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Preface

This manual is a combined user and reference guide to the occam 2 toolset.

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

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

Tools that assist program development include a syntax checker, a librarian tool
for building code libraries, a network debugger for analysing halted programs,
and a transputer simulator that allows programs to be tested without transputer
hardware. A Makefile generator is provided to assist with program version con-
trol, and a binary lister tool allows object files to be decoded and displayed in a
readable form.

Transputer programs are normally written in 0ccam to make full use of trans-
puter parallel processing. Programs can also be written in C, FORTRAN, and
Pascal and included in occam programs as separately compiled procedures.

The occam 2 toolset is intended for developing programs on transputers and
transputer boards that are loaded from the host via a transputer link. Boards that
boot from on-board ROM require special software. For details of the products
available to support EPROM programming, contact INMOS.
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1 How to use the manual

1.1 About the manual

This manual is in two parts: a User Guide showing how the tools are used to
develop programs on single transputers and transputer networks; and a Refer-
ence Manual containing details about the individual tools. Reference material for
programmers such as predefined names and constants, transputer instructions,
and technical information about the software can be found in the appendices at
the back of the book. A glossary of terms and a short bibliography of referenced
material is included.

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

Examples are used throughout the book to illustrate how the tools are used
during program development. All examples are coded in occam 2.

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

1.1.1  Readership

This manual is intended for programmers and system designers who wish to
develop transputer programs on host systems. Readers of the manual should
already be familiar with programming in a high level language, the software de-
velopment process, and the general ideas of 0ccam and parallel processing.
Familiarity with the syntax of occam will also be an advantage, because 0C-
cam programs and code fragments are used throughout the book to illustrate
concepts and procedures. For information about the occam language, refer
to the ‘occam 2 Reference Manual’, which accompanies this release. For an
introduction to occam programming, read ‘A tutorial introduction to occam
programming’.

The reader should also be familiar with the hardware and operation of the trans-
puter evaluation board on which the programs will be developed. Information
about INMOS transputer evaluation boards is available in the form of product
datasheets.
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2 1 How to use the manual

-1.2 User guide

The User Guide contains information to show programmers how to use the tools
to develop transputer programs. It describes how to design and build programs
- for transputers and transputer networks.

The Guide begins with an introduction to transputers and 0ccam programming
and an overview of the toolset. It goes on to describe how to build programs for
single and multiple transputers, shows how to debug them using the debugger
and simulator tools, and outlines how to access host services such as the file
system. Further chapters in the User Guide describe how to use C, FORTRAN,
and Pascal in transputer programs and explain some low level programming
features of occam such as the placement of variables and the insertion of
instruction code.

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

1.21 Getting started

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

If you have not used the toolset before then you should first read chapter 3,
which contains an overview of the toolset.

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

Chapter 7 explains how to debug programs running on transputer boards, and
describes how to use the T414 simulator to test programs before loading them
onto hardware. Reading this chapter thoroughly and working studiously through
the examples will help to familiarise you with the operation of the debugger and
simulator tools.

Chapter 9 gives details of how to develop mixed language programs. It shows
how programs written in C, FORTRAN, and Pascal can be inserted into trans-
puter programs using an occam wrapping and special interface code. Read
and digest the information in this chapter carefully before attempting to write
mixed language programs.
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1.3 Reference manual

1.3 Reference manual

The Reference Manual contains reference information for all tools in the toolset,

plus details of the occam libraries. Each tool is described in a separate chapter.

The Reference

tools.

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

1.4 Conventions used in the manual

Convention

Italics

Bold

Teletype

KEY]

Braces

{}

Brackets

(1

Option prefix

72 TDS 184 00

Description

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

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

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

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

Used to denote lists of items in command line syntax.

Used to denote optional items in command line syntax.

Examples of command line input are duplicated to show both
option prefix characters. Use the line containing the ‘-’ char-
acter if you have a UNIX based toolset and the line containing
the ‘/’ character if you have a non-UNIX based toolset.
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2 Introduction

This chapter gives a gentle introduction to transputers and how transputers are
programmed. It introduces the occam model for programming single and muilti-
ple transputers, and briefly describes some of its advantages. The chapter also
outlines the development process for building and debugging programs, and
explains how the tools form an integrated development environment.

2.1 Overview

The occam 2 toolset is a software development system for building and debug-
ging programs on networks of transputers. The occam 2 toolset supports the
full range of INMOS transputers and mixed networks of transputers. Used with
the INMOS C, FORTRAN and Pascal compilers the 0ccam 2 toolset can be
used to build and debug mixed language software systems.

Multi-processing is now widely accepted as the only way to substantially increase
system performance. Transputers and the occam 2 toolset make building high
performance parallel systems as simple as sequential programming with con-
ventional microprocessors.

2.2 Transputers

Transputers are high performance microprocessors that support parallel process-
ing through on-chip hardware. They can be connected together in any configu-
ration, and form a building block for complex parallel processing systems.

The transputer is a complete microcomputer on a single chip. It has a very
fast (single cycle) on-chip memory, on-chip inter-processor links, and a pro-
grammable memory interface that allows external memory to be added with the
minimum of supporting logic.

Figure 2.1 shows the architecture of the transputer.

Multi-transputer systems can be buiit very simply. Each transputer has four high
speed communication links operating at 10 to 20 Mbits per second that allow
transputers to be connected to each other in any configuration. The circuitry
to drive these links is all on the transputer chip, and it takes just two wires to
connect two transputers together. Figure 2.2 shows four transputers connected
using their communication links, and the communication paths between them.

In addition to providing a communication link between processors, transputer
links allow memory to be examined without loading a program, and permit pro-
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6 2 Introduction

System
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Figure 2.1 Transputer architecture

grams to be loaded and executed. This allows whole networks of transputers to
be loaded down a single transputer link.

Transputer

Transputer| Transputer|

Transputer

Figure 2.2 A node of four transputers

Each single transputer supports parallel processing through a system of internal
channels implemented as words in memory. Each transputer has a highly effi-
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2.3 Transputers and OCCam 7

cient built-in run-time scheduler; processes waiting for input or output, or waiting
on a timer consume no CPU resources, and process context switching time on
an IMS T800-25 is less than one microsecond. The communication links operate
concurrently with the processing unit and can transfer data on all links without
affecting the performance of the CPU.

There is a complete family of transputer devices, including: 32 and 16 bit pro-
cessors; a peripheral control processor; a link switch; and a parallel link adaptor.

A wide range of transputer programming boards is supplied by INMOS and other
suppliers for a variety of hosts. These boards can be used for:

o Developing and debugging transputer software
e Running transputer programs (as accelerator boards)

o Loading software to transputer networks from the host.

2.3 Transputers and occam

occam 2 has been designed to reflect the architecture of the transputer, and
for maximum coding efficiency the whole system can be programmed in OC-
cam 2. The inherent security and code efficiency of occam and the ability to
use the special features of the transputer make occam 2 a powerful tool for
programming concurrent systems.

Transputers can also be programmed in C, FORTRAN, and Pascal and their
optimised design ensures efficient code. Where programs need to exploit con-
currency but still need to use languages other than occam 2, special occam
code can be used to link modules together.

2.3.1 The occam programming model

The occam programming model consists of parallel processes communicating
through channels. Channels connect pairs of processes and allow data to be
exchanged between them. Each process can be built from a number of parallel
processes, so that an entire software system can be described as a hierarchy
of intercommunicating parallel processes. This model is consistent with many
modern software design methods. \

Communication between processes is synchronized. When a message is passed
between two processes the output process does not proceed until the input
process is ready. Buffered communication can be achieved by explicitly inserting
a buffer process between the two processes.
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8 2 Introduction

The occam programming model also provides an excellent basis for building
mixed language systems. Components written in languages other than occam
can be defined as processes inputting and outputting messages on channels.
The C, FORTRAN and Pascal compilers supplied by INMOS are compatible with
occam and can be used to build equivalent 0ccam processes in any of these
languages. Library functions are provided in each language for the input and
output of messages on channels.

2.3.2 Multitransputer programming

In the occam 2 programming language parallelism can be expressed directly.
Each occam process is an independently executable process. A configuration
language extension to occam 2 is used to distribute processes over networks
of transputers, and can be used to program multi-processor systems.

Figure 2.3 shows how three discrete processes, programmed in 0ccam or in
a compatible language, can be executed on a single processor or on three
processors connected in series.

'

© ¢
(p2] 4

; ] p2 o
Three processes on
one transputer ¢

The same processes distributed
over three transputers

Figure 2.3 Mapping processes onto one or several transputers

2.3.3 Reliability

Because it has a formal mathematical framework, the occam 2 language can
be extensively checked at compile time, and many programming errors can be
detected before the program is run. This significantly improves the reliability of
programs, and makes building correct programs faster and easier.
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2.4 Program development using the toolset 9

Each construct in the language has a precise meaning. This makes programs
easier to write and understand, and supports the formal mathematical manipu-
lation of programs required for program proving and advanced program optimi-
sation techniques.

For details of occam 2, see the ‘occam 2 Reference Manual’, which con-
tains definitive information about the language. For those with no knowledge
of occam but who are already familiar with a high level language, ‘A tutorial
introduction to occam programming’ provides a good introduction to occam.

2.3.4 Real time programming

occam 2 provides specific support for real time programming. The key features
of the transputer that support real time programming are listed below.

e Direct and efficient implementation of parallel processes in hardware
¢ Prioritisation of parallel processes

o Implementation of software interrupts as messages on occam channels,
so that interrupt routines can be written as high priority processes

e Easy programming of software timers, allowing delays and non-busy
polling

e Placement of variables at specific addresses in memory, so that memory
mapped devices can be accessed.

Detailed discussions of the some of technical issues involved in transputer pro-
gramming can be found in the INMOS Technical Notes listed in the bibliography
to the rear of this manual.

2.4  Program development using the toolset

The occam 2 toolset is a complete set of cross-development tools. The tools run
under standard host operating systems, either on the host itself or on a transputer
attached to the host, and use standard ASCII source files. All the tools can be
used in conjunction with existing software for text editing and source control and
with compilation utilities such as Make programs. For this reason, no editor or
Make program is provided with the toolset. For embedded systems, programs
can be loaded onto the target hardware from the host via a transputer link.
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10 2 Introduction

24.1 System design

The designer can use the 0ccam programming model to design software sys-
tems at the application level, by identifying the separate components of the sys-
tem in terms of processes and collections of related functions and procedures.
The design can be directly expressed in occam and then checked by the com-
piler before transferring it to hardware.

2.4.2 Programming and code generation

To implement components of the design the programmer creates 0CCam source
texts, then compiles and links them together to produce executable code. Vali-
dated source can be created easily with the toolset syntax checker, and binary
code files can be collected together either for code sharing or for convenience
when creating code libraries.

Code for single transputers is linked using the toolset linker. For multi-transputer
systems software processes are allocated to transputers, and channels are al-
located to links, in a configuration description. This description, plus the code
for each transputer, is processed by the toolset configurer to create a multi-
transputer program. This program can then be distributed across a transputer
network down transputer links.

2.43 Debugging

occam programs can be executed and tested without transputer hardware us-
ing the T414 simulator tool which provides full symbolic debugging functions.
This method is appropriate for debugging individual parts of a large transputer
program.

Programs for multi-processor systems can be configured to run on a transputer
evaluation board, and then loaded and debugged using the symbolic network
debugger that allows a halted program to be analysed in terms of its source
code.
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3 Overview of the toolset

This chapter introduces the toolset and briefly describes each of the tools in turn.
It also introduces the occam libraries, describes host system dependencies,
and explains the conventions used within the toolset.

3.1 Introduction

The occam 2 toolset is a set of tools and supporting software that help with
the development of transputer programs. It allows programs developed on host
machines to be loaded onto transputers and transputer networks via transputer
evaluation boards such as the IMS B004 and B0O08 boards. All of the tools
operate with files in standard host format. This enables you to use the editor
with which you are familiar, and allows different types of version control systems
to be used.

A list of the tools in the toolset is given in table 3.1.

There are a number of different implementations of the toolset, running on dif-
ferent host computers. Versions are available for the IBM PC/AT and PC/XT
(and compatibles) running DOS, DEC VAX systems running VMS, and the Sun
Microsystems Sun-3 workstation running SunOS.

This manual covers all host versions of the toolset. Where differences exist
between implementations they are highlighted and explained.

3.2 Program development

Stages in the program development process are outlined below and the tools to
use at each stage are listed.

1. Coding: Program modules are written, and then checked for correct syntax
betore compilation using the occam 2 syntax checker icheck.

2. Compilation: Individual components and modules are compiled using the
occam 2 compiler occam. Libraries of compiled code can be created
using the librarian tool ilibr.

3. Linking: Components of a program, such as processes running on indi-

vidual processors, are linked together with libraries and other separately
compiled units using the linker tool 11ink.
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14 3 Overview of the toolset

Program | Description

iboot The bootstrap tool. Produces bootable code for single transput-
ers.

icheck The occam 2 syntax checker.

iconf The configurer. Builds bootable code for multitransputer pro-
grams.

idebug The toolset debugger. Provides symbolic and assembly level
debugging.

idump The memory dumper for storing the contents of the root trans-
puter. Used when debugging programs running on the root
transputer.

ilibr The librarian. Builds libraries of compiled code.

ilink The linker. Resolves external references and links compiled
code into a single file.

ilist The binary lister. Displays source level information from object
code.

imakef The Makefile generator. Generates Makefiles for building object
and bootable code. Also creates library usage files.

iserver | The host file server. Loads programs onto transputer boards
and provides run-time communications with the host.

isim The T414 transputer simulator.

iskip The skip loader tool. Prepares transputer networks to run pro-
grams without using the root transputer.

occam The occam compiler. Compiles source for IMS T212, M212,
T222, T414, T425 and T800 transputers.

Table 3.1 The occam 2 toolset

4. Creating executable code: For single processor programs code that can be
directly loaded onto the transputer and run {(bootable code) is produced
by adding bootstrap information to the linked code, using the bootstrap
tool iboot. For multitransputer programs bootable code is generated
from a configuration description file using the configurer tool icon£. This
produces bootable code for a specific arrangement of transputers.

5. Loading and running: Programs are loaded onto transputers or transputer
networks using the hos file server tool iserver. The iskip tool can
be used to load programs onto external networks over the root transputer.
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3.3 The toolset 15

The server tool provides run time support for interfacing with the host.

6. Debugging: If a program does not work correctly it may be debugged using
the debugger idebug or the T414 simulator isim. Both tools leave the
object code unmodified. The binary listing tool 11ist can be used to
display information about object code.

7. Recompilation: The code is modified after debugging, recompiled and
retested. The Makefile generator imakef can assist in regenerating
code during program development.

3.3 The toolset

This section provides a brief introduction to each of the tools in turn.

3.3.1 iboot - the bootstrap tool

The bootstrap tool adds bootstrap code to linked programs for single processors.
Bootstrap code is required for programs in order to initialise the processor (when
booting via a link), and to load the program.

3.3.2 icheck - the occam 2 syntax checker

The checker performs a comprehensive check of occam 2 syntax including de-
clared but unused variables. Using the regular structure of 0ccam the checker
is able to recover from syntax errors and detect multiple errors in the occam
source. It produces more informative messages than the compiler and can be
used to filter out syntax errors prior to compilation.

3.3.3 iconf - the configurer

The configurer generates executable code for multitransputer networks from ocC-
cam program units. Using an occam configuration description file that de-
scribes the placement of code modules on a transputer network, it produces a
file containing bootable code and network loading data. The file can then be
directly loaded and run on a transputer network.

3.3.4 idebug - the debugger
The debugger provides post mortem debugging of occam programs. It permits
complete analysis of 0ccam code and transputer hardware following a run-time

error, using symbolic and low level facilities. The debugger provides limited
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16 3 Overview of the toolset

support for C, FORTRAN and Pascal programs.

3.3.5 idump - the memory dumper
The idump tool writes the contents of the root transputer's memory to a disk
file that can be read by the debugger. This tool is used when debugging pro-

grams that use the root transputer, because the debugger overwrites the root
transputer’s memory.

3.3.6 1ilibr - the librarian

The librarian collects compiled code files into libraries. Each separately compiled
file becomes a library module that can be selectively linked.

3.3.7 ilink - the linker

The linker links together separately compiled units into a single file, resolving all
external references.

3.3.8 ilist - the binary lister

The binary lister tool displays in a readable form the contents of object code
files. Options control the type of information to be displayed.

3.3.9 imakef - the Makefile generator

The Makefile generator creates Makefiles for input to MAKE programs. Given the
name of a program or library to be built, it traces references to other code and
library files and compiles a list of file dependencies and compilation commands
for input to the Make utility. The C source of the imakef program is supplied
and can be modified to suit any MAKE program.

The Makefile generator is also used to create library usage files.

3.3.10 iserver - the host file server
The server tool has two functions. Firstly, it loads bootable programs onto trans-

puters or transputer networks. Secondly, it provides the run-time environment
that enables application programs to communicate with the host.
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3.4 The OCCAM libraries 17

3.3.11 isim - the T414 simulator

The T414 simulator simulates the operation of the T414 transputer, enabling
programs to be tested and debugged in the absence of hardware. It provides
debugging features such as the inspection of variables, registers, and queues,
disassembly of memory, break points, and single step execution.

3.3.12 iskip - the skip loader tool

The skip tool sets up the environment that allows programs to be loaded and run
on networks that do not incorporate the root transputer. The tool is used to assist
with the loading of programs onto external networks through a root transputer and
to allow the debugger to run on the root transputer without overwriting program
code.

3.3.13 occam - the occam 2 compiler

The occam compiler takes as input 0ccam source code contained within stan-
dard host format text files. Any text editor that produces standard ASCII files
can be used to create the occam source.

The compiler produces code for T212, T222, M212, T414, T425 and T800 trans-
puters in four program execution error modes. Command line options allow you
to specify the transputer type, error mode, and other information required by the
compiler.

The compiler supports a number of source code directives which enable different
types of source files to be compiled together. The main directives are:

e #INCLUDE - includes other source files

e #USE - uses separately compiled code and libraries

e #IMPORT - imports code modules written in C, FORTRAN, and Pascal.
The module must be compiled using an INMOS or INMOS-compatible

compiler.

The compiler also supports the directives #COMMENT, #OPTION, and #SC.

3.4 The occam libraries

A comprehensive set of libraries and include files are provided with the toolset.
Some form part of the standard support for the occam language (the compiler
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18 3 Overview of the toolset

libraries), others are user-level libraries to support standard programming tasks
such as terminal i/o and file access.

Some libraries are supplied as object code, others as both object and source
code. Table 3.4 lists the libraries that are supplied with the toolset and specifies
how they are supplied. Details of all the libraries can be found in chapter 24.

Library Description Format
occamxx.lib | Compiler libraries object
hostio.lib general purpose i/o library both
streamio.lib | Stream i/o support both
snglmath.1lib | single length maths functions both
dblmath.lib | double length maths functions both
tbmaths.lib | T414/T425 optimised maths functions both
string.lib String handling routines both
xlink.1lib Extraordinary link handling routines object
convert.lib | Type conversion routines both
crc.lib CRC coding object
process.lib | Board and process support both

3.4.1 Constants

Files containing definitions of constants and protocols are also provided for use
with the occam libraries. These are listed in table 3.2.

File Description

Host file server constants
Stream i/o constants
Mathematical constants
Transputer link addresses

hostio.inc
streamio.inc
mathvals.inc

linkaddr.inc

Table 3.2 Library constants

3.4.2 Compiler libraries

The compiler libraries are used internally by code generated by the compiler.
With a number of exceptions which are outlined in section 24.2.1, they are not
intended for direct use by the programmer. The compiler references them auto-
matically by searching the directories specified by the ISEARCH host environ-
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The occam libraries 19

ment variable.

The compiler automatically loads the library required for a specific combination
of compiler options. The libraries can be disabled by giving the compiler ‘E’
option, and must be disabled for transputer classes TA or TC and UNIVERSAL
mode. For details of transputer classes see section 4.4.1.

3.4.3 Maths libraries

The maths libraries provide trigonometric and logarithmic functions for all trans-
puter types supported by the toolset. Single and double length routines are
supplied in the libraries snglmath.1lib and dblmath. 1ib respectively, and
versions of the same routines optimised for the T414 and T425 processors are
provided in the library tbmaths.1lib. Constants for the maths libraries can be
found in the include file mathvals.inc.

3.4.4 /o libraries

Two libraries containing routines to assist with i/o are provided with the toolset.
Constants for the two libraries are provided in separate files.

Hostio library
The hostio library contains routines that provide access to the file system and
other host services via the host file server. The routines communicate with the
server via the SP protocol either directly or through a buffer or multiplexor routine
which itself uses the SP protocol. The SP protocol is defined in the include file
hostio.inc.
The hostio library is used for:

o File handling

o Host access

e Terminal i/o

Other routines provide facilities such as time and date processing, process buffer-
ing and multiplexing, and protocol conversion.

Streamio library

The streamio library contains routines which provide i/o at a higher level than
the hostio routines. The protocol is based on a stream model. The streamio
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20 3 Overview of the toolset

library is used for general character-based i/o using stream protocols, and for
controlling the screen display. Protocols for the streamio library are defined in
the include file streamio.inc.

The streamio routines perform the same function as those used in the IMS D700D
Transputer Development System (TDS), and enable programs to be ported be-
tween the toolset and the TDS.

Many of the streamio routines cannot communicate directly with the server and
must be passed to another process for forwarding to the server. Procedures for
converting screen and keyboard stream protocols to the host file server protocol
SP are provided for this purpose.

3.4.5 Other libraries

String handling library

The string handling library provides string handling functions and procedures, for
example, string comparison, string search, string editing, and line parsing.

Type conversion library

The type conversion library converts occam data types to ASCII strings and
vice versa.

Extraordinary link handling library

The extraordinary link handling library provides facilities for handling link errors
on a channel.

Block CRC library

The block CRC library provides functions for generating CRC codes from char-
acter strings.

Process library
The process library provides two routines: a serial port driver for INMOS trans-

puter evaluation boards; and a debug timer to assist with debugging deadlocked
programs.
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3.5 Implementation differences 21

3.5 Implementation differences

The toolset is available for three different host machines and operating systems:
e IBM PC running DOS
e DEC VAX running VMS
e Sun Microsystems Sun-3 running SunOS (UNIX)

Source and binary code generated by the toolset is portable across these three
systems.

Host operating system dependencies such as differences in file handiing and
command line syntax are described below.

3.5.1 Host dependencies

Operating system dependencies are as far as possible transparent to the toolset
user. The few differences are summarised below.

Command line syntax
The major difference between different host implementations is the option prefix

character. For UNIX based toolsets the prefix character is the hyphen ‘=’; for
the IBM PC and VAX toolsets it is the forward slash character ‘/'.

Libraries

Most library routines supplied with the toolset are host independent, but a few
specific procedures may be provided for some operating systems. For details of
host dependent routines see the Delivery Manual.

If you wish to write programs that will be fully portable across different systems,
use only the host independent routines, which are described in chapter 24.

Directories and files

A directory path searching mechanism is implemented within the toolset, and full
pathnames need not be given. For details of the mechanism, see section 3.7.4.

Directory paths are treated in a host dependent manner, whereas filenames are

independent of the host, with certain restrictions. As long as the pathnames are
legal for the host operating system, they can also be treated as host independent.
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3.6 Host environment variables

The toolset assumes four environment variables on the host system. These are
listed below.

Variable Meaning

ISEARCH The list of directories on which the toolset will search for files
if the full pathname is not specified.

ITERM The file containing terminal keyboard and screen codes.

IBOARDSIZE | The memory size of the transputer board.

TRANSPUTER | The address at which the transputer board is connected to
the host if not at the default address.

The mechanism used to define these variables varies from host to host. For
example, on the IBM PC running DOS they are defined as environment variables
using the set command and on VAX systems running VMS they can be set up
as logical names or VMS symbols. For details of how to define host environment
variables on your system, see the Delivery Manual that accompanies the release.

3.7 Toolset conventions

All tools in the toolset, and all implementations of the toolset, use a common set
of conventions and defaults.

The toolset uses conventions in the following areas:
e Command line syntax
e Command line options
¢ File naming
o File location

e Error handling and error message format.
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3.7.1 Command line conventions

Syntax

All tools in the toolset conform to the following command line conventions:
e Case is ignored, except for command names on UNIX systems.

e Options must be prefixed by the option prefix character (‘=' for UNIX
based toolsets, ‘/’ for VAX-VMS and IBM PC-DOS based toolsets).

e If an option takes more than one parameter the parameters must be
enclosed in parentheses (), and separated by commas.

e Options can occur in any order after the filename.

e Spaces between options and the case of letters in parameters are not
significant.

Common options

Where options are common to more than one tool in the toolset, the following
conventions apply:

e All tools provide help information if invoked with no options.

e The ‘I’ option, where supported, displays progress information as the
tool runs.

e The ‘F’ option, where supported, specifies an indirect input file. If no
name is given then input may be taken either from host standard input
(normally the keyboard) or the command line.

e The ‘L’ option, where supported, loads the tool onto a transputer board
without loading the program. It can be used to test for the existence of
a particular tool on the system.

e The ‘O’ option, where supported, is used to specify an output filename.
If no filename is given then ASCII output is sent to host standard output
(normally the screen), or to a file whose name is derived from an input
file.

3.7.2 Filename conventions

Filename conventions are used for three reasons. Firstly, they enable filenames
to be used in a host independent manner. Secondly, they allow file extensions

72 TDS 184 00 April 1989



24 3 Overview of the toolset

to be omitted in many commands, because defaults can be assumed. Lastly,
they enable the debugger and Makefile generator tools to trace source files for
a program.

Filenames

Filenames must not contain the characters: dot ., colon :, semi-colon ;, square
brackets [1, round brackets (), forward slash /, backslash \, exclamation mark
!, or the equals sign =.

Where the host operating system allows logical names to be used in place of
filenames, such as with VMS, the toolset allows logical names to be used, but
the name must be followed by a dot (.). This prevents the tool from adding an
extension, which would generate a host file system error.

File extensions

The toolset uses standard file extensions to specify types of files. Where possible
the tools assume these conventions unless otherwise directed. Use of these
conventions is recommended, and is required if the Makefile generator imakef
is used to assist with version control. For example, the 0occam compiler occam
assumes the extension .occ on the input file, and the configurer tool iconf
assumes a .pgm extension. Other tools such as ilink which cannot make
assumptions about the input file to use require the extension to be explicitly
stated. Filenames and extensions created by the toolset are always generated
in lower case.

File extensions used by the occam toolset and the tools to which they relate
are given in table 3.3.

Where the final two characters in the file extension are not fixed, for example
.bxx, they reflect the compiler options that were used when the program was
compiled, and indicate the transputer type and error mode of the object code.
Characters and their meanings are given in table 3.4.

A complete map of the toolset file extensions and their relationships to the main
tools is shown in figure 3.1.

3.7.3 Locating files

The tools locate files by searching a specified directory path on the host sys-
tem. The path is specified using the host environment variable ISEARCH. For
details of path searching mechanisms on specific hosts, see section 3.7.4 and
the Delivery Manual that accompanies the shipment.
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Extension | Tool File Type | Description

.btl iconf Output | Loadable code for boot from link
boards.

.btr iconf Output | Loadable code minus bootstrap infor-
mation. Used for EPROM support.

.bxx iboot Output | Bootable code for single transputer.

.exx ilink Output | Linked code.

.dsc iconf Output | Configurer code descriptor file. ASCII
format.

.dmp idump Output | Memory dump file. Read by the de-
bugger.

.dxx iboot Output | Bootable code descriptor file. ASCII
format.

.inc occam Input Predefined constants and protocols.

.1bb ilibr Input Library indirect file.

.liu imakef Input Library usage file.

.1ib ilibr Output | Library file. Compiled code.

< 1xx ilink Input Linker indirect file.

.map iconf Output | Configuration map. ASCII format.

. mxx ilink Output | Module map. Binary format.

.occ occam Input occam source.

.pgm iconf Input Configuration description source file.

. TXX iboot Output | Single transputer code with no boot-
strap.

. 8XX ilink Output | Linker symbol! table. ASCII format.

cExx occam Output | Compiled code.

N.B. for extensions .bxx,.cxx, etc., the value of xx depends on

the transputer type (2, 4, 5, 8, a, b, ¢)
and the error mode (h, s, u, x).

Table 3.3 Toolset file extensions
The tools conform to the following search rules:
1 If the filename contains a directory specification then the filename is used
as given. Relative directory names are treated as relative to the directory

in which the tool is invoked.

‘2 If no directory is specified the directory in which the tool is invoked is
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26 3 Overview of the toolset

2nd character 3rd character
2 | T212, T222, M212 h | Halt mode
4| T414 s | Stop mode
5 | T425 u | Undefined mode
8 | T800 x | Universal mode
a | T800, T425, T414
b | T425, T414
c | T800, T425

Table 3.4 File extension characters

S @] ©
occam [»(ba)»| 1link
]

ilibr iboot

—= user input/tool output
~ize  runtime input

Figure 3.1 Relationships between tools and file extensions

L@

assumed.

3 If the file is not present in the current directory, the path specified by the
environment variable (or logical name) ISEARCH is searched. If there
are several files of the same name on this path, the first occurrence is
used.

4 If the file is not found using the above rules, then the file is assumed to
be absent, and an error is reported.

If no search path has been set up then only rules 1 and 2 apply.
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In order for the Makefile generator to deduce compilation parameters and which
tools to use you must give it the full name of the file you wish to build, including
the correct file extension.

To generate a Makefile for the example program type:

imakef sorter.b4h
The Makefile generator will produce a Makefile for the program called sorter.

The Makefile generator has built-in knowledge of the file name rules of the
toolset. In this example, it knows by examining the file name that the program
to be built is for a single T414 processor in HALT mode, and that the source
of the main body of the program is in the file sorter.occ. It reads the file
sorter.occ and discovers that it uses a library called hostio. 1ib, the two
compilation units inout and element, and two include files, sorthdr.inc
and hostio.inc. It then reads the sources of the include files and compilation
units and finds no more file dependencies. Because no extensions are given for
the two compilation units imakef knows they are to be compiled for a T414 in
HALT mode.

In order to compile the library file the Makefile generator searches for a library
build file (.1bb extension) from which to deduce source file names and com-
pilation details. As there is no such file for hostio.1ib it assumes that the
library is complete and cannot be rebuilt.

With this information about source file and their dependencies, it builds a Makefile
containing full instructions on how to build the program.

To build the program run the MAKE program on the file sorter. The entire
program will be automatically compiled, linked and made bootable, ready for
loading onto the transputer.

For more details about the imakef tool, MAKE programs, and the format of
Makefiles, see chapter 19.
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5 Programming
transputer networks

This chapter describes how to build programs that run on networks of transput-
ers. It describes the steps in configuring a program and loading it on transputer
network, and illustrates the procedures with an example program for four trans-
puters. The chapter ends with a summary of program configuration.

5.1 Introduction

In order to build programs for multitransputer networks a program is split into a
number of self contained components, and each of these is implemented as an
occam process. Each process runs on its own transputer and may communi-
cate with other processes on other transputers via links.

Programs consisting of 0CCcam processes can be run on single or multiple trans-
puters, in any combination. Performance requirements can be met by adapting
the application to run on differing numbers of transputers, and by using differing
network topologies. The mapping of processes to processors on a transputer
network is known as configuration.

Figure 2.3 illustrates how occam processes can be run on a single transputer
or configured on several transputers connected in a network.

To illustrate the use of the configurer, section 5.6 shows how the pipeline sorter
program introduced in chapter 4 can be modified to run on a network of four
transputers.

5.2 Configuration

Configuration is the mechanism by which processes to run on individual trans-
puters in a network are collated with bootstrap code into a form which can be
loaded onto a multitransputer network, and set running from the host computer.

The mapping of processes to transputers, channels to links and, implicitly, the
interconnections between transputers are defined in the configuration description.
Process placement and transputer connections are defined using special occam
configuration statements. These are described in section 13.4.

Each processor in the network runs one or more separately compiled procedures.
These separately compiled procedures may be considered as complete occam
programs in their own right. The same separately compiled procedure can be
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60 5 Programming transputer networks

run on any number of processors; one copy exists in the configured code, and
the code is loaded onto each transputer where the procedure runs.

The code for an individual processor is specified from within the configuration
description using a #USE directive. Processes to run on individual transputers
must be previously compiled and linked, and procedures to be used at configu-
ration level may not be taken from a library.

5.3 Preparing for configuration

Before you can configure your network program you must first build the pro-
cess(es) for each processor in the network. To do this you must compile all the
components that will run on one processor and link them together to form one
object file. This file must have the same name as that of the source of the out-
ermost separate compilation procedure (.occ file), but with a . cxx extension.
All the code on one processor must be compiled for the same (or a compatible)
transputer type and in the same (or a compatible) error mode, according to the
rules described in sections 4.4.2 and 4.4.4.

As an example, suppose you have the source of a separate compilation proce-
dure that you want to run on a T414 transputer in halt on error mode, in the
file node.occ. It uses two separate compilation units, contained in the files
scl.occ and sc2.occ, and a library in the file 1ibs .1ib. Having compiled
all the components link them together like this:

ilink node.t4h scl.t4h sc2.t4h 1libs.lib

’This links all the code which forms the processors program and writes it in to
the file node.c4h.

You should build the code for each transputer in a similar way.
Before using the configurer you must write a configuration description. This is
done using the configuration statements of occam. The configuration descrip-

tion defines the arrangement of processors in the network and the allocation of
code to each processor.

There must be at least one path from the host to all processors on the network
so that the configurer can determine a load path for each processor. The load
path is important because only one processor is connected directly to the host
computer. .

The code for each processor is referenced by a #USE directive. For example:

#USE "node.c4h" -- code is in the file node.c4h
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5.4 Configuring a program 61

In the configuration description you must explicitly declare the type of transputer
that the code is to run on. This may specify a separate compilation procedure
compiled for any compatible transputer type or class. For example if you have
code to run on both a T414 and a T800 transputer you could compile it for the
TA transputer class. You can then run that procedure on both the T414 and
T800 transputers without the need to make separate copies of the procedure.

5.4 Configuring a program
The command iconf£ runs the configurer.
For example:

iconf program

As the default file extension for configuration descriptions is .pgm, the source
of the description in this example would be in the file program.pgm.

When configuration is complete a new file, containing a bootable version of the
code for the whole network, will have been created. This file has the same
name as the description source, but with a .bt1 extension. In the above exam-
ple it would be program.btl. A configuration description file with the .dsc
extension is also created for the debugger.

See chapter 13 for details of the iconf tool and how to use it.
If you run the configurer with the ‘M’ (configuration map) option, then it produces
a readable configuration map file in place of a bootable network program. The

configuration map shows details of processor interconnections and code alloca-
tion.

5.5 Loading a network

To load a network use the host file server in the same way as for single processor
programs. For example:

iserver /sb program.btl
iserver -sb program.btl

A communication protocol exists between the root transputer and a target trans-
puter network to direct the loading of code to the desired place in each transputer.
The communication consists of bootstrap packets, routing information, address
information, load information, code packets and execute items. For more infor-
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62 5 Programming transputer networks

mation on loading transputer networks see ‘INMOS technical note 34: Loading
transputer networks’.

5.6 Example: A pipeline sorter on four transputers

This section describes how the pipeline sorter program, described in section 4.9,
may be distributed over four T414 transputers.

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

In the configuration description it is assumed that there is a transputer network
of four T414 transputers connected as shown in figure 5.1. It does not matter if
you don't have such a network — you should read through this example and then
try modifying it for your network.

transputer 0 transputer 1
IMS IMS
<10 1414 70 T414
3 1
1 0
IMS 0 1 IMS
T414 T414
transputer 3 transputer 2

Figure 5.1 Network of four transputers

The occam source and configuration description developed in this example is
supplied with the toolset and you should copy these files to a working directory
in order to build the program. Alternatively you can type in the source of the
program, as it is given below and in section 4.9.

The files are:
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5.6 Example: A pipeline sorter on four transputers 63

sorthdr.inc the common protocol definition.

element.occ the sorting element.

inout.occ the interface to the host file server.

tsort.ocec part of the pipeline split to run on one transputer.
sorter.pgm the configuration description for the network.

The contents of the files sorthdr.inc, element .occ and inout .occ are
described in section 4.9. The contents of the other files used in the program are
described below.

Three files are required to complete the program. These are the host file server
library hostio.1lib, the hostio include file hostio.inc, and the link address
file 1inkaddr. inc. These files can be found in the toolset library directory.

5.6.1 The configuration description

This section describes how to build a configuration description, using the pipeline
sorter program as an example.

First we must decide how the program will be mapped onto the transputers in
the network. For the pipeline sorter we can distribute the processes as shown
in figure 5.2.

For simplicity we can group together all the sorting elements that run on a single
processor into one process called tsort.occ, which calls a sub-pipeline of
sorter elements. We only need one copy of this process, even though it will run
on more than one transputer. A copy of the code will be sent to each processor
when the program is loaded.

#INCLUDE "sorthdr.inc"
PROC tsort (CHAN OF LETTERS pipe.in, pipe.out)

#USE "element" -- sorter element
[elements.per.processor - 1]CHAN OF LETTERS pipe:

PAR
sort.element (pipe.in, pipe[0])
PAR i = 0 FOR elements.per.processor - 2
sort.element (pipe[i], pipeli + 1])
sort.element (pipe[elements.per.processor - 2],
pipe.out)
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transputer 0

transputer 3 ransputer 2
element|< —element element

Figure 5.2 Pipeline sorter processes

Planning the configuration description

First draw a diagram of the network, label each link connecting processors, and
allocate processes to each transputer in the network, as shown in figure 5.3. Use
this diagram to draw up a table of process-to-transputer allocation like table 5.1.

Next, using figures 5.3 and 5.1, draw up another table show the mapping of
channels to links, as in table 5.2. It can make the configuration description more
concise and easier to write if you use an array of channels for channels that are
to connect transputers together.

Now, using the tables, write a configuration description for the program. First
reference any separately compiled units with the #USE directive and any con-
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ts .
<~—— inout pipel0]
tsoy —tort
fs
pipe[3] pipel[1l]
tso) pipe(2] Cort
Figure 5.3 Allocation of processes on transputers
Process Transputer | Type
inout and tsort 0 T414
tsort 1 T414
tsort 2 T414
tsort 3 T414

Table 5.1 Process — transputer allocation

source destination
Channel | transputer | link | transputer | link
fs host - 0 0
ts 0 0 host -
pipe[0] 1 0 0 1
pipe[1] 2 0 1 1
pipe[2] 3 0 2 1
pipe[3] 0 3 3 1

Table 5.2 Channel - link allocation

stant and protocol declarations with the #INCLUDE directive. Next declare the
channels that are needed for inter-transputer communication. In this example the
channels £s, ts and pipe need to be declared. Note that channels sourced on
a transputer must be mapped to output links; destination channels are mapped
to input links.
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Next compile the input/output process using one of the following commands:
occam inout /e (creates file inout .t4h)
occam inout -e

For each transputer in the network you must:

o Place the necessary channels on links (from table 5.2).
o Call the process(es) to run on that transputer (from table 5.1).

To assign channels to links use the PLACE construct. Link numbers can be taken

from table 5.2. Link addresses are defined in the include file 1inkaddr. inc

supplied with the toolset.

To allocate code to processors in the configuration description, use the PLACED
PAR construct. Processor numbers and types can be taken from table 5.1.

The basic configuration description is shown in figure 5.4.

To simplify the configuration description we can use a replicated PLACED PARto
place channels and allocate the tsort process to each of the four transputers.
The final configuration description, which includes this refinement, can be found
in the file sorter.pgm on the toolset examples directory. A listing of the
program can be found in figure 5.5.

Note the use of the constant no.processors to make the description inde-
pendent of the number of processors in the network.

We are now in a position to use the configurer. The next section describes the
steps required to build the example program.

5.6.2 Building the program

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

occam element /e
occam element -e
Because the file has a .occ file extension you can omit the extension from the

filename. The compiler option ‘e’ is used because the compiler libraries are not
required. The compiler will produce a file called element . t4h.
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#USE "inout.c4h" -- linked inout process
#USE "tsort.c4h" -- linked sub-pipe process

#INCLUDE "hostio.inc" -- host i/o constants
#INCLUDE "sorthdr.inc" -- sorter constants
#INCLUDE "linkaddr.inc" -- link address constants

-- External channels to be mapped to links
CHAN OF SP fs, ts:
[4]CHAN OF LETTERS pipe:

PLACED PAR
PROCESSOR 0 T414

PLACE ts AT linkO.out:

PLACE fs AT 1linkO.in:

PLACE pipe[0] AT linkl.out:

PLACE pipe[3] AT 1link3.in:

CHAN OF LETTERS to.start:

-- For internal use on this processor

PAR
inout (fs, ts, to.start, pipel[3])
tsort (to.start, pipe[0])

PROCESSOR 1 T414
PLACE pipe[0] AT linkO.in:
PLACE pipe[l] AT linkl.out:
tsort (pipe[0], pipel[l])

PROCESSOR 2 T414
PLACE pipe[l] AT 1linkO.in:
PLACE pipe[2] AT linkl.out:
tsort (pipell], pipel2])

PROCESSOR 3 T414
PLACE pipe[2] AT 1linkO.in:
PLACE pipe[3] AT linkl.out:
: tsort (pipe[2], pipel3])
Figure 5.4 Example configuration

Now link it by typing:

ilink inout.t4h hostio.lib (creates file inout .c4h)
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#USE "inout.c4h" -- linked inout process
#USE "tsort.c4h" -- linked sub-pipe process

#INCLUDE "hostio.inc" -- host i/o constants
#INCLUDE "sorthdr.inc" -- sorter constants
#INCLUDE "linkaddr.inc" -- link address constants

-- External channels to be mapped to links
CHAN OF SP fs, ts:
[no.processors]CHAN OF LETTERS pipe:

PLACED PAR
PROCESSOR 0 T414

PLACE ts AT linkO.out:

PLACE fs AT link0.in:

PLACE pipe[0] AT linkl.out:

PLACE pipe[no.processors ~ 1] AT link3.in:

CHAN OF LETTERS to.start:

—-- For internal use on this processor

PAR
inout (£s, ts, to.start, pipe[no.processors - 1])
tsort (to.start, pipel0])

PAR i = 1 FOR no.processors - 1
PROCESSOR i T414
PLACE pipe[i - 1] AT 1linkO.in:
PLACE pipe[i] AT linkl.out:
tsort (pipel[i - 1], pipel[il])

Figure 5.5 Final configuration
Now compile the sub-pipeline process using one of the following commands:
occam tsort /e (creates file tsort .t4h)
occam tsort -e
Link it by typing:
ilink tsort.t4h element.t4h (creates file tsort.c4h)

To make the program runnable you must add bootstrap code. To do this for
multitransputer programs use the configurer icon£.
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To configure the program type:

iconf sorter
The .pgm extension can be omitted because it is automatically assumed. The
configurer will create the file sorter .bt1 and the configuration description file
sorter.dsc for use by the debugger.

5.6.3 Running the program

To run the program on the transputer network use one of the following com-
mands:

iserver /se /sb sorter.btl
iserver -se -sb sorter.btl

The program will run until you type ‘RETURN’ on its own. The ‘se’ option directs
the server to terminate if the program sets the error flag.

5.6.4 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.

To produce a Makefile for the entire program type:

imakef sorter.btl

The Makefile generator will produce a file called sorter containing a MAKE
description for the program.

To build the program run the MAKE program on the file sorter and all the

necessary compiling, linking and configuration will be done automatically. For
more information about MAKE programs see chapter 19.

5.7 Summary of configuration steps

To summarise, the steps involved in building a program that runs on a network
of transputers are as follows:
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1 Decide how your program will be distributed over the transputers in your
network.

2 Write a configuration description for your program by:
(a) Allocating processes to transputers.

(b) Allocating channels to links connecting processes on different
transputers.

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

4 Link each configuration procedure with its component parts into a file
with the same name as the toplevel source file. The file is given a . cxx
extension.

5 Run the configurer on the configuration description file.

6 Load the program into the network using the host file server.

Steps 3 to 5 can be automated by using imakef and a suitable MAKE program.
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6 Loading transputer
programs

This chapter explains how to load programs onto single transputers and trans-
puter networks. It briefly describes the format of loadable programs and explains
how to use the program loading tools iserver and iskip. The chapter also
discusses some aspects of debugging programs on transputer boards, describes
how to load and debug programs that use the root transputer, and shows how
to load a program onto a target network using the iskip tool.

6.1 Introduction

Programs to be run on transputers and transputer networks must consist of
bootable code, that is, code to which bootstrap information has been added to
make the program self-starting when it is loaded into the transputer’'s memory.

Bootable code is generated by iboot for single transputer programs and by

iconf for multitransputer programs. The iboot tool generates a single bootable
process to run on a single transputer, whereas iconf generates a bootable

process for each transputer in the network. Bootable single transputer programs

have the file extension .bxx, and bootable multitransputer programs have either

the extension .btl (boot from link programs) or .btx (programs that will be

booted from ROM or dynamically loaded).

6.2 Tools for loading programs

Two tools are provided to assist with loading programs onto transputers and
transputer networks:

e iserver - the loader tool and host file server. This tool loads the
bootable code onto the transputer or transputer network and provides
the runtime communications with the host system.

e iskip — the skip tool that allows a program to be loaded through the
root transputer onto an external network. This tool starts up a special
skip process on the root transputer that forces the root transputer to be
skipped when iserver is invoked to load the program. The process
consists of a software data link that transfers data byte by byte between
the program and the host.

Skip loading is useful for debugging programs that are configured to use
the first transputer on a network. The root transputer in the network is
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skipped and the program is loaded onto the first processor after the root
transputer, leaving it free to run the debugger. This avoids having to
use idump to save the root transputers memory before invoking the
debugger.

Programs loaded using iskip always require an extra processor. For
example, a program written for a single transputer can only be loaded
using iskip if there are at least two processors on the network, one to
act as the root transputer and one to run the program.

6.2.1 The loading mechanism

In single transputer programs code is loaded onto the first processor on the
network and the program code is then loaded down the host link byte by byte.
If iskip has been used the program is loaded onto the second processor on
the physical network. In multitransputer programs the process is repeated for all
processors on the network until all the code is loaded.

When the code is copied into the transputer's memory the process boots auto-
matically and the program continues to run until an error occurs or the server
is terminated by pressing the system interrupt key, usually CTRL-C or CTRL-
BREAK.

6.3 Boards and sub-networks

There are two basic types of INMOS transputer evaluation boards: those that
boot from link and those that boot from ROM.

Boot from link boards 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 that is self-starting when it is loaded into
the transputer's memory.

Boot from link boards form the majority of boards in general use. Examples of
boot from link boards supplied by INMOS are the IMS B014 VME motherboard,
and the IMS B008 PC motherboard.

6.3.1 Boot from ROM boards

Boot from ROM boards are intended for applications such as embedded systems.
Examples of boot from ROM boards are the IMS B002 single transputer board,
and the IMS B006 multitransputer Double Eurocard. Boot from ROM boards can
be set to boot from link by setting a single switch on the board.
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Programs intended to run on boot from ROM boards contain no bootstrap code
and are loaded down RS232 lines using special software. For details about the
products available for installing transputer programs in ROM, including tools for
programming' EPROMS, contact INMOS.

All the example programs described in this manual must be loaded and run on
boot from link boards or on boot from ROM boards that have been set to boot
from link.

6.3.2 Subsystem wiring

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

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

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 by an external system to control the board. Down and Subsystem are
output ports, used to propagate the Up signal out of the board in two different
ways.

Down simply copies the Up signal, providing a way of propagating the signal
unchanged throughout the network. Multiple boards can be chained together
by connecting successive Up and Down ports and the whole network can be
controlled by a single signal propagated from the root processor. Subsystem
transfers control to the board, allowing sub-networks downstream of the board
to be independently reset, analysed, and their error flags read, under the control
of the root transputer.

6.3.3 Controlling sub-networks

Multiple transputer systems can either be controlled together by the host com-
puter, or by a master transputer, itself controlled by the host computer.

In a typical system, the root transputer's Up port is connected to the host com-
puter so that it can control the loading of programs and monitor for errors. The
first processor in the sub-network 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 sub-network would
normally be connected to Down on the root transputer. This would allow the
host computer to reset the whole network with one 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 sub-network under the control of the root transputer. Here the sub-network
would be connected to Subsystem so that the root transputer could repeatedly
reset and re-load the sub-network. Any errors in the sub-network 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 always propagated through to the Subsystem port, but the error signal
is not relayed back.

6.4 Debugging programs on transputer boards

When debugging transputer networks the debugger options that must be used
vary with the board connections (subsystem wiring), whether or not the program
uses the root transputer, and to some extent the board type.

6.4.1 Program mode

The debugger must execute on the root transputer of a network. This means
that parts of the program that run on the root transputer must be debugged from
a memory dump file. The file must be created by idump before the debugger
is invoked, and the debugger must be invoked using a special option that allows
it to read the dump file.

To avoid the need for a memory dump file, programs can be loaded onto the
network over the root transputer by first invoking the skip tool iskip. This
sets up a process on the root transputer that allows the rest of the network to
communicate with the host as though the root transputer were absent. Since
the root transputer runs no part of the program it can then be used to run the
debugger without fear of overwriting the program.

For more details about loading and debugging programs that use the root trans-
puter see section 6.4.3.

6.4.2 Board types

Some early boards such as the IMS B004, unlike later TRAM-based boards, do

not propagate Reset through to the Subsystem port. On these boards the debug-
ger must be invoked with different command line options than for the later boards.
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Commands to use for specific board types are described in section 14.3.1.

6.4.3 Programs which use the root transputer

Programs that use the root processor to run part (or all) of the program can be
loaded for debugging using isexrver with or without iskip. If iskip is used
an extra processor is required to act as the root transputer on the network.

If iserver is used the contents of the root transputer's memory must be
dumped to disk using the idump tool, and the debugger invoked with the ‘R’
option to read the memory dump file. The rest of the network-can be debugged
directly down the transputer links. If you only have a single processor this method
must be used.

If iskip is used, the program can be debugged down the transputer link in the
normal way. The skip tool allows the program to be loaded into the sub-network
over the top of the root processor, leaving it free to run the debugger. Communi-
cation with the host is supported by a special route-through mechanism running
on the root transputer that transters data transparently between the program and
the host computer.

6.4.4 Programs which do not use the root transputer

To load a program for debugging that does not use the root transputer, first
ensure that the program is configured for the correct sub-network so that it does
not include the root processor, invoke iskip to set up the skip process on the
root transputer, and load the program in the normal way using iserver. To
debug the program invoke the debugger with the “T" option and specify the root
transputer link to which the network is connected.

6.4.5 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 prevent this the
debugger should be invoked using the command sequences given in table 14.2.

6.5 Example of using iskip
This example shows how to use the iskip tool to load a program over the root
transputer. The program to be loaded is configured for a two interconnected T800

transputers mounted on a B0O08 motherboard. This forms the target network. A
T414 processor in slot zero acts as the root transputer, and the target network
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is connected to link 1 on the root transputer via one of the links on processor 1.

The target network and its connections to the host computer are shown schemat-
ically below.

, target network
host computer root transputer ¥ ¥

host host | link link 1 processor| |processor
file D 1 2
server

The file twinprog.btl contains the bootable program.

To prepare the board for running the program on the two-processor T800 net-
work, invoke iskip using one of the following commands:

iskip 1 /r /e

iskip 1 -r -e
This sets up the system to direct the program to the target network and activates
the data transfer program 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 using one of the following commands:

iserver /ss /se /sc twinprog.btl

iserver -ss -se -sc twinprog.btl
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7 Debugging 0CcCam
programs

This chapter describes how to debug occam programs. It begins with an intro-
duction to the toolset debugger, describes symbolic and assembly level debug-
ging, and illustrates the facilities available with a tutorial example. The chapter
also describes the simulator tool that allows you to debug programs without
hardware, and contains some hints for debugging occam programs.

71 Introduction

The debugger tool idebug provides an interactive environment for the post-
mortem debugging of occam programs. It allows processes running on each
transputer on a network to be examined at source code and assembly code level.
It supports the inspection of source level symbols such as variables, channels,
and timers, and the disassembly and inspection of memory, for any process
running on any transputer in the network.

The toolset debugger allows limited symbolic debugging of other languages.
Details of these facilities can be found in section 7.2.2.

7.1.1  Compiling programs for debugging

Programs to be debugged must be compiled with debugging data enabled. This
is the compiler default and can only be disabled by specifying the compiler ‘D’
option. When debugging is enabled, the compiler makes no change to the object
code, but rather inserts extra information into the object file for the debugger to
use.

Programs to be debugged should also be compiled in HALT mode. In HALT
mode any error during program execution halts the transputer immediately. In
STOP and UNDEFINED modes, errors do not halt the program, and programs
compiled in these modes can only be debugged if they are halted explicitly.
HALT mode is the compiler default.

A running occam program may halt for a number of reasons. Examples of
these are:

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

¢ An array index is out of range.
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78 Debugging occam programs

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

e An array element is being aliased at runtime, that is, being referred to
by more than one name within a given scope. Alias checking is normally
performed by the compiler, but can be disabled.

For a full list of possible causes of run time errors, see section 14.5.2.

When a run time error occurs, the debugger can be used to pinpoint the line of
occam causing the error, and to investigate the state of that process and other
processes in the system.

Note: The debugger may not find all current processes; for example, it cannot
find processes which have deadlocked waiting for communication. Deadlocks
are discussed in more detail in section 7.4.

7.1.2 Programs that can be debugged

The debugger can analyse programs running on transputers that are either di-
rectly attached to a host through a server program, or connected to the host via
a root transputer. The debugger runs on the root transputer and networks to be
debugged must incorporate a 32-bit transputer at the root.

For programs that use the root transputer in a network, the contents of the
transputer’'s memory must be dumped into a special memory dump file for the
debugger to read. This is because the debugger itself runs on the root transputer
and overwrites its memory.

For programs that do not use the root transputer, it is not necessary to dump
the root transputer's memory. The root transputer does not run any part of the
program and can be used to run the debugger.

Programs that do not use the root transputer can be loaded onto the network
using the skip loader program iskip that loads over the root transputer and
leaves it free to run the debugger. The debugger accesses all other transputers
on the network through the transputer links. For more information about skip
loading see chapter 6.

7.2 Debugger facilities
The debugger facilities divide into two groups; those that operate at the level

of the high level language, (symbolic facilities), those that operate at assembly
code level (Monitor page facilities).
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7.2 Debugger facilities 79

Symbolic facilities allow programs to be debugged from source code. Source
code can be scanned, variables inspected, and procedure calls back traced.
Symbolic functions can also be used to debug non-occam programs, with some
restrictions.

Symbolic functions are invoked using function keys. For details of specific key-
board layouts see the Delivery Manual.

The Monitor page facilities view the transputer network from the assembly code
level, and do not use the debugging information produced by the compiler. They
give information about the transputer’s state, such as the status of process and
timer queues. Either set of facilities may be used on any transputer in the
network.

7.21 Symbolic debugging

Symbolic debugging operates with the symbols that are defined in the high-level
language source code. The debugger symbolic interface allows you to locate
specific source code, inspect variables and channels, and trace procedure calls.

Symbolic facilities for non-occam languages are more limited; for details see
section 7.2.2.

Locating to source code

Given any transputer instruction address, the debugger can locate the corre-
sponding occam line in the source file and display it. This is known as locating
to the code.

The debugger can display the occam source line corresponding to any of the
following:

o The last transputer instruction executed.

e A process running in parallel.

e A process waiting for a timer.

¢ A process waiting for communication on a transputer link.

A process waiting for communication on an internal channel can be found by
inspecting the contents of that channel, as described later in this section.

The ability to locate to any source line requires the source to be available. Where
the source is not available, for example for the toolset compiler libraries, the
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debugger can only locate to the call to the routine, rather than the source line
itself.

When a source line has been located, other debugger functions can be used
to examine the code and inspect program parameters. These functions are
accessed through special function keys. For a full list of these functions, see
chapter 14.

Examining code and inspecting parameters

Once a source line has been located, parameters that are in scope at that line
can be examined using the function, and procedure calls can be lo-
cated using the function. Values of constants, variables, parame-
ters, abbreviations, array elements, and channels, can be all be inspected, and
non-local variables and channels can also be inspected. They can be displayed
in hexadecimal, or in any other valid occam representation for their type.

From any location it is possible to backtrace from a procedure or function call to
the point from which the enclosing procedure is called. This works even if the
source is not present, as may be the case with libraries supplied from external
sources. The process can be repeated for each nested procedure or function
call, to build up a complete stack trace of procedure calls from a particular
location. Variables and other parameters can be inspected at any stage.

Using it is possible to determine the instruction and workspace pointers
of any process waiting for communication, jump to the waiting process, and
continue debugging at that point.

Other functions that are available during symbolic debugging are the examination
of specific symbols, and the determination of address and workspace require-
ments for procedures and functions.

7.2.2 Debugging non-0ccam programs

The debugger can analyse non-occam programs using information supplied by
the compilers. This may be limited and can restrict the ability of idebug to de-
bug non-occam code. For C, FORTRAN, and Pascal programs the
function can be used to discover the context of procedure and function calls, but
the [INSPECT] and [CHANNEL] functions are inoperative. However, other types of
debugging operations, such as locating waiting processes, can still be performed.

Note: Non-0ccam languages can in some circumstances set the error flag even
during correct execution and as a result of this non-occam programs compiled
in HALT mode may produce spurious errors.
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7.23 Assembly level debugging

The debugger can also debug programs at the level of assembly code and trans-
puter state, using the Monitor page facility. To enter the Monitor page debugging
environment, invoke the function from the symbolic debugging envi-
ronment.

From the Monitor page environment you can inspect the instruction pointer (pro-
gram counter), the workspace descriptor, the process queues, the processor
flags and the transputer memory contents.

Using information from the process and timer queues, the debugger can display
o Instruction and workspace pointers of queued processes
o Processes waiting for communication on transputer links
o Processes waiting for a signal on the Event pin.
Memory can be displayed in ASCI|, hexadecimal, as any occam type, or by
disassembly into transputer instructions. The disassembly translates memory
contents directly into transputer instructions; it does not insert labels, nor provide

symbolic operands. Assembly level debugging can also provide a memory map
showing the positions of code and workspace for each transputer in the network.

7.3 A debugging example

This section describes a debugging session for an example program. It shows
you how to debug source code using the symbolic functions, and how to examine
object code using the Monitor page commands.

For details of the debugger and descriptions of its options, see chapter 14. Chap-
ter 14 also describes debugger functions that are not described here, such as
the inspection of arrays and multiprocessor debugging.

The source of the example program is provided in the file debugex . occ which
can be found in the toolset ‘examples’ directory.

The example can be run on any transputer board with at least 2 Mbytes of
memory.
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7.3.1 The example program

The example program calculates the sum of the squares of the first n factorials,
using a rather inefficient algorithm. It has been structured this way for clarity in
process structure and to demonstrate some debugging methods.

The program uses five processes, each coded as a separate procedure. The
five processes in turn input n, calculate factorials, square the factorials, sum the
squares, and output the result.

The example program is listed below.

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

PROC debug.example (CHAN OF SP fs, ts,
[JINT free.memory)

VAL stop.real IS -1.0(REAL64)
VAL stop.integer IS -1 :

REAL64 FUNCTION factorial (VAL INT n)
REAL64 result :
VALOF
SEQ
result := 1.0 (REAL64)
SEQ i =1 FOR n
result := result * (REAL64 ROUND i)
RESULT result

PROC feed (CHAN OF INT in, out)
INT n :
SEQ
in ? n

SEQ i = 0 FOR n
out ! i

out ! stop.integer
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PROC facs (CHAN OF INT in, CHAN OF REAL64 out)

INT x
REAL64 fac :
SEQ
in ? x
WHILE x <> stop.integer
SEQ
fac := factorial (x)
out ! fac
in ? x

out ! stop.real

PROC square (CHAN OF REAL64 in, out)
REAL64 x, sq :
SEQ
in ? x
WHILE x <> stop.real
SEQ
s8q :=x * x
out ! sq
in ? x
out ! stop.real

PROC sum (CHAN OF REAL64 in, out)
REAL64 total, x :
SEQ
total := 0.0(REAL64)
in ? x
WHILE x <> stop.real
SEQ
total := total + x
in ? x
out ! total
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PROC control (CHAN OF SP fs, ts,
CHAN OF REAL64 result.in,
CHAN OF INT n.out)

REAL64 value

INT n
BOOL error :
SEQ

so.write.string.nl (fs,

ts,

"Sum of the first n squares of factorials")

error := TRUE
WHILE error
SEQ
so.write.string (fs, ts,

"Please type n : ")
so.read.echo.int (fs, ts, n, error)
so.write.nl (fs, ts)

so.write.string (fs, ts,

"Calculating factorials ... ")
n.out 'n
rasult.in ? value
so.newline (fs, ts)
so.write.string (fs, ts,"The result was : ")
so.write.real64 (fs, ts, value, 0, 0)

-- free format

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

CHAN OF REAL64 facs.to.square,

square.to.sum,

sum.to.control

CHAN OF INT

PAR
feed (control.to. feed,
facs (feed.to.facs,
square (facs.to.square,
sum (square.to.sum,

control (fs, ts,
sum.to.control,
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feed.to. facs,

control.to.feed :
feed.to. facs)
facs.to.square)
square.to.sum)
sum.to.control)

control.to.feed)
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7.3.2 Building a loadable program

To compile the program use the following sequence of commands:
occam debugex
ilink debugex.t4h hostio.lib convert.lib occambh.lib
iboot debugex.c4h

This sequence compiles the program in HALT mode for a T414 transputer (by
default), links in the libraries that are used in the program, and adds bootstrap
code. If you are using a T425 or T800 transputer, remember to specify the
transputer type when you run the compiler, (TS5 or T425 for the T425, T8 or
T800 for the T800). For the T800 processor you must use the appropriate file
extensions and link in the correct compiler library. For a list of the compiler
libraries see section 24.2.

The end product of the compilation, linking and booting operations is the bootable
file debugex.b4h (or equivalent for T425 and T800 transputers) that can be
loaded onto a single transputer.

The program can also be built using imakef and a suitable MAKE program.
First create a Makefile by running the imakef£ tool as follows:

imakef debugex.b4h.

This creates a Makefile called debugex which contains details of how to build
the program to run on an IMS T414 in HALT error mode.

If you are using an IMS T425 or IMS T800 transputer, use the appropriate com-
mand:

imakef debugex.b5h
imakef debugex.b8h

You can then produce an executable code file by running MAKE on the resulting
Makefile, as in the following examples:

make -f debugex

For more details about using the imakef£ tool see chapter 19.
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7.3.3 Host environment variables

Before running the program check that the host environment variables ITERM,
IBOARDSIZE, and TRANSPUTER are set up on the system. For more infor-
mation about setting up environment variables on your system see the Delivery
Manual.

7.3.4 Running the example program

When you have built an executable code file you can run the program by typing
one of the following commands:

iserver /se /sb debugex.b4h

iserver -se -sb debugex.b4h

The program immediately prompts you for a value. For correct execution the
number must be less than 100.

To create an error for the purpose of this tutorial, give the value 101 and press
RETURN] The program will fail with the message:

Error-iserver- transputer error flag has been set.

7.3.5 Creating a memory dump file
.To create a memory dump file for the debugger to read, type:
idump debugex 10000
This creates a file called debugex .dmp containing the transputer’s register
contents and the first 10000 bytes of memory. You are then returned to the
operating system prompt.
7.3.6 Running the debugger
To debug the example program, use one of the following commands:
idebug debugex.b4h /r debugex

idebug debugex.b4h -r debugex

The ‘z’ option identifies the program as one that was executed on the root trans-
puter and specifies the memory dump file to be read.

72 TDS 184 00 April 1989



7.3 A debugging example 87

The debugger first displays its version number, then some processing informa-
tion, and eventually locates to the source line from which the error was generated:

8q = x * x

You can now begin to debug the program. You can use the symbolic facilities to
browse the source, locate to specific lines and areas of code, inspect variables
and channels, and trace procedure calls, and you can inspect and disassemble
memory using the Monitor page commands.

The following sections illustrate some of the debugging operations you can per-
form on the example program. For further details about any of the debugging
functions described in these sections, see chapter 14.

Inspecting variables

When the debugger is displaying source code, you may inspect any variable by
placing the cursor on the variable and pressing [INSPECT].

For example, to display the value of x, place the cursor over x in the source code
and press [INSPECT]. x is displayed in both decimal and hexadecimal forms, and
its address in memory is given in hexadecimal. For example:

REAL64 ‘x’ has value
9.3326215443944096E+155 (#605166C698CF1838) (at
#80000360)

In the same way you can inspect the values of sq, square, stop.integer,
stop.real, and any other variable that is in scope. Use the cursor keys to
scroll through the code. To return to the source of the original error, use the

RELOCATE] function.

You can also use the INSPECT] function to examine procedures and functions. If
you place the cursor on a procedure or function name and press [INSFECT], the
debugger displays its address and workspace requirements.

You can also examine any symbol in the source by specifying its name. To do
this, move the cursor to a blank area and press [[NSPECT] The debugger then
prompts for the symbol name.

Inspecting channels
The debugger can also examine processes on channels within the scope of
the original error. If you place the cursor on channel out and press [INSPECT],

information about the channel is displayed. For example:

CHAN ‘out’ has Iptr:#80000611 and Wdesc:#80000285
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(Lo) (at #800004B0)

This indicates that there is a process waiting for communication on channel out,
and that it is a low priority process. To find out which 0occam process is waiting,
press [CHANNEL]. The cursor will be placed on the line corresponding to the other
process, which in this example is inside the procedure sum, on the following line:

in ? x
Within procedure sum, you can examine any symbol using INSPECT]

Within the sum procedure you can inspect the channel out and use
to jump to the waiting process, which is the procedure control that is waiting
for the final result. Again you can use [INSPECT] to examine any symbol.

Retracing and Backtracing

So far the debugger has located three of the five processes that compose the
program. What about the others?

First use the key to retrace your steps to the procedure sum, and
thence to the procedure square. While in procedure square, inspect channel
in, which is connected to the £facs procedure. It is empty, which means that
no process is waiting to communicate.

Next try [BACKTRACE] This function backtraces down nested procedure calls.
Each time the function is invoked the cursor is placed on the line in the enclosing
code from which the procedure was called.

In this example, moves the cursor to the line where procedure
square is called. Again, you can inspect any symbol which is in scope at
this line. For example, you can inspect the channels feed.to.facs and
facs.to.square. Both should be empty, which means that the remaining
processes were actively executing, rather than waiting to communicate, when
the program halted.

To find the active processes, you need to examine the transputer's process
queues using the Monitor page facilities, as described below.

Displaying process queues
To display the process queues, first enter the debugger Monitor page from the
symbolic environment by pressing the key. Low level information is

displayed for the current processor, along with a list of Monitor page commands.

To display the processor's active process queues, use the Monitor page ‘R’
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command. This displays two active processes, identified by their respective
Iptr and Wdesc. When you have identified the processes to examine, you
can use the Monitor page ‘G’ command to jump to those processes and inspect
the code.

Other commands to try from the Monitor page are ‘T’, which displays the pro-
cesses waiting on the transputer's timers; and ‘L', which displays processes
waiting for communication on the transputer’s links.

Goto process

When you press ‘G’, the following message is displayed:

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

To jump to a specific process and display the source code associated with that
process, place the cursor on an Iptr and press [RETURN]

Commands ‘I’ and ‘L’, allow you to jump to the main process or low priority
process respectively, and commands ‘0’ — ‘F” allow you to display specific lines
on the right hand side of the display.

To display the first active process, type ‘0’ (zero). The cursor will be placed on
the following source line (in procedure ‘feed’):

out ! i

Because this process is on the queue and not waiting, it must have already per-
formed the communication and is about to resume executing. You can examine
variables within the procedure as before.

To display the last remaining process in the program, press again, and
type ‘G’ followed by ‘1’ to locate to the second process in the queue.

This process will either be executing code within the compiler libraries or within
the replicated SEQ. If it is executing code within a library, the debugger displays
the call to the library routine rather than the source itself, because the source is
not supplied. For example:

result := result * (REAL64 ROUND i)
Again, you may inspect variables within the process. For example, by inspecting

the variable ‘i’, you can determine how many times the loop has been executed.
Or you can use to determine where the function was called from.
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N

Other symbolic functions

Other symbolic functions that you may like to try while you are in the debugger

are listed below.

=1

OP)

EARCH

ET ADDRES!

(2]

CHANGE FILE
ENTER FILE
XIT FILE
GOTO LINE
TOP OF FILE

m o] [T [ [ =
L Z T
R A o)

BOTTOM OF FILE
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Returns to the error location, or last location selected
by Monitor page ‘G’ command.

Displays Iptr, Wdesc, and priority, of the last posi-
tion located to, together with the processor type and
number.

Allows you to search forward through the file for a
specific string.

Displays a list of links to other transputers. Useful
when debugging multitransputer programs.

Displays a summary of debugger function keys.

Displays the memory address of the transputer code
corresponding to the current source line.

Allows you to examine another source file.
Allows you to open and examine included files.
Allows you to close included files.

Moves to a particular line of the file.

Moves to the first line of the file.

Moves to the last line in the file.
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7.4 Hints for debugging occam programs
Examining and disassembling memory

Within the Monitor page environment, the debugger keeps a record of two mem-
ory addresses; the start address of the last disassembly, used as the default by
the ‘D’ command, and the address of the. last part of memory to be displayed,
used by the ‘A’, ‘H’, and ‘I’ commands.

This allows you to switch easily between code disassembly and memory display.
You can, for example, disassemble a portion of memory using the ‘D’ command,
examine its workspace in hex using the ‘B’ command, and then return to the
original address by invoking the ‘D’ command once again.

Debugging IF and CASE statements

IF constructs with no TRUE guards, and CASE constructs where no selections
are matched, stop the program as though a STOP statement had been encoun-
tered in the program. This avoids the need to create a default case each time
the statements are used.

However, it can be useful for the purpose of debugging these statements, to use
a default case. If a default is specified, the debugger can locate directly to the
STOP statement within the construct, which indicates exactly where the error
occurred. If a default case is not given, the debugger can only locate to the line
following the construct.

Analysing deadlock

Deadlocks that occur in multitransputer networks can be debugged by using
the Monitor page ‘L’ command to examine processes on the transputer links.
Deadlocks in single transputer programs are more difficult to debug because
there is no way to enter the program; there are no active processes from which
to inspect channels, and no links to other transputers to provide an alternative
entry point.

In practice, it is often obvious to the programmer which channel or channels

are causing deadlock, and a dummy process can be added to the program to
provide an entry point for the debugger.
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Consider the following procedure:

PROC deadlock ()
CHAN OF INT c :
PAR ’

SEQ
c ! 99
c ! 101

INT x :
c ? x

The program can be debugged by adding a process that will remain idle while
the program is debugged. An example of the type of code that is required is
illustrated below.

PROC deadlock.debug ()
CHAN OF INT c
CHAN OF INT stopper :
PAR
VAL one.second IS 15625 : -- Low priority
VAL secs.per.day IS (60 * 60) * 24
VAL one.day IS one.second * secs.per.day :
TIMER time
INT now :
SEQ
time ? now
ALT
time ? AFTER now PLUS

one.day -- will locate to here
SKIP

stopper ? now
SKIP

SEQ
PAR
SEQ
c ! 99
c ! 101 -- will jump to here

INT x
c ? =x
stopper ! 0

The new process uses a TIMER within an ALT statement. Similar code is sup-
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plied in the process library as the procedure debug.timer.

In the modified program, a deadlock still forms in the procedure, but there is now
a way to enter the program.

To enter the program, first invoke the Monitor page environment, and use the
Monitor page ‘T’ command to inspect the transputer's timer queue, on which
there will be a process waiting. Use the ‘G’ command to go to that waiting
process, and the debugger will locate to the ALT statement.

You can then use to examine the channel ¢ where the program has
deadlocked, and which will therefore contain the process that is waiting for com-
munication. Finally you can use to jump to the deadlocked process.

The compiler does not insert this kind of debugging code automatically, for sev-
eral reasons. Firstly, it is the philosophy of the toolset not to alter the run time
code in any way. Secondly, most programs use many channels, and the execu-
tion overheads and code size could become unacceptably large. Again for the
above example code this would be unimportant because the process consumes
no CPU time, but this may not be true for many programs. Lastly, it could be
difficult to distinguish the true deadlocked process from the many idle debug
processes waiting on the timer queues.

7.5 Debugging using embedded messages

Transputer programs can also be debugged using messages inserted at strategic
points in the program. These messages are output when the program runs and
help to determine changes in the program’s activity such as the assignment of
variables and the calling of procedures.

This method is easily applied to programs running on single transputers and
connected directly to the host, but is less easy to use with programs running
on transputer networks. In transputer networks only the root transputer commu-
nicates directly with the host, and messages from distant processes must be
passed back to the root transputer through the intervening network.

A programming solution to the problem in occam is to pass the messages to
a process that stores them for later retrieval. The process can be run on each
transputer in the network that is to be debugged and could use a circular buffer
to optimise storage and record only the recent activity of the program.

The program could be coded as two processes; one that stores messages com-
ing from each transputer (the ‘buffer manager' process), and another that formats
messages for presentation to the debugger. The ‘buffer manager’ process would
run on each transputer running a debuggable process, whereas the message
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formatter would run centrally and service all transputers in the network.

7.5.1 Reading the message buffers

For programs that fail and set the error flag the debugger can read the message
buffers by locating to the code that produced the error. For programs that ter-
minate normally, the buffers can be located using the debugger Monitor page
command ‘L’ to locate to a process pending on the host link. The buffer manager
process can then be brought into scope, the message buffer located in memory
and dumped to a file for reading.

7.6  Notes on using the debugger

Invalid pointers

The debugger checks instruction pointers and workspace descriptors for the
correct code and data limits. Invalid pointers are flagged by an asterisk (‘*’) on

the debugger screen display.

Invalid pointers indicate a major problem with the program. They are also caused
by specifying the wrong dump file.

Locating within the ALT construct
The debugger is unable to locate to specific alternatives within ALT constructs.

If a channel is waiting within an ALT, the debugger can only locate to the first
alternative in the list, no matter which channel or timer is requested.

occam scope rules

The debugger can only display the values of variables that are in scope. For
example, division by zero in the following procedure r would cause an error,
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and the debugger would locate to that source line.

PROC p ()
INT a :
PROC q (VAL INT b)
INT c :
SEQ
c :=b + a

PROC r (VAL INT d)

INT e

SEQ

e : =0
e :=d/ e

-- The debugger will locate to here
- after the error

INT x :
SEQ
x, a := 99, 57
INT y
SEQ
y = 42
q (y)
r (x) -- And backtrace to here

At the line that contains the division by zero, variables e, d, and a are in scope
and may be inspected, but variables x, y, ¢, and b are out of scope and cannot
be inspected.

If the debugger now located to the call of x, the only variables in scope and
accessible for inspection would be a and x.

7.7 Debugging with the T414 simulator

The T414 simulator provides an interactive simulation of a single IMS T414 trans-
puter, running on a 2 Mbyte boot from link transputer board, and connected to
a host computer through the host file server iserver. The simulator allows
any single processor program compiled for the T414 to be run using exactly the
same code as would be loaded onto a transputer evaluation board.

All the component parts of a program to be simulated, including its libraries,

must be linked together using i1ink, and made bootable using iboot. The
file extension of a program being simulated must therefore be of the .b4x type.
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96 Debugging occam programs

Like the debugger, the simulator has two command interfaces. The first is the
Monitor page which allows low level features of the transputer and the program
to be accessed. The second is the symbolic interface, which allows programs
to be debugged in terms of occam source code.

Both interfaces provide the same features as are provided by the debugger, with
the addition of execution monitoring commands [SET BREAK], [SINGLE STEP] and
on the symbolic interface.

For details of the isim command and its options see chapter 21.

Note: The T414 simulator can only be used to run single transputer programs.

7.7.1  Using the simulator
The simulator can be used in two ways:

o To debug programs by inspection of the transputer and memory, in the
same way as with the debugger. Registers and memory can be examined
directly at the Monitor page, and source code can be examined using the
symbolic interface.

o To monitor the execution of programs using single step execution and the
setting of break points within source code or at specific memory locations.
At the Monitor page level code can be executed instruction by instruction,
and at the symbolic level code can be executed line by line.

7.7.2 Standard debugging

The simulator provides all the symbolic and low level debugging facilties of the
toolset debugger. The facilities are only described briefly here. For more details
see chapters 14 and 21.

Symbolic facilities

The simulator symbolic interface allows the source of any occam program to
be examined. The values of constants, variables, parameters, abbreviations and
arrays can be inspected using special function keys.

To use the simulator symbolic features, the program must be compiled with

debugging data enabled, that is, without the compiler ‘D’ option. When compiling
a program for debugging it is best to compile it in HALT mode.
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Low level facilities

Using the Monitor page facilities, the simulator can display the simulated trans-
puter’s internal state, showing the instruction pointer (Iptr), the workspace de-
scriptor (Wdesc), the status of process timer queues, the contents of registers,
and the values of status flags.

Memory can be displayed in ASCII, hexadecimal or any other occam type, or
disassembled into transputer instructions.
7.7.3 Program execution monitoring

The simulator provides a number of functions that can be used interactively to
monitor and control the behaviour of a program. These are:

¢ Break points
« Single step execution of a program
¢ Single step execution of a single process (walking)

« Modifying registers and memory locations

Break points

Break points can be set at the occam source level by moving the cursor to the
source line and pressing [SET BREAK]. The break point is set at the beginning
of that line. When a break point is encountered while the program is running,
execution is halted and the line containing the break point is displayed. At this
point the line has not been executed.

Break points can also be used at the Monitor page. They can be set, displayed,
and cancelled using the ‘B’ command to display the Breakpoint Options Page.

Single step execution

There are two types of single stepping at the source level; which
skips to the next process if the process deschedules, and which remains
in the process even if an error occurs.

Both [SINGLE STEP] and [WALK] execute a single line of code.

At the Monitor page a program can be stepped a single instruction at a time
using the ‘s’ command.
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Changing registers

When a program halts the value of any register can be changed. However,
the effect on the program of changing registers may be unpredictable and the
practice is not recommended.

7.8 Simulator example

This section shows how to use the simulator to debug programs by interactively
monitoring execution of the program. The program used to demonstrate this use
of the simulator is the example program used earlier in this chapter.

7.8.1 Running the simulation

Before starting the simulation you must create a bootable version of the pro-
gram. The simulator requires a bootable file compiled in HALT mode for a T414
processor. :

Start the simulation by typing:

isim debugex.b4h

A Monitor page display appears on the screen. To obtain more information about
the Monitor page commands, press ‘?".

Like the debugger, the simulator uses two pointers to identify the code to be
examined: the instruction pointer Iptr and the workspace descriptor Wdesec.
When the simulator starts Iptr points to the start of the bootstrap code for the
program. To start the program running under the simulator, press ‘X’. This loads
and boots the program and leaves the pointers at the start of the program.

First use the ‘O’ command to examine the occam source. Press ‘O’ to invoke the
command, and then press twice to accept the current pointer values.
The simulator then displays the first line of the program. Press to
return to the Monitor page.

The program can be run either from the source level by pressing [GO| or at

the Monitor page by pressing ‘G'. If the program fails symbolic or Monitor page
facilities can be used to trace the fault.
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Setting break points

Break points can be set at any point in the program. For example, suppose you
suspect that procedure square contains an error. To examine its behaviour
you can set a break point at the procedure and execute it line by line.

Before break points can be set the debug information for the module must be
loaded, using the Monitor page ‘C’' command. When you invoke the command,
you are prompted for the module name, which in this case is debugex (the
name of the file containing the program). When the debug data is loaded, you
can use the ‘P’ command to display procedure and function names.

To set a break point use the ‘B’ command. This displays an options menu called
the Breakpoint Options Page. Choose option 2 — Set break point at
procedure — and type the name square followed by [RETURN]. To confirm
that the break point has been set correctly, return to the Breakpoint Options
Page and invoke option 3 —Display breakpoints.

To cancel the break point use option 4 or option 5 on the Breakpoint Options
Page.

Break points can also be set and cancelled within occam source. The proce-
dure is described in section 7.8.4.

7.8.2 Starting the program

Start the program executing using the Monitor page command ‘G’. The simulator
immediately prompts for a break point address, to which you can respond by
typing [RETURN]. This facility of interactive break point setting differs from the
normal method in that the break point is cancelled once it is reached. For the
purpose of this tutorial you can ignore this facility.

The program runs until it encounters the break point in the procedure, and then
returns to the Monitor page display. The line:

Sum of the first n squares of factorials

is displayed at the bottom of the screen. To remove the line from the screen
display, press [REFRESH|. On the Monitor page Iptr and Wdesc now displays
new values.

To examine the 0ccam source, use the ‘0’ command and press [RETURN] twice to
accept the current program pointers. The cursor moves to the start of procedure
square, and you can either use symbolic debugging to examine the source, or
single step the code as described in the following section.
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7.8.3 Single step execution

To examine the behaviour of procedure square you can execute the code line
by line. At any point in the code you can use symbolic functions such as
to examine variables.

Having located to procedure square, press [STEP]. This moves the cursor to
the first executable line in the procedure, namely:

in ? x

Examine the channel by placing the cursor on the word in, and press [INSPECT].
The channel is empty, indicating that nothing is being sent on the channel, and
the input procedure cannot proceed until the other process is ready to communi-
cate. Now press again and the cursor moves to the line containing the call
to procedure facs, which is the next process waiting on the queue. Because
of the delay in the previous process, this process has started to communicate
on the channel.

Press again to move the cursor to the first line in procedure facs. Press
once more to move the first executable line in the process, position the
cursor over the channel in, and press [INSPECT]. This channel too will be empty.

To examine procedure facs further and avoid jumping to another process, use
in place of [STEP]. This steps a single line of 0ccam source but does not
jump to other processes as they become scheduled.

Press successively to to step through the facs process. When a prompt
appears, type a response as normal and use to clear the display.
As you step though the code of the procedure, you will enter the function
factorial, returning eventually to the body of facs.

7.8.4 Setting break points in source

To return to the procedure square while single stepping the program set a
break point in the 0occam source. Move the cursor to the line:

8q = x * x
and press [SET BREAK]. This sets a break point at that line.
Press to start the program running. The program runs until the new break
point is reached. You can now use symbolic debugging to inspect values within

procedure square, or continue to single step or walk the program starting at
the break point.
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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 i/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 program-
mer. 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 chap-
ter 4.

8.2 Communicating with the host

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

8.2.1 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:

e Opening and closing files
o Reading and writing to files and the terminal

o Deleting and renaming files
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102 8 Access to host services

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

o Returning information specific to the server, such as a version number
o Starting and stopping the server.

Details of the server functions can be found in appendix F.

8.2.2 Library support

Two i/o libraries are provided for accessing the file system and other host ser-
vices. The libraries are summarised below.

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

All 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 streams. It also
provides primitives for reading and writing text and numbers, and for controlling
‘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 chapter 24.

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
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services are no longer required.
Three streams are predefined:

0 standard input
1 standard output
2 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
explicitly and cannot be closed inadvertently using the hostio routines.

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 pressing the system
interrupt key.

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. inc.

8.3 Host implementation differences

The IBM PC version of the host file server supports a number of DOS specific
commands. For details of the routines provided for this implementation see the
Delivery Manual that accompanies the release. The VAX VMS and Sun-3 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 pro-
cedures and functions in the hostio and streamio libraries are host independent.
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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 transputer 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 connection to the host is link zero on
the root processor.

The following code places the host channels correctly on the root processor:

#INCLUDE "linkaddr.inc"
#INCLUDE "hostio.inc"
CHAN OF SP fs, ts :
PLACE fs AT link0O.in
PLACE ts AT linkO.out

In this example hostio.inc contains the SP protocol definition, and
linkaddr. inc contains the transputer link addresses. Both files are provided
with the toolset.

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, with the following channel
placements: £s at 1ink0.in; ts at 1ink0.out.

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.

host transputer

Figure 8.1 Program input/output

If more than one process requires access to the host then the server must be
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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.

Two 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
called so.multiplexor and so.overlapped.multiplexor. Details of
the routines can be found in section 24.4.9.

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

host /

Figure 8.2 Multiplexing the host file server

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.
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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 "processO" -- user processes

#USE "processl"
#USE "process2"

SEQ
[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[1l], from.process[1])
process2 (to.process[2], from.process[2])
stop ! FALSE -- terminate multiplexor

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

Figure 8.3 Multiplexing example
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
transfers to be in progress simultaneously and is known as pipelining.

The routine so.overlapped.buffer can pipeline several buffers up to a
user-defined limit. A pipelined version of the multiplexor process called
so.overlapped.multiplexor performs the same function for multiplexed
processes.
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programming

This chapter describes how to build programs in a mixture of programming lan-
guages. It describes how to use the occam toolset and the C, FORTRAN and
Pascal compilers supplied by INMOS to compile mixed language programs, and
run them on networks of transputers.

The chapter is structured as follows:

Section 9.1 introduces mixed language programming for transputers, and de-
scribes the C, FORTRAN and Pascal code interfaces to occam.

Section 9.2 describes the equivalent occam process and some aspects of its
use. It explains how routines and programs written in other languages are in-
tegrated into occam code by making them appear like separately compiled
occam code.

Sections 9.3, 9.4, and 9.5 describe the three interfaces through which other
language processes are called from occam and also describe the language-
specific routines that implement channel communication.

Section 9.6 describes the communication library routines for the three languages.

Section 9.7 explains how to call occam from C, FORTRAN and Pascal.

9.1 Introduction

For many applications it is appropriate to write the software using more than
one programming language. For example, a particular algorithm may be better
expressed in a specific language or applications software may already exist in
particular languages. In either case a well defined mechanism for mixing lan-
guages within a system is desirable.

The occam programming model provides a clean and simple basis for mixing
languages. The model consists of independent processes, communicating via
channels, which can be distributed in any way to a network of transputers.

Programs written in C, FORTRAN, and Pascal are treated as independent pro-
cesses and like 0CCam processes can be run on any transputer in the network.
Interfaces between occam and C, FORTRAN, and Pascal programs are clear
and well-defined, making it easy to use the languages in parallel programs.
Programs written in these languages must conform to one of several formal
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procedure definitions.

INMOS supplies toolset-compatible compilers for C, FORTRAN, and Pascal.
Special library routines to support channel input and output are supplied with
the compilers.

Mixed language programs can be debugged using the toolset debugger idebug,
with some restrictions. For more information see section 14.4.3.

It is also possible to call separately compiled occam procedures from C, FOR-
TRAN and Pascal. Since occam code requires no elaborate run time environ-
ment, and separately compiled procedures are re-entrant, the code for these
procedures can be shared by different processes running on the same trans-
puter.

9.2 The equivalent 0CCam process

The occam programming model consists of independent processes running in
parallel with other processes and communicating via channels. In accordance
with this model, programs written in C, FORTRAN and Pascal are viewed as
single, separately compiled processes that can be run in parallel with each other,
and with other 0ccam processes.

To form an equivalent occam process for a C, FORTRAN or Pascal program,
the object modules that make up the program (including run time libraries if used)
are linked with special occam interface code using ilink. This produces a
- .exx file.

9.2.1 occam interface code

occam interface code provides a fixed interface between occam and C, FOR-
TRAN or Pascal programs. There are three types of interface code, known as
types 1, 2, and 3. Descriptions and process diagrams for the three interfaces
follow.

Type 1 : This interface is used when the program runs on a single transputer

and communicates only with the host file server. It can be used for C, FORTRAN
and Pascal programs.
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Type 1 C, FORTRAN and Pascal

Type 2 : This interface is used when the program communicates with other
processes as well as the host file server. This interface can be used with C,
FORTRAN, and Pascal programs and is used with the full versions of the re-
spective run time libraries.

Type 2 C, FORTRAN and Pascal

PROC.ENTRY

Type 3 : This interface is similar to the type 2 interface except that there is no
access to the host file server. The interface is used with the reduced version of
the run time library, which contains only startup, maths, string and channel i/o
routines and does not include the routines to access the host i/o services (for
example, access to files and the console). The type 3 interface exists in several
forms for use with C, FORTRAN, and Pascal programs, as illustrated below.
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Type 3 C FORTRAN
E 4
“outl] “Sut (]
PROC .ENTRY.RC PROC.ENTRY .RF
_in[] _in[l
Pascal C, FORTRAN and Pascal
»
“outl]
PROC .ENTRY .RP
_inJ]

Type 2 and 3 interfaces are called from the enclosing 0ccam code and may be
a part of a network of occam processes.

To use an equivalent 0Ccam process in 0ccam source, first declare the process
within the occam program, using the #IMPORT directive. For example, to use
the equivalent occam process defined in the file procl.c8u (which will be
the output of the linker after a C, FORTRAN or Pascal program has been linked
with appropriate 0occam interface code), include the following line in the occam
source:

#IMPORT "procl.c8u" -- contains C program cprocl

See section 23.6.4 for a detailed description of the # IMPORT directive.

The #IMPORT directive for equivalent 0ccam processes has an identical effect
to the #USE directive; in both cases the compiler reads the file and extracts
the necessary information to make the call to the equivalent occam process.
#IMPORT is used rather than #USE to reference equivalent occam processes
in order that the Makefile generator tool imakef can distinguish them from
separately compiled occam processes.

Equivalent occam processes can be collated into a single library file using the
librarian tool ilibr.
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9.2.2 Reserved channels

All equivalent 0ccam processes have four reserved channels, namely in[0],
in[1], out[0] and out [1]. No process which uses host services through
the full run time library should use these channels.

The first two elements of both vectors of channel pointers are reserved as follows:

out [0] Reserved for diagnostic output.
in[0] Reserved for diagnostic input, but not currently used.

out[1] Commands and data from the run time library to the host file
server.

in[1] Responses from the host file server to the run time library.

9.2.3 Error modes

When linked with occam, C, FORTRAN and Pascal programs take the same
compilation error mode as the 0ccam interface code used in linking the program.
The .txxand .cxx extensions of the interface code files indicate the transputer
type and error mode of the code, according to the rules described in section 3.7.2.

Note: If the network includes any processes written in C then you are recom-
mended to use only UNDEFINED or UNIVERSAL error modes throughout the
system. For Pascal and FORTRAN you can use HALT, UNDEFINED or UNI-
VERSAL mode.

9.24 Stack and heap requirements

Data storage (work space) requirements for C, FORTRAN, and Pascal programs
are set according to the values of £lag, ws1, and ws2. Work space is allocated
by the language compiler and run time libraries.

Stack, static data and heap requirements vary from program to program, and

between languages. The work space vectors passed to the program must be
large enough to accommodate:

¢ The stack the program needs when it runs.
o All the static data required by the program.
o The heap used by the program and the run time libraries.

Stack overflow may lead to unpredictable behaviour by the program. For these
reasons it is best to run a program, at first, with a large combined stack and heap.
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Later, when you have run the program and determined stack and heap usage,
you may use a separate stack and heap, tailored to your application. Separate
work spaces allow you to ensure that the stack is resident in the transputer's
internal memory, and enables the program to run faster. Procedures and meth-
ods you can use to optimise stacks are described in INMOS technical note 17:
Performance maximisation’ and INMOS technical note 55: Using the occam
toolsets with non-occam applications.

A minimum stack size of 512 words is recommended.

St_abk overflow

Failure or unpredictable behaviour of programs may be due to stack overflow; to
test for this in a program, use the procedure outlined below.

1 Initialise the bottom few words of the stack (a falling stack is used) to
some pattern of values.

2 Run the program and, after it crashes, use the debugger to examine the
values in the stack. If the values you initialised have been changed then
stack overflow is likely.

3 Increase the stack size and try again.

The same method can be used to determine static data and heap requirements,
except that these use a rising stack.

The following occam fragment gives an example of initialising the bottom of the
stack:

SEQ i = 0 FOR words.to.initialise
wsl[i] := i

9.3 Type 1 interface

The type 1 interface is used when making a program to run on a single transputer,
which does not communicate with any other process apart from the host file
server.

C, FORTRAN or Pascal programs that run on a single transputer do not need to
use occam. Compile the program as usual and then link in the type 1 occam
interface code, using ilink. This builds the equivalent occam process for
the program. It makes the program appear like occam and enables you to add
normal bootstrap code.
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The code for the type 1 process is essentially the same as for any occam
process for a single transputer, except that an extra parameter is required for
the C, FORTRAN, or Pascal program’s run time stack. This only applies if a
separate non-occam stack was requested when iboot was invoked. The size
of the stack is determined by the parameter supplied with the iboot ‘S’ option.

9.3.1 Type 1 procedural interface

The type 1 occam interface is defined as follows:

PROC MAIN.ENTRY (CHAN OF SP fs, ts,
[]INT free.memory,

[1INT stack.memory)

Parameters are described in the following list.

fs Channel going from the host file server to the program
(‘from server’).

ts Channel going from the program to the host file server
(‘to server’).

free.memory Used by the program for its workspace.

If the

size of the stack.memory vector is zero then the
free.memory vectoris used for the program’s run time
stack as well as its static and heap data area, otherwise
the vector is only used by the program for its static and

heap data.

This vector represents the amount of free memory
left after the program has been loaded. The size of
this vector is determined from the environment variable
IBOARDSIZE which specifies the amount of memory
available on the transputer board (in bytes). The value
of IBOARDSIZE is read at run time by the bootstrap
loader before the program is started (see section 11.3.2).

stack.memory Used by the program for its run time stack if the size of

the vector is non-zero.

The size of this vector is determined when the linked pro-
gram is made bootable using iboot, by the parameter

supplied with the ‘S’ option.
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File name | Transputer | Error mode
mainent.c4h T414 HALT
mainent.cds T414 STOP
mainent.c4u T414 UNDEFINED
mainent.c4x T414 UNIVERSAL
mainent.c8h T800 HALT
mainent.c8s T800 STOP
mainent.c8u T800 UNDEFINED
mainent.c8x T800 UNIVERSAL

Table 9.1 Type 1 occam interface code files
9.3.2 Building a type 1 process

The type 1 occam interface code is supplied in the files mainent.c4dx (for
T414 transputers), and mainent . c8x (for T80O0 transputers). The full names
of these files, along with the transputer types and error modes that they support,
can be found in table 9.1.

For example, consider a C program that consists of the following object and
library files:

main.bin
funcs.bin
crtl.lib

The program is to run on a T414 transputer in UNDEFINED mode. The files that
make up the program are listed in the linker indirect file prog.14u.

The program can be linked using one of the following commands:

ilink mainent.c4u /f prog.l4u /o cprog.cdu

ilink mainent.c4u -f prog.l4u -o cprog.cdu

When using the linker, the occam interface code file (mainent.c4u in the
above example) should always be first file in the list, and an output file should
be specified using the linker ‘O’ option. If you do not specify an output file, the
linker uses the first filename in the list and adds a exx extension. In the above
example the default output file would be mainent . c4u, thereby overwriting the
occam interface code.
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When the program has been linked, you can use the bootstrap tool iboot to
produce a bootable program, using the ‘S’ option to specify the amount of run
time stack required. For the above example, using a stack size of 512 words,
the command line would be one of the following:

iboot cprog.cdu /s 512

iboot cprog.cd4u -s 512

9.4 Type 2 interface definition
The type 2 interface is used when building a program that will communicate
with other processes as well as with the host file server. These processes can
be running on the same processor or on other processors in the network and
communicate with the program through channels.
The type 2 interface is used with C, FORTRAN or Pascal programs that have
been linked with the full version of the respective run time library.
9.41 Type 2 procedural interface
The type 2 occam interface is defined as follows:
PROC PROC.ENTRY (CHAN OF SP fs, ts,

VAL INT flag,

[JINT wsl, ws2,

[JINT in, out)

Parameters are described in the following list.
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fs Channel going from the host file server to the program.
ts Channel going from the program to the host file server.

flag Indicates the requirement for one or two work spaces. If the value of
flag is set to zero then the program will run with two work space
areas, one for static and heap data, the other for the run time stack.
If the value of £lag is set to one then the program will run with a
single combined work space.

wsl Used by the program for its workspace. If £lag is zero then it is used
only for the run time stack; if £1ag is one (1) then it is used as the
program’s combined workspace.

ws2 Used by the program as its static’heap workspace when £lag is set
to zero. Otherwise unused.

in A vector of pointers to 0ccam channels going to the process.
out A vector of pointers to occam channels going from the process.

Note: The first two elements in the channel pointer vectors in and out are
reserved for use by the C, FORTRAN or Pascal program’s run time system and
cannot be used by the program. See section 9.2.2 for more details on how these
channel pointers are used.

9.4.2 Building a type 2 process

To build a type 2 equivalent occam process for a network program, link the
compiled units together with type 2 interface code using i1ink.

The type 2 occam interface code is supplied in the files procent.c4x (for
T414 transputers), and procent . c8x (for T800 transputers). The full names
of these files, along with the transputer types and error modes that they support,
can be found in table 9.2.

To link the program use the linker ‘newname=" option to name the program. To
call the program subsequently from the 0ccam source, you must use this name.
The names of all equivalent 0ccam processes in an 0Ccam program must be
unique.

For example, consider a C program made up of the following object and library
files:

main.bin
funcs.bin
crtl.lib
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File name | Transputer | Error mode
procent.céh T414 HALT
procent.cds T414 STOP
procent.c4u T414 UNDEFINED
procent.c4x T414 UNIVERSAL
procent.c8h T800 HALT
procent.c8s T800 STOP
procent.c8u T800 UNDEFINED
procent.c8x T800 UNIVERSAL

Table 9.2 Type 2 occam interface code files

This program is for a T800 transputer, running in UNDEFINED error mode, and
the files that make up the program are listed in the linker indirect file prog.18u.

The program can be linked using one of the following commands:

ilink cprocl=procent.c8u /f prog.l8u /o cprocl.c8u

ilink cprocl=procent.c8u -f prog.iBu -o cprocl.c8Bu

The ‘cprocl=’ part of the command line gives the name cproc1 to the equiv-
alent occam process produced. This is the name that the program will be
called from the occam source and must be a legal occam name. The occam
interface code file (procent . c8u) should always be the first file in the list.

The linker ‘O’ option is used to specify the output file name for the equivalent oc-
cam process. If you do not specify an output file name, the linker uses the first
file name in the list, and appends a . cxx suffix. If no output file had been speci-
fied in the above example, then the linker would have written to procent . c8u.

Having built an equivalent occam process you can then call it from occam
source using the #IMPORT directive. It is recommended that processes written
in C, FORTRAN and Pascal are wrapped in a small occam procedure with a
clean channel interface (rather than arrays of channel addresses directly). The
following section contains two examples to illustrate how this can be achieved.
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9.4.3 Example type 2 wrappings

This section contains examples of how to call a type 2 equivalent 0CCam process
from occam source, and how to set up the parameters required.

Example 1: simple C call

The following example is of the 0ccam procedure ‘call.progl’, within which
a C program is called. The C program has already been made into an equivalent
occam process in the object file ‘cprocl.c8u’. The call name is cprocl.

The source of this procedure is supplied with the toolset examples in the file
ctype2a.ocec.

PROC call.progl (CHAN OF SP fs, ts)

#INCLUDE "hostio.inc"

#IMPORT "cprocl.c8u" -- C program cprocl ()

VAL flag IS 1 : ~-—- combined heap and stack
[100000] INT wsl : -~ stack and heap for program
[1]INT ws2 : -- dummy workspace for program
[2]INT in, out : -- channel pointers

-- call program
cprocl(fs, ts, flag, wsl, ws2, in, out)

After the 0ccam wrapping has been compiled it can then be linked with the C
process in the following way to generate the output file ctype2a. c8u:

ilink ctype2a.t8u cprocl.c8u

The resulting linked code could then be called, like any other separately compiled
unit, by the #USE directive.

Example 2: C call setting up user channels

The following example is of the 0ccam procedure ‘call .prog?2’, within which
a C program is called. The C program has already been made into an equivalent
occam process in the file ‘cproc2.c8u’. The call name is cproc2.

The source of this procedure is supplied with the toolset examples in the file
ctype2b.occ.
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#INCLUDE "hostio.inc"

PROC call.prog2 (CHAN OF SP fs, ts,
CHAN OF COMM to.process,
CHAN OF COMM from.process)

#IMPORT "cproc2.c8u" -- C program cproc2()

VAL flag IS O : -—- separate heap and stack
[1000]INT wsl : -- stack for program

[40000] INT ws2 : -- heap for program

[3]INT in, out : -- pointers to inputs/outputs
SEQ

-- set up user output channel
LOAD.OUTPUT.CHANNEL (out [2], from.process)

-- set up user input channel
LOAD.INPUT.CHANNEL(in[2], to.process)

-- call program
cproc2 (fs, ts, flag, wsl, ws2, in, out)

Two channels are declared of type COMM, the first being an input channel to the
process, the second an output channel from the process. The declaration of
protocol type COMM is assumed.

The first statement sets up a pointer to the output channel, using
LOAD .OUTPUT . CHANNEL. The second statement sets up a pointer to the input
channel, using LOAD. INPUT . CHANNEL.

9.5 Type 3 interface definition

The type 3 interfaces, like the type 2 interface, are used to run programs which
communicate with other processes on the same processor or in a network of pro-
cesses, but which do not require access to host services. Processes built using
the type 3 interfaces can communicate with other processes through channels
in the same way as for type 2 processes.

Four type 3 interfaces are provided, one each for C, FORTRAN and Pascal
programs, and one that can be used with all three of the languages.
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The three specific interfaces are used with programs linked with reduced versions
of their respective run time libraries. The fourth or stub version of the interface
can only be used with the full run time libraries.

9.5.1 Type 3 procedural interfaces
The four interfaces for type 3 equivalent 0ccam processes are defined below.
For C programs:
PROC PROC.ENTRY.RC (VAL INT flag,
[IINT wsl, ws2,
[JINT in, out)
For FORTRAN programs:
PROC PROC.ENTRY.RF (VAL INT flag,
[1INT wsl, ws2,
[JINT in, out)
For Pascal programs:
PROC PROC.ENTRY.RP (VAL INT flag,
[JINT wsl, ws2,
[JINT in, out)
. For C, FORTRAN or Pascal programs linked in with their full run time libraries:
PROC PROC.ENTRY.STUB (VAL INT flag,
[]INT wsl, ws2,
[JINT in, out)

Parameters are described in the following list.
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flag Indicates the requirement one or two work spaces. If the value of
flag is set to zero then the program will run with two work space
areas, one for static and heap data, the other for the run time stack.
If the value of £lag is set to one then the program will run with a
single combined work space.

wsl Used by the program for its workspace. If £lag is zero then it is
used only for the run time stack; if £lag is one then it is used as the
program’s combined workspace.

ws2  Used by the program as its static/heap workspace when f£lag is set
to zero. Otherwise it is unused.

in A vector of pointers to occam channels going to the process.

out A vector of pointers to occam channels coming from the process.

Note: The first two elements in the channel pointer vectors in and out are
reserved for use by the C, FORTRAN or Pascal program’s run time system and
cannot be used by the program. See section 9.2.2 for more details on how these
pointers are used.

9.5.2 Building a type 3 process

To build a type 3 equivalent occam process for a network program, link the
compiled units together with the appropriate interface code using the toolset
linker, i1ink.

The type 3 occam interface code is supplied in the files procent/. c4x (for
T414 transputers) and procent/.c8x (for T800 transputers), where 1 is the
language version (c for C, £ for FORTRAN, p for Pascal, and s for universal).
The full names of these files, along with the transputer types and error modes
that they support, can be found in tables 9.3, 9.4, 9.5 and 9.6.

To link the program use the linker ‘newname=" option to name the program. To
call the program subsequently from the occam source, you must use this name.
The names of all equivalent 0ccam processes in an 0ccam program must be
unique.

For example, consider a C program made up of the following object and library
files:

main.bin
funcs.bin
sacrtl.lib

These files are listed in the linker indirect file prog.18u.
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Table 9.4 Type 3 FORTRAN occam interface code files

72 TDS 184 Q0

C specific versions
File name | Transputer | Error mode
procentc.t4h T414 HALT
procentc.t4s T414 STOP
procentc.t4u T414 UNDEFINED
procentc.t4x T414 UNIVERSAL
procentc.t8h T800 HALT
procentc.t8s T800 STOP
procentc.t8u T800 UNDEFINED
procentc.t8x T800 UNIVERSAL

Table 9.3 Type 3 C occam interface code files

FORTRAN specific versions
File name | Transputer | Error mode
procentf.t4h T414 HALT
procentf.tds T414 STOP
procentf.t4u T414 UNDEFINED
procentf.t4x T414 UNIVERSAL
procentf.t8h T800 HALT
procentf.t8s T800 STOP
procentf.t8u T800 UNDEFINED
procentf.t8x T800 UNIVERSAL
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Table 9.5 Type 3 Pascal occam interface code files

Pascal specific versions

Error mode

File name | Transputer

procentp.t4h T414 HALT
procentp.tds T414 STOP
procentp.t4u T414 UNDEFINED
procentp.t4x T414 UNIVERSAL
procentp.t8h T800 HALT
procentp.t8s T800 STOP
procentp.t8u T800 UNDEFINED
procentp.t8x T800 UNIVERSAL

C, FORTRAN and Pascal versions

File name Transputer | Error mode
procents.c4h T414 HALT
procents.c4s T414 STOP
procents.c4u T414 UNDEFINED
procents.c4x T414 UNIVERSAL
procents.c8h T800 HALT
procents.c8s T800 STOP
procents.c8u T800 UNDEFINED
procents.c8x T800 UNIVERSAL

Table 9.6 Type 3 C, FORTRAN, and Pascal occam interface code files
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The program can be linked using one of the following commands:

ilink cprocl=procentc.t8u /f prog.l8u /o cprocl.c8u

ilink cprocl=procentc.t8u -f prog.l8u -o cprocl.c8u

The ‘eprocl=’ part of the command line gives the name cproc1 to the equiv-
alent occam process produced. This is the name that the program will be
called from the occam source and must be a legal occam name. You must
always specify a name in this way, and each name must be unique. The occam
interface code file procentc.t8u should always be the first file in the list.

The linker ‘O’ option is used to specify the output file name for the equivalent
occam process. If you do not specify an output file name, the linker uses the first
file name in the list, and appends a .cxx suffix. If no output file had been specified
in the above example, then the linker would have written to procentc.c8u.

Having built an equivalent occam process you can then call it from occam
source using the #IMPORT directive. It is recommended that processes written
in C, FORTRAN and Pascal are wrapped in a small 0ccam procedure with a
clean channel interface (rather than arrays of channel addresses directly). The
following section gives an example of how this can be achieved.

9.5.3 Example type 3 wrapping

This section shows how to call an equivalent occam process from occam
source, and how to set up the parameters required.

The following example is of the occam procedure ‘call.prog’, within which
a C program is called. The C program has already been made into an equivalent
occam process, and given the name ‘cprocl.c8u’.

The source of this procedure is supplied with the toolset examples in the file
ctype3.oce. The procedure is listed below.
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PROC call.prog (CHAN OF COMM to.process,
CHAN OF COMM from.process)

#IMPORT "cprocl.c8u" -- C program cprocl()

VAL flag IS O : ~—- separate heap and stack
[1000] INT wsl : -- stack for program

[40000] INT ws2 : -- heap for program

[3]INT in, out : -- pointers to inputs/outputs
SEQ

~- set up user output channel
LOAD.OUTPUT.CHANNEL (out [2], from.process)

-- set up user input channel
LOAD.INPUT.CHANNEL(in[2], to.process)

-- call program
cprocl (flag, wsl, ws2, in, out)

Two channels are declared of type COMM, the first being an input channel to the
process, the second an output channel from the process. The declaration of
protocol type COMM is assumed.

The first statement sets up a pointer to the output channel, using the routine
LOAD .OUTPUT . CHANNEL. The second statement sets up a pointer to the input
channel, using the routine LOAD . INPUT . CHANNEL.

See section 4.4.4 for information on mixing error modes.

9.6 Channel communication

Communication between an equivalent 0ccam process and any other process
is via occam channels. This section contains some guidelines for implementing
channel communication in non-occam languages, and introduces some of the
features used in the INMOS implementations of C, FORTRAN and Pascal for
the transputer.
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9.6.1 Communication libraries

Routines to assist with implementing occam-like protocols in C, FORTRAN and
Pascal are provided in channel i/o packages that are supplied as part of the run
time libraries for INMOS-compatible compilers for the languages. The packages
provide routines equivalent to the 0CCam message passing primitives ! and ?.
Routines that implement other protocols may also be available and for details of
these consult the compiler documentation.

The following list contains functional definitions of the routines provided in the
non-occam run time libraries for implementing primitive occam protocols. The
routines are defined using a functional description in a simple meta-language
form. Mnemonic names are used to express the functions of the routines and
their parameters and each definition is followed by its occam equivalent.

The list of functional definitions is followed by details of the routines provided in
the run time libraries for INMOS-approved C, FORTRAN and Pascal.

outbyte (byteval, channelid)
Send a byte value down a specified channel. occam equivalent:
channel ! BYTE byteval

outword (wordval, channelid)
Send a 32-bit integer value down a specified channel. 0ccam equivalent:
channel ! INT32 wordval

outmess (channelid, bytevec, veclen)
Send a byte array down a specified channel. 0ccam equivalent:
channel ! [bytevec FROM 0 FOR veclen]

inmess (channelid, bytevec, veclen)
Receive a byte array from a specified channel. 0occam equivalent:
channel ? ﬁ:ytevec FROM 0 FOR veclen]

These four routines correspond directly to the channel i/o instructions supported

on the transputer and to the channel input and output statements in occam.

Other protocols can be implemented by using these routines in a particular way.
For example, to provide channel input routines to correspond with outbyte and
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outword, the function inmess can be used in the following way:

Data type | Function call

BYTE inmess (channelid, byteval, 1)

INT32 inmess (channelid, wordval, 4)

9.6.2 C channel communication

In C, occam channels are identified by pointers to variables or array elements
and are passed through arguments to the main function. 1t may be convenient
to define a channel type consisting of an array of pointers.

The primitive channel communication functions provided in the C run time library
are given below. Other routines for channel communication may be provided
with the compiler you are using. For details of these routines and for further
information about channel communication in C see the user documentation that
is provided for the compiler.

—outbyte (byte, chanpointer)

—outword (word, chanpointer)

—outmess (chanpointer, buffer, nbytes)

-inmess (chanpointer, buffer, nbytes)

9.6.3 FORTRAN channel communication

FORTRAN accesses channels by index values which correspond to those of the
occam vectors in and out in the equivalent 0Ccam process definition.

The primitive channel communication functions provided for FORTRAN are given
below. Other routines for channel communication may be provided with the
compiler you are using. For details of these routines and for further information
about channel communication in FORTRAN see the compiler documentation.
SUBROUTINE CHANOUTBYTE (VALUE, ICHANNEL)

This is functionally equivalent to:

CHANOUTMESSAGE (ICHANNEL, BUFFER, 1)
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SUBROUTINE CHANOUTWORD (VALUE, ICHANNEL)
This is functionally equivalent to:
CHANOUTMESSAGE (ICHANNEL, BUFFER, 4)
SUBROUTINE CHANOUTMESSAGE (ICHANNEL, BUFFER, NBYTES)

SUBROUTINE CHANINMESSAGE (ICHANNEL, BUFFER, NBYTES)

9.6.4 Pascal channel communication

Pascal programs access channels by index values that correspond to those of
the occam vectors in and out in the equivalent 0ccam process definition.

You may also need to include the run time library at the head of the program and
use special compiler options. For details of any special procedures you should
use consult the compiler documentation.

The channel communication functions provided in the Pascal run time library are
given below.

PROCEDURE outbyte (byte: CHAR; channel: INTEGER) ;
PROCEDURE outword (word, channel: INTEGER);

PROCEDURE outmess (channel: INTEGER;
VAR bufp: UNIV CHAR;
nbytes: INTEGER) ;

PROCEDURE inmess (channel: INTEGER;
VAR bufp: UNIV CHAR;
nbytes: INTEGER);

9.6.5 Implementing other 0CCam protocols

Wherever possible you should use standard occam protocols with channels
implemented in other languages. These protocols are not checked by normal
language compilers and it is the programmer’s responsibility to ensure that the
protocols are adhered to.

You are recommended to write your own routines for protocol communication,

using the low level channel routines provided by the run time libraries, rather
than use the low level routines directly.
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9.6.6 Guidelines and rules

When implementing channel protocols in other languages the occam rules of
channel communication must be strictly adhered to because other languages do
not provide a check on the way that channels are used. In particular, the length
of a message transmitted from one process must match the length expected by
the receiving process. If not, unpredictable results may occur.

Briefly, the rules for implementing 0occam protocols are as follows:
¢ All inputs must have a matched output and vice versa.

¢ Channels provide unbuffered, unidirectional point-to-point communication
between two concurrent processes. The same channel must not be used
for input and output.

The C, FORTRAN and Pascal primitive channel communication routines supplied
in the run time libraries behave in the same way as occam input (?) and output
(!), that is, communication does not proceed until the corresponding input or
output is performed in the process at the other end of the channel.

The following sections show how to implement the three types of occam pro-
tocol, using the generalised routines that are described in section 9.6.1. For
details of standard occam protocols, see the ‘Occam 2 Reference Manual'.

Simple protocols

Simple protocols for communicating standard occam data types can be im-
plemented directly using the primitive channel communication routines that are
provided in the run time libraries. Table 9.7 and table 9.8 show how these rou-
tines can be called to implement standard occam protocols.

Arrays are input and output using routines inmess and outmess, respectively.
Remember to adjust the length of word arrays by multiplying by the number of
bytes per word.

Counted arrays should be preceded immediately by the length, using the appro-
priate output routine, as shown in table 9.7.

Sequential protocols

Sequential protocols are made up of a sequence of simple protocols. To imple-
ment a sequential protocol use a series of simple protocols in sequence. It is
particularly important that the correct order is maintained, and you are strongly
recommended to write routines for each type of sequential protocol that you wish
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Data type | Routine

BYTE outbyte(byteval, channelid)
BOOL outbyte(byteval, channelid)
INT outword(wordval, channelid)

outmess(channelid, bytevec, 4)
INT16 outmess(channelid, bytevec, 2)
INT32 outword(wordval, channelid)

outmess(channelid, bytevec, 4)
INT64 outmess(channelid, bytevec, 8)
REAL32 | outword(wordval, channelid)

outmess(channelid, bytevec, 4)
REAL64 | outmess(channelid, bytevec, 8)

Table 9.7 Outputting simple protocols

Data type | Routine

BYTE inmess(channelid, bytevec, 1)
BOOL inmess(channelid, bytevec, 1)
INT inmess(channelid, bytevec, 4)
INT16 inmess(channelid, bytevec, 2)
INT32 inmess(channelid, bytevec, 4)

INT64 inmess(channelid, bytevec, 8)
REAL32 | inmess(channelid, bytevec, 4)
REALG64 | inmess(channelid, bytevec, 8)

Table 9.8 Inputting simple protocols
to implement.

Variant protocols

A variant protocol specifies a number of possible formats for communication on
a single channel. Each format has an identifying tag, which may be followed by
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a simple or sequential protocol. For example:

PROTOCOL LINES
CASE
line; BYTE:: []BYTE
error; INT16
terminate

This defines a protocol called LINES which has three tags: line which is
always followed by a byte counted array; error which is always followed by an
INT16; and terminate which is not followed by any further data.

Variant protocol tags are byte values and are always numbered from zero. Thus
in the above example the tag 1ine would have the value 0, error would have
the value 1, and terminate would have the value 2.

Each communication format in a variant protocol may be considered as a se-
quential protocol which always has a byte value as the first item sent. The value
of this byte can be tested and the appropriate action taken.

For example, the following sequence would implement the 1ine format commu-
nication from the LINES protocol:

outbyte(0, channelid)
outbyte(length, channelid)
outmess(channelid, line, length)

The following sequence would implement the errox format communication from
the LINES protocol:

outbyte(1, channelid)
outmess(channelid, number, 2)

The following sequence would implement the terminate format communica-
tion from the LINES protocol:

outbyte(2, channelid)

9.7 Calling occam from other languages

occam procedures can be called from C, FORTRAN and Pascal if the following
rules are observed.
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1 The occam procedure to be called should be a separately compiled unit.
2 occam FUNCTIONs cannot be called.

3 A parameter of type INT should be declared as the first formal parameter
for the occam procedure. The parameter is not used in the occam
procedure, but is used by C, FORTRAN and Pascal as the static link.

4 Formal parameters for the 0ccam procedure must be scalars or arrays
and must not be VAL parameters. Array bounds must be declared within
the occam procedure. Dynamically sized arrays can be passed into
occam by oversizing the formal array parameter in 0ccam, specifying
an additional formal parameter to define the actual size, and setting up
an abbreviation in the 0occam procedure to define the bounds, thereby
enabling subscript checking.

5 Actual parameters should be passed from the calling program as pointer
values. In C this can be a pointer to an integer or the address of an
integer, and in Pascal a pointer variable. In FORTRAN all parameters
are implicit pointers.

6 Interaction with the calling program must be via channel parameters.
Channel parameters are passed from C programs as pointer values.
Standard FORTRAN and Pascal have no way of passing channel equiv-
alents, and so interaction of 0ccam with a calling FORTRAN or Pascal
program is not possible without special extensions. Extensions to create
channel pointers may be available with some versions of parallel FOR-
TRAN compilers. For further details consult the compiler documentation.

7 The occam procedure must not use its vector space. If arrays are used
they should be explicitly placed within the workspace.

8 Itis the programmer’s responsibility to ensure that there is enough workspace
on the stack of the calling program.

As Occam is a static language without global variables (unlike C, FORTRAN and
Pascal) it is possible that any common occam routines can be shared between
the C, FORTRAN and Pascal programs that use them and that also run on the
same processor.

This can be achieved by first linking the C, FORTRAN or Pascal programs with-
out the occam routines that they have in common using the linker ‘U’ option
(allowing unresolved references). The linked C, FORTRAN or Pascal programs,
the common 0ccam routines that are to be shared and the occam wrapping
that calls the C, FORTRAN or Pascal programs, can then be linked together to
produce the entire program.

72 TDS 184 00 April 1989



Calling 0occam from other languages 133

9.7.1 Examples

The following examples show how C, FORTRAN and Pascal programs can call
a occam routine which has integer and byte variables as part of its formal
parameter specification.

The formal parameter specification for such an occam routine is shown below:
PROC occaml (INT dummy, INT word, BYTE byte)

Calling sequences for C, FORTRAN, and Pascal are illustrated below.

C:

int woxd;
char byte;

extern void occaml();

occaml (&word, &byte);
FORTRAN:

INTEGER WORD
CHARACTER BYTE

EXTERNAL OCCAM1

CALL OCCAM1 (WORD, BYTE)
Pascal:

VAR
word : INTEGER;
byte : CHAR;

IMPORT PROCEDURE occaml ALIAS ’'occaml’
(VAR word : INTEGER;
VAR byte : CHAR);

BEGIN
occaml (word, byte);
END.

THe following examples show how C, FORTRAN and Pascal programs can call
an occam routine which has integer and byte vector variables as part of its
formal parameter specification.
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The formal parameter specification for such an occam routine is as follows:

PROC occam2 (INT dummy,
[10]INT words,
[20]BYTE bytes)

Calling sequences for C, FORTRAN, and Pascal are illustrated below.
C:

int words[10];
char bytes[20];

extern void occam2();

occam2 (words, bytes);
FORTRAN:

INTEGER WORDS
CHARACTER BYTES

DIMENSION WORDS(10), BYTES (20)
EXTERNAL OCCAM2
CALL OCCAM2 (WORDS, BYTES)

Pascal:

TYPE
wordvector
bytevector

ARRAY [0..9] OF INTEGER;
PACKED ARRAY [0..19] OF CHAR;

VAR
words : wordvector;
bytes : bytevector;

IMPORT PROCEDURE occam2 ALIAS 'occam2’
(VAR words : wordvector;
VAR bytes : bytevector);

BEGIN

occam2 (words, bytes);
END.
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programming

This chapter describes a number of features of the toolset occam 2 compiler
which support low-level programming of transputers. These are as follows:

Allocation This allows a channel, a variable, an array or a port to be placed at
an absolute location in memory.

Code insertion This allows sections of transputer machine code to be inserted
into occam programs.

Dynamic code loading A set of library procedures is provided that allows an
occam program to read in a section of compiled code (from a file, for
example) and execute it.

T

Extraordinary use of links A set of library procedures is provided which allow
link communications which have not completed to be handled by timeout,
or be aborted by another part of the program.

Setting the transputer error flag The transputer error flag can be explicitly set
using the predefined routine CAUSEERROR.

10.1 Allocation

Allocation is performed using the 0ccam PLACE statement, which is defined
formally as follows:

allocation = PLACE name AT expression :
The PLACE statement in occam allows a channel, a variable, an array, or
a input/output channel for a memory mapped device (port), to be placed at an
absolute location in memory. This feature may be used for a number of purposes,
for example:
« To map occam channels onto specific transputer links from within an
occam program. Channels mapped onto links in this way are known as
‘hard’ channels.
o To map arrays onto particular hardware such as video RAM.
o To access devices (such as UARTs or latches) mapped into the trans-
puter's address space.
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The PLACE statement should not be used to force critical arrays or variables into
on-chip RAM. The occam compiler allocates memory according to the scheme
outlined in chapter 11, and cannot allow data to be placed arbitrarily in memory.
To make the best use of on-chip RAM use separate vector space as described
in section 4.4.6.

The address of a placed object is derived by treating the value of the expression
as a word offset into memory. In 0CCam addresses start at zero, while physical
machine addresses start at MOSTNEG INT (#80000000 on 32-bit transputers
and #8000 on 16-bit transputers). An 0ccam address can be considered as a
subscript to an INT vector mapped onto memory. Thus the following statement
would cause n to be allocated address #80000004 on a 32-bit transputer:

PLACE n AT 1:

Addresses are calculated in this way so that the transputer links can be accessed
using code that is independent of the word length. The links are mapped to
addresses 0, 1, 2...7.

Translation from a machine address to the equivalent 0ccam address ([] INT
subscript vafue) can be achieved by the following declaration:

VAL occam.addr IS
(machine.addr>< (MOSTNEG INT)) >> w.adjust:

where: w.adjust is 1 for a 16-bit transputer and 2 for a 32-bit transputer.
The following two code fragments illustrates the placement of channels on links.
CHAN OF ANY in.1ink0, out.linkO :
CHAN OF ANY in.1linkl, out.linkl :
CHAN OF ANY in.link2, out.link2 :
CHAN OF ANY in.link3, out.link3 :
CHAN OF ANY in.event :

PLACE out.link0 AT 1linkO.out:
PLACE in.1link0 AT l1linkO.in:

PLACE out.linkl AT linkl.out:
PLACE in.linkl AT linkl.in:

PLACE out.link2 AT link2.out:
PLACE in.link2 AT link2.in:

PLACE out.link3 AT 1link3.out:
PLACE in.1link3 AT link3.in:

PLACE in.event AT event.in:
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or:

[4]CHAN OF ANY out.links, in.links :

PLACE out.links AT O:
PLACE in.links AT 4:

-Link addresses are defined in the include file 1inkaddr. inc that is supplied
with the toolset.

Although shown here as CHAN OF ANY channels you should use specific 0C-
cam channel protocols wherever possible to ensure that channels are properly
checked at compile time.

All placed objects must be word aligned. If it is necessary to access a BYTE
object on an arbitrary boundary, or an INT16 object on an arbitrary 16-bit bound-
ary, the object must be an element of an array which is placed on a word ad-
dress below the required address. For example, to access a BYTE port called
io.register located at physical address #40000001 on a T414 the follow-
ing must be used:

[4]PORT OF BYTE io.regs.vec :
PLACE io.regs.vec AT #30000000 :
io.register IS io.regs.vec[l]

Placement may be used on transputer boards to access board control functions
mapped into the transputer's address space. For example, on the IMS B004,
the subsystem control functions (Error, Reset and Analyse) are mapped into
the address space and can be accessed from occam as placed ports. The
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following code will reset the subsystem on an IMS B004:

PROC reset.b004.subsystem()

VAL subsys.reset IS #20000000: -- address O
VAL subsys.error IS #20000000: -- address 0
VAL subsys.analysa IS #20000001: -- address 4

PORT OF BYTE reset, analyse, error:
PLACE reset AT subsys.reset:
PLACE analyse AT subsys.analyse:
PLACE error AT subsys.error:
VAL delay IS 78: -- 5 msec delay
TIMER clock:
INT time:
SEQ
-- set reset and analyse low
analyse ! 0 (BYTE)
reset ! 0 (BYTE)

reset ! 1 (BYTE) -- hold reset high
clock ? time

clock ? AFTER time PLUS delay

reset ! 0 (BYTE) -- reset subsystem

The error and analyse functions can be controlled from occam in a similar way.

10.2 Code insertion

This section describes the facilities provided by the occam 2 compiler code
insertion mechanism.

The code insertion mechanism enables the user to access the instruction set of
the transputer directly within the framework of an occam program. Symbolic
access to occam variable names is supported, as is automatic jump sizing.
More details on the instruction set may be found in ‘The transputer instruction
set: a compiler writer's guide’.

Code insertion may be employed to perform tasks which are not possible in
occam, or for particularly time-critical sections of a program. There are two
reasons, however, why code insertion should be avoided as a solution to prob-
lems which may, with some thought, be solved using occam.

The first and most important reason is that the validity of a system consisting
entirely of occam can be checked by the compiler. The compiler can check
usage of channels, access to variables, communication protocols and range
violations, and a single code insert prevents the compiler from performing these
checks adequately. A second reason is that the transputer instruction set is
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optimised for high level languages, particularly occam, and algorithms which
are simple to code and easy to debug in occam may become difficult and
obscure when coded in the transputer instruction set directly.

10.2.1 Using the code insertion mechanism

An occam 2 code insertion is introduced by the construct GUY. The context
of the GUY construct is determined, as with all occam constructs, by the text
indentation. The transputer instructions which follow the GUY must be indented
and there can only be one instruction per line. Lines may be terminated by
a comment, which is introduced by a double dash (‘--’) as in occam. The
transputer instructions are upper case versions of the standard mnemonics listed
in ‘The transputer instruction set: a compiler writer's guide’.

Compiler options determine which instructions may be used within sections of
code insertions, in the unit being compiled. The default is to disallow all code
inserts. If the ‘G’ option is used, then the instructions allowed are a restricted set
of instructions which are sufficient for time-critical sections of sequential code.
If the ‘W option is used, then all transputer instructions are allowed. Since the
inclusion of some instructions may have an unexpected effect on the occam
program (for example, instructions which move the workspace pointer), instruc-
tions outside of the restricted set must be used with great care. Transputer
instructions in the restricted set are listed in appendix B.

For example, to perform a 1's complement addition we can write the following
occam:

INT carry, temp:

SEQ
carry, temp := LONGSUM (a, b, 0)
¢ := carry PLUS temp

However, if this occurs in a time-critical section of the program we might replace
it with:

GUY
LpC 0
LDL a
LDL b
LSUM
SUM
STL ¢

which would avoid the storing and reloading of carry and temp.

Values in the range MOSTNEG INT - MOSTPOS INT may be used as
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operands to all of the direct functions without explicit use of prefix and negative
prefix instructions. Access to non-local occam symbols is provided without
explicit indirection. This means that a single line of code such as LDL a might
be translated by the compiler into a sequence of transputer instructions.

A more complex example, which sets error if a value read from a channel is not
in a particular range, takes advantage of both these facilities:

INT a :
.. other code
PROC get.and.check.index (CHAN OF INT c)

SEQ
c ? a
GUY
LDL a -- push value of free variable
- onto stack
LDC 512 -- push 512 onto stack
CCNT1 -- if NOT (0 < a <= 512)

- then set error

If there is a requirement for the code insertion to use some work space, then the
work space may be declared before the GUY construct, in which case, the work
space locations are accessed like any other occam symbol.

INT a :
SEQ
INT b, ¢
GUY
LDL a -- push value in a onto stack
STL b -- pop value from stack into b

more code

10.2.2 Labels and jumps

To insert a label into the sequence of instructions, put the name of the label,
preceded by a colon, on a line of its own. Then when the label is used in an
instruction, precede the name with a full stop. For example:

GUY
some instructions
:FRED
some more instructions
CJ .FRED

The same labe! name may not be defined more than once within an occam
procedure.
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10.3 Dynamic code loading

The toolset compiler permits the dynamic loading and execution of code using
the procedures described in this section.

The dynamic code loading procedures are provided automatically by the com-
piler and are not referenced by a #USE directive. The procedures allow you to
write an occam program that reads in a compiled 0ccam procedure, and then
calls it. The called procedure may be compiled and linked separately from the
calling program and read in from a file. It is possible to pass parameters to the
procedure.

The procedures are outlined in the table below, and described in the following
sections, with examples.

Procedure Parameter Specifiers

KERNEL.RUN VAL []BYTE code,

VAL INT entry.offset,
[]INT workspace,

VAL INT

no.of .parameters

LOAD. INPUT.CHANNEL INT here,
CHAN OF ANY in

LOAD. INPUT.CHANNEL.VECTOR INT here,
[JCHAN OF ANY in.vec

LOAD.OUTPUT .CHANNEL INT here,
CHAN OF ANY out

LOAD.OUTPUT .CHANNEL .VECTOR | INT here,
[JCHAN OF ANY out.vec

LOAD.BYTE.VECTOR INT here,
[IBYTE b.vec

The bootstrap tool iboot described in chapter 11, can produce code in a format
suitable for dynamic loading. The file format is described in appendix E.
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10.3.1 Calling code

The occam 2 compiler recognises a procedure KERNEL . RUN with the following
parameters:

PROC KERNEL.RUN (VAL []BYTE code,
VAL INT entry.offset,
[1INT workspace,
VAL INT no.of.parameters)

The effect of this procedure is to call the procedure loaded in the code buffer,
starting execution at the location code [entry.offset].

The code to be loaded must begin at a word-aligned address. To ensure proper
alignment either start the array at zero or realign the code on a word boundary
before passing it into the procedure.

The workspace buffer is used to hold the local data of the called procedure.
For details of the contents of the workspace buffer see figure 10.1.

The parameters passed to the called procedure should be placed at the top of
the workspace buffer by the calling procedure before the call of KERNEL . RUN.
The call to KERNEL.RUN returns when the called procedure terminates. If the
called procedure requires a separate vector space, then another buffer of the
required size must be declared, and its address placed at the end of the param-
eter list in workspace. This pointer is treated like an extra parameter and so
no.of.parameters must be increased by one.

The value of the integer no.of .parameters should be increased by one if
separate vector space is used.

The workspace passed to KERNEL.RUN must be at least:
[ws.requirement + no.of.parameters + 3]INT
or if the program does not require separate vector space:
[ws.requirement + no.of.parameters + 2]INT
The parameters must be loaded before the call of KERNEL . RUN. The parameter
corresponding to the first formal parameter of the procedure should be in the

word immediately above the saved Iptr word, and the last parameter should
be in the word immediately below the saved Wptr word.

72 TDS 184 00 April 1989



10.3 Dynamic code loading 143

workspace[size.of.workspace - 1]

last parameter [ [no.of .parameters] INT

1st parameter

workspace[0]

INT
saved wptr saved by KERNEL . RUN
T (only if separate vector space
address of vector space required by procedure)

parameters loaded by caller

INT
saved iptr saved by KERNEL . ROUN

[ws.requirement] INT

local workspace

Figure 10.1 Workspace buffer

10.3.2 Loading parameters

There are a number of library procedures to set up parameters before the call.
These are:

LOAD

LOAD.

LOAD

LOAD

.INPUT.CHANNEL (INT here, CHAN OF ANY in)

The variable here is assigned the address of the input channel in.

INPUT.CHANNEL.VECTOR (INT here,
[JCHAN OF ANY in.vec)

The variable here is assigned the address of the input channel vector
in.vec.

.OUTPUT.CHANNEL (INT here, CHAN OF ANY out)

The variable here is assigned the address of the output channel out.

.OUTPUT .CHANNEL.VECTOR (INT here,

[ICHAN OF ANY out.vec)

The variable here is assigned the address of the output channel vector
out.vec.

72 TDS 184 00 April 1989



144 10 Low level programming

LOAD.BYTE.VECTOR (INT here, []BYTE b.vec)
The variable here is assigned the address of the byte vector b. vec.

Note that when passing vector parameters, if the formal parameter of the PROC
called is unsized then the vector address must be followed by the number of
elements in the vector, for example:

LOAD.BYTE.VECTOR (param[0], buffer)
param[l] := SIZE buffer

Thus an unsized vector parameter requires 2 parameter slots. The size must be
in the units of the array (not in bytes, unless it is a byte vector, as above). For
multi-dimensional arrays, one parameter is needed for each unsized dimension,
in the order that the dimensions are declared.

All variables and arrays should be retyped to byte vectors before using
LOAD .BYTE.VECTOR to obtain their addresses, using a retype of the form:

[IBYTE b.vector RETYPES variable:

LOAD .BYTE. VECTOR should also be used to set up the address of the separate
vector space.

10.3.3 Examples

This section gives two examples of dynamic loading. The first is a simple exam-
ple showing how parameterless code can be input on a channel and loaded. The
second is a more complex example showing how to set up and pass parameters
into a dynamically loaded program.

Example 1: load from link and run

This is a simple procedure to load a (parameterless) code packet from a link and
run it. The type of the packet is given by the protocol:

PROTOCOL CODE.MESSAGE IS INT::[]BYTE; INT; INT

The code is sent first, as a counted array, followed by the entry offset and
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workspace size.

PROC run.code (CHAN OF CODE.MESSAGE input,

. [IINT run.vector, []BYTE code.buffer)
VAL no.parameters IS 3 : -- smallest allowed
INT code.length, entry.offset,work.space.size:
INT total.work.space.size:

SEQ
input ? code.length::code.buffer;
entry.offset; work.space.size
total.work.space.size :=
(work.space.size + no.parameters) + 2

[]INT work.space IS [run.vector FROM 0 FOR

total.work.space.size]

KERNEL.RUN (code.buffer, entry.offset,

work.space, no.parameters)

Example 2: system loader

This example shows how to set up parameters prior to running code loaded from
a file. It is assumed that the code requires use of a separate vector space.

Consider a process with an entry of the form:

PROC process (CHAN OF ANY fs, ts, []INT buffer,
VAL BOOL debugging, INT result)

The two channel parameters £s and ts handle input to and output from the file
server; the INT vector acts as a buffer. The two channels and the buffer are the
same parameters as are provided by the bootstrap code added by the bootstrap
tool iboot (chapter 11), and the example takes advantage of this. The fourth
parameter is a value parameter that will not be changed by the process, so
only the value needs to be passed. The final parameter is an INT that will be
changed by the process, and its address must be passed into the procedure.

The calling program is shown below. The program reserves 256 bytes for the
code that is to be read in; if you use this program make sure you modify this
value to suit the size of your own code.

PROC call.program (CHAN OF ANY fs, ts, []INT free.memory)

—-- Variables for holding code and entry and workspace
-- data read from file

[256] BYTE code:

INT code.length, entry.offset, work.space.size:

INT vector.space.size:

INT result: -- Variable used by process
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VAL debugging IS TRUE: -~ Value param for process
VAL no.params IS 6: -- No. of parameter slots

-- Need 1 slot per parameter + 1 for the size of the
-- array parameter

SEQ
... Read in code and data about code

~- Slice up memory vector for use by process
[1INT ws IS [free.memory FROM 0O FOR
(work.space.size PLUS 3) PLUS no.params]:
-—- Resarve work space requirement for process
[]INT parameter IS [ws FROM work.space.size PLUS
1 FOR no.params]:
-- Reserve slot in ws for parameters
[JINT vs IS [free.memory FROM SIZE ws FOR
vactor.space.size]:
-- Reserve vector space requirement for process
[1BYTE b.vs RETYPES vs:
-- Retype as a byte vector
-- All vectors must be loaded as byte vectors.
[]INT buffer IS [free.memory FROM (SIZE ws) PLUS
(SIZE vs) FOR
(SIZE memory) MINUS ((SIZE ws)
PLUS (SIZE vs))]:
-- Reserve remainder of memory for use
-- as process parameter buffer
[IBYTE b.buffer RETYPES buffer:
-- Retype as a byte vector
[]BYTE b.result RETYPES raesult:
~- All variables must be retyped as a byte vector
SEQ
LOAD. INPUT.CHANNEL (parameter[0], £fs)
LOAD.OUTPUT.CHANNEL (parameter[1l], ts)
LOAD.BYTE.VECTOR (parameter[2], b.buffer)
parameter[3] := SIZE buffer
parameter[4] := INT debugging
—-- Store value parameter
LOAD.BYTE.VECTOR (parameter[5], b.result)
~- Load address of INT parameter
LOAD.BYTE.VECTOR (parameter[6], b.vs)
-- set pointer to vector space
KERNEL.RUN([code FROM 0 FOR code.length],
entry.offset, ws, no.params)
-- Run the process

This example first declares the variables and constants required for the pro-
cess. The vector code should be of a size large enough to hold the code for
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the process. The values of the variables code.length, entry.offset,
work.space.size and vector.space.size are determined from the
data in the code file.

Next the vector free.memory is partitioned for use as the process’s work
space, vector space and as the variable vector used by the process. All vectors
and variables used by the process must be retyped as byte vectors so that their
address can be determined by the predefined routine LOAD .BYTE . VECTOR.

The parameters for the process are then set up. The unsized vector buffer is
passed as an address followed the size of the vector, in integers. Note that the
size of buffer, not b.buffer, is used.

The partitioning of the free memory buffer is illustrated in figure 10.2.

Top of free memory

buffer

ws + vs

vector space

ws

Wptr
vector I

parameters
Iptr

workspace

Start of free memory

Figure 10.2 Partitioning of free memory
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10.4 Extraordinary use of links
Introduction

The transputer link architecture provides ease of use and compatibility across
the range of transputer products. It provides synchronised communication at the
message level which matches the occam model of communication,

In certain circumstances, such as communication between a development sys-
tem and a target system, it is desirable to use a transputer link even though the
synchronised message passing of 0ccam is not exactly what is required. Such
extraordinary use of transputer links is possible but requires careful programming
and the use of some special occam procedures.

The use of these procedures is described in this chapter. To use them in a
compilation unit, the directive #USE "xlink.1lib" should be inserted at the
top of the source for that unit. For details of the procedures see section 24.9.

10.4.1 Clarification of requirements

As an example, consider a development system connected via a link to a target
system. The development system compiles and loads programs onto the target
and also provides the program executing in the target with access to facilities
such as a file store. Suppose the target halts (because of a bug) whilst it is
engaged in communication with the development system. The development
system then has to analyse the target system.

A problem will arise if the development system is written in ‘pure’ occam. It
is possible that when the target system halts, the development system is in the
middle of communicating on a link. As a result, the input or output process will not
terminate and the development system will be unable to continue. This problem
can occur even where an input occurs in an alternative construct together with a
timeout (as illustrated below). When the first byte of a message is received the
process performing the alternative is committed to input; the timer guard cannot
subsequently be selected. Hence, if insufficient data is transmitted the input will
not terminate.

ALT
TIME ? AFTER timeout

from.other.system ? message

It is important to note that the problem arises from the need to recover from the
communication failure. It is perfectly straightforward to detect the failure within
‘pure’ 0ccam and this is quite sufficient for implementing resilient systems with
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multiple redundancy.

10.4.2 Programming concerns

The first concern of a designer is to understand how to recognise the occurrence
of a failure. This will depend on the system; for example, in some cases a timeout
may be appropriate, in others the failure may need to be signalled to another
process on a channel.

The second concern is to ensure that even if a communication fails, all input
processes and output processes will terminate. As this cannot be achieved
directly in occam, there are a number of library procedures which perform the
required function. These are described below.

The final concern is to be able to recover from the failure and to re-establish
communication on the link. This involves reinitialising the link hardware; again
there is a suitable library procedure to allow this to be performed.

10.4.3 Input and output procedures

There are four library procedures which implement input and output processes
which can be made to terminate even when there is a communication failure.
They will terminate either as the result of the communication completing, or as
the result of the failure of the communication being recognised. Two proce-
dures provide input and output where communication failure can be detected by
a simple timeout, the other two procedures provide input and output where the
failure of the communication is signalled to the procedure via a channel. The
procedures have a boolean variable as a parameter which is set TRUE if the pro-
cedure terminated as a result of communication failure being detected, and is set
FALSE otherwise. If the procedure does terminate as a result of communication
failure then the link channel can be reset.

All four library procedures take as parameters a link channel ¢ (on which the
communication is to take place), a byte vector mess (which is the object of the
communication) and the boolean variable aborted. The choice of a byte vector
as the parameter to these procedures allows an object of any type to be passed
along the channel provided it is retyped first.

The two procedures for communication where failure is detected by a timeout
take a timer parameter TIME, and an absolute time t. The procedures treat the
communication as having failed when the time as measured by the timer TIME is
AFTER the specified time t. The names and the parameters of the procedures
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