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Introduction

Intended Audience

This User Guide accompanies 3L’s Parallel C product. It is intended
for anyone who wants to use Parallel C to program a transputer
system, whether writing a conventional sequential program or using
the full support for concurrency which the transputer processor has
to offer.

The C Language

There are two main dialects of the C language in common use: these
are often referred to as “K&R C” and “ANSI C”.

K&R C This older dialect of C is defined—fairly informally—by
The C Programming Language, First Edition[1], by Brian
W. Kernighan and Dennis M. Ritchie, the original authors of
the language.

ANSI C This is defined, in ANS X3.159-1989[3], as the American
national standard for the C language. At the time of writing,
the same definition was expected to be adopted as an interna-
tional standard.
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The dialect of C accepted by the 3L Parallel C was originally based
on K&R C. However, it has been extended by adding most of the
features of ANSI C, including, for example, function prototypes and
enumerated types. Details of Parallel C’s ANSI extensions may be
found in section 9.1.

In addition, the run-time library includes nearly all of the features of
the ANSI run-time library. Traditional features have been retained
as well, for compatibility with other compilers. To this have been
added functions providing control of the transputer’s special features,
such as channel communications, concurrent execution threads, and
SO on.

Hardware Assumptions

Parallel C can be used with a large variety of development and target
transputer systems.

The compiler itself and all the supporting utilities run on a T414 or
T800 processor. This manual makes the simplifying assumption that
the development environment will be an Inmos IMS B004 transputer
evaluation board, or a transputer system which is largely compatible
with a B004. This board is a single plug-in card for the standard
IBM PC bus, with one transputer and either 1 or 2MB of RAM.

The assumption is also made here that the host computer for the
B004 will be an IBM PC with a hard disk drive, or one of the many
personal computers compatible with the original IBM machines.

A variety of target processors are supported by Parallel C.

e The T414 and T800 target environment is assumed to be sim-
ilar to the development environment described above. Both
processors are fully supported by Parallel C. llowever, carly
pre-production transputers contained faults which may cause
problems with the operation of Parallel C programs. If you will
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be using early transputer chips, you should check appendix B
for details of the problems which you may encounter, and how
to get round them.

e The T425 processor can be used with Parallel C if it is treated
as if it were a T414; some additional instructions are included
in this processor which are not at present accepted by the
in-line assembler within Parallel C. If you wish to use these
instructions in assembly-language code, you must code them
using the opr instruction instead.

e Parallel C can also be used to build programs for the 16-bit
T212 and T222 processors. Target environments for these are
discussed in chapter 8.

Document Structure

There are four main divisions within this document, as follows:

e Part I: Gelting Started covers installing Parallel C on your
machine and verifying that it is operating correctly.

e Part II: Tutorial introduces you to the operation of the com-
piler and the other tools supplied with Parallel C. In particular,
there are tutorial sections explaining parallelism on the trans-
puter and the way in which this can be accessed from Parallel C
programs.

e Part III: Reference contains the detailed technical information
which you will require to write sophisticated applications for
the transputer using Parallel C.

e The appendices at the end of this manual contain supple-
mentary information in a condensed form, such as tables of
transputer assembly language mnemonics.
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Further Reading

This User Guide does not attempt to teach the C language itself;
rather, reference should be made to one of the many introductory
texts available. The first—and still one of the best—books about C
is the original book describing the language. This is The C Pro-
gramming Language, First Edition[1], by Brian W. Kernighan and
Dennis M. Ritchie.

As Parallel C includes so many ANSI features, it may be useful
to consult the second edition[2] of this book, by the same authors,
which describes the standard dialect. However, as certain ANSI
features are not supported by Parallel C, beginners in particular
may find the first edition preferable. Both editions are available in
most bookshops or from the publishers.

The reader is assumed to be reasonably familiar with the operating
system of the host computer being used. For personal computers
made by IBM, this will usually be PC-DOS, which is supplied with
a manual called Disk Operating System Reference[4]. For compat-
ible machines made by other manufacturers, the operating system
will usually be MS-DOS, described in Microsoft MS-DOS User’s
Reference[5]. These two operating systems are largely compatible,
and their documentation is very similar. We will refer to “MS-
DOS” in this manual to mean the operating system used on your
machine. The term DOS Reference Manual will be used to refer to
the appropriate manual.

References to these and other documents mentioned in this manual
are collected in a bibliography, which can be found on page 487.
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Conventions

Text Conventions

Throughout this manual, text printed in this typeface represents
direct verbatim communication with the computer: for example,
pieces of C text, commands to MS-DOS and responses from the
computer.

In examples, text printed in this typeface is not to be used verbatim:
it represents a class of items, one of which should be used. For
example, this is the format of one kind of compilation command:

t8c source-file

This means that the command consists of:

1. The word “t8c”, typed exactly like that.

2. A source-file: not the text source-file, but an item of the
source-file class, for example “myprog.c”.

Installation Directory

As we shall see in chapter 1, it is possible to install the Parallel C
compiler and its associated software in any directory. By default,
however, it will be installed in directory \tc2v2, and throughout
the rest of the User Guide it will be assumed that this is what
has been done. Users who have chosen to install the software in
another directory should replace the directory \tc2v2, wherever it
is mentioned, by the name of their own installation directory.
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Chapter 1

Installing the Compiler

This chapter contains instructions on how to load Parallel C from
the supplied floppy disks onto a hard disk and make it ready for use.

You can skip this chapter if the compiler has already been installed
on the machine you are using.

1.1 Installation Directory

Before we go any further, you should decide on an installation di-
rectory; that is, the directory where you want the compiler and its
associated software to be placed. It is best to reserve a directory
just for this purpose, rather than mixing Parallel C up with other
system software. In particular, do not try to install Parallel C in
the same directory as any other 3L compilers, as many of the files
have the same names, even though their contents may be different.
The installation procedure will overwrite any file in the installation
directory which has the same name as a Parallel C file.

Notice that certain files are created at installation time, and include
the name of the installation directory. This means that if you wish
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to move the software to another directory, you cannot simply copy
it across; instead, you should install it again from the floppy disks.

The default installation directory is \tc2v2. In the other chapters
of this User Guide we shall assume that this is where the software
has been installed. If this is not the case, you should mentally
substitute the name of your installation directory whenever \tc2v2

is mentioned.

1.2 Installing the Software

The compiler is distributed on three 360KB floppy disks. The con-
tents of these disks are described in detail in appendix A.

To install Parallel C on your hard disk, follow this procedure.

1. Place the disk labelled Disk 1 of 3 in your floppy disk drive
A:.

2. Type the following commands:

C>a:
A>install

3. Answer any questions the install program asks you. One of
these will enable you to specify your installation directory (see
above). If you wish to accept the default installation directory
(\tc2v2), you should just press the Enter key in answer to this
question; otherwise, erase “\tc2v2” and type the name of the
installation directory you want.

4. Place the appropriate disks in drive A: when the install pro-
gram asks for them.

It is important to use the supplied install program to install Par-
allel C. If you simply copy the files, the installation will not be
performed correctly.
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1.3 The Search Path

The compiler is now installed, but can only be run in the installation
directory. Before the compiler can be used from other directories the
installation directory must be added to the MS-DOS search path.
Program files stored in directories which are on the search path can
be loaded and run simply by typing the name of the program as
a command. So, to make sure that the C compiler is available as
a command (t8c, t4c or t2c), the installation directory must be
added to the search path.

The search path for your machine is set up by the batch file
c:\autoexec.bat which is automatically executed when the ma-
chine starts up. To change the path, you will need to edit the
autoexec.bat file using a text editor like edlin. (The DOS Ref-
erence Manual explains how to use edlin). Your autoexec.bat file
will probably already contain a line of the following form:

path ... list of directories ...
For example:

path c:\dos;c:\utils

In this case, you will need to add the text “c:\tc2v2” (if that is the
installation directory) on to the end of the line, giving:

path c:\dos;c:\utils;c:\tc2v2
If there is no path line in the autoexec.bat file, just add the line:

path c:\tc2v2

Some important points about setting the search path should be
noted:

1. The documentation for previous versions of 3L compilers, in-
cluding Parallel C, recommended the use of a set path= com-
mand to set up the search path. This is equivalent to the path
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command, and can be changed to include your installation
directory in the same way.

. If you already have earlier C compiler installed on your ma-
chine, its installation directory may appear in your search path.
It should be removed from the search path before adding the
installation directory of the new version.

. If you are a user of the Inmos TDS environment, your search
path will probably include a reference to the directory where
the TDS is held, such as \tds2dir. This reference must not
precede the Parallel C installation directory in the path; if it
does, the wrong version of the afserver program will be called.

. From time to time, 3L release new versions of components,
such as the linker or the afserver, which are included in
more than one compiler product. This means that if you are a
user of any other 3L compilers, you should make sure that the
installation directory of the latest compiler product precedes
all the others. This will ensure that the latest versions of these
common components are picked up; they will be compatible
with all the compiler products.

Once your autoexec.bat file has been changed, you will need to
reboot your machine to make the changes effective.

1.4 Environmental variable 3LCC_INC

Sometimes it is also necessary to define the MS-DOS environmental
variable 3LCC_INC when you install the compiler. 3LCC_INC can be
used to define where the compiler should look for the header files
which are included in programs by lines such as

#include <stdio.h>
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If 3LCC_INC is not defined, the compiler looks for header files, such
as stdio.h, in directory \tc2v2 on the current disk. This means
that 3LCC_INC must be defined in the following circumstances.

e If you have decided to install the compiler in a directory other
than \tc2v2.

e If you use the compiler from a disk other than the one where
the compiler is installed.

In either case, you should include in your autoexec.bat file a line
of this format:

set 3LCC_INC=f:\1lib\ThreeLC

A full discussion of how the #include directive is handled may be
found in section 9.6 in part III of this manual.
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Confidence Testing

This chapter describes a short procedure which may be followed to
check that installation has been done correctly.

1. Set the current disk drive to the one on which Parallel C has
been installed. For example, if the compiler has been installed
in directory c:\tc2v2, do this:

D>c:
c>

2. Set the current directory to a convenient directory for doing
this test. For example:

C>cd \mine
Cc>
NB: Don’t use the installation directory for the confidence test,

as this would mean that you would not be testing whether the
co. -arch path has been set up.
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3. Check that the correct versions of the afserver program and
of the compiler are available, by typing the following command.
You should see the output shown.

C>t8c /i -:i

IBM PC Filer server Inmos V1.3 (14th October 1987) / 3L
V1.3.7

Copyright INMOS Limited, 1985

Transputer C compiler, CC_transputer V2.2.2

Copyright (C) 3L 1991

c>

If the above message does not appear, check the installation
procedure, and in particular, ensure that the correct path com-
mand has been set up.

If, after the afserver’s identity, the computer outputs the
following, or something similar—

Last command = 0
Server terminated: bad protocol when expecting INT32

—it is likely that there has been some error in setting up the
transputer board. In particular, please check that the wire
links, accessible from the back of the PC, have been correctly
installed. The transputer board’s documentation should help
with this.

4. Copy the example hello.c file to the current directory. If the
installation directory is \tc2v2, for example, you should type
this:

C>copy \tc2v2\examples\hello.c
1 File(s) copied

c>

5. Compile the example using the T8 version of the compiler (this
will work for the T4 as well, because the example contains no
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floating-point instructions):
C>t8c hello

c>

6. Link the resulting binary file with the necessary parts of the
run-time library, and the harness:

C>t8clink hello
C>linkt hello \tc2v2\crtlt8 \tc2v2\t8harn
c>

7. Finally, the program can be run:

C>afserver -:b hello.b4
hello, world

c>

The output “hello, world” comes from the hello.c example pro-
gram. If it does not appear, we recommend that the installation
procedure should be carefully repeated, and the confidence test pro-
cedure followed again. If this message still does not appear, please
contact your dealer for further assistance.
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Developing Sequential
Programs

This chapter shows you how to use the Parallel C compiler to write
conventional sequential programs to run on the transputer. You
should be familiar with the contents of this chapter before you
progress to the later chapters explaining parallel programming on
the transputer.

The instructions in this chapter assume that the C compiler has
already been installed as described in chapter 1.

The operating procedures for the T2 differ in some ways from the
ones discussed here, which are appropriate for the T4 and T8 trans-
puters. If you are developing programs for the T2, you should read
this chapter for general information, and then study chapter 8.

Some of the procedures described here are different for T4 and T8
transputers. You should find out which type of transputer is fitted
in your PC before using the compiler.
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3.1 Editing

Any editor which handles standard MS-DOS text files can be used
to create or change C source programs. The example below shows
how the edlin editor supplied with MS-DOS can be used to create
a new C source program.

C>edlin hello.c

New file
*i
1:+main()
2:8{
3:¢ printf("hello, world\n");
4:»}
5:»°C
e
c>

The DOS Reference Manual explains how to use edlin.

Note that the “folded” files which the Inmos TDS works with are
not ordinary MS-DOS text files and that therefore they cannot be
used directly as input to the compiler. However, the tdslist utility
program supplied with the TDS will convert TDS-format text files
into ordinary MS-DOS text files which can be read by Parallel C.

3.2 Compiling
A C source program is compiled into a binary object (.bin) file of
T8 transputer instructions by a command of the form:

t8c source-file

To compile code for a T4 transputer, use the command

t4c source-file
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Note that, in general, code compiled for a T4 will not run on a T8
(or vice versa) so you must use the command appropriate for the
type of processor in your transputer board.

The source-file is the filename of the C source program which is to
be compiled. If no filename extension is given in the command, .c
is added automatically.

So, to compile the file hello.c for the T8, you would give the
command:

C>t8c hello

If the source file contains no errors, an output object file hello.bin
is produced. If the compiler detects errors in the source program, it
writes diagnostic messages to the MS-DOS standard output stream.
Error messages may therefore be redirected using *>’, or piped using
‘|’, as described in the DOS Reference Manual. The format of
compiler error messages, and a list of all the messages which may be
produced by the compiler, appears in section 9.9 in part III of this
manual.

3.3 Linking

Once a Parallel C program has been compiled into an object (.bin)
file, it must be linked with any external functions it requires before
it can be run, including functions like printf and other functions
from the Parallel C run-time library. This is done by the linker.
Here we discuss the most usual linker operations; a full description
of the linker can be found in chapter 12.

Rather than calling the linker directly, it is usually more convenient
to use one of the batch files provided for the purpose.

To link T4 code produced by the t4c compiler use the command:

t4clink object-file



14 Chapter 3

For example,
t4clink hello

To link T8 code produced by t8c use the command:
t8clink object-file

You must use the link command appropriate to the target processor
(T4 or T8).

Both batch files automatically append .bin to the object file name
and produce an executable file with the same file name as the object
file and extension .b4.

3.3.1 Linking More than One Object File

This section deals with linking more than one object file at a time.
If you only want to link single object files for now, you can skip to
section 3.4 which describes how to run executable files produced by
the linker.

The t4clink and t8clink batch files can be used to link up to
nine object files. As before, the extensions of all the object files are
assumed to be .bin. The executable file generated will have the file
name of the first object file specified, with the extension .b4.

For example, if there are two C source files, main.c and fns.c,
the following commands will compile them and link them together,
producing an executable file for the T4 called main.b4.

C>t4c main
C>t4c fns
C>t4clink main fns

Compiling and linking the example files above for the T8 would be
done as follows:

C>t8c main
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C>t8c fns

C>t8clink main fns

3.3.2 Indirect Files

It is quite common for programs to consist of many different object
files. The t4clink and t8clink batch files cannot handle more than
nine, but even with fewer files than this, you may find the command
line awkward to type.

The linker provides a way of getting round this problem, called an
indirect file. An indirect file is a text file containing a list of object
file names, all of which are to be included in the executable file. It
is specified in the linker command by its file name preceded by an
‘@’. For example:

C>t8clink Qobjfiles

This will cause the linker to find the file objfiles.dat, and link
together all the object files specified in it. As usual, the generated
file will be given the name of the first object file with the extension
.b4.

Indirect files are assumed to have the extension .dat. They contain
a list of MS-DOS file names, with one file name on each line. Full
path names, including directory specifications, are allowed. Indirect
files may also include the names of other indirect files, by preceding
with an ‘Q’; nesting indirect files in this way may be done to five
levels.

The example indirect file objfiles.dat above might contain the
following text:

main

fns
\userlib\general\io
Qgrafpack
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When used in the example given above, this will link the object
files main.bin and fns.bin from the current directory and io.bin
from the directory \userlib\general, together with all the object
files specified in the indirect file grafpack.dat. The executable file
generated will be main.b4.

3.3.3 Calling the Linker Directly

Occasionally, instead of using the batch files, you may need to call
the linker directly, or write your own batch files to do so. Fuller
information about the linker may be found in chapter 12, and details
of the internal format of object files are provided in the Inmos Stand-
Alone Compiler Implementation Manual[14].

The linker is invoked by the command linkt. The general form of
a link command is

linkt object-files, executadle-file

object-files is a list of object file names separated by spaces. These
are the object files which are to be linked together. All of them must
have been compiled for the same processor type (T4 or T8). If an
object file is specified without an extension, the extension is assumed
to be .bin.

The order in which the object files are specified is significant. Details
of this may be found in sections 3.5 and 9.4.4.2.

The ezecutable-file is the name of the file to which the linker writes
the executable output code. If no extension is specified, the linker
supplies the extension .b4. The executable file and its preceding
comma may be omitted; in this case, the executable file is given the
same file name as the first object file in the command line, with the
extension .b4. If the first file mentioned on the command line is an
indirect file, the executable file is given a name taken from the name
of the first object file listed in the indirect file.
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To link C programs, you must include in the list of object files both
the Parallel C run-time library and a special object file called a
“harness”. The directory \tc2v2 contains two versions of both of
these components: crtlt4.bin and t4harn.bin for T4 transputers,
and crtlt8.bin and t8harn.bin for T8 transputers. The linker will
not allow you to mix T4 and T8 object files.

The example below shows the command necessary to link all the files
listed in the indirect file subs.dat into a single executable file for
the T4, called prog.b4.

C>linkt @subs \tc2v2\crtlt4 \tc2v2\t4harn,prog

Note that the Parallel C run-time library (crtlt4.bin) and the
harness (t4harn.bin) must both be named explicitly as input object
files.

For the T8, the command would be the following.

C>linkt @subs \tc2v2\crtlt8 \tc2v2\t8harn,prog

3.3.4 Libraries

It is often convenient to be able to treat a group of object files as a
single unit. For example, the Parallel C run-time library consists of
many separate object files, but is supplied as a single file containing
all of them.

The linker provides the option of linking together a group of object
files to produce a library file instead of an executable file. The library
contains all of the code and entry points defined by the input object
files, which can be changed or deleted without affecting the library.
To change a library it must be relinked from its component parts.

Library files have several advantages over using indirect files.

e The linker selects from the library file only those modules which
are actually referenced elsewhere in the program; the others are
not i-wluded in the executable file.
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e Copying a single file to another place is simpler than copy-
ing many component object files and making sure that the
corresponding indirect file is kept up to date with changes in
directory and file names.

o Opening just one library file is faster than opening an indirect
file and several object files.

However, using an indirect file may be faster while a library is being
developed because there is no need to relink the library whenever a
component module is changed.

A linker command of the form shown below is used to produce a
library from a number of component object files.

linkt object-files, library-file/1
The option letter after the ‘/’ is a lower case ‘L’.

The form of the input object- files is the same as for normal operation
of the linker: a list of filenames separated by spaces. Indirect files
are indicated by an ‘@’ sign as before.

The library-file must be a single MS-DOS file name. If no extension
is specified, the linker will give it the extension .1ib. Note that
this is different from the default extension which the linker uses for
libraries when they are specified as input files, which is .bin.

The example below shows a graphics library being built from a core
graphics module and two device driver modules. The library is then
linked in the ordinary way with a user program. Indirect files are
used to simplify the required linker commands.

C>type graflib.dat

core

tek
hp

C>linkt Ograflib,graflib.bin/1

C>type myprog.dat
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myprog
graflib
\tc2v2\crtlt8
\tc2v2\t8harn

C>linkt @myprog

3.4 Running

Executable programs are loaded into the transputer board and run
using the afserver program, which runs on the IBM PC.

The afserver is an ordinary MS-DOS program, and after loading
the C program into the transputer board, it remains active through-
out the program’s run. Instructions are sent from the C run-time
library to the afserver whenever it needs to perform MS-DOS func-
tions such as reading information from the disks, displaying output
on the screen and so on. The results of these operations are sent by
the afserver back to the transputer board.

The command to load and run a program is:

afserver -:b filename

The filename must be the name of an executable file produced by
the linker. The file name extension must be specified. An example
of a command to load and run a simple program would be:

C>afserver -:b hello.b4

Note that this will only work if your program uses a fairly small
amount of stack memory. See section 3.5 for information about
running programs with larger stack requirements.

Appendix section D.3 includes more information about the afserver
and its options, and the Inmos Stand-Alone Compiler Implementa-
tion Manual[14] (section 10) contains a full description. Note that
the -:e (test error flag) switch described in [14] is not supported
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for use with Parallel C programs. For improved performance,
the C compiler relies on being able to generate code which might
incidentally cause the error flag to be set. Therefore, the transputer
error flag may be set as part of the normal execution of a C program.

The running of programs can be simplified by putting the appro-
priate afserver command into an MS-DOS batch file. Typing the
name of the batch file is then sufficient to run the program. For
example:

C>type myprog.bat
afserver -:b \mydir\myprog.b4

C>myprog

The command myprog will then call afserver to load the executable
file \mydir\myprog.b4 into the transputer board and start it. Note
that if a program compiled and linked for the T4 is loaded into a T8
(or vice versa) the effects will be unpredictable.

3.4.1 Using C Programs as MS-DOS Commands

Because of the limitations on what can be done with MS-DOS batch
files it is useful to have a way of running a transputer C program as
if it were an MS-DOS . exe file.

You can turn any .b4 file into an MS-DOS command by making a
copy of the file \tc2vi\linkt.exe in the same directory as the .b4
file, giving it the same root filename as the .b4 file but keeping the
.exe extension. For example, if the current directory contains the
executable file ex.b4, it can be run as a command by typing:

C>copy \tc2vi\linkt.exe ex.exe

C>ex

This new ex command can be used from any directory, provided the
directory containing ex.exe and ex.b4 is on the MS-DOS search
path.
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(1inkt.exe works by taking the command verb from its command
line, adding .b4, and then calling afserver to load that file from
the same directory linkt.exe itself was loaded from).

When a .b4 file is invoked via a “driver” program in this way,
the -:0 1 option (see section 3.4) is added automatically and the
program is given a large amount of stack space. If you want to run a
program as an MS-DOS command, but with its stack in fast on-chip
RAM, you should invoke the program as usual but add -:0 0 to the
command line (hyphen, colon, letter ‘o’, then a space followed by the
digit zero). For example: '

C>ex -:0 0

3.4.2 Command-Line Arguments

The afserver passes its command line on to the user program it
invokes, for use as program arguments. For example:

C>afserver -:b myprog.b4 fred
Here, the character string “fred” is passed on to myprog.b4.

Note that the “-:b myprog.b4” part of the command is not passed
through as an argument to myprog.b4. In general, afserver option
switches (-:b, -:0) and their arguments are not passed on to the
user program. Any DOS file redirections (see section 3.4.3 below)
are also stripped out.

The text of the command line is also passed on to the user program
if the afserver is invoked using the driver program described in
section 3.4.1. For example:

C>myprog xyz abc

Here, the program argument string “xyz abc” is passed on to
myprog.b4.

The program argument string is broken up into a sequence of to-
kens before being passed to the C main program function. Tokens
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are separated by blank or horizontal tab characters, so in the first
example there was one token: “fred”, and in the second example
there were two: “xyz” and “abc”.

When the C main program function is called, it is passed the follow-
ing arguments:
main(int argc, char sargv[])

argv[0] is the program name, currently always a pointer to a null
string (i.e., a pointer to a ‘\0’ character).

If the value of argc is greater than one then argv[1]...argv[argc-1]
are pointers to token strings each of which is terminated by ‘\0’.

argv[argc] is a null pointer.

argc is the number of tokens, including the program name. It is
always greater than zero.

3.4.3 1I/0 Redirection and Piping

Normally the C standard input stream (stdin) read by functions like
getc and scanf is the keyboard. Standard input can be taken from
a file by using the MS-DOS redirection symbol ‘<’ in the normal way.
For example, to use the file chap1.txt as the standard input stream
for a word counting program wc.b4 you could use the command:

C>afserver -:b wc.b4 <chapl.txt

This also works if wc.b4 is invoked by a driver program, wc.exe:

C>wc <chapl.txt

Similarly, the standard output stream (stdout) written by functions
like putc and printf is normally the screen. Standard output is
redirected using the ‘>’ symbol. A program called cat.b4 which
concatenated the contents of all the input filenames given as its
program arguments and wrote the result to the standard output
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stream could be used to concatenate the files a.txt, b.txt and
c.txt, writing the result to another file al13.txt as follows:

C>afserver -:b cat.b4 a.txt b.txt c.txt >all3.txt

Note that neither “>filename” nor “<filename” is considered to be
part of the program arguments; these special forms do not appear in
the argv array passed to a C main program.

Standard output may also be piped into an MS-DOS filter program
by writing the name of the filter after a vertical bar ‘|’, as shown
below.

C>afserver -:b cat.b4 a.txt b.txt | more

The DOS Reference Manual describes in detail what can be done
with filters. (The more program simply displays its input on the
screen, a page at a time).

3.5 Memory Use

The memory used by a C program is divided into four storage areas.

e Code storage is used to hold the executable instructions of the
program itself, together with some constant data and control
information.

e Static storage is used to hold static and external variables,
including variables declared at the global level.

e Stack storage(sometimes referred to as workspace) is used for
auto variables. The stack is also used for function calls and
passing parameters.

In addition, library functions use varying amounts of stack
space as working storage. The stack requirements of the math-
ematical functions are given in the Inmos TDS Compiler Imple-
mentation Manual[15] (Section 10, Parameters and workspace
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requirements) and are generally about 40 to 100 words. The
stack requirements of the floating-point arithmetic support li-
brary for the T4 are generally about 10 to 40 words. About
70 words of stack storage are permanently reserved for use by
the run-time library.

e Heap storage is used to hold all variables created by calls on
malloc, etc. It is also used internally by the run-time library
for I/O buffers, etc.

These four areas of storage are mapped onto two areas of physical
memory:

o On-chip memory. The T4 has 2KB of fast on-chip memory,
and the T8 has 4KB.

o Ezxternal memory. The Inmos B004 board has either 1IMB or
2MB of external memory.

Using the linker only, two methods of mapping the storage areas
onto physical memory are available: the default method, and the
alternative method. You can select the method you wish to use by
calling the afserver in different ways, which are discussed below. -

The configurers required for developing parallel programs give the
user more advanced methods for controlling the use of memory. See
section 5.8, and chapter 18.

3.5.1 Default Memory Mapping

Default memory mapping is used if the afserver program is called
as described in section 3.4 above. With this arrangement, the T4’s
on-chip memory, and the first 2KB of the T8’s on-chip memory, are
used for stack storage. Since on-chip memory is faster than exter-
nal memory, programs can run much faster with default memory
mapping. Obviously, you must be certain that the program’s stack
storage will fit in the available 2KB.
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If you are using a T8, default memory mapping provides an op-
portunity for further speed inprovements, since the remaining 2KB
of the T8’s on-chip memory is available for code storage. To take
advantage of this, you should place small, speed-critical subprograms
at the beginning of the link-list.

WARNING: A program which exceeds the amount of available stack
space will fail in unpredictable ways: it may hang, or it may simply
give wrong answers.

3.5.2 Alternative Memory Mapping

Unless you are sure your program’s stack data will fit into the 2KB
of available on-chip memory, you should use the alternative method
of memory mapping. This is done by calling the afserver like this:

C>afserver -:b myprog.b4 -:0 1

With the alternative method, the stack is placed in external memory,
and so is limited only by the amount of external memory available.
On the T4, on-chip RAM is not used at all. On the T8, although
the upper 2K of on-chip RAM is used for code as before, the rest of
it is unused.

The program will execute more slowly with this method, because
external memory is slower than on-chip memory.

Note that the afserver switch is typed as hyphen, colon, option
letter ‘o’, then a space, then the digit one.

3.5.3 Limit on Program Memory

The current version of the linker generates executable files which will
only run correctly on boards having IMB or 2MB of memory. To
get round this restriction, the Parallel C kit includes the mempatch
program which may be used to change executable files to run on
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boards which have different amounts of memory. See chapter 13 for
a discussion of mempatch.



Chapter 4

Introduction to
Parallel C

This chapter aims to help you become familiar with Parallel C and
its terminology. If you know occam, or if you have read a lot about
the transputer, then you will already be familiar with the ideas on
which Parallel C is based. If not, don’t worry; the ideas are quite
simple. They are explained in outline here, and again in more detail
in the chapters which follow.

4.1 Abstract Model

The treatment of parallel processing in transputer systems is based
on the idea of communicating sequential processes. In this model,
a computing system is a collection of concurrently active sequential
processes which can only communicate with each other over chan-
nels. A channel connects exactly one process to exactly one other
process. A channel can only carry messages in one direction: if
communication in both directions between two processes is required,
two channels must be used. Each process can have any number of
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input and output channels, but note that the channels in a system
are fixed; new channels cannot be created during its operation.

For example, a disk copy command built into a computer’s operating
system could be described as three concurrently executing processes:
two floppy disk controller processes and one process doing the copy-

ing.

copy

AN

disk 1 disk 2

This example shows an important property of channel communica-
tions: they are synchronised. A process wanting to send a message
over a channel is always forced to wait until the receiving process
reads the message. In our example, this means that even if at
some time the output floppy disk can’t keep up with the input, the
system will still work properly. This is because the copy process will
automatically be forced to wait if it tries to send a message before
the output disk process is ready to receive it. Sometimes it is useful
to allow a sending process to run ahead of a receiving one; in such
cases an explicit buffering process must be added to the system.

Note that because a process in this model is just a “black box”
connected to the outside world only by its channels, the actual im-
plementation of any individual process is not important. A process
could be a bit of hardware or a software module; in particular it
may also be another complex system, itself consisting of a number
of communicating processes.
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4.2 Hardware Realisation

The transputer was designed to be used as a component in concur-
rent systems of exactly the sort described in the previous section.
Each transputer processor has four Inmos links, to connect it with
other transputers. Each link has two channels, one in each direction.
These hardware channels behave exactly like the abstract channels
discussed above; they provide synchronised, unidirectional commu-
nication.

Arbitrary networks of transputers can be constructed simply by con-
necting their links together with ordinary wires, the only limitation
being that each processor cannot be directly connected to more than
four others.

At this level, a transputer can therefore be viewed as a single process
in a multi-transputer system. However, it is also possible for any
number of concurrent processes to be run on an individual trans-
puter. Any word in the transputer’s memory may be used as a
channel to connect one internal process to another. The address of
such a channel word is used to identify it to the transputer instruc-
tions (and Parallel C functions) which send or receive messages. The
contents of the word are used by the hardware to synchronise sending
and receiving processes.

From a program’s point of view, these internal channels and the
hardware link channels are identical. The same instructions (or
Parallel C functions) are used to send and receive messages on both.
Hardware link channels are identified by special fixed addresses. For
example, on a T414 the input channel of processor link 3 is always
at address 8000001C;6. Internal channels have addresses allocated
by software.

This equivalence of internal channels to hardware link channels
means it is possible to develop a parallel system on a single trans-
puter and then move some of its processes onto other transputers
without having to recompile any code.
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input —— output
ports task —— ports

Figure 4.1: a task viewed as a “black box”.

Each process executing on a transputer processor has a priority,
which can either be “urgent” or “not urgent”. The processor
automatically shares its available time between these processes.
A process can be descheduled either because it has performed an
operation (such as sending a message to another process) which
causes it to pause or, in the case of a “not urgent” process, because
it has been executing without interruption for a certain period of
time. The effect of this is that the CPU time-slices between the “not
urgent” processes, but “urgent” processes are not interrupted until
they cannot proceed because of a communication. For this reason,
“urgent” processes should be designed so that they do not perform
large amounts of computation, as they will “lock out” the less urgent
processes entirely.

4.3 Software Model

Parallel C is based on the same abstract model of communicating
sequential processes as the transputer hardware.

A complete application is viewed as a collection of one or more con-
currently executing tasks. Each task has its own region of memory
for code and data, a vector of input ports, and a vector of output
ports. The port vectors are passed to the task as arguments to its
main function. The code of a task is a single transputer image (.b4)
file generated by the ordinary linker, 1inkt.

Tasks can be treated as software “black boxes” connected together
via their ports, as shown in figure 4.1.
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#include <chan.h>
#include <ctype.h>

main(int argc, char sargv[], char senvpl],
CHAN #in_ports[], int ins, CHAN sout_ports[], int outs)
{

int c;

for (;;) {
chan_in_vord(&c, in_ports[0]);
if (c == -1) break; /* terminate task s/
chan_out_word( _toupper(c), out_ports[0] );
}
}

Figure 4.2: Complete example task with one input and one output
port.

For example, a very simple task might accept a stream of char values
on an input port, convert each character to upper case, and output
the resulting stream of characters on an output port. The C code
for this is shown in figure 4.2.

Tasks can be treated as atomic building blocks for parallel systems,
to be wired together rather like electronic components. Indeed, sev-
eral such basic building-block tasks are supplied with the compiler.

Each element in the input and output port vectors is of type “pointer
to channel word”, (CHAN *). Ports are bound to real channel ad-
dresses by configuration software external to the task itself; the
bindings can be changed without recompiling or relinking the task.
Extended C run-time library functions supplied with the compiler
allow C programs to send and receive messages over the channels
bound to a task’s ports.

The configuration software also provides ways of specifying which
software tasks are to be run on which hardware processors. Each
processor can support any number of tasks, limited only by available
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memory.

Tasks placed on the same processor can have any number of intercon-
necting channels. Tasks placed on different processors can only be
connected where physical wires connect the processors’ links. Each
logical connection between two tasks placed on different processors is
assigned exclusive use of one of the physical link channels connecting
the processors. The number of interconnections between tasks on
different processors is therefore limited by the number of hardware
links each one has. If more than four logical connections in each
direction are required between one transputer and its neighbours,
the designer of the system must provide explicit multiplexer tasks.

4.4 Simultaneous Input

All of the code of a task can be written in an ordinary sequential
language like C, except for one extra feature needed by languages
based on the communicating sequential processes idea. This extra
feature is a way of making a process wait until a message is received
on any one of a number of input channels. For example, the main
loop of a file server process would want to wait until a message was
available from any one of its “client” processes. It can’t read them
all sequentially because a message could come from any one of them,
in any order.

Parallel C provides a group of library functions, the alt package,
which solve this problem. These functions allow a program to wait
until any one of a selected group of channels becomes ready to com-
municate. The channel which becomes ready first is identified to the
calling program, which can then go on to read its message using one
of the same channel I/O functions used to send messages between
tasks.
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4.5 Parallel Execution Threads

Parallel C supports multi-threaded tasks. Tasks dynamically create
new execution threads by passing a pointer to a function and an
amount of stack space to a library function. The new execution
thread then starts executing the code of the pointed-to function
concurrently with the thread which created it. The new thread runs
in the same context as its creator; they share their static, extern
and heap memory areas. The only private storage available to the
new thread is its stack. The parent thread has no direct control over
its offspring, which continues to execute until it terminates itself by
returning from the function which was invoked, or by calling another
library function.

Parallel C’s threads resemble the execution threads of OS/2, the
“processes” of Modula-2, and the “coroutines” of some other lan-
guages. Each one has its own stack but shares the rest of its data
with all the other threads in the same task.

Semaphore functions in the run-time library can by used to prevent
threads which share data from interfering with each other. Alterna-
tively, internal channels declared as program variables can be used
to synchronize the threads’ operations and transmit data between
them by passing messages. Parallel C provides a CHAN data type
which can be used to declare channel variables.

Of course, like any other software construct, threads or coroutines
may be used in contexts other than those in which they are formally
necessary. Indeed, many problems in simulation, real-time control
and other areas map very well onto a multi-threaded algorithm,
although they do not strictly require to be executed in this way.

4.6 Configuring an Application

Once an application has been designed and written as a collection
of communicating tasks, how is it loaded into a physical network of
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transputers?

First, each individual task is built by compiling all its source files
with the C compiler and using the linker (1inkt) to combine the
resulting binary (.bin) files with the Paralle] C run-time library to
produce a task image (.b4) file.

Now a bootable application image file must be generated from the
component task (.b4) files. The program which does this is called
the configurer. It is driven by a user-supplied configuration file which
specifies:

e the hardware configuration (processors, and the wires connect-
ing them) on which the application is to be run;

e the names of the .b4 files containing the component tasks of
the application;

e the connections between the various tasks’ ports;

o the placement of particular tasks onto particular processors in
the physical network.

The output of the configurer is an application file which can
booted into the specified hardware network and run using the same
afserver program used for simple stand-alone programs.

4.7 Processor Farms

The tools described so far allow you to build applications which ex-
ecute on any transputer network the wiring of which can be specified
in advance in a configuration file. For many parallel computations
it is useful to be able to create applications which will automatically
configure themselves to run on any network of transputers. Such
applications will automatically run faster when more transputers are
added to a network, without recompilation or reconfiguration.
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Parallel C allows you to create applications like this, provided the
application can be implemented by a processor farm, and provided
that there is enough memory on each processor in the network to
support the required loading and message handling software.

In the processor farm technique, an application is coded as one mas-
ter task which breaks the job down into small, independent pieces
called work packets which are processed by any number of anony-
mous worker tasks. Work packets are automatically distributed
across an arbitrary network of transputers by routing software sup-
plied with the compiler. All of the worker tasks must run the same
code. Each worker simply accepts work packets, processes them, and
sends back result packets via the same routing software. A worker
task is just a simple sequential loop: read a packet; process it; send
back a result packet; repeat.

Provided a master task can be written for your application which
will split the job up into independent work packets which the worker
tasks can handle without communicating with other tasks, you can
use the flood-fill configurer to combine the code for the master and
worker tasks into a bootable application file which can be loaded
automatically into an arbitrary transputer network by the afserver
program.

Many computationally intensive applications can in fact be imple-
mented by processor farms, particularly graphics applications like
ray-tracing where different sections of the screen can be worked on
independently.
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Chapter 5

Developing Parallel
Programs

In this chapter we move on from looking at the general features of
Parallel C to explaining how some of the parallel programming tools
supplied with the compiler are used in practice. The general-purpose
configurer is described here along with the extended run-time library
functions for sending messages over channels and creating new exe-
cution threads. Processor farm applications are covered in the next
chapter.

We have actually already encountered an interesting example of
a parallel system: even a simple sequential program running on
a transputer board plugged into a PC runs in parallel with the
afserver program on the host computer, as shown below.

pPC Boo4

1 }

user

af- filter prog.

server
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The afserver task is an ordinary MS-DOS executable (.exe) file
that runs on the PC. It loads executable .b4 files into the transputer
and also acts as a file server, handling I/O requests made by the
transputer. The afserver and the transputer execute in parallel and
communicate via an Inmos link. The messages sent to the afserver
are normally generated by the Parallel C run-time library. It converts
I/O operations like putchar and fprintf into messages requesting
the afserver to perform MS-DOS operations like write 512 bytes
and then waits for the afserver to reply.

In principle, the afserver task could be directly connected to the
user program. In practice, a filter task is interposed between them.
The filter runs in parallel with the afserver and the user task;
it simply passes on messages travelling in both directions. The
filter is required because sometimes the messages passed between
the user program and the afserver are only one byte long and the
revision A T414 chip cannot handle single-byte message transfers on
its hardware links. The filter pads out 1-byte messages to 2 bytes to
avoid this problem.

5.1 Configuring One User Task

Up to now a standard “harness”, t4harn.bin, has been linked in
with all user programs. The harness contains system initialisation
code, the filter, and a call to the user program. There is no need
to describe the standard system configuration (afserver, filter and
one user task) to the harness; the configuration is assumed.

Using the standard harness is simple but inflexible. We need a way
to produce executable files for more complicated system configura-
tions containing many tasks and many transputers. The configurer
program supplied with the compiler can do this; a simpler harness
(known as the “task harness”) can then be used.

The configurer is driven by a user-written configuration file which
describes the system to be built: the file lists all the physical proces-
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! UPPER.CFG

]
processor host 'the PC
processor root !the transputer in the B004
vire jumper - fconnects...
root[0] - !link 0 of root transputer
host [0] 'to the PC bus
task upper ins=2 outs=2 ‘the user task

task filter ins=2 outs=2 data=10k
task afserver ins=1 outs=1

place afserver host ‘!afserver rums on PC
place upper root ‘everything else on transputer
place filter root

connect ? filter[0] afserver[0]
connect 7 atserver[0] filter[0]

? filter[1] upperl[1]

? upper[1] filter[1]

connect
connect

Figure 5.1: Configuration File with One Example Task

sors in the system, the wires connecting them, the tasks to be loaded
into the system and their logical interconnections. The complete
configuration file needed for a single transputer system with one task
(i.e., the same configuration that is built into the standard harness)
is shown in figure 5.1. In the rest of this section we will look at its
contents in detail.

The example program we have chosen just converts a stream of char-
acters read from stdin to upper case. The C source file, upper.c
is shown in figure 5.2 (the corresponding configuration file is called
upper.cfg). Note that the examples discussed here are not the same
as the files with the same names supplied in the distribution kit.
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#include <stdio.h>
#include <ctype.h>

main()
{
int c;
while ((c = getchar()) != EOF)
putchar ( toupper(c) );
}

Figure 5.2: C Source File for Upper Casing Program, upper.c

5.1.1 Hardware Configuration

The first thing the configuration needs to describe is the hardware
configuration. A single B004 board plugged into a PC is very easy
to describe.

processor host
processor root
vire jumper host[0] root[0]

There are two processors: the host PC and the root transputer in the
B004. The root transputer is so called because if a larger network is
built around a basic B004 system, the transputer directly connected
to the PC becomes the root of the network—all communication with
the file system on the PC must pass through it.

A wire connects the root transputer’s link 0 to the host processor.
The WIRE statement describes actual physical cables, in this case
the little jumper you have to plug into the back of a B004 board
which connects link 0 on the transputer to the PC bus. Each wire
is given a name, in this case jumper. Objects declared in the con-
figuration language can have arbitrary names made up of letters,
digits and the special characters ‘_’ and ‘$’, but are usually given
mnemonic names.

The processor identifiers (host and root) used in a WIRE statement
must have been declared in a previous PROCESSOR statement.
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This is a general rule: all objects in the configuration language
(processors, wires, tasks) must be declared before they are used.

Now compare the short example above with the full configuration
file in figure 5.1. You will notice a few differences in layout. Blank
lines, spaces and tabs have been used to improve readability, and
comments (from a ‘!’ character to the end of the line) have been
added. Some lines have been broken, indicated by a hyphen, ‘-’, as
the last non-whitespace character before a line break (or comment).
Layout and comments are ignored by the configurer. Note that,
unlike C, the configurer also ignores the case of letters: ‘a’ and ‘A’
are not distinguished.

5.1.2 Software Configuration

As well as describing the hardware of a system, the configuration file
must contain details of all its software tasks and their interconnec-
tions.

5.1.2.1 Declaring Tasks

For each concurrently executing task in the system the configuration
file must contain a TASK statement which declares the number of in-
put and output ports the task has. The afserver has only one input
port (for file system requests) and one output port for responses.

task afserver ins=1 outs=1

Our example user task is next. It will be a program to convert
characters to upper case, so it is given the name upper.

task upper ins=2 outs=2

As before, the ins and outs attributes specify the number of input
and output ports for the task. The upper task has two of each, num-
bered from 0 as in C, and called upper [0] and upper[1]. Whether
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a port specifier like upper [0] refers to an input or an output port is
determined by the context in which it is used.

The ordinary Parallel C run-time library, with which the upper task
will be linked, makes the assumption that the first two input and
output ports of a task will be reserved for its use. The first pair
of ports (numbered 0) have uses which will not be described here;
they should simply be left unconnected. The second pair of ports
(numbered 1) are assumed to be connected to a file server task. Here,
we will connect the upper task to the afserver through a filter task.

The filter task has a slightly more complicated declaration:

task filter ins=2 outs=2 data=10k

The DATA attribute specifies the amount of memory a task needs.
The filter task requires a minimum of 10KB of workspace. For
ready-made tasks supplied with the compiler, like filter, memory
requirements can be looked up in the data sheets in chapter 20.

A user task like upper for which no memory requirement is specified
gets all the free memory remaining once any other tasks placed on
that processor are loaded. Only one task on each processor can have
its memory requirements left unspecified in this way. The configurer
would otherwise have to decide how to split the remaining memory
between several tasks with unspecified requirements. Because an
even split is unlikely to be desirable in practice, this is not allowed.
Section 5.8 below gives hints on estimating memory requirements in
cases where multiple user-written tasks must be placed on the same
processor.

5.1.2.2 Assigning Tasks to Processors

The placement of tasks on processors is specified by the PLACE
statement. In our example, the afserver runs on the host PC and
the user task (upper) runs on the root transputer with the filter task.

place afserver host
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place upper root
place filter root

5.1.2.3 Making Connections between Tasks

The CONNECT statement establishes a channel between two tasks,
by connecting an output port to an input port. Because chan-
nels (unlike wires) are unidirectional, two CONNECT statements
are needed to create channels going in both directions between the
afserver and the filter.

connect ? filter[0] afserver[0]
connect ? afserver[0] filter[0]

The CONNECT keyword can be followed by an identifier naming the
connection, but all the configuration statements which declare new
identifiers allow a question mark to be used in place of the identifier
being declared. This is useful when there is no need to refer to an
object after it has been declared. Currently there is no statement
which can refer to the identifier declared by a CONNECT state-
ment, so the question marks avoid the bother of naming essentially
anonymous connections.

After the identifier (or question mark) we code first the output port,
and then the input port. Thus, the first CONNECT statement in
the example above makes a channel from filter’s output port 0 to
afserver’s input port 0.

The remaining connections in our example system are written down
in the same way:

connect 7 filter[1] upper[1]
connect 7 upper[1] filter[1]

5.1.3 Building the Application

Once a configuration file has been written all we have to do to execute
the application is compile the C source file upper.c, link the resulting
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object file with the C run-time library, and then run the configurer.

The example below shows what must be done to build an executable
file from the uppercasing example:

C>t4c upper

C>t4ctask upper

C>config upper.cfg upper.app
WARNING: no memory allocation specified for task upper:

assuming rest of processor’s memory

C>afserver -:b upper.app
case changer

CASE CHANGER

'/

c>

Two commands are new: t4ctask and config.

5.1.3.1 Linking for the Configurer

The ordinary batch file for linking C programs (t4clink) is not
suitable for linking a task because it links in the standard harness.
t4ctask.bat is a batch file supplied with the compiler which links
an object (.bin) file with the Parallel C run-time library and a
vestigial task harness containing neither the filter process nor any
system initialisation code. The example below shows two C source
files, main.c and subs.c, being compiled and then linked together
to form a T4 task called main.b4.

C>t4c main
C>t4c subs

C>t4ctask main subs

Like t4clink, the t4ctask batch file can handle up to nine object
files on the command line. If you need to link more files than this,
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you will need to use an indirect file, as described in section 3.3.2.
If you need to call the linker directly, as described in section 3.3.3,
you must link in the run-time library, crtl1t4.bin and the task har-
ness, taskharn.t4, by hand. Both can be found in the installation
directory, \tc2v2.

As usual, there are T8 versions of the batch file and the task harness.
They are called t8ctask and taskharn.t8.

Note: it is important to link all tasks which are to be used with the
configurer with the correct harness. If the wrong harness is used (for
ezample by accidentally using t4clink rather than t4ctask) then
the configured application will fail to operate correctly. It may fail to
ezecute, or it may simply give wrong answers.

5.1.3.2 Running the Configurer

The configurer is invoked by the config command. Two filenames
must be specified on the command line: first the configuration file,
then the name of the executable file to be output. For our case-
conversion example, the required config command line was:

C>config upper.cfg upper.app

The configurer does not supply default filename extensions, but .cfg
is conventional for configuration files.

File names for the task images which make up the application are
not supplied on the command line; the configurer derives them au-
tomatically by appending .b4 to the task identifiers given in the
configuration file. In our example, the configurer will search for task
image files called upper.b4 and filter.b4.

If a task image file is not found in the current directory, the configurer
will automatically search all of the directories on the MS-DOS search
path, so there is no need to make copies of ready-made tasks like
filter.b4 held in the same directory as the compiler (\tc2v2).
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The search path can be modified in the usual way by the MS-DOS
commands path and set.

This automatic mechanism for specifying task image file names can
be overridden by the FILE attribute of the configuration language’s
TASK statement, described in chapter 18.

Note that tasks placed on the host (PC) processor are not searched
for in this way to be included in the output application file. The
configurer does not attempt to load afserver.b4 into the PC from
the transputer! The afserver task must be declared and placed on
the host simply in order to give a name to the object with which the
filter task communicates over its port 0. However, afserver.exe
will always be running in the PC, ready to accept file I/O requests,
when a transputer application starts running, simply because the
afserver is used to load the application into the transputer. It is
therefore reasonable to regard it as part of the configuration.

The output from the configurer can be run directly using the
afserver:

C>afserver -:b upper.app

The actual hardware configuration of the transputer network at-
tached to your PC must match the declarations in the configuration
file. The memory requirements of configured tasks are specified in
the configuration file; the afserver options -:0 1 and ~:0 O are
ignored by configured applications.

5.2 More than One User Task

In the previous section we saw how an application consisting of a
single user task could be built using the configurer instead of the
standard harness.

From this base, we can move on to more complicated systems con-
taining multiple user tasks running in parallel.
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Let’s continue with the small case conversion example by splitting
the job performed by upper.c into two tasks: a driver task to handle
file I/O, and a processing task which accepts a stream of words
containing ASCII character code values on one of its input ports
and sends the corresponding upper case character codes to one of its
output ports.

This example is a bit contrived, but splitting a job up into an I/O
task and a number of concurrent computation tasks is commonplace.

5.2.1 Inter-Task Communication Functions

Coding the driver task in C is easy. Instead of using the toupper
function from <ctype.h> as before, it converts characters to upper
case by sending a message containing the ASCII character code to
the “computation” task and waiting for a reply message containing
the result.

C tasks send messages using the channel I/O functions described in
chapter 10. The chan package provides functions to send and receive
messages of any length. The driver task is shown in figure 5.3; it uses
chan_in_word and chan_out_word to handle word-sized messages.
A word is the same size as an int.

The driver source file, driver.c, is included as an example in the
distribution kit, along with the processing task, upc.c, and a suitable
configuration file, upc.cfg. These files can be found in the examples
subdirectory of the directory containing the compiler, \tc2v2.

The statement in driver.c which sends character codes to the pro-
cessing task is:

chan_out_word( c, out_ports[2] );

The word (int) value to be sent is passed as the first argument in
the function call.
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/*
*+ driver.c file I/0 for uppercasing example

74

#include <chan.h>
#include <stdio.h>

main(int argc, char sargv[], char senvp[],
CHAN sin_ports[], int ins, CHAN sout_ports[], int outs)

{
int c;
for (;;) {
¢ = getchar();
chan_out_vord( c, out_ports[2] );
if (c == EOF) break;
chan_in_word( &c, in_ports[2] );
putchar(c);
}
}

Figure 5.3: driver.c with Channel 1/O Calls

Beware when using the channel I/O functions that sending and re-
ceiving tasks must always agree on the size of messages. For example,
if a task sends a word value as a single 4-byte message, the receiving
task must read it as one 4-byte unit; it is not possible for the receiving
task to read four separate 1-byte messages. Trying to do so may
cause the transputer to lock up or behave unpredictably.

The second argument to chan_out_word identifies the output port
to which the message is to be sent. out_ports[2] corresponds to
output port 2 of the driver task. A CONNECT statement in the
application’s configuration file referring to driver[2] will specify
which task the port is connected to. In our case, it will be the
processing task to be described later.

out_ports is a vector of pointers to channels, passed into the task
via the argument list of its C main function. This vector is declared
as:
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CHAN sout_portsi];

CHAN is the channel data type defined in the library header file
<chan.h> which is included by C files which use the channel 1/O
functions. Each port (i.e., each element in the vector) has type
“pointer to channel”.

The number of output ports in the vector is defined by the OUTS
attribute of the TASK statement used to declare the task in the
configuration file. Our driver task has outs=3, so there are three
elements in its output port vector, numbered 0 to 2.

The value of OUTS is passed into the task as an argument to main
along with the port vector. It is declared (int outs) in driver.c
but not used. It can be used to write tasks which handle an arbitrary
number of ports, like the multiplexer task described later on in this
chapter.

The main function’s argument list also provides access to the input
port vector in a similar way. In the driver example, the input port
vector is given the name in_ports and will have ins elements.

The driver task will keep reading characters from the standard input
stream (getchar), sending them to the processing task and writing
the reply messages (the translated characters) to the standard output
stream until EOF is read.

The next thing to look at is the processing task. It is logically a

“black box” with one input port and one output port:

processing
task

stream of word- .
size messages — upc o same stream in

(ASCII codes) upper case

A Parallel C implementation of this task is shown in figure 5.4.
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/*
*s upc.c stand-alone processing task;
** communicates with driver.c

*/

#include <chan.h>
#include <ctype.h>
ginclude <stdio.h>

main(int argc, char #argv(], char senvp[l,
CHAN sin_ports[], int ins, CHAN sout_ports[], int outs)

{

int c;

for (;;) {
chan_in_word(&c, in_ports[0]);
if (c == EOF) break; /+ terminate task #/
chan_out_vord( toupper(c), out_ports[0] );
}
}

Figure 5.4: The Processing Task

The processing task uses the same channel I/O functions as the driver
to send and receive messages. It terminates when it receives a —1
from the driver. (The character codes are sent as words rather than
bytes because in this implementation of C, char variables can only
hold values in the range 0 to 255; —1 is not a valid char value).

Extending the configuration file for our first, single-task, example
(see figure 5.1) to handle two tasks is easy. We just change references
to the old upper task to driver, and add the following extra configu-
ration statements to describe the processing task and its connections.

task upc ins=1 outs=1 data=5k
place upc root

connect ? driver[2] upcl0]
connect ? upc[0] driver[2]

This says that the new task upc has one input port, one output port,
and requires 5KB of memory (section 5.8 gives hints on estimating
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task memory requirements). The upc task is placed on the root
transputer, and its ports are connected to the corresponding ports
of the driver task.

5.3 Building Multi-Task Systems

We will run into a problem when trying to compile and link the
components of the dual-task system.

The ordinary C run-time library expects to send messages to the
afserver on output port 1 and receive replies on input port 1. This
is true even if your C program does not explicitly use any standard
I/0 functions like printf—the library will still try to open the stan-
dard input and output streams, and read the command-line string
from the host machine in order to initialize argc and argv.

This means that even though it does no C I/0, the upc task will
still attempt to communicate with the afserver if it is linked with
the standard run-time library. However, the afserver is already
connected to the driver task. The afserver task can’t simply be
shared between the driver and upc tasks, because that would require
connecting one port on the afserver task to two client ports. That
is not allowed—channels must always connect one port to exactly
one other port!.

This is not as restrictive as it seems, because a stand-alone version
of the C run-time library which does not need to communicate with
the afserver is supplied with the compiler. The stand-alone library
is just the same as the ordinary library except that all the functions
which require afserver support (I/O, date, DOS calls, etc.) have
been omitted.

A multi-task application is normally split up into an I/O task with
afserver support and one or more processing tasks which do not

YThere is, in fact, a method to allow tasks to share the afserver. It is
described in chapter 6.
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need ordinary C I/O because they use the channel I/O functions like
chan_in_word to communicate with the 1/0 task.

Our example application is already in the right form: all we need
to do is link the driver task with the standard run-time library and
link the processing task, upc, with the stand-alone library.

In practice this logical organisation of an I/0 task serving a number
of parallel computing tasks is commonplace anyway.

For embedded systems which do not need disk I/O support, is is
possible to link all of the component tasks with the stand-alone
library, producing a consequent reduction in code size due to the
absence of I/0 initialisation code from the stand-alone library.

If an application includes several tasks which need to write to the
screen using printf, or access disk files using fread, you will need
the global I/O facility described in chapter 6. Normally it is just
as simple to cast an application in the form of an I/O task serving
multiple “compute” tasks which only use the stand-alone library and
communicate by passing messages.

A batch file analogous to t4ctask is provided for linking an object
file with the stand-alone library. It is called t4cstask.bat; a T8
version (t8cstask) is also supplied. As usual, these batch files can
be used to link up to nine object files; if you need to drive the linker
yourself, the files to link with are sacrtlt4.bin and taskharn.t4
in the installation directory, \tc2v2, or their T8 equivalents. The
commands required to link and configure the upper case example for
a T4 are shown below.

C>t4c driver
C>t4ctask driver
C>t4c upc
C>t4cstask upc

C>config upc.cfg upc.app
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WARNING: no memory allocation specified for task driver:
assuming rest of processor’s memory

C>afserver -:b upc.app
xyz123
XYZ123

pPqr
PQR
“Z

You can try this out for yourself by making a copy of the relevant
files, which are supplied in the directory \tc2v2\examples, together
with the batch files upct4.bat and upct8.bat, for building the
application.

5.4 Multi-Transputer Systems

If you have followed the examples this far, the generalisation from
a multi-task system running on a single transputer to a full multi-
transputer system will be fairly obvious. All that is required is a
change to the configuration file to describe the extra hardware and
place some tasks onto processors other than the root transputer.

We could run the case conversion example on a two-transputer sys-
tem with the driver task on the root transputer and the upc task on
the other transputer. The extra hardware must be declared in the
configuration file:

processor addon
wire root[1] addon[0]

This gives a name (addon) to the second processor and declares that
it will be connected by a wire from its link 0 to link 1 on the root
transputer. (Link 0 on the root transputer is already being used to
connect it to the host computer).

If we reconfigured the application at this stage, the addon processor
would be unused because the upc and driver tasks are both placed
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on the root transputer. We can fix this by modifying the PLACE
statement for upc.

place upc addon

Now the configurer will automatically generate all the bootstrap and
loader software required to make sure that the code of the upc task
is loaded into the second transputer when the complete application
is started on the root transputer by the afserver.

When interpreting a CONNECT statement, the configurer makes a
direct channel connection between the ports, if the two tasks are in
the same processor. Now they are on different processors, the chan-
nel will use the external links, and will be mapped by the configurer
onto the external connection as specified in the WIRE statement.

C>config upc.cfg upc.app
WARNING: no memory allocation specified for task driver:
assuming rest of processor’s memory

C>afserver -:b upc.app
tvo transputers...

TWO TRANSPUTERS...

~Z

Further generalisation to an arbitrary system should be clear: just
declare more processors and wires in the configuration file, place
tasks on the processors and connect them together.

5.5 Simultaneous Input

One thing we have not yet seen how to do is to wait for a message
from any one of a number of concurrently executing tasks. For
example, a multiplexer task which accepted messages on any of an
arbitrary number of input ports and passed them on through a single
output port would be a useful building block. It might be used to
allow a number of tasks to share a single hardware link.
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input
ports

o output
port

mux

A task connected to the output port of the mux task sees a sequential
stream of messages, even though they are coming from any number
of input tasks, in any order.

To implement the muz task we will need a way of reading from
a number of input ports “all at the same time” so that the first
message to appear on any of them “wins” and satisfies the read
request, blocking any other messages which appear until the next
read request.

The alt functions supplied with Parallel C provide this facility. The
alt package is more fully described in chapter 10; the interfaces
to the individual functions are described in the alphabetical list of
functions in chapter 11.

Here, we give the flavour of these functions by showing a Parallel C
implementation of the multiplexer task which uses the alt_wait_vec
function to wait for a message to arrive from any element of an array
of (pointers to) channels. The multiplexer task’s input port vector is
Jjust such an array of pointers to channels, so it can be passed directly
to alt_wait_vec along with a count of the number of elements in
the array.

alt_wait_vec waits for a message to arrive on any of the channels
pointed to by the array, in this case any of the multiplexer task’s
input ports. It then returns the index in the array of the channel on
which the message was received. If more than one message arrives
at the same time, the system will choose which one to handle first.
If no message ever arrives, the function will never return.

Once alt_wait_vec has determined the channel on which a message
is incoming, the rest of the mux task is quite straightforward. First,
read the message from that channel into a buffer, then echo the
message to the single output port. In the example, the messages
consist of a fixed length (four byte) header giving the size of a
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/* altmux.c: message multiplexer using ’alt’ package ¢/

8include <alt.h>
ginclude <chan.h>

main(int argc, char sargv[], char ¢envp([],
CHAN sin_ports[], int ins, CHAN sout_ports[], int outs)

{
char buf[1024]; /+ message buffer */
int i; /¢ input port on which message received */
int msglen; /* number of bytes in message ¢/

for (;;) { /% read messages forever */

/* wait till next message received on any input port ¢/
i = alt_wait_vec(ins, in_ports);

/% read the message from that port */
chan_in_word(&msglen, in_ports[i]);
chan_in_message(msglen, &buf([0], in_ports[i]);
/¢ ...and copy it to the single output port ¢/

chan_out_word(msglen, out_ports[0]);
chan_out_message(msglen, &buf[0], out_ports[0]);

Figure 5.5: Multiplexer Task Using alt Package

trailing variable-length part. Only one message buffer is required
no matter how many input ports are connected to the multiplexer
task. Messages arriving on any other channels are blocked while the
multiplexer deals with the current message.

Figure 5.5 shows the code of the multiplexer task.

5.6 Multi-Threaded Tasks

5.6.1 Creating Threads

The alt functions allow a limited amount of parallelism or non-
determinism to be introduced into a sequential task. Parallel C also
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allows tasks to be fully multi-threaded. This means that a task
can contain any number of concurrent processes each of which is
independently executing the code of the task. All the threads in a
task share the same static, extern and heap data. The threads can
still operate independently because each one is given its own stack
for auto variables. New threads are created dynamically by calling
the library function thread_create. All of the library functions
discussed in this section are described more fully in chapters 10
and 11.

If multiple threads in a task are operating on shared data, say a
buffer held in static storage or on the heap, they must synchronize
their access to this data. Threads can synchronize their operations
using either channels or semaphores.

A channel can be used to synchronize two threads by includeing the
header <chan.h> and then declaring a static, extern or heap vari-
able of type CHAN. If this channel is initialized using the chan_init
function, a pointer to it can be used to specify the channel to be
read or written by any of the channel I/O functions.

Remember that each channel can only be used to transmit data in
one direction between exactly two threads. You cannot use a channel
to transmit data in both directions (you must use two channels) and
you cannot allow more than one thread to be waiting for input from
the same channel.

Figure 5.6 shows a task which creates just two threads, a producer
thread which generates a sequence of word-sized messages and a
consumer thread which processes them. The messages are transmit-
ted across an internal channel, chan. The channel transmits the data,
and also ensures synchronization: the consumer cannot proceed once
it has called chan_in_word until the producer sends a message over
chan. Similarly, if the consumer thread is busy when the producer
attempts to send a message, it will be blocked until the consumer
comes to read its next message.

There are several points to note about this example.
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#include <thread.h>
#include <chan.h>
#include <par.h>

8define STACKSIZE 1024
CHAN chan, consumer_finished;

void producer() /¢ generate 10 values ¢/
{
int i;
for (i=0; i < 10; i++)
chan_out_word(i, &chan);

}

void consumer() /¢ processes 10 values ¢/
{
int i, val;
for (i=0; i < 10; i++) {
chan_in_vord(&val, &chan);
par_printf("%d\n", 2e¢val);
}
chan_out_word(1, &consumer_finished);
}

main()
{
int dummy;

chan_init (kconsumer_finished);
chan_init(&chan); /¢ BEFORE starting the threads! */

thread_create(producer, STACKSIZE, 0);
thread_create(consumer, STACKSIZE, 0);

/* wait for all threads to terminate */
chan_in_vord (&dummy, &consumer_finished);

/* before exiting »/

Figure 5.6: Synchronization by Internal Channels
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First, any channels to be used to synchronize the operations of mul-
tiple threads should be declared and initialized before those threads
are created.

Second, it is a bad idea for the main function of a task to return
while any threads it has created are still active if, as in this case, one
of the threads may use C standard 1/0. If this happens, the main
function may exit, causing the run-time library to shut down the I/0
system and close all open files before some thread which needs to do
I/O has finished. To forestall this possibility, an extra channel has
been added in the example from the consumer thread back to the
original main thread. It is used purely for synchronization. When the
consumer thread is about to terminate, it sends a dummy message
over this channel. The main thread waits for this message before
returning.

Finally, note the use of par_printf in place of printf in the
consumer thread. If multiple threads are active in a task, and more
than one thread may need to call the run-time library, then their calls
must be interlocked using a semaphore. The par package provides
ready-interlocked versions of some common functions like printf.
The interlock is not actually necessary in this case, since no other
thread will be attempting to use the run-time library at the same
time, but it is as well to be aware of the problem.

Semaphores may also be used to interlock user threads. To illustrate
the use of semaphores we have recoded the multiplexer example pre-
sented previously to use multiple threads interlocked by a semaphore
in place of the alt functions.

A new execution thread is created for each input port. Each thread
does a simple sequential read and waits for a message. As soon as
one thread receives a message it waits until a semaphore indicates
the output port is free. It needs to wait in case one of the other
threads is currently using it. Using a semaphore prevents disaster if
two threads each try to write to a shared object like the output port
at the same time.
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Figure 5.7 shows the semaphore version of the multiplexer task in
Parallel C. This implementation shares one message buffer area be-
tween all its threads as well as sharing the output port. All of a
task’s threads share the same static, extern and heap data. Each
thread has its own stack for auto variables, so each thread in the
example has its own msglen variable. The stack space for a thread is
created automatically (from the heap) by the thread_create func-
tion. Any number of input threads can have read the length part of
their incoming messages, but the buf _free semaphore ensures that
only one is using buf and out_ports[0] at any time.

If you haven’t used semaphores or a similar method for controlling
concurrent access to shared objects before, you should read a good
introduction to the subject, such as [7,8]. It is possible to introduce
difficult-to-trace errors into a program if threads forget to synchro-
nize access to a shared object by waiting for a semaphore.

5.6.2 Threads versus Tasks

Threads can be useful in many situations. They are just “light-
weight” processes, corresponding to processes in Modula-2 or the
coroutines of some other languages.

Compared with tasks, threads are:

o “lightweight”—they share their code, heap, static and external
data memory with all the other threads created by the same
task; ‘

e they can share data and may communicate either via shared
memory or by using channels like tasks;

e all the threads of a single task run on the same processor,
allowing them to share memory.

Tasks on the other hand are more substantial than threads:
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/% mux.c:

<chan.bh>
<thread.h>
<sema.h>

#include
#include
#include

char buf[1024];
SENMA buf_fres;
CHAN esin_p, esout_p;

main(int argc, char sargv(], char *envpl],

message multiplexer task */

/*

/e
/e
/e

61

required header files */

controls access to buf */
global pointers to ¢/
port vectors ¢/

CHAN #in_ports[], int ins, CHAN eout_ports[], int outs)

{
extern void receive(int);
int i;

sema_init( &buf_free, 1 );

in_p = in_ports;
out_p = out_ports;

for (i=0; i < ins; i++)
thread_create( receive,
50+sizeof(int),
11
i);

}

/*

/»
/*

/e
/»
/*
/s
/e

buffer is initially free */

make in_ports & out_ports »/
globally available */

one thread per imput port %/
function ¢/

workspace size in bytes */

1 argument ¢/

tell thread which port #/

handle a single input port =/

i = port to service */

each thread has its own msglen %/
avait message from input port */
wait till no one else using buf s/
read body of message into */

the shared global buffer s/

/¢ copy message to out_ports[0] =/

let someone else in again */

void receive(int i) /e
/e
{
int msglen; /e
for (;;) { /* forever... s/
chan_in_vord(&msglen, in_p[il); /»
sema_wait (&buf_free); /*
chan_in_message( msglen, /e
sburfo], /*
in_p[i] ); /# from our port s/
chan_out_word(msglen, out_p[0]);
chan_out_message(msglen, &buf[0], out_p[0]);
sema_signal (&buf_free); /s
}
}

Figure 5.7: Multiplexer Task Using Semaphores
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they only communicate via channels;

each task has its own code and data areas, separate from all
other tasks; code, including run-time library functions, is not
shared between tasks, even tasks placed on the same processor;
this is so that

a task can be moved to a different processor simply by recon-
figuration.

Two operations to be performed concurrently can be usefully per-
formed by threads rather than tasks if all of the following conditions

hold.

e They will never need to be run on distinct processors.

e The operations are closely coupled, i.e., they share a lot of

common code. Code is automatically shared between threads,
but each task has its own copy of all of its code, including
library functions, so that if necessary it can later be moved to
a different processor without requiring recompilation or relink-

ing.

The operations logically operate on shared data structures.
This may be more efficiently performed directly by concur-
rent threads than by tasks copying the data back and forth as
messages when it is modified.

5.7 Debugging

This section contains some hints on debugging parallel programs
for users who have not purchased Tbug, 3L’s interactive debugger
product. Tbhug allows examination of source program variables and
provides source level breakpointing and single-stepping within multi-
threaded, multi-tasking Parallel C applications. This simplifies fault-
finding.
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If you do not have Thug, what can be done when a parallel system
locks up or fails to work properly? A sequential program could be
attacked by inserting extra debugging output statements at strategic
points in the code.

In a multi-task system this will in general only be easy to do to
an I/0 server task linked with the standard library and directly
connected to the afserver. Unless you design debugging messages
into the communication protocol used between the various tasks in
your system you will not be able to get debugging output from
a stand-alone task to a screen driving task. Even building debug
message formats into the protocols used by the tasks in your system
may not be enough if the fault lies in the failure of some intermediate
task to transmit messages correctly.

However, it is possible to get output directly from a stand-alone task
to an output device by using a second host computer and transputer
board combination as a debugging tool. The second system can be
attached to a suspect node of the system, in the same way as an
oscilloscope can be used to debug an electronic system.

One way of doing this is to relink the suspect task with the standard
run-time library (rather than the stand-alone library) and place it
on the transputer attached to the second host computer. Ordinary
printf calls can then be inserted in the code; the results will be
output directly by the afserver in the second PC and displayed on
its screen. The configuration statements required would be like this:

processor host
processor root

vire 7 root[0] host[0] ‘as before
processor extra_ PC type=PC
processor extra_B004 'plugged into extra_PC

task extra_afserver ins=1 outs=1
wire 7 extra_B004[0] extra_PC[0]
wvire ? extra_B004[1] root[1]

place extra_afserver extra_PC
place suspect_task extra_B004
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connect 7 suspect_task[1] extra_afserver[0]
connect 7 extra_afserver[0] suspect_task[1]

The main thing to notice here is the type=PC attribute given to
the extra_PC processor. This tells the configurer not to try and
bootstrap any tasks into that processor. (The host processor is
just a special case for which type=PC is assumed). To make this
configuration work, you must start the afserver on the extra PC
using the afserver command without the -:b option before starting
the system under test. If no -:b option is present on the command
line, the afserver does not attempt to bootstrap the network it is
attached to; it will simply accept file I/O request messages over its
links.

It is also possible to use this debugging technique if you don’t have
another host and transputer board combination but do have another
PC with an Inmos link adapter card. Relink the suspect task with
the full run-time library rather than the stand-alone library, then re-
configure the system with input and output ports 1 of the task being
debugged connected to the PC with the link adapter, as follows:

processor second_PC type=pc
task second_afserver ins=1 outs=1
place second_afserver second_PC

processor any_processor ‘of network being debugged
vire any_processor[3] second_PC[0]

task suspect_task ins=2 outs=2 !connect [1]’s to afserver
place suspect_task any_processor

connect ? suspect_task[1] second_afserver[0]

connect 7 second_afserver[0] suspect_task[1]

This technique has two advantages: it only requires an extra PC and
link adapter card, rather than an extra PC and transputer board,
and there is no need to change the placement of the suspect task.

A third technique uses the three spare links on a transputer board
plugged into the extra PC to accept debugging messages from up
to four separate tasks anywhere in the network being debugged and
multiplex them onto its PC screen.
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5.8 Estimating Memory Requirements

Section 3.5 has already discussed the various categories of data stor-
age. As noted there, the data requirement for a task is the sum of
the number of bytes required for static, stack and heap storage in all
its modules.

The decode utility (see chapter 14) can be used to determine a
module’s static data requirement (including extern data). decode
displays the number of words (not bytes) of static data required by
a module near the top of the output listing it produces, after the
keyword STATIC. The whole task also has one word of static space
permanently allocated to each module.

Stack and heap requirements are more difficult to estimate; you must
decide how much space to leave for all the functions which may be
active at once, based on the sizes of individual data items. Each level
of function calling uses about five words of stack space in addition
to the space required for function data.

Heap storage is currently allocated by the run-time library in blocks
of 4KB, so if your task uses the heap be sure to allocate at least that
much space for it.

In addition to the amount of space you estimate your task actually
needs, it is a good idea to leave at least 1 or 2KB of extra overflow
space, unless you are absolutely sure the task will never require more
space than you have calculated.

Bear in mind that if a task exceeds its stated memory requirements
the whole system will probably crash, so err on the side of caution.
A good rule of thumb would be to allocate at least 1KB to simple
tasks which don’t use the heap, and 8-10KB for tasks which do use
the heap. Note that the C standard 1/O functions (such as fprintf
or printf) implicitly use the heap to allocate bufler space.

Il the stack space required by a task is small enough it can be
allocated from the transputer’s on-chip RAM. The space available
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there is 2KB on a T414, 4KB on a T800. Placing a computationally
intensive task’s stack in fast on-chip RAM can produce dramatic
speed improvements. The configuration language contains various
attributes for the TASK statement which allow control over memory
layout. These more advanced topics are covered in chapter 18.
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Global Input/Output

In the last chapter, we looked at how to build configured applications
with more than one user task, whether running on one or more
transputers. In this chapter, we shall see how to arrange for all
these tasks to use the input/output functions and other facilities
which need the support of the afserver program.

6.1 One Transputer

We saw in section 5.3 that only one task can communicate with the
afserver, and that this task was the only one to be linked with
the full C run-time library. All the other tasks were linked with the
stand-alone library, and this precluded them from doing 1/0, DOS
calls and so on. Figure 6.1 shows, for example, a simple two-task
application, and figure 6.2 shows the corresponding configuration
file.

The problem is that the server only has one possible connection to
one filter task, and the filter task has only one possible connection
to a user task. We can get round this problem by placing a special
multiplexer task between the user tasks and the filter tasks. This
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host : afserver

root

[

i ) :
filter :

I

useri 2 2 user2 H

Figure 6.1: Two-task Application

Chapter 6

multiplexer task is included with the Parallel C kit, and is called
filemux; a task data sheet for it can be found in chapter 20.

Figure 6.3 shows this arrangement. The configuration file is un-
changed, except that the following statements, which connected
user1 to the filter are removed:

connect ? filter[1] useri[1]
connect ? useri[1] filter[1]

and instead we have the following:

task filemux ins=3 outs=3 data=6.5K
place filemux root

connect
connect
connect
connect
connect
connect

?

e
?
?
?
?

filter[1] filemux[0]
filemux[0] filter([1]
filemux[1] useri[1]
useri[1] filemux[1]
filemux[2] user2[1]
user2[1] filemux[2]
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processor host
processor root
wire ? root[0] host[0]

task afserver ins=1 outs=1

task filter ins=2 outs=2 data=10K
task userl ins=3 outs=3 data=50K
task user2 ins=3 outs=3 data=50Kk
place afserver host

place filter root

place userl root

place user2 root

connect ? filter[0] afserver[0]
connect ? afserver([0] filter[0]
connect 7 filter[1] useri[1]
connect 7 user1[1] filter[1]
connect ? user1[2] user2[2]
connect ? user2[2] useri[2]

Figure 6.2: Two-task Application

Now it is filemux which is connected to the filter, and the two user
tasks each have their number 1 port pairs connected to a filemux
port pair. Each user task should be linked with the full run-time
library using t4ctask or t8ctask, and each task can behave as if it
has sole use of the afserver. The multiplexer arranges for all the
messages from the user tasks to be transported to the afserver on
the host, and transports the replies back to the correct user task.

You can arrange for the multiplexer to handle more tasks. Each must
have its port pair 1 connected to a multiplexer port pair, starting
at number 1 and going upwards with no gaps. For example, if the
multiplexer is supporting 9 tasks, they must be connected to port
pairs 1 to 9. The amount of memory which the multiplexer uses is
no more than (6 + 0.257)K bytes, where n is the number of tasks
supported. So in the case of 9 supported tasks, the TASK statement
should read:

task filemux ins=10 outs=10 data=8.25K

The multiplexer adjusts its own activities to support all the tasks
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Figure 6.3: Two-task Application with Global 1/0

which are connected in this way.

6.2 More than One Transputer

A task does not have to be on the same transputer as the multiplexer
which supports it. Provided the necessary wires exist, it can be on an
adjacent transputer. Figure 6.4 shows how this would be arranged,

and figure 6.5 is the corresponding configuration file.

Each WIRE statement corresponds to a hardware link between two
transputers, and supports two CONNECT statements, one in each
direction. This means that the connections between filemux and one
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supported task on a neighbouring transputer will use up one WIRE
statement, that is, one hardware link. This implies two restrictions:

e If you have a task on a neighbouring transputer supported by
a multiplexer on this one, and you also want user tasks on the
two transputers to be connected, you will need two hardware
links between the two transputers.

e As a transputer has only four hardware links, the number of
tasks on neighbouring transputers which can be supported is
limited.

6.3 More than One Multiplexer

Fortunately, there is a way to improve on this situation. This can
be done by using more than one copy of the filemux task.

Up to now, the number 0 port pair of the multiplexer has always been
connected to the number 1 port pair of the filter task. However, it
is also possible to connect the number 0 port pair to another copy
of the multiplexer, which could be on another transputer. In this
way, copies of the multiplexer can be built up into a tree. Figure 6.6
shows how this could be done, and figure 6.7 shows the corresponding
configuration file.

Once again, a user task which is connected to the multiplexer, no
matter how deep into the tree it is, can use the server’s facilities as
if it were directly connected. The task’s server requests are passed
up the tree of multiplexer tasks until they reach the afserver, and
the response is similarly passed back to the correct user task.

6.4 Limits

The number of MS-DOS files and devices which the afserver can
handle at the same time is limited, currently to 20. This means that
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the network of tasks which are supported by filemux may not open
more than 20 files at any one time. This applies regardless of the
number of filemux tasks involved.

Each C task which is linked with the full run-time library uses up
three of this allotment of 20, for stdin, stdout and stderr. As a
result, the maximum number of tasks which can be supported by
the multiplexer network is currently 6.

6.5 Termination of an Application

When a task which is linked to the full run-time library terminates,
for example by returning from the main function or calling the exit
function, it sends to the afserver a server terminate request. This
causes the afserver to stop executing and return control to DOS.

Obviously, when a number of tasks are using the server, this cannot
be allowed to happen. Accordingly, filemux does not pass on a
server terminate request until all the the tasks it supports have tried
to send one.

The effect of this is that the afserver does not terminate until it
has been asked to do so by every task in the application which is
supported by filemux. It is not enough for a task to go into a loop,
or to be waiting for input; if this happens, the application as a whole
will not terminate. Every task must terminate properly.
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host afserver
H 0

.............................

0
filter

1:1

root ! filemux

2 user2 two

Figure 6.4: Task on Neighbouring Transputer
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processor host
processor root
processor two
vire ? root[0] host[0]
vire ? root[1] two[0]
vire ? root[2] two[1]

task afserver ins=1 outs=i

task filter ins=2 outs=2 data=10K

task filemux ins=3 outs=3 data=6656

task userl ins=3 outs=3 data=b50K

task user2 ins=3 outs=3 data=50K

place afserver host

place filter root

place filemux root '
place userl root

place user2 two

connect 7 filter[0] afserver[0]

connect ? afserver[0] filter[0]
connect ? filter[1] filemux[0]
connect ? filemux[0] filter([1]
connect ? filemux[1] useri1[1]
connect ? useri[1] filemux[1]
connect ? filemux[2] user2[1]
connect 7 user2[1] filemux[2]
connect ? useri[2] user2[2]
connect ? user2[2] user1[2]

Figure 6.5: Task on Neighbouring Transputer



Global Input/Output

75

host afserver
H 0 H
H 0
filter
: 1
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: °
root filemux
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filemux
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wo i 1 I 11
1 1 1
user3 user4 userb

Figure 6.6: Networking Multiplexers
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processor host
processor root
processor two
vire 7 root[0] host[0]
vire ? root[1] two[0]

task afserver ins=1 outs=1

task filter ins=2 outs=2 data=10K

task mux] file=filemux ins=4 outs=4 data=6912
task mux2 file=filemux ins=4 outs=4 data=6912
task userl ins=2 outs=2 data=50K

task user?2 ins=2 outs=2 data=50K

task user3 ins=2 outs=2 data=50K

task user4 ins=2 outs=2 data=50K

task user5 ins=2 outs=2 data=50K

place afserver host

place filter root

place muxi root

place mux2 two

place useri root

place user2 root

place user3 two

place user4 two

place user5 two

connect 7 filter[0] afserver[0]

connect ? afserver[0] filter[0]
connect ? filter[1] mux1[0]
connect ? mux1[0] filter[1]
connect ? muxi[1] useri[1]
connect ? useri[1] muxi[1]
connect 7 muxi[3] user2[i]
connect 7 user2[1] muxi[3]
connect 7 mux1[2] mux2[0]
connect 7 mux2[0] mux1[2]
connect 7 mux2[1] user3(i]
connect 7 user3[1] mux2[1]
connect ? mux2[2] user4[i]
connect ? user4[i] mux2[2]
connect ? mux2[3] user5[1]
connect ? user5[1] mux2[3]

Figure 6.7: Networking Multiplexers
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Processor Farms

The previous chapters showed how to create a parallel application
for a multi-transputer system with a fixed hardware configuration.
In this chapter we look at how to build one of the “processor farm”
applications mentioned in the Introduction to Parallel C in chapter 4
which will automatically flood-fill an arbitrary network of transput-
ers with copies of a “worker” task.

Three things must be written to create a processor farm application:

1. A master task to split up the job into independent work pack-
ets.

2. A worker task, which is automatically copied to each node of
the network.

3. A configuration file, describing the memory requirements and
other attributes of the tasks.

In this chapter we will use a program which displays pictures of the
now-famous “Mandelbrot Set” on an IBM PC-type host equipped
with a CGA-compatible display as an example processor farm appli-
cation.
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The full source code of the Mandlebrot master and worker tasks,
and of the configuration file required, is printed in appendix G.
These files are also supplied in machine-readable form in the
\tc2v2\examples directory, along with a batch files (mandelt4.bat
and mandelt8.bat) to compile, link and configure the example files
into an executable application. Section 7.5 at the end of this chapter
explains how to run the demonstration if you want to try it out before
reading further.

The Mandelbrot program is suitable for running on a processor farm
because each part of the final picture can be computed independently
of all the others.

The master task has to split the job up into lots of small units
which can be handled independently by the “farm workers”. In the
Mandelbrot case this is easy: the master divides up the screen area
into 100 small squares, and sends the coordinates of the individual
squares out into the network as work packets. Any idle worker
receiving a packet calculates the required graphics display bitmap
for that part of the picture and sends it back as a result packet.

Both the master and worker task make use of a package of functions
(the “net” functions) which provide a procedural interface to the
underlying message-based software which routes work packets from
the master to free worker tasks and carries result packets back again.
The net_send and net_receive functions used by the master and
worker tasks must be declared by including the appropriate header
file:

#include <net.h>

The net_send and net_receive functions are described in detail in
the reference part of this manual, starting on page 290.



Processor Farms 79

7.1 The Worker Task

If you look at the code of the Mandelbrot worker task you will see
that it is purely sequential. It consists of a single loop:

1. Get a work packet by calling net_receive. The work packet
identifies the individual square of the display which is to be
computed.

2. Work out the graphics display for that square in the counts
array member of the result packet structure r.

3. Send the result packet back to the master task by calling
net_send.

4. Go back to step 1.

The worker task does not care which processor it is executed on and
must not communicate explicitly with other tasks. All communica-
tion between workers and master is handled “behind the scenes” by
net_send and net_receive.

The only other restriction on the worker task is that because it
must be replicated throughout the network and therefore cannot
be directly connected to the afserver it must be linked with the
stand-alone run-time library.

7.2 The Master Task

The master task of a processor farm application has three basic
functions.

1. Split up the job into work packets. It sends the work packets
out into the farm of worker tasks by calling net_send. The
master simply does this as fast as it can: whenever the network
of worker tasks becomes saturated, net_send is automatically
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blocked until a worker task becomes idle. Because the routing
software is buffered, the network can hold a number of packets
waiting to be processed; this ensures that processors are idle
for a short a time as possible. Consequently, the network will
not be saturated until all the workers are working, and all the
buffers are full.

2. Receive result packets from the network by calling net_receive.
If no result packets are available, net_receive will wait for one
to arrive before returning.

3. Perform any I/O required by the worker tasks.

To prevent incoming result packets being blocked by the net_send
function waiting for a worker to become free, or conversely the send-
ing of work packets being blocked by net_receive waiting for a
reply, these functions must be performed in parallel.

In the example implementation of the Mandelbrot program these
functions are performed by three parallel execution threads: send,
receive and main, which are synchronized using semaphores.

7.3 The net Package

Descriptions of the functions in the net package may be found in
chapter 11.

The administration of a processor farm is under the control of a
task called frouter (see chapter 20). Each node in a processor farm
contains a copy of this task; all the copies, and the master and worker
tasks, are connected together by the flood-filling configurer (see sec-
tion 7.4 below). This network of frouter tasks can be regarded by
the programmer as a single entity, whose job it is to ensure that
messages arrive at their correct destinations.
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7.3.1 Functions net_send and net_receive

The function net_send is used to send a message to the network,
and net_receive is used to receive one from the network.

Messages sent to the network by the master task (using net_send)
are routed to an idle worker task, if necessary passing through more
than one node in order to reach one. At each level of re-direction,
the messages are buffered. Only if all the worker tasks are busy, and
all the buffering is full, will a call on net_send by the master task
have to wait.

Messages sent to the network by worker tasks are routed back to the
master task, once again passing through more than one transputer
if necessary.

There is a limit on the size of a buffer that can be submitted to
net_send; the constant NET_MAX_PACKET_LENGTH is defined in the
package file to have this value (currently 1024). If the message you
wish to send is longer than this, it must be broken into a number
of packets. The last packet of the message should be sent with the
complete parameter of net_send set to the value 1; this should also
be done if there is only one packet in the message. All the other
packets should be sent with complete set to the value 0. When
a packet is received, net_receive sets its complete parameter to
the value used when the packet was sent. The network will ensure
that a sequence of packets will arrive in the right order, but it is
the receiving task’s responsibility to fit the sequence of packets back
together again.

It is best, however, to design the application to use messages which
are smaller than 1024 bytes, as long packets can clog up the network
and block packets being delivered to other nodes.
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7.3.2 The net_broadcast function

Sometimes you may wish to start a run of your processor farm appli-
cation by initialising all the worker tasks with the same set of data.
These could be parameters obtained from the user, for example, or
data tables which vary from run to run. This can be done using
net_broadcast.

The net_broadcast function should only be used by the master
task. Each call results in a copy of the broadcast message being sent
to every worker task in the processor farm. The broadcast message
can be received by the worker tasks by using net_receive in the
normal way. The most usual time to do a broadcast would be at
the beginning of the run, but a message can be broadcast whenever
the network is idle; that is, when all the work packets sent out by
the master task have been answered by the worker tasks by sending
a result packet. However, as there is no method to tell a broadcast
message from a normal work packet, it is up to the programmer to
ensure that the worker tasks never get confused.

A broadcast message can be any length. If necessary, net_broadcast
will break it up into packets for transmission through the network. In
this case, the worker tasks will have to call net_receive more than
once to receive it, checking the complete parameter as described
above.

Note that net_broadcast is the only reliable method to send an
identical message to every worker task. Repeatedly calling net_send
is unlikely to work.

7.4 Building the Application

Once the master and worker tasks have been compiled, the master
should be linked with the standard run-time library (t4ctask or
t8ctask); the worker task must be linked with the stand-alone run-
time library (t4cstask or t8cstask).
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The executable file containing the code of these tasks along with the
extra software to flood-fill a transputer network with copies of the
worker task is generated by the flood-fill configurer, fconfig.

7.4.1 Configuration File

Like the fixed-network configurer, fconfig requires a configuration
file as input. This must specify at least:

o the filename of the master task;
e the filename of the worker task;

e the memory requirements of the worker task.

The configuration language accepted by fconfig is a subset of that
accepted by config.

The minimum configuration file for the Mandelbrot example would
be:

task master
task worker data=10k

fconfig would search for the master task in master.b4, and for
the worker task in worker.b4. These file names can be over-ridden
using the FILE attribute of the TASK statement, as shown below,
but the task identifiers master and worker are special: you must use
these names to identify the master and worker tasks to the flood-
configurer.

If the alternative configuration file below were used, the config-
urer would expect to find the tasks in files called mandelm.b4 and
mandelw.b4.

task master file=mandelnm
task vorker file=mandelw data=10k



84 Chapter 7

The DATA size specification is required for at least one of the tasks.
Other attributes governing placement of stack memory in on-chip
RAM and so on are covered in the reference part of this manual.

It is not required (and indeed not possible) to specify INS or OUTS
attributes for the master and worker tasks in their configuration
TASK statements: all the ports and connections required are gener-
ated automatically by the flood-configurer.

To run the flood-configurer by hand, use a command of the form:

fconfig configuration-file ezecutable-file

For example:

C>fconfig mandel.cfg mandel.app

The executable file generated by the flood-configurer will place the
master task and one copy of the worker task on the root transputer,
and distribute copies of the worker task to any other transputers
connected to the root. A filter task allowing the master task to
communicate with the afserver is automatically added by fconfig,
along with the loader and router tasks required to copy the workers
across the network and carry messages between them and the master
task.

This additional software occupies about 20KB of RAM in the current
version of Parallel C, so each node in our example network must have
at least 32KB of RAM to support the 10KB worker task declared in
the configuration file along with a router and loader. The root node
must be larger again in order to support the master and filter tasks
as well.

7.5 Running the Example

The kit includes batch files which will automatically compile, link
and configure the the Mandelbrot example.
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To run the program from a temporary directory on a network of T8s,
you can use the following commands:

C>cd \

C>mkdir temp

C>cd temp

C>copy \tc2v2\examples\s.*

C>mandelt8

To run on a network of T4s, you should use the command mandelt4
instead of mandelt8. Each of these batch files results in an appli-
cation file (called fmandel.b4) which can be run in any network
consisting only of the appropriate type of transputer. Section 7.6
below describes how to flood-configure applications to run on a net-
work containing a mixture of T4 and T8 processors.

The executable file can be loaded and run in the normal way:

C>afserver -:b fmandel.b4

When it starts, the Mandelbrot program reminds you that it needs
an IBM PC compatible host machine with CGA graphics to work
properly, then prompts you to enter several numeric parameter val-
ues on the keyboard.

Some suitable test values are:

Input X coordinate: -2
Input Y coordinate: -1.25
Input Y range: 2.5
Threshold 1: 5

Threshold 2: 20

Threshold 3: 50

Once the display is complete, the host system’s bell will be rung. Hit
Enter, and the first prompt will reappear. You can then experiment
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with other sets of parameter values. A more interesting set of values
is: —0.25, 0.8, 0.25, 10, 20, 50.

Use Ctrl-C when you want to stop the program.

Once you have the program working, you can make it run faster
simply by plugging more transputers into the network and rebooting
the program.

The batch files mandelt4.bat and mandelt8.bat also result in an-
other file, mandel.b4. This is a statically configured application
including a master task and one worker, which are both placed on
the root transputer.

7.6 Heterogeneous Networks

A flood-filled application compiled for the T4 and configured using
the simple master and worker forms of task declaration may work
on a mixed network of T4 and T8 processors if it uses only integer
operations. This approach will not in general work for an application
which uses floating-point operations, because of the incompatibilities
between the T4 and T8 instruction sets.

Mixed networks of T4 and T8 processors are properly handled by an
extension to the configuration file, like this:

task t4master file=mandelm4

task t8master file=mandelm8

task t4vorker file=mandelw4 data=10k

task t8vorker file=mandelw8 data=10k opt=stack

Separate tasks must be compiled and linked for T4 and T8 proces-
sors; the Parallel C software ensures that the right task images are
loaded into the right processors.

Again the names t4master, t8master, t4worker and t8worker are
special, but the file names derived from them can be over-ridden by
the FILE attribute, as above.
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Note that it is possible to specify different memory optimisation
options (e.g., opt=stack above) for the T4 and T8 variants of a
task. This is useful because the T4 and T8 have different amounts
of on-chip RAM.

If a t4master task is declared, a corresponding t8master task must
also be declared, and similarly for the worker task.

At present, T425 processors cannot be included in heterogeneous
flood-filled networks.
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Chapter 8

Developing T2 Programs

This chapter shows you how to use the Parallel C compiler to develop
programs for 16-bit transputers, hereafter referred to as T2 trans-
puters. Many of the features of the compiler are the same whether
you are compiling for T2, T4 or T8 transputers.

The preceding chapters describe working with T4 and T8 transputers
in detail. This chapter will concentrate on the differences you will see
between T2 transputers and the other variants. For the convenience
of T2 users, appropriate information drawn from chapters 9, 10, 11
and 12 is also be presented here.

8.1 Compiling

T2 support

A C source program is compiled into a binary object (.bin) file of
T2 transputer instructions by a command of the form:

t2c source-file
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Note that code compiled for a T2 will not run on 32-bit transputers
(and vice versa) so you must use the command appropriate for the
type of processor you have in mind.

The source-file is the filename of the C source program which is to
be compiled. If no filename extension is given in the command, .c
is added automatically.

So, to compile the file hello.c for the T2, you would give the
command:

C>t2c hello

If the source file contains no errors, an output file hello.bin is
produced. If the compiler detects errors in the source program, it
writes diagnostic messages to the MS-DOS standard output stream.

8.2 The Compiler in T2 Mode

8.2.1 Language Restrictions

This section should be read in conjunction with section 9.1.

The compiler-imposes a number of restrictions on the sorts of pro-
gram it can handle when generating instructions for T2 transputers.

e There is no support for floating-point quantities. This means
that you cannot declare variables of type float or double.
Similarly, you cannot use floating-point constants.

e The only sizes of integer variable you can use are int (signed
or unsigned), short, and char. int and short will give you a
16-bit integer which will have an even address. char will give
you an 8-bit unsigned integer.

e Any integer expressions which are evaluated while the program
is being ccoripiled (for example, values used for conditional
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compilation with #if) will be evaluated to 32-bit accuracy.
This can give different answers from the evaluation of simi-
lar expressions during program execution. For example, the
_condition on the following #if statement is true:

#if (0x8000 << 1) >> 1 == 0x8000

However, note the effect of the following expressions when the
program runs on a T2 transputer:

int x,y,z;
x = 0x8000;
y = x<<1; /* y will get the value 0 #/
z = P> 1; /* z will get the value 0 */

o Integer constants to be used during program execution will be
evaluated to 32-bit accuracy and the least significant 16 bits
will be used. A warning will be issued if the most significant
16 bits of the 32-bit representation are not all the same. This
means that, for example, if you write the constant 0x12345 in
a program, the compiler will generate a warning message and
use the value 0x2345 instead.

e If you use the keyword long in a declaration, the compiler will
ignore it and warn you of this fact.

8.2.2 Pre-defined Macros

When compiling for T2 transputers, the following macros will be
automatically defined with the value ‘1’:

.transputer
_3L
_IMST2

The following macros will be undefined, as they are used to indicate
that a T4 or T8 compilation is being performed:

_IMST4
_IMST8
_IMST8A
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See also section 9.5.

8.2.3 Data-type Representations

A full discussion of data-type representations for all processors may
be found in section 9.8.

8.2.3.1 Integral Data Types

On the T2, a byte is 8 bits and a word is 16 bits (2 bytes). The
C integral (i.e., integer or character) data types are represented as
follows:

Type Bits | Bytes | Minimum | Maximum
char 8 1 0 255
signed char 8 1 -128 127
int 16 2 -32768 32767
unsigned int 16 2 0 65535
short int 16 2 -32768 32767
unsigned short int 16 2 0 65535

The long data types are not supported.

8.2.3.2 Pointer Types

All pointer types (i.e., types of the form “pointer to z”) are repre-
sented by a single word (2 bytes, 16 bits) whose value is the address
of the object pointed to.

8.2.3.3 Floating Types

Floating types are not supported on the T2.
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8.2.4 Compiler Error Messages

The following special messages may be output when the compiler is
working on a T2 program.

e no support for "double" types
e no support for "float" types
e no support for "long" types

e Warning: integer constant truncated to 16 bits at line
number

8.3 Linking T2 Tasks

Once a C program has been compiled into an object (.bin) file, it
must be linked with any external functions it requires before it can
be run. This operation is performed by the linker, 1inkt.

Standard functions are provided in sacrtlt2.bin, the T2 stand-
alone run-time library. A single batch file is provided to link together
as many as nine object files with this library to produce an executable
(position-dependent) program.

To link a single T2 object file produced with the t2¢ compiler use
the command:

t2clink object-file

This is equivalent to the command:

linkt/m64k object-file sacrtlt2

To link multiple T2 object files use the command:

t2clink object-filel object-file2 ...

For example:
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C>t2clink main bits pieces

The t2clink batch file assumes that the target T2 processor has
64KB of read-write memory. If this is not the case with your pro-
cessor, you must add appropriate switches to the command line, as
described below.

8.4 Linker Support for the T2

The linker is described in full in chapter 12. This section covers only
those facilities provided to support the T2 processors.

8.4.1 Linker Command Switches

The following command-line switches are only for use when linking
code for T2 processors:

/Msize define size of read-write memory area (including on-chip

memory)
/Asize  define size of stack area
/FC optimise code area
/FA optimise stack (automatic) area
/FS optimise static data area
/FH optimise heap area

/Rsize define size of read-only memory area

When you give the size of an area you can specify it either in bytes
(e.g., 4096) or in kilobytes (e.g., 4K).

8.4.1.1 Switch /Msize

This switch gives the total number of bytes of read-write memory
available to the program. The memory will be used to hold the static
data, heap and stack for the running program. In addition, it will
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hold the executable code of the program unless the code is to be held
in read-only memory.

You must give a /M switch when linking for T2 systems unless you
intend to control the linker’s memory allocation by means of modified
/F switches.

The batch file t2clink provides a default value of 64K for this switch
(/M64K) but you may override this default with another /M switch of
your own, e.g.,

C>t2clink main bits pieces/m24k

If more than one /M switch appears on a command line, only the last
will have any effect.

The linker will give a warning if you specify less than 2048 bytes
(the size of the on-chip RAM) or more than 65536 bytes of read-
write memory.

8.4.1.2 Switch /Asize

This switch controls the number of bytes of read-write memory to
be used for the stack (“automatic” storage in C terminology). The
linker will give a warning if you specify less than 128 bytes of stack.
Memory for the stack is taken from the read-write memory remaining
after the code and static data areas have been allocated.

If you do not specify this switch then the whole of the remaining
memory will be used for a combined heap and stack area. The stack
will grow towards the heap from the more positive end of the area
while the heap will grow towards the stack from the more negative
end of the area.

If you do give a /A switch, the given amount of memory will be
allocated to the stack and the whole of the remaining memory will
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be used for the heap. In this case the stack and heap areas will be
considered distinct and will not interact.

8.4.1.3 Switches /FC, /FA, /FS, and /FH

These switches are used to control the order in which the various
areas of the program are loaded into the available memory: /FC for
code, /FA for the stack (automatic) area, /FS for static data, and
/FH for the heap.

The linker will usually construct an executable image by laying out
the various areas (code, static data, heap, and stack) in memory,
starting at the most negative address usable—in the fast, on-chip
memory. Consequently the parts of the image which are placed first
will benefit from the speed of this memory.

The /F switches give you control over the order in which the areas
will be laid out. Any area mentioned in a /F switch will be considered
a candidate for “optimisation”—you can think of the ‘F’ as standing
for “fast”. For example, the switches /FC/FS indicate that the code
and static data areas are to be optimised. The order in which you
give the /F switches is of no significance.

The linker will lay out all of the optimised areas before it lays out any
non-optimised areas. The order in which areas (optimised or not)
are laid out depends on the presence or absence of the /A switch.

If you do not specify the /A switch, then the stack and heap areas
will be combined, as described above. In this case the linker will lay
out the areas in the order: code, static data, and then the combined
stack and heap.

If you do specify the /A switch, then the stack and heap areas will
remain distinct, and the linker will lay out the areas in the order:
stack, code, static data, and then heap.
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The following pictures should clarify this procedure. Note that in
these pictures addresses grow more positive towards the right hand
side.

more negative more positive
-—
memory addresses memory addresses

C>linkt prog

F)ode1 Static Data—LHeap+Stackj

C>linkt prog/fs

| Static Data ICodelHeap+StMr|

C>linkt prog/a8k

B.ack b)ode L Static Data | Hem

C>linkt prog/a8k/fc

LCode—I Stacl?litatic Data ] Heap—l

C>linkt prog/a8k/fs/fa

LStack I Static Data I CodeT Heap—l

The system described is designed to allow the most common require-
ments to be specified simply.

8.4.1.4 Modified /F Switches

The /F switches may be modified so that instead of simply marking
areas for optimisation they explicitly specify the memory locations
to be used.
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To modify the switches you append an address and size specification
of the form start : size, where start is the address for the start (small-
est address) of the area and size is the size of the area in bytes.
If start or size begin with a ‘8’ character they will be interpreted
as hexadecimal, otherwise they will be interpreted as decimal. All
values of start and size must be even. Note that the start address
of the stack area is not the initial value for Wptr; that value will be
start + size. For example:

C>linkt x y z /£c#1000:80 /fh#2000:82000 /£a#8000:4096 /£80:8

The linker will check that these areas do not overlap and issue an
error message if they do. Similarly, the linker will issue an error
message if either the code area or the static data area is too small
for the linked image. The total size of the static data area for a task
will be:

modules

2 x modules + Z static;

i=1
There are several implications of modifying /F switches in this way:

1. If you specify one modified /F switch then you must specify
and modify all four. The only exception to this rule is when
you are linking for ROM (described later);

2. There will be no automatic optimisation or memory allocation.
Memory allocation is fully under your control;

3. The stack and heap areas will be considered separate, even
though they may be adjacent. This means that while the
program is running the heap will never extend into the stack
area.

8.4.1.5 Switch /Rsize

The /R switch instructs the linker to generate an image suitable for
burning into ROM. The image size will be exactly the number of
bytes specified in the /R switch.
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When a ROM program starts execution, it copies its static data from
the ROM into read-write memory.

The code may either be left in the ROM or copied into the read-write
memory. This is controlled by the /FC switch. If no /FC switch is
specified then the code will be executed from the ROM. If /FC is
specified (modified or not) then the code will be copied into the
read-write memory before being executed.

Note that when linking for ROM with modified /F switches you may
omit the modified /FC switch if you wish the code to be executed
from ROM. Of course, you should make sure that none of the areas
overlaps any ROM addresses.

8.4.2 The Bootstrap

Programs are loaded into T2 systems by a special piece of code called
the “bootstrap”. This code needs to use about 160 bytes of read-
write memory while it is loading your program. The linker will
automatically arrange for the bootstrap to use part of the memory
that eventually will be used for your stack area or heap area. You
will get a fatal error from the linker if it finds that neither of these
areas is large enough for the bootstrap, so you should ensure that
one or other of them is at least 160 bytes in size.

8.5 The Run-Time Library

The T2 is supported only by a stand-alone run-time library,
sacrtlt2.bin. This contains a subset of the functions described
in chapters 10 and 11.

As we noted above, a word on the T2 is 16 bits (2 bytes). This means
that functions such as chan_in_word will only transfer 2 bytes of
data.
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The following sections list the functions that are defined in the spec-
ified header files. Discussions of each of the various modules of the
run-time library may be found in chapter 10, and each individual
function is described in chapter 11, which is arranged alphabetically
by function name.

8.5.1 Functions Defined in alt.h

alt_nowait

alt_wait_vec

alt_nowait_vec alt_wait

8.5.2 Functions Defined in chan.h

chan_in_byte

chan_in_message_t

chan_init

chan_out_message
chan_out_word_t

chan_in_byte_t chan_in_message
chan_in_word chan_in_word_t
chan_out_byte chan_out_byte_t

chan_out_message_t chan_out_word
chan_reset

8.5.3 Functions Defined in chanio.h

-inmess
_outword

-outbyte

-outmess

8.5.4 Functions Defined in ctype.h

isalnum
iscntrl
islower
isspace
tolower

isalpha
isdigit
isprint
isupper
toupper

isascii
isgraph
ispunct
isxdigit
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8.5.5 Functions Defined in locale.h

localeconv setlocale

8.5.6 Functions Defined in par.h

par_free par_malloc

8.5.7 Functions Defined in sema.h

sema_init sema_signal sema_signal_n
sema_test_wait sema_wait sema_wait_n

8.5.8 Functions Defined in setjmp.h

longjmp setjmp

8.5.9 Functions Defined in signal.h

raise signal

8.5.10 Functions Defined in stdlib.h

abs atexit atoi
bsearch calloc cfree
div exit free
malloc mblen mbstowcs
mbtowc gsort realloc

wcstombs wctomb
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8.5.11 Functions Defined in string.h

memchr memcmp memcpy

memmove memset  strcat

strchr strcmp  strcpy

strcspn strlen  strncat
strncmp strncpy strpbrk
strrchr strspn  strstr

strtok

8.5.12 Functions Defined in thread.h

thread_create thread_deschedule thread_priority
thread_restart thread_start thread_stop

8.5.13 Functions Defined in timer.h

timer_after timer_delay timer_now
timer_wait

8.6 Running T2 Programs

Usually you would run T2 programs under the control of another
transputer (or completely stand-alone, e.g. from ROM). It is unlikely
that you would be able to run a T2 program directly from the server
running in the host.

There are two ways in which the T2 shown in figure 8.1 can be loaded.
The first, and preferred, method is to use the general configurer and
the second method is to use a small program on the T8 to pass
the code through to the T2. These methods are described in the
following sections.
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HOST

T8 2 o T2

Figure 8.1: Example Network with T2
8.6.1 Using the Configurer to Boot a T2

The use of the general configurer, config, is discussed in chapter 5.
Details of the configuration language, and more about the function-
ing of the configurer may be found in chapter 18.

The configurer can be used to boot a processor at the edge of a
network with code from a specified file. Processors using this mecha-
nism are declared in the configuration file using the BOOT attribute,
which is described in more detail in section 18.2.6.1.

The configuration file should describe the main network of T4 and T8
transputers. The T2 processor should be declared using the BOOT
attribute to specify the file which contains the code for the T2.

The wire between the T2 and the main network should be declared.

The task in the main network which will communicate with the T2
task should have its ports bound to the appropriate link addresses.
You must use the actual hardware link addresses to do this.

For example, the main network in figure 8.1 consists of a single T8
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so the configuration file could be as follows:

! Example of configuring with T2
processor host

. processor root ! T8
processor P001 BOOT="t2code.b4" ' T2
wire ? host[0] root[0] ! connect PC to network

wire ? root[2] P001[0]

! Task declarations

task afserver ins=1 outs=1

task filter ins=2 outs=2 data=10K
task monitor ins=3 outs=3

! Assign softvare tasks to physical processors
place afserver host

place filter root

place monitor root

! Set up the connections between the tasks.
connect 7 afserver[0] filter[0]
connect ? filter[0] afserver[0]

connect 7 filter[1] monitor[1]
connect 7 monitor([1] filter[1]

! bind ports to link to T2 processor
bind input monitor[2] value=£80000018 ! I/0 to T2
bind output monitor[2] value=280000008 ! over link 2

Here, monitor is a task compiled and linked for the T8 as described
in chapter 5. The monitor task would communicate with the task
on the T2 using its port pair 2. The T2 processor would be booted
with the code from the file t2code.b4.

8.6.2 Piping Code into a T2

It may be preferable to use a program on the T8 to pass the code
through to the target T2. This mechanism is only suitable when the
target T2 is connected directly to the root transputer.
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The program below shows how the T2 in figure 8.1 can be loaded
from the T8. It passes the code of the file named as a parameter to
output link 2 and then calls a function which the user would write
to communicate with the program in the T2.

#define TIMEOUT 31250 /% about 2 seconds s/

#include <stdio.h>

#include <chan.h>

main(int argc, char #argv[])

{

FILE »t2f;

int n, e;

char buffer([256];

if (arge '= 2) {
printf("T8: Wrong number of arguments\n"); return;

}

/%

s+ open the T2 image file

*/

if ( (t2f = fopen(argv[1], "rb") == NULL) {
printf("Cannot access %s\n", argv[i]); return;

}

/*

#+ boot the image down link 2

s/

vhile (n = fread(buffer, 1, sizeof(buffer), t2f)) {
if (‘chan_out_message_t(n, buffer, Link20utput, TIMEOUT)) {

printf ("Time-out while booting T2\n"); return;

}

}

/*

*s communicate with the T2

*/

User_Function();

}

This program would be compiled and linked for the T8 and then run
as follows:

C>afserver -:b progname.b4d codefile .b4d

Here, progname is the pipe program listed above and codefile is the
name of the file of code compiled and linked for T2 transputers.
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8.7 Parameters to Main

A T2 program will be invoked from the surrounding initialisation
code by a call to the function main. The call will pass in two chan-
nel pointer parameters boot_link_in and boot_link_out. These
parameters will contain respectively the addresses of the input link
from which the program was loaded and its corresponding output
link address.

void main(CHAN sboot_link_in, CHAN *boot_link_out)
{

}

If the T2 program has been loaded from ROM then both of these
parameters will have the value zero.

Note that the parameters passed to a T2 main function are quite
different from those passed to a T4 or T8 main function, as described
in section 9.2.



Introduction

Overview

The chapters which follow provide detailed reference material for use
with the Parallel C compiler. They are intended for use by readers
who have already covered the “Getting Started” and “Tutorial” parts
of the manual, and have run at least some of the examples described
there.

e The compiler itself is described in chapter 9. This includes
descriptions of the language accepted by the compiler, the
option switches used to operate it and a complete list of the
error messages it can produce.

o The discussion of the compiler’s associated run-time library is
divided into two chapters. An overview of the library, divided
into sections by function, is provided in chapter 10. A detailed
definition of every entry in the run-time library, arranged in
alphabetical order of name, follows in chapter 11.

e The utility programs provided with the compiler are described
in chapters 12 to 17.

e The configuration software takes up two chapters in this man-
ual. First, a general description of the configuration language
is given in chapter 18. This is followed by specific information
about the flood-fill configurer (chapter 19).
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e A number of “black box” task images are provided in the
distribution disk. Task “data sheets” are provided for these
in chapter 20.

Standard Syntactic Metalanguage

In a formal description of a computer language, it is often conveni-
ent to use a more precise language than English. This language-
description language is referred to as a metalanguage. The metalan-
guage which will be used in this manual is that specified by British
Standard 6154[9]. A tutorial introduction to the standard syntactic
metalanguage is available from the National Physical Laboratory[10].

The BS6154 standard syntactic metalanguage is similar in concept
to many other metalanguages, particularly those of the well-known
Backus-Naur family. It therefore suffices to give a very brief informal
description here of the main points of BS6154; for more detail, the
standard itself should be consulted.

1. Terminal strings of the language—those not built up by rules
of the language—are enclosed in quotation marks.

2. Non-terminal phrases are identified by names, which may con-
sist of several words.

3. A sequence of items may be built up by connecting the com-
ponents with commas.

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

6. Sequences which may be repeated zero or more times are en-
closed in braces (‘{’ and ‘}’).

- 7. Each phrase definition is built up using an equals sign to sep-
arate the two sides, and a semi-colon to terminate the right

hand side.
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C Compiler Reference

This chapter contains technical information about the way the C lan-
guage is implemented on the transputer. Note that the information
in this chapter applies only to the current version of the compiler; it
is not guaranteed that future versions of the compiler will behave in
the same way.

9.1 The C Language

The basis of the C language adopted by 3L for Parallel C is the one
given by Kernighan and Ritchie (the designers of the language) in
the first edition of The C Programming Language[l]. The definition
of C given in this book will be referred to as “K&R C”.

3L have also included in the compiler the most important features
of the American national standard for the C language, as defined
by ANS X3.159-1989[3]. We shall refer to this standard dialect as
“ANSI C”. ANSI C features which have been adopted by Parallel C
are discussed in section 9.1.1 below.

Although much of the power of C comes from the library functions for
input and output of data, string handling and so on supplied along
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with most compilers, K&R C does not define a set of functions which
all compilers must provide. For this reason, the library functions
provided with Parallel C (see chapter 10) are based on the ANSI
standard. These have been supplemented with functions to support
“special” transputer facilities, and a number of functions which pro-
vide compatibility with older versions of the run-time library, or with
run-time libraries on other systems.

In order to use Parallel C and make best use of this manual, we
recommend that you should have access to the information in the
first edition of The C Programming Language[l]. The second edition
of the book[2], which describes ANSI C, may also be useful.

The differences between Parallel C and K&R C are described here.

9.1.1 ANSI Features

The following ANSI C features are supported by Parallel C. The
section numbers in the text refer to sections of the ANSI standard[3].

9.1.1.1 Trigraph Sequences

The ANSI trigraph sequences, as described in ANSI 2.2.1.1, are
recognised by the compiler.

9.1.1.2 Escape Sequences

All the ANSI escape sequences are recognised by the compiler, in-
cluding hexadecimal escape sequences of the form \xdd; for example,
\xO0D.
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9.1.1.3 Translation Limits

The maximum length of a string literal is about 4 KB; see
ANSI 2.24.1.

9.1.1.4 Keywords

The following identifiers are reserved for use as keywords, and may
not be used otherwise:

asm double int typedef
auto else long union
break enum register unsigned
case extern return void
char float short volatile
const for sizeof while
continue fortran static

default goto struct

do if switch

Parallel C includes the ANSI C keywords const, enum, void and
volatile. The K&R keyword entry is not implemented. For the
uses of the asm keyword, see section 9.7. Although the fortran
keyword is recognised, it currently has no function in Parallel C.

9.1.1.5 Identifiers

Two identifiers are deemed by the compiler to be the same if their
first 255 characters match (K&R C says 8 characters). Any addi-
tional characters are ignored. For external linkage, only the first 31
characters of an identifier are significant. Case is significant, even
for external identifiers processed by the linker.

The ANSI standard allows compilers to restrict the number of sig-
nificant characters for external linkage to 6. For this reason, if C
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programs are to be portable to many different compilers, they should
only use external identifiers which are distinct in the first 6 characters
whether or not the distinction between upper and lower case letters
is ignored.

9.1.1.6 Types

All the ANSI-specified integral types are implemented. This includes
int, short, char and long with the signed and unsigned versions
of each. short variables are 16-bit objects; long variables are the
same size as int variables.

long double declarations are accepted; they are treated as double.
Enumeration (enum) data types are accepted.

The void data type is implemented.

9.1.1.7 Constants

The ANSI suffixes to floating constants (‘£’, ‘1, ‘F’, ‘L’) and to integer
constants (‘v’, ‘1, ‘U’, ‘L’) are accepted by the compiler, although
such suffixed constants are not at present treated differently from
unsuffixed ones.

Wide character constants (e.g., L’a’) and wide string literals (e.g.,
L"hello") are accepted, but are treated like the corresponding non-
wide elements.

Adjacent string literals are treated as a single literal. For example,
the following two statements have the same effect:

P = "Hello, world"”;
P = "Hello, "'"world";

Note, however, that although ANSI allows white space to occur
between the two literals, the compiler does not at present accept
this.
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9.1.1.8 Conversions

The compiler follows the ANSI standard by performing the “inte-
gral promotions” on integer-type values before they are used in an
expression. This means that if the whole range of values of the type
can be represented by an int it is converted into an int; otherwise
it is converted into an unsigned int.

Only after this has been done are the necessary conversions for eval-
uating the expression performed. In particular, if at this stage one
of the operands is an unsigned int and the other an int, the int
will be converted to unsigned int.

This will make a difference to the value of expressions only in a small
number of cases. For example,

unsigned char ¢ = 5;
int a, b = -1;
a=(c>b);

With K&R C, a is assigned the value 0 (false). Parallel C follows
ANSI C in assigning it the value 1 (true).

Full details of these conversions may be found in ANSI 3.2.1. Users
may also be interested in the corresponding section of the Rationale
for the standard, where this change is described as “the most serious
semantic change made by the Committee to a widespread current
practice”.

Note that the integral promotions treat unsigned short values dif-
ferently for the T2 and T4/T8; for the former, they become unsigned
int, and for the latter, int.

9.1.1.9 float expressions

Parallel C follows ANSI by performing floating-point arithmetic
which involves only float values in single precision. This differs
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from K&R C, which performs all floating-point arithmetic in double
precision by default.

It is important to note that at present Parallel C does not support
single-precision floating-point constants; all floating-point constants
are treated as double precision. Consequently, any floating-point
expression involving constants are evaluated in double precision.

If necessary, you can invoke the compiler with the /Gd switch, which
will make it use double-precision arithmetic as required by K&R.

9.1.1.10 Selecting Structure and Union Members

Parallel C follows ANSI in its treatment of the ‘.’ and “->” opera-
tors. The first operand of the ‘.’ operator must be of structure or
union type, and the first operand of “->” must be of type pointer
to structure or union. The second operand in both cases must be
member of the appropriate type; Parallel C treats as an error any
expression of the form a.b or p.b, where b does not appear in the

list of members of the structure type designated by a or p.

It is possible to select the members of a structure value, such as
the result of a function or the value of an assignment or conditional
expression. Expressions of the form z++->a are also allowed.

The descriptions of the ‘.’ and “->” operators in K&R sections 7.1
and 14.1 are both obsolete.

9.1.1.11 type name Syntax Relaxed

K&R gives the definition of the type name construct (used in casts
and for the sizeof operator) as:

type name =
type specifier, abstract declarator;
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This allows only one type specifier before the abstract declarator,
disallowing expressions like:

sizeof(long int)
(unsigned short) small

Multiple type specifiers like long int are allowed in this context by
ANSI C and by Parallel C.

9.1.1.12 Conditional Operator

Expressions of the form (x?a:b) where a and b are both structures
are accepted. The value of such an expression is of structure type,
which may be used, for example, in an assignment (see below). The
standard requires that the two structure operands are of the same

type.

Conditional expressions which have second and third operands of
type void are also allowed.

9.1.1.13 Assignment to Whole struct/union Variables

Parallel C follows ANSI in allowing the assignment operator ‘=’ to
be used to assign a value to a whole struct variable at once. The
value could be the value of another struct variable; or it could be
a struct value, such as the result of a struct function or the value
of another assignment expression or a conditional expression. The
value must be of the same struct type as the variable to which it is
being assigned. For example:

struct { int p, q; } x, y ;
x.p=3; x.q=17;
y = x; /* struct assignment %/

After this structure assignment, y.p has the value 3 and y.q has the
value 17.
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struct tag { int p, q; } ;

void clear(struct tag item)
{

item.p = 0; item.q = 0;
}

int example(void)
{
struct tag pair;

pair.p = 3; pair.q = 4;

clear(pair);
return( pair.p + pair.q );

Figure 9.1: Example of the use of struct arguments

Both assignments in the example below are incorrect because the
types of the operands for ‘=" do not match.

struct { int p, q; } x ;
struct { int a, b; } y ;

int i;
x = i; /#* one integer, one struct */
x=y; /* same size, but different types */

Function arguments may also be struct types (K&R C allows only
pointers to structs as arguments). struct arguments are declared
and used in the same way as any other type.

The result returned by the function example in figure 9.1 will be
7 because, like all other types of function arguments in C, struct
arguments are passed by value: clear cannot affect the contents of
the structure pair which is passed to it, since it works with a copy
of pair named item.
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9.1.1.14 Compound Assignment Operators

Assignment operators like “+=" are single tokens whose parts (‘+’
t1]

and ‘=’) may not be separated by white space. If “+ =" is written
instead of “+=", an error message will be printed by the compiler.

The anachronistic forms ‘=op’ for the assignment operators, as de-
scribed in section 17 of K&R C are considered illegal. We suggest,
all the same, that for portability reasons assignments should not be
specified using the notation x=-1; rather, the meaning should be
made clear by use of one of the following forms:

x -=1; /* meaning x = x - 1 %/
or x = -1; /* meaning x = (-1) */

9.1.1.15 Restrictions on struct Member Names Relaxed

In K&R C, the same member name may occur in different structures
only if the fields identified by the member name and all preceding
fields are the same. Parallel C follows ANSI in making no restric-
tions on the use of the same member name in different structures.
Programmers who wish to port their programs to other C compilers
should bear this in mind.

9.1.1.16 const and volatile

The ANSI type qualifier keywords const and volatile are accepted
by the compiler in the appropriate contexts. However, they have no
effect.

9.1.1.17 Function Declarators

ANSI-style functions declarators with parameter type lists are ac-
cepted by Parallel C. These allow the compiler to check that actual
and formal argument types match in function calls and definitions.
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Parallel C follows ANSI by permitting functions which return struc-
ture values.

9.1.1.18 Anachronistic Form of Initialisations

The anachronistic form int x 3; for an initialisation, which is de-
scribed in section 17 of K&R C, is not allowed in Parallel C.

The correct modern form of this initialised declaration int x 3;
would be int x = 3;

9.1.1.19 Selection and Iteration Statements

Parallel C allows expressions of type float and double to be used
as control expressions in if and while statements and as the second
expression of a for statement.

9.1.1.20 Preprocessing Directives

Preprocessor directives may be preceded on a line by white space,
and the initial ‘#’ character need not fall in the first column.

The #error preprocessor directive is supported. The syntax is:
#error lext

A compiler error message is displayed containing the specified tezt.

The #pragma preprocessor directive is accepted, although there are
currently no pragmas available to the user.
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9.1.1.21 Conditional Inclusion

The defined unary operator, as specified in section 3.8.1 of the ANSI
standard, is recognised by the preprocessor. For example:

#if defined(DEBUG)
printf ("loop value=¥d\n",i);
#endif

The #elif preprocessor directive is implemented.

9.1.1.22 Predefined Macro Names

Two of the predefined macros prescribed by ANSI are provided by
Parallel C.

--FILE__ expands to a character string literal which is the name of
the current source file.

--LINE__ expands to the line number of the current source line (a
decimal constant).

9.1.2 Special Features

The following Parallel C features follow neither K&R C nor ANSI C.

9.1.2.1 Use of sizeof in Array Declarations

Constant expressions used in an array declaration may not contain
the sizeof operator. This example is illegal:

char v [ sizeof(int) ]; /+ illegal example #/
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9.1.2.2 Dollar Sign in Identifiers

The dollar sign ‘$’ may appear in identifiers, The dollar sign is
treated as though it were a letter. The following are all acceptable
identifiers:

rate$
$_max9

9.1.3 System-dependent Features

Using the features described in this section may cause different effects
with different C compilers.

9.1.3.1 Plain char Type Unsigned

The plain char data type is unsigned in Parallel C. Programs which
assume that plain chars are signed may need to be modified.

9.1.3.2 All Bit Fields Unsigned

Parallel C requires that bit fields in structures are integers. The
class of integer (int, short, long etc.) is ignored: all bit fields are
taken to be of type unsigned int. Bit fields specifically defined as
signed int will be marked as errors.

This restriction is permitted by K&R C (section 8.5), although
ANSI C requires that signed integer bit fields are allowed.

9.1.3.3 >> Operator

The use of the >> operator results in a logical shift rather than an
arithmetic shift, that is, zeros are brought in at the most significant
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end of the operand rather than copies of the sign bit. As a result,
the value of the expression (-1)>>1 is TFFFFFFF ;¢ (LONG_MAX) and
nOtFFFFFFFFm(—I)

9.1.3.4 Register variables

The register storage class is ignored in Parallel C.

9.2 The C main Function

The C main program function has the following definition.
#include <chan.h>

main(int argc, char sargv[], char senvp[l,
CHAN #in_ports[], int ins, CHAN #out_ports[], int outs);

argc and argv are described in section 3.4.2.
envp is always NULL.

in and out are vectors of pointers to channels. inlen and outlen
are the number of elements in in and out respectively. The C pro-
gram can send and receive messages across these channels using the
channel I/O functions described in section 10.5.

If your program is linked with the stand-alone library, main has the
same arguments. However, no command-line arguments are passed
to the program, and as a result argc is always 1, argv[0] is always
" and argv[1] is always NULL.

9.3 Running the Compiler

The compiler is run by one of the commands t8c, t4c or t2c.

t8c generates object code for the T800 floating-point transputer.
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t4c generates object code for the T414 32-bit transputer.
t2c generates object code for the T212 16-bit transputer.

The command line used to invoke the compiler must specify a single
source file name. Wild cards are not allowed.

Option switches may optionally be given on the command line.
Option switches are introduced by the ‘/’ character; the available
switches are discussed in section 9.4 below.

If the source file is successfully compiled, a zero exit status code is
returned to DOS. If errors are detected, the compiler returns an
exit status code of 1. This feature can be used in DOS batch files to
check whether a compilation was successful.

The compiler creates a number of temporary files as it works. Nor-
mally, these are placed in the current directory; however, the envi-
ronmental variable TMP may be used to make the compiler put them
in another directory. For example, to make the compiler place the
temporary files in the root directory on disk D:, the following DOS
command could be used.

C>set TMP=D:\

The temporary files are called ctemp.1, ctemp.2 and ctemp.3. Usu-
ally, the compiler will delete them at the end of the run, but occa-
sionally this may not be done; in this case, it is safe to delete them
yourself.

9.4 Compiler Switches

This section describes the switches available to control the behaviour
of the compiler. Switches are introduced by a ¢/’ character and may
be typed in any order, before or after the source file specification.
Except as noted below, switches and their argument strings are not
case-sensitive; that is, lower-case letters have the same significance
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as the corresponding upper-case letters. This means, for example,
that the following two switches would be treated the same:

/FBhello.bin
/fbHELLO.BIN

The format of the various switches is described using the following
notations:

fn An MS-DOS filename. It may be omitted in whole or in
part; the compiler’s behaviour in this case is described
in section 9.4.2 below.

dir An MS-DOS filename, which will be assumed to refer
to a directory.

mac Any sequence of characters which is acceptable to the
compiler as a macro name.

str Any sequence of characters which is acceptable to the
compiler as the value of a macro.

n A decimal integer.

An example of a command to invoke the compiler with switches:

C>t8c hello /dLEVEL=3 /flkeep /w

This will invoke the T8 compiler to compile hello.c, and place a
listing of the source file with any error messages in keep.lis. Before
the compilation, a macro LEVEL will be defined with the value 3.
Compilation warning messages will be suppressed.

9.4.1 Default Switches

Switches are normally entered on the command line when the com-
piler is invoked. In practice, you may find you use some switches on
every compilation. To avoid entering the same switches again and
again, the compiler also allows switches to be entered through a DOS
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environmental variable. The contents of the environmental variable
TC, if any, are prefixed to the arguments supplied on the command
line. For example, to make the compiler print its version number
(/1) and generate debug tables (/Zi) every time it is run, give DOS
the command: set TC=/i/Zi

Default options set in this way can be turned off again using the
DOS command: set TC=

9.4.2 Controlling Output Files

The /F switch is used for specifying which output files are to be
generated, and their names. Each of the varieties of /F may be
followed by a fn, but the complete MS-DOS path name may not be
necessary. The compiler supplies defaults, as follows:

e If no extension is given, the compiler supplies a default exten-
sion depending on the type of output file: .1is for listing files,
etc.

¢ If no filename is given, the filename of the source file is used.

o If the drive specification or directory specification are omitted,
then the current drive and/or directory are used.

o If a drive specification is given alone, then the output file is cre-
ated in the current directory of the specified drive, regardless
of the source file’s directory.

The following examples may clarify this. The ‘Supplied’ string below
is assumed to be the argument of a /FL switch. The current drive
and directory are c:\michael, and the current directory on a: is
\output.
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Specified source file Supplied Output file

dogs nothing c:\michael\dogs.lis
dogs cats c:\michael\cats.lis
dogs cats.out c:\michael\cats.out
dogs \stuff\ c:\stuff\dogs.lis
dogs a:\first\ a:\first\dogs.lis
dogs a: a:\output\dogs.lis
dogs a:cats a:\output\cats.lis

Notice that in examples like the fourth above, it is the fact that the
supplied string ends with a ‘\’ which indicates that this is a directory
specification. If it is omitted, output would be sent (in this case) to
c:\stuff.lis, even if a directory c:\stuff exists.

9.4.2.1 Switches /FB and /FO0

These switches have the same effect. They instruct the compiler to
create an object file in binary format. The default extension is .bin.

Notice that if no /FB or /FO switches are specified, the behaviour
of the compiler is the same as if a /FB switch were used, with no
argument. In order to stop the compiler generating an object file of
any kind, the /C switch must be used (see section 9.4.3).

9.4.2.2 Switch /FL

This switch makes the compiler produce a line-numbered source
listing file. The listing file contains any error messages produced
by the compiler, as well as the numbered source lines. The default
extension is .1lis.

The listing file produced for the hello.c program would look like
this:

Source file: HELLO.C
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character testing functions, 211

compatibility functions, 459

conventions, 205

DOS functions, 212

full, 204
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input/output, 223

list of functions, 238-261,
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462-474

mathematical functions, 217

memory requirements, 23
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purpose, 203

semaphore functions, 221

stand-alone, 51-52, 204

stream 1/0, 225

string handling fuanctions, 233

T2 version, 99

T4 and T8 versions, 17

text 1/0, 226

thread functions, 235

time functions, 235

timer functions, 236

variable arguments, 222

running, 19-23, 44 -

off-chip stack, 25

on T2, 102

on-chip stack, 24
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scanf, 228, 301
scheduling

see also priority,
search path, see under MS-DOS
segread, 214, 216, 301
sema_init, 221, 301
sema_signal, 221, 302
sema_signal_n, 221, 302
sema_test_wait, 221, 303
sema_wait, 221, 303
sema_vait_n, 221, 304
semaphores, 33, 59-60, 80, 221
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serv_filter, 221, 304
server, sce afserver
setbuf, 227, 305
set jmp, 221, 306
setlocale, 217, 306
setvbuf, 227, 307
short integer variables, 112, 128, 147
signal, 222, 307
sin, 218, 308
sinh, 218, 308
size_t, 208
sizeof, 119
source files
conversion from TDS, 12
creating, 12
sprintf, 228, 308
sqrt, 219, 309
srand, 230, 309
sscanf, 228, 309
stack, see under memory
stand-alone library, see run-time
library: stand-alone
standard error, 224
standard input, 22, 224
standard output, 22, 224
static storage, see under memory
stderr, 224
stdin, 22, 224
stdout, 22, 224
storage, see memory
strcat, 233, 310
strchr, 234, 310
strcmp, 233, 310
strcoll, 233, 311
strcpy, 233, 311
strcspn, 234, 311
strerror, 234, 312
strlen, 234, 312
strncat, 233, 312
strncmp, 234, 313
strncpy, 233, 313
strpbrk, 234, 313
strrchr, 234, 314
strspn, 234, 314
strstr, 234, 315
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strtod, 230, 315
strtok, 234, 316
strtol, 230, 316
strtoul, 230, 318
strxfrm, 234, 318
stub
task data sheet, 424
switches, see under compiler, linker,
afserver, configurer
systen, 231, 319
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T2, see processor type

T4, see processor type

T414A, see under processor type

t4clink, 13-14

t4cstask, 52

t4ctask, 44

t4master, 86

t4worker, 86

T8, see processor type

T800A, see under processor type

t8clink, 14

t8cstask, 52

t8ctask, 44

tBmaster, 86

t8vorker, 86

tan, 218, 319

tanh, 218, 320

task data sheets, 413
afserver task, 414
filemux task, 418
filter task, 415
frouter task, 416
stub task, 424

task files, see task image files

task image files, 30, 34, 45
locating, 45
locating with configurer, 401

TASK statement, 41, 399
FILE attribute, 83, 86, 401
INS attribute, 41, 400
memory size attributes, 402
OPT attribute, 403
OUTS attribute, 41, 49, 401
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URGENT attribute, 404
taskharn. t4, 45
taskharn.t8, 45
tasks, 30-32

declaring to configurer, 400

normal versus stand-alone, 51

specifying memory

requirements, 402
versus threads, 60
see also task image files, TASK
statement,
Tbug, 62, 131, 345, 347
TC, 124
TDS, 4, 12
tdslist, 12
tell, 462, 473
temporary files, 122
thread_create, 235, 320
thread_deschedule, 235, 321, 433
THREAD_NOTURG, 235
thread_priority, 235, 321
thread_restart, 235, 322
thread_start, 235, 322
thread_stop, 235, 323
THREAD_URGENT, 235
threads, 33, 56, 80

creating, 56, 59

versus tasks, 60:
time, 235, 323
timer_after, 236, 324
timer_delay, 236, 324, 433
timer_now, 236, 325
timer_wait, 236, 325, 433
timers, see under transputer
tmpfile, 227, 325
tmpnam, 227, 326
tom, 379-380
to86, 217, 327
tolower, 212, 326
toupper, 212, 327
transputer

byte, 147

channels, 209

error flag, 20

links, 210
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on-chip RAM, see memory:

on-chip
timers, 236
word, 147
see also channels, links,
processor type,
see also processor type,
tunlib, 383-384
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ungetc, 229, 327
unlink, 474
unsigned, 150
unsigned short, 147
URGENT, 404

\'%

va_alist, 460
va_arg, 222, 328, 461
va_dcl, 460
va_end, 222, 328, 461
va_start, 222, 329, 460
variables

stack, 23

static, 23
viprintf, 228, 329
void, 111
volatile, 111
vprintf, 228, 330
vsprintf, 228, 330
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wchar_t, 208
wcstombs, 232, 331
wctomb, 232, 331
WIRE statement, 40, 399
wires, 29
declaring to configurer, 399
word, 147
WORDREGS, 213
work packets, 77-79, 410
worker, 83
worker task, 77-79, 410
see also processor farms,

workspace, see memory: stack
worm, 375
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