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Preface

Development tools and system products are important and developing areas of application for INMOS de-
vices. The Transputer Development and iq Systems Databook has been published to provide detailed in-
formation on the INMOS product range.

The databook comprises an overview, engineering data and applications information for the current range
of development tools and systems products.

INMOS provide a wide range of development tools including compilers, toolsets and development kits.
A diverse range of software is also available. INMOS systems products provide powerful developmentplat-
forms for system designers interested in high density, high performance, design simplicity and cost effec-
tiveness.

In addition to development tools and systems products, the INMOS product range also includes transputer
products and high performance graphics devices. For further information concerning INMOS products
please contact your local SGS-THOMSON sales outlet.
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11 Introduction

The SGS-THOMSON Microelectronics Group is a major supplier of a wide range of semi-conductor de-
vices and commands leading market positions in many product areas. The acquisition of INMOS has
strengthened SGS-THOMSON's portfolio. INMOS, based in the UK, operates in the same way as all other
divisions of SGS-THOMSON and services its customers through the SGS-THOMSON sales network.

INMOS is a recognised leader in the development and design of high-performance integrated circuits and
is a pioneer in the field of parallel processing. Components are manufactured and designed to satisfy the
most demanding of current applications and also provide an upgrade path for future applications. Current
designs and development will meet the requirements of systems in the next decade. Computing require-
ments essentially comprise high performance, flexibility and simplicity of use. These characteristics are
central to the design of all INMOS products.

INMOS has a consistent record of innovation over a wide product range and, together with its parent com-
pany SGS-THOMSON Microelectronics, supplies components to system manufacturing companies in the
USA, Europe, Japan and the Far East. INMOS products include arange of microprocessors called transput-
ers, arange of systems products known as iq systems and high performance graphics devices. The corpo-
rate headquarters, product design team and worldwide sales and marketing management are based at
Bristol, UK.

The SGS-THOMSON Microelectronics Group is constantly upgrading, improving and developing its prod-
uct range and is committed to maintaining a global position of innovation and leadership.

The Transputer Development and iq Systems Databook has been published to assist in the choice of trans-
puter development support products available for SUN, VAX and PC users and to give detailed information
on the range of INMOS iq systems products specifically designed for integration into end-user systems.
INMOS iq systems business is dedicated to supplying and servicing the systems builder with innovative
and high quality modular products.

Design engineers will find it convenient to use this book in conjunction with The Transputer Databook, one
of a series of product specific databooks which detail the INMOS product range.

1.2 Innovation and Quality

The INMOS transputer family of microprocessors is the industry standard in the field of multi-processing.
The family consists of a range of powerful VLS| devices which all adhere to the same basic architecture
incorporating a processor, memory and communication links for direct connection to other transputers.

Multiprocessor systems can be constructed from a collection of transputers operating concurrently and
communicating through links. Unlike all other microprocessor implementations currently commercially
available, additional bus arbitration logic is not required.

INMOS provides a wide range of tools to support development on the transputer. These have been de-
signed to enable users to easily evaluate transputers and develop systems smoothly within the shortest
possible timescales. Development tools include C, FORTRAN and PASCAL compilers and development
packages based on the 0Ccam compiler. A wide range of software is also available from third parties,
including products such as Ada, VRTX and C Executive, overviews for which are included in this databook.
Details of other third party software products for the transputer may be found in The Transputer White Pages
Directory, available from your local SGS-THOMSON sales outlet. INMOS provides technical field support,
software training courses and a comprehensive software support service.

INMOS has further exploited the power of the transputer architecture and technology by providing a range
of modular hardware products for integration into end-user systems and for use as development platforms
for general fransputer projects. These TRAMs (TRAnsputer Modules) are part of the total INMOS iq systems
strategy to fully support the systems builder in terms of innovation and quality for INMOS products and
service.

Technical expertise in design and manufacturing of transputer silicon and associated software provides
an excellent basis for a professional system product range. INMOS has been a successful supplier of
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silicon products to the electronics industry for many years and fully recognises the importance of service
and quality in the high technology business sectors. In a demanding and competitive marketplace INMOS
is fully aware of the critical importance to the system builder of reliable products and effective supplier sup-

port.

The experience, expertise and innovation of INMOS combined with the full support and resources of its
parent multinational company, SGS-THOMSON Microelectronics, results in a stable yet efficient business
foundation.

1.3 TRAMS (TRAnsputer Modules)

The INMOS TRAM concept was introduced during 1987 to exploit some of the major benefits of the transput-
er and parallel processing.

TRAMS are small, cost effective sub-assemblies of transputers and other circuitry (often RAM) with a very
simple but efficient 16 signal interface standard profiled in modular sizes. The interface accommodates
4 serial INMOS links for inter-processor communication, power supply and system signals.

With this standard, TRAMs may be mounted onto a variety of motherboards which provide specific host
interface hardware. Each motherboard can connect to a number of TRAMs and provides facilities for confi-
guring a network of TRAMSs to the user specified topology under software control. A software package is
provided for motherboards which allows this task to be undertaken with the minimum of effort.

The TRAM architecture offers many advantages over conventional system configurations. The following
features are included:

« An industry standard yet simple multiprocessor interface
« Upgradability at incremental cost
« Maximum flexibility of cost/performance with minimal real-estate

This modular philosophy will continue to be enhanced with new products on current and future silicon tech-
nology.

1.3.1 Standard Interface

The electrical interface to every TRAM product consists of 16 signal pins meeting a standard electrical and
mechanical format. All TRAMs are based upon a single module profile with a defined pin layout. This single
format is known as Size 1. Larger TRAMs are simply multiple sizes of this format with the same pin spacing.
This published format will be maintained for future INMOS TRAM development and has already been
adopted by many third party developers to extend the range of TRAM options and hosts.

1.3.2  Upgradability

Upgradability has been a major attraction for customers both for development and end product applica-
tions. TRAMSs are becoming known as a futureproof solution. Investment made today using TRAMs, with
respect to software and hardware engineering, can be regarded as an investment for future designs. The
transputer’s unique ability to distribute application software by booting networks via the links enables
TRAMs to fully exploit current hardware technology and, at the same time, liberate software development
from hardware constraints of cost, real-time performance and compute power. For example, a system de-
signed today by the system integrator may be very efficiently enhanced at some time in the future as aresult
of a change in his end market demand. This can be achieved in two ways:

¢ Replace existing TRAMs with faster transputer TRAMs as they become available (eg, T805-25 to
T805-30)

¢ Add additional TRAMSs to the existing hardware



In either case the system cost is incremental and it is possible to operate with the same original application
software by simply reconfiguring and booting the new network. Using traditional sequential multiprocessor
solutions the second approach would inevitably result in a complete system hardware and software
re-design, significant expansion in board area and a drawn out time to market.

1.3.3  Flexibility

Many system designers exploit the modularity of TRAMs to provide a range of products meeting varieties
of performance/cost demand mix. For example, due to the modularity of the hardware and software, a cus-
tomer may develop a low budget product and a high performance product from the same range of compo-
nents. In addition, the same design can be used across the INMOS range of motherboards or specific cus-
tomer designed motherboards which conform to the TRAM specification. This results in a single design
being able to exploit a wide range of host environments and markets.

Unlike other architectural implementations, this flexibility can be achieved utilising just one application
software package. A further advantage of this approach is the commonality of TRAM components within
each end product type. This offers the system builder significant savings by minimising inventory holding.

1.3.4 Evaluation

Customers investing in the TRAM architecture for transputer evaluation purposes have the opportunity to
immediately investigate the performance and characteristics of new transputer silicon as it becomes avail-

able.

1.4 Quality and Reliabllity

A description of the SGS-THOMSON Microelectronics approach to Quality and Reliability is included later
in this databook. The subject is comprehensively detailed in the SGS-THOMSON Quality and Reliability

publication SURE 5. This program is applied totally to all INMOS products.
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Chapter 2

IMS D7205

IMS D6205

IMS D5205

IMS D4205

OocCam 2 Toolset

° i
nNMOS*
Product Information

occam cross-development systems for IBM PC, NEC PC,
Sun 3, Sun 4 and VAX hosts

KEY FEATURES

occam compiler for INMOS transputer family of processors
Tools to support separate compilation (linker, librarian)

Tools for creating and loading multiprocessor programs
Breakpointing and post-mortem symbolic debugger for multiprocessor programs
Automatic make file generator

T425 transputer simulator

Scientific libraries

Support for all types of transputer (32 and 16 bit)

Support for mixed networks containing different transputer types
Support for assembler inserts in 0CCam programs

Support for mixed language programming

Tools to support preparation of programs for EPROM

Consistent tools across PC, VAX VMS, Sun 3, and Sun 4 hosts

APPLICATIONS

Embedded systems (both single and multiple transputers)
Evaluation of transputers for concurrent applications
Scientific programming

Education in concurrent programming

‘7_ SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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2.1 Introduction

The 0ccam programming language is a high-level language which supports the design and implementa-
tion of concurrent systems on networks of processors. The 0CcCam language is described in the following
publication:

occam 2 Reference Manual, published by Prentice-Hall, ISBN 0-13-629312-3.

The INMOS occam toolset provides a complete 0CCam cross-development system for the INMOS trans-
puter family of microprocessors. The toolset can be used to build parallel programs for single transputers
and for multi-transputer networks consisting of arbitrary mixtures of transputer types. Programs developed
with the toolset are both source and binary compatible across all host development machines.The INMOS
occam toolset is available for four development platforms:

IMS D7205 occam toolset for IBM and NEC PC under DOS Single user licence

IMS D6205 occam toolset for VAX VMS Multi-user licence
IMS D5205 occam toolset for Sun 3 under SunOS Multi-user licence
IMS D4205 occam toolset for Sun 4 under SunOS Multi-user licence

This data sheet gives a technical overview of the 0Ccam toolset. Firstly a number of examples are shown
to illustrate how parallel programs and multi-processor programs can be written using the occam lan-
guage. An overview of the tools and libraries provided in the toolset is given, followed by a summary of
the documentation and software components of the toolset. A list of the major improvements over the pre-
vious 0ccam toolset product is included. Finally the operating requirements and distribution media for
each of the PC, VAX and Sun products are specified, together with details on the licensing and support
of the products.

2.2 Mapping occam Programs Onto Transputer Networks

The 0ccam programming model consists of parallel processes communicating through channels. Chan-
nels connect pairs of processes and allow data to be passed between them. Each process can be built
from a number of parallel processes, so that an entire software system can be described as a process
hierarchy. Each channel has a PROTOCOL which determines the types of messages that may flow across
it. This model is consistent with many modern software design methods.

Figure 2.1 shows a collection of four processes communicating over channels. The multiplexor pro-
cess communicates with a host computer and hands out work to be done to one of three worker pro-
cesses. Results from the workers are then returned to the host by the multiplexor. The following examples
show how this collection of processes can be described in 0ccam and how the 0ccam program can
be mapped onto a network of processors.

The occam example in Figure 2.2 illustrates how to program the collection of parallel processes in Fig-
ure 2.1. It assumes thatthe mul t iplexor and worker processes have been compiled and the code has
been placed in the transputer code files mux . tco and worker. tco.
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hostout hostin

multiplexor

worker.out,
worker.in

out

worker[0] worker[1] worker[2]

Figure 2.1 Software Network

#INCLUDE "hostio.inc" -- contains SP protocol definition
#USE "mux.tco"
#USE "worker.tco"
PROC example (CHAN OF SP hostinput, hostoutput, []INT memory)
[3]CHAN OF SP worker.in, worker.out:
PAR
multiplexor (hostinput, hostoutput, worker.out, worker.in)
PAR i = O FOR 3
worker (worker.in[i], worker.out[i])

Figure 2.2 Parallel Processes in OcCam

The occam compiler in the toolset can be used to compile the program shown in Figure 2.2 and produce
a code file to run on a single transputer. Alternatively it may be desirable to distribute the program over a
network of processors. The program can be mapped onto a network using the configuration tools. A
configuration language is used to describe the transputer network, and the mapping of the 0occam
program onto the transputer network.

The following two examples illustrate how to configure the example program for a transputer network. In
both cases we assumethemultiplexor andworker processes inthe software network have been com-
piled and linked into files mux . 1kuandworker . 1ku respectively. Two hardware networks are considered:
the single processor network shown in Figure 2.3 and the four-processor network shown in Figure 2.5.

Figure 2.4 shows the configuration text for mapping the software network in Figure 2.1 onto the hardware
shown in Figure 2.3: a single T800 with 1 Mbyte of memory, connected to the host by link 0. In this example
all the processes run on the root transputer. It might be useful to test this configuration before moving to
a four-processor network.

Figure 2.6 shows the configuration text for mapping the software network on to the hardware shown in
Figure 2.5; four T800s, each with 1 Mbyte of memory. In this example the multiplexor process runs on
the root transputer while the individual worker processes run on each of the other transputers.
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Each configuration example includes a NETWORK description section which describes how a particular net-
work is connected. Since many applications can be run on identical networks it may be appropriate to in-
clude this definition from a standard file. The NETWORK description is followed by a CONFIG section which
is virtually identical to the parallel process structure shown in Figure 2.2. The parallel process structure has
been extended with PROCESSOR directives indicating which processor is to run each process. The de-
scription of the software network is almost identical in both cases; only the allocation of the worker pro-
cesses is different.

HOST
hostlink
0
T800
root 1Mbyte

Figure 2.3 Hardware Network 1

VAL M IS 1024*1024:
NODE root:
ARC hostlink:
NETWORK ONE.PROCESSOR
DO
SET root(type, memsize := "T800", 1*M)
CONNECT root[link] [0] TO HOST WITH hostlink

#INCLUDE "hostio.inc"
#USE "mux.lku"
#USE "worker.lku"
CONFIG
[3]CHAN OF SP worker.in, worker.out:
CHAN OF SP hostinput, hostoutput:
PLACE hostinput, hostoutput ON hostlink:
PAR
PROCESSOR root
multiplexor (hostinput, hostoutput, worker.out, worker.in)
PAR i = 0 FOR 3
PROCESSOR root
worker (worker.in[i], worker.out[i])

Figure 2.4 Software Configuration 1
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HOST

hostlink
0

p[0] °o root 2 % b2

o N

T800
p(1] 1Mbyte

Figure 2.5 Hardware Network 2

VAL M IS 1024*1024:
NODE root:
[3]NODE p:
ARC hostlink:
NETWORK FOUR.PROCESSOR
DO
SET root (type, memsize := "T800", 1*M)
CONNECT root[link] [0] TO HOST WITH hostlink
DO i= 0 FOR 3
DO
SET p[i] (type, memsize := "T800", 1*M)
CONNECT root[link][i+1] TO p[i][link] [O]

#INCLUDE "hostio.inc"
#USE "mux.lku"
#USE "worker. lku"
CONFIG
CHAN OF SP hostinput, hostoutput:
PLACE hostinput, hostoutput ON hostlink:
[3]CHAN OF SP worker.in, worker.out:
PAR
PROCESSOR root
multiplexor (hostinput, hostoutput, worker.out, worker.in)
PAR i = O FOR 3
PROCESSOR p[i]
worker (worker.in[i], worker.out[i])

Figure 2.6 Software Configuration 2
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2.3 Product Overview

2.3.1 occam 2 development system

The 0occam 2 compiler supports the full 0CCam 2 language as defined inthe 0Ccam 2reference manual.
In addition to type checking the compiler will check programs to ensure that variables and communication
channels are being used correctly in parallel components of a program. This detects many simple program-
ming errors at compile time. The language provides support for low-level programming, including the allo-
cation of variables to specific memory addresses, and the inclusion of transputer assembly code.

The compiler will generate code for the full range of transputer types; IMS M212, T212, T222, T225, T400,
T414,T425, T800, T801, and T805. Since the different processor types share a common core of instructions
it is possible to create compiled code which will run on a range of processors.

A program may be compiled in one of several ‘error modes’ which determine the behaviour of the program
when a run-time error occurs. A mode which supports the use of the post-mortem debugger may be chosen;
in this mode the network will come to a halt when a run-time error occurs. A compiler option allows all error
checking to be removed from time-critical or proven parts of a program, and unchecked parts can be called
from within a checked system.

The processor target, error mode and other compilation options are specified by command line switches.

Collections of procedures and functions can be compiled separately with the 0ccam 2 compiler. Sepa-
rately compiled units may be collected together into libraries. The linker is used to combine separately
compiled units into a program to run on a single processor. The linker supports selective loading of library
units, and the linking of components written in other programming languages.

The toolset supports the use of make, a program building tool available under UNIX and other operating
systems. The input to make is a ‘Makefile’ which describes how a program is to be built from its parts, and
make rebuilds those parts of the program which have changed. In the 0OcCcam toolset a tool called imakef
is provided which will generate a Makefile automatically from the 0CcCam program text. This guarantees
that the Makefile is consistent with the program sources.

To create a multi-transputer program, the mapping of the processes to processors can be described inthe
configuration description. This description is processed by a pair of tools called the configurer and the
collector. The configurer checks the description, and passes information to the collector on how the pro-
gram code and data should be mapped onto the network. The collector creates the bootstrap and routing
information necessary to load the entire network, and stores this, along with the compiled code, in a pro-
gram code file. The program code file can be sent to one transputer in a network, and the program will
automatically boot all the processors in the network and distribute the application code to them.

A server program on the host, called the Iserver, can be used to load programs on to transputer networks.
Once loaded, the programs start automatically. The server supports access to the host terminal and file
system from the transputer network.

A compiled and configured program may be run on a network under the control of an interactive debugger.
One processor in the network is used to run the debugger. Breakpoints may be set in the program on any
processor in the network. Processes stopped at breakpoints may be examined and continued.

As an altemative to loading the program code from a host, the program code may be placed into an
EPROM. The program code for a whole network of processors may be booted and loaded from a single
processor with a ROM. The program code file may be converted to an industry standard format for program-
ming EPROMS, using the EPROM tools in the toolset.

If the transputer network halts because of a run-time error, or if the user interrupts the server, the symbolic
network debugger may be used, in post-mortem mode, to investigate the state of the network in terms of
the program source text.

A transputer network may consist of any combination of processor types; a network containing a number
of different types is called a mixed network. The configuration tools, EPROM support tools and debugging
tools all support mixed networks.
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23.2 Libraries

The occam toolsets provide a wide range of 0CCam libraries, including mathematical functions, string
operations and input/output functions. The libraries support similar functions across the full range of trans-
puter types, making it easy to port software between transputer types. Sources of most of the libraries are
provided, for adaptation if required.

The libraries provided are listed below.
Occam compiler library

This is the basic occam run-time library. It includes: multiple length arithmetic functions; floating point
functions; IEEE arithmetic functions; 2D block moves; bit manipulation; cyclic redundancy checks;code
execution; arithmetic instructions. The compiler will automatically reference these functions if they are re-
quired.

sngimath.lib, dbimath.lib

Single and double length mathematics functions (including trigonometric functions). These libraries use
floating point arithmetic and will produce identical results on all processors. The 0CCam source code is
also provided.

tbmaths.lib

Mathematical functions optimised for the T414, T425 and T400 processors. These functions provide slight-
ly different results to the maths library above but within the accuracy limits of the function specifications.
The 0cCam source code is also provided.

string.lib
String manipulation procedures. The 0CCam source code is also provided.
hostio.lib

Procedures to support access to the host terminal and file system through the file server. The 0CCam
source code is also provided.

streamio.lib
Procedures to read and write using input and output streams. The 0OCCam source code is also provided.

msdos.lib

Procedures to access certain DOS specific functions through the file server. The functions are specific to
the IBM PC. The OCCam source code is also provided.

cre.lib

Procedures to calculate the cyclic redundancy check (CRC) values of strings.

convert.lib

Procedures to convert between strings and numeric values.

xlink.lib

Procedures implementing link communications which can recover after a communication failure.
debug.lib

Procedures supporting the insertion of debugging messages and assertions within a program, for use with
the interactive debugger.



16 Software Development Tools

2.3.3 Mixed language programs

It is often appropriate in the development of a large system to use a mixture of programming languages.
For example, it may be necessary to preserve an investment in existing C code, while using occam to
express the concurrency and communication within the system.

The occam programming model provides an excellent vehicle for building mixed language systems
where the components built in each language can be clearly defined with a simple interface. The 0CCam
toolset can be used to bind these components together and distribute them over a network of transputers.

The occam toolset supports calling C functions directly from occam. It is possible to call C functions
which require static data or heap; some 0ccam procedures are provided to setup OCCam arrays for use
as static or heap area for collections of C functions.

The associated INMOS ANSI C toolset allows 0ccam procedures and (single valued) 0ccam functions
to be called from C just like other C functions. In addition 0Ccam programs can be mixed with C programs
at the configuration level.

2.3.4 Debugging

The 0ccam toolset provides three debugging tools: an interactive symbolic debugger, a post-mortem
symbolic debugger, and an interactive T425 simulator.

Interactive symbolic debugging

The interactive debugger provides source level interactive debugging of a program running on a network
of processors. The debugger supports breakpoints at the 0ccam or C source code level. Breakpoints may
be set on any processor in the network. The state of any halted process in the network can be examined
symbolically. Variables - both scalar and arrays - may be read or written symbolically. The call stack can
be examined to determine the nesting of procedure calls and parallel process instantiation. Channels can
be inspected. If another process is waiting on a channel it is possible to inspect the state of the waiting
process, even if it is on another processor. The debugger will automatically switch between 0ccam and
C when debugging a mixed language program.

The interactive debugger also provides low-level examination of memory on any processor in the network.

Post-mortem symbolic debugging

The post-mortem debugger can be used to examine the state of a transputer network symbolically. The
debugger works with exactly the same code as will run in the final product; there is no additional code in-
serted to support debugging. This allows debugging in those circumstances where the program works un-
der simulation or interactive debugging, but fails when run normally. After a program has halted or been
interrupted by the developer, the state of the network can be preserved so that the post-mortem debugger
can be run. The post-mortem debugger will support direct analysis of the network, or allow the state of the
network to be saved in a dump file for later analysis. The post-mortem debugger supports the same symbol-
ic and machine level browsing functions as the interactive debugger.

Both the interactive debugger and the post-mortem debugger run on a transputer. When doing interactive
debugging, a processor must be allocated to the debugger, in addition to the target network. When doing
post-mortem debugging, the state of one of the processors must be saved before running the post-mortem
debugger on it.

T425 simulation

The T425 simulator is a simulation of the IMS T425 processor connected to a host running the Iserver. It
allows transputer programs to be executed on the host machine (except in the case of the IBM PC toolset
which uses a transputer board to run the simulator), and supports machine level debugging of transputer
code.
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The machine level debugging support includes: breakpoints and single stepping at machine code level,
browsing memory in different forms including disassembled machine code, access to registers and pro-
cessor queues.

The transputer simulator can be used to run transputer programs on the Sun 3, Sun 4 or VAX. Code for a
transputer network can usually be re-configured for a single processor (as shown in section 2), allowing
the simulator to be used to try out multi-processor programs as well as single processor programs.

A batch mode is provided for running test suites.

2.3.5 Optimised code generation
The occam compiler implements a wide range of code optimisation techniques:

Constant folding. The compiler evaluates all constant expressions at compile time.

Workspace allocation. Frequently used variables are placed at small offsets in workspace, thus re-
ducing the size of the instructions needed to access them, and hence increasing the speed of
execution.

Dead-code elimination. Code that cannot be reached during the execution of the program is re-
moved.

Peephole optimisation. Code sequences are selected that are the fastest for the operation.

Instruction scheduling. Where possible the compiler exploits the internal concurrency of the trans-
puter. In particular integer and floating point operations can be overlapped to exploit the parallel
execution of the integer processor and floating point processor on the T800 series.

Constant caching. Some constants have their load time reduced by placing them in a constanttable.

CASE statements. The compiler can generate a number of different code sequences to cover the
dense ranges within the total range.

Inline code Procedures and functions can optionally be implemented as inline code.

The compiler and linker provide features which allow programmers to make good use of the transputer’s
on-chip RAM.

2.3.6 Assembler inserts
The 0CcCam toolset provides an assembler insert facility. The assembler insert facility supports
e Access to full instruction set of the transputer
» Symbolic access to Occam variables
e Pseudo-operations to load multiple values into registers
¢ Ability to load results of OCCam expressions to registers
e Labels and jumps

« Directives to access particular workspace values
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2.3.7 D700 transputer development system support

The D700 transputer development system (TDS) is a fully integrated development system for o0cCam and
transputers. Some software is provided with the 0Ccam toolset to support migration from the D700:

« D700 folded file flattening tools.
» Tool for altering library usage directives to toolset style.

« Libraries to support existing D700 functions in toolset programs.

2.3.8 Improvements over previous releases

The D7205, D6205, D5205, and D4205 0CCam toolsets represent a considerable improvement over the
D705B, D605A and D505A toolset releases. A summary is provided below.

+ Sun 4 host is now supported.

« Compatible with the new INMOS ANSI C toolset release (IMS D7214, D6214, D5214, D4214):
identical object format and many tools in common.

+ Improved mixing of C and occam.
« Faster execution.
« Multiple error detection by the compiler rather than by a separate tool.

« Interactive debugging on the target network, including breakpoints, and the ability to examine and
modify the state of processes.

¢ Improved configuration language, supporting separate descriptions of hardware and software,
and automatic placement of channels on links.

¢ Inline procedures and functions.

» Improved assembler insert support.

« Full EPROM suppoit included in toolset.
« Improvements in runtime libraries.

With the longer term in mind the objectfile format for this release has been changed from previousreleases.
Conversion tools are provided to convert old format object files into the new format, but to use the new
features of the toolset existing code should be recompiled into the new format.

2.4 occam Toolset Product Components

2.4.1 Documentation
* Delivery manual
e User manual
» Toolset handbook

« 0ccam 2 language reference manual

« Tutorial introduction to 0CCam
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2.4.2

2.43
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2.5

2.5.1

Software Tools

oc, ilink, ilibr: 0ccam compiler, linker and librarian

imakef, ilist: Makefile generator and binary lister program
occonf, icollect: configuration tools

isim, idebug, iskip, idump: debugging tools

iserver: INMOS host server program

ieprom, iemit: EPROM and memory interface programming tools
icvlink, vlcvemlt: conversion tools for old file formats

iflat, iflist, idirect: TDS conversion tools

Software libraries

occam comepiler libraries

sngimath, dbimath: mathematics functions (includes sin, cos, etc.)
tbmaths: mathematics functions optimised to run on T414, T425 and T400
string: string manipulation procedures

hostio: file and terminal i/o procedures

streamio: file and terminal stream i/o procedures

msdos: access to certain MS-DOS calls

crc: CRC calculation procedures

convert: string-number conversion procedures

xlink: extraordinary link handling procedures

debug: debugging procedures.

streamco: TDS conversion library

Source code
occam example programs
Source of makefile generator

Source of server program

occam library sources

Product Variants

IMS D7205 IBM PC and NEC PC version

Although the PC tools are invoked as if they were ordinary PC resident tools, they actually run on a transput-
erboard plugged into the PC. A number of the tools are additionally provided in a form which will run directly
on the PC.
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Operating requirements
You will need one of the following configurations:

« IBM PCXT or AT with 512Kbyte memory, an IMS BO08 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3)

« NEC PC-9801 with 512Kbyte memory, an IMS BO15 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3).

In each case you will require:
« DOS 3.0 or later
¢ 9 Mbyte of free disk space
The interactive symbolic debugger requires a 2 Mbyte IMS B404 TRAM in addition to the target network.

Distribution media

Software is distributed on two media systems (both of which are supplied in the product):
¢ 360 Kbyte (48TPI) 5.25 inch IBM format floppy disks
e 720 Kbyte 3.5 inch IBM format floppy disks.

2.5.2 IMS D6205 VAX VMS version

All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.

Operating requirements
For hosted cross-development you will need:
* VAXVMS 5.0 or later
« 10 Mbytes of free disk space.
For loading target systems and target debugging you will need one of the following:

¢ A third party interface board supporting a connection to a 32 bit transputer with 2 Mbytes of
memory

¢ AnIBM PC cross development system, plus DECNET connection.
Distribution media

Software is distributed on a TK50 tape cartridge in VMS backup format.

2.5.3 IMS D5205 Sun 3 version, IMS D4205 Sun 4 version

All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.
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Operating requirements
For hosted cross-development and debugging you will require:
e A Sun 3 or Sun 4 workstation or server
e SunOS 4.0.3 or later
¢ 10 Mbytes of free disk space.
For loading target systems and remote debugging you will require one of the following:
« IMS B014 VME motherboard with 2 Mbyte IMS B404 TRAM
¢ IBM PC development system plus PC-NFS.

« IMS BO16 VME master board, (a very high performance interface of up to 4 transputer networks
can be constructed using this board).

The interactive symbolic debugger requires a 2 Mbyte IMS B404 TRAM in addition to the target network.

Distribution media
Sun 3 software is distributed on DC600A data cartridges 60 Mbyte, QIC-11, tar format.
Sun 4 software is distributed on DC600A data cartridges 60 Mbyte, QIC-24, tar format.

2.6 Licensing Information

Multi-user licences are available for the D4205 (Sun 4 version), D5205 (Sun 3 version),and D6205 (VAXVMS
version). No licence fee is charged for including the binary of the INMOS libraries in software products.
Example programs, and other sources provided, may be included in software products. Full licensing de-
tails are available from SGS-THOMSON Sales Offices, Regional Technology Centres, and authorised dis-
tributors.

2.7 Problem Reporting And Field Support

Aregistration form is provided with each product. Return of the registration form will ensure you are informed
about future product updates. Software problem report forms are included with the software. INMOS prod-
ucts are supported worldwide through SGS-THOMSON Sales Offices, Regional Technology Centres, and

authorised distributors.
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Chapter 3

IMS D7214
IMS D6214
IMS D5214
IMS D4214

ANSI C Toolset

Product Information

ANSI C cross-development systems for IBM PC, NEC PC,
Sun 3, Sun 4 and VAX hosts

KEY FEATURES

Full ANSI C compiler (X3.159-1989)

Validated against Plum Hall validation suite

Excellent compile time diagnostics

Optimised code generation

Support for parallelism

Support for all INMOS processors (32 and 16 bit)
Interactive symbolic debugging for transputer networks
Post-mortem symbolic debugging for transputer networks
T425 simulator

Support for assembler inserts

Support for EPROM programming

Consistent tools across PC, VAX VMS, Sun 3, and Sun 4 hosts

APPLICATIONS

Embedded systems (both single and multiple transputers)
Porting of existing software and packages
Evaluation of transputers for concurrent applications

Scientific programming

[7_ SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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3.1 Introduction

The following discussion outlines the use and features of the ANSI C toolset in moderate technical detail.
In particular examples are included to illustrate how easily parallel programs and multi-processor programs
can be built using the ANSI C toolset. A summary of the documentation and tools provided in the toolset
is given. Finally the operating requirements and distribution media for each of the PC, VAX and Sun prod-
ucts are specified.

3.2 Product Overview

The INMOS C Toolsets provide complete C cross-development systems for transputer targets. They can
be used to build parallel programs for single transputers and for multi-transputer networks consisting of
arbitrary mixtures of transputer types. Programs developed with the toolset are both source and binary com-
patible across all host development machines. The INMOS ANSI C Toolset is available for four develop-

ment platforms:
IMS D7214 ANSI C Toolset for IBM and NEC PC under PCDOS
IMS D6214 ANSI C Toolset for VAX VMS
IMS D5214 ANSI C Toolset for Sun 3 under SunOS 4.0.3
IMS D4214 ANSI C Toolset for Sun 4 under SunOS 4.0.3

3.2.1  How programs are built

C programs may be separately compiled. Separately compiled units may optionally be collated into li-
braries. The linker links separately compiled units and libraries into fully resolved main program units. Col-
lections of communicating main program units may be distributed across networks of transputers using
the configuration tools. The results of configuration may be either loaded down a transputer link using the
host server or converted to an industry standard EPROM format for programming EPROMSs. In addition to
loading programs down a transputer link, the host server program provides access to host operating sys-
tem facilities through a remote procedure call mechanism. This method is used to support the full ANSI
C run time library. The server program is provided in C source code to allow extension by developers. For
developers using a make program, a tool imakef is provided which will generate a Makefile automatically.
This automates the build process and guarantees that the Makefile is consistent with program sources.

3.2.2  ANSI C compilation system
Compiler operation

The compiler operates from a host command line interface. The preprocessor is integrated into the compil-
er for fast execution. The compile time diagnostics provided by the compiler are truly excellent. These in-
clude type checking in expressions and type checking of function arguments.

ANSI conformance

The INMOS ANSI C Toolset supports the full standard language as defined in X3.159-1989. The key exten-
sions and functions which are in the ANSI standard but not in the original definition of C by Kernighan and
Ritchie are:

« Prototypes to define function parameters.
« Better definition of the preprocessor.

» Atleast 31 characters are significant in identifiers. For external names, the limit is 6 characters.
The ANSI C toolset implementation allows arbitrarily long identifiers, the first 2566 characters of
which are significant.
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« Trigraphs introduced for use by some character sets which do not have some of the normal C char-
acters.

¢ Data items can be declared const or volatile.

« Support for special character sets (especially Asian ones).

e Enumerations introduced.

* Implementation limits accessible from header files.

« Structures can be assigned, passed to functions and returned from them.

The compiler passes all the tests in the validation suite from Plum Hall. The compiler will be validated by
the British Standards Institution (BSI). The validation will be recognised across Europe by the French (AF-
NOR) and Italian (IMQ) Standards Institutes. The USA National Institute of Standards and Technology
(NIST) is expected to recognise the validation in due course.

Optimised code generation

The ANSI C toolset achieves up to a 15 to 20 percent improvement in program execution speed over pre-
vious INMOS C compilers as measured by an internal set of program benchmarks. The compiler imple-
ments a wide range of code optimisation techniques.

Constant folding. The compiler evaluates all integer and real constant expressions at compile time.

Workspace allocation. Frequently used variables are placed at small offsets in workspace, thus re-
ducing the size of the instructions needed to access them, and hence increasing the speed of
execution.

Dead-code elimination. Code that cannot be reached during the execution of the program is re-
moved.

Peephole optimisation. Code sequences are selected that are the fastest for the operation. For ex-
ample, single precision floating variables are moved using the integer move operations.

Instruction scheduling Where possible the compiler exploits the internal concurrency of the trans-
puter. In particular integer and floating point operations can be overlapped to exploit the parallel
execution of the integer processor and floating point processor on the T800 series.

Constant caching. Some constants have their load time reduced by placing them ina constanttable.

Unnecessary jumps are eliminated.

Switch statements can generate a number of different code sequences to cover the dense ranges
within the total range.

Special idioms that are better on transputers are chosen for some code sequences.
Libraries
The full set of ANSI libraries is provided for all processor types.
The standard library operates in double precision. Versions of the mathematical functions are provided

that operate on float arguments and return float values. These libraries provide improved performance for
applications where performance requirements override accuracy requirements.

The standard C mathematical functions provided use the same code as in the 0ccam compiler. This en-
sures identical results and accuracy for all compilers supported by INMOS.
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wkr_in[3]

out

Figure 3.1 Software Network

A reduced C library is supplied to minimize code size for embedded systems applications. This library is
appropriate for processes which do not need to access host operating system facilities.

Collections of functions can be compiled separately with the INMOS C compiler and then combined into
a library. The linker is used to combine separately compiled functions into a program to run on a single
processor. The linker supports selective loading of library units.

Mixed language programs

The ANSI C toolset allows 0Occam procedures and (single valued) 0ccam functions to be called from
C just like other C functions!

The associated OCCam toolset supports calling C functions directly from occam. Functions which re-
quire access to static variables are supported.

occam and C processes may be freely mixed when configuring a program for a single transputer or a
network of transputers.

Assembler inserts

The ANSI C toolset provides a very powerful assembler insert facility. The assembler insert facility supports

¢ Access to full instruction set of the transputer

» Symbolic access to C variables (automatic and static)

« Pseudo operations to load multiword values into registers

« Loading results of C expressions to registers using the pseudo operations.
¢ Labels and jumps

« Directives for instruction sizing, stack access, return address access etc.

1. Pragmas are provided to tell the compiler not to generate the hidden static link parameter (required by C but not by occam),
and to change the external name of a function ( occam procedures and functions may have names which are not legal C function
names)
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/* Example program */

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

/* Define prototypes for process functions */

void fmux (Process*, Channel*, Channel*, Channel *[], Channel *[], int);
/* process, hostin, hostout, in, out, no_workers */

void fwkr (Process*, Channel*, Channel*, int);
/* process, in, out, worker_id */

/* Main program */

int main (int argc, char *argv([], char *envp([],
Channel *in[], int inlen, Channel *out[], int outlen)

int i;

/* Declare processes and channels */
Channel *hostin, *hostout, *wkr_in[3], *wkr_out[3];
Process *mux, *wkr([3];

/* Allocate channels */

hostin = in[1];

hostout = out[1];

for (i = 0; i < 3; ++1) {
wkr_in[i] = ChanAlloc ();
wkr_out[i] = ChanAlloc ();

}

/* Allocate processes */
mux = ProcAlloc (fmux, O, 5, hostin, hostout, wkr_in, wkr_out, 3);

for (i = 0; i < 3; ++1i) {
wkr[i] = ProcAlloc (fwkr, O, 3, wkr_in[i], wkr_out[i], i);
}

/* Start the processes running in parallel */
ProcPar (mux, wkr[0], wkr[1], wkr[2], NULL);

exit (0);

Figure 3.2 Parallel Processes in C

3.2.3 Target systems

The compiler will generate code for the full range of transputers; IMS M212, T212, T222, T225, T400, T414,
T425, T800, T801, and T805.

The processor target type and other compilation options are specified by command line switches. Libraries
may contain code compiled for several different target processors. The linker will select the correct unit
at link time. The compiler, linker and librarian additionally support code compiled to run on a range of pro-
cessor types achieving a space saving in libraries.
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Figure 3.3 Hardware Network 1

Mixed networks may consist of any combination of any processor types. The configuration tools, eprom
support tools and interactive and post-mortem debugging tools all support mixed networks.

3.2.4  Support for parallelism

The ANSI C toolset supports parallelism on individual transputers, and parallelism across networks of
transputers.

By using library calls parallel processes may be created dynamically. Processes may be created individu-
ally in which case the function call will return immediately with the called process executing concurrently
with the calling process, or created as a group, in which case the function call return will indicate comple-
tion of all processes within the group.

Processes have their own stack space (typically allocated from the heap of the main process) but share
static and heap space. Processes created in this way can communicate by message passing over chan-
nels or by shared data protected by semaphores. Processes may be created at high and low priority levels.
Interrupt routines are typically implemented as high priority processes. Functions are provided to read a
message from one of a list of channels (implementing the occam ALT construct), to timeout on channel
input, and to access the high and lower priority timers built into the transputer. The microcoded transputer
scheduler provides extremely efficient scheduling of these processes.

The example in Figure 3.2 illustrates how to program the collection of parallel processes shown diagram-
matically in Figure 3.1. The functions fmux and fwkr contain the executable code of the processes. These
processes will communicate using message passing functions.

The linker can produce processes in the form of fully linked processes. These processes can be distributed
over a network of processors using the configuration tools. The processes may communicate by message
passing over channels.

A configuration language is used to describe the transputer network, the network of processes and inter-
connections, and the mapping of the processes onto the transputer network. Multiple processes may be
mapped onto the same transputer. Communicating processes must reside on the same or adjacent proces-
sors, and only one pair of channels may be placed on a transputer link.

Two examples illustrate just how easy it is to configure programs for transputers. In both cases we assume
the mux and wkr processes in the software network have been compiled and linked into file mux . 1kuand
wkr . 1ku respectively.

Figure 3.4 shows the configuration text for mapping the software network in Figure3.1 onto the hardware
shown in Figure 3.3: a single T800 with 1 Mbyte of memory, connected to the host by link 0. In this example
all the processes run on the root transputer.
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/* Configuration example 1 */
/* Hardware description */

T800 (memory = 1M) root;
connect root.link[0] to host; /* Host is pre-defined edge */

/* Software description */

/* Define process memory sizes and interfaces */
process (stacksize = 2K, heapsize = 16k); /* Define defaults */
rep i = 0 for 3
process (interface (input in, output out, int id)) wkr[i];
process (interface (input hostin, output hostout,
input in[3], output out[3])) mux;

/* Define external channels, interconnections and parameters */
input hostinput; /* Host channel edges */

output hostoutput;

connect mux.hostin to hostinput; /* Host channel connections */
connect mux.hostout to hostoutput;

rep i = 0 for 3

wkr(i] (id = i); /* Set worker process id parameter*/
connect mux.in[i] to wkr[i].out;
connect mux.out[i] to wkr[i].in;

}
/* Mapping description */

/* Define linked file units for processes */
use "mux.lku" for mux;
rep i = 0 for 3

use "wkr.lku" for wkr[i];

/* Map processes to processors and external channels to edges */
rep i = 0 for 3
place wkr[i] on root;
place mux on root;
place hostinput on host;
place hostoutput on host;

Figure 3.4 Software Configuration 1

Figure 3.6 shows the configuration text for mapping the software network on to hardware shown in Fig-
ure 3.5, four T800s with 1 Mbyte of memory. In this example the mux process runs on the root transputer
while the individual wkr processes run on each of the node transputers.

Only four lines of the configuration examples are different, the description of the software network is the
same in both cases. Regardless of the target configuration it will always be possible to reconfigure the
application for a single transputer, providing a useful first stage for target debugging.

The configuration tools can create a multi-processor program from this configuration description and the
linked process units. Bootstraps and program distribution code is automatically added resulting in a pro-
gram which will distribute itself across a transputer network with no additional programming required by
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the user. Multi-processor programs can be loaded from a host machine using the Iserver program, or can
be converted into a range of industry standard EPROM file formats for programming into EPROM.

The interactive and post-mortem symbolic debugging tools support both forms of parallelism; paraliel li-
brary and configuration level.

host

p[0] 0 L root 3 0 pl2]

T800
pl1] 1Mbyte

Figure 3.5 Hardware Network 2

3.2.5 Debugging

The ANSI C toolset provides three debugging tools: a T425 simulator, an interactive symbolic debugger,
and a post-mortem symbolic debugger. The simulator provides debugging functions on the host machine
while the interactive and post-mortem debuggers provide debugging on transputer target machines.

T425 simulation

The T425 simulator is a machine level simulation of the T425 processor connected to a host running the
iserver. It allows transputer code to be executed on the host machine (except in the case of the IBM PC
toolset which uses a transputer board to run the simulator).

The simulator provides machine level debugging support including: breakpoints and single stepping at
machine code level, browsing memory in different forms including disassembled machine code, access
to registers and processor queues. As explained previously, code for an arbitrary transputer network can
always be configured for a single processor allowing the simulator to be used for multi-processor programs
in addition to single processor programs.

A batch mode is provided for running test suites.
Interactive symbolic debugging

The interactive debugger provides source level interactive debugging across a mixed network of
processors. The debugger supports breakpoints at the C or 0cCam source code level. Breakpoints may
be set on any processor in the network. The state of any halted process in the network can be examined
symbolically. Variables may be read or written symbolically, C expressions may be evaluated allowing



ANSI C Toolset 31

access to structfields and pointer chasing. The stack can be backtraced to examine the nesting of function
calls; it is even possible to backtrace through the calls which create parallel threads to the parent
processes. Channel variables can be inspected. If another process is waiting on a channel it is possible
to jump through the channel and inspect the state of the waiting process, even if it is on another processor.
The debugger will automatically switch between 0ccam and C when debugging a mixed language

program.

The interactive debugger provides all the machine level facilities of the simulator for every processor in
the network (with the exception of machine level single stepping and register modification).

/* Configuration example 2 */
/* Hardware description */

T800 (memory = 1M) root, p[3];
connect root.link[0] to host; /* Host link connection */
rep i = 0 for 3

connect root.link[i + 1] to p[i].link[O];

/* Software description */

/* Define process memory sizes and interfaces */
process (stacksize = 2K, heapsize = 16k); /* Define defaults */
rep i = 0 for 3
process (interface (input in, output out, int id)) wkr[i];
process (interface (input hostin, output hostout,
input in[3], output out([3])) mux;

/* Define external channels, interconnections and parameters */
input hostinput; /* Host channel edges */

output hostoutput;

connect mux.hostin to hostinput; /* Host channel connections */
connect mux.hostout to hostoutput;

rep i = 0 for 3

wkr[i] (id = i); /* Set worker process id parameter*/
connect mux.in[i] to wkr[i].out;
connect mux.out([i] to wkr[i].in;

}
/* Mapping description */

/* Define linked file units for processes */
use "mux.lku" for mux;
rep i = 0 for 3

use "wkr.lku" for wkr[i];

/* Map processes to processors and external channels to edges */
rep i = 0 for 3
place wkr(i] on p[i];
place mux on root;
place hostinput on host;
place hostoutput on host;

Figure 3.6 Software Configuration 2



32 Software Development Tools

Post-mortem symbolic debugging

The post-mortem debugger can be used to examine the state of a transputer network symbolically. The

debugger works with exactly the same code as will run in your final product; there is no additional code
inserted to support debugging. This supports the cases where the program works under simulation, works
when debugging is compiled in, but fails when the debugging is removed. After a program has halted or
been interrupted by the developer, the state of the network can be preserved so that the post-mortem de-
bugger can be run. The post-mortem debugger will support direct analysis of the network, or allow the state
of the network to be saved in a dump file for later analysis. The post-mortem debugger supports the same
symbolic and machine level browsing functions as the interactive debugger.

Both the interactive debugger and the post-mortem debugger require a transputer to run. The simulator will
run directly on Sun 3, Sun 4 and VAX hosts.

3.2.6 Improvements over previous releases

The D7214, D6214, D5214, and D4214 ANSI C toolsets represent a considerable improvement over the
D711, D611 and D511 Parallel C compilers. A summary is provided below.

¢ ANSI Cratherthan K& R C.

« Faster code generated.

» Tools execute native on Sun and VAX hosts.
» Faster execution of compiler.

+ New debugging tools: including interactive symbolic debugger with breakpoint support, im-
proved post-mortem debugging, and transputer simulation on the host machine.

« Configuration language updated ready to support next generation transputers.
* Improved parallel library support.

» Improved mixing of C and occam.

* Improved assembler insert support.

¢ EPROM support included.

¢ Makefile generator included.

With the longer term in mind the object file format for this release has been improved. Conversion tools
are provided to convert old format object files into the new format. Given the performance improvements
offered, it is recommended that where possible existing code should be recompiled into the new format.
The parallel library has been completely redesigned and now correctly supports the OCCam PAR and ALT
constructs, and semaphores now work across different process priorities. The old thread library has been
included to ease transition to the new structure. This will not be supported in future releases of the software.

3.3 ANSI C Toolset Product Components

3.3.1 Documentation
¢ Delivery manual
e User manual
* Reference manual

+ ANSI C toolset handbook
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3.3.2 Software Tools
ice, Hink, ilibr - ANSI C compiler, linker and librarian
imakef, ilist - Makefile generator and binary lister program
icconf, icollect - configuration tools
isim, idebug, iskip, idump - debugging tools
Iserver - INMOS host server program
ieprom, iemit - eprom and memory interface programming tools
levtlink, lemicvt - conversion tools for old file formats

3.3.3  Software libraries
libc.lib - Full ANSI library plus parallel support
libcred.lib - Reduced library for embedded systems
centry.lib - Mixed language support library

3.4 Product Variants

3.4.1 IMS D7214 IBM PC version

Although the PC tools are invoked as if they were ordinary PC resident tools, they actually run on a transput-
erboard plugged into the PC. A number of the tools are additionally provided in a form which will run directly
on the PC.

Operating requirements
You will need one of the following configurations:

* IBMPC XT or AT with 512Kbyte memory, an IMS BO08 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3)

* NEC PC-9801 with 512Kbyte memory, an IMS B015 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3).

In each case you will require:
e DOS 3.0 or later
¢ 7 Mbyte of free disk space

The interactive symbolic debugger requires an additional 2 Mbyte IMS B404 TRAM. The simulator and sym-
bolic post-mortem debugger do not require this additional TRAM.

Distribution media

Software is distributed on two media systems:
* 360 Kbyte (48TPI) 5.25 inch IBM format floppy disks
* 720 Kbyte 3.5 inch IBM format floppy disks.

3.4.2 IMS D6214 VAX VMS version

Alltools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.
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Operating requirements
For hosted cross-development you will need:
¢ VAXVMS 5.0 or later
¢ 10 Mbytes of free disk space.
For loading target systems and target debugging you will need one of the following:

« A third party interface board supporting a connection to a 32 bit transputer with 2 Mbytes of
memory

¢ AnIBM PC cross development system, plus DECNET connection.
Distribution media

Software is distributed on a TK50 tape cartridge in VMS backup format.

3.4.3 IMS D5214 Sun 3 version, IMS D4214 Sun 4 version
All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.
Operating requirements
For hosted cross-development and debugging you will require:
¢ A Sun 3 or Sun 4 workstation or server
¢ SunOS 4.0.3 or later
» 10 Mbytes of free disk space.
For loading target systems and remote debugging you will require one of the following:

* IBM PC development system plus PC-NFS.

The interactive symbolic debugger requires an additional 2 Mbyte IMS B404 TRAM. The simulator and sym-
bolic post-mortem debugger do not require this additional TRAM.

A very high performance interface to up to 4 transputer networks can be constructed using the IMS B016
VME master board.

Distribution media

Sun 3 software is distributed on DC600A data cartridges 60 Mbyte, QIC-11, tar format. Sun 4 software is
distributed on DC600A data cartridges 60 Mbyte, QIC-24, tar format.

3.5 Error Reporting And Field Support

Aregistration form is provided with each product. Return of the registration form will ensure you are informed
about future product updates.

Software problem report forms are included with the software.

INMOS products are supported worldwide through SGS-THOMSON Sales Offices, Regional Technology
Centres, and authorised distributors.
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IMS D7217

Glockenspiel IMS D6217

IMS D5217
IMS D4217
C+ +

e, O
D ﬂ[ﬁ]mOS' Product Information

C + + native and transputer cross-development systems
for IBM PC, NEC PC, Sun 3, Sun 4 and VAX hosts

KEY FEATURES

Conformance with the C+ + 2.0 specification

Glockenspiel C+ + cross compiler targeting INMOS ANSI C compiler
Native Glockenspiel C+ + targeting host C compiler

Support for parallelism via INMOS ANSI C libraries

Support for all INMOS processors (32 and 16 bit)

Interactive symbolic debugging for transputer networks

Post-mortem symbolic debugging for transputer networks

Support for EPROM programming

Consistent tools across PC, VAX VMS, Sun 3 and Sun 4 hosts

APPLICATIONS

Embedded systems (both single and mulitiple transputers)
Porting of existing software and packages
Evaluation of transputers for concurrent applications

Scientific programming

[7_ SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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4.1

Product Overview

Glockenspiel were the first company to license C+ + from AT&T in 1985. Since then they have been devel-
oping and supporting C+ + compilers and libraries.

The toolset includes a native C+ + compiler and a C+ + cross compiler which when used in conjunction
with the INMOS ANSI C toolset can be used to program transputer networks. The product is distributed and
supported by INMOS.

The INMOS C + + Toolset is available for four development platforms:
IMS D7217 C+ + Toolset for IBM and NEC PC under PCDOS 3.0 or later
IMS D6217 C+ + Toolset for VAX under VMS 5.0 or later
IMS D5217 C+ + Toolset for Sun 3 under SunOS 4.0.3 or later
IMS D4217 C+ + Toolset for Sun 4 under SunOS 4.0.3 or later

4.1.1

C++

C+ + is a general purpose programming language which has evolved from C. It combines the benefits
of object orientated programming with the efficiency of C.

Its benefits include:

3

4.1.2

Strong Type Checking
Help reduce coding problems

Encapsulation

Enable large applications by using C + + classes. AC+ + class is a user defined type which may
contain data numbers to represent the type and function members to implement operations on

the type.

Data Abstraction

Ease maintenance and product evolution by restricting access to a class’s implementation de-
tails.

Multiple Inheritance

Classes may inherit properties from other classes. This enables classes (and hence effort) to be
reused.

Dynamic Binding

Use function names consistently, independent of object type, as class members may be bound
dynamically at run-time (virtual functions).

Type-Safe Linkage

Provides function argument checking across different compilation modules. This enables the cor-
rect function to be acquired by a linker when several alternatives are available in the presence
of function overloading.

Use with the INMOS ANSI C toolset

The following capabilities of the INMOS ANSI C toolset can be used from C+ +

Transputer support library
Functions for creating parallel processes and communicating between them
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« Multiprocessor configuration tools
Building programs to run on networks of transputers.

4.2 Glockenspiel C+ + Product Components

4.2.1 Documentation
¢ Installation Guide
« Comprehensive User manual
« Single A4 page quick reference guide

* Programming in C+ + by Steve Dewhurst and Kathy Stark

4.2.2 Software tools

The tools have been named such that the cross-development tools share the same name as the corre-
sponding native tool prefixed with the letter i (eg. cexx is the native compilation driver and icexx is the
cross-development compilation driver). This enables the switch between native and cross-development
environments to be almost transparent.

In normal usage only the C+ + driver will be called directly by a user.
cexx, lecxx  C+ + compilation driver
gcpp, igepp C+ + preprocessor
cfxx, icfxx C+ + compiler
mxx, imxx C+ + constructor linker
fxx, ifxx C+ + debug information filter

4.2.3 Software Libraries
libexx.lib C+ + iostream and C+ + run-time support library
libcplx.lib C+ + complex math class library

4.3 Product Variants

4.3.1 IMS D7217 IBM PC version

Although the PC cross-development tools are invoked as if they were ordinary PC resident tools, they ac-
tually run on the transputer board plugged into the PC. A number of the tools are additionally provided in
a form which will run directly on the PC.

Cross-development operating requirements
For hosted cross-development you will need one of the following configurations

« IBM PC AT with 512Kbyte memory, an IMS B008 Motherboard, plus a transputer module with 2
Mbytes of memory (eg. IMS B404-3)

« NEC PC-9801 with 512Kbyte memory, an IMS BO15 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3)

In each case you will require

*« DOS 3.0 or later
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« IMS D7214 ANSI C Toolset (requires 7 Mbytes of free disk space)
* 3 Mbyte of free disk space
For interactive transputer symbolic debugging an additional 2Mbyte IMS B404 TRAM is required.
Native development operating requirements
For native development you will need
« 80286 PC with 640Kbyte memory and at least 1Mbyte of extended memory.
e DOS 3.0 or later
* 3 Mbyte of free disk space
¢ Microsoft C 6.0
Distribution media

Software is distributed on BOTH 1.2 Mbyte (96TPI) 5.25 inch IBM format floppy disks AND 1.44 Mbyte 3.5
inch IBM format floppy disks.

4.3.2 IMS D6217 VAX VMS version

All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.

Cross-development operating requirements

For hosted cross-development you will need
¢ VAXVMS 5.0 or later
* [IMS D6214 ANSI C Toolset (requires 10 Mbytes of free disk space)
¢ 4 Mbytes of free disk space

For loading target systems you will require one of the following:

* A third party interface board supporting a connection to a 32 bit transputer with 2 Mbytes of
memory.

« IBM PC development system plus DECNET connection
For interactive transputer symbolic debugging an additional 2Mbyte IMS B404 TRAM is required.
Native development operating requirements
For native development you will need
« VAXVMS 5.0 or later
¢ VAXVMSC
¢ 4 Mbytes of free disk space
Distribution media
Software is distributed on a TK50 tape cartridge in VMS backup format.
Licensing variants

There are different licensing variants of the Glockenspiel C+ + product depending on the machine on
which you wish to use the product (shown in table 4.1). Each product provides a licence for use on a single
machine of the designated model type.
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Computer Models Variant

DEC MicroVAX 1], 2%** Z*** IMS D6217-B
33%* 34** IMS D6217-C
35*%*,36**,38** IMS D6217-D
39** IMS D6217-E

DEC VAX 730 IMS D6217-B
750,780 IMS D6217-C
8250,8350,6210 IMS D6217-D
8800,8810,85**,86**,87** IMS D6217-E
6220,6230,6310,6320,6410 IMS D6217-E
8820,6240,6330,6420 IMS D6217-F
8830,6340,6350,6430 IMS D6217-G
8840,89**,6360,6440,6450,6460 IMS D6217-H
9000 IMS D6217-H

VAXstation 1], 2%*%* 3k x* IMS D6217-WA
K Jakalel IMS D6217-WB

Table 4.1 IMS D6214 Licensing variants

4.3.3 IMS D5217 Sun 3 version

All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.

Cross-development operating requirements
For hosted cross-development you will require:
¢ A Sun 3 workstation or server
e SunOS 4.0.3 or later
* IMS D5214 ANSI C Toolset (requires 10 Mbytes of free disk space)
* 3 Mbytes of free disk space
For loading target systems you will require one of the following:
« IMS B014 VME motherboard with 2 Mbyte IMS B404 TRAM (eg. IMS B404-3)
* |BM PC development system plus PC-NFS
For interactive transputer symbolic debugging an additional 2Mbyte IMS B404 TRAM is required.

A very high performance interface to up to 4 transputer networks can be constructed using the IMS BO16
VME master board.

Native development operating requirements
For native development you will need:

¢ A Sun 3 workstation or server

¢ SunOS 4.0.3 or later

¢ 3 Mbytes of free disk space
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Distribution media
Sun 3 software is distributed on DC 600A data cartridges, QIC-11, tar format.
Licensing variants

There is only one licence option which provides a single machine licence for any Sun 3 machineregardless
of the model.

4.3.4 IMS D4217 Sun 4 version

Alltools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.

Cross-development operating requirements
For hosted cross-development you will require
¢ Sun 4 workstation or server
* SunOS 4.0.3 or later
* IMS D4214 ANSI C Toolset (requires 10 Mbytes of free disk space)
* 3 Mbytes of free disk space
For loading target systems you will require one of the following:
+ IMS B014 VME motherboard with 2 Mbyte IMS B404 TRAM (eg. IMS B404-3)
¢ IBM PC development system plus PC-NFS
For interactive transputer symbolic debugging an additional 2Mbyte IMS B404 TRAM is required.

A very high performance interface to up to 4 transputer networks can be constructed using the IMS BO16
VME master board.

Native development operating requirements
For native development you will need

* A Sun 4 workstation or server

* SunOS 4.0.3 or later

* 3 Mbytes of free disk space
Licensing variants

There are different licensing variants of the Glockenspiel C+ + product depending on the machine on
which you wish to use the product (shown in table 4.2). Each product provides a licence for use on a single
machine of the designated model type.
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Computer Models Variant

Sun 4 workstation 20ws, 60ws IMS D4217-WA
40ws, 65ws, 75ws, 1**ws, 330ws IMS D4217-WB
2**ws,370ws, 470ws IMS D4217-WC

Sun 4 server 60s IMS D4217-WB
65s, 75s, 330s IMS D4217-WC
2**s,370s,470s IMS D4217-WD
390s,490s IMS D4217-WE

Table 4.2 IMS D4217 Licensing variants

Distribution media

Sun 4 software is distributed on DC 600A data cartridges, QIC-24, tar format.

4.4 Error Reporting And Field Support

Aregistration formis provided with each product. Return of the registration form will ensure you are informed

about future product updates.

Software problem report forms are included with the software.

INMOS has a world-wide network of sales offices, providing support for INMOS products. In some areas
the support functions may be taken over by distributors or other third parties.
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IMS D7216

IMS D6216

IMS D5216

IMS D4216

ANSI FORTRAN 77 Toolset

o i
NMOS’
Advance Information

ANSI FORTRAN 77 cross-development systems for IBM
PC, NEC PC, Sun 3, Sun 4 and VAX hosts

KEY FEATURES

Full ANSI FORTRAN 77 (ANSI X3.9 -1978)

Validated against FSVC78 version 2.0 from FSTC
Excellent compile time diagnostics

Optimised code generation

Support for parallelism

Interactive symbolic debugging for transputer networks
Post-mortem symbolic debugging for transputer networks
T425 simulator

Consistent tools across PC, VAX VMS, Sun 3, and Sun 4 hosts

APPLICATIONS

Scientific and Numeric programming for accelerators
Porting of existing software and packages
Evaluation of transputers for concurrent applications

Embedded systems (both single and multiple transputers)

‘7_ SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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5.1 Introduction

The following discussion outlines the use and features of the ANSI FORTRAN toolset in moderate technical
detail. In particular examples are included to illustrate how easily parallel programs and multi-processor
programs can be built using the ANSI FORTRAN toolset. A summary of the documentation and tools pro-
vided in the toolset is given. Finally the operating requirements and distribution media for each of the PC,
VAX and Sun products are specified.

5.2 Product Overview

The INMOS FORTRAN Toolsets provide complete FORTRAN cross-development systems for transputer
targets. They can be used to build parallel programs for single transputers and for multi-transputer networks
consisting of arbitrary mixtures of transputer types. Programs developed with the toolset are both source
and binary compatible across all host development machines. The INMOS ANSI FORTRAN 77 Toolset is
available for four development platforms:

IMS D7216 ANSI FORTRAN 77 Toolset for IBM and NEC PC under PCDOS
IMS D6216 ANSI FORTRAN 77 Toolset for VAX VMS

IMS D5216 ANSI FORTRAN 77 Toolset for Sun 3 under SunOS 4.0.3

IMS D4216 ANSI FORTRAN 77 Toolset for Sun 4 under SunOS 4.0.3

5.2.1 How programs are built

FORTRAN 77 programs may be separately compiled. Separately compiled units may optionally be col-
lated into libraries. The linker links separately compiled units and libraries into fully resolved main program
units. Collections of communicating main program units may be distributed across networks of transputers
using the configuration tools. The results of configuration may be loaded down a transputer link using the
host server. In addition to loading programs down a transputer link, the host server program provides ac-
cess to host operating system facilities through a remote procedure call mechanism. The server program
is provided in FORTRAN source code to allow extension by developers. For developers using a make
program, a tool imakef is provided which will generate a Makefile automatically. This automates the build
process and guarantees that the Makefile is consistent with program sources.

5.2.2 ANSI FORTRAN compilation system

Compiler operation

The compiler operates from a host command line interface. The compile time diagnostics provided by the
compiler are truly excellent.

ANSI conformance

The INMOS ANSI FORTRAN 77 Toolset supports the full standard language as defined in X3.9-1978 plus
a number of VAX and IBM FORTRAN extensions.

Optimised code generation

The ANSI FORTRAN 77 toolset achieves over 20 percent improvement in program execution speed over
previous INMOS FORTRAN compilers as measured by an internal set of program benchmarks. The compil-
er implements a wide range of code optimisation techniques.

Constant folding. The compiler evaluates all integer and real constant expressions at compile time.

Workspace allocation. Frequently used variables are placed at small offsets in workspace, thus re-
ducing the size of the instructions needed to access them, and hence increasing the speed of
execution.
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Dead-code elimination. Code that cannot be reached during the execution of the program is re-
moved.

Peephole optimisation. Code sequences are selected that are the fastest for the operation. For ex-
ample, single precision floating variables are moved using the integer move operations.

Instruction scheduling Where possible the compiler exploits the internal concurrency of the trans-
puter. In particular integer and floating point operations can be overlapped to exploit the parallel
execution of the integer processor and floating point processor on the T800 series.

Constant caching. Some constants have their load time reduced by placingthemina constanttable.
Unnecessary jumps are eliminated.
Special idioms that are better on transpluters are chosen for some code sequences.

Run-Time System

The standard FORTRAN mathematical functions provided use the same code as in the 0CCam compiler.
This ensures identical results and accuracy for all compilers supported by INMOS.

hostout hostin

wkr_out[3],
wkr_in[3]

out out

Figure 5.1 Software Network

A reduced FORTRAN 77 run-time system is supplied to minimize code size for embedded systems appli-
cations. This library is appropriate for processes which do not need to access host operating system facili-
ties.

Collections of functions can be compiled separately with the INMOS FORTRAN 77 compiler and then com-
bined into a library. The linker is used to combine separately compiled functions into a program to run on
a single processor. The linker supports selective loading of library units.

Mixed language programs

The ANSI FORTRAN 77 toolset allows C functions, OCCam procedures and (single valued) 0cCam func-
tions to be called from FORTRAN.

The associated 0CCam toolset supports calling FORTRAN functions directly from occam.

FORTRAN, occam and C processes may be freely mixed when configuring a program for a single trans-
puter or a network of transputers.
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5.2.3 Target systems
The compiler will generate code for the following transputers; T400, T414, T425, T800, T801, and T805.

The processor target type and other compilation options are specified by command line switches. Libraries
may contain code compiled for several different target processors. The linker will select the correct unit
at link time. The compiler, linker and librarian additionally support code compiled to run on a range of pro-
cessor types achieving a space saving in libraries.

host
0
T800
root Mbyte

Figure 5.2 Hardware Network 1

Mixed networks may consist of any combination of any processor types. The configuration tools and inter-
active and post-mortem debugging tools all support mixed networks.

5.2.4 Support for parallelism

The ANSI FORTRAN 77 toolset supports parallelism on individual transputers, and parallelism across net-
works of transputers.

The tools support programming of farming, pipelines and data parallelisms over arrays of processors.

Processes may be created at high and low priority levels. Interrupt routines are typically implemented as
high priority processes. Subroutines are provided to read a message from one of a list of channels (imple-
menting the occam ALT construct), to timeout on channel input, and to access the high and lower priority
timers built into the transputer. The microcoded transputer scheduler provides extremely efficient schedul-
ing of these processes.

The linker can produce processes in the form of fully linked processes. These processes can be distributed
over a network of processors using the configuration tools. The processes may communicate by message
passing over channels.

A configuration language is used to describe the transputer network, the network of processes and inter-
connections, and the mapping of the processes onto the transputer network. Multiple processes may be
mapped onto the same transputer. Communicating processes must reside on the same or adjacent proces-
sors, and only one pair of channels may be placed on a transputer link.

Two examples illustrate just how easy it is to configure programs for transputers. In both cases we assume
the mux and wkr processes in the software network have been compiled and linked into file mux . 1kuand
wkr . 1ku respectively.

Figure 3.4 shows the configuration text for mapping the software network in Figure3.1 onto the hardware
shown in Figure 3.3: a single T800 with 1 Mbyte of memory, connected to the host by link 0. In this example
all the processes run on the root transputer.
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/* Configuration example 1 */
/* Hardware description */

T800 (memory = 1M) root;
connect root.link[0] to host; /* Host is pre-defined edge */

/* Software description */

/* Define process memory sizes and interfaces */
process (stacksize = 2K, heapsize = 16k); /* Define defaults */
rep i = 0 for 3
process (interface (input in, output out, int id)) wkr[i];
process (interface (input hostin, output hostout,
input in[3], output out[3])) mux;

/* Define external channels, interconnections and parameters */
input hostinput; /* Host channel edges */
output hostoutput;

connect mux.hostout to hostoutput;
rep i = 0 for 3

wkr[i] (id = i); /* Set worker process id parameter*/
connect mux.in[i] to wkr[i].out;
connect mux.out[i] to wkr[i].in;

/* Mapping description */

/* Define linked file units for processes */
use "mux.lku" for mux;
rep i = 0 for 3

use "wkr.lku" for wkr[i];

rep i = 0 for 3

place wkr([i] on root;
place mux on root;
place hostinput on host;
place hostoutput on host;

connect mux.hostin to hostinput; /* Host channel connections */

/* Map processes to processors and external channels to edges */

Figure 5.3 Software Configuration 1

Figure 3.6 shows the configuration text for mapping the software network on to hardware shown in Fig-

ure 3.5; four T800s with 1 Mbyte of memory. In this example the mux process runs on the root transputer

while the individual wkr processes run on each of the node transputers.

Only four lines of the configuration examples are different, the description of the software network is the
same in both cases. Regardiess of the target configuration it will always be possible to reconfigure the

application for a single transputer, providing a useful first stage for target debugging.

The configuration tools can create a multi-processor program from this configuration description and the
linked process units. Bootstraps and program distribution code is automatically added resulting in a pro-
gram which will distribute itself across a transputer network with no additional programming required by
the user. Multi-processor programs can be loaded from a host machine using the iserver program.



48 Software Development Tools

The interactive and post-mortem symbolic debugging tools support this parallelism.

host

p[0] 0 oot [ o0 b2

T800
p[1] 1Mbyte

Figure 5.4 Hardware Network 2

5.2.5 Debugging

The F77 toolset provides three debugging tools: a T425 simulator, an interactive symbolic debugger, and
a post-mortem symbolic debugger. The simulator provides debugging functions on the host machine while
the interactive and post-mortem debuggers provide debugging on transputer target machines.

T425 simulation

The T425 simulator is a machine level simulation of the T425 processor connected to a host running the
iserver. It allows transputer code to be executed on the host machine (except in the case of the IBM PC
toolset which uses a transputer board to run the simulator).

The simulator provides machine level debugging support including: breakpoints and single stepping at
machine code level, browsing memory in different forms including disassembled machine code, access
to registers and processor queues. As explained previously, code for an arbitrary transputer network can
always be configured for a single processor allowing the simulator to be used for multi-processor programs
in addition to single processor programs.

A batch mode is provided for running test suites.
Interactive symbolic debugging

The interactive debugger provides source level interactive debugging across a mixed network of
processors. The debugger supports breakpoints at the FORTRAN, occam or C source code level.
Breakpoints may be set on any processor in the network. The state of any halted process in the network
can be examined symbolically. Variables may be read or written symbolically. The stack can be backtraced
to examine the nesting of subroutine calls.The debugger will automatically switch between FORTRAN,
occam and C when debugging a mixed language program.

The interactive debugger provides all the machine level facilities of the simulator for every processor in
the network (with the exception of machine level single stepping and register modification).
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/* Configuration example 2 */
/* Hardware description */

T800 (memory = 1M) root, p[3];
connect root.link[0] to host; /* Host link connection */
rep i = 0 for 3

connect root.link[i + 1] to p[i].link[O];

/* Software description */

/* Define process memory sizes and interfaces */
process (stacksize = 2K, heapsize = 16k); /* Define defaults */
rep i = 0 for 3
process (interface (input in, output out, int id)) wkr[i];
process (interface (input hostin, output hostout,
input in[3], output out[3])) mux;

/* Define external channels, interconnections and parameters */
input hostinput; /* Host channel edges */

output hostoutput;

connect mux.hostin to hostinput; /* Host channel connections */
connect mux.hostout to hostoutput;

rep i = 0 for 3

wkr[i] (id = i); /* Set worker process id parameter*/
connect mux.in[i] to wkr[i].out;
connect mux.out[i] to wkr[i].in;

}
/* Mapping description */

/* Define linked file units for processes */
use "mux.lku" for mux;
rep i = 0 for 3

use "wkr.lku" for wkr[i];

/* Map processes to processors and external channels to edges */
rep i = 0 for 3
place wkr[i] on p[i];
place mux on root;
place hostinput on host;
place hostoutput on host;

Figure 5.5 Software Configuration 2
Post-mortem symbolic debugging

The post-mortem debugger can be used to examine the state of a transputer network symbolically. The
debugger works with exactly the same code as will run in your final product; there is no additional code
inserted to support debugging. This supports the cases where the program works under simulation, works
when debugging is compiled in, but fails when the debugging is removed. After a program has halted or
been interrupted by the developer, the state of the network can be preserved so that the post-mortem de-
bugger can be run. The post-mortem debugger will support direct analysis of the network, or allow the state
of the network to be saved in a dump file for later analysis. The post-mortem debugger supports the same
symbolic and machine level browsing functions as the interactive debugger.
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Both the interactive debugger and the post-mortem debugger require a transputer to run. The simulator will
run directly on Sun 3, Sun 4 and VAX hosts.

5.2.6 Improvements over previous releases

The D7214, D6214, D5214, and D4214 ANSI FORTRAN toolsets represent a considerable improvement
over the D711, D611 and D511 Parallel FORTRAN compilers. A summary is provided below.

« Extend language features.

« Faster code generated.

« Tools execute native on Sun and VAX hosts.
« Faster execution of compiler.

« New debugging tools: including interactive symbolic debugger with breakpoint support, im-
proved post-mortem debugging, and transputer simulation on the host machine.

¢ Configuration language updated ready to support next generation transputers.
¢ Improved mixing of FORTRAN, C and occam.
* Makefile generator included.

With the longer term in mind the object file format for this release has been improved. Conversion tools
are provided to convert old format object files into the new format. Given the performance improvements
offered, it is recommended that where possible existing code should be recompiled into the new format.

5.3 ANSI FORTRAN Toolset Product Components

5.3.1 Documentation
¢ Delivery manual
e User manual
e Reference manual

* ANSI FORTRAN 77 toolset handbook

5.3.2 Software Tools
if77, llink, ilibr - ANSI FORTRAN compiler, linker and librarian
imakef, ilist - Makefile generator and binary lister program
icconf, icollect - configuration tools
isim, idebug, iskip, idump - debugging tools
iserver - INMOS host server program
icvtlink, iemicvt - conversion tools for old file formats

5.4 Product Variants

5.41 IMS D7216 IBM PC version

Although the PCtools are invoked as if they were ordinary PC resident tools, they actually run on a transput-
erboard plugged into the PC. A number of the tools are additionally provided in a form which will run directly
on the PC.
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Operating requirements
You will need one of the following configurations:

« IBMPC XT or AT with 512Kbyte memory, an IMS BOO8 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3)

« NEC PC-9801 with 512Kbyte memory, an IMS B015 Motherboard, plus a transputer module with
2 Mbytes of memory (eg. IMS B404-3).

In each case you will require:
e DOS 3.0 or later
¢ 7 Mbyte of free disk space

The interactive symbolic debugger requires an additional 2 Mbyte IMS B404 TRAM. The simulator and sym-
bolic post-mortem debugger do not require this additional TRAM.

Distribution media

Software is distributed on two media systems:
¢ 360 Kbyte (48TPI) 5.25 inch IBM format floppy disks
e 720 Kbyte 3.5 inch IBM format floppy disks.

5.4.2 IMS D6216 VAX VMS version

All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.

Operating requirements
For hosted cross-development you will need:
e VAXVMS 5.0 or later
* 10 Mbytes of free disk space.
For loading target systems and target debugging you will need one of the following:

* A third party interface board supporting a connection to a 32 bit transputer with 2 Mbytes of
memory

* AnIBM PC cross development system, plus DECNET connection.
Distribution media

Software is distributed on a TK50 tape cartridge in VMS backup format.
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5.4.3 IMS D5216 Sun 3 version, IMS D4214 Sun 4 version

All tools are provided in a form which will run on the host machine, and in a form which will run on transput-
ers. The exceptions to this rule are the server, which will only run on the host machine, and the target debug-
ging tools which will only run on a transputer.

Operating requirements
For hosted cross-development and debugging you will require:
¢ A Sun 3 or Sun 4 workstation or server
¢ SunOS 4.0.3 or later
¢ 10 Mbytes of free disk space.
For loading target systems and remote debugging you will require one of the following:
¢ IBM PC development system plus PC-NFS.

The interactive symbolic debugger requires an additional 2 Mbyte IMS B404 TRAM. The simulator and sym-
bolic post-mortem debugger do not require this additional TRAM.

A very high performance interface to up to 4 transputer networks can be constructed using the IMS B016
VME master board.

Distribution media

Sun 3 software is distributed on DCB00A data cartridges 60 Mbyte, QIC-11, tar format. Sun 4 software is
distributed on DC600A data cartridges 60 Mbyte, QIC-24, tar format.

5.5 Error Reporting And Field Support

Aregistration form is provided with each product. Return of the registration form will ensure you are informed
about future product updates.

Software problem report forms are included with the software.

INMOS products are supported worldwide through SGS-THOMSON Sales Offices, Regional Technology
Centres, and authorised distributors.
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ALSYS

Ada Compiler

Product Information

ulzsys

Ada cross-development systems for IBM PC, and VAX
hosts

KEY FEATURES

« Full Ada Compiler (ANSI/MIL-STD 1815A)

« Validated by United States Government Joint Ada Program Office

« Support for distributed Ada applications

* Ada specific code optimisations

* Optimised run time efficiency for multi-tasking

« Support for all 32 bit INMOS processors (T4 and T8)

* Supports calling occam from Ada.

e Access to low-level programming features

¢ Support for EPROM programming

¢ Interworks with INMOS occam 2 toolset

» Consistent with native IBM PC and VAX Ada development tools
APPLICATIONS

« Embedded systems (both single and multiple transputers)

* Porting of existing software and packages

« Evaluation of transputers for concurrent applications

¢ Military developments

42 1497 00 November 1990
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6.1 Product Overview

Version 5 of the Alsys Ada Transputer Cross Compiler offers a complete production quality Ada environment
suitable for the development real-time embedded applications. The compiler runs on all VAX, MicroVAX
and VAXstations under VMS, or on an IBM PC with a transputer board. The compiler generates code for
both the T800 and T400 series transputers.

The compilation system consists of: the compiler (including the high level and low level optimisers), binder,
multi-library environment (family, library and unit managers), Ada run-time executive, AdaWorld (the user
interface common to all Alsys compilers), optional Ada Toolset (AdaProbe, AdaXref, AdaMake and
AdaReformat), standard Ada packages and user documentation.

The compiler has been officially validated by the United States Government Ada Joint Program Office.

6.2  Product Highlights

6.2.1  Supports easy implementation of distributed Ada applications

The transputer family of processors provides an excellent architecture for developing distributed multi-pro-
cessor applications. Ada programs running on separate transputers can exploitrapid interprogram commu-
nication through transputer links using the CHANNEL _|O interface.

6.2.2  Efficlent sharing of Ada Librarles

The Multi-Library Environment provides a powerful and flexible way to manage Ada development efforts
and share program units even across local area networks. The new Version 5 Multi-Library Environment
supports re-use and distribution of software components through mechanisms that copy individual compi-
lation units and export and import entire libraries.

6.2.3 Generates high performance, compact application code
Ada Code Generation

The compiler generates extremely high quality code for fast, compact applications. A full implementation
of pragma INLINE is supported. The binder supports unused subprogram elimination, removing all code
for subprograms that are not called. The High Level Optimiser excels at removing constraint checks and
detecting pending execution time errors at compile time. The Low Level Optimiser further reduces code
size and increases speed by removing common subexpressions and passing information to the code gen-
erator for improved stack and workspace usage.

Floating point support

Special floating point instructions are generated to exploit the speed of the built in floating point unit of the
T8. For the T4 target floating point operations are emulated in software.

Ada Run Time

The Ada Run Time Executive provides complete and efficient support for executing Ada programs. Thor-
ough and predictable storage reclamation is implemented, minimizing the application’s chance of raising
STORAGE_ERROR. Absolutely no execution overhead is associated with exceptions unless one is raised;
call, return and block entry, exit sequences are free of exception management code and consequently very
compact. Tasking support includes pragma PRIORITY, preemptive scheduling, user controllable time slic-
ing and fairness in selective wait.

Supports low level programming features

Representation clauses to the bit level, address clauses, pragma PACK, and unchecked conversion and
deallocation are among the supported features. An interface to occam 2 is provided, facilitating the devel-
opment of true distributed multi-processor applications.
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6.2.4 Increased development productivity

Detailed error messages are provided with clear diagnostic information and optionally, explanations and
suggested fixes. Run-time error diagnostics include a full trace-back with complete calling sequence and

source line information.

AdaXref provides comprehensive cross reference documentation for Ada purposes. AdaReformat can be
used to automatically reformat Ada source to the style employed in the Ada reference manual, thus impos-
ing consistency and readibility of source files. AdaMake supports automatic rebuilding of Ada programs.
6.2.5 Advanced debugging support

AdaProbe is a combined source-level symbolic debugger and program viewer. It is in part a source-level
symbolic debugger able to handle all Ada features, including generics and multi-tasking. Supported fea-
tures include breakpoints, single-stepping and fine control over exceptions. You can also view the state
of the program; AdaProbe keeps a trace of the call history and the values of all variables can be displayed
and modified. AdaProbe also supports debugging at the assembly level; you can single-step through indi-
vidual instructions and display and change memory locations and registers.

Alsys products, unlike many others, do not insert debug code in the executable code, which would distort
its performance during testing. All information required for debugging is stored by the compilerin the repos-
itory. The Alsys approach guarantees reliable and reproducible debugging.

6.2.6 Ada predefined Input and Output
Predefined Ada Input and Output packages are supported, and performed through the INMOS iserver.
6.2.7 Transfers the loadable Ada program to the target

The application can be executed on any T8 host. A single image can be downloaded to a single T8 or T4,
or a network of transputers. Downloading is achieved via the host T8 or by transfer to any iserver supported
computer for execution on the target configuration.

6.3 The Alsys Ada Compilation System

The Alsys Ada compilation system is shown in figure 6.1.

6.4 Ada Compiler Toolset Product Components

6.4.1 Documentation
Alsys user documentation is comprehensive, professionally written and easy to use.
User’s Guide

The User’s Guide explains the use of the Compiler and Binder, detailing the procedures for compiling, bind-
ing and linking, and executing the object code. Additional User’'s Guides are provided with the optional
Ada Toolset.

Project Development Guide

The Project Development Guide explains the Alsys Multi-Library Environment, including the use of the Fam-
ily Manager, Library Manager and Unit Manager.

Installation Guide
The Installation Guide specifies the installation procedure.

Ada Reference Manual
The Ada Reference Manual defines the ANSI/ISO standard for the Ada Language (ANSI/MIL-STD 1815A).
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Appendix F

Appendix F accompanies the Ada Reference Manual and describes implementation dependent issues and
interfaces to other languages.

Application Developer’s Guide

The Application Developer’s Guide explains how to build an application and use pragma INTERFACE to
occam 2.

The source code (A) is converted by
the three phases of the

Alsys Compiler into fast compact
machine code.

The program moves from the
Analyzer (B) through the Expander (E)
to the Code Generator (H).

Alsys supplies family, library and unit
L management utilities (L).

Each phase further refines and
expedites the code conversion.
Proprietary internal representations —
Abstract Intermediate Language (C)
and Code Generator Intermediate
Language (F) — are used for efficien-
cy.

Representations of previously com-
piled units are imported from user-
created Ada libraries (M) or from the
predefined libraries provided by Al-
sys (N). Information about a compila-
tion is stored in the Library for use in
future compilations and by tools such
as AdaProbe.

The High- and Low-Level
Optimizer phases (D and G)
significantly improve code
quality.

The compilation results in
Object Code ().

The Binder (J) joins the Object
Code of separately compiled units
into an Object Program, which is
combined with the Run-Time Ex-
ecutive (O) by the Linker.

The result is an executable
program (K).

Ej.- == e i e H o s w«@

Figure 6.1 The Alsys compilation system
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6.4.2

© N o0

6.5

6.5.1

Software Components

Compiler 2 High Level Optimiser
Low Level Optimiser 4 Binder

Multi-Library Environment 6 Ada Run-Time Executive
AdaWworld 8 AdaProbe

AdaXref 10 AdaMake
AdaReformat

Product Variants

IBM PC Alsys Ada Compiler

Although the PC tools are invoked as if they were ordinary PC resident tools, they actually run on the trans-
puter board plugged into the PC.

Operating requirements

IBM PC XT or AT with 512Kbyte memory
IMS B008 Motherboard

Transputer module with 4 Mbytes of memory
DOS 3.0 or later

30 Mbyte of free disk space

INMOS IBM PC occam 2 toolset

Distribution media

Software is distributed on BOTH 1.2 Mbyte (48TPI) 5.25 inch IBM format floppy disks AND 1.44 Mbyte 3.5
inch IBM format floppy disks.

6.5.2

VAX VMS Alsys Ada Compiler

All tools are provided in a form which will run on the host machine.

Operating requirements

Any VAX, MicroVAX or VAXstation
VAX VMS 4.7 or later
30 Mbytes of free disk space

INMOS VAX VMS occam 2 toolset

Distribution media

Software is distributed on a TK50 tape cartridge.
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6.6 Customer Support And Upgrade Services

Alsys offers several levels of Customer Support and Upgrade Services to satisfy varied customer needs.
Services include access to the electronic Alsys Customer Support Bulletin Board, automatic shipment of
new releases on supported media, multiple levels of telephone support and consulting. Support is avail-
able worldwide through offices located in the United States, the United Kingdom and France.

6.7 Alsys And Ada

In 1980, after winning the historic international design competition for the creation of the Ada language it-
self, Dr. Jean D. Ichbiah founded Alsys. Many members of the original design team are employed at Alsys
companies in the United States, United Kingdom and France. Together the companies employ over 150
people, more than 80 of whom are software developers.

Alsys offers a complete range of Ada products. AlsyEd education products include videotaped and live
Ada courses and computer aided instruction. AlsyComp compiler products and AslyTool toolsets are avail-
able for a broad range of popular architectures including the Inmos transputer processor families.
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For ordering information please contact the following:

Alsys Offices and Addresses

Alsys, Inc.

67 South Bedford Street
Burlington, MA 01803-5152
Tel: (617) 270-0030

Fax: (617) 270-6882

Alsys, Inc.

Southeast Regional Office
1800 Alexander Bell Drive
Suite 102

Reston, VA 22091

Tel: (703) 391-0771

Fax: (703) 391-0470

Alsys, Inc.

Western Regional Office
23282 Mill Creek Road
Suite 211

Laguna Hills, CA 92653
Tel: (714) 472-2410
Tel: (714) 472-2414

Alsys, S.A.

29, Avenue de Versailles
78170 La Celle Saint-Cloud
France

Tel: 33 (1) 39 18 12 44
Telex: 697569F

Fax 33 (1) 39 18 26 80

ALSYS is a trademark of ALSYS S.A.

Alsys, Ltd.

Partridge House
Newtown Road
Henley-on-Thames
Oxon RG9 1EN, England
Tel: 44 (491) 579090
Telex: 846508 ALSHEN G
Fax: 44 (491) 571866

Alsys AB

Patron Pehrs Vag 10

Box 1085

141 22 Huddinge / Stockholm
Sweden

Tel: 46 (8) 746 0920

Fax: 46 (8) 774 5213

Alsys GmBH

Am Ruppurrer Schloss 7
D-7500 Karlsruhe 51
Germany

Tel: 49 (721) 883025
Fax: 49 (721) 887564
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Product Information

71 Transputer Development Kits

The success of any microprocessor is determined as much by the quality of the available development
tools as by any other feature. Silicon performance is intimately linked to compiler technology. The use
of efficient debugging tools is one of the most effective ways to reduce time to market. This is why INMOS

produces a complete range of integrated development tools, specifically designed for multi-processing
applications.

All development tools are designed specifically with multiprocessing in mind. For example, configurers
automatically add bootstrap code to load a complete network of processors, and the interactive debugger
allows the user to ‘walk down a link’ and inspect/modify the processor state at the other end.

INMOS is able to support transputer application development on a wide range of standard computer plat-
forms including:

« |BM PC-AT or compatible
e NEC 9800 series PC

* IBMPS/2

e SUN3

e SUN386i

e SUN4

¢ VAXVMS

The tools are designed such that there is a consistent user interface, enabling users to migrate from one
environment to another with the minimum of effort.

There follows a series of tables designed to help the reader select the components that are required to build
a suitable transputer development environment.

Table 7.1 indicates the part numbers of the different language tools available for each of the supported
computer platforms. The C + + tools are pre-processors. All the other language variants (i.e. ANSI C, FOR-

TRAN and occam) are complete toolsets including compiler, configurer, debuggers and a host of other
utilities.

‘_ SGS-THOMSON
Y/, ViICRoELECTRONCS
INMOS is a member of the SGS-THOMSON Microelectronics group
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PC NEC PC PS/2 Sun3 Sun386i Sun4 VAX

ANSIC IMS IMS IMS IMS IMS IMS IMS
D7214 D7214 D7214 D5214 D7214 D4214 D6214

C++ IMS IMS IMS IMS IMS IMS IMS
D7217 D7217 D7217 D5217 D7217 D4217 D6217

Fortran IMS IMS IMS IMS IMS IMS IMS
D7216 D7216 D7216 D5216 D7216 D4216 D6216

occam IMS IMS IMS IMS IMS IMS IMS
D7205 D7205 D7205 D5205 D7205 D4205 D6205

Table 7.1

Two modes of development are possible using INMOS tools. For example, in some cases it is possible
to run the compiler on the host computer, generating binary code to run on an attached transputer system
(or on a simulator). This is known as ‘cross-development’.

Alternatively, in all cases it is possible to run the compiler directly on the attached transputer system. This
is known as ‘transputer hosted’ operation.

Table 7.2 shows which modes of operation are supported on which computer platforms. Table 7.3 indicates
the hardware and software components that are required to build a transputer system that can be directly
interfaced to the platform, and is capable of running the development tools in ‘transputer-hosted’ mode.

PC NEC PC| PS/2 Sun3 |Sun386i | Sun4 VAX
Cross-development No No No Yes No Yes Yes
Transputer hosted Yes Yes Yes Yes Yes Yes Yes
Table 7.2
Host Machines
PC NEC PC PS/2 Sun3 Sun386i Sun4
Motherboard IMS B008-1 |IMS B015-1 |IMS B0O17-1 |IMS B0O14-1 | IMS B0O08-1 |IMS B014-1
Host TRAM' IMS B404-3 | IMS B404-3 [ IMS B404-3 |IMS B404-3 | IMS B404-3 | IMS B404-3
Debug TRAM! | IMS B404-3 |IMS B404-3 |IMS B404-3 |IMS B404-3 |IMS B404-3 | IMS B404-3
Card frame - - - IMSCA12 - IMSCA12
Device driver Included Included IMSS217 IMSS514 IMSS308 IMSS514
Notes
1 Any TRAM with 2Mbytes or more of memory is sufficient. An IMS B404-3 is suggested but an IMS
ggzuss_; (;‘2 (very fast 2Mbyte), IMS B426-5 (4Mbyte), or an IMS B427-5 (8 Mbyte) could equally well

Table 7.3

For networked computer systems running TCP/IP, INMOS is also able to offer software and hardware to
supportremote access to transputer systems. The reader is referred to the sections on the IMS B300 (chap-
ter 44) and on Ethernet support software (chapter 14).
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IMS FOOOB

VecTRAM library

]
NMOS*
Product Information

A software support package for the IMS B420 Vector
Processing TRAM

KEY FEATURES

Dramatically speeds up parallel applications and increases system performance involving
vector/signal processing computation.

occam 2 and ANSI C compatible(IMS Dx205 and IMS Dx214 respectively).

Obviates the need for users to directly program the hardware of IMS B420 for common
vector/signal processing operations.

When a vector library function is encountered, the co-processor is activated to execute the
required function transparently

Automatically copies data structures from non shared memory areas to a shared memory area
accessible by both the transputer and the Zoran ZR34325 vector co-processor.

APPLICATIONS

Speech processing

Communication and coding

Graphics and numerical processing
Radar, sonar, ultrasonics, etc.
Seismic/geophysical data processing
Neural networks

Image processing and compression

‘7_ SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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8.1 Introduction

The IMS FOOOB consists of a library of C functions and 0ccam procedures developed specifically for
common vector/signal processing tasks, encountered in many applications. The functions are callable
from a C or an 0CCam program running on an IMS B420 TRAM, and can be used to dramatically speed
up parallel applications and system performance involving vector/signal processing computation.

This document is a brief introduction to the features provided by IMS FOOOB and explains, by way of
example, how the product may be used.

It is assumed that the reader is familiar with :
» Transputers, 0cCam and C
« Digital Signal Processing (DSP)
« IMS Dx205 occam 2 toolset [1]
« IMS Dx214 ANSI C toolset [2]

8.2 Product Overview

During program execution, when a vector library function is encountered, the co-processor is activated
to execute the required function. On the IMS B420 TRAM, the co-processor has its own local fast memory
space, which is also accessible to the transputer. However the transputer local memory is not visible to
the co-processor. When a library function is called; if the data to be processed is in the transputer local
memory space, itis automatically copied (using the block move capability of the T800) to a predetermined
area in the co-processor space. The co-processor is then activated to execute the required function.

If the destination vector operand address, specified in the call, is in the transputer space, the processed
data is automatically copied back to the specified area in the transputer memory space. This built-in
copying means that the co-processor operation can be totally transparent to the programmer, and
programs can be accelerated without the need for detailed knowledge about the operation of the IMS B420
TRAM.

The overhead associated with data copying, between the transputer and co-processor (or visa versa), is
avoided, if the source and/or destination operands for the specified function are already in the
co-processor local memory space. The library functions automatically check the operand addresses and
take appropriate action. In general, if the address of an input or an output operand, in a function call, is
in the co-processor space, no data copying will take place for that operand. This is particularly important
if operands are to undergo several vector/signal processing operations. For optimal performance, in such
cases, the user can easily specify destination (and/or source) addresses which are local to the
co-processor address space. In this way data copying, between the transputer and the shared memory
area, can be minimised.

Apart from vector and arithmetic functions, the IMS FOOOB includes efficient vector move functions which
allow optimisation at the application level. The library also supports co-processor control calls which are
used to set rounding modes, etc.

8.3 Using IMS F000B

IMS FO00B may be used by both C and occam 2 programs. Throughout this document all descriptions
of parameters will use C calling conventions. Hence occam users should read “_’ as “.".

Before using the supplied library routines, a call must be made to the initialisation routine VT_INIT (vt.init),
which initialises the Vector Co-processor.

Simple examples in both occam and C are given for a call to the vector multiplication routine
VT_MULT_F32R (vt.mult.f32r).
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The vector multiplication routine multiplies two data vectors pointed to by VecInl and VecIn2 and places
the product vector at the location pointed to by VecOut.

The vector operands are 32-bit floating-point throughout. The elements in the input vectors will have strides
of vecInl_stride, and VecIn2_stride respectively. The elements of the output vector will be stored
with strides of vecOut_stride.

Operation:

VecOut[ix VecOut_stride] = VecInl[ix VecInl_stride]
XVecIn2[ix VecIn2_stride]

FORi=0,1,...,No_of_elements
Calling Syntax:
(C)

Function: VT_MULT_F32R
int VT_MULT_F32R (float *VecInl,

int VecInl_stride,

float *vecIn2,

int VecIn2_stride,

float *VecOut,

int VecOut_stride,

int No_of_elements,

int Flag);

(occam:)

proc: vt.mult.f32r

vt.mult.f32r (VAL INT gsb,
[IREAL32 VeclIn,
VAL INT VecInl.stride,
[IREAL32 VecIn2,
VAL INT VecIn2.stride,
[JREAL32 VecOut,
VAL INT VecOut.stride,
VAL INT No.of.elements,
VAL INT Flag,
INT error.code)

Notes:

The gsb parameter is required to permit 0CCam to use of the supplied library VECC14.LIB which
contains compiled C functions. The gsb parameter is initialised by vt.init.

Errors:

Successful completion returns 0. If an error occurs a non-zero value will be returned.
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8.3.1  Incorporation into a C program
A C program, running on VecTRAM, can have the following form:

#include"deccl4.h"
#include"memcl4.h"

main()

{
float a[100], b[100], c[100];
int i, flag, error_code;

/* Initialise the coprocessor
and set up workspaces */
error_code = VT_INIT (COPROCESSOR_MEM_BASE,
LIB_WORKSPACE_BASE,
USER_WORKSPACE_BASE,
COPROCESSOR_MEM_TOP) ;

if (error_code == 0)

{
/* Initialise test data arrays */
for(i=0; 1i<100; i++)

{
a[i] = 10.0;
b[i] = 20.0;
c[i] = 0.0;

}

flag =0;

/* Call vector multiply function */
error_code = VI_MULT F32R(a, 1, b, 1, ¢, 1, 100, flag);

}

8.3.2 Incorporation into an 0CCam program
An occam program, running on VecTRAM, can have the following form:

#OPTION"v" -- Disable separate vector space usage
#INCLUDE"vtc2oc. inc"

PROC ocexample()

#USE "veccl4.lib"
#USE "vtinitoc.t8x"

INT error.code:
[100]INT32 a, b, c :
VAL INT flag IS O:

--Initialise the C runtime system and the

SEQ
vt.init (gsb, error.code)

--Initialise test data arrays
IF (error.code = 0)
SEQ
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SEQ i = 0 FOR 100
SEQ
a[i] := 10.0 (REAL32)
b[i] := 20.0 (REAL32)
c[i] := 0.0 (REAL32)
--Call vector multiply function
vt.mult.f32r(gsb, a, 1, b, 1, ¢, 1,

error.code)

TRUE
SKIP

Supplied Routines

100, flag,

The following list of C functions and 0ccam procedures, are provided by the library VECC14.LIB. Each
routine will be briefly described.

Operation C Function occam procedure
Absolute-Real VT_ABS_F32R vt.abs.f32r
Addition-Real VT_ADD_F32R vt.add.f32r
Compare-Real VT_CMP_F32R vt.cmp.f32r
Disable Co-processor Error || VT_DISERROR vt.diserror
Flags

Division-Real VT_DIV_F32R vt.div.f32r
Dot Product-Complex VT_DOT_F32C vt.dot.f32¢c
Dot Product-Real VT_DOT_F32R vt.dot.f32r
Enable Co-processor Error || VT_ENERROR vt.enerror
Interrupts

Fast Fourier ~ Transform ([ VT_FFT_F32C vi.fft.f32c
Complex

FIR Filter VT_FIR_F32R vt.fir.f32r
Floating Point to Integer || VT_F32TOI16_R vt.f32toi16r
Conversion

IIR Filter-Complex VT_IIR_F32C wt.iir.f32c

IIR Filter-Real VT_lIR_F32R vt.iir.f32r
Matrix Multiplcation - Complex | VT_GMTX_F32C vt.gmtx.f32c
Matrix Multiplication - Real VT_GMTX_F32R vt.gmtx.f32r
Inverse Fast Fourier || VT_IFFT_F32C vt.ifft.f32c
Transform-Complex

Integer to Floating Point || VT_I16TOF32_R vt.i16tof32r
Conversion

Log10 VT_LOG10_F32R vt.log10.f32r
Magnitude-Complex VT_MAG_F32C vt.mag.f32c
Magnitude Square - Complex (| VT_MAGSQ_F32C |vt.magsq.f32c
Max - Real VT_MAX_F32R vt.max.f32r
Mean - Real VT_MEAN_F32R vt.mean.f32r
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Operation C Function occam procedure
Min - Real VT_MIN_F32R vt.min.f32r
Move Bytes VT_MOV_BYTE vt.mov.byte
Move Words VT_MOV_WORD vt.mov.word
Multiply - Complex VT_MULT_F32C vt.mult.f32c
Multiply - Real VT_MULT_F32R vt.mult.f32r
Power - Real VT_POWER_F32R | vt.power.f32r
Rounding VT_ROUNDMODE | vt.roundmode
Scale - Real VT_SCALE_F32R vt.scale.f32r
Square Root - Real VT_SQRT_F32R vt.sqnt.f32r
Vector Subract VT_SUB_F32R vt.sub.f32r

8.4.1  Vector Absolute Value - Real
Operation:

Vecout[i X VecOut_stride] = |VecIn[ix VecIn_stride]|

8.4.2 Vector Addition - Real

Operation:

VecOut[i x VecOut_stride] =
VecIn[i x VecInl_stride] + VecIn2[i x VecIn2_stride]

FORi=0,1,..., No_of elements
8.4.3 Vector Compare - Real
Operation:
FORi=0,1,...,No_of_elements
IF VecInl[ix VecInl_stride].VecIn2[ix VecIn2_stride]|
THEN VecOut[ix VecOut_stride] = 1.0

ELSE VecOut[ix VecOut_stride] = 0.0

8.4.4 Disable Co-processor Error Flags
Description:

The co-processor operation is normally interrupted on invalid operations and also those that have caused
an overflow. These defaults can be changed using the routine Enable Coprocessor Error Flags as
described in section 8.4.8. The VT_DISERROR routine disables the specified error interrupt and allows the
co-processor to continue despite such an error. Possible values are:

Error Type Description
T’ disable invalid operation error interrupts
‘0’ disable overflow error interrupts
‘v’ disable underflow error interrupts
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8.4.5 Vector Division - Real
Operation:

VecOut[i x VecOut_stride] = VecIn[ix VecInl_stride]
PvecIn2[ix VecIn2_stride]

FORi=0,1,...,No_of _elements

8.4.6 Vector Dot Product - Complex

Operation:
n-1
Re{DotProd} = Z Re{VecInl[ix VecInl_stride] }
i=0
x Re{vecIn2[ix VecIn2_stride]}
Im{VecInl[ix VecInl_stride]}
x Im{VecIn2[ix VecIn2_stride]}
n-1
Im{DotProd} = Z Re{VecInl[ix VecInl_stride]}
i=0
xIm{VecIn2[ix VecIn2_stride]}
+
Im{VecInl[ix VecInl_stride]}
Re {VecIn2[ix VecIn2_stride]}
FORi=0,1,...,No_of_elements

8.4.7 Vector Dot Product - Real

Operation:

n-1
DotProd= Z VecInl[ixVecInl_stride] X VecIn2[iXVecIn2_stride]
i=0

FORi=0,1,...,No_of elements

8.4.8 Enable Co-processor Error Interrupts

Description:

The co-processor operation is normally interrupted on invalid operations and also those that have caused
an overflow.

This routine allows these defaults to be modified. It enables co-processor interruption on errors of type
Error type. If such errors occur during a vector library call, the value returned by the vector function

specifies the type of error. Possible values are:

Error Type Description
P Enable invalid operation error interrupts
‘o’ Enable overflow error interrupts
‘o’ Enable underflow error interrupts
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8.4.9  Fast Fourier Transform - Complex

Description:

The Fast Fourier Transform routine implements a Radix-2 decimation in time FFT on a complex data vector
pointed to by VecIn. The real and imaginary data elements are stored in successive locations, starting
with first real component. This means that a complex data value takes up two successive memory
locations, with the lower address holding the real part and the higher address holding the imaginary part.
Users must observe this convention, it is good practice to use even and odd addresses for real and
imaginary components respectively.

The FFT routine, supplied in this release, can implement FFTs on vector lengths which are integer powers
of two, up to 1024. That is possible vector lengths are 2, 4, 8, 16, 32, 64, 128, 256, 512 and 1024 (complex
data). Standard decomposition techniques can be used to convert larger FFTs into a set of smaller ones
within the above range.

Operation:

n-1

VecOutcomplexli X VecOut_stride] = z VecIncomplex[i X VecIn_stride]
i=0

2r
_ ikl <=
x exp(—jkI==)

FORi=0,1,...,No_of elements
and
k=0,1,..., (No_of_elements -1);i=0,1,..., (No_of_elements -1)

8.4.10 Finite Impulse Response (FIR) Filter

Description:

This function applies an F1IR filter of length Filter_size with an optional decimation factor, Decim, to
the input data pointed to by vecIn. The input vector can have a stride of VecIn_stride. The filter

coefficients are stored in an area of memory pointed to by Coe f£. The total number of processed (filtered)
output samples are specified by No_of output_samples.

No_of_output_samples must be in the range 2. . 64.

Operation:
Filter_size
DataOut[j] = Z {VecIn[(i+Decimx j) x VecIn_stride] x coeff[i]}
i=0
For
j=0,1,2,...,(No_of output samples - 1)

8.4.11 Vector Floating Point to Integer (16-bit) Conversion.
Operation:
VecOut[i X VecOut_stride] = int(VecIn[ix VecIn_stride])

FORi=0,1,...,No_of_elements
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8.4.12 Infinite Impulse Response (lIR) Filter - Complex.

Description:

This function applies an I IR filter of length Filter_size tothe complex input data pointedto by VecIn.
The input vector can have a stride of vecIn_stride. Thefilter coefficients are stored in an area of memory
pointed to by Coeff. The total number of processed (filtered) output samples are specified by
no_of_output_samples.

Operation:
' n/2 z+ by
Complex filter: VecOut(2) = VecIn(2) " ﬂ _—
k=12t ax

Note: Coefficients are loaded as a vector as follows:

coeffyy(1), coeffpy(1), coeffy((2), coeffy(2), . . .

8.4.13 Infinite Impulse Response (lIR) Filter - Real.

Description:

This function applies an IIRfilter oflengthFilter_size tothe input data pointed to by VecIn. The input
vector can have a stride of VecIn_stride. The filter coefficients are stored in an area of memory pointed
to by Coeff. The total number of processed (filtered) output samples are specified by
no_of_output_samples.

Operation:
Y22 4 bl z + b2

Real filter: VecOut(2) = VecIn(z) "
@ @ kE[122+a1k'z+a2k

Note: Coefficients are loaded as follows:

coeffyo(1), coeffso(1), coeffy1(1), coeff,(1), coeffyo(2), coeffo(2), coeffy(2), coeffa1(2), . . .

8.4.14 Matrix Muiltiplication - Complex

Operation:

cllcl2..
c21c22 ...

all al2 ...
a2l a22 ...

ak1 ak2 ...

cij = ail.blj + ai2.b2j + ... + ain.bnj
where a,b and ¢ are complex values

Figure 8.1 Generic Matrix Multiplication-Complex
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8.4.15 Matrix Multiplication - Real

Operation:

cllcl2...clm
c21 c22 ... c2m

all al2 ...
a2l a22 ...

bkn

bk1 bk2 ... ck1 ck2 ... ckn

akl ak2 ... ak

cij = ail.blj + ai2.b2j + ... + ain.bnj

Figure 8.2 Generic Matrix Multiplication-Real

8.4.16 Inverse Fast Fourier Transform - Complex

Description:

The Inverse Fast Fourier Transform routine implements a Radix-2 decimation in time inverse FFT on a
complex data vector pointed to by VecIn. The real and imaginary data elements are stored in successive
locations, starting with first real component. This means that a complex data value takes up two successive
memory locations, with the lower address holding the real part and the higher address holding the
imaginary part. Users must observe this convention, it is good practice to use even and odd addresses
for real and imaginary components respectively.

The IFFT routine, supplied in this release, can implement IFFTs on vector lengths which are integer powers
of two up to 1024. That is possible vector lengths are 2, 4, 8, 16, 32, 64, 128, 256, 512 and 1024 (complex
data).

Operation:

n-1
VecOutcomplex[i X VecOut_stride] = Z VecIncomplexli X VecIn_stride]

i=0

27
— jkl —
X exp(-j N)

WHERE N = No_of_elements
and

k=0,1,..., (No_of_elements -1);i=0,1,..., (No_of_elements - 1)

8.4.17 Vector Integer(16-bit) to 32-bit floating-point Conversion
Operation:
VecOut[ix VecOut_stride] = float(VecIn[ix VecIn_stride])

FORi =0,1,...,No_of_elements
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8.4.18 Vector Log to the base 10 - Real
Operation:
VecOut[ix VecOut_stride] = logyg(VecIn[ix VecIn_stride])

FORi =0,1,...,No_of_elements

8.4.19 Vector Magnitude - Complex
Operation:

VecOut[i X VecOut_stride] =~ y/((Re{VecInlix VecIn_stride]})?
+ {(Im {VecIn[(i) x VecIn_stride]})?)

FORi=0,1,...,No_of_elements

8.4.20 Vector Magnitude Square - Complex
Operation:

VecOut[ix VecOut_stride] = ((Re{VecIn[ix VecIn_stride]})?
+ {(Im {vecIn[() x VecIn_stride]})?)

FORi =0,1,...,No_of_elements

8.4.21 Find the Element with the Maximum Value and Its Position - Real
Operation:

MaxOut = MAXIMUM(VecIn[ix VecIn_stride])

FORi =0,1,...,No_of_elements
and
CountOut = (j)WHERE j = i for the element with the maximum value

8.4.22 Vector Mean - Real

Operation:

n-1

MeanOut = (1/N)ZVecIn[i X VecIn_stride]

i=0
WHERE N = No_of_elements
and

FORi =0,1,...,No_of_elements

8.4.23 Find the Element with the Minimum Value and Its Position - Real

Operation:
MinOut = MINIMUM(VecIn[ix VecIn_stride])

FORi=0,1,...,No_of_elements
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and

CountOut = (jWHERE j = i for the element with the minimum value

8.4.24 Vector Move - Bytes
Description:

This routine block moves bytes in memory.

8.4.25 Vector Move - Words (32-bit)
Description:

This routine block moves words in memory.

8.4.26 Vector Multiply - Complex
Operation:

Re{vecOut[ix VecOut_stride]} = Re{VecInl[ix VecInl_stride]}
xRe{vecIn2[ix VecIn2_stride]}

Im{VecInl[ix VecInl_stride]}
xim{VecIn2[ix VecIn2_stride]}

Im{VecOut[ix VecOut_stride]} = Re{VecInl[ix VecInl_stride]}
xlm{vecIn2[ix VecIn2_stride]}

Im{vecInl[ix VecInl_stride]}
xRe{VecIn2[ix VecIn2_stride]}

FORi=0,1,...,No_of_elements

8.4.27 Vector Multiply - Real
Operation:

VecOut[ix VecOut_stride] = VecInlfix VecInl_stride]
XVecIn2[ix VecIn2_stride]

FORi=0,1,...,No_of_elements

8.4.28 Vector Power - Real
Operation:
VecOut[ix VecOut_stride] = {VecIn_1[ix VecIn_stride_1]}Exponent

FORi =0,1,...,No_of_elements
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8.4.29 Modify Co-processor Rounding Mode
Description:

This routine can be used to modify the default rounding mode of the co-processor which is set to rounding
to even. The possible values are:

Option Description
‘e’ round to even
‘z’ round to zero
‘47 round t0 +oo
= round t0 - oo

8.4.30 Vector Scale - Real
Operation:

VecOut[i x VecOut_stride] = VecIn_1[ix VecIn_stride]
X(Scale_factor)

FORi=0,1,...,No_of_elements

8.4.31 Vector Square Root - Real
Operation:
VecOut[i x VecOut_stride] = y/(VecIn[i X VecInl_stride])

FORi=0,1,...,No_of_elements

8.4.32 Vector Subtract - Real
Operation:

VecOut[ix VecOut_stride] = VecInl[ix VecInl_stride]
-VecIn2[ix VecIn2_stride]

FORi=0,1,...,No_of_elements
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8.5 Environment

IMS FOOOB software is supplied in binary form and is compatible with IMS Dx205 occam 2 and IMS Dx214
ANSI C toolset products.

For program execution, the user will require:
¢ An IMS B420 VecTRAM

» A suitable TRAM motherboard on which to mount the above

8.6 IMS F000B Product Components

8.6.1 Distribution media

The IMS FOOOB software is distributed on two media systems:
¢ 360Kbyte 5.25 inch IBM format diskettes
e 720Kbyte 3.5 inch IBM format diskettes

8.6.2 Documentation
¢ Delivery manual

¢ User manual

8.7 Error Reporting And Field Support

Aregistration form is provided with each product. Return of the registration form will ensure you are informed
about future product updates. Software problem report forms are included with the software. INMOS
products are supported worldwide through SGS-THOMSON Sales Offices, Regional Technology Centres,
and authorised distributors.

8.8 References

1 0OcCcam Toolset datasheet, INMOS Limited, October 1990
(INMOS document number 42 1483 00)

2 ANSI C Toolset datasheet, INMOS Limited, August 1990
(INMOS document number 42 1471 00)
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IMS FOO1B

GPIB libraries

a
nNMOos*
Product Information

A software support package for the IMS B421 GPIB TRAM

KEY FEATURES

Interfaces transputer networks to GPIB instrumenation
Performs all commonly required GPIB activities
Supports GPIB system controller and talker/listener modes

Maximum sustained transmit rate of 300 Kbytes/second, Maximum sustained receive rate of 90
Kbytes/second

Compatible with IMS Dx05B and IMS Dx205 occam and IMS Dx214 ANSI C.

APPLICATIONS

Control of scientific test and measurement instrumentation

Control and processing for Automatic Test Rigs

Compute-intensive GPIB data processing on an adjacent transputer network
Embedded systems

Transputer based GPIB instruments

Process control

Data logging

‘7_ SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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9.1 Introduction

IMS F001B provides a set of routines which allow an application to communicate with GPIB devices without
concerning themselves with the low level details of GPIB operation.

IMS FOO1B must be used in conjunction with the IMS B421 GPIB TRAM.

This document is a brief introduction to the features provided by IMS FOO1B and explains, by way of exam-
ple, how the product may be used.

It is assumed that the reader is familiar with:
« Transputers, 0CCam and C
» The General Purpose Interface Bus
« The Dx05B 0CcCam 2 toolset
¢ The Dx205 occam 2 toolset
¢ The Dx214 ANSI C toolset

9.2 Product Overview

IMS FOO1B may be used with both 0ccam and INMOS ANSI C. There are 2 different library sets provided,
one of which is IMS Dx05B occam compatible, the other of which is IMS Dx205 occam and IMS Dx214
C compatible.

There are 3 distinct sections to the product:

* A process called FO0O1

« Alibrary of GPIB command procedures called FO01I0

¢ 2 channels, via which F00110 procedures communicate with F001
The F001 process performs the following activities:

« Initialising the IMS B421 hardware

« Performing all GPIB activity

« Reading and writing the on-board EEROM

* Accessing the on-board subsystem port
The F001 process must always be resident on the IMS B421 TRAM.

The F00110 library provides the procedural interface to the IMS FOO1B facilities. The procedures provided
in F00110 transfer data and commands to and from the FO01 process over the channels mentioned above.
All details of the channel communication are hidden from the application.

There are 4 groups of commands provided in the FO0110, which are:

Initialisation
These set user definable features of operation, such as GPIB address, device mode andmessage
termination characteristics.

Device

These can only be used when IMS B421 TRAM is functioning as a GPIB device, and allow it to
respond to commands from the bus controller.
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Controller

These can only be used when the IMS B421 TRAM is functioning as a GPIB system controller, and
allow it to control other devices on the bus.

General

These allow the application to access the on-board EEROM, the subsystem port and the power-
on reset latch.

Due to the channel communication described above, the GPIB application may be split across two TRAMs,
one of which must be the IMS B421 TRAM. The other TRAM may provide extra processing resource or
memory, if that provided by the IMS B421 is insufficient. In this split configuration, the channels are implem-
ented on one link of the IMS B421. Alternatively, the IMS B421 TRAM can provide both the GPIB interface
and the complete processing resource. Inthis case, the channels are implemented in on-board RAM. Code
written to run solely on the IMS B421 may be altered to run on two TRAMs merely by altering the configura-
tion file describing the system. Examples showing both types of configurations are given later.

Please note that due to memory requirements, IMS FOO1B cannot be configured to run solely on the IMS
B421 TRAM when used with C. It is necessary to run the FOO1B libraries on an adjacent TRAM.

9.2.1 IMS F001B command format

This section describes the format and calling syntax for IMS FOO1B commands. Examples for both OCCam
and C are given. The calling syntax for IMS Dx05B and IMS Dx205 occam are identical.

All IMS FOO1B commands take a minimum of three parameters, which are common to all commands. The
first two describe the F001-FO0110 communication channels. The last is an error parameter, which indi-
cates the termination status of the command. Any other parameters are command specific.

For example, the calling syntax of the RECEIVE command is as follows:
occam:
PROC FOO1l.RECEIVE (

CHAN OF FOO1PROT from.F001l, to.FO0O01,
VAL INT16 talk.address,

INT32 count,
[1BYTE received.data,
INT16 FOOl.error)

C:

void f001_receive
(Channel *from_f001, Channel *to_f001,
short talk address,
long *count,
char received_data[], short rd_size,
short *f001_error);

This command takes five parameters, of which the first two and the last are common to all commands. The
other three are specific to the RECEIVE command and respectively describe the talk address of the device
which sends the data, the number of bytes received, and the actual data bytes received during the transfer.

The user manual provided with IMS FOO1B describes all commands in greater detail than is possible here.
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Summary of the IMS F001B commands
Initialisation
« END SETUP - complete initialisation phase
« SET BUS DRIVERS - set GPIB bus drivers to tristate / open collector
« SET DEVICE MODE - set mode to system controller or talker/listener
« SET GPIB ADDRESS - set address of IMS B421 TRAM
» SET RECEIVE TERMINATOR - set message terminating condition
« SET TIMEOUT - set byte transmission timeout
« SET TRANSMIT TERMINATOR - set message terminating condition
« START SETUP - begin initialisation phase
Device
« COUNTED RECEIVE RESPONSE MESSAGE - receive N bytes from bus
« GENERATE SERVICE REQUEST - set SRQ true
« RECEIVE BYTE - receive 1 byte from bus
* RECEIVE RESPONSE MESSAGE - receive a data string from bus
« SEND DATA BYTES - send a data string to bus
«  WAIT ON GPIB EVENT - monitor bus for various conditions
Controller
e COUNTED RECEIVE - receive N bytes from a named sender
e COUNTED RECEIVE RESPONSE MESSAGE - as above
« DEVICE-DEVICE TRANSFER - transfer data between 2 named devices
« DEVICE CLEAR - |IEEE-488.2 Device Clear command
* ENABLE LOCAL CONTROLS - IEEE-488.2 Enable Local Controls command
* ENABLE REMOTE - IEEE.488.2 Enable Remote command
« READ SRQ - read status of SRQ line
* RECEIVE - receive a data string from a named sender
+ RECEIVE BYTE - as above
» RECEIVE RESPONSE MESSAGE - as above
« RECEIVE SETUP - address a named device to send
« RESET - IEEE.488.2 Reset command
* SEND - send a data string to a named receiver

* SEND COMMAND - send an ATN true command or address
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General

9.2.2

SEND DATA BYTES - as above

SEND IFC - set IFC true

SEND LLO - IEEE.488.2 Send LLO command

SEND SETUP - address a named device to SEND

SERIAL POLL - perform a Serial Poll

SET REN - |[EEE.488.2 Set REN command

SET RWLS - IEEE.488.2 Set RWLS command

TRIGGER - IEEE.488.2 Trigger command

UNTIMED SEND - High speed SEND

UNTIMED SEND DATA BYTES - High speed SEND DATA BYTES

READ EEROM - read contents of on-board EEROM

READ POR LATCH - read status of Power On Reset latch

READ SS ERROR - read SubsystemError signal

READ 9914 REGISTER - read the registers of the TMS9914A GPIB controller chip
SET SS ANALYSE - set Subsystem Analyse signal

SET SS RESET - set SubsystemReset signal

WRITE EEROM - write to on-board EEROM

WRITE 9914 REGISTER - write to the registers of the TMS9914A GPIB controller chip

Using IMS F001B

This section explains the usage of IMS FOO1B by way of example. The source is listed in both 0ccam
and C. The aim of the example is two-fold. Firstly, it shows how the IMS FOO1B libraries are accessed from

occam and C, and secondly, it shows how an application may be configured to run on either one or two

TRAMs.

The example uses IMS FOO1B routines to initialise the IMS B421 TRAM, and to send a data string to a named
device on the bus.
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The following 0CCam code implements the example. Note that the FO0110 libraries are accessed by the

inclusion of the FO0110.L1IB file in the source:

#INCLUDE "hostio.inc"
#INCLUDE "f001l.inc"

PROC twotrams (CHAN OF SP fs, ts,
CHAN OF FOO1PROT from.F001l, to.F001)

#USE "hostio.lib"
#USE "f001lio.lib"

PROC DEMO (CHAN OF FOO1PROT from.F00l, to.F001)

—- This is a very simple demonstration of some of the FO001
-- routines.

VAL message IS "hello world from the B421 TRAM ":
BYTE term.byte:

INT16 source, pri.address, mode, drivers, error:
INT16 tx.period, term:

INT32 count:

[1]INT16 la.list:

SEQ

-- First, initialize the B421 TRAM - this is mandatory; no commands
-— can be invoked until all the user definable TRAM features have
-- been selected.

FOO01.START.SETUP (from.F001l, to.F00l, error)
so.write.string (fs, ts, "start.setup error ")
so.write.int (fs, ts, INT (error), 10 (INT))
so.write.nl (fs, ts)

pri.address := 1 (INT16)
source := parameter

FOOl1.SET.GPIB.ADDRESS (from.F00l1l, to.F001l, source, pri.address, error)

so.write.string (fs, ts, "set.gpib.address error ")
so.write.int (fs, ts, INT (error), 10 (INT))
so.write.nl (fs, ts)

source := parameter

mode := system.controller

FOOl1.SET.DEVICE.MODE (from.F00l1l, to.F001l, source, mode, error)
so.write.string (fs, ts, "set.device.mode error ")
so.write.int (fs, ts, INT (error), 10 (INT))

so.write.nl (fs, ts)

source := default

drivers := tristate

FOOl1.SET.BUS.DRIVERS (from.F001l, to.F001, source, drivers, error)
so.write.string (fs, ts, "set.bus.drivers error ")

so.write.int (fs, ts, INT (error), 10 (INT))

so.write.nl (fs, ts)
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tx.period := 1000 (INT16) -- ms

FOO1.SET.TIMEOUT (from.F00l, to.F00l, tx.period, error)
so.write.string (fs, ts, "set timeout error ")
so.write.int (fs, ts, INT (error), 10 (INT))
so.write.nl (fs, ts)

term := LF.term

FOO1.SET.TX.TERMINATOR (from.F00l, to.F001l, term, error)
so.write.string (fs, ts, "set tx terminator error ")
so.write.int (fs, ts, INT (error), 10 (INT))

so.write.nl (fs, ts)

FOO1l.SET.RX.TERMINATOR (from.F00l, to.F00l, term, term.byte, error)
so.write.string (fs, ts, "set tx terminator error ")

so.write.int (fs, ts, INT (error), 10 (INT))

so.write.nl (fs, ts)

FOO1.END.SETUP (from.F001l, to.F00l, error)
so.write.string (fs, ts, "end setup error ")
so.write.int (fs, ts, INT (error), 10 (INT))
so.write.nl (fs, ts)

-- pulse IFC true for 128 microseconds - this causes all
-— devices on the bus to terminate any transaction in progress

FOO1.SEND.IFC (from.F001, to.F001l, error)
so.write.string (fs, ts, "send ifc error ")
so.write.int (fs, ts, INT (error), 10 (INT))
so.write.nl (fs, ts)

-- set the REN line true, so all devices enter a remote state

FOO1l.SET.REN (from.F00l1l, to.F00l1l, FALSE, error)
so.write.string (fs, ts, "set ren error ")
so.write.int (fs, ts, INT (error), 10 (INT))
so.write.nl (fs, ts)

-- now send an ascii data string to the device at listen address 1

-- (if you wish to change this to another address, alter the constant

-- on the right hand side of the next line of code

la.list [0] := 1 (INT16)

count := INT32 (SIZE (message))

FOO1.SEND (from.F00l1l, to.F001l, la.list, count, message, error)
so.write.string (fs, ts, "send error")

so.write.int (fs, ts, INT (error), 10 (INT))

so.write.nl (fs, ts)

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

SEQ
DEMO (from.F001, to.F001)
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The following code implements the FOO1 process, which runs on the IMS B421 TRAM. As described above,
this process handles all GPIB activity. The DEMO routine, listed above, communicates with the FOO1 process
over the to.F001 and from.F001 channels. The code for the FOO1 process itself is accessed via the
FOO1.LIB file.

#INCLUDE "fO0Ol.inc"
PROC gpibdriver (CHAN OF FOO1PROT from.F001l, to.F001)
#USE "f001.1ib"

SEQ
FO0O01 (from.F001, to.F001)

These processes are configured to run on two transputers using the standard 0OCcam configuration facili-
ties. The DEMO process may be compiled for a T2, T4, or T8 based TRAM, whereas the FOO1 process may
only be compiled for a T2 based TRAM i.e. the IMS B421. The OCCam toolset documentation should be
consulted for further details regarding code configuration.

IMS FOO1B can also be used from C. The following code fragment shows how IMS FOO1B routines are ac-
cessed when using C. The £001io.h header file provides the function prototypes for the FO0110 proce-
dures.

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

/* The next header file, f00lio.h, provides the prototypes for the F001IO
procedures. It should be included in all files which refer to F001IO0
routines */

#include <f001lio.h>

/* f00ldef.h provides various constant definitions for error codes
and general use. You should include it if you wish to use the
predefined constants provided therein. The f00ldef.h file should
be examined for further information */

#include <f00ldef.h>

void demo_proc (Process *p, Channel *from_f00l1, Channel *to_f001)
#define ADDRESS_SIZE 1
#define BUFFER_SIZE 1

short error, source, gpib_addr, device_mode, driver_type, tx_period,
term, i, count;

char term_char;
char buffer [BUFFER_SIZE];

short listeners [NO_OF_PRIMARY_ADDRESSES];
short address [ADDRESS_SIZE];
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/*

The next statement prevents the compiler generating spurious error
messages about unused variables

*/

P = D;

/*

first initialise the B421 TRAM - this is mandatory; no commands can be
invoked until all the user definable TRAM features have been selected.
*/

f001_start_setup (from_f001, to_f001, &error);

printf ("f00l_start_setup error : %d\n", error);

source = PARAMETER;
gpib_addr = 3;

f001_set_gpib_address (from_f001, to_f001, source, gpib_addr, &error);
printf ("f001_set_gpib_address error : %d\n", error);

device_mode = SYSTEM_CONTROLLER;
f001_set_device_mode (from f001, to_f001l, source, device_mode, &error);
printf ("f00l_set_device_mode error : %d\n", error);

driver_type = TRISTATE;
f001_set_bus_drivers (from_f001, to_f00l1l, source, driver_type, &error);
printf ("f001_set_bus_drivers error : %d\n", error);

tx_period = 100; /* ms */
£001_set_timeout (from_f001, to_f001, tx_period, &error);
printf ("f001_set_timeout error : %d\n", error);

term = EOI_TERM;
f001_set_tx_terminator (from f001, to_f001, term, &error);
printf ("f00l_set_tx_terminator error : %d\n", error);

term = LF_OR_EOI_TERM;
f001_set_rx_terminator (from_f001, to_f001, term, term_char, &error);
printf ("f00l_set_rx_terminator error : %d\n", error);

£001_end_setup (from_£f001, to_f001, &error);
printf ("f001_end_setup error : %d\n", error);

. application code goes here

An equivalent C program to the 0CCam gpib driver code is used to start FOO1B as a parallel process run-
ning on the IMS B421 TRAM. Again, standard configuration utilities provided in the toolset are used to place
the application code and the FOO1B process onto the correct TRAMS.

As mentioned above, when used with INMOS ANSI C, IMS FOO1B must always be configured to run on two
TRAMSs, due to memory requirements.
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9.3 Operating environment
For program execution, the user will require:
* AnIMS B421 TRAM
* A general purpose compute TRAM, such as the IMS B404
¢ A suitable TRAM motherboard on which to mount the above

* A suitable GPIB - IMS B421 cable

9.4 IMS F001B Product Components

9.4.1 Distribution media
The IMS FO01B software is distributed on two media systems:
* 360Kbyte 5.25 inch IBM format diskettes

* 720Kbyte 3.5 inch IBM format diskettes

9.4.2 Documentation
» Delivery manual

* User manual

9.5 Error Reporting And Field Support

A registration form is provided with each product. Return of the registration form will ensure you are in-
formed about future product updates. Software problem report forms are included with the software. IN-
MOS products are supported worldwide through SGS-THOMSON Sales Offices, Regional Technology
Centres, and authorised distributors.
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IMS FO02B

SCSl libraries

D RN
®
Ummos Product Information

A software support package for the IMS B422 SCSI TRAM

KEY FEATURES

Connection of SCSI (Small Computer System Interface) peripheral devices to transputer
applications.

occam 2 and ANSI C toolset compatible (IMS Dx205 and IMS Dx214).
Initiator and Target mode operation.

Achieves a sustained 1.5 Mbytes/second data transfer rate between a transputer application and
a SCSI device ( 1 transputer link bandwidth ).

Common Command Set supported (SCSI commands for Direct Access Devices).
Programmable software timeouts for error recovery.
Programmable SCSI bus data transfer rate.

Generic interface that permits non supported SCSI commands to be issued to SCSI target
devices.

Diagnostic test upon IMS B422 hardware.
Example programs of both initiator and target mode operation in both C and occam provided.

Provides 4 transputer channels to the SCSI Bus (Up to 4 initiator mode applications may share
a single IMS B422 SCSI TRAM).

APPLICATIONS

Embedded systems.

Creating transputer based SCSI peripheral devices, e.g. Laser printers, scanners,
communications devices, vendor unique devices, application accelerators, etc).

File Systems.

Disk Arrays that are fault tolerent and/or achieve high performance.
Optical storage systems (including CD-ROM).

Computer animation from disk.

Process control equipment (statistics / data logging)

Interfacing transputer networks to host computer systems.

F SGS-THOMSON

MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics group
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10.1 Introduction

The IMS FO02B SCSI support software package provides a low level interface between a user application
and the IMS B422. The interface presented to the application program is intended to abstract hardware
implementation details from the caller, thus minimising the impact of any future hardware upgrades.

This document is intended to be read in conjunction with the IMS B422 SCSI TRAM datsheet [1].
It is assumed that the reader is familiar with :

« Transputers, 0ccam and C

« The SCSI specification [4] and [5]

¢ IMS Dx205 occam 2 toolset [2]

« IMS Dx214 ANSI C toolset [3]

10.1.1 SCSI overview

The Small Computer System Interface (SCSI), is a local I/O bus that can be operated at data rates up to
4 megabytes per second depending upon circuit implementation choices. The primary objective of the
interface is to provide host computers with device independence within a class of devices. Thus different
disk drives, tape drives, printers, and communication devices can be added to the host computer(s)
without requiring modifications to generic system hardware or software (figure 10.1) . Provision is made
for the addition of nongeneric features and functions through vendor unique fields and codes.

Floppy Computers
Optical disk
disk drives
drives
LT
Scanners Printers Plotters

a

Hard Media Changers
disk (Juke Boxes) Communication
. ‘ devices

Figure 10.1 Devices available with SCSI interfaces.
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10.2 Product Overview
IMS FO02B consists of 4 major components :—
« IMS B422 device driver.
« |Initialisation interface.
¢ Initiator mode interfaces (Host computer interface).
« Target mode interfaces (Peripheral operation interface).

The IMS B422 device driver runs on the IMS B422 SCSI TRAM. The other three components will usually
be configured upon the user application transputer (they are for the most part in a descheduled condition
and therefore consume little processor resources).

Transputer i SCSI TRAM

To SCSI

( Interface )Q

User
program

From SCSI

Host adaptor

Interface calls library routines.

Figure 10.2 Software Elements

10.2.1 IMS B422 Device Driver.
The IMS B422 device driver resides on IMS B422 and is responsible for :-
¢ Providing the facilities of a Host Adaptor Device Driver for initiator mode interfaces.

* Receiving SCSI requests presented by the SCSI bus and forwarding on the received requests
to transputers connected to the 4 transputer links of IMS B422 when in target mode.

¢ Performing tests upon the hardware of the SCSI interface circuitry and data buffer areas used for
SCSI bus data transfer on the IMS B422.

For the purpose of communicating to connected transputers, the IMS B422 device driver uses the channel
protocols TO.SCSI (input channel) and FROM.SCSI (output channel). The use of these protocols permits
SCSiI configuration information, SCSI commands and associated data packets to be transferred across
the same transputer link. Optionally, data throughput may be increased by specifying any one of the other
unused transputer links of IMS B422 to be an additional data only link to be used in tandem with the currently
accessed link. It is not necessary for the application to directly interface at link protocol level.

10.2.2 |Initialisation Interface.

The Initialisation interface permits the user to define operating characteristics of the IMS B422. It also
permits self test to be performed.
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10.2.3 Initiator Mode interface.

The Initiator mode interfaces provide transputer applications executing upon transputers connected to IMS
B422 the ability to access SCSI peripherals via IMS B422.

A generic driver (Host Adaptor Device Driver Interface HADDIF), is provided that accepts SCSI Command
sequences and appropriate data buffer areas. The supplied SCSI Command sequence is issued to the IMS
B422 device driver for execution by the specified SCSI target device. HADDIF then provides the target
device via IMS B422, the ability to access the supplied data areas on the connected transputer in order
to provide the initiation requested service. Whilst HADDIF is executing, the CPU resources for SCSI I/O of
HADDIF’s transputer are maintained at an absolute minimum, thereby giving maximum CPU resources to
the user’s application.

(occam):

SCSI.HADD.IF( CHAN OF TO.SCSI TO.SCSI.HA,
CHAN OF FROM.SCSI FROM.SCSI.HA

VAL BYTE Target.ID,
VAL BYTE LUN,
VAL BYTE SCSI.Command.Length,
VAL []1BYTE SCSI.Command,
VAL BYTE Direction,
VAL INT32 Rx.Transfer.Length,
[1BYTE Rx.Data,
VAL INT32 Tx.Transfer.Length,
VAL [ ] BYTE Tx.Data,
BYTE Msg.Length,
[1BYTE Message,
BYTE SCSI.Status,
INT16 Execution.Status)
(C):
int scsi_hadd_if( channel *to_scsi_ha,
channel *from_scsi_ha
char target_id,
char lun,
char scsi_command_length,
char scsi_command(],
char direction,
int rx_transfer_length,
char rx_data[],
int tx_transfer_length,
char tx_datal],
char *msg_length,
char message[],
char *scsi_status)

Common Command Set

Specific support is provided for SCSI commands that are members of the Common Command Set. These
SCSI commands can be found on the majority of Direct Access SCSI Winchester disk drives. For each
member of the Common Command Set, two interfaces are provided.

The primary interface form accepts non byte packed parameters, transparently builds a byte packed SCSI
command sequence and issues it to HADDIF for execution by a specified target device.

A secondary interface form also accepts non byte packed parameters and returns a built byte packed SCSI
command sequence. No access is made to IMS B422 by this form of interface. The user must specifically
make a call to HADDIF in order to execute the built SCSI command sequence.



IMS F002B SCSI libraries 97

Example of primary interface form :-

(occam):
PROC SCSI.Read.10( CHAN OF TO.SCSI TO.SCSI.HA,
CHAN OF FROM.SCSI FROM.SCSI.HA,
VAL BYTE Target.Id,
VAL BYTE LUN,
VAL BYTE dps
VAL BYTE tpa
VAL BYTE reladr
VAL INT32 Logical.Block.Address,
VAL INT32 Number.of .Blocks,
VAL INT32 Block.Size,
VAL BYTE Control.Byte,
[1BYTE Rx.Data,
BYTE Msg.Length,
[1BYTE Message,
BYTE SCSI.Status,
INT16 Execution. Status)
()
int scsi_read_10( channel *to_scsi_ha,
channel *from_scsi_ha,
char target_id,
char lun,
char dpo,
char fua,
char reladr,
int logical_block_address,
int number_of_blocks,
int block_size,
char *control_byte,
char rx_datal],
char *msg_length,
char message[],
char *scsi_status)

A call to the above procedure/function will build and issue a SCSI Read 10 command to the specified
Target.ID and Logical Unit (LUN) via HADDIF, IMS B422 Device Driver and IMS B422 SCSITRAM. Dataread
from the disk starting at Logical.Block.Address for Number.of.Blocks will be written into the supplied data
area Rx.Data. The total number of bytes read from the disk will be Number.of.Blocks * Block.Size bytes.

If successful, an Execution.Status of SCSI.E.Good will be returned.

It Execution.Status is returned as SCSI.E.Bad.SCSI.Status, then the caller should inspect SCSI.Status,
Msg.Length and Message, which are directly returned by the target peripheral device. It will probably be
necessary to issue a Request.Sense command to the target peripheral device subsequently to this error
condition, in order to ascertain the precise nature of the error condition and to clear the error condition.

Other retumed values of Execution.Status are specific to the operation of IMS B422 and its device driver.

10.2.4 Target Mode Interface.

The Target mode interfaces provide transputer systems acting as peripheral devices, the ability to receive
and execute SCSI Command Sequences supplied by initiator devices on the SCSI Bus. Interfaces are
provided to initially receive a SCSI Command and for each SCSI Bus phase.
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The use of target mode interfaces requires that the caller has a thorough working knowledge of the SCSI
specification and the operation of peripheral devices
10.2.5 Diagnostic tests

The diagnostic tests provided, test the SCSI controller interface circuitry and the memory data areas used
for passing data to and from the SCSI Bus and transputer links of IMS B422. It is a confidence test, rather
than an exhaustive analysis of the hardware of IMS B422. The tests performed are as follows :-

« Test that each location in the supplied data area "Double.Buffer" may be correctly set to the
hexadecimal patterns FFFF, AAAA, 5555 & 0000.

« Check for addressing errors within the supplied data area "Double.Buffer"

« Testthatthe Transfer.Count register within the SCSI Interface controller may be set correctly
to all possible values.

» Test that the depth of the FIFO within the SCSI Interface controller is 16.
» Check that each location within the FIFO of the SCSI Interface controller may be correctly set
to the hexadecimal patterns FF, AA, 55 & 00.
10.2.6 Initialisation Interfaces

The Initialisation interface, permits initiator or target applications the ability to define operating
characteristics of the IMS B422 TRAM and whether to perform diagnostic tests.

The speed of data transfer across the SCSI bus may also be selected in order to facilitate the matching
of data transfer speeds for slower SCSI devices.

10.3 Incorporation into a user program
Incorporation of initiator mode into a user program

The processor classes supported by the provided interface libraries (B_ALLDEV, |_ALLDEV, B_DIRTAC,
I_DIRTAC, SCSICOMS and TGTMODE) are T8 and T2. Each class is compiled in halt, stop and universal
modes. Vector space is disabled.

Briefly the supplied interface libraries provide the following facilities:
¢ SCSICOMS provides generic interfaces.

« B_ALLDEV provides modules to build byte packed SCSI command sequences for ‘All Device
Types’, from non byte packed input parameters. It does not issue the output SCSI command
sequence to IMS B422.

e |_ALLDEV provides modules to both build and then issue to IMS B422, byte packed SCSI
command sequences, for ‘All Device Types’, from non byte packed input parameters.

» B_DIRTAC provides modules to build byte packed SCSI command sequences for ‘Direct Access
Device Types’, from non byte packed input parameters. It does not issue the output SCSI
command sequence to IMS B422.

« |_DIRTAC provides modules to both build and then issue to IMS B422, byte packed SCSI
command sequences, for ‘Direct Access Device Types’, from non byte packed input parameters.

In general for initiator mode programs, it will be necessary to use the libraries |_ALLDEV, |_DIRTAC and
SCSICOMS.

The libraries B_ALLDEV and B_DIRTAC will only be required to be used if it is necessary to have a list of
already built SCSI command sequences that may then be subsequently, transferred to the generic initiator
mode SCSI command interface (HADDIF).
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10.4  Simple Initiator mode example.

TRAM Mother Board

IMS B422 (SCSI TRAM)
(D'=7)

IMS B404

SCSIDEMO.OCC =\ SCSIDRVR.OCC

SCSI Bus

SCSI Winchester
Hard Disk (ID = 0)

SCSi
Terminators

Figure 10.3 Configuration of SCSIDEMO.BTL
Configuration
-— Environment

—-— IMS BOO8 : IMSB404 (slot 0), IMSB422 (slot 1).

- Does not use CO004.

-- SCSI Direct Access Device configured as Target ID 0O
—— on the SCSI Bus connected to IMS B422.

—— SET ISEARCH=c:\itools\1libs\ c:\imsf002a\
—- SCSIDEMO.PGM Configuration file

#INCLUDE "linkaddr.inc"
#INCLUDE "scsicons.inc"
#INCLUDE "scsipcol.inc"

#USE "scsidemo.cah"
#USE "scsidrvr.c2h"

CHAN OF TO.SCSI TO.SCSI.HA:
CHAN OF FROM.SCSI FROM.SCSI.HA:

PLACED PAR
PROCESSOR 0 TA
PLACE TO.SCSI.HA AT link2.out:
PLACE FROM.SCSI.HA AT link2.in:
scsi.demo (TO.SCSI.HA,
FROM. SCSI.HA)

PROCESSOR 1 T212
PLACE TO.SCSI.HA AT linkl.in:
PLACE FROM.SCSI.HA AT linkl.out:
INMOS.SCSI.Driver() -- Host Adaptor Device Driver
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SCSIDEMO.OCC

#INCLUDE "scsi.inc" --General SCSI definitions

PROC scsi.demo ( CHAN OF TO.SCSI TO.SCSI.HA,
CHAN OF FROM.SCSI FROM.SCSI.HA)

#USE "scsicoms.lib"
#USE "i_alldev.lib"
#USE "i_dirtac.lib"

VAL BYTE Initiator.ID IS 7 (BYTE):

VAL BYTE Target.ID IS O (BYTE):

VAL BYTE Inquiry.Data.Length IS #24 (BYTE):

VAL BYTE Request.Sense.Data.Length IS 18 (BYTE):

VAL INT Buff.Size IS 512:
VAL INT32 Block.Size IS INT32 Buff.Size:
VAL INT32 Number.of.Blocks IS 1 (INT32):

[Buff.Size]BYTE Block:

[255])BYTE Message:

[Inquiry.Data.Length]BYTE Inquiry.Data:
[Request.Sense.Data.Length]BYTE Request.Sense.Data:
BYTE SCSI.Status, Msg.Length,

INT16 Execution.Status:

INT32 Number.of.Blocks.32, Logical.Block.Address:

SEQ
--Initialise Controller and Reset SCSI Bus

SCSI.Initialise ( TO.SCSI.HA,
FROM. SCSI.HA,
INT16 Default.Data.Phase.Time.Out,
INT16 Default.Interrupt.Time.Out,
Enable.Parity.Checking,
Enable.Parity.Generation,
Fast.Cable.Mode,
Reset.SCSI.Controller,
Reset.SCSI.Bus,
Do.Self.Test,
Execution.Status)

. Check Execution Status

Enable.Initiator.Mode( TO.SCSI.HA,
FROM. SCSI.HA,
Initiator.ID,
Execution.Status)

. Check Execution Status

SCSI.Define.Data.Transfer.Mode ( TO.SCSI.HA,
FROM. SCSI.HA,
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SCSI.Fast.DMA.Mode,
Execution.Status)

--After a SCSI Bus reset, the target device will
--return with a SCSI Status check condition.
--Use the following Request Sense Command to
--Clear the check condition.

Msg.Length := Zero.B

SCSI.Request.Sense.6( TO.SCSI.HA,
FROM. SCSI.HA,
Target.ID,
LUN,
Request.Sense.Data.Length,
Non.Linked.Command,
Request.Sense.Data,
Msg.Length,
Message,
SCSI.Status,
Execution.Status)

. Check Execution Status

--Should return with Good SCSI Status.

Msg.Length := Zero.B

SCSI.Inquiry.6( TO.SCSI.HA,
FROM.SCSI.HA,

Target.ID,

LUN,

Zero.B, -- EVDP
Zero.B, -- Page Code

Inquiry.Data.Length,
Non.Linked.Command,
Inquiry.Data,
Msg.Length,

Message,
SCSI.Status,
Execution.Status)

Check Execution Status, and act as appropriate

--Interrogate Inquiry data to find out
--about the device.

--Define simple test pattern

SEQ i = O FOR Buff.Size
Block[i] := BYTE (i / 2)

--Now write a single 512 byte block to the device
--at logical block 0

Logical.Block.Address := 0 (INT32)

SCSI.Write.10(TO.SCSI.HA,
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FROM. SCSI.HA
Target.ID,

LUN,

DPO,

FUA,

RelAdr,
Logical.Block.Address,
Number.of.Blocks. 32,
Block.Size,
Non.Linked.Command,
Block,

Msg.Length,

Message,
SCSI.Status,
Execution.Status)

. Check Execution Status, and act as appropriate

SEQ i = O FOR Buff.Size
Block[i] := Zero.B -— Clear buffer

SCSI.Read.10( TO.SCSI.HA,
FROM. SCSI.HA,
Target.ID,
LUN,
DPO,
FUA,
RelAdr,
Logical.Block.Address,
Number.of.Blocks. 32,
Block.Size,
Non.Linked.Command,
Block,
Msg.Length,
Message,
SCSI.Status,
Execution.Status)

. Check Execution Status
--Check if data read = data written

SEQ i = 0 FOR Buff.Size
IF
(Block[i] <> (BYTE (i / 2)))
CAUSEERROR ()
TRUE
SKIP
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Compiling, linking and running:

imakef scsidemo.btl
make -f scsidemo
iserver /sb scsidemo.btl /se

General comments:

Check the SCSI devices manual to ascertain that the SCSI command you wish the device to execute is
implemented by the device, and that all the features of the command you wish to use have been
implemented.

In general, use 10 byte commands in preference to 6 byte commands if your target device supports both.

10.5  List of supplied procedures.

SCSI Commands for All

SCSiI Interface control

SCSI Commands for Direct

Mode Select 10

Mode Sense 6

Mode Sense 10

Read Buffer 10

Rx Diagnostic Results 6
Request Sense 6

Send Diagnostic 6

Test Unit Ready 6

Write Buffer 10

Target Mode Interfaces

Selection

Disconnect From Bus
Reconnect to Bus

Data In Phase

Data Out Phase

Status and Message In Phase
Status Phase

Message In Phase

Message Out Phase

Device Types procedures. Access Device Type

Change Definition 10 SCSl Initialise Format 6

Compare 10 Enable Target Mode Lock Unlock Cache 10

Copy 6 Enable Initiator Mode Pre Fetch 10

Copy And Verify 10 Define Data Transfer Mode Prevent Allow Medium Removal 6
Inquiry 6 Host Adaptor Device Driver Read 6

Log Select 10 Analyse Subsystem Read 10

Log Sense 10 Reset Subsystem Read Capacity 10

Mode Select 6 Read Subsystem not Error Read Defect Data 10

Read Long 10
Reassign Blocks 6
Release 6

Reserve 6

Rezero Unit 6
Search Data 10
Seek 6 and Seek 10
Set Limits 10

Start Stop Unit 6
Synchronize Cache 10
Verify 10

Write 6

Write 10

Write and Verify 10
Write Long 10

Note that the subscript numbers 6 and 10 refer to the length of the SCSI command in bytes.

























468 Appendices




inmos’ 469

Indexes




470




471

Index by product number

For the purposes of this index the product number prefix ‘IMS’ is not shown.

BOO8 309 CA12 383
BO12 361 CA13 385
BO14 329 CA14 385
BO15 353
BO16 333 D4205 9
BO17 321 D4214 23
BO18 375 D4216 43
B250 381 D4217 35
B300 377 D5205 9
B401 149 D5214 23
:x“ ;(7): D5216 43
1340:93 219 Ds217. 35
B410 161 D6205 9

D6214 23
B411 167

D6216 43
B415 229

D6217 35
B416 155

D7205 9
B417 189

D7214 23
B418 237

D7216 43
B419 243

D7217 35
B420 255
B421 265
B422 283 FOO0B 69
B426 197 FOO1B 83
B427 203 FOO2B 93
B428 181 FOO3A 109
B429 295 FOO7A 119
B430 301
B431 305 S217 127

S308 127
CAO1 385 $507 131
CA03 385 S514 127
CA09 385 S607 131
CA10 385 S707 131

CA11 385 §708 127
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Index by product name

32Kbyte TRAM, 149
64Kbyte TRAM, 155
160Kbyte TRAM, 161
1Mbyte TRAM, 167

2Mbyte TRAM
IMS T801 transputer, 173
IMS T800 transputer, 181

4Mbyte TRAM
Size 1,197
Size 4, 189

8Mbyte TRAM, 203
2D graphics libraries, 109

Ada compiler, 53

ALSYS Ada compiler, 53
ANSI C toolset, 23

ANSI FORTRAN 77 toolset, 43

C executive, 141

C program development, 435
C++,35

Cables for board products, 385
Card frame adaptor, 383

Development kits, 63

Device driver
& motherboard support software, 127

Differential link TRAM, 229

Display TRAM, 219

Double extended eurocard, 361
Dual inline transputer modules, 389

Ethernet TRAM, 305

Flash ROM TRAM, 237
Frame store TRAM, 209

Glockenspiel C+ +, 35
GPIB libraries, 83

GPIB TRAM, 265
Graphics libraries, 109

IBM PC motherboard, 309

IBM PS/2 motherboard, 321
IEEE-488 GPIB TRAM, 265
Integrated graphics TRAM, 243

Libraries
2D graphics, 109
GPIB, 83
SCSI, 93
VecTRAM, 69, 119

Licensing, software, 465

Module motherboard architecture, 409
Motherboard support software, 127

NEC 9800 series PC board, 353
Network connection device, 377
Network support software, 131

occam 2 toolset, 9

Parallel C, program development, 435
Product reference tables, 467
Prototyping TRAM, 301

Quality and reliability, 463

Real-time executive, 139

SCSl libraries, 93
SCSI TRAM, 283
Software licensing, 465

TRAM motherboard, 375
TRAMSs, 389
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Transputer development kits, 63
Transputer modules, 389

Vector processing TRAM, 255

VecTRAM libraries,
C interface generator & linker, 119

VecTRAM library, 69

Versatile real-time executive, 139
Video Image Processing TRAM, 295
VME rack, 381

VMEbus master/slave board, 333
VMEDbus slave card, 329

VRTX32/T real-time executive, 139



