toolsets, which use a common code format to facilitate code compati-
bility.
114 Multitransputer systems

Multitransputer systems can be built very simply using the four high speed links;
only two wires are required to connect two links together. The circuitry to drive the
each link is on the transputer chip.

Transputers may be connected by their INMOS links in many configurations,
depending on the needs of the application. Some possible arrangements of
networks of transputers are illustrated in Figure 1.2.

Linked processors Pipeline

Tree Grid

Figure 1.2 Transputer networks
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4 . 1.2 Programming models

1.2 Programming models

Programs developed for running on a single transputer can be designed using
traditional sequential programming methods or they can be designed to exploit
parallelism.

Parallelism can be designed into a program at two levels by dividing the program
up into a number of independent communicating processes capable of operating
in parallel. Such processes can either be run on a single transputer or on a network
of transputers. Programs designed for running on a network of transputers must
use the parallel processing model. See section 1.2.1.

Sequential programs can be run on a single transputer connected to a host. Such
programs can exploit the transputer architecture and software support provided
by INMOS toolsets and iq systems products, see section 1.3.

1.21  Parallel processing model

The abstract programming model which the transputer supports is the Communi-
cating Sequential Process (CSP) model, based on the idea of independent parallel
processes communicating through channels. Channels are one-way, point-to-
point communication paths that allow processes to exchange data and synchro-
nize their activity. (Further details can be found in ‘Communicating Sequential
Processes’ — C.A.R. Hoare, published by Prentice Hall International).

Each process is built from any number of parallel processes, so that an entire soft-
ware system can be described in the form of a hierarchy of intercommunicating
parallel processes. This model is consistent with many modemn software design
methods.

Communication between processes is synchronized. When data is passed
between two processes the output process does not proceed until the input
process is ready and vice versa.

Communication between software processes running on the same transputer
takes place through internal channels implemented as words in memory; commu-
nication between processes running on connected processors is driven by the link
interfaces and takes place through the transputer links.

1.3  Transputer products

There is a complete family of transputer devices, including: 32-bit and 16-bit
processors; a link switch; and an adaptor from a parallel port to a link.
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1 Introduction to transputers 5

A wide range of INMOS iq systems transputer boards is available for specific
hosts. These can be used for:

» Developing and debugging transputer software

» [mproving system performance (as accelerator boards)
¢ | oading software onto embedded systems

« Building specific transputer networks

+ Specific applications such as SCSI interfacing.

131 Toolset products

The INMOS compiler toolsets are complete cross-development systems for trans-
puters. They allow transputers to be programmed sequentially and in parallel
using high-level languages, making optimum use of the transputer’s built-in
parallel features. The combination of access to parallelism from a high level
language and a set of tools for configuring and loading programs on transputer-
based systems forms a powerful development system for all parallel and
embedded software applications.
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2 Introduction to the
toolset

This chapter introduces the occam 2 toolset. It describes the main features of the
toolset and provides introductions to the occam 2 compiler, the toolset linker, the
configuration system, and mixed language programming. A summary of the
toolset components is given at the end of the chapter.

2.1 Introduction

The occam 2 toolset is a software cross-development system for transputers,
hosted on PC/MS-DOS, Sun 4/SunOS and VAX/VMS systems. It consists of an
occam 2 compiler, a multilanguage linker, configuration and code collection tools,
a host file server, and program development tools.

The program development tools include an interactive and post-mortem
debugger, a librarian, an object code lister, a makefile generator, and EPROM
programming tools. Together with the compilation system, these form an inte-
grated support and development environment for the programming of transputers
and transputer-based hardware.

2.2 Toolset features
This toolset incorporates a number of important features:
» Standard object code format generated by the compiler and linker.

e An updated occam 2 compiler with language improvements, facilitating
full exploitation of a programming model designed to support parallelism.

A configuration language which is an extension to occam and facilitates
the mapping of software to hardware. The language supports:

o Automatic placement of channels using software routing and multi-
plexing processes. The ability to place channels is also retained as
an option.

o Placement of code and data at specific memory addresses.

* Support for mixed language programming through the configuration
system and by specific support in the compiler.

2.3 Standard object file format

The current range of INMOS toolsets generate object code in an intermediate form
known as TCOFF (Transputer Common Object File Format), that can be
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8 24 occam 2 compiler

processed by other tools in the toolset. This standard has been adopted for the
development of transputer toolsets and enables modules written in different
languages to be freely mixed in the same system.

2.4 occam 2 compiler

The occam 2 compiler compiles occam source code contained within standard
host format text files. Any text editor that produces ASClI files can be used to create
the occam source. occam source code must conform to the definition of occam
2 which is described in the occam 2 Reference Manual. The compiler implements
a number of non-standard language extensions (see appendix A in the occam 2
Toolset Language and Libraries Reference Manual).

The compiler targets the current range of INMOS transputers. Code may be gener-
ated for specific processor types or for related groups (see appendix B in the
occam 2 Toolset Reference Manual).

Code may be generated in HALT, STOP, or UNIVERSAL occam error modes. The
error mode must be the same (or compatible) for all units in the compilation, and
must be the same as the linker error mode.

2.41 Programming model

The occam programming model consists of parallel processes communicating
over channels. Processes may be on the same or different processors, communi-
cating over internal channels or transputer links.

occam 2 has been optimized for the architecture of the transputer — parallelism
is expressed directly in the language. The use of a formal mathematical framework
enables occam code to be extensively checked at compile time and supports
formal program proving and optimization. The inherent security of occam code
coupled with efficient use of the transputer’s parallel features make it a powerful
tool for the development of concurrent systems.

2.4.2 Language extensions

The compiler implements a number of language extensions. These are compiler-
dependent and do not form part of the occam 2 definition.

Directives supported are #INCLUDE, #USE, #COMMENT, # IMPORT, #OPTION, and
#PRAGMA. #PRAGMA supports a number of compiler-dependent functions,
including foreign language code import and name translation. These are fully
described in section 1.12 of the occam 2 Toolset Reference Manual.

Other language extensions supported by the compiler are: assembly code inser-
tion; memory placement; and extended channel and array constructs. See
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2 Introduction to the toolset 9

appendix A of the occam 2 Toolset Language and Libraries Reference Manual
for details.

24.3 occam libraries

A comprehensive set of libraries and include files are supplied with the toolset.
They include the compiler libraries which form part of the standard support for the
occam language and a set of user libraries for use by the applications
programmer.

The compiler libraries are used internally by the compiler; they are not intended
for general use by the programmer, although some routines have been made
visible (see section 1.3 inthe 0ccam 2 Toolset Language and Libraries Reference
Manual). The compiler automatically loads the correct set of routines for the
selected error mode. Compiler libraries are specified to the linker by means of
target-specific linker indirect files (see section 3.11.2).

The user libraries provide application-level support. There are libraries to support:
single length, double length, and T4-optimized maths; file-based, stream-based,
and DOS-specific i/o; string handling; type conversion; link error handling; CRC
coding; and debugging. Constants and definitions are supplied in include files. See
the occam 2 Toolset Language and Libraries Reference Manual for details.

2.44 Low level programming

Sequences of transputer instructions can be embedded in occam code using the
ASM construct. This can be useful for optimizing critical sections of code, but the
facility should not be over used because it reduces the compiler’s opportunity to
check code.

A set of procedures are provided which enable a separately compiled and linked
occam procedure to be called at runtime and incorporated in a running occam
program. This facility is aimed at experienced toolset users.

Full descriptions of these facilities are given in chapter 13.

2.5 Multilanguage linker

The toolset linker takes compiled code and libraries and generates a linked unit
in TCOFF format. Code can be input from any compiler system which generates
TCOFF code, for example, the INMOS ANSI C compiler ice. Linker indirect files
(command scripts to the linker) may be used to specify operations to the linker; for
example, as in the linker indirect files provided with the toolset for referencing the
compiler libraries (see section 3.11.2).

Linker directives, which must be referenced using linker indirect files, may be used
to modify the content of the linked unit. Linker directives are described in section

9.4 of the occam 2 Toolset Reference Manual.
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2.6 Configuration system

The configurer occonf generates configuration information for transputer
networks from a textual configuration description containing separate descriptions
of hardware and software. Mapping of software to hardware is performed
according to a mapping description written by the user, while the mapping of chan-
nels to links can be performed automatically by the configurer or be specified by
the user.

The tool prepares the program for configuring on a specific arrangement of trans-
puters by analyzing the network description file in conjunction with the configura-
tion file, and creating a configuration data file for the code collector tool to read.
The code collector then generates the program image which may be loaded onto
the hardware. *

The configuration language used to write the configuration description is an exten-
sion of occam. It allows software and hardware networks to be described sepa-
rately and joined by an optional software-to-hardware description. The language
is a simple declarative language incorporating high-level constructs such as repli-
cation and conditional statements.

2.6.1 Software routing and multiplexing

The configurer uses software routing and multiplexing software to implement
channel communication over virtual links. This allows many virtual channels to use
a single physical link between processors and enables processes on non-adjacent
processors to communicate directly.

Software routing and multiplexing is performed automatically by the configurer and
requires no intervention on the part of the programmer. Existing configuration code
can be reused - virtual routing will be employed where required unless virtual
routing is specifically disabled by the configurer NV option. This option effectively
allows users to revert to the functionality of the D7205/D4205/D5205/D6205 tool-
sets.

Future INMOS transputer devices will implement virtual channel communication
directly in hardware. The presence of a software virtual routing configurer in the
current toolset provides some of the functionality of future processors and is
intended to ease the transition to the next generation of transputer products.

2.6.2 Code and data placement

Normally, the configurer will use up the available memory accessible to a
processor by allocating the various parts of the application from the lowest address
upwards. However, it is sometimes necessary to specify exactly where a piece of
code or data should reside. The configurer allows the user to state where the code,
workspace (stack) or vectorspace of an occam program must be placed in
memory.
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2 Introduction to the toolset 11

The transputer has some very fast RAM which the application may be required to
use in a special way. The configurer can also be told to avoid this area of memory
so that the user has free access to it.

2.7 Mixed language programming

The use of standard TCOFF format allows compiled and linked modules from
different language sources e.g. C and occam, to be mixed in the same system.
Individual linked units in TCOFF format can be mixed in any combination and
placed on any processor in the network.

Calling modules written in other languages is also possible. For example, occam
can call C by using library routines to set up and terminate the static and heap
areas. C can call occam using a ‘nolink’ pragma which directs the C code to be
compiled without a static base parameter, or a dummy static base parameter can
be declared in the occam code.

In all mixed language calls, parameters and return values passed must be of the
correct type. Lists of type equivalents between C, and occam are given in chapter
11. Where character sets differ between languages, ‘translate’ pragmas available
in the compilers can be used to create acceptable aliases.
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2.8 Toolset summary

2.8 Toolset summary

The components of the toolset are listed in Table 2.1. Descriptions of the tools can
be found in Chapter 3 which also describes the main stages of program develop-

ment.

Tool Description :

icollect The toolset code collector. Collects linked units into a single file
for loading on a transputer network. Takes as input a configura-
tion data file or a single linked unit.

idebug The toolset network debugger. Supports post-mortem and inter-
active debugging of transputer programs.

idump The memory dumper. An auxiliary tool for use when debugging
programs on the root transputer.

iemit The transputer memory configuration tool. Used for evaluating
and defining memory configurations for later incorporation into
ROM programs.

ieprom The EPROM program formatter tool. Formats transputer boot-
able code for input to ROM programmers.

ilibr The toolset librarian. Builds libraries of compiled code.

ilink The toolset linker. Resolves external references and links sepa-
rately compiled units into a single file.

ilist The binary lister. Disassembles and decodes object code and
displays information in a readable form.

imakef The Makefile generator. Generates Makefiles for input to MAKE
programs.

imap The map tool which gives the addresses of functions and vari-
ables used by the program.

iserver The host file server. Loads programs onto transputer hardware
and provides runtime access to host services.

isim The T425 simulator. Simulates program execution on an IMS
T425 transputer and provides simple debugging facilities.

iskip The skip loader tool. Used with i server to load programs onto
external networks over the root transputer.

oc The occam compiler. Compiles code for the current range of
INMOS transputers.

occonf The occam configurer. Reads a configuration description and
produces a configuration data file for the code collector.

72 TDS 366 01

Table 2.1 The occam 2 toolset

March 1993



3 Developing
programs for the
transputer

This chapter gives an overview of the program development cycle using INMOS
toolsets. It briefly describes the purpose of each tool and outlines how to use them
in developing, configuring, loading and running transputer programs from the host
system. The chapter also provides details of command line defaults, environment
variables, and host dependencies.

3.1 Introduction

This toolset is one of a range of cross-development systems designed and devel-
oped by INMOS for transputer applications. Toolsets which are available include

ANSI C, occam, and FORTRAN products.

The toolsets have been designed to make program development as simple as
possible. Each toolset features a particular language compiler with full library
support and then uses a common set of tools for further development stages. For
example, tools are included for: creating libraries, linking code, configuring soft-
ware to run on transputer networks, producing the program bootable file and for
loading the application onto hardware. This means that one development method-
ology can be used to develop programs using a number of different programming
languages. Indeed one of the features of the toolsets is that they facilitate mixed
language programming.

The toolset includes support for the following functions:
¢ building executable code;
* loading and running code;
« debugging programs;
¢ preparing programs for ROM;

« obtaining information about object files.

3.2 Program development using the toolsets

Programs may be developed on the user’s host system before down-loading onto
either a single transputer or a network of transputers to run.
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14 3.2 Program development using the toolsets

Executable code is loaded onto a transputer either from ROM or from the host
system via a single transputer link onto the ‘roof’ transputer i.e. the transputer
connected to the host. Loadable code is propagated to any other transputers in the
network via the interconnecting transputer links.

Creation of executable code for a transputer or transputer network takes several
stages involving the use of specific tools at each stage:

1 Software design.

The software designer can specify the components of a system in terms
of communicating processes. The overall design can be directly expressed
in the parallel constructs of the language.

Alternatively conventional sequential programs can be developed for
running on a single transputer.

2 Write the source.

Source code can be written using any ASCI| editor available on the host
system. Code can be divided between any number of source files. Source
code must conform to the syntax required by the particular language
compiler used. For C this is the ANSI standard; occam source code must
conform to the occam 2 language definition and FORTRAN source code
to FORTRAN-77 syntax.

3 Compile the source.

Each source file is compiled using the appropriate language compiler to
produce one or more compiled object files in TCOFF format. Each file must
be compiled for the same transputer type or for a transputer class covering
several compatible types. (More information about transputer types and
classes is given in the appendices of the accompanying Toolset Reference
Manual). Commonly used object code can be combined into libraries using
the librarian ilibr.

4 Link the compiled units.

The compiled object files and libraries are linked together using ilink.
This generates a single file called a linked unit in which all external refer-
ences are resolved. The linking operation links in the library modules
required by the program, which are selected by transputer type from the
compiled library code. Object files for input to the linker can be generated
by any TCOFF compatible compiler.

Programs developed for the transputer may comprise one or more linked
units, created from separately compiled code and library modules. Linked
units are assigned to run on a single transputer or a network of transputers
during configuration. A linked unit is the smallest unit of code which may
be placed on a transputer.
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3 Developing programs for the transputer 15

5 Configure the program.

Configuration is the process of defining how the application is to be run on
hardware. It is achieved by writing a configuration description, assigning
linked units to specific processors and optionally connecting them by chan-
nels. By changing the configuration description it is possible to run a
program on either a single transputer or on different network topologies.
The description is processed by the configurer tool to produce a configura-
tion data file. Configuration is used for both single and multiprocessor
transputer programs.

The language used to write the configuration description is determined by
the toolset. The C and FORTRAN toolsets provide a common configurer,
icconf which can be used to configure programs written in C,
FORTRAN-77 or occam. Using icconf, modules written in different
languages can be mixed at configuration level, see Chapter 11. The
occam toolset configurer occonf is designed to exploit the parallel
programming model of the language and is specific to the occam toolset.

6 Generate an executable file.

Before a program can be run it must be made ‘bootable’. This involves
adding bootstrap information to make the program loadable and is
achieved using the collector tool.

The configuration binary file generated by the configurer is read by the
code collector icollect which generates a single executable file for a
transputer network. The collector can generate either a file which is suit-
able for booting onto a transputer network via a transputer link or one for
booting from ROM. The default behavior of the tool is to produce a boot-
from-link executable.

Whether a boot-from-ROM executable is generated is determined by
command line options specified to the configurer prior to creating the
configuration binary file.

7 Load and run the program.

An executable boot-from-link file is loaded and run on the transputer
network down a host link using iserver. Once loaded the code begins to
execute immediately. The server tool maintains the environment that
supports the program’s communication with the host.

8 Place in ROM.

Executable boot-from-ROM files for embedded systems, are processed by
the ieprom tool to produce an output file which is suitable for blowing into
ROM. Such files may be configured to run from ROM or from RAM.

Programs to be placed in ROM are often developed first as boot-from-link,
until they are error free. They are then prepared for ROM by re-submitting
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16 3.2 Program development using the toolsets

them to the configurer and collector, specifying different command line
options, prior to using the eprom tools to format them for ROM.

Program development is supported by additional tools which provide facilities for
debugging, creating object code libraries, automating the program build, and
obtaining information about object files.

Figure 3.1 summarizes the main development stagés.

Compile source and library Build any user libraries from
modules. compiled source:
| ]|
Y
Link
Configure

|

Make executable,
using the collector

[

] [
Use iserver to load OR | Use iepromto prepare
onto network via link. ROM loadable input.

Figure 3.1 Main development stages

3.21 Compatibility with previous toolset releases

For single transputer programs the configuration stage of the development
process can be omitted. Instead bootable code can be generated directly from the
linked unit by specifying a collector command line switch.

This mode of development is not recommended, however, and may not be
supported in future toolset releases.
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3.3 Compiling

INMOS compilers produce compiled code for specific processor types or for a
group of related processors called a transputer class. Each compiler has the same
set of options to select the target transputer; these are listed in the appendices to
the accompanying Toolset Reference Manual. The role of transputer types and
classes in compilation and program development s also described in these appen-
dices.

The current range of INMOS compilers generate object code in an intermediate
form known as TCOFF (Transputer Common Object File Format). This standard
has been adopted for the development of transputer compilers and enables
modules written in different languages to be freely mixed in the same system.

Supplied with each compiler is a set of language specific libraries which provide
runtime support, input/output operations, mathematical functions etc. Support is
also provided for language extensions, concurrent programming and software
configuration of a network.

The compiler and libraries supplied with this toolset are introduced in Chapter 2.
Detailed information about the compiler and libraries can be found respectively in
the Toolset Reference Manual and the Language and Libraries Reference Manual
supplied with this toolset.

3.4 Tools for building executable code

Three tools are used in sequence to generate the loadable file from compiled
object code:

¢ ilink - the toolset linker which links separately compiled units

* icconf or occonf — the configurer tool which generates a configuration
binary file.

¢ icollect —the code collector which generates a bootable file for a trans-
puter network from the configuration data file.

The configurer works on a configuration source file written by the programmer. The
output of the configurer is an information file which is processed by the collector
to generate an executable or bootable file. The executable file contains all the
information needed to distribute, load, and run the program on a specific network
of transputers.

3.41 Linker —ilink

The toolset linker i1ink links separately compiled modules and libraries into a
single code unit, resolving external references and generating a single /inked unit.
Linked units are referenced directly from configuration descriptions to map soft-
ware onto specific arrangements of transputers.
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Library modules are linked in with the program by a linker indirect file which must
be specified on the linker command line. (In the C toolset this is known as a startup
file). The correct linker indirect file must be specified, depending which version of
the compiler or runtime libraries is required, see section 3.11 for further details.

3.4.2 Configurer

The configurer generates configuration information for transputer networks from
a textual configuration description. The tool prepares the application for confi-
guring on a specific arrangement of transputers by analyzing the configuration
description and creating a configuration binary file for the code collector tool to
read.

Configuration descriptions are written using the transputer configuration language
appropriate to the configurer used, see above.

3.4.3 Code collector — icollect

The code collector tool i collect takes the binary file generated by the configurer
(which references the linked code) and generates a single file that can be loaded
and run on a transputer network. The collector generates bootstrap and loading
code. The output from the collector contains bootable code modules together with
distribution information that is used by the loading code to place the correct
modules on each processor.

The collector may also generate non-bootable output files which may be dynami-
cally loaded or loaded onto ROM or RAM.

3.5 Loading and running programs

Boot-from-link code for single transputers and transputer networks is output from
icollect and is loaded onto the transputer hardware using the host file server
tool iserver. The iskip tool can be used in combination with iserver to load
a program onto an external network, skipping the root transputer (the transputer
connected to the host).

Boot-from-ROM code is processed by the eprom programming tools introduced
in section 3.7.

3.51 Host file server — iserver

The host file server iserver is a combined host server and program loader tool.
When invoked to load a program it both loads the code onto the transputer hard-
ware and provides runtime services on the host for the transputer program such
asilo.

3.5.2 Skip loader - iskip

The skip loader i skip forces a program to be loaded over the root transputer (the
fransputer connected to the host). iskip is loaded prior to invoking iserver for
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loading user programs onto a transputer board and prevents the root transputer
being used as part of the configured network. It continues to run as long as the user
program and passes messages between the host and the network.

The tool is useful when debugging programs because it leaves the root transputer
free to run the debugger. This avoids the use of idump to save the program image
and allows the user program to run on a network that would not support the
debugger e.g. because it has not enough memory.

3.6 Program development and support
Several tools are provided to assist in program development:
» idebug - the interactive network debugger.

e idump - the memory dump tool for use with idebug when debugging
programs on the root fransputer.

¢ ilibr - the librarian which generates libraries of compiled code.
* ilist - the binary lister which decodes and displays object files.

¢ imakef - the Makefile generator which creates Makefiles for use with
MAKE programs.

* imap - the map tool which generates a memory map of the functions and
variables used by the program.

* isim- the T425 simulator tool which enables programs to be executed in
the absence of transputer hardware.

3.6.1  Network debugger — idebug

The network debugger idebug provides post-mortem and interactive debugging
for transputer programs. It allows stopped programs to be analyzed from their
memory image or from image dump files (post-mortem debugging) and supports
interactive execution of a program using breakpoints (breakpoint debugging).
Breakpoints can be set on source lines or memory addresses, variables can be
inspected and modified, and the program restarted with new values.

idebug provides two debugging environments: a symbolic environment which
allows a program to be debugged from source code; and the Monitor page environ-
ment which allows a program to be debugged at machine level.

The debugger inserts no additional code into the program, but uses parallel
processing to monitor the program and display its state. This guarantees that the
code generated when debugging is disabled will always run in the same way as
the final version of the program.
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3.6.2 Memory dumper — idump

The special debugging tool idump is provided to assist with the post-mortem
debugging of programs that run on the root transputer. Since idebug executes
on the root transputer and overwrites the program image, idump must be used to
save the image to a file which is later read by the debugger.

3.6.3 Librarian —ilibr

The librarian ilibr creates libraries of compiled code for use in application
programs.

Alibrary is a concatenation of compiled files called modules. The linker only links
in modules that are required.

Code compiled by compatible TCOFF toolsets can be mixed in the same library.

36.4 Binarylister-ilist

The binary lister i1ist decodes object code files and displays data and informa-
tion from them in a readable form. Command line options select the category and
format of data to be displayed.

Examples of the kind of information that can be displayed are symbolic names,
code listing, the modular structure and indexing of libraries and external reference
data.

3.6.5 Makefile generator — imakef

The Makefile generator imakef creates Makefiles for specific program compila-
tions. Coupled with a suitable ‘make’ program it can automate building of execut-
able code and greatly assist with code management and version control. Note: a
make program is not supplied.

imakef constructs a dependency graph for a given object file and generates a
Makefile in standard format. In order to make use of the tool a special set of file
extensions for source and object files must be used throughout program develop-
ment. imakef uses these file extensions to deduce target transputer types and
other options. These extensions are described for imakef in the Toolset Refer-
ence Manual.

3.6.6 Memory map tool - imap

The memory map tool imap takes the text output from the toolset compiler, linker
and collector and creates a map of the absolute addresses of the static variables
for functions. The memory map is output on the display screen or redirected to a
file as the user wishes.
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6.2 Configuration model
The following example illustrates the basic style of the language:

-— hardware description, omitting host connection
#INCLUDE ”occonf.inc” -- contains useful constants

—— for memory sizes
NODE root.p, worker.p

: —- declare two processors
NETWORK simple.network
DO

SET root.p (type, memsize := ”“T414”, 1 * M)
SET worker.p (type, memsize :=

= "T800”, 4 * M)
CONNECT root.p[link][3] TO worker.p[link] [O]
—-— mapping
NODE root.l, worker.l
MAPPING

—— logical processors
DO

MAP root.l ONTO root.p
MAP worker.l ONTO worker.p

—— software description
#USE "root.lku”

#USE “worker.lku”

#INCLUDE ”“prots.inc” —— declare protocol
CONFIG

—— must be linked units

CHAN OF protocol root.to.worker, worker.to.root
PLACED PAR
PROCESSOR root.1l

root.process (worker.to.root, root.to.worker)
PROCESSOR worker.1l

worker .process (root. to.worker, worker.to.root)
This example is illustrated in Figure 6.2.

root.p worker.p
T414 T800
(1M) v (4M)
X Voo A
N root. to.worker E E
. root. )‘ | worker.
X process . process
N worker. to.root
Maps onto
Figure 6.2 Mapping of software onto hardware
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Note: that the configurer can, in this example, automatically place the channels
onto the single connecting link. The configurer can make this check by means of

the normal occam usage checking rules.

As an optimization, for simple programs, or for programs which will never need to
be re-mapped, the software description may reference the physical processors
directly, avoiding the need to introduce logical processor names.

In a simple configuration such as this one where each physical processor is
mapped onto a single logical processor, a shortened configuration description may
be used which omits the mapping section altogether and uses the physical
processor names directly in the software description.

To devise this shortened description for the above example remove the mapping
section and delete the suffixes .p and .1 from the NODE declarations, SET,
CONNECT, and PROCESSOR statements:

—- hardware description, omitting host connection
#INCLUDE ”“occonf.inc” —-—- contains useful constants
—-- for memory sizes

NODE root, worker : —— declare two processors
NETWORK simple.network
DO

SET root (type, memsize := ”“T414”, 1 * M)
SET worker (type, memsize := ”“T800”, 4 * M)
CONNECT root[link] [3] TO worker[link] [0]

-- software description
#INCLUDE “prots.inc” —— declare protocol

#USE "root.lku” —- must be linked units

#USE “worker.lku”

CONFIG
CHAN OF protocol root.to.worker, worker.to.root :
PLACED PAR

PROCESSOR root
root.process (worker.to.root, root.to.worker)

PROCESSOR worker
worker.process (root.to.worker, worker.to.root)

The configurer automatically maps the defined software processes to the available
physical processor names.
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6.3 Hardware description

6.3.1 Declaring processors

Processors are declared to have NODE type, as if they were occam data items:
NODE worker : - single processor
[No.of .workers]NODE pipeline : -- array of processors

6.3.2 NODE attributes

A NODE representing a physical processor has a set of attributes, analogous to
fields of a record. An attribute is referenced by subscripting the name of the node
with the name of the attribute.

The attribute names, which are predeclared by the configurer, do not follow the
occam scope rules; they are only recognized in the correct context.

Mandatory attributes that must be set in the hardware description are as follows:

type Defines processor type. Processor types supported are:

T400 T414 T425 T426
T800 TB01 - TBOS5
T212 T222 T225 M212

link Defines processor and network node interconnections.
Only defined if type has already been defined.
memsize Defines processor memory size in bytes.

Optional attributes which can be set in the hardware description are:

root Defines the root processor if there is no host connection.
Takes the values TRUE or FALSE.
romsize Size of ROM attached to the processor, expressed as an

integer number of bytes. Mandatory if root is TRUE.

Additional processor attributes can be set in the MAPPING section. These support
a variety of features including:

« relative ordering of code and vector space

* reservation of memory

» placement of code, workspace, and vector space
« fine-tuning of software virtual routing

« disablement of the INMOS INQUEST tools for specific processes.

72 TDS 366 01 March 1993



6 Configuring transputer networks 75

Attributes that can be set in the MAPPING section are listed below.

order.code Defines the priority of the program code in memory.

order.vs Defines the priority of the program’s vectorspace in
memory.

order.ws Defines the priority of the program’s workspace in memory.

reserved Deﬁr:es a block of memory to be reserved for code place-
ment.

location.code Defines an absolute address at which program code
should be placed.

location.ws Defines an absolute address at which the workspace
(stack) should be placed.

location.vs Defines an absolute address at which the vectorspace
should be placed (if it exists).

routecost Weights or de-weights specific processors in the network
for virtual routing.

tolerance Defines the level of usage of a particular processor for
load-sharing routing paths.

linkquota Defines the maximum number of links on the processor to
be used by virtual routing.

nodebug For use with the INQUEST debugger. Informs the

debugger that the process is not to be debugged. Takes
the values TRUE or FALSE, the default is FALSE.

noprofile For use with the INQUEST profiling tools. Informs the tools
that process is not to be profiled. Takes the values TRUE or
FALSE; the default is FALSE.

Use of these attributes is fully described in sections 6.5.5 to 6.5.9.

6.3.3 NETWORK description

The NETWORK keyword introduces a section which describes the connectivity, and
attributes of previously declared NODEs. These should be declared outside of the
NETWORK description, so that they are visible inside and below the NETWORK
description.

To describe a single processor, the SET statement provides values for the proces-
sor's attributes in the style of a multiple assignment.

NETWORK single
SET processor ( type, memsize := ”T800”, 1024*1024)

The type attribute must be set to a BYTE array (of any length) whose contents
describe the processor type. Trailing spaces at the end of the processor’s type are
ignored.
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Supported types are:

IIT212’I ”T222 ” ”T225/[ "M212Il
IIT40°I’ IIT414” ”T425”
IITBOOII IIT801II IITBOSII

The memsize attribute must be set to the amount of usable memory (on-chip +
external memory) available to that processor. It is expressed as a contiguous
amount starting at the most negative address, in BYTEs. (K and M, defined in
occonf. inc, can be used to specify Kbytes and Mbytes).

Both the type and memsize attributes must be defined for all processors. No
attribute may be defined more than once for each processor.

The above example could also be written as a sequence of SET statements in a
DO construct:

NETWORK single
DO
SET processor ( type
SET processor ( memsize :

”Teoon)
1024*1024)

Since the DO construct does not imply any particular ordering, there is no absolute
constraint on the order in which attributes may be defined. However, it is consid-
ered good occam style by many to declare processor types and attributes before
other statements such as CONNECT statements.

If a network is to be configured to be loaded from ROM, the attribute root must
be set to TRUE for one processor only. By default this attribute is FALSE for all
processors. The attribute romsize should be set to the number of bytes of ROM
on the root processor. These attributes are ignored if the network is configured to
be booted from link.

IF, SKIP and STOP may be used in DO constructs and are effectively executed at
configuration time.

Processors must be connected together by means of CONNECT..TO.. statements
quoting a pair of edges:

VAL K IS 1024:
NETWORK pair.from.ROM
DO
SET procl ( type, memsize
SET procl ( root, romsize TRUE, 256 * K)
SET proc2 ( type, memsize ”T414”, 1024 * K)
CONNECT procl[link][0] TO proc2[11nk] [3]

#T800”, 2048 * K)

The order of the two edges in a CONNECT statement is irrelevant.
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Arrays of processors do not need to all have the same types or attributes. They
can be set by using DO replicators within the NETWORK construct, and by using
conditionals, as in this (rather contrived) example:

NETWORK pipe
DO

DO i = 0 FOR 100

IF
(i\4) =0
SET processor[i] (type, memsize := ”“T800”,
4 * (1024 * 1024) )
TRUE
SET processor[i] (type, memsize := ”T414”,

2 * (1024 * 1024) )

DO 1 = 0 FOR 99
DO
CONNECT processor{[i] [link] [1] TO
processor[i+l] [1link] [0]
IF
(i\2)=0
CONNECT processor[i] [link] [2] TO
processor[i+2] [1ink] [3]
TRUE
SKIP

More complicated expressions may also be used, as long as they can be evaluated
at configuration time:

VAL processors IS [”T414”, ”T414”, "T414”, "T800”]
NETWORK fancy —— every fourth processor is different!
DO i = 0 FOR SIZE array
SET array[i] ( type := processors[i \ 4] )

6.3.4 Declaring EDGEs

Declared EDGEs define the ends of external connections of a NETWORK. For
instance, a connection to another machine whose internal structure is irrelevant.
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They are declared as though they were occam data types, and as usual we can
declare arrays of them:

[10]EDGE diskdrive :
NETWORK disk.farm
DO i = 0 FOR 10
DO .
—— insert code to set attributes, then:
CONNECT processor[i] [1ink][0] TO diskdrive[i]

EDGE joystick :
NODE controller :
NETWORK n
DO
SET controller (type, memsize := ”“T212”, 64 * 1024)
CONNECT controller[link][2] TO joystick

6.3.5 Declaring ARCs

In some circumstances a programmer may require to name a connection between
two processors. This isn’t normally necessary, because the configurer can place
channels between processors onto links automatically, but where a channel must
be connected onto an external EDGE this is required. Also, if there are multiple links
between two processors, and one link is set for some reason to go at a different
data rate than another, the programmer might wish to have more control.

These named links are called ARCs, and are declared as though they were occam
data types. They are associated with a link connection by adding a WITH clause
to the end of a CONNECT statement.

EDGE joystick :

ARC link.to.joystick :

NODE controller :

NETWORK n

DO
SET controller (type, memsize := "T212”, 64 * 1024)
CONNECT controller[link][2] TO joystick WITH
link.to.joystick
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6.3.6 Abbreviations

occam style abbreviations are permitted, to enable easier reference to elements
of arrays, etc:

[10]NODE pipe :
NETWORK pipeline
DO i = 0 FOR 10
NODE this IS pipe[i] :
SET this (type, memsize := ”“T414”, 1024*1024)

Since NODEs have an attribute 1ink, whose type is [ ]EDGE, we can abbreviate
one link of a processor as an EDGE:

[10]NODE pipe :
NETWORK pipeline
DO
DO i = 0 FOR 10
SET pipe[i] (type, memsize := ”T414”, 1024*1024)
DO i =0 FOR 9
EDGE this IS pipe[i ][link][2]
EDGE that IS pipe[i+1][1link] [3]
CONNECT this TO that

Simple one-to-one mappings of logical to physical processors may also be
expressed as abbreviations:

NODE root.l IS root.p :

6.3.7 Host connection

There is a predefined EDGE named HOST, which indicates the connection to a host
computer:

NODE single :
ARC hostlink :
NETWORK B004
DO
SET single (type, memsize := ”“T800”, 1000000)
CONNECT single[link] [0] TO HOST WITH hostlink

When configuring a program which is designed to be booted via a transputer link,
one processor must be connected to the predefined EDGE HOST.
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6.3.8 Examples of network descriptions
1) Single processor configuration connected to host:

#INCLUDE ”occonf.inc”
NODE MyB004:
ARC hostlink:
NETWORK B004
DO
SET MyB004 (type, memsize := ”“T414”, 2 * M)
CONNECT MyB004[link] [0] TO HOST WITH hostlink

This configuration is illustrated in Figure 6.3.

MyB004
H
0 hostlink 0 Ta14
S
T (2m)

Figure 6.3 Example of host connection
2) Simple pipe with one processor with different memory size:

#INCLUDE ”occonf.inc”
[p]NODE Pipe:
ARC hostLink:
NETWORK simple.pipe
DO
SET Pipe[0] (type, memsize := “T800”, 2*M)
DO i = 1 FOR p-1
SET Pipe[i] (type, memsize := ”TB00”, 1*M)
CONNECT HOST TO Pipe[0] [1ink] [0] WITH hostLink
DO i = 0 FOR p-1
CONNECT Pipe[i] [link][2] TO Pipe[i+1][link][1]

This network is illustrated in Figure 6.4.

pipe[0] pipe[l pipe[2 ipe [p-1
H
0 |host1ink T800 T800 T800 T800
S 0 — 1 21 21
T (2Mm) (1M) (1M) (1M)

Figure 6.4 Simple pipeline with different processor memory sizes
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3) Square array with host interface processor:

#INCLUDE “occonf.inc”

VAL Up IS O:

VAL Left IS 1:

VAL Down IS 2:

VAL Right IS 3:

NODE HostSquare:

[p] [PINODE Square:

ARC hostlink:

NETWORK square

DO
SET HostSquare (type, memsize := "T414”, 2*M)
CONNECT HOST TO HostSquare[link][0] WITH hostlink
CONNECT HostSquare[link][1] TO
Square[p-1] [p~1] [1ink] [Down]

DO i =0 for p
DO j =0 for p
DO
SET Square[i] [j] (type, memsize := "T800”, 1*M)
IF
(1 =0) AND (j = 0)
CONNECT HostSquare [link][Down] TO
Square[0] {0] [1ink] [Up]
i=0
CONNECT Square[p — 1][j - 1][link] [Down] TO
Square[0  ][j  1[link][Up]
TRUE
CONNECT Square[i — 1][j][link][Down] TO
Square[i 1[3]1 [1ink] [UpP]
DOi=20 forp
DO j =0 for p
IF
j = (p-1)

CONNECT Square[i][j] [link] [Right] TO
Square[ (i + 1)\p][0][1link] [Left]
TRUE
CONNECT Square[i] [j] [link] [Right] TO
Square[i] [J + 1] [link] [Left]

6.4 Software description

The software description is introduced by a CONFIG statement and may optionally
be given a name.

The software description itself, is an 0ccam process, PAR or PLACED PAR, with
processes annotated by PROCESSOR statements. These identify which processes
may be placed on particular processors. The keyword PLACED is retained for
compatibility with earlier products; it is no longer required and has no effect.
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The NODEs which are referenced by a PROCESSOR statement may be either
physical processors if they are described as part of the hardware description, or
logical processors if they are described as part of the software description. If the
latter, they are mapped onto physical processors by means of a MAPPING section.

Physical processor names are allowed here to simplify small networks, or those
which will not be re-mapped, so that the programmer does not need to invent two
names for each processor.

The logical processor names must be introduced first by means of NODE declara-
tions. These look identical to those used in the hardware description, but cannot
have attribute settings. Since these must be visible to a following MAPPING
section, they must be declared outside the CONFIG construct. Channels which are
to be placed on ARCs by mapping statements must also be declared outside the
CONFIG construct.

A PROCESSOR statement associates the process instance (process) it labels with
the logical or physical processor it names. The same name may be referenced in
more than one PROCESSOR statement. The set of processes so named will run in
parallel on that processor.

The process ‘inside’ the PROCESSOR statement may consist of occam text.
However, it is recommended that the code should be restricted to simple proce-
dure calls i.e. to separately compiled procedures, referenced as linked compilation
units using the #USE directive. Code which generates library calls is not allowed.

Note: when imakef is used to build the program, any linked units referenced by
the software description must be given extensions of the type .cxx. This is
because imakef uses a different convention for file extensions to the normal
TCOFF file extensions, see chapter 11 in the occam 2 Toolset Reference Manual.

6.4.1 Libraries of linked units

The facility to create libraries of linked units provides an easy method of targeting
a process at different processor types within a software description.

For example, suppose a process is compiled and linked once for a T2 and once
for a T8 and the linked units are given imakef file extensions in order to distinguish
them. Referencing the two linked units directly within the software description by
#USE directives, will cause one of them to hide the other from the configurer.

If, however, the linked units are used to create a library and this is referenced by
a single #USE directive, the configurer will be able to extract the correct copy of the
process for each PROCESSOR statement it finds.

Only libraries containing linked units may be referenced from within a software
description.
6.4.2 Example

The following example of a software description, is for the pipeline sorter program
introduced in section 5.11. The example is developed to show the complete config-
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uration description for the program, in section 6.6. Figure 6.5 illustrates the
mapping of the software processes onto a network of logical processors, which in
this example is achieved without an actual mapping section. This method of
mapping is explained in section 6.5.4.

#INCLUDE “hostio.inc” -- declares SP

#INCLUDE “sorthdr.inc” -- declares LETTERS

#USE “inout.lku” —— linked unit

#USE ”“element.lku” —— linked unit

NODE inout.p : —- logical processor

[string.length]NODE pipe.element.p : ——- logical
— processors

CONFIG

CHAN OF SP app.in, app.out:
PLACE app.in, app.out ON hostlink:
[string.length+1]CHAN OF LETTERS pipe:
PAR
PROCESSOR inout.p
inout (app.in, app.out, pipe[string.length],
pipel[0])
PAR i = 0 FOR string.length
PROCESSOR pipe.element.p[i]
sort.element (pipe[i], pipe[i+l1])

This example names a single processes inout.p and an array of processes
pipe.element.p. The code may be mapped onto any hardware configuration
onto which matches the defined logical network and which includes an ARC decla-
ration for the host connection hostlink.

“~»no=x

pipe[string.length]

Figure 6.5 Pipeline sorter — mapping processes onto processors
6.5 Mapping descriptions

A MAPPING structure is used if the user has declared logical processors. The
MAPPING maps logical processors used in the software description onto physical
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processors used in the hardware description. It is possible to map any number of
logical processors onto any physical processor. The mapping description may also
place software channels on processor links.

The priority at which a process runs may be determined as part of the mapping,
if that logical process does not explicitly include high priority code. This reflects the
fact that changes in mapping may not affect the overall structure of the software,
but can often change the decisions made about which processes should be priori-
tized.

IF, SKIP, and STOP may be used in a mapping structure.

As would be expected from the occam scoping rules, logical processor names
must be declared as NODEs in the software description, before the opening
keyword MAPPING of the mapping description. Each name so declared must
appear once and once only on the left hand side of a mapping item. Physical
processors may appear on the right hand sides of multiple mapping items.

The mapping structure itself may appear either before or after the software
description.

6.5.1 Mapping processes

Having declared physical processors, as part of the hardware description, and
logical processors, as part of the software description, we can assign logical
processors to physical processors using the MAP statement.

MAPPING map
MAP logical .proc ONTO physical.proc

We can also supply a list of logical processors to all be mapped onto the same
physical processor:

MAPPING map
MAP router.proc, application.proc ONTO root.processor

This is exactly equivalent to:

MAPPING map
DO
MAP router.proc ONTO root.processor
MAP application.proc ONTO root.processor
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And we can use DO replicators, and IF constructs, etc:

MAPPING map
DO
DO i = 0 FOR 10
MAP router.proc[i] ONTO router.processor[i]
DO i =0 FOR 5
MAP sieve.proc[i] ONTO sieve.processor

If we require that the process’s priority be determined by the mapping, we can use
the optional PRI clause. The argument to PRI can be either 0 to indicate high
priority, or 1 to indicate Jow priority:

The file occonf . ine includes two named constants HIGH and LOW which can be
used for this.

MAPPING map

DO i = 0 FOR 10
MAP logical.proc[i] ONTO physical.proc PRI (INT (i = 0))

The configuration tool will reject the mapping at high priority of a process which
itself includes a PRI PAR.
6.5.2 Channels

Channels are unidirectional, point-to-point connections which may be imple-
mented in one of four ways:

e Soft channel — a channel which communicates between processes
running on the same processor.

« Channel edge — a channel which provides communication between the
network and the outside world.

» Direct channel — one of up to two channels (one in each direction) placed
on a single link between adjacent processors.

 Virtual channel — a channel placed on on a virfual link.

No further action is required at configuration time to define or place the soft chan-
nels within an application; they are fully defined by the software itself.

Channel edges must be placed on a hardware arc. This can be done with a PLACE
or MAP statement:

PLACE fs ON hostarc:
or.

MAP fs ONTO hostarc
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All other channels on a network may be implemented as either direct channels or
virtual channels. By default the configurer aufomatically places software channels
on links using the placement of processes on processors and channel edges on
hardware edges as a guide.

The configurer can implement many channels over a single hardware link as well
as channels between non-adjacent processors; channels implemented in this way
are known as virtual channels. They are implemented by software virtual routing
processes added automatically, as required, by the configurer.

Direct channels occur when only one or two channels (one in each direction) are
placed on a link between adjacent processors. Direct channels may be automati-
cally allocated by the configurer or the user may specifically place up to two chan-
nels on a named arc. For example, a channel edge is an example of a mandatory
direct channel. Note: when interactive debugging with idebug and virtual routing
are both enabled (the default), any direct non-edge channel placements will be
ignored.

Virtual channels enable an application program to run on most network topologies
irrespective of the number of physical links connecting processors. The configurer
can form virtual channels that span up to 24 hops across the target network. (A
‘hop’ is when a processor is required for routing a channel, zero hops implies that
no processors were required to route the channel). Should the configurer fail to
implement a long distance connection in a very large network, it will generate an
error message. Chapter 10 provides further information about routing channels.

Virtual channels are unidirectional and synchronized and are implemented by
means of virfual links. A virtual link can be thought of as a bi-directional virtual
connection between two processors, providing a communication path sufficient for
two channels (one in each direction) and the appropriate synchronization signals.

Explicit placement of channels on arcs using direct channels is only required when
connecting channels to hardware edges or where links are used for special
purposes. For example, connection to a device, or where an application uses input
and output channels separately, as in software implementations of high-speed
links. In certain performance critical applications it may also be important to avoid
the overhead incurred when using virtual channels.

A link may carry one explicitly placed channel as well as many virtual channels (in
the opposite direction). In addition a pair of virtual channels (one in each direction)
may be routed by the configurer via different physical links.

In general channels should not be explicitly placed on arcs, unless they are edge
connections. This enables the configurer to implement channels where applicable
using routing and multiplexing software.
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Attention: Ifitis essential that the configuration does not use any virtual routing,
e.g. for performance reasons, the occonf ‘NV' command line option should be
used. This disables the configurer from using the virtual routing processes. (The
configurer will fail if configuration is not possible, in which case the configuration
should be modified to ensure that all channels can be placed). The bootable file
generated will be smaller when the virtual routing processes are not included.

|

6.5.3 Mapping channels

Channels between processors need not be placed by the user. The configurer will
determine that a connection exists, and will allocate all the channels to links if they
are available. The example in section 6.4.2 demonstrates this method and this is
the simplest way of implementing virtual channels. If virtual channels are to be
used it is essential that some channels are left unplaced.

However, if a user wants to override the default allocation, channels may be explic-
itly mapped onto named ARCs. Also, channels connecting processors to external
EDGEs must be mapped onto an ARC which connects to that EDGE.

Channels are mapped onto ARCs in exactly the same way as logical processors
are mapped onto physical processors. Two channels may be mapped onto the
same ARC. Obviously the ARC must connect EDGEs of the processors onto which
are mapped the processes which use the channel.

The channel behavior of the D7205/D5205/D6205 occam 2 toolsets may be
recreated by specifying the configurer ‘NV' option, which disables all virtual routing.

Channels may be assigned to arcs within the MAPPING section. For example:

EDGE peripheral :
ARC peripheral.arc :
NODE root.proc : — physical processor
NETWORK n .
DO
— insert code to set attributes, then:
CONNECT root.proc[link] [0] TO peripheral WITH peripheral.arc

CHAN OF protocol to.periph, from.periph :
NODE process : —— logical processor
CONFIG
PLACED PAR
PROCESSOR process
— reads from channel from.periph, writes to
— channel to.periph

MAPPING
DO
MAP process ONTO root.proc
MAP to.periph, from.periph ONTO peripheral.arc
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From the above example it can be seen that more than one channel can be
mapped to a single arc. This makes it easy to place two opposing channels onto
a transputer link using a single line of code.

6.5.4 Mapping without a MAPPING section

Channels can also be assigned to arcs outside the MAPPING section, using the
PLACE statement. This is known as channel allocation. Any channel in scope at
the point where a process is labelled is available for explicit placement on an arc
declared in the hardware network.

Placements must immediately follow the channel declaration. For example:

CHAN OF protocol to.periph, from.periph :
PLACE to.periph, from.periph ON peripheral.arc :
CONFIG
PLACED PAR
PROCESSOR root.proc
-- as before

As with channel mapping, two opposing channels can be assigned to the same link
in a single statement.

6.5.5 Moving code and data areas

Three processor attributes may be used to provide greater control of the layout of
code and data areas in memory. Since these attributes are essentially properties
of the user’s program, not of the hardware description, the settings must be made
as part of the MAPPING section. However, the processor which is referenced must
be a physical processor.

Normally the configurer arranges for the program’s workspace to be given the
highest priority, and hence placed at the lowest address on chip. This means that
the workspace can make best use of the transputer’s on-chip RAM. Program code
is treated with next priority, and vectorspace has the lowest priority.

These priorities can be overridden by setting three processor attributes:
order.code; order.ws; and order.vs; which comespond to the program
code, the program’s workspace, and the program’s vectorspace respectively.
They are all set to 0 by default.

These attributes can be set to INT values, where lower integers indicate a higher
priority. Hence setting order . code to —1 means that the program’s code will be
placed at a lower address than the workspace or vectorspace. The default
ordering if priorities are equal is: workspace; code; vectorspace (workspace is
placed lowest in memory).
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Thus we may have a mapping section like:

MAPPING prioritise.code
DO
SET physical.processor (order.code := -1)
MAP logical.processor ONTO physical.processor

This would place the program code before the workspace i.e. closer to on-chip
RAM. In this mapping vectorspace has no priority defined and is therefore placed
by default after the workspace.

All three attributes must be enabled on the configurer command line by the code
re-ordering option ‘RE’. If this option is not specified on the command line the attrib-
utes will be ignored.

Note: Changing the default ordering means that the INMOS debugger cannot be
used. It is for this reason that the attributes must be explicitly enabled.

6.5.6 Reserving memory

A block of memory may be reserved using the processor attribute reserved. The
block is specified as a number of bytes starting at the bottom of memory. Since this
attribute is essentially a property of the user's program, not of the hardware
description, the setting must be made as part of the MAPPING section. However,
the processor which is referenced must be a physical processor.

By default, the configurer uses memory in a contiguous block from the bottom of
the transputer’s available memory (near MemStart) to the top of the memory
specified by the memsize attribute.

This can be overridden by means of the reserved attribute. This attribute speci-
fies the number of bytes of memory which should be reserved so that the confi-
gurer does not use it. By default, this value is approximately the number of bytes
below MemStart. It must be set to a positive value.

For example:
MAPPING reserve.low.memory
DO

MAP logical ONTO physical
SET physical (reserved := #1000)

This would ensure that the bottom 4096 bytes of memory are reserved and will not
automatically be used by the configurer.

Use of the reserved attribute is described in more detail in section 10.1.
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6.5.7 Absolute address code placement

The location. processor attributes allow various parts of a program to be placed
at absolute addresses in the transputer’s address space. Since these attributes
are essentially properties of the user’s program, not of the hardware description,
the settings must be made as part of the MAPPING section. However, the processor
which is referenced must be a physical processor.

The address referenced by 1location must not have been used by the configur-
er's normal scheme; i.e. it must either lie in an area reserved by the reserved
attribute, or must be above memsize bytes from the bottom of memory.

There are three location attributes:

location.code specifies the absolute address at which program code for
this processor should be placed.

location.ws specifies the absolute address at which the workspace
(stack) for this processor should be placed.
location.vs specifies the absolute address at which the vectorspace

for this processor should be placed (if it exists).

For example:

MAPPING use.absolute.addresses
DO
MAP logical ONTO physical
SET physical (reserved 1= #1000)
SET physical (location.ws := #80000100)

This would ensure that the bottom 4096 bytes of memory are reserved and will not
automatically be used by the configurer, except that the workspace is placed at
address #800000100. (This is just above MemStart, in the transputer’s on-chip
RAM).

MAPPING use.absolute.addresses
DO
MAP logical ONTO physical
SET physical (location.code := #80001000)
SET physical (location.vs := #80002000)

This would place the code at address #800001000, and the vectorspace at
#80002000.

location attributes must be enabled on the configurer command line using
the'RE’ option. If this option is not given these attributes will be ignored.
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Use of the 1ocation attributes is described in more detail in section 10.1.

6.5.8 Control of routing and virtual channel placement

Three processor attributes can be used to control the way that virtual routing is
performed. They are routecost, tolerance, and linkquota. Since these
attributes are essentially properties of the user’s program, not of the hardware
description, the settings must be made as part of the MAPPING section. However,
the processor which is referenced must be a physical processor.

The exact behavior of these attributes is and their use in defining routing strategy
for a network is described in section 10.2.4.

Values of all three attributes are defined as numerical values. For example:

MAPPING routing.example
DO
MAP logical ONTO physical

SET physical (routecost := 1000)
SET physical (tolerance := 1000)
SET physical (linkquota := 2)

routecost:

This attribute is used to weight and de-weight specific processors in the network
for virtual routing. It defines an associated cost of routing virtual channels through
a particular processor. routecost can be used to specifically exclude certain
processors from the virtual routing network.

routecost may be set to an INT value within the range 1 to 1000000 inclusive.
If a value greater than 1000000 is specified, then no through-routing will be
permitted on that processor. If routecost is not specified for a particular
processor, then a default cost value of 1000 is assumed.

MIN.COST, MAX.COST, INFINITE.COST and DEFAULT . COST are defined in the
include file occon£. inc, see below.

tolerance:

This attribute is used to indicate how much a particular processor can be used to
provide load-sharing routing paths for other processors.

tolerance may be set to an INT value within the range 0 to 1000000 inclusive.
If tolerance is not specified for a particular processor, then the default value of
1 will be assumed. This allows the processor to implement alternative routes for
through-routed channels with exactly the same cost as the “best” route found
between any two other processors.

If the value 0 is specified, then the processor will only be used for through-routing
if it lies on the “best” route found to implement virtual channels.
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If tolerance is set to the maximum value 1000000 on all processors in the target
network almost every possible route will be used to share the cost of carrying data
between any pair of non-adjacent processors.

ZERO . TOLERANCE, MAX . TOLERANCE, and DEFAULT . TOLERANCE are defined in
the include file occonf . inc, see below.

linkquota:

This attribute is used to indicate the maximum number of links on the processor
that should be used by the virtual channel routing system.

linkquota may be setto an INT value within the range 0 to 4 inclusive. Awarning
is generated if the suggested 1inkquota for a processor is exceeded. This will
only happen if it is necessary for through-routing other processors.

occonf.inc

This file contains a number of constants associated with the routing and placement
attributes. The file must be included within the configuration description if any of
the:configuration constants are used e.g.

#INCLUDE occonf.inc

6.5.9 Control of debugging by the INQUEST tools

Two attributes are included for use only with the INMOS INQUEST product,
namely, nodebug and noprofile. These are boolean parameters which control
the INQUEST debugging and profiling tools respectively. They can be set to TRUE
or FALSE. If set equal to TRUE for a process, that process will be ignored. The
default for both attributes is FALSE.

nodebug and noprofile have no effect on the functioning of the toolset
debugger idebug, or on any other tool supplied with the current toolset.

6.5.10 Mapping examples
1) pipeline sorter on a single processor

MAPPING
DO
MAP inout.p ONTO MyB004
DO i = 0 FOR string.length
MAP pipe.element.p[i] ONTO MyB004

2) pipeline sorter on a ring of processors, one per process

MAPPING
DO
MAP inout.p ONTO MyB004
DO i = 0 FOR string.length
MAP pipe.element.p[i] ONTO ring[i]
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6.6 Example: A pipeline sorter on four transputers

This section describes how the pipeline sorter program first described in
section 5.11 may be distributed over four T425 transputers. Each processor has
many processes allocated to it.

An explanation of the configuration description is given, followed by detailed
instructions about how to compile, configure and run the program.

The occam source and configuration description developed in this example is
supplied with the toolset in the examples/manuals/sorter directory; you can
either work in this directory or copy the relevant files to a working directory:

sorthdr.inc the common protocol definition.
element.occ the sorting element.
inout.occ the interface to the host file server.

sortconf.pgm the configuration description for the network.

sorthdr.inc, element.occ, and inout.occ are the same as those used in
the single transputer example described in section 5.11.

sortconf.pgm describes the hardware and software networks and maps the
software to the hardware. The software description is imported in the include file
sortsoft.inc.

In the configuration description it is assumed that there is a transputer network of
four T425 transputers connected in the pipeline configuration shown in Figure 6.6.
If this configuration does not match your hardware the description can easily be
modified by changing the number and type of transputers. The example assumes
the link connections shown in Figure 6.6.

transputer 0  transputer 1  fransputer 2  transputer 3

) IMS IMS IMS IMS
hostlink 0 T425 21 T425 211 T425 2[*{1 T425

3

-0

Figure 6.6 Pipeline of four transputers

The mapping places an equal number of element processes on all processors in
the pipeline after the first one, which gets any remaining element processes.

72 TDS 366 01 March 1993



94 6.6 Example: A pipeline sorter on four transputers

——To run this program connect any number of identical
——transputers in a pipeline: connect link 1 of processor 0
~-to link 2 of processor 1 and sa on; complete the pipeline
—-by connecting first and last via their link 3s;
——finally connect processor 0 to the host.

—-max no of chars on a line

VAL string.length IS 80:

——include useful definitions e.g. K=Kilo, M=Mega
#INCLUDE “occonf.inc”

--change the following to suit your network

VAL number.of.transputers IS 4:

—-declare processors as an array

[number.of.t puters]NODE pipeline.t:

ARC Hostlink:

~-hardware description
NETWORK
DO
DO i = 0 FOR number.of.transputers
——change the following to suit your transputer type
SET pipeline.t[i] (type, memsize := "T425”, 1*N)

DO i = 0 FOR number.of.transputers — 1
CONNECT pipeline.t[i] [link][2] TO pipeline.t[i+1][link][1]

CONNECT pipeline.t[number.of.transputers—1] [link][3] TO
pipeline.t[0] [Link] [3]

CONNECT pipeline.t[0][link][1] TO HOST WITH BHostlink

~—mapping

VAL number.of.elements IS string.length:
—-number.of.elements/number.of. transputers must be >= 2

VAL elements.per.transputer IS number.of.elements/number.of.transputers:
VAL remaining.elements IS number.of.elements\number.of.transputers:

VAL elements.on.root IS elements.per.transputer + remaining.elements:
HODE inout.p:

[number.of.elaments] NODE pipe.element.p:

MAPPING
DO
MAP inout.p ONTO pipeline.t[0] PRI HIGH

DO i = 0 FOR elements.on.root-1
MAP pipe.element.p[i] ONRTO pipeline.t[0] PRI 1LOW

MAP pipe.element.p[elements.on.root-1] ONTO pipeline.t[0] PRI HIGH

DO j = 0 FOR ber.of.transputers - 1
VAL first.element.here IS elements.on.root +(j*elements.per.transputer):
VAL last.element.here IS first.element.here +(elements.per.transputer-1):
DO

MAP pipe.element.p[first.element.here] ONTO pipeline.t[j+1] PRI HIGH

DO i = first.element.here + 1 FOR elements.per.transputer - 2

MAP pipe.element.p[i] ONTO pipeline.t[j+1] PRI LOW

MAP pipe.element.p[last.element.here] ONTO pipeline.t[j+l] PRI HIGH

—software description
#INCLUDE "hostio.inc”
#INCLUDE "sorthdr.inc”
#USE ~inout.lku”

#USE "element.lku”
#INCLUDE "sortsoft.inc”
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In the mapping structure shown, the logical processors named in the software
description are mapped onto the physical processors declared in the hardware
description. Note: On each processor, processes which communicate on external
channels are mapped to be run at high priority.

The allocation of processes to transputers is shown in Figure 6.7. The number of
elements on each processor depends on the maximum string length permitted by

the program and the number of transputers in the pipeline.

transputer 0

ts

element |- - {element

transputer 3 transputer 2

Figure 6.7 Pipeline sorter processes

6.6.1 Building the program

The components of the program must be compiled in a bottom up fashion. First
compile the sorting element:

oc element -t425 (UNIX)
oc element /t425 (MS-DOS/VMS)

Because the file has a . occ file extension you can omit the extension from the file-
name. The command line option to specify the error mode may be omitted
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because the default is required i.e. HALT mode, but the T425 transputer target
must be specified. The compiler creates a file called element. tco.

Next compile the input/output process:

oc inout -t425 (UNIX)

oc inout /t425 (MS-DOS/VMS)
This creates the file inout. tco.

These files must now be linked. Because the two processes are to be placed on
separate processors, each must be linked individually, together with any files they
reference. Each linking operation creates a unit of code which may be loaded onto
the transputer network, according to the configuration defined in the configuration
description.

To link element. teco:
ilink element.tco -f occama.lnk -t425 (UNIX)
ilink element.tco /f occama.lnk /t425 (MS-DOS/VMS)

This creates a file called element.1lku. The linker indirect file occama.lnk
contains the necessary references to the compiler libraries. (This file is supplied
with the toolset.)

To link inout. teo:

ilink inout.tco hostio.lib -f occama.lnk -t425
(UNIX)

ilink inout.tco hostio.lib /f occama.lnk /t425
(MS-DOS/VMS)

This creates a file called inout. 1ku.

Now configure the file sortconf.pgm which defines both the communication
channels between the processes and how they should be loaded onto the network:

occonf sortconf

This creates an output file called sortconf . c£b. The input file extension can be
omitted as occonf assumes .pgm.

Finally the program must be made executable. To do this run the collector tool
icollect on the .cfDb file.

icollect sortconf.cfb

This creates the bootable file sortconf.btl is created. The file extension is
required.
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6.6.2 Running the program

Load and run the bootable file on the transputer network using iserver:
iserver —-se -sb sortconf.btl (UNIX)
iserver /se /sb sortconf.btl (MS-DOS/VMS)

The ‘se’ option directs the server to terminate if the program sets the error flag.

If the pipeline network is connected to the host via a root transputer use the skip
loader to jump over the root transputer, and use the iserver ‘ss’ and ‘sc’ options
rather than ‘sb’. In the following example the pipeline network is connected to link
2 of the root transputer:

iskip 2 -e -r

iserver -se -ss —-sc sortconf.btl (UNIX)

iskip 2 /e /r
iserver /se /ss /sc sortconf.btl (MS-DOS/VMS)

In either case the program sorts each line of input until terminated by a blank line.

6.6.3 Automated program building

As with the single processor version of this program it is possible to automate the
building of this program with the Makefile generator tool and a suitable MAKE
program. The version of the configuration program supplied in the file sort-
mak . pgm is written using imakef file naming conventions, for example, the linked
units are given file extensions of the form cxx.

Note: sortmak . pgm compiles the program for transputer class TA in HALT error
mode — it references the linked units as . cah files and is configured for T425 trans-
puters. For a list of transputer targets see appendix B in the occam 2 Toolset
Reference Manual.

To produce a Makefile for the program type:
imakef sortmak.btl

This will produce a file called sortmak . mak containing a MAKE description for the
program. It will also produce linker indirect files for the two compiled units which
comprise the program; these will refer to any necessary modules from the library.

To build the program run your MAKE program on the file sortmak .mak and all the
necessary compiling, linking and configuration will be done automatically. For
more information about MAKE programs see Chapter 11 in the occam 2 Toolset
Reference Manual.

6.6.4 Other configuration examples

Example .pgnm files which configure the sorter program for other networks are
supplied on the sorter directory. Descriptions can be found in the source files and
in the readme file for the directory.
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6.7 Conditional configurations

Conditional constructs (IF) are permitted inside NETWORK, MAPPING and CONFIG
constructs. This makes it possible to create configuration descriptions which can
be ‘conditionally compiled’ for different network structures.

For example, while developing a program, it may be useful to modify a program
to bypass the root processor, so that an application may be placed directly onto
an application processor. The following, rather trivial, example demonstrates this.

6.7.1 Example: Configuration using conditional IF

In this example, when a single processor is in use, the application communicates
directly with the host, as shown in Figure 6.8. When two processors are available,
a buffer process is loaded onto the root processor. This process buffers the
communication between the application and the host. See Figure 6.9.

application

rootlink 0 T425

- nOxI

Figure 6.8 Direct host connection

root application

hostlink| T425 glzootlink| T425

-woxT

Figure 6.9 Communication via the root processor
The implementation is split into the following files:

app.occ — the application
buff.occ — the buffer process
myprog.pgm — the configuration description file

The content of app . occ is as follows:

#INCLUDE “hostio.inc”
#USE ”hostio.lib”

PROC application.process (CHAN OF SP fs, ts)

SEQ
so.write._string.nl(fs, ts, ”“Hello world”)
so.exit (fs, ts, sps.success)

72 TDS 366 01 March 1993



6 Configuring transputer networks 99

The content of buf£.occ is as follows:

#INCLUDE “hostio.inc”
#USE "hostio.lib”

PROC buffer.process(CHAN OF SP fs, ts, from.app, to.app)
CHAN OF BOOL stopper :
— This never terminates
so.buffer (fs, ts, from.app, to.app, stopper)

The content of myprog.pgm is as follows:

VAL number.of.processors IS 1 : — 1 when running,
~— 2 for developing

NODE root, application :

ARC hostlink, rootlink :

NETWORK
DO
IF
number.of.processors = 2
DO
SET root (type, memsize := ”T425”, #100000)
CONNECT root[link] [0] TO HOST WITH hostlink
CONNECT root[link][3] TO application[link][0] WITH rootlink
TRUE
CONNECT application[link][0] TO HOST WITH rootlink
SET application(type, memsize := ”“T414”, #100000)

#INCLUDE “hostio.inc”
#USE “app.cah”
#USE “buff.cah”

CONFIG
CHAN OF SP fs, ts :
PLACE fs, ts ON rootlink : — Note that this is ‘rootlink’, not
— ‘hostlink’
PAR
IF

number.of .processors = 2
CHAN OF SP fs0, tsO :
PLACE fs0, tsO ON hostlink :
PROCESSOR root
buffer.process (£s0, ts0, ts, fs)
TRUE
SKIP
PROCESSOR application
application.process (fs, ts)

The configuration uses a constant to set the number of available processors. This
is then used to conditionally build the program for one or two transputers. NODEs
which are declared, but do not have any attributes set, are ignored when confi-
guring a program.

The program can be built manually or using imakef. Note: when building the
program for two processors, warning messages will be generated concerning
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interactive debugging; these can safely be ignored. Disabling interactive debug-
ging with the imakef ‘y’ option will prevent the warnings being generated.

Source files can be found on the examples/manuals/config directory. When
building manually remember to use imakef naming conventions — the program
is configured for a T414 transputer and HALT emor mode. The output of the
program is ‘Hello World'.

6.8 Summary of configuration steps

To summarize, the steps involved in building a program that runs on a network of
transputers are as follows:

1 Decide how your program will be distributed over the transputers in your
network.

2 Write a configuration description for your program by:
3 Describing your hardware network.

4 Inserting PROCESSOR statements into your program and adding any
necessary mapping description.

5 Compile all the separate compilation procedures that form the code for
each transputer in a bottom up fashion.

6 Link each configuration procedure with its component parts into a file with
the name used in #USE directives in the configuration source file.

7 Run the configurer on the configuration description file.
8 Collect the code using icollect.
9 Load the program into the network using the host file server.

Steps 5 to 8 can be automated by using imake£ and a suitable MAKE program.

6.9 Further considerations

6.9.1 The effect of occonf on idebug

The use of command line options to occonf£ has a direct effect on the way in which
the interactive/post mortem debugger idebug can be used to debug the program.

There are two main ways of using occonf:

* No special command line options, (the default) - this is compatible with
either the interactive or postmortem debugger. However, the real time
performance of the bootable produced may be significantly different to that
produced by using the Y option, if there is a high incidence of channel
communication between processors.
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* With the Y command line option - this is compatible with the postmortem
debugger only.

Important note: when virtual routing processes are used, idebug cannot jump
down channels between adjacent processors. If this is required, the configurer ‘NV’
option should be used to disable virtual routing.

Table 6.3 summarizes the use of the relevant options.

occonf command options | Effect
‘NV’ Interactive and post-mortem debugging enabled.
Virtual routing disabled.

Possible to jump down channels between adja-
cent processors.

default settings Interactive and post-mortem debugging enabled.

Virtual routing enabled and will be used even if not
required, i.e. direct channel placements between
processors will be ignored.

Not possible to jump down channels between
adjacent processors.

‘Y'and NV Post-mortem debugging enabled.
Virtual routing disabled.

Possible to jump down channels between adja-
cent processors.

Y’ Post-mortem debugging enabled.
Virtual routing enabled and may be used.

Only possible to jump down channels between
adjacent processors if they are not used for virtual
routing.

Table 6.3 Effect of occonf options on debugging

6.9.2 Reliable Channel Communications

There are a number of library routines that can be used to handle faults in the
communication network. These can be used only on direct channels (see section
6.5.2). They must not be used on virtual channels, nor during debugging. The
routines are:

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

PROC OutputOrFail.t (CHAN OF ANY c,
VAL []BYTE mess,
TIMER t, VAL INT time,
BOOL aborted)
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PROC InputOrFail.c (CHAN OF ANY c, []BYTE mess,
CHAN OF INT kill,
BOOL aborted)

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

The routines attempt a transfer of data on a channel. Those ending in . t include
a timeout for failed communication, those ending in . ¢ send a status message on
another channel. If the communication succeeded normally, aborted is set to
FALSE; if the communication was aborted (on timeout or link failure, depending on
which routine was used), aborted is set to TRUE.

Note: These routines are not intended as the normal mode of communications.
They have a higher overhead than other methods.

A further routine is available to reset a channel that has gone awry in its commu-
nications. This is:

PROC Reinitialise (CHAN OF ANY c)
For example, when a hard link is quiescent it can be reset by this routine.

Full descriptions of all these routines can be found in section 1.10 of the occam
2 Toolset Language and Libraries Reference Manual.

Important note: These routines should not be used for checking the communica-
tions within a network if there is any doubt as to whether the data might not have
transferred in a given amount of time. In general, you should be absolutely sure
that the failure is due to a hardware failure, and not to the receiving or sending
device being very busy. If the communication is terminated while data is actually
being transmitted, then the results are undefined, and could stop one or both of
the processors.

There is no point in using these routines on soft channels, because the commu-
nication on soft channels can be assumed to be secure.

6.9.3 Checking the configuration

Configurations may be checked against the hardware on a transputer board using
a network check program such as ispy. The ispy program is supplied as part of
the support software for some INMOS iq systems products.

INMOS iq systems products are available separately through your local INMOS/
SGS-THOMSON authorized distributor or SGS-THOMSON sales office.
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programs

This chapter explains how to load programs onto single transputers and transputer
networks. It briefly describes the format of loadable programs and introduces the
program loading tools iserver and iskip. The chapter goes on to explain how
to load programs for debugging and ends with an example of skip loading.

7.1 Introduction

Transputer programs are loaded onto transputer boards with the iserver tool
which installs code on each processor using processor and distribution information
embedded in the executable file. The executable file consists of code to which
bootstrap information has been added to make the program self-booting on the
transputer. Self-booting executable code is also known as bootable code.

Bootable files are generated by icollect from configuration data files (network
programs) or linked units (single transputer programs). Bootable files are gener-
ated with the default extension .btl (for loading onto boot from link boards), or
.btr (for loading onto boot-from-ROM boards). Note: a bootable file is
constructed such that copying it to a link will boot the network automatically.

7.2 Tools for loading
Two tools are provided to load programs onto transputers and transputer networks:
¢ iserver — the file server and loader tool.

iserver loads the bootable file onto the single transputer or transputer
network and activates the host file server that provides communication with
the host.

e iskip — the skip loading tool.

iskip allows a program to be loaded over the root transputer onto an
external network. The tool is used prior to invoking iserver to start up
a special route-through process on the root transputer that transfers data
between the the network and the host system.

Skip loading is useful for the post-mortem debugging of programs that do not use
the root transputer. The root transputer in the network is omitted from the logical
network and the program is loaded onto the first processor affer the root transputer,
leaving it free to run the debugger. This avoids having to debug the code from a
memory dump file.
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Programs loaded using iskip always require one extra processor on the network
in addition to those required to run the program. For example, a program written
for a single transputer requires at least two processors, one to act as the root trans-
puter and one to run the program.

7.3 The boot from link loading mechanism

iserver loads programs onto transputer networks, via the host link connection.
It does this by simply copying the contents of the bootable file to the link. The boot-
able file contains all the bootstrap and loader code to ensure that the program is
loaded onto the network and starts running.

The server has to be told which link connection to use and how to access it. This
is done by specifying the name of a User Link on the command line or in the envi-
ronment variable TRANSPUTER. The server gets information about the specified
User Link from a connection database file. See the iserver documentation in
chapter 13 of the Toolset Reference Manual.

The bootstrap code for the transputers in the network is sent first. The code is prop-
agated through the network as individual processors load neighboring processors.
Atter all of the transputers in the network have been booted, program code is
‘loaded onto individual processors. For a multitransputer network the allocation of
processes to processors is determined by the configuration file. For single trans-
puter programs code is loaded onto the first processor on the network.

When all of the code is loaded into the transputer’'s memory, the program starts
running and can communicate with the host using the standard library routines for
input and output. The libraries actually communicate with the host via the server
using a predefined communication protocol known as the 'SP’ protocol. This
protocol is defined in the iserver documentation.

The program continues to run until: an error occurs, the server is terminated by
pressing the iserver interrupt key (usually CTRL-C or CTRL-BREAK), or the
program terminates naturally. Note: terminating the server will not stop the
program running on the transputer. However, any processes on the transputer
which attempt to communicate with the server will deadlock. This may eventually
cause the whole program to stop as other processes become dependent on this
communication. The program may be able to continue if the server is restarted.

If iskip is used, the first transputer in the network is bypassed. Therefore the
network must contain one additional transputer to the number required to run the

program.

7.4 Boards and subnetworks

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

Examples of boot from link boards supplied by INMOS are the IMS B008 PC
motherboard (with appropriate TRAMs) and the IMS B014and IMS B016 VME bus
standard interface boards.

Boot from ROM TRAM boards are intended for stand-alone applications such as
embedded systems.

741 Subsystem wiring

Subsystem wiring is the way in which boards are connected together, and deter-
mines the manner in which transputer subnetworks are controlled.

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

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

The Down and Subsystem ports work in the following ways:

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

Subsystem propagates the Reset and Analyse signals but also allows control by
the board, enabling subnetworks downstream of the board to be independently
reset, analyzed, and their error flags read, under the control of the transputer to
which the subsystem is attached.

7.4.2 Connecting subnetworks

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

In a typical multitransputer system the root transputer’s Up port is connected to the
host computer so that the host can control the loading of programs and monitor
errors on the network. The first processor in the subnetwork is connected to either
Down or Subsystem depending on the application, and other processors on the
network are chained together via their Up and Down ports.
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In a simple application requiring multiple transputers, the subnetwork would
normally be connected to Down on the root transputer. This would allow the host
computer to reset the whole network in a single operation and to monitor the error
signal on any transputer in the network.

A more complicated application may require several programs to be loaded onto
the subnetwork under the control of the root transputer. Here the subnetwork would
be connected to Subsystem so that the root transputer could repeatedly reset and
re-load the subnetwork. Any errors in the subnetwork would be detected by the root
transputer through its Subsystem port, and the error would not be propagated
through the Up port to the host computer. Reset and Analyse signals are propa-
gated through to the Subsystem port, but the error signalis not relayed back. (Note
some boards do not conform to this system of signal propagation, see 7.5.2).

7.5 Loading programs for debugging

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

Commands to use for various combinations of subsystem wiring, board type, and
program mode, are listed in the debugger reference documentation.

7.5.1 Breakpoint debugging

Programs are loaded for breakpoint debugging using the idebug command.
When invoked in interactive mode this command incorporates a skip load and
iserver is not required. Because it uses a skip load, breakpoint debugging
requires at least two processors on the network.

7.5.2 Board types

Some early INMOS boards of the BO04 type, unlike later TRAM-based boards, do
not propagate Reset through to the Subsystem port. On these boards the ‘A’
debugger option must be supplied on the debugger command line to reset the
network.

7.5.3 Use of the root transputer

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

Two methods can be used to load and debug code running on the root transputer:
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1 Programs can be loaded in the normal way using iserver, and the
program image in the root transputer's memory saved to a file. The code
running on the root transputer is then debugged from the dump file. Code
running on the rest of the network is debugged in the normal way by reading
the transputer memory directly down the transputer links. The dump file is
created by invoking idump. The debugger is subsequently invoked using
the debugger ‘R’ option that directs it to read the dump file.

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

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

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

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

Details of the procedures to use for loading and debugging all types of transputer
programs can be found in section 4.2 of the Toolset Reference Manual.

7.5.4 Analyse and Reset

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

7.6 Example skip load

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

7.6.1 Target network

The program to be loaded is configured for a target network consisting of two T800
processors mounted on a BOO8 motherboard. A T414 processor in slot zero acts
as the root transputer, and the target network is connected to link 2 on the root
transputer via one of the links on processor 1. The two T800 processors are
connected by a single link. The target network and its connections are shown sche-
matically below.
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target network
host computer root transputer 3

host|link

processor | | processor
1 2

7.6.2 Loading the program

Assume the file twinprog.btl contains the bootable program. To prepare the
board for running the program on the target network, first invoke iskip:

iskip 2 -r -e (UNIX)
iskip 2 /r /e (MS-DOS/VMS)

This command sets up link 2 as the path to the target network and starts the route-
through process on the root transputer. Options ‘r’ and ‘e’ respectively reset the
target network and direct the host file server to monitor the halt-on-error flag. The
program can then be loaded:

iserver -ss —se -sc twinprog.btl (UNIX)
iserver /ss /se /sc twinprog.btl (MS-DOS/VMS)

Note: these examples assume that the environment variable TRANSPUTER has
been defined to specify the name of the User Link to use to access the transputer
network, and that a connection database file exists to define that User Link. See
the iserver documentation (chapter 13 of the Toolset Reference Manual) for
more details. Options ‘ss’ and ‘sc’ are used in place of ‘sb’ because the network
has already been reset by iskip.

See chapter 15 of the Toolset Reference Manual for more information on the
iskip tool.
7.6.3 Clearing the network

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

The ispy program is provided as part of the support software for some INMOS iq
systems products. These products are available separately through your local
INMOS distributor or SGS-THOMSON Sales Office.

An alternative to using a network check program to clear the network is to load a
dummy process onto each processor. In the act of loading the process code the
error flag is cleared.
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8 Access to host
services

This chapter describes how programs communicate with the host computer via the
host file server and the i/o libraries. It briefly describes the protocols used, outlines
how to place host channels on a transputer board, and discusses how processes
can be multiplexed to a single host.

8.1 Introduction

occam, like most high level programming languages, is independent of the host
operating system. At the programming level, communication with the host is
achieved via a set of /o libraries that are provided with the toolset. The libraries
in turn use the services provided by the host file server. The host file server and
the functions it provides are transparent to the programmer. The server functions
are activated whenever a program is loaded using the iserver tool. Programs
that use the i/o libraries should always be loaded using iserver.

For an example of a program that communicates in a simple way with the host
computer, including details of how it is compiled, linked and loaded, see Chapter 5.

8.2 Communicating with the host

Programs communicate with the host through i/o library routines that in tum use
functions provided by the host file server.

8.21 The host file server

The host file server provides the runtime environment that enables application
programs to communicate with the host. It contains functions for:

» Opening and closing files
» Reading and writing to files and the terminal
* Deleting and renaming files

» Returning information from the host environment, such as the date and
time of day

» Returning information specific to the server, such as a version number

« Starting and stopping the server.

72 TDS 366 01 March 1993



110 8.2 Communicating with the host

Details of the server functions can be found in appendix C of the occarn 2 Toolset
Reference Manual.

8.2.2 Library support

Two i/o libraries are provided for accessing the file system and other host services.
The libraries are summarized below.

hostio.lib File and terminal i/o; host access
streamio.lib Stream-based terminal and file i/o

Al routines in these libraries are independent of the host operating system.

The hostio library contains basic routines for accessing files and controlling the file
system. It also contains routines for general interaction with the host. Use the
hostio library for basic file operations, and for accessing host services.

The streamio library contains routines for creating and outputting to streams. It
also provides primitives for reading and writing text and numbers, and for control-
ling the screen. Use the streamio library for inputting and outputting character and
data streams.

Definitions of constants and protocols used within the libraries are provided in the
include files hostio. inc and streamio. inc. These files should be included in
all programs where the respective libraries are used.

Details of all i/o procedures and functions can be found in the occam 2 Toolset
Language and Libraries Reference Manual.

8.2.3 File streams

The host file server supports a stream model of file and terminal access. When a
file is opened a 32-bit integer stream id is returned to the program. This identifier
must be quoted by the program whenever the file is accessed, and is valid until the
file is closed. Streams and files must be explicitly closed by the programs that use
them, and the server must be explicitly terminated when the program finishes and
host services are no longer required.

Three streams are predefined:

spid.stdin standard input
spid.stdout standard output
spid.stderr standard error

These streams can be closed by the programmer, but cannot be reopened. Take
care not to close the standard streams if you are using hostio routines that read
or write to them. The streams can only be closed by specifying the streamid explic-
ity and cannot be closed inadvertently using the hostio routines.
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Standard input and output are normally connected to the keyboard and screen
respectively, but may be redirected by the operating system. Streams and files
other than the three standard streams described above must be explicitly closed
by the program. When the program finishes and host services are no longer
required, the server should be terminated by the transputer application calling
so.exit.

Protocols

occam programs communicate with the host file server through a pair of occam
channels. Requests for service are sent to the host on one channel and replies are
received on the other. Both channels use the SP protocol, which is defined in the
include file hostio. inec.

8.3 Host implementation differences

The IBM PC version of the host file server supports a number of DOS specific
commands via routines in the library file msdos.1ib. The VAX/VMS and UNIX
implementations have no host specific commands.

If you wish to write programs that are portable between all implementations of the
toolset you are recommended to use only host independent routines. All proce-
dures and functions in the hostio and streamio libraries are host independent.

8.4 Accessing the host from a program

For programs to be run on transputer boards the host is accessed through the
channels £s and ts, both defined as CHAN OF SP. Protocol SP is defined in the
include file hostio.inc. For single fransputer programs the channels are
defined within the program, and for multiprocessor programs the channels are
placed on the link that is connected to the host. The normal location for the connec-
tion to the host is link zero on the root processor.

8.4.1 Using the simulator

The simulator tool isim provides access to the host file server in the same way
as a single processor program running on a board, connected via link 0.

8.5 Multiplexing processes to the host

The host file server is a single resource, connected to a process running on the
root transputer via a pair of 0ccam channels. This is illustrated in Figure 8.1.
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host transputer

et

server

Figure 8.1 Program input/output

If more than one process requires access to the host then the server must be
shared between a number of processes, ensuring that all processes are served
in turn. The simplest solution where a resource is used by more than one process
is to provide a multiplexor.

A multiplexor is a process which takes many inputs and connects them to a single
shared resource and ensures that communications from different processes do
not conflict.

Four routines that allow multiple processes to communicate with the host via the
host file server channels are provided in the hostio library. The routines are:
so.multiplexor; so.overlapped.multiplexor; so.pri.multiplexor;
and so.overlapped.pri.multiplexor. Details of the routines can be found
in section 1.5.9 of the occam 2 Toolset Language and Libraries Reference
Manual.

An example of a multiplexed system is shown in Figure 8.2, and the occam code
that would implement the system is listed in Figure 8.3.

host /

st -

server

Figure 8.2 Multiplexing the host file server
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#INCLUDE ”“hostio.inc” -- SP protocol declaration
PROC mux.example (CHAN OF SP fs, ts,
[]INT free.memory)

#USE "hostio.lib” -- host i/o libraries

#USE "“process0” —— user processes
#USE “processl”
#USE “process2”
SEQ
CHAN OF BOOL stop:
[3]CHAN OF SP from.process, to.process:

PAR
so.multiplexor(fs, ts, -- server channels
from.process, to.process,
—— multiplexed channels
stop) —— termination channel
SEQ
PAR -— run user processes in parallel

—— sharing the iserver
process0 (to.process[0], from.process[0])
processl (to.process[l], from.process[1l])
process2 (to.process[2], from.process[2])
stop ! FALSE -- terminate multiplexor
so.exit (fs, ts, sps.success)

Figure 8.3 Multiplexing example

This source for this program can be found in examples/manuals/mux.

Multiplexor processes can be chained together to produce any degree of multi-
plexing to the host. However, the host is a single, finite resource and unrestrained
multiplexing of processes should be avoided if possible.

8.5.1 Buffering processes to the host

It may sometimes be useful to pass data invisibly through another process, for
example when passing data to the server through intervening processes. The
hostio library routine so.buffer takes a pair of input and output channels and
passes data through unchanged.

8.5.2 Pipelining

If data has to pass through many processes before reaching the server efficiency
may be improved by allowing a data transfer to begin before the previous one has
completed its journey down the line of processes. This allows several data trans-
fers to be in progress simultaneously and is known as pipelining.
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The routine so. overlapped.buffer can pipeline several buffers up to a user-
defined limit. A pipelined version of the multiplexor process called so . overlap-
ped.multiplexor performs the same function for multiplexed processes. Priori-
tized versions of the routines may also be used.
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transputer programs

This chapter describes how to debug transputer programs. It describes the facili-
ties of the toolset debugger idebug and shows how they can be used to debug
transputer programs in a systematic manner. It explains how the debugger can be
used in two modes (post-mortem and interactive) to analyze transputer programs
and describes the two debugging environments (source code symbolic and low
level monitor page). The chapter ends with some hints about debugging transputer
programs and a list of points to note when using the debugger.

Worked examples are given at the end of this chapter, the sources of which may
be found in the toolset examples subdirectory.

Chapter 4 of the accompanying Toolset Reference Manual provides detailed
information about idebug, including command line syntax and full descriptions of
the symbolic debugging and monitor page commands.

9.1 Introduction

The network debugger idebug is a symbolic debugger for transputers and trans-
puter networks. It can be used to examine stopped programs (post-mortem debug-
ging) or to debug programs interactively (breakpoint debugging). It can be used
with INMOS ANSI C, occam, and FORTRAN-77 programs, and with mixed
language systems.

Programs can be analyzed using the symbolic functions which operate using
source code symbols or the monitor page commands which operate at memory
and processor level.

Symbolic functions allow files to be examined, variables inspected, and proce-
dures traced, from source code level. Monitor page commands allow transputer
memory to be examined and processor state to be determined anywhere on the
network. Symbolic and monitor page environments are separate but can be
switched between at will.

idebug can be used to debug mixed language programs, although certain facili-
ties are available for some languages and not others. For example, a comprehen-
sive expression language exists for C and a simpler one for occam. The exact
usage of some facilities may also differ slightly between languages.

9.1.1 Post-mortem debugging

Post-mortem mode debugging allows stopped programs to be analyzed from the
residual contents of transputer memory or from a network dump file. Programs that
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run on the root transputer must be debugged from a memory dump file because
the debugger overwrites the root transputer’s memory. The memory dump file is
created using the idump tool (see chapters 4 and 5 of the accompanying Toolset
Reference Manual).

9.1.2 Interactive debugging

Interactive debugging (also known as breakpoint mode debugging) allows trans-
puter programs to be executed interactively using breakpoints set in the code.

Breakpoints can be set symbolically on lines of source text or at transputer memory
addresses, and values can be modified in transputer memory to show the effect
of changing variables. Breakpoint mode debugging requires the use of two or more
transputers, because the debugger tool runs on the root transputer.

Certain symbolic functions and monitor page commands are only available in
breakpoint debugging mode.

9.1.3 Mixed language debugging

When debugging programs constructed from a mixture of languages from different
INMOS toolsets, you should always use the version of idebug with the highest
version number (as displayed in the help or monitor pages). This is true for all
versions of idebug with a version number greater than v2.00. 00. This will help
ensure that no toolset incompatibilities occur.

9.1.4 Debugging with isim

The transputer simulator tool isim can also be used to debug transputer
programs from a low level environment. Using a similar environment to the
debugger monitor page transputer memory can be examined, breakpoints set,
and programs executed by single stepping.

The debugging facilities of the simulator are briefly described in this chapter
(section 9.13). Details of how to use the simulator tool can be found in chapter 14
of the accompanying Toolset Reference Manual.

9.2 Programs that can be debugged

The debugger can analyze programs running on transputers that are either directly
attached to a host through a server program, or connected to the host via a root
transputer.

The roottransputer is the processor that is directly connected to the host computer.
In atransputer network thatis connected to the host it forms the root of the network.
The debugger always runs on the root transputer, which must be a 32-bit trans-
puter with at least one megabyte of memory (preferably two or more).
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The relationship of the root transputer to the host computer and the rest of the
network is illustrated in figure 9.1.

host computer root transputer
from server .
host file I " idebug Link(s) Other
server to server transputers

Figure 9.1 Debugging a transputer network

If breakpoint debugging is used the transputer network must contain at least two
processors because the root transputer is dedicated to running the breakpoint
debugger in parallel with the user’s program.

9.3 Compiling programs for debugging

Programs to be debugged should be compiled with full symbolic debugging
information enabled. For C and FORTRAN, this is achieved by specifying the
compiler ‘G’ option when the program is compiled. The occam compiler generates
object files containing full debugging information by default. Two command line
options may be used to limit the debugging information produced by the compiler.

Minimal debugging information

By default the C and FORTRAN compilers generate object files containing minimal
symbolic debug information so that object modules, especially those to be used
as libraries, are kept as small as possible. Minimal debug information enables the
debugger to backtrace out of a library function to a module compiled with full debug
information.

occam programs can be compiled with minimal debug information by using the
compiler ‘D’ option.

Note: The object code produced by the C and FORTRAN compilers with minimal
debug information contains certain optimizations that are absent in code gener-
ated with full debugging information enabled. As a consequence the object code
produced may differ slightly from code compiled with full debugging information
enabled.

occam channel communication

The ‘Y’ option to the occam compiler disables channel communication via library
routines and, instead, produces optimal in-line code for channel i/o. Interactive
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debugging requires all communications to be done by means of the library
routines, so this option also disables interactive debugging.

C channel communication

Use of the C library DirectChan functions on channels provided by the configurer
will interfere with and corrupt interactive debugging. Note that the DirectChan
functions can be safely used with edges passed from the configurer, and with
internal (soft) channels declared in C source files.

9.3.1 Error modes

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

¢ In HALT mode any error during program execution halts the transputer
immediately.

¢ In STOP mode, errors do not halt the program, rather they stop the errant
process allowing other processes executing on the same transputer to
continue. Programs compiled in this mode can only be debugged if they
are halted explicitly.

e Programs compiled in UNIVERSAL mode will adopt the emor mode
selected at link time i.e. HALT or STOP mode. If UNIVERSAL mode is
selected at both compile and link time, then the error behavior will default
to HALT mode.

By default, C and FORTRAN programs are compiled in UNIVERSAL error mode
and linked in HALT mode. By default, occam programs are compiled in HALT
mode and linked in HALT mode.

9.4 Debugging configured programs

Programs configured with the C-style configurer, icconf, must have debugging
enabled by means of the appropriate icconf command line options. occam
programs are compiled, linked, and configured with interactive debugging enabled
by default. Debugging can be disabled in occam modules by the appropriate
occonf command line options.

Table 9.1 summarizes the effects of the relevant icconf and occonf options on
interactive and post-mortem debugging, and on virtual routing.
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icconf occonf Effect
command command
options options
‘g’ and ‘nv’ ‘nv’ Interactive and post-mortem debugging
enabled.
Virtual routing disabled.
Possible to jump down channels between adja-
cent processors.
‘g’ default Interactive and post-mortem debugging
settings enabled.
Virtual routing enabled and will be used even if
not required, i.e. direct channel placements
between processors will be ignored.
Not possible to jump down channels between
adjacent processors.
‘gp’and ‘nv' | 'y’and 'nv’ |Post-mortem debugging enabled.
Virtual routing disabled.
Possible to jump down channels between adja-
cent processors.
‘gp’ 'y' Post-mortem debugging enabled.
Virtual routing enabled and may be used.
Only possible to jump down channels between
adjacent processors if they are not used for
virtual routing.

Note: the icconf ‘gp’ and the occonf ‘y’ options are not equivalent. For further
details of configuration options, see the Toolset Reference Manual.

Table 9.1 Effect of icconf and occonf options on debugging

9.41 Debugging with configuration level channels

idebug cannot locate to a process waiting on a transputer link, or locate to a
process (on a different processor) waiting on a channel mapped onto a link, if that
link is used by the configurer for software virtual channels.

idebug is able to locate to a process waiting on a transputer link or jump down
a channel between two processes (which may be on different processors) if the
channel is one of the following:
o An internal (soft) channel between processes on the same processor.
¢ An external (hard) channel between processes on different processors
which is not used by the configurer for software virtual links.
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9.4.2 Debugging with the configurer reserved attribute

The reserved attribute should not be specified to the configurer in order to reserve
on-chip memory if you wish to interactively breakpoint debug the program. This is
because the runtime kernel (see section 9.7.1) which the debugger places on each
processor reserves the first 11K — 15K of memory for its own use (regardiess of
the reserved attribute being specified to the configurer).

9.5 Debugging boot from ROM programs

Programs configured using the icconf ‘GP’ option or the occonf ‘Y’ option (see
table 9.1) may also be debugged in boot from ROM run in RAM systems (confi-
gurer ‘RA’ option).

9.6 Post-mortem debugging

Post-mortem debugging is the analysis of stopped programs, that is, programs
that have failed to run correctly and have set the transputer error flag (or have
detected a hard parity error). Programs that are to be debugged in this mode
should be compiled and linked in HALT mode (HALT is the linker default) so that
the processor halts when the flag is set. They should be loaded by i server using
the ‘SE’ option, so that the error flag is monitored and the server terminated if the
error flag is set.

The conditions in which the transputer error flag may be set depend on the
language being used. C and FORTRAN provide little or no automatic checking of
errors whereas occam provides comprehensive emror checking by default.

C programs can also set the emror flag and halt the processor when the program
is terminated by functions such as halt_processor, abort, assert,
debug_stop or debug_assert.

9.6.1 C and FORTRAN programs

Little automatic error checking is provided in C or FORTRAN — this can make it
difficult to cause a program to halt when an error occurs. This rather restricts the
usefulness of post-mortem debugging, but it can be used if programs are halted
explicitly using the debugging support functions such as debug_assert()
(DEBUG_ASSERT () in FORTRAN) etc. These functions are described more fully
in the appropriate Language and Libraries Reference Manual and in the debug-
ging examples.

Breakpoint debugging, with its associated debugging support functions, is a more
flexible approach and is the recommended method when debugging C and
FORTRAN programs.

The C library abort () function can be enabled to halt the processor by calling the
auxiliary function set_abort_action(). This enables a backtrace to be
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performed to the point in a program where the error occurred without the need to
modify any of the assert () statements contained in the program.

This technique is illustrated with the following example (which is contained in the
C toolset debugger examples directory):

drhkkdkdkkdkdhhhkbhkhkddddddbbkbkkddbbbdtkkkdd

Debugger example: abort.c

/
*
*
*
* Example of forcing a C program to HALT the

* processor for post-mortem analysis regardless
* of the error mode it has been configured in.
*
*
*
*

Use of the debug support functions is encouraged

as an alternative (see debugger example file debug.c
for further details).

iittii*i***iti*****i**i*i*i**i*********/

#include <stdio.h>
#include <stdlib.h>
#include <misc.h>
#include <assert.h>

int

main (void)

{
/* 0 will cause assert() to fail assertion test */
int x=0;
printf ("Program started\n”);

/* override normal abort action */
set_abort action (ABORT_HALT);

printf (”Program being halted by assert ()\n”);
assert (x);

printf ("Program being halted by abort ()\n”);
abort ()

exit (EXIT SUCCESS);

9.6.2 OCCam programs

The runtime errors that can cause an 0occam program to set the error flag and halt
include:
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* An arithmetic error, such as overflow or divide by zero, has occurred.
¢ An array index is out of range.

¢ A value is out of range in a type conversion.

¢ An alignment error has occurred in a type conversion or abbreviation

o An array element is being ‘aliased’ at run-time — that is, being referred to
by more than one hame within a given scope.

o A STOP process, or a process which behaves like STOP (e.g. an IF with
no TRUE guards, or an ALT with no enabled guards), being executed.

When a run-time error occurs, the program halts the processor and allows the
debugger to enter the program for post-mortem debugging.

In addition, some debug support functions (e.g. DEBUG.ASSERT () ) are provided
to aid debugging of programs by implementing an explicit program error; details
of these functions can be found in the occam 2 Toolset Language and Libraries
Reference Manual and in the debugging examples.

9.6.3 Interrupted programs

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

9.6.4 Parity errors

The T426 will detect two types of parity errors, hard and soft. A soft error is one
which disappears on retry; it does not stop the processor but sets, and resets, the
SoftParityError pin. This allows soft errors to be monitored externally (or inter-
nally if SoftParityError is connected back to the Event input). A hard error occurs
if alocation still causes a parity error on retry; in this case the processor is stopped
immediately and the HardParityError pin is asserted.

After a hard parity error has been detected the debugger can be started in post-
mortem mode. If the debugger fails to find a processor which has halted with the
error flag set, it will try to find a T426 processor which has had a hard parity error.
It will then display this as the first processor in error. The debugger does not auto-
matically locate to the program source if a parity error has occurred — the
debugger will instead display the monitor page to allow the parity registers to be
examined.

The parity registers are displayed on the monitor page at the bottom left of the
display below the clock registers. These registers are nof displayed in interactive
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mode. This is because the registers are volatile and reading the registers would
interfere with any user code attempting to handle soft parity errors.

9.6.5 Debugging the root transputer

Programs which run on the root transputer, or which use the root transputer to run
part of a multiprocessor program, must be debugged ‘off-line’ from a separately
created memory image file. This is necessary because the debugger executes on
the root transputer and overwrites the code in its memory. The memory dump is
performed using the idump tool after the program has failed and before the
debugger is started with the ‘R’ option. Details of how to use the idump tool can
be found in chapter 5 of the accompanying Toolset Reference Manual. :

Skip loading

As an altemative to using the idump fool, the application program can be skip
loaded onto the next processor on the network, avoiding the root transputer. This
leaves the root transputer free to run the debugger. A disadvantage of this method
is that it requires one extra processor on the network in addition to those needed
for the program.

If only one transputer is available, for example on single-transputer boards, the
memory dump method must be used. If more than one transputer is available skip
loading is the recommended method since it enables the program to be directly
debugged from transputer memory.

Use of the skip loader is described in chapter 7 of this manual and chapter 15 of
the accompanying Toolset Reference Manual.

9.7 Interactive debugging

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

Programs that communicate to the host must use iserver protocol, as used by
the standard I/O libraries, when being debugged interactively.
9.74  Runtime kernel

The breakpoint debugger places a special runtime kemel on each processor in
addition to the application bootable code. This kernel provides a communication
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network to enable the debugger to transparently share transputer links with the
application in addition to providing a breakpoint handler to deal with breakpoints,
errors, inspection of processor state etc. The scheme is illustrated in Figure 9.2.

Note: The debugging kemel places the transputer into Halt-On-Error mode (HALT
mode) regardless of the error mode of the program. This means that during break-
point debugging a transputer will always halt when an error occurs.

Without  debugging With  debugging
kernel kemnel
0 0
3 Runtime
3 User 1 kernel 1
process 2
/
User
process
Transputer
Transputer

Figure 9.2 Debugger runtime kernel

The runtime kernel requires a certain amount of memory on each processor, the
exact amount differing slightly between processor types. Kernels on processors
with hardware support require slightly more memory because they retain more
state information. The size of the kemel on each transputer type is given in
table 9.2.

Apart from the extra memory required, the kemel is transparent to the application
program if processes on different processors communicate with each other in the
normal way, using channels supplied by the configurer.

Note: To allow breakpoint debugging to function correctly a program must not
place channels explicitly onto processor link addresses. Programs that do so may
introduce conflict with the runtime kernel, which also uses the links. Programs
currently coded in this way should be re-coded to pass in hard channels, or edges,
from the configurer, otherwise breakpoint debugging may not be used.
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Processor |Kernel size |H/W support
M212 11.25K No
T212 11.25K No
T222 11.25K No
T225 12.75K Yes
T414 13.5K No
T800 13.5K No
T400 15.25K Yes
T425 15.25K Yes
T426 15.25K Yes
T801 15.25K Yes
T805 15.25K Yes

Table 9.2 Runtime kemel size and processor breakpoint support

9.7.2 Processors without hardware breakpoint support

Certain transputers have built-in instructions to aid breakpointing (see table 9.2).
For those processors without hardware breakpoint support, breakpoints should
not be set within high priority processes because the mechanism used to imple-
ment breakpoints causes such processes to lock the processor and disables all
communications to the processor via the runtime kemnel. To help safeguard against
this problem, the debugger monitor page breakpoint option will only set break-
points at high priority process entry points ormain () on processors with hardware

breakpoint support.

The exact effect on the network of encountering such a breakpoint will depend on
the position of the processor in the network hierarchy but the possibility should be
avoided. Since the debugger is, in general,unable to check the validity of break-
points it is the programmer’s responsibility to ensure correct operation on proces-
sors without direct hardware breakpoint support.

9.7.3 Creating programs for debugging

Programs to be debugged using breakpoint debugging should be compiled with
full debug information enabled, using the C and FORTRAN compilers ‘G’ option

and the occam compilers default.

All modules in the program must be compiled in the same, or a compatible, mode.
Modes are checked at link time and if incompatible modes are found then the link
is aborted.

The code must be produced without using the ‘Y’ option with any of the tools ifinter-
active debugging is to be done.
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9.74 Loading the program

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

Clearing error flags

If either iserver or idebug detect that the error flag is setimmediately a program
begins to run, it is likely that the network contains more processors than you are
currently using, and that one or more of the unused processors has its error flag
set. The error flag may be randomly set when the transputer is powered up — it
is normally cleared by the bootstrap code.

The error flags of all the processors in a network can be cleared by running a
network check program such as ispy. This ensures a clean network on which to
load the program. This generally only needs to be done once, after the system is
first turned on.

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

An alternative way of clearing all the error flags in the network is to load a dummy
program which is configured to use every processor in the network. In the act of
loading the dummy code the processor error flag is cleared.

Parity-checked memory

In system that include some processors which have external memory with parity-
checking (e.g. systems built with the T426) it is necessary to initialize the contents
of memory before the application code is run. This is because a read from un-ini-
tialized memory could cause a parity error to be reported.

Normally, when not breakpoint debugging, the contents of memory are initialized
by the bootstrap loader code. This is controlied by the collector CM option (see
chapter 3 of the Toolset Reference Manual).

The debugger has two command line options which can be used for for memory
initialization — both of these are followed by a hexadecimal number representing
the pattern to be written to memory. The ‘3’ option writes the given pattern to all
of the data areas (stack, workspace, static, heap and vectorspace as appropriate)
in each processor. The ‘K’ option writes to the same areas of memory as the ‘J’
option and also to the ‘freespace’ area.

In general, the ‘3’ option should be used for configured programs and the ‘K’ option
for non-configured programs (i.e. programs for a single processor produced using
the collector’s ‘T’ option). The memory initialization is performed on all processors
in the network, not just T426s.
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These options can also be useful for seeing where data has been written to
memory. For example, they can be used to determine the size of stack or heap
used by a program when it runs, or to detect data written to unexpected areas of
memory. Note that the bootstrap phase of a program may use a small part of the
program data and freespace areas for its own purposes, consequently the pattern
of data may have some holes in it.

9.7.5 Running the debugger

The command idebug starts the host file server program, iserver, to load the
debugger onto the root transputer and provide it with host services. Different
options need to be given to idebug depending on the type of debugging being
done (e.g. breakpoint or post-mortem) and the details of the transputer network
being used (e.g. is the code to be debugged running on the root processor or is
that transputer available for the debugger). Some basic examples are given here.

Note that the transputer network is not reset or analyzed by default so, generally,
one of the iserver options must be specified for this (e.g. ‘SR’ or ‘SA). This is true
even if the ‘D’ option is being used to run the debugger without using transputers
(because the processor running the debugger must be reset).

When doing breakpoint debugging, the ‘SR’ option is used to cause the iserver
to reset the transputer network and the ‘B’ option to specify which link from the root
transputer is connected to the processors running the application code — for
example:

idebug -sr -b 2 program.btl (UNIX)
idebug /sr /b 2 program.btl (MS-DOS/VMS)

As another example, when using the debugger in post-mortem mode to debug a
program which does not use the root transputer, the ‘SR’ option would be used to
make the server put the network into Analyse mode with the ‘T’ option to specify
the link from the root processor to the transputer running the program to be
debugged:

idebug -sa -t 2 program.btl (UNIX)
idebug /sa /t 2 program.btl (MS-DOS/VMS)

Finally, when debugging a program running on the root transputer in post-mortem
mode, the idump command is first used to create a file containing a dump of the
transputer’s memory and then idebug is run with the ‘R’ option to specify the core
dump filename — for example:

idump core.dmp #100000

idebug -r core.dmp program.btl (UNIX)
idebug /r core.dmp program.btl (MS-DOS/VMS)

Complete details of which options to use in different circumstances are givenin the
accompanying Toolset Reference Manual, chapter 4.
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9.7.6 Interactive mode functions and commands

Several symbolic debugging functions and monitor page commands are only
available in interactive mode. The commands available are summarized below.

Symbolic functions

Set or clear a breakpoint on the current line.
Restart a process stopped at a breakpoint.
[ CONTINUE FROM | Restart a stopped process from the current line.

MODIFY Change the value of a variable in memory.

Monitor page commands

Breakpoint menu.

Execute program.

Show debugging messages.

Update register display.

= o] [ [=

Write to memory.

9.7.7 Breakpoints !

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

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

Note: When a process is stopped at a breakpoint or by one of the debugging func-
tions (e.g. debug_stop) other parallel processes in the program continue to run.
A side effect of pausing is that the debugger suspends iserver communications
in order to preserve the debugger’s screen display.

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

Setting breakpoints at symbolic level is the recommended method.
9.8 Program termination

Program termination is signalled to the debugger by the termination of iserver.
This is performed automatically by the C and FORTRAN runtime systems, and
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must be done explicitly by the user in occam code. If the program contains inde-
pendently executing processes which do not require communication with the
server the debugger may be resumed to interact with these processes.

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

9.9 Symbolic facilities

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

Source level debugging is accessed through symbolic functions mapped to
specific keyboard function keys (e.g. [ INSPECT ]) by an ‘ITERM' file. Keyboard
layouts for specific terminal types can be found in the Delivery Manual that accom-
panies this release. Altemnatively, the comments in the ITERM file can be read to
find the mapping of functions to keys.

Help screen
A help page can be displayed by pressing either [ 7 ] or [HELP ], this displays the
following information:

4 )

idebug Symbolic Help Summary
hkkkkkhokk ko kb kb k ko kkkkdk

1-INSPECT 2-CHAN 3-TOP 4-RETRACE 5-RELOC 6-INFO 7-MOD 8-RESUME 9-MONITOR 0-BACK

The above list summarises the commonly used functions available in symbolic
mode. For a complete list of all symbolic functions available please refer to
the idebug documentation. The mapping of a symbolic function to a particular
key may be found in the file defined by the ITERM environment variable.

INSPECT - Display the type and value of a variable

CHANNEL - Locate the process waiting on a channel

TOP - Locate back to the error or last source code location
RETRACE - Undo a BACKTRACE

RELOCATE - Locate back to the last location line

INFO - Display process information (eg. Iptr, Wdesc, process name)
MODIFY - Change the value of a variable in memory

RESUME - Resume a process stopped at a breakpoint

MONITOR - Change back to the Monitor page

BACKTRACE - Locate to the calling function or procedure

HELP or ? - This help summary

Hit any key to continue A/)

N

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

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

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

Process addresses can be determined using the monitor page[R],[ T |, and
commands that display the processes waiting on the run queues, the timer
queues, and the transputer links. To locate to a process displayed by one of these
commands, use the [ G ] command. Code corresponding to any memory address

can be located using the monitor page [ 0] command.

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

The symbolic functions that can be used directly for locating to specific locations
and sections of source code are listed below.

Locate back to the last location line.

TOP Locate back to the error or last source code location.
Locate to the process waiting on a channel.

The function is described more fully in section 9.9.4.

Other functions which locate to specific sections of code are the and
functions. These are used to trace subprogram calls and do not require
a specified address. The functions are described in section 9.9.4.

A strategy for locating processes in multi-process programs is presented in
section 9.11.
9.9.2 Browsing source code

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

Go to the last line.

Go to a specified line.

Search for a specified string.

Enter an included source file.

Exit an included source file back to the enclosing source
file.

Display a different source file.

9.9.3 - Inspecting source code and variables

The values of constants, variables, parameters, arrays, and channels can be

INSPECT Display the type and value of a source code symbol.
CHANNEL Locate to the process waiting on a channel.

TOGGLE HEX Enables/disables Hex-oriented display of constants and

variables. Selects the display of source code symbols in
hexadecimal form for C and FORTRAN.

GET ADDRESS Displays the start address of the sequence of transputer
instructions corresponding to the selected source line.

INFO Displays low-level information about the selected process.

9.9.4 Jumping down channels

The function can be used to locate to a process waiting on a channel.
This is known as ‘jumping down’ a channel and works for channels on the same
processor (internal or soft channels) or channels assigned in the configuration to
transputer links (external or hard channels which connect processes on different
processors together). It cannot be used to jump down software virtual links
provided by the configurer. Debugging can then continue at the waiting process.
If no process is waiting on a channel the channel is reported as ‘Empty’.

9.9.5 Tracing procedure calls

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

BACKTRACE Locate to the calling procedure or function.
RETRACE Undo a [ BACKTRACE |.

9.9.6 Modifying variables

The function allows variables to be changed in transputer memory and
the program continued with the new values. For C and FORTRAN it supports the
same expression language as [ INSPECT . For further details see chapter 4 in the
Toolset Reference Manual.

9.9.7 Breakpointing

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

Set or clear a breakpoint on the current line.
Restart a process stopped at a breakpoint.
[ CONTINUE FROM | Restart a stopped process from the current line.

Force the debugger into the monitor page (without neces-
sarily stopping the program).
Change the value of a variable in memory.

9.9.8 Miscellaneous functions

The following extra functions are available at symbolic level:

Change to the monitor page.
Quit the debugger.

9.10 Monitor page

The debugger monitor page is a low level debugging environment which gives
direct access to machine level data. It allows memory fo be viewed and disas-
sembled and gives access to information about the processor’s activity through
the display of error flag status and pointers to process queues. Specific debugging
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operations are selected by single letter commands typed after the ‘Option’
prompt.

9.10.1 Startup display

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

If an Iptr or Wdesc is invalid at startup it is indicated by an asterisk {‘*'). A double
asterisk (“**’) is used to indicate an Iptr or Wdesc which is outside the defined
memory on a processor (i.e. beyond the ‘freespace’).

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

A typical startup display is shown in Figure 9.3.

ﬁoolset Debugger : V4.00.00 Processor 0 *” (T426) \
Processor State Memory map (Postmortem Mode)

Iptr #8000010C * Configuration code : #80000070 - #8000014F ( 224 )
Wdesc NotProcess Stack : #80000150 - #800008BF ( 1904 )
Error Clear Program code : $800008C0O - #80004573 ( 16K)
Halt On Error Set Static area : #80004574 - #80004E27 ( 2228 )
Fptrl (low Empty Configuration code : #80004E28 - #80004FE7 ( 448 )
Bptrl queue) Freespace : #80004FE8 - #800FFFFF ( 1005K)
Fptr0 (high Empty
Bptr0 queue) Total memory usage : 23912 bytes (24K)
Tptrl (timer Empty
Tptr0 queues) Empty On-chip memory (4K) : #80000000 - #80000FFF
Clockl (low) $000C2DD6 MemStart : $#80000070
Clock0 (high) #030B757C
ParityError Hard 1011 Debugger has enough memory for 283 processors
ParityAddr #80005DF0
Last instruction was in

\Option (? for help) (a,C,D,E,F,G,H,I,K,L,M,N,0,P,QR,T,V,X,2) ?

Figure 9.3 Example post-mortem startup display for a T426 processor

ltems displayed on the startup page and their meanings are summarized in
table 9.3. Most of the data displayed is common to all transputer types. Where the
display differs for specific processor types and debugging modes, this is indicated
in the table.
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134 9.2 Programs that can be debugged
Item displayed |Description
Iptr Instruction pointer (address of the last instruction
executed).
Wdesc Process descriptor (process priority and workspace
pointer).
IptrIntSavet |Saved low priority instruction pointer, if applicable.
WdescIntSavet | Saved low priority process descriptor, if applicable.
A Register} |Contents of A register, if known.

B Registeri

Contents of B register, if known.

C Register?

Contents of C register, if known.

Error Status of transputer error flag.

FPU Error Status of FPU error flag (T80x series only).
Halt On Error |Status of halt on error flag.

Fptrl Front pointer to low priority process queue.
Bptrl Back pointer to low priority process queue.
Fptro0 Front pointer to high priority process queue.
Bptro0 Back pointer to high priority process queue.
Tptrl Pointer to low priority timer queue.

Tptro0 Pointer to high priority timer queue.
Clockl Value of low priority transputer clock.
ClockO Value of high priority transputer clock.
ParityErrort |Status of parity error register, if applicable.
ParityAddrt |Address of parity error, if applicable.

T Not available in breakpoint mode.

¥ Not available in post-mortem mode. Not known to the debugger in break-
point mode on processors with no hardware support for breakpointing.

Table 9.3 Data displayed at the monitor page

Process Workspace or Stack

A process workspace (or stack) consists of a vector of words in memory. It is used
to hold local variables of the process. The workspace is organized as a falling
stack, with ‘end of stack’ addressing; that is the local variables of a process are
addressed as positive offset from the workspace pointer (Wptr).

Process Descriptors

In order to identify a process completely, it is necessary to know both its workspace
pointer Wptr (in which the byte selector is always 0), and its priority (which is O for
high priority and 1 for low priority). A process descriptor, Wdesc, is the sum of the
process’s workspace pointer, Wptr, and its priority.
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Process pointers

Iptr points to the last instruction executed and Wdesc contains the process
descriptor. The saved low priority Iptr and Wdesc are also displayed if the
processor was running a high priority process when it was halted. An asterisk
placed next to either an Iptr or Wdesc indicates an invalid memory location for the
process. A double asterisk indicates that the address is outside the defined
memory map of the processor. A Wdesc value of ‘NotProcess’ indicates that no
process was executing on the processor when it halted

Practical notes:

+ If Wdesc contains the value ‘MemStart' it is likely that the Analyse signal
has been asserted more than once on the network. This can occur on
transputer boards where the subsystem signal is asserted on analyze, as
on the IMS B004. For further guidance on the use of such boards refer to
chapter 4 in the accompanying Toolset Reference Manual.

o If Wdesc contains the word ‘NotProcess’ it means that there were no
runnable processes at that instant on the transputer (check timer and
external links for any waiting processes) — this may also occur in the pres-
ence of deadlock.

o If WdescIntSave contains the word ‘NotProcess’ it means that a low
priority process was not interrupted when the high priority process started
running.

Fptr and Bptr point to the process run queues, which hold information about
processes awaiting execution. The suffix 0 indicates the high priority queue and
the suffix 1 indicates the low priority queue.

If the front and back pointers are the same then only one process is waiting; if there
are no processes waiting the pointers have no value and the queue is shown as

‘Empty’.
Tptr0 and Tptr1 are pointers to the high and low priority timer queues respectively.

Registers

In breakpoint mode only, the contents of the transputer registers Areg, Breg, and
Creg are displayed for those processors which have built in instructions for break-
point handling (see table 9.2). Values displayed are those which were current
when the process stopped.

Error flags

Two flags are displayed for all processors: Error and HaltOnError. The FPError
flag is also displayed for transputers with an integral floating point unit (IMS T80x
series).
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Clocks

Clock0 and Clock1 display the values of the high and low priority clocks when the
process was stopped. In breakpoint mode the clock values, queue pointers and
link information can be updated using the monitor page command.

Parity errors

ParityError and ParityAddr are only displayed for a T426 processor in post-
mortem mode. ParityError is the state of the ParityErrorReg and can contain one
of the following:

Soft xxxx A soft parity error has occurred
Hard xxxx A hard parity error has occurred

The value xxxx shows the byte selector bits of the error registers; the value
is in binary with byte 3 on the left through to byte 0 on the right. Thus, the value
1011 would show that bytes 3, 1, and 0 are in error.

NotinMem The memory in a dump file does not include the parity registers
Clear No parity error has occurred

ParityAddr shows the state of the ParityErrorAddressReg and can contain one
of the following:

#hhhhhhhh Word address, in hexadecimal, of location where error occurred
NotinMem The memory in a dump file does not include the parity registers

Undefined No parity error has occurred

Memory map

The memory map display is included on the standard startup display — this is the
same memory map as displayed by the monitor page [M] command. Any or all of
the following memory segments may be displayed, depending on the application
program and its configuration:

Runtime kernel
Reserved memory
Configuration code
Stack (Workspace)
Program code
Vectorspace

Static area

Heap area
Configuration code
Freespace
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When the memory map is displayed, the mode that the debugger is running in is
shown. This will be one of;

Interactive Mode When interactively debugging a program.
Postmortem Mode When debugging a program in post-mortem
mode.

Interactive Postmortem When post-mortem debugging a program which
was previously debugged interactively.

Dummy Session When the debugger is started with the D
command line option.

9.10.2 Monitor page commands

Most monitor page commands are single-letters that are typed at the monitor page
Option prompt. A few commands are mapped onto specific function keys. The
commands that support breakpoint debugging are only available when the
debugger is run in interactive mode.

The main monitor page commands allow you to disassemble and display trans-
puter memory, locate and debug processes, and examine the network processor
by processor.

The main commands for common debugging operations are introduced in the
following sections. Full details of all the commands can be found in chapter 4 of
the accompanying Toolset Reference Manual.

Examining memory

Specific segments of transputer memory can be displayed in hexadecimal, ASCII,
any high level language type, or disassembled into transputer instructions. The
segment of memory to be displayed is specified by a starting address. A map of
the transputer’s memory can be displayed giving the positions of code and work-
space. Commands for examining transputer memory are summarized below.

Display memory in ASCII.
Disassemble into transputer instructions.
Display memory in hexadecimal.

Display memory in selected data type.

ERRRERCRE

Memory map.

Locating processes

Locating to code for specific processes is one of the major functions available
through the monitor page. The commands available allow processes other than
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the stopped or current process to be located and examined anywhere on the
network. Processes can be located on the current processor by examining run
queues, and on other processors by jumping down transputer links.

Four commands are used, three to display waiting processes and one to jump to
the selected code of a process displayed by the other three.

[R] Display processes waiting on Run queues.

Display processes waiting on Timer queues.
Display processes waiting on transputer Links.
Display processes waiting on software virtual links.
Goto symbolic debugging for the selected process.

These commands can be used to trace all processes on a network and determine
the cause of program failure. The method is explained in more detail in
section 9.11.

Specifying processes

The [0 ] command allows a specific process to be selected for symbolic debug-
ging, providing the address is known.

(0] Specify a process for symbolic debugging.

This command is useful for switching directly to symbolic debugging for a process
whose instruction pointer and process descriptor you have already noted, earlier
in the debug session.

Selecting processes

The command enables a source file to be selected for symbolic display using
the filename of the object module produced for it.

Select a source file to be displayed.

This option enables symbolic locating (for setting breakpoints etc.) without
needing to know Iptr and Wdesc process details (as the[ G| and [0 | commands
do).

Other processors

Two commands and two cursor keys allow other processors to be selected.

E’ Go to next halted processor.

[P] Go to specified processor.
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[« Go to the next lowest numbered processor.
D] Go to the next highest numbered processor.

The sequence of processors used by the [ E ] and cursor key commands is an
internal sequence read by the debugger. Processor numbers corresponding to
visible names in the configuration file can be determined by using the
command.

Breakpoint commands

The following commands support breakpointing. To use these commands the
debugger must be run with the ‘B’ command line option.

Breakpoint menu.

or [ RESUME ] Jump into and run application program.

(5] Show debugging messages and prompts menu.
(U] Update processor status display.

w] Write value to memory.

Changing to post-mortem debugging

When a program crashes during interactive debugging you are able to change to
post-mortem debugging using the following command:

Postmortem debug current breakpoint session.

9.11 Locating processes

Most transputer programs consist of several processes running in parallel, either
on the same transputer or on separate processors connected by their INMOS
links.

If a program error halts the transputer then the debugger automatically locates to
the stopped process, which can then be examined directly. If the program runs
incorrectly but does not halt the processor, a good approach is to locate to and
examine each process in turn.

72 TDS 366 01 March 1993



140 9.2 Programs that can be debugged

There may be many processes running on the transputer when it is interrupted
from the keyboard, or the idump tool is run to create a dump file for debugging.
Each process exists in one of a number of possible states:

o Not yet started.

¢ Running on the processor.

o Waiting on a process execution queue (Run queue).

+ Waiting on a timer queue.

» Waiting for communication from another process on the same processor.
¢ Waiting for communication on a transputer link (Link information).

¢ Interrupted by a high priority process.

* Already stopped or terminated.

9.11.4 Running on the processor

One, and only one, process may execute on the transputer at any instant. The
debugger will automatically locate to this process (if there was one) when the
debugger is executed. All other processes are either waiting, stopped, or not yet
started.

9.11.2 Waiting on a run queue

Processes on the run queues (i.e. waiting to be executed) can be located by first
using the monitor page [R'] command to display the list of waiting processes. A
process can be selected from the list by pressing[ G (for ‘Goto process’), moving
the cursor to the appropriate address, and then pressing [ RETURN |. Processes
can also be located to by specifying the displayed Iptr and Wdesc with the[0]
command.

The values displayed with the @ command can be used to determine the overall
status of run queues. If no processes are waiting then the content of the queue is
shown as ‘Empty’. If pointer addresses are displayed then there are processes
waiting; if the front and back pointers have the same value then there is only one
process waiting.

9.11.3 Waiting on a timer queue

Processes waiting for a specified time are placed on the high and low priority timer
queues. These are similar to the run queues except that they are controlled by the
transputer clocks.
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In a similar way to processes on the Run queues, processes on the timer queues
can be located by using the monitor page command to display a list of
processes and then using the [G] command, or by specifying the process
address. Pointers to the timer queues indicate overall queue status in a similar way
to the run queues.

9.11.4 Waiting for communication on a link

Processes waiting for a hardware communication (input or output on a transputer
link, or an input on the Event pin) can be located by using the monitor page

command to display a list of waiting processes, and then using the [ G ] command
to locate to the process. Links where no processes are waiting are shown as
‘Empty’.

At most 9 processes can be waiting for a hardware communication, two for each
of the four links and one on the Event pin.

See section 9.4.1 for information on the restrictions on locating down hard chan-
nels.

9.11.5 Waiting for communication on a software virtual link

Processes waiting for a communication on a software virtual link (as provided by
the configurer) can be located by using the monitor page[ Z ] command to display
a list of waiting processes, and then using the [G] command to locate to the
process. Virtual links where no processes are waiting are shown as ‘Empty’.

This is the preferred method for locating processes waiting on external commu-
nications when software virtual links are present.

9.11.6 Waiting for communication on a channel

Processes waiting for a communication on a channel can be located from source
level using the function. This function works for both internal (or soff)
channels and external (or hard) channels (channels mapped onto processor
links).

Only one process can be waiting on a channel. If no process is waiting, the channel
is shown as ‘Empty’.
9.11.7 Interrupted by a high priority process

A low priority process may have been interrupted by a high priority process. Such
a process may be selected using the[ G ] or[ 0 ] commands and the values stored

in the WdescIntSave location.
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9.11.8 Processes terminated or not started

Processes which have stopped executing, or not yet started, do not have process
descriptors and so they cannot be examined by the debugger. If the currently
running process and all the waiting processes have been found (not forgetting all
those processes waiting on all the internal channels) then any processes still unac-
counted for must either have already finished or failed to start.

9.11.9 Locating to procedures and functions

When a procedure is called, the workspace pointer is moved. If the debugger
locates inside any code of defined scope (such as a procedure) then only local vari-
ables, and variables declared globally, are in scope and available for inspection.

To inspect variables or channels not in scope within the procedure or function, use
to locate to a position where the desired variable or channel is in
scope. To relocate back into the procedure or function use to undo
each backtrace, or [ TOP | to return to the initial location.

9.12 Debugging support library

Three routines are provided in the libraries to assist with debugging. These provide
the functions stop, assert, and message. The routines have different names for
each language and are described in more detail in the appropriate Language and
Libraries Reference Manual. Table 9.4 summarizes the routines for each
language.

Routine Description

debug_assert C
DEBUG.ASSERT Occam
DEBUG_ASSERT FORTRAN
debug_stop C

DEBUG. STOP occam Stop the process and inform the debugger.
DEBUG_STOP FORTRAN
debug_message C
DEBUG.MESSAGE oOccam Insert a debugging message in the program.
DEBUG_MESSAGE FORTRAN

If the parameter evaluates to false then stop
the process and inform the debugger.

Table 9.4 Debug support functions

The stop and assert routines are used to stop a process, the latter on the failure
to meet a specified condition; such events are treated as a program error by the
debugger. The message is used to insert messages that will only be displayed
when the program is run under the interactive debugger.
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For C and FORTRAN the procedures are included in the standard library that is
incorporated at link time and are directly accessible from the program without
further action by the programmer. For occam programs, the library debug. 1ib
must be referenced with a #USE in the source code and also included as an input
to the linker.

In the following descriptions the C versions of the functions are used; the descrip-
tions apply equally to the respective occam and FORTRAN versions.

debug_assert () and debug_stop() allow a process to be stopped at any
pointin the code, where it can then be debugged using the symbolic functions and
Monitor page commands. debug_stop () always stops the process whereas
debug_assert () only stops the process if the parameter evaluates to false.

debug_message () is used to insert debugging messages into the code.
Messages are relayed back to the terminal from any point in the program, even
from code running on distant processors of a network. It can be used to monitor
the activity of outlying processors which are not directly connected to the host. The
display of debug messages at the terminal is controlled by an option on the Monitor
page Breakpoint Menu (the default is to display them). Note: Only the first 80 char-
acters of a message are displayed.

9.121 Examples

The use of the debug support functions is illustrated in the C and occam examples
below. Sources may be found in examples/manuals/idebug.
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C example:

/***iiii*iiiiitiitii*i*itttiitiitit****i

Debugger example: debug.c

Example of debug support functions when used with

and without the debugger.
(see also debugger example file abort.c)

* * ¥ ¥ * X ¥

i******ttt*t*iii**iiittt*iiiii*ttii*i*i/

#include <stdio.h>
#include <stdlib.h>
#include <misc.h>

int
main (void)

{

/* 0 will cause debug_assert () to fail assertion test */
int x =0;

printf (”Program started\n”);
debug_message (”A debug message only within the debugger”);

printf (“Program being halted by debug assert )\n”);
debug_assert (x);

printf (”Program being halted by debug stop ()\n”);
debug_stop ()’

exit (EXIT_ SUCCESS) ;
}

In this example, if x is 1 debug_assert evaluates to true and the program runs
until it encounters debug_stop. If xis 0 (as in the example) debug_assert eval-
uates to false and the process stops before it reaches debug_stop. Code
stopped by debug_assert and debug_stop may be resumed from the line
following the call of the debug function using the | CONTINUE FROM | key.
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occam example:

-- Debugger example: dabug.occ

- ample of debug support p dures when used with

—- and without the debugger.

#INCLUDE "hostio.inc”
#USE ~hostio.lib”
#USE "debug. 1ib”

PROC debug.entry (CHAN OF SP fs, ts, []INT free.memory)
BOOL x :
SEQ
== JFALSE will cause DEBUG.ASSERT to fail assertion test
x := FALSE

so.write.string.nl (fs, ts, ”"Program started”)

DEBUG.MESSAGE (”A debug massage only within the debugger”)

so.write.string.nl (fs, ts, "Program being halted by DEBUG.ASSERT ()”)

DEBUG.ASSERT (x) .

so.write.string.nl (fs, ts, "Program being halted by DEBUG.STOP ()”)

DEBUG.STOP ()

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

In this example x is set to FALSE, therefore DEBUG . ASSERT evaluates to FALSE
and the process stops before it reaches DEBUG. STOP. If x were set to TRUE
DEBUG.ASSERT would evaluate to TRUE and the program would run until it
encountered DEBUG. STOP. Code stopped by DEBUG.ASSERT or DEBUG. STOP
may be resumed from the line following the call of the debug function using the

[ CONTINUE FROM | key.

9.12.2 Actions when the debugger is not available

If the debugger is not available on the system the debug library procedures have

the following actions:

DEBUG_ASSERT

debug_assert |[If the parameter evaluates to false then stop the process
DEBUG.ASSERT |(also stops the processor if configured in HALT mode).

DEBUG. STOP HALT mode).
DEBUG_STOP

debug_stop Stop the process (also stops the processor if configured in

debug_message |No action.
DEBUG.MESSAGE
DEBUG_MESSAGE
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