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00000082 main ANSI_C T414 X

Figure 21.6 Example display produced by the N option.

21.11 Procedural interface data — option p

This option displays procedural interface information for external occam func-
tions and procedures only. The following information is displayed:

o Target processor.

e Error mode.

e Language used.

o Amount of workspace used by the procedure.

o Amount of vector space used by the procedure.
e Parameters used by the procedure.

o Data type of parameters.

e Channel usage, if applicable.

A channel marked with an ? is an input channel to the code of that entry point,
and a channel marked with ! is an output channel.

When a library file is listed this will be indicated by the words ‘INDEX ENTRY
mode:’ rather than ‘DESCRIPTOR mode’.

Figure 21.7 shows the procedural data output for a simple external occam
procedure.

21.12 Specify reference — option R

This option is used in conjunction with any of the other options to select a specific
symbol within a named library. All library modules that export the symbol are
displayed. The exact format of the display depends on the main display option
with which 'R’ is used.
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DESCRIPTOR mode: T414 H language: lang: OCCAM <ORIGIN DESCRIPTOR>
DESCRIPTOR mode: T4l4 H language: lang: OCCAM
ws: 76 vs: 128
PROC simple (CHAN OF SP fs,
CHAN OF SP ts,
[JINT memory)
SEQ
f8?
ts!

Figure 21.7 Example display produced by the P option.

Note: Symbol names must be specified in the correct case.

21.13 Full listing — option T

This option displays all data found in the input file. Provided that i1ist recog-
nises the file type, the file is decoded in its own format. Text file are displayed
as text and unrecognised file types are displayed as a hexadecimal dump.

Data is not displayed in a tabular form but is output in the sequence in which it
is found in the module.

The display formats are tailored to each file format and are intended for diagnostic
support and analysis. The display generates large amounts of data and may
require skilled interpretation.

Note: The full data listing of a configured object file also shows how the pro-
cesses are mapped onto a transputer system.

Figure 21.8 shows part of the full data output for a compiled object file.
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00000000 LINKABLE

00000002 START_MODULE CORE FMUL FPSUP BIT32 MS=18 X lang: ANSI C ""
00000010 VERSION tool: icc origin: hello.c
0000001D SECTION VIR EXP "module$tablesbase" id: 0
00000033 SET_LOAD_POINT id: 0

00000036 SYMBOL LOC "module$number” id: 1

00000047 DEFINE_LABEL id: 1

0000004A ADJUST_POINT 1

0000004E SECTION VIR EXP “"statictbase" id: 2
0000005E SET_LOAD_POINT id: 2

00000061 SYMBOL LOC "localdstatic" id: 3

00000071 DEFINE_LABEL id: 3

00000074 SYMBOL LOC "$1sb" id: 4

0000007C DEFINE_SYMBOL id: 4 SS:0+SV:3

00000084 ADJUST_POINT 1

00000088 SECTION REA EXE EXP "texttbase" id: 5
00000096 SET_LOAD_POINT id: 5

00000099 SYMBOL LOC "localstext™ id: 6

000000A7 DEFINE_LABEL id: 6

000000AA LOAD_EXPR size: 4 sSV:1

000000AF COMMENT COPY bytes: 5

000000B9 SYMBOL EXP "main" id: 7

000000C1 DEFINE_SYMBOL id: 7 SV:6+4

000000C9 SYMBOL IMP "_IMS printf" id: 8

000000D8 LOAD_TEXT bytes: 24

000000F3 LOAD_PREFIX size: 6 AP(SV:8-LP) instr: jJ
000000FC LOAD_TEXT bytes: 2 .
00000101 SYMBOL EXP CON UNI "first%initSblock" id: 9
00000115 DEFINE_LABEL id: 9

00000118 SYMBOL EXP UNI PRO "next%init$block" id: 10
0000012B DEFINE_LABEL id: 10

0000012E KILL_ID id: 10

00000131 SYMBOL EXP UNI PRO "next%init$block" id: 11
00000144 DEFINE_LABEL id: 11

00000147 LOAD_EXPR size: 4 SV:11-LP

0000014E LOAD_TEXT bytes: 3

00000154 LOAD PREFIX size: 6 SV:4 instr: ldnlp
0000015A LOAD_TEXT byte 3

00000160 LOAD_PREFIX size: 3 SV:1 instr: stnl
00000166 LOAD_TEXT bytes: 5

0000016E COMMENT COPY bytes: 33

\00000194 END_MODULE /

Figure 21.8 Example display produced by option T for a .tco file.

21.14 File identification — option w

This option causes the lister to identify the file. The filename is displayed along
with the file type and the full pathname is also given if applicable. This is the
default command line operation if no options are given.

Table 21.3 indicates the different file types identified by the lister.
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File format Default Listed file

extension | type
TCOFF compiled unit tco TCOFF LINKABLE UNIT
TCOFF compiled library unit | .lib TCOFF LINKABLE UNIT LIBRARY
TCOFF linked unit Iku TCOFF LINKED UNIT
TCOFF linked library unit dib TCOFF LINKED UNIT LIBRARY
Configuration binary .cfb CONFIGURATION BINARY
Core dump .dmp CORE DUMP FILE
Network dump .dmp NETWORK DUMP
LFF file .cxx, .txx | LFF SC
LFF library lib LFF LIBRARY
Extracted SC .rxx EXTRACTED SC
iboot program .bxx BOOTABLE PROGRAM (iboot)
Extracted program .bti BOOTABLE PROGRAM
Empty file - EMPTY FILE
Text files - TEXT FILE
None of the above - UNKNOWN BINARY FORMAT

Table 21.3 File types recognised by ilist
SC files are separately compiled files.
LFF files are separately compiled or linked files in LFF format.

Extracted files are files which have been compiled and developed to be dynam-
ically loaded onto a transputer system.

iboot programs are programs which have had a bootstrap added by the iboot
tool, supported by previous issues of the toolset.

21.15 External reference data — option x

This option displays a list of all the code and data symbols imported by the
modules specified to the lister, i.e. it lists their external references. External
references are references to separately compiled units. For C programs the
option will also display any external references to globally visible data.

The output from this option is in a tabular format. It consists of a list of external
references and their associated modules.
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The following information is displayed:
o External reference i.e. name of the separately compiled unit.
o The name of the module in which the external reference exists.
e Language used.
o Target processor.
e Error mode.

Figure 21.9 shows an example of the output generated for a compiled object file.

_IMs_printf <= hello.c ANSI_C T414 X

Figure 21.9 Example display produced by the X option.

21.16 Error messages
This section list each error ane warning message that can be generated by
the lister. Messages are in the standard toolset format which is explained in
appendix A.
21.16.1 Warning messages
filename - reason
The named file does not conform to a recognised INMOS file format or
has been corrupted.
21.16.2 Serious errors
filename - bad format: reason

The named file does not conform to a recognised INMOS file format or
has been corrupted.
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filename - could not open for input
The named file could not be opened for reading.
filename - could not open for output
The named file could not be opened for writing.
filename - file type does not correspond to command line options

The options given to the lister apply to formats dissimilar to the format of
the file being read.

must supply additional TCOFF options with reference reference

The required format of the listing has not been specified.
filename - no entry for reference in library index

The specified reference cannot be found in the library index.
parsing command line token

An unrecognised token was found on the command line.
filename - unexpected end of file

The named file does not conform to a known INMOS file format or has
been corrupted.
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22 imakef — Makefile
generator

This chapter describes the Makefile generator imakef£ that creates Makefiles
for input to MAKE programs. It explains how the tool can be used to create
Makefiles and describes the special file naming conventions that allow imakef
to create Makefiles for mixtures of code types. The chapter describes the format
of Makefiles generated by imakef and ends with a list of error messages.

22.1 Introduction

MAKE programs automate program building by recompiling only those compo-
nents that have been changed since the last compilation. To do this they read
a Makefile which contains information about the interdependencies of files with
one another, along with command lines for rebuilding the program.

imakef creates Makefiles for all types of toolset object files using its built in
knowledge of how files referenced within the target file depend on one another.
It is intended to be used with all INMOS language toolsets that generate TCOFF
object code. Its mode of operation for different languages is controlled by com-

mand line options. The Makefile is generated in a standard format for input to
most MAKE programs.

Makefiles created using imake£f are compatible with many public domain and
proprietary MAKE programs. The following MAKE programs are directly com-
patible:

¢ Borland MAKE.

¢ UNIX MAKE.

o GNU MAKE.

However, Microsoft MAKE is not compatible.

The source of imakef£ is supplied withg the toolset so that it can be modified
for use with other MAKE programs.
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22.2 How imakef works

imakef operates by working back from the target file to determine its depen-
dences on other files, using its knowledge of inputs and outputs of each tool
and the compilation architecture of the toolset. For example, compiled object
files must be created from language source files using the compiler. In a similar
way linked files must be generated from compiled files, and bootable files from
linked units or configuration data files. imake£ works back from the target file,
determining file dependencies and creating commands to recompile the code
where necessary.

imakef identifies files and file types by a special set of file extensions which
specify the transputer type and error mode and allow it produce Makefiles for
mixed module combinations. Note that these extensions differ from the standard
toolset defaults. The conventions are described in section 22.4.

Note: In order for imakef£ to work correctly the special file naming conventions
must be followed at all stages of program development for all types of target file.

22.3 Target files

The following table lists the types of C object files for which imake£ can create
Makefiles. The file extensions required by imakef£ are also given for each of
the files (see section 22.4).

File type Extension
Compiled code. txx
Linked code. .CXx
Bootable code for single transputer programs. .bxx
Bootable code for multitransputer programs. .btl
Dynamically loadable code. .TXX
Libraries. .1lib
Configuration binary files. .cfb

22.4 File extensions for use with imakef

A special set of file extensions must be used for source and object files during
a program’s development if imakef is to be used to automate any part of the
build. The file extensions specify to imakef£ the transputer target and execution
error mode for each of the program modules, and extend the scope of the default
toolset file naming conventions.
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The naming convention is based on a three-character file extension which iden-
tifies different types of source and object files. Some object files use the sec-
ond and third characters to identify the transputer type and execution error
mode. This form is used for compiled code, linked units, bootable files, and

. non-bootable files.

The main extensions are shown in figure 22.1 in relation to toolset program
development.

Target files in bold

@ icconf @

.c icec +@—— ilink .cxx}»>icollect @
ilibr iserver

Transputer
network

Figure 22.1 Main target files showing file extensions required

22.4.1 Transputer types and error modes
In the imakef£ system some object files use the second leter of the extension to
designate the transputer target. The third letter represents the error mode which

in C is always UNIVERSAL, designated by the letter ‘x’. For example, .t4x
refers to a compiled C module targetted for the T4 transputer class.
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Values that can be taken by the second character and their meanings are listed
below.

Character | Transputer types
supported

T212, T222, M212
T225

T414

T425, T400

T800

T805, T801

Class TA

Class TB

o' © o v WN

Error modes in mixed language programs

Object code generated by some other INMOS language toolsets can be compiled
in two other error modes, namely HALT and STOP. These are represented by the
letters ‘h’ and ‘s’ respectively. For example, .+t8h refers to a foreign language
module targetted for the T800 transputer in HALT error mode.

C object code generated in UNIVERSAL mode can be linked with HALT or STOP
code generated by other languages by specifying the appropriate linker option.

For further information about the standards adopted for file extensions see sec-
tion A.5.

22.5 Linker indirect files

Linker indirect files must be written for all linked units on which imakef is to be
used. Linker indirect files define the components of the linked unit to imakef
and provide a starting point for determining file dependencies.

Linker indirect files must be named after the linked unit to which they relate and
must carry the . 1nk extension.
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22.6 Running the Makefile generator

The imakef program takes as input a list of files generated by tools in the
toolset and generates a Makefile for each of the input files. Each output file is
named after its target filename stem with a .mak extension (if no output file is
specified on the command line).

Note: For correct operation with all C programs imakef must be invoked with
the ‘C’ option and the constituent modules of each linked unit must be listed in
an appropriate linker indirect file of the correct name.

To invoke imakef£ use the following command line:
> imakef ({filenames} {options}

where: filenamesis a list of target files for which Makefiles are to be generated. If
more than one file is specified the single Makefile generated will generate
all of the specified files.

options is a list, in any order, of one or more options from Table 22.1.

Options must be preceded by ‘=’ for UNIX based toolsets and ‘/’ for
MS-DOS and VMS based toolsets.

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

Options must be separated by spaces.

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

22.6.1 Example of use

imakef hello.bdx -c (UNIX based toolsets)
imakef hello.bdx /c (MS-DOS and VMS based toolsets)

This creates the Makefile hello .mak which when used as input to MAKE gen-
erates the bootable file hello.b4x.

22.6.2 Disabling debug data

Two options disable the creation of debug data.
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Option | Description
(o] Specifies that the list of files to be linked is to be read from a
linker indirect file. This option must be specified for correct C
operation.
D Disables the generation of debugging information. The default
is to compile with full debugging information.
I Displays full progress information as the tool runs.
L Loads the tool onto the transputer board and terminates.
O filename | Specifies an output file. If no file is specified the output file is
named after the target file and given the . mak extension.
R Writes a deletion rule into the Makefile.
XM Directs the transputer-hosted versions of the tool to be executed
so that they can be restarted without rebooting by the server.
X0 Directs the transputer-hosted versions of the tool to be executed
once on the transputer board and then terminate.
Y Disables interactive (breakpoint) debugging in the target compi-
lation. The default is to compile with full breakpoint debugging
information.

Table 22.1 imakef options

The ‘D’ option disables the generation of all debugging information in the target
file. If this option is used the resulting target code cannot be debugged.

The ‘Y’ option disables only the data required for interactive (breakpoint con-
trolled) debugging. If this option is given no breakpoint debugging operations
can be used on the final program. Post-mortem debugging is unaffected.

22.6.3 Removing intermediate files

Intermediate files can be removed in final program build by specifying the ‘R’
option. This option adds a delete rule to the Makefile which directs MAKE to
remove all intermediate files once the program is built. The delete operation is
only honoured if MAKE is subsequently invoked with DELETE option.
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22,7 imakef examples

This section contains two examples of the use of imakef. The first example
shows how to create a Makefile for a multi-module program running on a sin-
gle transputer and the second example shows how to create a Makefile for a
configured program.

Both programs are supplied in the imakef examples subdirectory.

22.7.1 Single transputer program
The example program is made up of three files:

main.c
hellof.c
worldf.c

imakef needs to know the names of the main components of the program, and
looks for the associated linker indirect file hello.1lnk:

hello.1lnk must contain the following text:

main.t4x

hellof.t4x
worldf.t4x

#include startup.lnk

Note the use of the . t4x extension rather than . tco. This is because imakef
needs to work out the required processor type.

The standard C startup linker indirect file startup. 1nk is also included. The
inclusion of this file is standard for all C programs and directs imakef£ to include
the C libraries.
To create the Makefile use the command:

imakef hello.b4x -c
Note the use of the .b4x extension instead of .btl. Using this form of ex-
tension informs imake £ that we wish to create a bootable program for a single

transputer without the aid of the configurer.

The Makefile hello.mak is created.
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22.7.2 Multitransputer program

This example program uses the configurer to place linked units on two proces-
sors. The program is made up of the following files:

master.c
mult.c
multi.cfs

The .cf£s file is the configuration description file. It places 2 linked units on 2
processors, using the following statements:

use "master.c8x" for master;
use "mult.c4x" for mult;

Note the use of the . exx form of extension insiead of the toolset default exten-
sion for linked units . 1ku.

imakef reads the .c£s file and determines that the program is made up of two
linked units, each of which must have an associated linker indirect file, namely,
master.lnk, and mult.lnk

The two linker indirect files files must contain the following text:

master.Ink:

master.t8x
#include startup.lnk

mult.Ink:

mult.t4x
#include startrd.lnk

Again note the use of the . txx form of extension. A startup linker indirect file
is again included in each file to access the libraries. Note the use of the startup
file startrd. lnk in the second file which accesses the reduced library. This
library can be used by mult.t4x because the module does not require host
access.

To create the Makefile use the following command:

imakef multi.btl -c

The .btl extension informs imakef£ that the target is a configured program,
to be built from a configuration description file called multi.cfs.

The Makefile multi .mak is created.
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22.8 Format of Makefiles

Makefiles essentially consist of a number of rules for building all the parts of
a program. Each rule contains two main elements: a definition of the file’s
dependencies in a format acceptable to MAKE programs; and the command to
recreate the file on a specific host. All Makefiles also contain macros which
define command strings and option combinations.

22.8.1 Macros

All Makefiles created by imakef include a set of macro definitions inserted at
the head of the file.

Macros define strings which are used to call the compiler, the configurer, the
linker, the librarian, the collector, and the eprom formatter tools, and fixed com-
binations of options for these tools.

Macros are provided so that customised versions of the toolset commands, and
specific combinations of options, can be easily incorporated. Existing macros
can be modified for specific host environments, and new macros created, by
editing the Makefile.

The full set of macros defined by imakef can be found by consulting any
Makefile created by the tool.

22.8.2 Rules

Rules define the dependencies of object files on other files and specify action
strings to build those files. For example:

config.btl: config.cfg prog.c4h
$ (CONFIG) config -r $(CONFOPT) -o config.btl

This rule first defines the target as the bootable program config.bt1, which
is dependent on the configuration description file config.cfg and the linked
file prog.c4h, and then specifies the command that must be invoked to build
it.

The first rule in all Makefiles is for the main target. Succeeding rules define
subcomponents of the main target, and are listed hierarchically.
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Action strings

Action strings define the complete command line needed to recreate a specific
file. The format is similar for all tools and consists of a call to the tool via a
predefined macro, a fixed set of parameters, a list of command line options,
probably also via a macro, and the output flename. (The output file is specified
on the command line so that the rebuilt file is always written to the directory that
contains the source.)

22.8.3 Delete rule

The delete rule directs MAKE to remove all intermediate object files once the
program has been built. It consists of a single labelled action string which invokes
the host system ’delete file’ command. Deletion is only performed if MAKE is
subsequently invoked with the DELETE option.

The delete rule is appended to the Makefile by specifying the imakef ‘R’ option.

22.8.4 Editing the Makefile

Makefiles created by the imakef£ tool can be edited for specific requirements.
For example, new macros can be added and new rules defined for compiling
and linking code written in other languages.

Adding options

imakef generates action strings which have the minimum of options for each
tool. In most cases additional options are unnecessary or may be specified
using compiler directives. To modify the set of default options for a particular
tool simply edit the appropriate macro in the Makefile.

For example, if debugging data is to be enabled for all invocations of the compiler
the compiler ‘G’ option would be added to the CCOPT macro which defines the
standard combination of options for invoking the compiler. Alternatively a new
macro containing only the ‘G’ option could be defined and added to each compiler
action string.

22.9 Error messages

imakef generates error messages of severities Warning and Error. Messages
are displayed in standard toolset format.
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Cannot have a makefile
The file specified on the command line is not one for which imakef£ can
generate a Makefile. imakef can only create Makefiles for object files
and bootable files.

Cannot open "filename” :reason

The file specified as the output file cannot be opened for writing by the
program, for the reason given.

Cannot write linker command file
The linker command file cannot be opened for writing by the program.
Command line is invalid

An incorrect command line was supplied to the program. Check the
syntax of the command and try again.

Error whilst reading
A file system error has occurred whilst reading the source.
#IMPORT references are illegal in configuration text

At the given line number in the file there is a reference to the # IMPORT
directive, which is illegal for configuration source.

#INCLUDE may not reference a library

The #INCLUDE directive is being used to reference a file with the .1ib
extension.

#INCLUDE may not reference binary files

The #INCLUDE directive is being used to reference a file containing
compiled code.

Incomplete compiler directive

At the given line number in the file there is an invalid compiler directive.
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Library on PATH ”pathname” also exists in the current directory

A library with the specified name has been found on the current search
path and in the current directory.

Malloc failed .

The program has failed while trying to dynamically allocate memory for
its own use. Try using a transputer board with more memory. If the
program is being run on the host it may be possible to increase the
memory available using host commands.

Options are incorrectly deliminated

The terminating bracket which determines the options in a library build
file, is missing at the given line number.

Source file does not exist
The referenced source file does not exist on the system.
Target is not a derivable file

The specified file cannot be generated by the toolset.

Tree checking failed - no output performed
The tree of files has been found to be invalid and unusable for gener-
ating Makefile. This message always follows a message indicating what
is wrong with the tree. The most common reason for this error is the
presence of cyclic references in the source.
”filename” unknown/illegal file reference
A compiler directive is attempting to reference the wrong type of file.
Writing file

An host system error occurred while the file was being written.
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server

This chapter describes the host file server iserver which loads application
programs onto transputer networks and provides runtime access to the host.

23.1 Introduction
The host file server iserver performs two functions:
¢ Loads bootable programs onto transputer hardware

« Provides the runtime environment which allows the program to talk to the
host.

At the application program level, all communication with the host file server is
through the standard i/o libraries. The host file server provides an intermediate
interface through which the i/o functions can communicate with any of the sup-
ported hosts. The interface is based on a fixed protocol and is implemented
by an underlying set of functions written in C. A description of the protocol and
definitions of the functions can be found in appendix E.

23.1.1 Loadable programs

Before a program can be loaded onto a transputer network it must be compiled
and linked. It may then be made bootable using the collector tool icollect.
If no output file was specified when the program was built the loadable file will
have a .btl1 file extension if the default extension is used. If imakef has been
used to build the program the file will have an extension of the form .bxx. For
further details of the file extension system used by imakef see sections 22.4
and A.5.

23.2 Running the server

To invoke the host file server use the following command line:
> iserver bootablefile {options}

where: options is a list of one or more options from table 23.1.
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Options must be preceded by ‘=’ for UNIX based toolsets and ‘/’ for
MS-DOS and VMS based toolsets.

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

Options must be separated by spaces.

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

Option Description
SA Analyses the root transputer and peeks 8K of its memory.

SB filename | Loads the program contained in the specified file.

sc filename | Copies the specified file to the root transputer link.

SE Terminates the server if the transputer error flag is set.
sI Displays progress information as the program is loaded.
SL name Specifies device name or link address.

SP n Sets the number of KBytes of memory peeked on Analyse.
SR Resets the root transputer and subsystem on the link.
sSs Serves the link, that is, starts up the runtime server environ-

ment that enables programs to communicate with the host.

‘SB filename’ is equivalent to SR SS SI SC filename.

Table 23.1 iserver options

23.2.1 Examples of use

UNIX based toolsets:

icc hello

ilink hello.tco -f startup.Ink

icollect hello.lku -t

iserver -sb hello.btl -se
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MS-DOS and VMS based toolsets:

icc hello

ilink hello.tco /f startup.Ink
icollect hello.lku /t

iserver /sb hello.btl
/se

In this example iserver is instructed to load the bootable file hello.btl and
to terminate on error. The example also shows the steps for compiling, linking
and booting the program.

23.2.2 Supplying parameters to the program

Any text supplied on the command line that cannot be interpreted as a server
option is passed to the program as a parameter. iserver option strings should
not be used as program parameters.

23.2.3 Checking and clearing the network

On transputer boards the network can be checked and reset using a network
check program such as ispy.

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

An alternative to using a network check program to clear the network is to load
a dummy process onto each processor. In the act of loading the process code
the error flag is cleared. This method is described in section 15.3.4.

23.2.4 Terminating the server

To terminate the server press the ISERVER interrupt key. The iserver inter-
rupt key is the same as the standard host system BREAK key.

When the interrupt key is pressed the program does not abort immediately but
provides the following options:

(x)exit, (s)hell, or (c)ontinue?
To confirm your intention to abort the program type ‘x’ or press [RETURN], which

terminates the server.
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To suspend the server in order to resume the program later, type ‘s’ for shell.

Note: On some systems the shell option may require a host environment vari-
able. For further information see the Delivery Manual that accompanies the
release.

To cancel the interrupt and continue running the program, type ‘c’.

23.2.5 Options to use when loading the program

The name of the file containing the program to be loaded is specified using either
the ‘SC’ or the ‘SB’ option and must be followed by a filename. The ‘SB’ option
has the same effect as specifying the following combination of options: ‘SC SI
SR SS'.

For programs which communicate via the host file server the ‘SS’ option must be
specified in order to start up the host communications environment. When the
program has been loaded the server provides runtime access to host services.

To load a program onto a board without resetting the root transputer, use the
‘SC’ option. This should only be done if the transputer has already been reset,
or has a resident program that can interpret the file. To reset the transputer
subsystem before loading the program use the ‘SR’ or ‘SB’ options.

To terminate the server immediately after loading the program use the ‘SR’ and
‘SC’ options together. This combination of options resets the transputer, loads
the program onto the board, and terminates.

To load a board in analyse mode, for example when you wish to use the debugger
to examine the program’s execution, use the ‘SA’ option to dump the first 8 Kbytes
of the transputer’'s memory (starting from MOSTNEG INT). The data is stored
in an internal buffer which is read by the idump tool when programs are to be
debugged that use the root transputer.

23.2.6 Specifying a link address — option SL

The server contains a default address or device name for communicating with
boot from link boards. The address or name can be changed by specifying
the ‘SL’ option followed by the new value. Addresses can be given as decimal
numbers, or in hexadecimal format by prefixing the number with ‘#’.
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The default address is overridden by the value of host environment variable
TRANSPUTER, if this variable has been set on the system. The address or
name defined by this variable is itself overridden by any address or name given
after the ‘SL’ option.

23.2.7 Terminating on error — option SE

When debugging programs it is useful to force the server to terminate when the

subsystem’s error flag is set. To do this use the ‘SE’ option. The error flag of a
transputer is normally set by a program fault.

23.3 Server functions
This section describes the basic set of server functions. All versions of the
iserver will support these functions, enabling programs to be used with any
version of the toolset.
These functions are not intended for applications programmers. They are briefly
described here for programmers who wish to implement a server on a new host,
or to add new facilities to the existing server. Details of the functions can be
found in appendix E.
The functions are divided into three groups:

1 File system commands

2 Host environment commands

3 Server control commands

Commands in each group are summarised in the following tables.
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File system commands

Command | Description

Fopen Opens a file, and returns a stream identifier.
Fclose Closes a file.

FGetBlock | Reads a block of data, in bytes, with status return.
FPutBlock | Writes a block of data, in bytes, with status return.
Fread Reads a data block, in bytes.

Fwrite Writes a data block, in bytes.

Fgets Reads a line from an open stream.

Fputs Writes a line to an open stream.

Fflush Flushes an open stream to the destination device.
Fseek Resets the file position.

Ftell Returns the current file position.

Feof Tests for end-of-file.

Ferror Returns error status of a given stream.

Isatty Determines if a stream is a terminal.

Remove Deletes a file.

Rename Renames a file.

Host environment commands

Command | Description

Getkey Reads a character from the keyboard.
Pollkey Polls the keyboard.

Getenv Retrieves a host environment variable.
Time Returns local and universal time.
System Runs a command on the host system.
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Server control commands

Command

Description

Exit
CommandLine
Core

Version
MSDOS

Terminates the server.
Retrieves the server invocation command line.

Retrieves the contents of a peeked transputer’'s memory.

Retrieves revision data about the server.

Performs an MS-DOS specific operation.
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23.4 Error messages
Aborted by user

This message is displayed when the program is interrupted by pressing
the BREAK key (Ctrl-C or Ctrl-Break).

Bad link specification
The link name is invalid.
Boot filename is too long, maximum size is number characters

The specified filename was too long. number is the maximum size for
filenames.

Cannot find boot file filename
The server cannot open the specified file.
Command line too long (at string)

The maximum permissible command line length has been exceeded. The
overflow occurred at string.

Copy filename is too long, maximum size is number characters

The specified filename was too long. number is the maximum size for
filenames.

Error flag raised by transputer

The program has set the error flag on the transputer. Use idebug to
debug the program.

Expected a filename after -SB option
The ‘SB’ option requires the name of a file to load.
Expected a filename after -SC option

The ‘SC’ option requires the name of a file to load.
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Expected a name after -SL option

The ‘SL’ option requires a link name or address.
Expected a number after -SP option

The ‘SP’ option requires the number of Kbytes to peek.
Failed to allocate CoreDump buffer

The server was unable to allocate enough memory to copy the required
amount of transputer memory.

Failed to analyse root transputer
The link driver could not analyse the transputer.
Failed to reset root transputer
The link driver could not reset the transputer.
Link name is too long, maximum size is number characters
The specified name was too long. number is the maximum length.
Protocol error, message

Incorrect protocol on the link. This can happen if there is a hardware
fault, or if an incorrect version of the server is used.

message can be any of the following:
got number bytes at start of a transaction
packet size is too large
read nonsense from the link

timed out getting a further dataname
timed out sending reply message

For more information about server protocols see appendix E.
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Reset and analyse are incompatible
Reset and analyse options cannot be used together.

Timed out peeking word number
The server was unable to analyse the transputer.

Transputer error flag has been set
The program has set the error flag. Debug the program.

Unable to access a transputer
The server was unable to gain access to a link. This occurs when the
link address or device name, specified either with the SL option or the
TRANSPUTER environment variable, is incorrect.

Unable to free transputer link

The server was unable to free the link resource because of a host error.
The reason for the error will be host dependent.

Unable to get request from link

The server failed to get a packet from the transputer. This error indicates
some general failure.

Unable to write byte number to the boot link
The transputer did not accept the file for loading. This can occur if the

transputer was not resetor because the file was corrupted or in incorrect
format.
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24 isim — T425
simulator

This chapter describes the T425 simulator tool isim that allows programs to be
run and tested without hardware. The chapter explains how to invoke the tool
and describes the simulator commands that allow the simulated program to be
debugged interactively.

24.1 Introduction

The simulator can run any transputer program that would run on a single IMS
T425 mounted on a normal transputer evaluation board. No transputer hardware
is required.

Because the simulator runs the same code that would be loaded onto a real
transputer, any program that runs satisfactorily in the simulator can be guaran-
teed to run on an IMS T425. Because all 32-bit transputers are compatible at

the source level, the same program can also be run on any IMS 32-bit processor
after recompiling for the correct processor type.

The simulator also provides a reduced set of debugging facilities similar to those
of the debugger Monitor page. Additional features provided by the simulator are

the ability to set break points at transputer addresses and to single step the
program.

The simulator can also be used to familiarise new users with transputers and
transputer programming and as a teaching aid.

24.2 Running the simulator

To run the simulator use the following command line:
isim program programparameters {options}

where: program is the program bootable file.
programparameters is a list of parameters to the program. The list of
parameters must follow the bootable filename and parameters must be

separated by spaces.

options is a list of 1sim options from Table 24.1.
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Options must be preceded by ‘-’ for UNIX based toolsets and ‘/’ for
MS-DOS and VMS based toolsets.

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

Options must be separated by spaces.

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

Option | Description
B Batch mode operation.
BQ Batch Quiet mode. No progress information is displayed.
BV Batch Verify mode.
I Displays full progress information as the simulator runs.
L Loads the tool onto the transputer board and terminates.

XM | Directs the transputer-hosted versions of the tool to be executed
so that they can be restarted without rebooting by the server.

X0 Directs the transputer-hosted versions of the tool to be executed
once on the transputer board and then terminate.

Table 24.1 isim options

24.2.1 Example of use

isim hello.btl
This invokes the simulator on the "Hello World” program.
When first invoked simulator enters the debugging environment. To start the pro-
gram invoke the ‘G’ command. The program runs until it completes successfully,
a runtime error occurs, or a break point is reached.
If an error occurs the processor halts, the error flag is set, and the program can

be debugged using the commands as you would in the debugger Monitor page
environment. Typing ‘?’ displays a summary of the commands.
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24.2.2 ITERM file

Like the debugger, the simulator reads the ITERM file to determine how to control
the terminal screen and to map a few simulator commands. The ITERM file must
be defined in the host environment variable ITERM.

24.3 Monitor page display

The simulator Monitor page is similar to that of the debugger, which is described
in chapter 15. Data displayed at the simulator Monitor page includes the follow-

ing:

Iptr Contents of instruction pointer (address of the next in-
struction to be executed).

Wdesc Contents of workspace descriptor.

Error Status of error flag.

Halt On Error Status of halt on error flag.

Fptrl Pointer to the front of the low priority active process

queue. If 'jump O’ breaks are enabled the letter B is dis-
played after the pointer value.

Bptrl Pointer to the back of the low priority active process
queue.

Fptr0 Pointer to the front of the high priority active process
queue.

Bptr0 Pointer to the back of the high priority active process
queue.

TPtrl Pointer to the low priority timer queue. If the timer is
disabled the letter X is displayed after the pointer value.

TPtr0 Pointer to the high priority timer queue.

When the simulator is first invoked the Monitor page also displays a memory
map of the program.

If Wdesc contains the most negative address value, it will be described as ‘in-
valid’. This normally means that no process is executing in the simulator (for
example, the program may have become deadlocked). If Wdesc contains the
address of ‘Memstart’ it is displayed as such. An asterisk displayed next to
the Iptr or Wdesc pointer values indicates invalid object code. Invalid pointers
may be generated when processes become deadlocked.

The Monitor page also displays the last instruction executed, a summary of
Monitor page commands, and, if an error has occurred, the cause of the error.
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24.4 Simulator commands

All simulator commands are given at the Monitor page. Many of the commands
are similar to those of the debugger Monitor page; for full descriptions of the
commands see chapter 15.

24.4.1 Specifying numerical parameters

Some simulator commands require numerical parameters, such as addresses.
These can be specified as simple expressions in decimal or hexadecimal for-
mat. Expressions can be the sum of two expressions, the result of subtracting
one expression from another, or constants. Constants that can be specified:
Areq, Breg, Creg, Iptr, Wptr, decimal constants, hexadecimal constants,
or abbreviated hexadecimal constants. Abbreviated hex constants can be cre-
ated by prefixing the sequence of hex digits with ‘%’ or ‘#, which assumes the
hexadecimal prefix ‘8000. . . .". For example, the hex number ‘8000F8A’ can
be specified in the abbreviated form ‘SF8A’.

24.4.2 Commands mapped by ITERM
Several commands for controlling the display are mapped to specific keys by the

ITERM file. The keys to use for these commands can be found by consulting
the keyboard layouts supplied in the Delivery Manual.
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Simulator debugging commands are listed in the following tables.

Key Meaning Description

A ASCII Displays a portion of memory in ASCII.

B Break points Breakpoint menu.

D Disassemble Displays transputer instructions at a -specified
area of memory.

G Go Runs (or resumes) the program.

H Hex Displays a portion of memory in hexadecimal.

| Inspect Displays a portion of memory in any occam type.

J | Jump into program | Runs (or resumes) the program. Same as G.

Links Displays Iptr and Wdesc for processes waiting
for input or output on a link, or for a signal on the
Event pin.

M Memory map Displays a memory map of the simulated trans-
puter.

N Create dump file | Creates a network core dump file.

P Program boot Simulates a program 'boot’ onto the transputer.

Q Quit Quits the simulator.

R Run queue Displays Iptr and Wdesc for processes on the
high or low priority active process queues.

S Single step Executes the next transputer instruction.

T Timer queue Displays Iptr and Wdesc and wake-up times
for processes on the high or low priority timer
queues.

] Assign register | Assigns a value to a register.

? Help Displays help information.

Key Meaning | Description
] Help Displays help information.
[REFRESH] § | Refresh | Redraws the screen.
t Quit | Quits the simulator.
1] Scrolls the current display.
f For key bindings see Delivery Manual. See also section 24.4.2.
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[A] - Ascil

Displays a segment of memory in ASCII format.

- Breakpoints

Sets, displays, and cancels break points at specified memory locations or pro-
cedure calls. The command displays the Breakpoint Options Page:

Breakpoint Options Page

1) Set breakpoint at Address

2) Display breakpoints

3) Cancel breakpoint at Address

Select Option?
[D] - Disassemble
Displays a segment of memory as transputer instructions.
[G]- Go
Starts the program, or restarts the program after it has been halted (unless the
error flag has been set, in which case the program can no longer be run). The
program will run until it completes successfully, sets the error flag, or reaches a

break point.

To start the program, specify a break point address after the following prompt
and press [RETURN[:

(break point address)

The default is not to set a break point.

[E— Hex

Displays a segment of memory in hexadecimal format.

[1] - inspect

Displays a portion of memory in any occam type. See debugger.
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— Jump into program

Same as [G] - starts or resumes the program.

— Links

Displays information about links.

[M] - Memory map

Displays a complete memory map of the program.

@ - Create dump file

Creates a network core dump file from which the program can be debugged
off-line. The name of the file and the number of bytes to write must be specified.
A file extension is not required and should not be specified. The dump file is
automatically given the . dmp extension.

[P] - Program boot

Loads the program into transputer memory (‘boots the program’) so that debug-

ging can start at beginning of the application program without stepping through
bootstrap loading code.

@ - Quit
Quits the simulator, and returns to the host operating system.

[R] - Run queue

Displays the addresses of process waiting on the active process queues.

— Timer queue

Displays the addresses of process waiting on the timer queues.

@ - Assign

Assigns a value to a register. To assign a value, specify the register by name
(abbreviations are permitted), and give a value to be assigned to the register.
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- Help

Lists the available simulator commands.

~ Help

Lists the available simulator commands.

— Refresh

Refreshes the screen.

- Quit

Quits the simulator, and returns to the host operating system.

[1]. [1]. [PAGE UP], and [PAGE DOWN] keys may be used to scroll the display.

24.5 Batch mode operation

isim can be run in batch mode by setting up the environment variable
ISIMBATCH. If this variable is defined on the system isim automatically selects
batch mode operation.

24.5.1 Setting up ISIMBATCH

ISIMBATCH is set up on the system as an environment variable using the
appropriate command for your host system.

VERIFY and NOVERIFY modes which enable and disable the output of input
commands and user responses are defined by setting a value for ISIMBATCH.
In MS-DOS the command to use is the set command. For example:

C:\ set ISIMBATCH=VERIFY

C:\ set ISIMBATCH=NOVERIFY
In UNIX the equivalent command is setenv and on VMS systems the command

to use is define. Details of how to use these commands can be found in the
user documentation for your system.
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24.5.2 Input command files

In batch mode isim is driven from a command script containing simulator com-
mands and responses to prompts. All prompts by isim must be followed by a
valid response.

24.5.3 Output

Output can be written to a log file or displayed at the terminal. Input and output
streams can be assigned to files or the user’'s terminal by commands on the
host.

isim can be set up to operate in VERIFY or NOVERIFY mode by setting a dif-
ferent values for ISIMBATCH. In VERIFY mode all prompts and user responses
are included in the output.

24.5.4 Batch mode commands

Batch mode simulator commands ‘A’ through ‘U’ are the same as the interactive
commands. Two additional commands generate special batch mode output:

Key | Meaning | Description
? | Query state | Displays values of registers and queue pointers.
Where Displays next Iptxr and transputer instruction.

- Query state

Displays information about the processor state, including current values of reg-
isters, queue pointers, and error flag status. For example:

Processor state

Iptr #80000070
Wdesc #800000C8
Areg #80000070
Breg #800000C8
Creg #80000010
Error Clear

Halt on Error Set

Fptrl (Low #00000000
Bptrl queue) #00000000
Fptr0 (High #00000000
Bptr0 queue) #00000000
Tptrl (timer #2D2D2D2D
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Tptr0 (queues #2D2D2D2D
] - Where

Displays the Iptr of the next instruction to execute and a disassembly of that
instruction. For example:

Iptr #80000070. Low Priority, Next Instruction :
ajw 42 - #2A

24.6 Error messages
Cannot open bootfile ’filename’

The file containing the code to be run could not be opened or could not
be found.

Environment variable 'IBOARDSIZE’ does not exist
Board memory size must be specified to the system using the the host en-

vironment variable IBOARDSIZE. Details of how to set up IBOARDSIZE
on your system can be found in the Delivery Manual. ‘

Environment variable 'ITERM’ not set up

The ITERM definition file for the simulator function keys must be specified
in the ITERM host environment variable.

IBOARDSIZE Is too small (at least number bytes required)

The simulator requires a minimum memory size in order to run correctly.
Modify the IBOARDSIZE variable and retry the program.

ITERM error
Iterm initialisation has failed

The ITERM file for setting up the terminal codes is invalid. /TERM error
describes the fault in the file.
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This chapter describes the skip loader tool that allows programs to be loaded
onto transputer networks over the root transputer. The tool sets up a data transfer
protocol on the root transputer that allows programs running on the rest of the
network to communicate directly with the host.

25.1 Introduction

The skip tool iskip prepares a network to load a program over the root trans-
puter by setting up a route-through process on the root transputer to transfer
data from the application program running on the target network to and from
the host computer. A subsequent call to iserver loads the program onto the
network connected to the root transputer, but does not use the root transputer
as part of the network. The root transputer is in effect rendered transparent to
the rest of the network. The route-through process uses a simple protocol that
transfers data byte by byte between the program and the host.

After iskip has been invoked to set up the data link across the root transputer,
the program can be loaded down the host link in the normal way using iserver.

iskip can be used to skip any number of processors and load a program into
any part of a network.

iskip may only be executed on 32 bit transputers.

25.1.1 Uses of the skip tool
The skip tool has two main uses :

1 To allow programs configured for specific arrangements of transputers
to be loaded onto the target network without using the root transputer
to run the program. The root transputer helps to load the program onto
the network and subsequently hosts a relay process which transfers data
from the application program to the host.

Example of boards supplied by INMOS that can be used to skip load
programs are the IMS B004 PC add-in board, which contains a single
IMS T414 transputer, and the IMS B008 PC motherboard fitted with a
TRAM in slot zero to act as the root transputer. Other slots on the
motherboard can be used to accommodate the target network.
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2 Programs configured for a network that normally incorporates the root
transputer can be debugged without having to use idump to save root
transputer's memory to disk. Programs can be loaded into the network
connected to the root transputer and the debugger can safely run on the
root transputer without overwriting the program. The external network
must have the correct number and arrangement of processors for the
program to be loaded.

This can make debugging transputer programs easier when an extra
transputer is available.

25.2 Running the skip tool
To invoke the iskip tool use the following command line:
| 2 iskip linknumber {options}

where: lihknumberis the link on the root transputer to which the target transputer
network is connected.

options is a list, in any order, of one or more options from table 25.1.

Options must be preceded by ‘=’ for UNIX based toolsets and ‘/’ for
MS-DOS and VMS based toolsets.

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

Options must be separated by spaces.

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

Option | Description

E Directs iskip to monitor the subsystem error status and termi-
nates when it becomes set.

R Reset subsystem. Resets all transputers connected downstream
of link linknumber. Does not reset the root transputer.

I Displays detailed progress information as the tool loads.

Table 25.1 iskip options .
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25.2.1 Examples of use

iskip 2 -r (UNIX based toolsets)
iskip 2 /r (MS-DOS and VAX based toolsets)

In this example iskip is invoked for a network where the sub-network is wired
down (see section 15.4.1). The network is prepared to load the program over
the root transputer, which is connected to the network via link 2; the ‘r’ option
resets the target network.

iskip 2 -r -e (UNIX based toolsets)
iskip 2 /r /e (MS-DOS and VAX based toolsets)

In this example iskip is invoked for a network where the sub-network is wired
subs (see section 15.4.1). The network is prepared to load the program over
the root transputer, which is connected to the network via link 2; the ‘r’ and ‘e’
options respectively reset the target network and direct iskip to monitor the
subsystem error status.

25.2.2 Monitoring the error status — option E

The iskip ‘E’ option should only be used when the sub-network is connected
to the Subsystem port of the root transputer i.e. ‘wired subs’. When the sub-
network is connected to the Down port on the root transputer i.e. ‘wired Down’,
the ‘E’ option must not be used. (For further information about subsystem wiring
see section 7.4).

The ‘E’ option instructs the server to monitor the subsystem error status and
terminate when it becomes set. When it terminates it sets its own error flag in
order that the server may detect an error in the subsystem has occured. This
allows the program to be debugged.

If the subsystem error status is not properly monitored when the program is
run, the server may become suspended when a program error occurs. In these
circumstances the server can be terminated using the host system BREAK key.

Note: There is a delay of one second after iskip is invoked with the ‘E’ option,
before monitoring of the subsystem error status begins; if the program fails before
this the server may not terminate correctly and the host system BREAK key
should be used.
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25.2.3 Loading a program

Once iskip has been invoked to prepare the network, the program is loaded
by invoking iserver with the ‘SE’, ‘SS’ and ‘SC’ options. iserver must be
invoked with the ‘SE’ option if the error flag is required to be monitored. This
applies whether the iskip ‘E’ option is used or not. For example:

iserver -se -ss -sc myprog.btl (UNIX based toolsets)
iserver /se /ss /sc myprog.btl (MS-DOS/VMS based toolsets)

Note: After using the skip tool the root transputer must not be reset or analysed,
that is, iserver must not be invoked with the ‘SR’, ‘SB’, or ‘SA’ options, while
iskip is required to run.

25.2.4 Clearing the error flag

If either iskip or iserver detect that the error flag is set immediately a
program starts executing it is likely that the network consists of more processors
than are currently being used and that one or more of the unused processors
has its error flag set.

On transputer boards the network may be reset using programs such as ispy
which clear all error flags.

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

An alternative to using a network check program to clear the network is to load

a dummy process onto each processor. In the act of loading the process code
the error flag is cleared. This method is described in section 15.3.4.
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25.3 Error messages
This section lists error messages that can be generated by the skip tool.
Called incorrectly

Command line error. Check command line syntax and retry.
Cannot read server’s command line

Syntax error. Retry the command.
Duplicate option: option

option was supplied more than once on the command line.
No filename supplied

No filename was supplied on the command line.
This option must be followed by a parameter: option

The option specified requires a parameter. Check syntax and retry.
Unknown option: option

The specified option is invalid. Check option list and retry.
You must specify a link number (0 to 3)

A link number is required. Specify the number of the root transputer link

to which the network is connected. If you specify the host link an error is
reported.
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A Toolset standards and
conventions

. The toolset conforms to a number of conventions for command line syntax, file
names, directory searching, and error reporting.

A.1 Command line syntax

All tools in the toolset conform to a common set of conventions for command
line syntax.

A.1.1  General conventions

e« Commands, and their parameters and options, obey host system stan-
dards.

o Filenames, either directly specified on the command line or as arguments
to options, must conform to the host system naming conventions.

e Options must be prefixed with the standard option prefix character for
the operating system ('-’ for UNIX based toolsets and '/’ for VMS and
‘ MS-DOS based toolsets).

¢ Command line parameters and options can be specified in any order but
must be separated by spaces.

o Lists of arguments to options, where allowed, must be enclosed in paren-
theses, and the items in the list must be separated by commas.

¢ If no parameters or options are specified the tool displays a help page
that explains the command syntax.
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A.1.2 Standard options

Options listed in the following table have the same effect for all tools that use
them.

F | Specifies an indirect file (command script).
Displays progress data in full.

L | Loads the tool onto a transputer board and awaits a command line.
Only applies to transputer hosted tools.

O | Specifies an output file.

XM | Invokes the tool in continuous execution mode. Only applies to
transputer hosted tools. Once the tool has completed its current
operation it remains resident on the transputer board and can be
reinvoked without rebooting onto the transputer board by the server.

X0 | Invokes the tool in single invocation mode. Only applies to trans-
puter hosted tools. The tool terminates after execution and has to
be rebooted onto the transputer board when it is next invoked. A
single invocation is the default.

A.2 Filenames
File names generally follow the naming and character set conventions of the host

operating system except that the following directory separator characters cannot
be used: colon ‘:’, forward slash ‘/’, backslash ‘\’, and closing square bracket

(]"
A.3 Search paths

The tools locate files by searching a specified directory path on the host system.
The path is specified using the host environment variable ISEARCH.
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The tools conform to the following search rules:

1 If the filename contains a directory specification then the filename is used
as given. Relative directory names are treated as relative to the directory
in which the tool is invoked.

2 If no directory is specified the directory in which the tool is invoked is
assumed.

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

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

If no search path has been set up then only rules 1 and 2 apply.

All files are written to the current directory.

A.4 Standard file extensions

The toolset uses a standard set of file extensions for source and object files.
These extensions are assumed for input files, and created for output files, unless
otherwise specified on the command line.

A separate set of extensions for object files must be used where imakef is used

to build programs for mixed processor networks. These are described separately
in section A.5.
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A Toolset standards and conventions

A.4.1

.c
.tco

.lku

.btl

.cfb

.1ib

A.4.2

.btr

.rsc

.hex

.ihx

.mot

‘Main path’ source and object files

C source files.

Compiled binary module produced by the compiler in TCOFF format.
Used as input to ilink and ilibr. Also read by idebug.

Linked unit. Created by ilink as an executable process with no
external references. Used as input to icollect (single trans-
puter programs) or within a configuration description. Also read by
idebug.

Bootable file which can be loaded onto a transputer or transputer
network. Created by icollect directly from a .1lku file (single
transputer programs) or from a . c£s file Bootable files can be sent
down a link by iserver for immediate execution. Contains infor-
mation used by iserver to control the host link for execution. Also
read by idebug.

Configuration binary file containing a description of how code is to
be placed on a network, a description of the route to be used to
load the network, and the parameters to be passed to each of the
processes. Created by icconf from a user-defined configuration
description and read by icollect to prepare a bootable file and
by idebug to load a network for debugging.

Library file containing a collection of binary modules. Created by
ilibr.

Other outputs

Executable code without a bootstrap. Created by icollect and
used as input to ieprom.

Runnable files which can be loaded by a program. These files con-
tain separately compiled units that are designed to be loadable by
application programs and executed via special procedures. An ap-
plication program can determine the various attributes of a linked
unit (e.g. workspace required) from the file in order to set up the
parameters to call the separately compiled unit.

A hex dump of a file for loading onto a ROM by a custom ROM
loader tool.

Intel hex format files produced by ieprom for loading into ROM.
Motorola ‘srecord’ files produced by ieprom for loading into ROM.

72 TDS 224 00 August 1990



A.5 Extensions required for imakef 443

A.4.3 Indirect input files

.1lnk Linker indirect files which specify the components of a program to
be linked. Also used by imakef when creating Makefiles.

.1bb Library build files which specify the components of a library to
ilibr.

A.4.4 Miscellaneous files
Standard extensions are also used for other files supplied with the toolset.

.itm ITERM files containing information about the terminal. Used by tools
such as idebug to handle the screen in a device-independent man-
ner. Can also be created by users for other terminals. The file is
referenced via the environment variable ITERM.

.dmp Memory dump and network dump files. Created by idump for de-
bugging code on the root transputer (memory dump) or for off-line
analysis of a program on a network (network dump). Read by the
debugger for post-mortem debugging.

A.5 Extensions required for imakef

The standard file extensions are adequate for simple programs executing on a
single transputer, or on a network of transputers all of the same type. If the
network is heterogeneous and a particular source file needs to be compiled for
more than one transputer type, the following scheme can be used to identify the
individual processor types and error modes.

If imakef£ is used to build the program , this scheme must be used.
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The extended system uses extensions of the form .fpe
where: f denotes the type of file and can take the following values:

t for . tco equivalents.
1 for . 1nk equivalents.
c for .1lku equivalents.
r for . rsc equivalents.

p denotes the transputer target type or class. This can take the following
values:

2 -T212, T222, M212

3-T225
4 -T414
5 - T425
8 — T800
9 —T801, T805

a - T400, T414, T425, T800, T801, T805
b - T400, T414, T425
e denotes the execution error mode. The values it can take are:
h - on execution, an error will immediately halt the transputer.

s — when an error occurs, the transputer's error flag will be set.
x — the program can be executed in either HALT or STOP mode.

A.6 Error handling

All tools in the toolset display error messages in a standard format. This has
certain advantages:

1 The tool generating the error can be identified even when the tool is run
out of contact with the terminal.

2 User programs or system utilities can be used to detect and manipulate
errors. Some host system editors permit automatic location of errors.
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A.6.1 Error displays

Error messages are displayed in a standard format by all tools. The generalised
format can be expressed as follows:

severity — toolname- filename (linenumber)—message

where: severity indicates the severity level. The four severity categories are
described below.

toolname is the standard toolset name for the tool. Names defined using
host system abbreviations and batch files are not displayed.

filename and linenumber indicate the file and line where the error oc-
curred. They are only displayed if the error occurs in a file. They are
commonly displayed when files of the wrong format are specified on the
command line, for example, a source file is specified where an object file
is expected.

message explains the error and may recommend an action.

A.6.2 Severities

The severity attached to the error indicates the importance of the error to the
operation of the tool. It also implies a certain action taken by the tool.

Four severity categories are recognised:
Warning Error Serious Fatal

Warning messages identify minor logical inconsistencies in code, or warn of the
impending generation of more serious errors. The tool continues to run and may
produce usable output if no serious errors are encountered subsequently.

Error messages indicate errors from which the tool can recover in the short-term
but may cause further errors to be generated which may lead to termination.
The tool may continue to run but further errors are likely and the tool is likely to
abort eventually. No output is produced.

Serious errors are errors from which no recovery is possible. Further processing
is abandoned and the tool aborts immediately. No output is produced.

Fatal errors indicate internal inconsistencies in the software and cause immediate

termination of the operation with no output. Fatal errors are unlikely to occur but
if they do the fact should be reported to your INMOS field applications engineer.
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A.6.3 Runtime errors

Errors which prevent the program from being run are detected by the C runtime
system at startup or during program execution. These errors are displayed in a
similar format to that used by the tools. All runtime errors are generated at Fatal
severity and cause immediate termination of the program. The display format is
as follows:

Fatal-C_Library-reason
Runtime errors and their meanings are fully described in section 11.6. Errors

generated by library functions are also documented under the detailed descrip-
tion of the function.
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B Transputer instruction
set

This appendix provides a reference for the transputer instruction set as supported
by the __asm statement. For a detailed specification of each of the instructions
available, refer to ‘Transputer instruction set: a compiler writer's guide’.

B.1 Pseudo-instructions

Pseudo-instructions are instructions to the assembler, rather than true transputer
instructions.

Expressions used in /oad pseudo instructions must be word sized or smaller,
while expressions used in store pseudo instructions must be exactly word sized.
To load a floating point value, use a /d to load its address, then a fpldnisn or
foldnldb as required. The following pseudo-instructions are implemented:

align This instruction takes no operands. It generates padding bytes
(prefix 0) until the current code address is on a word boundary.
byte This instruction takes as an argument a list of constant values. Only

the lower 8 bits of the constant values are generated i.e. if the con-
stant is too large to fit in a byte, only the lower bits will be generated.
The assembler copies the literal bytes into the instruction stream.

ld Loads a value into the Areg.

Idab Loads values into the Areg and Breg. The left hand expression is
placed in Areg.

ldabc Loads values into Areg, Breg and Creg. The leftmost éxpression

is placed in Areg.
Idlabeldiff Loads the difference between the addresses of two labels into

Areg.

st Stores the value from the Areg.

stab Stores values from the Areg and Breg. The leftmost element re-
ceives Areg.

stabc Stores values from the Areg, Breg, and Creg. The leftmost ele-
ment receives Areg.

word Generates constants of the target-machine word length. This in-

struction takes as an argument a list of constant values. If the
constant is too large to fit in a target-machine word, only the lower
bits will be generated.
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The Id, Idab, st, and stab instructions may use other registers and/or tempo-
raries. /dabc and stabc may use temporaries.

B.2 size option on __asm statement

The size option on __asm statements that incorporate transputer operations,
direct, prefixing and certain pseudo-instructions, forces the instruction to occupy
a set number of bytes. If the instruction is shorter than this, it is padded out with
trailing prefix 0 instructions. If the instruction cannot fit in the specified number
of bytes, a compiler error is reported. The size option allows instructions to be
built with the same size and is intended to assist the creation of jump tables.

B.3 Prefixing instructions

The transputer instruction set is built up from 16 direct instructions, each with
a 4-bit argument field. The direct instructions include prefix instructions which
augment the 4-bit field in a direct instruction which follows them by their own
4-bit argument field, effectively allowing the argument to be extended to 32 bits.
Normally, the assembler will compute the prefix instructions required for operand
values greater than 4 bits automatically.

pfix prefix
nfix negative prefix

B.4 Direct instructions

The direct instructions form the core of the transputer instruction set. Each
direct instruction has a single operand, normally an integer constant, which will
be encoded in the instruction itself and, if it is larger than will fit into the 4-bit
argument field of the direct instruction, into a series of pfix and nfix instructions
as well.

The transputer architecture is based around a three-register evaluation stack
and a single base register Wreg. The load and store ‘local’ instructions access a
word in memory at a displacement from Wreg given by the operand value used.
The displacement is scaled by the word size. The load and store ‘non-local’
instructions use the top evaluation stack register (Areg) as the base instead of
Wreg, allowing computed base addresses to be used.

The operand of the j, ¢j and call instructions is interpreted as a byte displacement

from the instruction pointer (program counter) register Iptr. /dpi is similar but
takes its operand from Areg.
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ade Add constant operand value to Areg

ajw Adjust workspace pointer Wreg by constant operand value (scaled by
word length)

call Call

. ] Conditional jump i.e. ‘jump if zero otherwise pop Areg’. As with jump,

a label identifier may be used as argument to this instruction.

eqc Test if Areg equals constant; Areg gets 1/0 result

j Jump: the argument may be an identifier indicating a label for the
jump to go to; the assembler will compute the displacement required.

lde Load constant

Idl Load local word

Idip Load pointer to local word

Idnl Load non-local word

ldnip Load pointer to non-local word

opr ‘operate’: the argument to this instruction is a code indicating a zero-

operand indirect instruction to be executed. Most of the transputer
instruction set is made up of these indirect instructions. Normally you
would use the mnemonic for the specific indirect instruction which you
require: the assembler will encode this as an opr instruction on your
behalf. However, it is possible to use opr explicitly, for example to
synthesise the instruction sequence for a new indirect instruction not
supported by the T414 and T800 transputers.
stl Store local word
‘ stnl Store non-local word

B.5 Operations

The instructions in this section are all indirect instructions built out of the opr
instruction. None of these instructions take an argument; instead, they work
solely with the transputer evaluation stack.

The arithmetic instructions take their operands from the top of the evaluation
stack (Areg, Breg) and push the result value back on the stack in Areg.
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add Add

alt Alt start

altend Alt end

altwt Alt wait

and Bit-wise and

bent Byte count

bsub Byte subscript (Areg = Areg + Breg)

centt Check count from 1

clrhalterr Clear halt-on-error

csngl Check single

csub0 Check subscript from 0

cword Check word

diff Difference

disc Disable channel

diss Disable skip

dist Disable timer

div Divide

enbc Enable channel

enbs Enable skip

enbt Enable timer

endp End process

fmul Fractional multiply (32-bit processors only)

gajw General adjust workspace .
gceall General call (swap Areg«Iptr)

gt Greater than (result ‘true’ or ‘false’, placed in Areg)
in Input message

ladd Long add

b Load hyte

Idiff Long difference

Idiv Long divide

ldpi Load pointer to instruction (Areg is byte displacement from iptr)
Idpri Load current priority

Idtimer Load timer

lend Loop end

Imul Long multiply

Ishl Long shift left

Ishr Long shift right

Isub Long subtract

Isum Long sum

mint Minimum integer

move Move block of memory (src: Creg dest: Breg len: Areg) ‘
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mul
norm
not

or

out
outbyte
outword
prod
rem
resetch
ret

rev
runp
saveh
savel
sb
seterr
sethalterr
shi

shr
startp
sthb
sthf
stib

stlf
stoperr
stopp
sttimer
sub
sum
talt
taltwt
testerr
testhalterr
testpranal
tin
went
wsub
xdble
xor
xword
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Multiply

Normalise

Bit-wise not

Bit-wise inclusive or

Output message

Output byte

Output word

Product

Remainder

Reset channel

Return

Reverse top two stack elements
Run process

Save high priority queue registers
Save low priority queue registers
Store byte

Set error

Set halt-on-error

Shift left

Shift right

Start process

Store high priority back pointer
Store high priority front pointer
Store low priority back pointer
Store high priority back pointer
Stop on error

Stop process

Store timer

Subtract

Sum

Timer alt start

Timer alt wait

Test error false and clear

Test halt-on-error

Test processor analysing
Timer input

Word count

Word subscript (Areg = Areg + 4*Breg)
Extend to double

Bit-wise exclusive or

Extend to word
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B.6  Additional instructions for T400, T414, T425 and TB

The indirect instructions in this section may only be executed on a T400, T414
or T425 processor, although you may use them in _asm statements even when
compiling for a different processor.

cflerr Check single-length floating-point infinity or not-a-number

Idinf Load single-length infinity

postnormsn Post-normalise correction of single-length floating-point
number

roundsn Round single-length floating-point number

unpacksn Unpack single-length floating-point number

B.7 Additional instructions for IMS T800, T801 and T805

The instructions in this section may only be executed on T800, T801 and T805
processors, although you may use them in _asm statements even when com-
piling for a different processor.

B.7.1  Floating-point instructions

The indirect instructions in this section provide access to the T8 series built-in
floating-point processor. Note that the instructions beginning with ‘fou...’ are
doubly indirect: they are accessed by loading an entry code constant with a
Idc instruction, then executing an fpentry instruction, which is itself indirect. As
with ordinary indirect instructions, this indirection is handled transparently by the
assembler, although the fpentry instruction is also available.

The floating point load and store instructions use the integer Areg as a pointer
to the operand location.
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fpadd Floating-point add

fpb32tor64 Convert 32-bit unsigned integer to 64-bit real

fochkerr Check floating error

fodiv Floating-point divide:

fodup Floating duplicate

foentry Floating point unit entry: used to synthesise the ‘fou...’
instructions.

foeq Floating point equality

fogt Floating point greater than

fpi32tor32 Convert 32-bit integer to 32-bit real

fpi32tor64 Convert 32-bit integer to 64-bit real

foint Round to floating integer

foldnladddb Floating load non-local and add double

foldnladdsn Floating load non-local and add single

fpldnldb Floating load non-local double

foldnldbi Floating load non-local indexed double

foldnimuldb Floating load non-local and multiply double

foldnimulsn Floating load non-local and multiply single

foldnisn Floating load non-local single

foldnisni Floating load non-local indexed single

foldzerodb Fload zero double

foldzerosn Load zero single

fomul Floating-point multiply

fonan Floating point not-a-number

fonotfinite Floating point finite

fpordered Floating point orderability

foremfirst Floating-point remainder first step

foremstep Floating-point remainder iteration step

forev Floating reverse

fprtoi32 Convert floating to 32-bit integer

fostnldb Floating store non-local double

fpstnli32 Store non-local int32

fpstnisn Floating store non-local single

fosub Floating-point subtract

fotesterr Test floating error false and clear

fouabs Floating-point absolute

fouchki32 Check in range of 32-bit integer

fouchki64 Check in range of 64-bit integer

fouclrerr Clear floating error

foudivby2 Divide by 2.0
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fouexpdec32 Divide by 232

fouexpinc32 Multiply by 2%2

foumulby2 Multiply by 2.0

founoround Convert 64-bit real to 32-bit real without rounding
four32toré4 Convert single to double

four64tor32 Convert double to single

fourm Set rounding mode to round minus

fourn Set rounding mode to round nearest

fourp Set rounding mode to round positive

fourz Set rounding mode to round zero

fouseterr Set floating error

fousqrtfirst Floating-point square root first step

fousgrtlast Floating-point square root end

fousqristep Floating-point square root step

B.8 Additional instructions for IMS T225, T400, T425, T800,
T801, T805

The indirect instructions in this section supplement the T414’s integer instruction

set.

bitent
bitrevnbits
bitrevword
crcbyte
creword
dup
wsubdb

Count the number of bits set in a word

Reverse bottom n bits in a word

Reverse bits in a word

Calculate CRC on byte

Calculate Cyclic Redundancy Check (CRC) on word
Duplicate top of stack

Form double-word subscript

The following 2-dimensional block move instructions apply to the IMS T400,
T425, T800, T801 and T805 only:

move2dall
moveZ2dinit

move2dnonzero

move2dzero
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2-dimensional block copy

Initialise data for 2-dimensional block move
2-dimensional block copy non-zero bytes
2-dimensional block copy zero bytes
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B.9 Additional instructions for the IMS T225, T400, T425,
T801 and T805

The indirect instructions listed in this section provide debugging and general

. support functions.

clrjobreak Clear jump 0 break enable flag
setjObreak Set jump 0 break enable flag
testjObreak Test if jump O break flag is set
timerdisableh Disable high priority timer interrupt
timerdisablel Disable low priority timer interrupt
timerenableh Enable high priority timer interrupt
timerenablel Enable low priority timer interrupt
Idmemstartval Load value of MemStart address
pop Pop processor stack

lddevid Load device identity

72 TDS 224 00 August 1990



456 B Transputer instruction set

72 TDS 224 00 August 1990



C Configuration
language definition

This appendix defines the syntax of the ANSI C configuration language.

C.1  Notation
Syntax definitions are presented in a modified Backus-Naur Form (BNF). Briefly:

1 Terminal strings of the language — those not built up by rules of the
language — are printed in teletype font e.g. void.

2 Each phrase definition is built up using a double colon and an equals
sign to separate the two sides.

3 Alternatives are separated by vertical bars (‘|’).
4 Optional sequences are enclosed in square brackets (‘' and ‘')

5 ltems which may be repeated zero or more times appear in braces (‘{’
and ‘}’).

6 {0, x } represents a list of zero or more items of type 'x’ separated by
commas.

7 {1 , x } represents a list of one or more items of type 'x' separated by
commas.

C.2 Implementation details

1 Subscript ranges for arrays are dependent on the word length of the
machine. For 16-bit machines the range is 0 to 2'5—1, for 32-bit machines
the range is 0 to 23! — 1,

2 Each line in the source configuration file should not exceed 512 charac-
ters, not including leading and following white space.

3 The maximum number of dimensions for a symbol or array constant is
16.

4 The maximum number of characters for an external symbol name in a
linked object file is 256.
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C.3 Reserved words

The following defines the set of reserved words and predefined attributes and
constants that are defined in the ANSI C configuration language.

C.3.1 Keywords

The configuration language’s reserved words are as follows:

by char connect connection
define double edge else

float for if include
input int node on

output place rep size

to use val

C.3.2 Pre-defined attributes
Node attributes

The element attribute used for defining the type of a node can take the fol-
lowing values:

e processor - the node is a processor in a hardware network.
e process - the node is a process in a software network.

Note: The names of node attributes are not reserved words and can be freely
used as general purpose identifiers by the programmer.

Processor attributes
The attributes defined for nodes of type processoxr are as follows:

e link - used by processor and network nodes to define interconnection.
Only defined if the type attribute has already been defined.

e type - used by processor nodes to define processor type. Processor
types predefined in standard include files are as follows:

T400 T414 T425
T800 T801 T805 .
7212 7222 7225
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M212

e memory - used by processor nodes to define memory size.

Process attributes
The attribute names currently defined for nodes of type process are:

e stacksize - used by the process nodes to specify the size of the stack
data segment used by the process.

e heapsize - used by the process nodes to specify the size of the heap
data segment used by the process.

e priority - used by process nodes to specify the priority of the process.

e interface - used by process nodes to define the type and the default
values of parameters to be passed into the process when the process
starts executing.

e order - used by process nodes to specify the ordering of its code
and data segments. The order attribute can take the following sub-
attributes:

code stack static heap vector
C.4 Predefinitions

The following definitions are read from an include file by the configurer at invo-
cation.
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C Configuration language definition

C.4.1 Constants

val FALSE O;
val TRUE 1;

val false O;
val true 1;

val HIGH 0;
val LOW 1;

val high 0;
val low 1;

TRUE, true, FALSE, and false are used in expressions where a boolean

value is needed.

HIGH, high, LOW, and low can be used to define the execution priority for a

process.

C.42 Types

define
define

define
define
define
define
define
define
define
define
define
define

node (element =
node (element =

processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type

edge host;

72 TDS 224 00

"processor") processor;

"process") process; .

"T805") t805;
"T801") t801;
"T800") t800;
"T425") t425;
"T414") t414;
"T400") t400;
"T225") t225;
"T222") t222;
"T212") t212;
"M212") m212;
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461

define

define

define
define
define
define
define
define
define
define
define
define

node (element =
node (element =

processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type
processor (type

"processor") PROCESSOR;
"process") PROCESS;

"T805") T805;
"T801") T801;
"T800") T800;
"T425") T425;
"T414") T414;
"T400") T400;
"T225") T225;
"T222") T222;
"T212") T212;
"M212") M212;

These definitions are read from the include file setcon€£. inc by the configurer
and forms part of its set of predefinitions.
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C.5 Language syntax

C.5.1 Configuration

config-item {config-item}

configuration

declaration
|  replicator

| conditional
| directive

config-item

declaration = node-decl
|  node-attr-decl

|  nodedef-decl

|  connect-decl

| edge-decl

|  connector-decl

| mapping-decl

| numeric-value-decl
|  compound-decl

| use-decl

compound-decl := { config-item {config-item} }

C.5.2 Language features

letter = A|B|..|Z|a|b]|..|z
digit = 0]1]2]|...]9
id-char = letter | digit | _
identifier := letter {id-char}
|  _ {id-char}
comment = /* any characters except */ sequence * /
directive = # file-include
file-include := include string
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C.5.3 Expressions

octal-digit = 0]1|2]|..|7
. hex-digit i= dgit|A|B|..|F|la|b]|..|£f

octal ;= 0 octal-digit { octal-digit}

decimal = digit {digit}

hex = 0x hex-digit { hex-digit}
|  OX hex-digit { hex-digit}

character-const = ' char’

char := any character except end of line and quote mark
|  escape-sequence

escape-sequence = \’' |\" [\\[|\?
|  Na|[\b|\f|\n|\xr|\t]|\v
| \ octal-digit [octal-digit] [octal-digit]
| \x {hex-digit}

string n= " {string-char} "

. string-char = any character except end of line and double quote mark

| escape-sequence

scale-size = k|K|1]|L

int-const := decimalfscale-size]
| octal
| hex

sign =+ -

exponent := E [sign] decimal
| e [sign] decimal

real-size = £|F|1|L

real-const »= decimal . [decimal] [exponent] [real-size]

| decimal exponent [real-size]
| . decimal [exponent] [real-size]
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array-const = {{1,exp}}

| string
subscript = [exp]l {[exp]}
const = int-const

|  real-const

|  character-const
|  array-const [subscript]

numeric-type = int
| float
| double
| char
monadic-op = +|-|!]|~

| ( numeric-type )

dyadic-op = =%/ %

| &1~ <<]|>

| &&| 11

| <I>]<=|>=|==] 1=
element ;= identifier {[subscript] . identifier} [subscnipt]
function-call := size ( element)
exp n= const

|  element

| monadic-op exp

| exp dyadic-op exp

| exp ? exp : exp

| (exp)

|

function-call

C.5.4 Replication and conditionals

replicator ;= rep identifier = exp to exp declaration
|  rep identifier = exp £or exp declaration

conditional := 1if£ exp declaration [else declaration]

C.5.5 Numeric value declarations

numeric-value-decl := wal identifier exp ; ‘
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C.5.6 Network declarations

node-decl!

node-type

attributes

node-attr

element-type

processor-attr

processor-type

process-attr

order-attr

formal-attr

formal-type

node-attr-decl

nodedef-dec!
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node-type [( {1, attributes } )] {1 , identifier [subscript] } ;

node
identifier

node-attr
processor-attr
process-attr
identifier = exp

element = element-type

"processor"
"process"

type = processor-type
memory = exp

"T212" | "T414" | etc.

stacksize = exp

heapsize = exp

priority = exp

interface ( {o, formal-attr} )
order ( {o, order-attr} )

code = exp

stack = exp

static=exp

heap = exp

vector = exp

formal-type {1 , identifier [subscript] [= exp] }
numeric-type

input

output

element ( {, attributes } ) ;

define node-type [( {1, attributes } ) ] identifier ;
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connection {; , identifier [subscript] } ;

connector-decl

connect element , element [by identifier [subscript]] ;
| connect element to element [by identifier [subscript]] ;

connect-dec!

edge-decl ;= edge {1, identifier [subscript] } ; .
|  input {4, identifier [subscript] } ;
|  output {y, identifier [subscript] } ;

use string for element ;

use-decl

C.5.7 Mapping declarations

mapping-decl := place elementon element ;
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D.1 Introduction

' Special loading procedures can be created for the program and used in place
of, or in addition to, the standard INMOS bootstrap. The file containing the new
bootstrap is specified by invoking the collector with the ‘B’ option.

User defined bootstraps must perform all the necessary operations to initialise
the transputer, load the network, and set up the software environment for the
application program.

Bootstraps are output to the program bootable file as the first section of code in
the bootable file. The bootstrap, consisting of the primary and secondary boot-
strap sequences, is followed by the standard INMOS network loader program,
which is output in small packets, each packet consisting of a maximum of 60
bytes. The last packet of the network loader is followed by a length byte of zero.

In most cases a custom bootstrap will interface directly with the standard IN-
MOS Network Loader, which places various pieces of code and data within the
transputer memory in a controlied way. However it is possible to skip the stan-
dard loader by sinking its code packets and following the commands used by
the network loader that are output after the network loader.

. The general format of a custom bootstrap is a concatenated sequence of boot-
strap code segments each preceded by a length byte. The sequence can be
any length. The bootstrap program must be contained in a single file.

D.1.1 The example bootstrap

The example bootstrap loader provided on the toolset examples directory is
a combination of several files used in the standard INMOS bootstrap scheme.
The files have been combined into a single file to illustrate how to create a user-

defined bootstrap; the functionality is the same as that used in the the standard
INMOS scheme based on multiple files.

The program is written in transputer code and consists of two parts:

Primary bootstrap — performs processor setup operations such as initial-
ising the transputer links

Secondary bootstrap — sets up the software environment and interfaces
‘ to the Network Loader.
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Transfer of control
The calling sequence in the standard INMOS scheme is as follows:

The primary loader calls the secondary loader, which then calls the Network
Loader. When the Network Loader has completed its work control returns to
the secondary loader, which calls the application program via data set up by the
Network Loader.

Custom bootstraps should follow the same sequence.

D.1.2 Writing bootstrap loaders

Bootstrap loader programs should be written to perform the same operations
as the standard scheme, that is, hardware initialisation, setting up the software
environment, and calling the Network Loader. If you skip the Network Loader by
sinking its code bytes then you must ensure its function is reproduced in your
own code. If you do use the Network Loader you must ensure the interface
to it is correct by setting up the invocation stack. The method by which this is
achieved can be deduced from the example program listing.

If you wish to make only a few small changes to the standard loader, for exam-
ple, insert code to initialise some D-to-A convertors, then the example code can
be used and the required code can be inserted between the Primary and Sec-
ondary Loader code as an additional piece of bootstrap code in the sequence
of bootstraps. The rest of the code can be used as it stands.

If you decide to devise your own loading scheme and rewrite the Primary and
Secondary Loaders then you should be familiar with the design of the Transputer
and its instruction set. For engineering data about the transputer consult the
‘Transputer Databook’ and fof information about how to use the instruction set
see the ‘Transputer Instruction Set: a compiler writer’s guide’.
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D.

2 Example user bootstrap

(c) Inmos 1989

Assembly file for the Generic Primary bootstrap TA HALT mode

VAL  BASE Is 1: == loop index

VAL COUNT Is 2: -- loop count

VAL  LOAD_START Is 0 : -- start of loader

VAL  LOAD_LENGTH Is 1: -- loader block length

VAL  NEXT_ADDRESS s 2: start of next block to load

VAL BOOTLINK Is 3: link booted from

VAL  NEXT_WPTR IS 4 : -- work space of loaded code

VAL RETURN_ADDRESS IS 5 : -- return address from loader

VAL TEMP_WORKSPACE IS RETURN_ADDRESS : -- workspace used by both
-- preamble and loader

VAL  NOTPROCESS Is 6 : -- copy of MinInt

VAL LINKS IS NOTPROCESS : -- 1lst param to loader (MinInt)

VAL BOOTLINK_IN PARAM IS 7 : -- 2nd parameter to loader

VAL BOOTLINK_( OUT PARAM IS 8 : 3nd parameter to loader

VAL  MEMORY IS 9 : -- 4th parameter to loader

VAL  EXTERNAL_ADDRESS IS 10 : == 5th parameter to loader

VAL  ENTRY_POINT Is 11 : -- 6th parameter to loader

VAL DATA_POINT IS 12 : == 7th parameter to loader

VAL  ENTRY_ADDRESS Is 13 : -- referenced from entry point

VAL DATA_ADDRESS IS 14 : -- referneced from Data point

VAL  MEMSTART IS 15 : -- start of boot part 2

The initial workspace requirement is found by reading the workspace
requirement from the loader \occam\ and subtracting the size of the workspace
used by both the loader and the bootstrap (\verb|temp.workspace|). This value
is 1 d by 4 to d the workspace adjustment by the call
instruction used to preserve the processor registers.

initial.adjustment := (loader.workspace + 4) - temp.workspace

occam work space, + 4 for call to save registers, - adjustment made
when entering occam. Must be at least 4
IF

initial.adjustment < 4
initial.adjustment := 4
TRUR
SKIP

set up work space, save registers,
save MemStart and NotProcess

align

byte (Endprimary-Primary) -- Length of the primary bootstrap

Primary:

global Primary

ajw INITIAL_ADJUSTMENT -- see above (is 20)

call ] ~- save registers

lde _Start - Addro -= distance to start byte

1ldpi -- address of start
Addr0:

stl MEMSTART -- save for later use

mint

stl NOTPROCESS -- save for later use
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-- initialise process queues and clear error
1d1 NOTPROCESS
stlf -- reset low priority queue

1d1 NOTPROCESS
sthf -- reset high priority queue

-- use clrhalterr here to create bootstrap for REDUCED application

sethalterr -- set halt on error
testerr -- read and clear error bit

-- initialise T8 error and rounding

1ldl MEMSTART -- Check if processor has floating point unit by
1id1 NOTPROCESS - checking if. (memstart >< mint) >= #70
xor
1lde #70 -- Memstart for T5, T8
rev -- B = #70, A = (Memstart >< MINT)
gt
eqc [}
cj Nofpu
fptesterr -- floating check and clear error instruction
Nofpu:
-- initialise link and event words
1lde ]
stl BASE == index to words to initialise
1dec 11 -- no. words to initialise
stl COUNT =-- count of words left
Startloop:
1d1 NOTPROCESS
1d1 BASE -- index
1id1 NOTPROCESS
wsub -- point to next address
stnl O -- put NotP into add d word
1dlp BASE -- address of loop control info
1lde Endloop - Startloop -- return jump
lend -- go back if more
Endloop:

-- set up some loader parameters. See the parameter
-- structure of the loader
1d1 MEMSTART -=- clear data and entry addresses
stl DATA_ADDRESS
1d1 MEMSTART
stl ENTRY_ADDRESS

1dlp DATA_ADDRESS -- address of entry word

stl DATA_POINT -- store in param 7

1dlp ENTRY_ADDRESS -- address of entry word

stl ENTRY_POINT -- store in param €

1dl  NOT_PROCESS

stl EXTERNAL_ADDRESS -- buffer offset in param 5
1d1 MEMSTART -- start of memory

stl MEMORY -- store in param 4

id1 BOOTLINK -- copy of bootlink

stl BOOTLINK_IN_PARAM -- store in param 2

-- Now find the corresponding output link and place in the parameter
id1 BOOTLINK

ldnlp -4 -- Calculate the output link address
stl BOOTLINK_OUT_PARAM -- store in param 3
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-- load bootloader over bootstrap
-- code must be 2 bytes shorter than bootstrap
-- packet size word
address of link
-- bytes to load
input length byte

1dlp  LOAD_LENGTH
1d1 BOOTLINK
lde 1

in

1d1 MEMSTART
1d1 BOOTLINK
1dl  LOAD_LENGTH
in

-- enter code just loaded

pfix
pfix
pfix
pfix
pfix
pfix
pfix
pfix
pfix
pfix
pfix

E ©oo0co0oo0o0co0o00000
g
]

ldi
gcall

align

Endprimary:

== (c¢) Inmos 1989
-- Assembly file for the

BASE
COUNT

LOAD_START
LOAD_LENGTH
NEXT_ADDRESS
BOOTLINK
NEXT_WPTR
RETURN_ADDRESS
TEMP_WORKSPACE

NOTPROCESS
LINKS

MEMORY
BUFFER
NEXT_POINT
ENTRY_POINT
DATA_POINT
ENTRY_ADDRESS
DATA_ADDRESS
NEXT_ADDRESS
MEMSTART

SEEEEREEEEEEE HESERRE 88

PACKET_LENGTH
OCCAM_WORKSPACE

T
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-- For the next bootstrap to be 2 bytes bigger

area to load bootloader
address of link

~- message length

input bootloader

-- start of loaded code
-- enter bootloader

generic secondary loader TA IGNORE

Is
Is

Is
Is
Is
Is
1s
Is
Is

Is
Is

BOOTLINK_IN_PARAM
BOOTLINK_OUT_PARAM

1s
Is
Is
Is
Is
Is
Is
Is
Is

1s
Is

L

naWwWNKHO

RETURN_ADDRESS :

Is
Is

9
10
11
12
13
14
15
16
17

120
18

o9

NOTPROCESS

-- loop index
== loop count

start of loader

== link booted from

mode

loader block length
-- start of next block to load

-- work space of loaded code
-- return address from loader

-- workspace used by both

-- preamble and loader

-- copy of MinInt

: =-- lst param to loader (MinInt)

== 2nd parameter
== 3nd parameter
-- 4th parameter to
--5
-- 6th parameter to
== 7th parameter to
-- 8th parameter to

to loader
to loader
loader

loader
loader
loader

-- referenced from entry point
-- referenced from Data point
-~ referenced from Nexat point
-- start of boot part 2
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byte

Secondary:

(End. 4 S,

dary) -- Length of the secondary boostrap

global Secondary

-- initialise bootloader workspace

1dc
1d1p
bsub
stl

1d1

1ldlp
stl

1ldlp
stl

1de
stl

lde
stl

Loadcode:
1d1
stl

PACKET_LENGTH
MEMSTART+1

NEXT_ADDRESS
NEXT_ADDRESS

MEMSTART+1
MEMORY

TEMP_WORKSPACE
NEXT_WPTR

o .
BUFFER

]
LOAD_LENGTH

NEXT_ADDRESS
LOAD_START

buffer size
buffer start addre
end of buffer address
start of area to load loader

buffer start address
Earliest place to load

pointer to.loader’s work space zero
work space pointer of loaded code
Buffer offset from Buffer start

clear bytes to load

address to load loader
current load point

-- load code until terminator

Startload:
1dlp
1d1
lde
in

1d1
L]

1dl
1ldl
1d1
in
1dl
1ldl
bsub
stl

3j
Endload:

LOAD_LENGTH
BOOTLINK
1

LOAD_LENGTH
Endload
NEXT_ADDRESS
BOOTLINK
LOAD_LENGTH

LOAD_LENGTH
NEXT_ADDRESS

NEXT_ADDRESS

Startload

packet length
address of link
bytes to load
input length byte

message length
quit if 0 bytes

start of area to load loader
address of link

message length

input code block

message length

area to load

new area to load

save area to load

go back for next block

-- initialise return address and enter loaded code

lde

1dpi
Addrl:

stl

1d1
stl

1d1

gajw
ldnl
gcall

Return:

Return - Addrl

RETURN_ADDRESS

BOOTLINK
OCCAM_WORKSPACE

NEXT_WPTR

LOAD_START
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-- offset to return address
return address

save in WO

Get bootlink and save for later
Save in area that will not be used
by network loader

wspace of loaded code

set up his work space
address of first load packet
enter loaded code
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-- Now set up invocation stack for the Init_system

ajw (TEMP_WORKSPACE + 4)-- reset work space after return

1d1  OCCAM_WORKSPACE -- get back boot link
' stl  BOOTLINK

1d1  DATA_ADDRESS -- get add of p struct

1dl  MEMORY

bsub

stl DATA_POINT

1id1 ENTRY_ADDRESS -- convert to real entry address
id1 MEMORY

bsub

stl LOAD_START

1id1 NOTPROCESS
stl NEXT_POINT

id1 MEMORY -- make DATA base offset and CODE base offset the same
stl BUFFER -

1d1 ENTRY_ADDRESS --

stl TEMP_WORKSPACE -- Set up entry point
a1 NEXT_ADDRESS == convert returned address of next sequence to
1d1 MEMORY -- a real address
bsub
stl NEXT_ADDRESS
lde (]
stl LOAD_LENGTH -- clear bytes to load
1dlp NOT_PROCESS -- Top of temp workspace used by bootloader
stl  NEXT_WPTR
~-- start clock
ldc ]
sttimer
b Startload == Go back for more and over write the network loader
align
Endsecondary:
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D.3 The INMOS N

The following code, writte
program used by INMOS.

etwork Loader

n in occam, represents the standard network loader

-- This generic loader is wri
~- dependencies. That is the

-- the sixteen bit variety

tten and should be compiled with out any processor type

same object code is used even if the processor is one of

PROC Loader ([4]CHAN OF ANY 1links,
CHAN OF ‘ANY bootlink.in, bootlink.out,
[4)BYTE memory,
VAL INT Buffer.address,
INT Next.address,
INT Entry.point,
INT Data.point)
=~{{{ constants
VAL data.field IS #3F :
VAL data.field.bits Is 6 :
VAL tag.field 1s #Co :
VAL tag.field.bits Is 2:
VAL message Is 0 :
VAL number Is 1:
VAL operate 1s 2 :
VAL prefix 1s 3:
VAL tag.prefix Is prefix << data.field.bits :
VAL message.length Is 60 :
VAL load Is 0 :
VAL pass Is 1:
VAL open Is 2 :
VAL operate.open Is BYTE ((operate << data.field.bits)
\/ open) :
VAL close Is 3:
VAL operate.close Is BYTE ((operate << data.field.bits)
\/ close) :
VAL address 1s 4
VAL execute Is 5 :
VAL Data.position Is 6 :
VAL operate.execute 1s BYTE ((operate << data.field.bits)

\/ execute) :

IS BYTE ((operate << data.field.bits)
\/ Data.position) :

BYTE ((operate << data.field.bits)
\/ code.load) :

8 :
IS BYTE ((operate << data.field.bits)
\/ code.address) :

9 :
BYTE ((operate << data.field.bits)
\/ data.load) :

VAL operate.data.postion

VAL code.load Is 7:
VAL operate.code.load IS

VAL code.address Is

VAL operate.code.address

VAL data.load Is

VAL operate.data.load IS

VAL data.address 1s

VAL operate.data.address
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10 :
IS BYTE ((operate << data.field.bits)
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\/ data.address) :

Entry.position Is 11 :
operate.entry.position IS BYTE ((operate << data.field.bits)
\/ Entry.position) :

VAL Bootstrap.load Is 12 :

VAL Operate.bootstrap.load IS BYTE ((operate << data.field.bits)
\/ Bootstrap.load) :

VAL

VAL

Bootstrap.end Is 13 :
Operate.bootstrap.end IS BYTE ((operate << data.field.bits)
\/ Bootstrap.end) :

--{{{ VARIABLES
BYTE command :
INT Bootstrap.depth, links.to.load, last.address, output.link :
BOOL loading :
SEQ

bootlink.in ? command

WHILE d <> operate. t
INT tag, operand :
-={{{ process command

SEQ
tag := (INT command) >> data.field.bits
P d := (INT d) /\ data.field
IF

-={{{ tag = message
tag = message
INT load.address :
SEQ
IF
--{{{ 1loading
loading
SEQ

PLUS operand
-={{{ passing on
TRUE
load.address := Buffer.address
--{{{ read in message
IF
operand <> 0
bootlink.in ? [memory FROM load.address FOR operand]
TRUE
SKIP
-={{{ send message to outputs
SEQ i = 0 FOR 4

IF
(links.to.load /\ (1 << 1)) <> 0
SEQ
links([i] ! command
IF
operand <> 0
links([i]) ! [memory FROM load.address FOR operand]
TRUE
SKIP
TRUE
SKIP

--{{{ tag = operate
tag = operate
IF
--{{{ operand = load
operand = load
SEQ
loading := TRUE
links.to.load := 0
--{{{ operand = data.load
operand = data.load
SEQ
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loading := TRUE
links.to.load := 0
-={{{ operand = Code.load
operand = code.load
SEQ
loading := TRUE

links.to.load := 0
-={{{ operand = pass
operand = pass

SEQ
loading := FALSE
links.to.load := 0
--{{{ operand = open
operand = open
INT depth :
SEQ
depth := 1
WHILE depth <> 0
SEQ
bootlink.in ? command
IF
command = operate.open
depth := depth + 1
command = operate.close
depth := depth - 1
TRUB
SKIP
IF
depth <> 0
links[output.link] ! command
TRUE
SKIP
--{{{ operand = address
operand = address
SEQ
-={{{ read in load offset

BOOL more :
SEQ
last.address := 0

more := TRUE

WHILE more
SEQ
last.add := last.add << data.field.bits
bootlink.in ? command
last.add := last.add PLUS

((INT command) /\ data.field)

more := (INT command) >= tag.prefix
-={{{ entry address
Next.address := last.address
operand = Data.position

SEQ
=={{{ read in data position offset
BOOL more :
SEQ

Data.point := 0
more := TRUE
WHILE more
SEQ

Data.point := Data.point << data.field.bits

bootlink.in ? command

Data.point := Data.point PLUS

((INT command) /\ data.field)

more := (INT command) >= tag.prefix
operand = Entry.position

SEQ
=={{{ read in data position offset ‘
BOOL more :
SEQ
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Entry.point := 0
more := TRUE
WHILE more
SEQ

Entry.point := Entry.point << data.field.bits

bootlink.in ? command

Entry.point := Entry.point PLUS

((INT command) /\ data.field)

more := (INT command) >= tag.prefix
-={{{ entry address
operand = code.address

SEQ
~={{{ zread in load offset
BOOL more :
SEQ

last.address := 0
more := TRUE
WHILE more
SEQ

last.address := last.address << data.field.bits

bootlink.in ? command

last.address := last.address PLUS

((INT command) /\ data.field)

more := (INT command) >= tag.prefix
Entry.point := last.address
operand = data.addre

SEQ
~={{{ read in load offset
BOOL more :
SEQ

last.address := 0
more := TRUE
WHILE more
SEQ

last.address := last.address << data.field.bits

bootlink.in ? command

last.address := last.address PLUS

((INT command) /\ data.field)

more := (INT command) >= tag.prefix
--{{{ entry address
Data.point := last.address
operand = Bootstrap.load
INT load.address :
INT Bootstrap.length :
BOOL more :
SEQ
Bootstrap.depth := 0
Bootstrap.length := 0
load.address := Buffer.address
more := TRUE
bootlink.in ? command
more := (INT command) >= data.field
WHILE more
SEQ
Bootstrap.depth := Bootstrap.depth PLUS 1
SEQ i = 0 FOR 4

Ir
(l1inks.to.load /\ (1 << 1)) <> 0
SEQ
links(i]) ! command
TRUE
SKIP

bootlink.in ? command
more := (INT command) >= data.field

operand := (INT command) /\ data.field
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Ir
Bootstrap.depth > 0
-={{{ read in message
SEQ
¥y
operand <> 0
bootlink.in ? [memory FROM load.address FOR operand]
"= @
SKIP
=={{{ send message to outputs
SEQ 1 = 0 FOR 4

be g
(l1inks.to.load /\ (1 << 1)) <> 0
SEQ
links[i] ! command
Ir
operand <> 0
links([i] ! [memory FROM load.address
FOR operand]
TRUB
SKIP
TRUE
SKIP
TRUE
SEQ

more := TRUE
-- The next processor(s) are to be booted !!! --
-- s0 build a bootable packet and output down link --

WHILE more
SEQ
bootlink.in ? [memory FROM load.address FOR operand]
load.add := load.add PLUS d

Bootstrap.length := Bootstrap.length PLUS operand
bootlink.in ? command

-- Stop building when a proper command

-- is received This should be when a

-- ’‘Bootstrap.end’ is received
more := (INT command) < data.field .
P d := (INT d) /\ data.field
SEQ i = 0 FOR 4
Ir
(links.to.load /\ (1 << 1)) <> 0
SEQ
links([i] ! (BYTE Bootstrap.length)
Ir
Bootstrap.length <> 0
links(i] ! [memory FRON Buffer.address
FOR Bootstrap.length]
TRUR
SKIP
TRUR
SKIP
operand = Bootstrap.end
SEQ
SEQ 11 = 0 FOR Bootstrap.depth
SEQ
-- Pass on all the other bootstrap ends
bootlink.in ? command
SEQ 1 = 0 FOR 4
he
(links.to.load /\ (1 << 1)) <> 0
links[i] ! command
TRUE
SKIP
Bootstrap.depth := 0
--{{{ tag = number ‘
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SEQ
put.link := op d
links.to.load := links.to.load \/ (1 << output.link)

bootlink.in ? command
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E ISERVER protocol

This appendix describes the protocol of the host file server iserver and pro-
vides definitions of the functions used to implement it.

E.1 The host file server iserver

The host file server iserver is implemented in C using ANSI standard run-time
libraries to facilitate porting to other machines. This provides an easy method
of porting the toolset (or programs written under the toolset) to new hosts. The
server can easily be extended to accommodate a new host, but at the risk of
unportability.

The source of the server and of the libraries used to communicate with the server
is supplied with the toolset.

E.2 The server protocol

Every communication to and from the server is a packet consisting of a counted

array of bytes. The count gives the length of the message and is sent in the first

two bytes of the packet as a signed 16 bit number. The structure of a server
' packet is illustrated in figure E.1.

This protocol has been given the name SP, and is defined in 0ccam as follows:

PROTOCOL SP IS INT16::[]BYTE :

E.2.1 Packet size

There is a maximum packet size of 512 bytes and a minimum packet size of 8
bytes in the to-server direction (i.e. a minimum message length of 6 bytes). The
server may take advantage of this knowledge.

bo b1 message of length b0 + (256 * b1)

Figure E.1 SP protocol packet

72 TDS 224 00 August 1990



482 E ISERVER protocol

The packet size must always be an even number of bytes. If the number of
bytes is odd a dummy byte is added to the end of the packet and the packet
byte count rounded up by one.

The hostio library contains routines that ensure that the size restrictions are met
when sending a packet to the server (see section E.3).

E.2.2 Protocol operation

Every request sent to the server receives a reply of the same protocol, in strict
sequence, and no further requests are accepted until the reply has been sent.

All integer types used by the protocol are signed and are little endian. Numbers
are transmitted as sequences of bytes (2 bytes for 16 bit numbers, 4 bytes
for 32 bit numbers) with the least significant byte first. Negative integers are
represented in 2s complement. Strings and other variable length blocks are
introduced by a 16 bit signed count.

All server calls return a result byte as the first item in the return packet. If the
operation succeeds the result byte is zero and if the operation fails the result
byte is non-zero. The result is one (1) in the special case where the operation
fails because the function is not implemented'. If the result is non-zero, some or
all of the return values may not be present, resulting in a smaller return packet
than if the call was successful.

E.3 The server libraries

The i/o library contains all the routines provided in the toolset for communicating
with the server. It is implemented via a set of basic routines, hidden from the
user, from which the more complex user visible routines are built.

E.4 Porting the server

In order to port the iserver to a new machine you must have a C compiler
for that machine with ANSI standard libraries. A Makefile that can assist with
porting to a new machine is supplied on the toolset ‘source’ subdirectory.

All the functions described below must be provided by any implementation of
iserver.

'Result values between 2 and 127 are defined to have particular meanings by OCCam
server libraries. Result values of 128 or above are specific to the implementation of a server.
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E.5 Server commands
The functions provided by the isexrver are split into three groups:
. 1 File commands, for interacting with files
2 Host commands, for interacting with the host

3 Server commands, for interacting with the server itself.

E.5.1 Notation
In the descriptions that follow, the arguments and results of server calls are listed
in the order that they appear in the data part of the packet. The size of a packet
is the aggregated size of all the items in the packet, rounded up to an even
number of bytes.
occam types are used to define data items within the packet. occam types
have a clear syntax and are generally self-explanatory but for further details
the reader is referred to the ‘'occam 2 reference manual, or any good text on
occam.
‘ E.5.2 Reserved values

INMOS reserves the following values for its own use:

o Function tags in the range 0 to 127 inclusive.

o Result values in the range 0 to 127 inclusive.

o Stream identifiers 0, 1 and 2.

Some commands may return particular values, which may be reserved. The
range of reserved values is given with each command as appropriate.
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E.5.3 File commands

Open files are identified with 32 bit descriptors. There are three predefined open

files:
0 — standard input .

1 - standard output
2 — standard error

If one of these is closed then it may not be reopened.

Fopen — Open a file

Synopsis: StreamId = Fopen( Name, Type, Mode )
To server: BYTE Tag = 10

INT16:: []BYTE Name

BYTE Type = 1 or 2

BYTE Mode = 1...6
From server: BYTE Result

INT32 StreamId

Fopen opens the file Name and, if successful, returns a stream identifier
StreamId
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Type can take one of two possible values:
1 Binary. The file will contain raw binary bytes.

2 Text. The file will be stored as text records. Text files are host-
specified.

Mode can have 6 possible values:
1 Open an existing file for input.
2 Create a new file, or truncate an existing one, for output.
3 Create‘a new file, or append to an existing one, for output.

4 Open an existing file for update (both reading and writing), starting
at the beginning of the file.

5 Create a new file, or truncate an existing one, for update.
6 Create a new file, of append to an existing one, for update.

When afile is opened for update (one of the last three modes above) then
the resulting stream may be used for input or output. There are restric-
tions, however. An output operation may not follow an input operation
without an intervening Fseek, Ftell or Fflush operation.

The number of streams that may be open at one time is host-specified,
but will not be less than eight (including the three predefines).

Fclose — Close a file

Synopsis: Fclose( StreamId )

To server: BYTE Tag = 11
INT32 StreamId

From server: BYTE Result
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Fclose closes a stream StreamId which should be open for input or out-
put. Fclose flushes any unwritten data and discards any unread buffered
input before closing the stream.

Fread — Read a block of data

Synopsis: Data = Fread( StreamlId, Count )
To server: BYTE Tag = 12

INT32 StreamId

INT16 Count
From server: BYTE Result

INT16::[]BYTE Data

Fread reads Count bytes of binary data from the specified stream. Input
stops when the specified number of bytes are read, or the end of file is
reached, or an error occurs. If Count is less than one then no input is
performed. The stream is left positioned immediately after the data read.
If an error occurs the stream position is undefined.

Result is always zero. The actual number of bytes returned may be
less than requested and Feof and Ferror should be used to check for
status.
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Fwrite — Write a block of data

Synopsis: Written = Fwrite( StreamlId, Data )
To server: BYTE Tag = 13
INT32 StreamId

INT16::[]BYTE Data

From server: BYTE Result
INT16 Written

Fwrite writes a given number of bytes of binary data to the specified
stream, which should be open for output. If the length of Data is less
than zero then no output is performed. The position of the stream is
advanced by the number of bytes actually written. If an error occurs then
the resulting position is undefined.

Fwrite returns the number of bytes actually output in Written. Result
is always zero. The actual number of bytes returned may be less than
requested and Feof and Ferror should be used to check for status.

If StreamId is 1 (standard output) or 2 (standard error) then the write
is automatically flushed.

FGetBlock — Read a block of data and return success

Synopsis: Data = FGetBlock( StreamId, Count ) .
To server: BYTE Tag = 23

INT32 StreamId

INT16 Count
From server: BYTE Result

INT16::[]BYTE Data

FGetBlock reads Count bytes of binary data from the specified stream.
Input stops when the specified number of bytes have been read, the end
of the file is reached, or an error occurs. If Count is less than one (1)
no input is performed.

The stream is left positioned immediately after the data read; if an error
occurs the position is undefined.
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The actual number of bytes read may be less than requested. A Result
of zero (0) indicates success, any other value failure. If a failure result is
returned Feof and Ferror should be used to check for status.

Note: FGetBlock should always be used in preference to Fread, whose ‘
function it replaces.

FPutBlock — Write a block of data and return success

Synopsis: FPutBlock( Streamld, String )
To server: BYTE Tag = 24
INT32 StreamId

INT16:: []BYTE Data

From server: BYTE Result
INT16 Written

FPutBlock writes a given number of bytes of binary data to the specified
stream, which should be open for output. If Data is less than zero (0)
no output occurs. The position of the stream is advanced by the number
of bytes actually written successfully. If an error occurs the position is

undefined. .

The number of bytes actually written is returned in Written. The actual
number written may be less than requested. A Result of zero (0)
indicates success, any other value failure. If a failure result is returned
Feof and Ferror should be used to check for status.

If StreamId is 1 (standard output) the write is automatically flushed.

Note: FPutBlock should always be used in preference to Fwrite, whose
function it replaces.
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Fgets — Read a line

Synopsis: Data = Fgets( StreamId, Count )
‘ To server: BYTE Tag = 14
INT32 StreamId
INT16 Count
From server: BYTE Result

INT16::[]BYTE Data

Fgets reads a line from a stream which must be open for input. Charac-
ters are read until end of file is reached, a newline character is seen or
the number of characters read is not less than Count.

If the input is terminated because a newline is seen then the newline
sequence is not included in the returned array.

If end of file is encountered and nothing has been read from the stream
then Fgets fails.

Fputs — Write a line

Synopsis: Fputs( StreamlId, String )
To server: BYTE Tag = 15
INT32 StreamId

INT16::[]BYTE String

From server: BYTE Result

Fputs writes a line of text to a stream which must be open for output.
The host-specified convention for newline will be appended to the line
and output to the file. The maximum line length is host-specified.
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Fflush — Flush a stream

Synopsis: Fflush( StreamId )

To server: BYTE Tag = 16 ‘
INT32 StreamId

From server: BYTE Result

Fflush flushes the specified stream, which should be open for output. Any
internally buffered data is written to the destination device. The stream
remains open.

Fseek — Set position in a file

Synopsis: Fseek( StreamId, Offset, Origin )
To server: BYTE Tag = 17
INT32 StreamId
INT32 Offset
INT32 Origin
From server: BYTE Result .

Fseek sets the file position for the specified stream. A subsequent read
or write will access data at the new position.

For a binary file the new position will be Offset characters from
Origin which may take one of three values:

1 Set, the beginning of the file
2 Current, the current position in the file
3 End, the end of the file.

For a text stream, Of£set must be zero or a value returned by Ftell. If
the latter is used then Origin must be set to 1.
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Ftell — Find out position in a file

Synopsis: Position = Ftell( StreamId )
To server: BYTE Tag = 18
. INT32 StreamId
From server: BYTE Result
INT32 Position

Ftell returns the current file position for StreamId.

Feof — Test for end of file

Synopsis: Feof ( StreamId )
To server: BYTE Tag = 19
INT32 StreamId
From server: BYTE Result
. Feof succeeds if the end of file indicator for St reamId is set.

Ferror — Get file error status

Synopsis: ErrorNo, Message = Ferror (StreamId)
To server: BYTE Tag = 20

INT32 StreamId
From server: BYTE Result

INT32 ErrorNo

INT16::[]BYTE Message

Ferror succeeds if the error indicator for StreamId is set. If it is, Fer-
ror returns a host-defined error number and a (possibly null) message
corresponding to the last file error on the specified stream.
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Remove — Delete a file
Synopsis: Remove ( Name )

To server: BYTE Tag = 21
INT16::[]BYTE Name

From server: BYTE Result

Remove deletes the named file.

Rename - Rename a file
Synopsis: Rename ( OldName, NewName )
To server: BYTE Tag = 22
INT16:: []BYTE OldName
INT16::[]BYTE NewName

From server: BYTE Result

Rename changes the name of an existing file O1dName to NewName.

Isatty — Determine if a stream is connected to a terminalL

Synopsis: Isatty( StreamId )

To server: BYTE Tag = 25
INT32 StreamId

From server: BYTE Result

Isatty determines the tty status of the specified stream. It returns success
if the stream is connected to a terminal.
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E.5.4 Host commands

Getkey — Get a keystroke

Synopsis:
To server:

From server:

Key = GetKey ()

BYTE Tag = 30
BYTE Result
BYTE Key

GetKey gets a single character from the keyboard. The keystroke is
waited on indefinitely and will not be echoed. The effect on any buffered
data in the standard input stream is host-defined.

Pollkey — Test for a key
Synopsis:
To server:

From server:

Key = PollKey()

BYTE Tag = 31
BYTE Result
BYTE Key

PollKey gets a single character from the keyboard. If a keystroke is not
available then PollKey returns immediately with a non-zero result. If a
keystroke is available it will not be echoed. The effect on any buffered
data in the standard input stream is host-defined.

Getenv - Get environment variable

Synopsis:

To server:

From server:

72 TDS 224 00

Value = Getenv( Name )
BYTE Tag = 32
INT16::[]BYTE Name
BYTE Result
INT16:: []BYTE Value
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Getenv returns a host-defined environment string for Name. If Name is
undefined then Result will be non-zero.

Time — Get the time of day ‘
Synopsis: LocalTime, UTCTime = Time()
To server: BYTE Tag = 33
From server: BYTE Result
INT32 LocalTime
INT32 UTCTime

Time returns the local time and Coordinated Universal Time if it is avail-
able. Both times are expressed as the number of seconds that have
elapsed since midnight on 1st January, 1970. If UTC time is unavailable
then it will have a value of zero.

System - Run a command

Synopsis: Status = System( Command )

To server: BYTE Tag = 34 .
INT16::[]BYTE Command

From server: BYTE Result
INT32 Status

System passes the string Command to the host command processor for
execution. If Command is zero length then System will succeed if there
is a command processor. If Command is not null then Status is the
return value of the command, which is host-defined.
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E.5.5 Server commands

Exit — Terminate the server

Synopsis: Exit ( Status )

To server: BYTE Tag = 35
INT32 Status

From server: BYTE Result

Exit terminates the server, which exits returning Status to its caller.

If Status has the special value 999999999 then the server will terminate
with a host-specific ‘success’ result.

If Status has the special value -999999999 then the server will termi-
nate with a host-specific ‘failure’ resuilt.

CommandLine — Retrieve the server command line

Synopsis: String = CommandLine( All )

To server: BYTE Tag = 40
BYTE All

From server: BYTE Result

INT16::[]BYTE String

CommandLine returns the command line passed to the server on invo-
cation.

If A1l is zero the returned string is the command line, with arguments
that the server recognised at startup removed.

If A11 is non-zero then the string returned is the entire command vector
as passed to the server on startup, including the name of the server
command itself.
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Core — Read peeked memory

Synopsis Data = Core( Offset, Length )
To server: BYTE Tag = 41
INT32 Offset
INT16 Length
From server: BYTE Result

INT16::[]BYTE Core

Core returns the contents of the root transputer’s memory, as peeked
from the transputer when the server was invoked with the analyse option.

Core fails if Of£set is larger than the amount of memory peeked from
the transputer or if the transputer was not analysed.

If offset + Length is larger than the total amount of memory that
was peeked then as many bytes as are available from the given offset
are returned.

Version - Find out about the server

Synopsis: Id = Version()

To server: BYTE Tag = 42

From server: BYTE Result
BYTE Version
BYTE Host
BYTE os
BYTE Board

Version returns four bytes containing identification information about the
server and the host it is running on.

If any of the bytes has the value 0 then that information is not available.
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Version identifies the server version. The byte value should be divided
by ten to yield the version number.

Host identifies the host machine and can be any of the following:

PC
NEC-PC
VAX
Sun 3
IBM 370
Sun 4
Sun 386i
Apollo

NO OH W =

[+ ]

Os identifies the host environment and can be any of the following:

DOS
Helios
VMS
SunOS
CMS

A Hh WN =

Board identifies the interface board and can be any of the following:

B004 9 IBM.CAT
B008 10 BO16
B0O10 11 UDP
BO11

BO14

DRX-11

QTo

BO15

@ N OO A WON =

Values of Host, OS and Boaxrd from 0 to 127, inclusive, are reserved for use
by INMOS.

72 TDS 224 00 August 1990



498 E ISERVER protocol

MSDOS - Perform MS-DOS specific function

Synopsis: Id = Version()
To server: BYTE Tag = 50
From server: BYTE Result
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This appendix describes a series of mixed language programming interfaces
provided for compatibility with entry points used by previous INMOS C compilers
and toolsets.

In previous toolsets mixed language programming with C and occam was
achieved using C entry point haresses and by #IMPORTing pre-linked C pro-
grams into 0ccam code. A similar system was used for FORTRAN and Pascal.
This form of interfacing has now been replaced by other systems but compati-
bility has been maintained as far as is possible for C by supplying equivalents
of the three entry point types used previously.

Notes: In the previous system it was possible to bring any number of pre-linked C
programs into one 0Occam program using the #IMPORT directive. In the current
system it is only possible to call one C main program from any single occam
program. Multiple importation of programs is supported in the new toolset at
configuration level by allowing linked units written in different languages to be
incorporated in the same configuration description.

occam code used in this scheme should be linked with the unchecked versions
of the occam compiler libraries. This is the default.

F.1 Interface code

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

Type 1 : This interface is used when the program runs on a single transputer
and communicates only with the host file server.

Type 1
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Type 2 : This interface is used when the program communicates with other
processes as well as the host file server. This interface is used with the full
version of the C runtime library.

Type 2

PROC.ENTRY

Type 3 : This interface is similar to the type 2 interface except that there is no
access to the host file server. The interface is used with the reduced version
of the runtime library, which contains only startup, maths, string and channel i/o
routines and does not include standard host i/o routines.

Type 3
_ »
“out[]
PROC.ENTRY.RC
_in[]
Note: In previous toolsets there was

a type 3 interface called PROC.ENTRY.STUB. This entry point allowed Type
3 processes to be linked with the full runtime library so that functions such as
sprintf could be used. This is now possible using PROC.ENTRY.RC and
the stub is no longer required.

Type 2 and 3 interfaces are called from the enclosing 0cCam code and may be
a part of a network of 0CCam processes.
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F.2 Reserved channels

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

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

out [0] Reserved for diagnostic output.

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

out[1l] Commands and data from the runtime library to the host file
server.

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

F.3 Stack and heap requirements

Data storage (workspace) requirements for C programs are set according to
the values of flag, wsl, and ws2. Workspace is allocated by the language
compiler and runtime libraries.

Stack, static data and heap requirements vary from program to program, and
between languages. The workspace vectors passed to the program must be
large enough to accommodate:

e The stack the program needs when it runs.
o All the static data required by the program.
e The heap used by the program and the runtime libraries.

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

A minimum stack size of 512 words is recommended.
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F.3.1 Stack overflow

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

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

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

3 Increase the stack size and try again.

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

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

SEQ i = 0 FOR words.to.initialise
wsl[i] := 1

Stack overflow in the C parts of the program can also be detected by using the
stack checking mechanism built into the C compiler and libraries.

F.4 Parameters to C main

Parameters to C main are described by the following function prototype:

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

72 TDS 224 00 August 1990




F.5 Type 1 interface 503

where: argc is the number of arguments passed to the program from the envi-
ronment, including the program name.

*argv is an array of pointers to those arguments.

*envp is an array of pointers for the getenv library function — imple-
mented in ANSI C as NULL.

Channel *in[] is an array of input arguments.
int inlen is the size of the array.
Channel *out[] is an array of output arguments.

int outlen is the size of the array.

F.5 Type 1 interface

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

C programs that run on a single transputer do not need to use occam. The
program should be compiled as usual and then linked with the type 1 occam
interface code using ilink. This is achieved by linking with the C libraries
centry.lib and libc. 1ib and specifying MAIN.ENTRY as the entry point.
This builds the equivalent occam process for the C program, making it appear
like occam and enabling you to bootstrap or configure the code in the normal
way.

The code for the type 1 process is essentially the same as for any occam
process for a single transputer except that an extra parameter is required for the
C program’s runtime stack (if a separate non-occam stack was requested when
icollect was invoked). The size of the stack is determined by the parameter
supplied with the stack size option ‘S’.

F.5.1 Type 1 procedural interface

The type 1 occam interface is defined as follows:

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

Parameters are described in the following list.
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fs Channel going from the host file server to the program
(‘from server’).

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

free.memory Used by the program for its workspace. If the size of the
stack.memory vector is zero then the £ree.memory
vector is used for the program’s runtime stack as well as
its static and heap data area, otherwise the vector is only
used by the program for its static and heap data.

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

stack.memory Used by the program for its runtime stack if the size of the
vector is non-zero.

The size of this vector is determined when the linked pro-
gram is made bootable using icollect by the parameter
supplied with the ‘S’ option.

F.5.2 Building a type 1 process
The type 1 occam interface code is supplied in centry.lib library.

For example, consider a C program that consists of the following compiled files:

main.tco
funcs.tco

The program is to run on a T414 transputer.
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The program can be linked using one of the following commands:

ilink main.tco funcs.tco centry.lib libc.lib
-me MAIN.ENTRY -o cprog.lku (UNIX based toolsets)

ilink main.tco funcs.tco centry.lib libc.lib
/me MAIN.ENTRY /o cprog.lku (MS-DOS/VMS based toolsets)

When the program has been linked, you can use the collector tool icollect
in single program mode to produce a bootable program. The ‘S’ option can be
used if required to specify the amount of runtime stack required. If no stack size
is requested the freespacse is used as a combined heap, stack, and static area.

For the above example, using a specified stack size of 512 words, the collector
would be invoked using one of the following commands:

icollect cprog.lku -s 512 -t (UNIX based toolsets)
icollect cprog.lku /s 512 /t(MS-DOS/VMS based toolsets)

F.6 Type 2 interface definition
The type 2 interface is used when building a program that will communicate with
other processes as well as with the host file server. The program must have
been linked with the full version of the runtime library.
F.6.1 Type 2 procedural interface
The type 2 occam interface is defined as follows:
PROC PROC.ENTRY (CHAN OF SP fs, ts,
VAL INT flag,
[JINT wsl, ws2,
[JINT in, out)

Parameters are described below.
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fs Channel going from the host file server to the program.
ts Channel going from the program to the host file server.

flag Indicates the requirement for one or two workspaces. If the value of
flag is set to zero then the program will run with two workspace
areas, one for static and heap data, the other for the runtime stack. If
the value of £1ag is set to one then the program will run with a single
combined workspace.

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

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

in A vector of pointers to 0ccam channels going to the process.
out A vector of pointers to o0ccam channels going from the process.

Note: The first two elements in the channel pointer vectors in and out are
reserved for use by the C program’s runtime system and cannot be used by the
program.

F.6.2 Example type 2 wrapping .

The following example is of the 0ccam procedure ‘call.progl’, within which
a C program is called.

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

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

#USE "centry.lib" -- C interface code

VAL flag IS 1 : -- combined heap and stack

[100000] INT wsl : -- stack and heap for program

[1]INT ws2 : -- dummy workspace for
program

[2]INT in, out : -- channel pointers

-- call program
PROC.ENTRY (fs, ts, flag, wsl, ws2, in, out)
so.exit (fs, ts, sps.success)

72 TDS 224 00 August 1990



F.7 Type 3 interface definition 507

There are two differences between the code above and that which would have
been used with previous toolsets. These differences are as follows:

. 1. A library of C entry points is used in place of a prelinked version of the
C program. This is because all linking now takes place together in one
pass.

2. The C program is referred to by its interface name PROC. ENTRY. Note
that this means that only one C program may be called from any occam
program.

A program using the above code must be linked with the centry.1lib and
libc.1lib libraries along with any occam libraries which may be required.

F.7 Type 3 interface definition

The type 3 interface, like the type 2 interface, is used to run programs which

communicate with other processes on the same processor or in a network of

processes, but which do not require access to host services. Processes built

with the type 3 interface can communicate with other processes through channels
. in the same way as for type 2 processes.

The type 3 interface is used with programs linked with the reduced runtime library.

F.7.1 Type 3 procedural interfaces
The interface for type 3 equivalent 0occam processes is defined below.
PROC PROC.ENTRY.RC (VAL INT flag,
[JINT wsl, ws2,
[1]INT in, out)

Parameters are described in the following list.
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flag Indicates the requirement one or two workspaces. If the value of £1lag
is set to zero then the program will run with two workspace areas, one
for static and heap data, the other for the runtime stack. If the value of
flag is set to one then the program will run with a single combined
workspace.

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

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

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

Note: The first two elements in the channel pointer vectors in and out are
reserved for use by the C program’s runtime system and cannot be used by the
occam program.

PROC.ENTRY.RC is supplied in the centry.1lib library.

F.7.2 Example type 3 wrapping
The following shows how to call an equivalent 0cCam process from occam

source, and how to set up the parameters required. The example consists of an
occam procedure ‘call.prog’ within which a C program is called.
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PROC call.prog (CHAN OF
CHAN OF

#USE "centry.lib"

. VAL flag IS O :

[1000] INT wsl :
[40000] INT ws2 :
[3]INT in, out :

SEQ

COMM to.process,
COMM from.process)

-- C entry point library
-- separate heap and stack
-- stack for program

-- heap for program
-- pointers to inputs/outputs

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

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

-- call program
PROC.ENTRY.RC(flag,

wsl, ws2, in, out)

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

protocol type COMM is assumed.

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

As with the type 2 interface there are two differences between the code above
and that that would have been used with previous toolsets. The differences are

as follows:

1. A library of C entry points is used in place of a prelinked version of the
C program. This is because all linking now takes place together in one

pass.

2. The C program is referred to by its interface name PROC.ENTRY.RC.
Note that this means that only one C program may be called from any

occam program.

A program using the above code must be linked with the centry.1lib and
. libecred. lib libraries along with any occam libraries which may be required.
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G.1 Code compatibility

The ANSI C toolset supports code written using 3L Parallel C at source code
level.

G.1.1 Source code

Source code written using the 3L Parallel C toolset must be recompiled before
incorporating it into new programs. Errors which indicate non-compliance with
ANSI C can be disabled using the ‘E-’ series of compiler options.

Other errors should be reviewed as they occur and the source code modified for
the new toolset.

G.1.2 Object code

If the source is not available, linked units can be incorporated by converting them
to the new TCOFF format using icvlink. Any code which is to be converted
must be fully linked.

G.2 Parallel functions supported

The ANSI C toolset supports all the routines contained in the 3L Parallel C library
packages thread.h, sema.h, timer.h, chan.h, and par.h, although
these header file names should not be used directly. Functions in each package
are listed in table G.1.

G.2.1 Header file

3L functions are accessed by including the header file conndx11.h. This
header file also contains definitions of all constants and literals required by the
routines.

G.2.2 Restrictions

All workspace must be allocated from the heap, that is, using the standard mem-
ory allocation functions malloc, calloc, and realloc. For example, the ws
parameter of the thread_start functions must point to memory taken from

the heap.
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G

3L functions supported

3L package

Functions supported

thread.h

thread_start
thread create
thread priority
thread_ deschedule
thread restart
thread_stop

sema.h

sema_init
sema_signal
sema_signal n
sema_wait
sema wait_n

timer.h

timer_after
timer_ delay
timer_now
timer wait

chan.h

chan_init
chan_reset
chan_in_byte
chan_in_byte t
chan_in word
chan_in_word t
chan_in_message
chan_in message_t
chan_out_byte
chan_out_byte t
chan_out_word
chan_out_word t
chan_out_message
chan_out_message_t

par.h

par_malloc
par_free
par_printf
par_fprintf

Table G.1 3L functions supported by ANSI C

Code which uses the 3L functions may run slower than equivalent code written
using the standard INMOS concurrency functions.
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H.1 Introduction

This appendix describes the format of ITERM files; it is included for people who
need to write their own ITERM because they are using terminals that are not
supported by the standard ITERM file supplied with the toolset. You may of
course wish to tailor a standard ITERM to suit your own needs.

ITERMs are ASCII text files that describe the control sequences required to
drive terminals. Screen oriented applications that use ITERM files are terminal
independent.

ITERM files are similar in function to the UNIX termcap database and describe
input from, as well as output to, the terminal. They allow applications that use
function keys to be terminal independent and configurable.

Within the toolset, the ITERM file is only used by the debugger tool idebug
and the T425 simulator tool isim.

H.2 The structure of an ITERM file

An ITERM file consists of three sections. These are the host, screen and key-
board sections. Sections are introduced by a line beginning with the section
letters ‘H’, ‘S’ or ‘'K’. Case is unimportant and the rest of the line is ignored. Sec-
tions consist of a number of lines beginning with a digit. A section is terminated
by a line beginning with the letter ‘E’. The host section must appear first; other
sections may appear in any order in the file. Sections must be separated by at
least one blank line.

The syntax of the lines that make up the body of a section is best described in
an example:

3:34,56,23,7. comments

Each line starts with the index number followed by a colon and a list of numbers
separated by commas. Each line is terminated by a full stop (‘.’) and anything
following it is treated as a comment. Spaces are not allowed in the data string
and an entry cannot be split across more than one line.

Comment lines, beginning with the character ‘#', may be placed anywhere in an
ITERM file. Extra blank lines in the file are ignored.
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The index numbers in each section correspond to an agreed meaning for the
data. In the following sections the meaning of the data in each of the three
sections is described in detail.

H.3 The host definitions
H.3.1 ITERM version

This item identifies an ITERM file by version. It provides some protection against
incompatible future upgrades.

e.g. 1:2.

H.3.2 Screen size

This item allows applications to find out the size of the terminal at startup time.
The data items are the number of columns and rows, in that order, available on
the current terminal.

e.g. 2:80,25.
Screen locations should be numbered from 0, 0 by the application. Terminals

which use addressing from 1, 1 can be compensated for in the definition of goto
X Y.

H.4 The screen definitions

The lists of values in the screen section represent control codes that perform
certain operations; the data values are ASCII codes to send to the display device.

ITERM version 2 defines the indices given in table H.1. These definitions are
used in the example ITERM file; for a complete listing of the file see section H.7.

For example, an entry like: ‘8:27, 91, 75.’ indicates that an application should
output the ASCII sequence ‘ESC [ K’ to the terminal output stream to clear to
end of line.
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Index | Screen operation Index | Screen operation

1 cursor up 9 clear to end of screen
2 cursor down 10 insert line

3 cursor left 11 delete line

4 cursor right 12 ring bell

5 goto x y 13 home and clear screen
6 insert character 20 enhance on (not used)
7 delete character at cursor || 21 enhance off (not used)
8 clear to end of line

Table H.1 ITERM screen operations
H.4.1 Goto X Y processing

The entry for 5, ‘goto X Y, requires further interpretation by the application.
A typical entry for ‘goto X Y’ might be:

5:27,-11,32,-21,32
The negative numbers relate to the arguments required for X and Y.
...,=ab,nn, ..
where: ais the argument number (i.e. 1 for X, 2 for Y).
b controls the data output format.
If b=1 output is an ASCII byte (e.g. 33 is output as !).
If b=2 output is an ASCII number (e.g. 33 is output as 3 3).
nn is added to the argument before output.
As a complete example, consider the following ITERM entry in the screen section:
5:27,91,-22,1,59,-12,1,72. ansi cursor control

This would instruct an application wishing to move the terminal cursor to X=14,
Y=8 (relative to 0,0) to output the following bytes to the screen:

Bytes in decimal: 27 91 57 59 49 53 72
Bytes in ASCII: ESC [ 9 ; 1 5 H
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H.5 The keyboard definitions

Each index represents a single keyboard operation. The data specified after
each index defines the keystroke associated with that operation. Multiple entries
for the same index indicate alternative keystrokes for the operation. .

ITERM version 2 defines the indices given in table H.2. These definitions are
used in the example ITERM file; for a complete listing of the file see section H.7.

Index | Function Index | Function

2 delete character 39 goto line

6 cursor up 40 backtrace

7 cursor down 41 inspect

8 cursor left 42 channel

9 cursor right 43 top

12 delete line 44 retrace

14 start of line 45 relocate

15 end of line 46 info

18 line up 47 modify

19 line down 48 resume

20 page up 49 monitor

21 page down 50 word left

26 enter file 51 word right

27 exit file 55 top of file

28 refresh 56 end of file

29 change file 62 toggle hex

31 finish 65 continue from
34 help 66 toggle breakpoint
36 get address 67 search

Table H.2 ITERM key operations
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H.6  Setting up the ITERM environment variable
To use an ITERM the application has to find and read the file. An environment
variable (or logical name on VMS) called ITERM should be set up with the

pathname of the file as its value. For example, under MS-DOS the command
would be:

C:\> set ITERM=C:\ITOOLS\TOOLS\PCBANSI.ITM

Under UNIX you would set an environment variable. For example, the command
for csh users might be:

% setenv ITERM ~/.iterm
Under VMS you would define a logical name. For example:
$ DEFINE ITERM SYS$LOGIN:VT100.ITM

For more details about setting environment variables see the Delivery Manual
that accompanies the release.

H.7 An example ITERM

This is the toolset ITERM file for the IBM PC using the ANSI screen driver.

e o
#

# 1IBM PC (BANSI) ITERM data file (derived from TDS3 ITERM)
# Support for idebug and isim

# IDEBUG version for BANSI.SYS driver:

# Special care needed on screen codes 6, 7, 9, 10, 11

#

# V1.1 - 10 July 90 (NH) Updated idebug and isim support
#

e

host section

1:2. version

2:80,25. screen size

end of host section
# screen control characters

screen section
# DEBUGGER SIMULATOR
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1:27,91,65.
2:27,91,66.
3:27,91, 68.
4:27,91,67.
5:27,91,-22,1,59,-12,1,72.
6:27,91,64.
7:27,91,80.
8:27,91,75.
9:27,91,74.
10:27,91,76.
11:27,91,77.

12:7.

13:27,91,50,74.

end of screen section

keyboard section

# KEY

#

2:8. # BACKSPACE
6:0,72. # uUp
7:0,80. # DOWN
8:0,75. # LEFT
9:0,77 # RIGHT
12:0,110 # ALT F7
12:21. # CTRL U
12:24 # CTRL X
14:0,65. # F7
15:0,66 # F8
18:0,67 # FO
19:0,68 # F10
20:0,112 # ALT F9
21:0,113. # ALT F10
26:0,71 # NUM 7
27:0,73 # NUM 9
28:27. # ESC
29:0,87. # SHIFT F4
31:0,117 # CTRL NUM 1
34:0,59. # F1
36:0,63 # F5
39:0,64 # F6
40:0,129 # ALT O
41:0,120 # ALT 1
42:0,121 # ALT 2
43:0,122 # ALT 3
44:0,123 # ALT 4
45:0,124 # ALT 5
46:0,125 # ALT 6
47:0,126 # ALT 7
48:0,127. # ALT 8
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cursor left

goto x y
insert char
delete char
clear to eol
clear to eos
insert line
delete line
bell

clear screen

DEBUGGER

del char
cursor up
cursor down
cursor left
cursor right
delete line
delete line
delete line
start of line
end of line
line up
line down
page up
page down
enter file
exit file
refresh
change file
finish

help

get address
goto line
backtrace
inspect
channel

top

retrace
relocate
info

modify
resume

cursor up
cursor down
cursor left
cursor right
goto x y
insert char
delete char
clear to eol
clear to eos
insert line
delete line
bell

clear screen

SIMULATOR

cursor up
cursor down
cursor left
cursor right

start of line
end of line

page up
page down

refresh

help
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49:0,128. # ALT 9 monitor
50:0,90. # SHIFT F7 word left
50:6. # CTRL F word left
50:0,115. # CTRL NUM 4 word left
51:0,91. # SHIFT F8 word right
51:7. # CTRL G word right
‘ 51:0,116. # CTRL NUM 6 word right
55:0,92. # SHIFT F9 top of file
55:20. # CTRL T top of file
56:0,93. # SHIFT F10 end of file
56:2. # CTRL B end of file
62:0,108. # ALT F5 toggle hex
65:0,105. # ALT F2 continue from
66:0,99. # CTRL F6 toggle break
67:0,88. # SHIFT F5 search

end of keyboard stuff

# idebug key that isn’t really part of iterm but its here
all the same !

#

# INTERRUPT CTRL A -- IDEBUG

# eof THAT’S ALL FOLKS
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Analyse To assert a signal to a transputer forcing it to halt at the next deschedul-
ing point, to allow the state of the processor to be read. In the context
of ‘analysing a network’, to analyse all processors in the network.

Also refers to one of the system control functions on transputers and the
pin on which the function is asserted.

Backtrace Within the debugger an simulator tools, to move from a position within
a procedure or function body to the call of that procedure or function.

Bootable code Self-starting program code, that can be loaded onto a transputer
or transputer network down a transputer link and run. Bootable code is
produced by icollect from linked units (single transputer programs)
or configuration binary files (configured programs).

Bootstrap A transputer program, loaded from a ROM or over a link after the
transputer has been reset or analysed, which initialises the processor
and loads a program for execution (which may be another loader).

Configuration The association of components of a program with a set of physi-
cal resources. Used in this manual to refer to the specific case of allocat-
ing software processes to processors in a network, and channels to links
between processors. The term is also used, depending on the context,
to describe the act of deciding on these allocations for a program, the
configuration code which describes such a set of allocations, and the act
of applying the configurer to a configuration description.

Configurer The tool which assigns processes and channels on a specified con-
figuration of transputers. The output from the tool is a configuration binary
file for input to icollect.

Deadlock A state in which one or more concurrent processes can no longer
proceed because of a communication interdependency.

Error mode The compilation mode of a program that determines what happens
when a program error (such as an array bounds violation) occurs. Pro-
grams are compiled by icc in UNIVERSAL mode, which is the mode
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that can be mixed with HALT and STOP code generated by other INMOS
language tooslets.

Error signal In the transputer, an external signal used to indicate that an error
has occurred in a running program. Also refers to one of the system
control functions on transputers. Error signals can be OR-ed together
on transputer boards to indicate an error has occurred in one of the
transputers in the network.

Hard channels Channels which are mappéd onto links between processors in
a transputer network (cf. Soft channels).

Host The computer which is running the toolset host file server and providing
the filing system and terminal i/o.

Host file server A file server which provides access to the filing system and
terminal i/o of a host operating system, which may be used when running
standalone programs.

Include file A file containing source code which is incorporated into a program
using the #include directive. Include files are by convention given the
. h extension.

Library A collection of separately compiled procedures or functions, created by
the toolset librarian ilibr, which may be shared between parts of a
program or between different programs.

Library build file A file containing a list of input files for the librarian tool i 1ibxr.
Each file forms a separately loadable module in the library. Library build
files should have the . 1bb extension.

Link In the context of transputer hardware, the serial communication link be-
tween processors. Used as a verb in the context of program compilation,
to collect together all the code for a program or compilation unit, resolving
all references and recompiling where necessary, and place the collected
code into a single file.

Linker The program or tool which links a program or compilation unit.

Loader Depending on the context, refers to the part of the host file server which
loads a transputer network or to a small program which is loaded into
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a transputer, and which then distributes code to other transputers and
loads a larger program on top of itself.

Makefile An input file for a MAKE program. A Makefile contains details of file
dependencies and directions for rebuilding the object code. Makefiles
are created for the toolset using imakef.

Network A set of transputers connected together using links as a connected
graph, that is, in such a way that there is a path, via links and other
transputers, from each transputer to every other transputer in the set.

Newline sequence The sequence of ASCII characters, defined within the host
file server, that directs a new line to be started on the terminal display or
within a file.

Object code Intermediate code between source and bootable files. Object code
cannot be directly loaded onto a transputer and run.

Peek and poke To read and write locations in a transputer's memory, by com-
munication over a link, while the transputer is waiting for a bootstrap.

Preamble The part of a transputer loader program that initialises the state of the
processor.

Priority In the transputer, the priority level at which the currently executing pro-
cess is being run. INMOS transputers support two levels of priority, known
as ‘high’ and ‘low’.

Process Self-contained, independently executable code.

Protocol The pattern of communications between two processes, often including
communications on more than one channel.

Reset The transputer system initialisation control signal. Also refers to the pin
on which the signal is asserted.

Root transputer (or Root processor) The processor in a transputer network
which is physically connected to the host computer, and through which
the network is loaded or analysed.
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Separate compilation A self-contained part of a program may be separately
compiled, so that only those parts of a program which have changed
since the last compilation need to be recompiled.

Server A program running in the host computer attached to a transputer network,
which provides access to the filing system and terminal i/o of the host
computer. The server can also be used to load the program onto the
network.

Soft channels Channels declared and used within a process running on a single
transputer. (cf. Hard channels). Soft channels are implemented by a
single word in memory.

Standard error The host system error handler. Errors directed to standard error
are displayed in a host-defined way, for example, on the terminal screen.
For details of how to modify standard error on the system, consult the
operating system documentation.

Standard input The host system input handler. Specifies the standard input
device, for example the terminal keyboard or a disk file. For details of
how to modify standard input on the system, consult the operating system
documentation.

Standard output The host system output handler. Specifies the standard output
device, for example, the terminal screen or a disk file. For details of how
to modify standard input on the system, consult the operating system
documentation.

Subsystem In transputer board architecture, the combination of the Reset, Anal-
yse and Error signals which allows the board to control another board on
its subsystem port.

Target transputer The transputer on which the code is intended to run. The
transputer type, or a restricted set of types defined in a transputer class,
is defined when the program is compiled, using command line options.

Vector space The data space required for the storage of vectors (arrays) within
an occam program.
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Workspace The data space required by an occam process; when used in
contrast to Vector space, refers to the data space required for scalars
within the occam process.
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Instruction set 34 example listing 5§17
INT 143 format 513

INT16 143 keyboard 516

INT32 143 screen 514

INT64 143 use by simulator 423
Intel extended hex format 152, 352 version 514

Intel hex format 151, 352

interface 76 Jump into program 279
process attribute 76
294 Keyboard definitions 516
Interrupt Keywords

host file server 413 configuration language 458
Iptr 111

Iptr 111 Large shift values 135
iq systems 210, 82 Last instruction 288
Isatty LFF 16, 247

ISERVER function 492 LFF files

ISEARCH 23, 162, 211, 440 listing 396

ISERVER libec.1lib 507

file commands 484 libcred.lib xxix
functions 483 Librarian 15, 357

host commands 493 command line 358
libraries 482 concatenated input 357
porting 481, 482 Libraries 361

protocol definition 481 occam 140

server commands 495 building 360
iserver 91, 411, 431 ISERVER 482
command line 411 modules 360
command line options 412 optimising 361

error messages 418 selective loading 360
introduction 13 Library

isim 421 host specific 22
command line options 422 Library files

in debugging 119 icvlink 251
introduction 15 Library index 357
syntax 421 listing 392
ISIMBATCH 428 Library indirect files 357, 359
iskip 91, 431 Library usage files 360
command line options 432 270

error messages 435 270

72 TDS 224 00 August 1990



538

Index

Link address 414

Link map 376

Linkage targets 56
Linked files

icvlink 251

Linker 12, 365
command line 366
compatible transputer classes 372
directives 369

LFF output 373
options 367

selective loading 360
TCOFF output 373
Linker errors 376
Linker indirect files 369
Linker startup files 372
Linking a program
example 26

Links 281, 427

in configuration 82
introduction 4

Lister 15

Loadable programs 411
Loading 91

Loading programs 91
tools 91

Loading a program
example 27

Loading programs 411
for breakpoint debugging 92, 105
for debugging 94, 102
introduction 13

onto boards and subnetworks 92
schemes 92

iskip 434
LoadStart 211

Logical name 517

Low level programming
assembly code 65
compiler predefines 66

Macro

definition 163
Macros 19

in Makefiles 407
Main entry point 374

72 TDS 224 00

MAIN.ENTRY 499
procedure interface 503
main

parameters 502

MAKE 399

Makefile

formats 407

Makefile generator 15, 399
command line 403
Makefiles

delete rule 408

editing 408

malloc 49, 511

Master transputer

of a board 93
MemConfig 320
memcpy

optimised 169

Memnot 320

Memory

disassembly 426

Hex display 276
inspecting 426
insufficient 171

on-chip 3

segment ordering 78
memory 74

processor attribute 81
Memory configuration 152, 343
customised 319

file 337

standard 319

Memory configurer 16, 319
command line 320
default configuration 323
interactive operation 323
output files 322
Memory dump 103
Memory dump file 316
Memory dumper 15, 315
command line 315
error messages 316
Memory map 113, 282, 332, 427
configurer 211

Microsoft 399

August 1990




Index

539

Mixed language programming 686,
137
calling C from occam 148
interfacing with earlier toolsets
499
name translation 139
using occam 2 harness 148
Mixing languages
at configuration level 137
295
Module data
listing 391
Modules 360
293
Monitor page 110
default address 267
Enter post-mortem 289
exit 288
items displayed 111
simulator 423
startup display 110
Monitor page commands 267
format 113
list 268
Monitor page debugging
breakpointing 115
examining memory 114
examining processors 115
locating processes 114
selecting processes 115
specifying processes 114
Motorola S-record format 152, 353
MSDOS
ISERVER function 498
MS-DOS 9, 21, 517
Multiprocessor networks 33
Multitransputer programming 33
introduction 6

NEC PC 21

Network

definition 73

hardware description 81
software description 75
Network configuration 67
Network dump 283, 427

72 TDS 224 00

listing 396
net_receive Xxxviii
net_send xxviii
Next error 274
Node types 74
Nodes 74
Norcroft 55
NotProcess_p 46
Numerical parameters
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