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Introduction

Intended Audience

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

Hardware Assumptions

Parallel Fortran can be used with a large variety of target trans-
puter systems. This manual makes the simplifying assumption that
the target hardware will be an Inmos IMS B001 transputer evalua-
tion board, or a transputer system which is largely compatible with
a B004. This board is a single plug-in card for the standard IBM PPC
bus, with onc transputer and either IMB or 2MB of RAM.

Similarly, the assumption is 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.
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Document Structure

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

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

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

e Part III: Language Reference contains a complete specification
of the language accepted by the Parallel Fortran compiler. This
is ANSI Fortran 77, with certain extensions which are described
in this part.

o Part IV: General Reference contains the detailed technical in-
formation which you will require to write sophisticated appli-
cations for the transputer using Parallel Fortran.

e The appendices at the end of this manual contain supple-
mentary information in a condensed form, such as tables of
compiler error messages.

Further Reading

Although this User Guide does include a complete description of
Fortran 77, readers who are unfamiliar with this language are advised
to consult one of the many introductory texts available.

In a similar way, 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[2].
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For compatible machines made by other manufacturers, the oper-
ating system will usually be MS-DOS, described in Microsoft MS-
DOS User’s Reference[3]. 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.

Relerences to these and other documents mentioned in this manual
are collected in a bibliography, which can be found on page 541.

Conventions

Throughout this manual, text printed in this typeface represents
direct verbatim communication with the computer: for example,
picces of Fortran 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 the Fortran ASSIGN statement:

ASSIGN label TO int
This means that the statement consists of:
I. The word ‘ASSIGN’, typed exactly like that.

2. A label: not the word ‘label’, but something which the accom-
panying description explains.

3. The word ‘TQ’, typed exactly like that.

4. An nl: once again, the accompanying description explains
what this is.



XX Introduction

In examples, it is sometimes necessary to indicate exactly where
there is a space, or how many spaces are present. In these cases, we
represent a space by the symbol ‘,’.
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Getting Started






Chapter 1

Installing the Compiler

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

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

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 Fortran 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:
Cra:
C>install
3. Answer any questions the install program asks you.

4. Place the appropriate disks in drive A: when the install pro-
gram asks for them.
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It is important to use the supplied install program to install Par-
allel Fortran. If you simply copy the files, the installation will not
be performed correctly.

Parallel Fortran will be installed on directory tf2v1. If this directory
already exists, files in it with the same name as Parallel Fortran files
will be overwritten.

The compiler is now installed, but can only be run in the directory
\tf2vi. Before the compiler can be used from other directories
\tf2v1 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 Fortran compiler (t4f or t8f) is available as
a command, \tf2v1l 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 nced to edit the
autoexec.bat file using a text editor like edlin. (The DOS Ref-
erence Manual explains how to use edlin). autoexec.bat 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:\tf2v1” on to the
end of the line, giving:

path c:\dos;c:\utils;c:\tf2vl
If there is no path line in the autoexec.bat lile, just add the line:
path c:\tf2vl

Three important points about setting the search path should be
noted:
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1. The documentation for previous versions of 3I. compilers, in-
cluding Fortran, recommended the use of a set path= com-
mand to set up the search path. This is equivalent to the path
command, and can be changed to include \tf2v1 in the same
way.

2. If you alrcady have an earlier Fortran compiler installed on
your machine, a directory such as \t£2v0 will be in your path;
it should be removed before adding \tf2v1.

3. 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 \tf2v1 in the path; if it does, the wrong version of the
afserver program will be called.

4. If you are a user of Parallel C or Parallel Pascal, you should
be aware that this version of Parallel Fortran includes new
versions of the afserver program and the linker. The versions
of these which were released with version 2.1 and earlier of
Parallel C and version 2.0 of Parallel Pascal should not be used
with this version of Parallel Fortran. This means that directory
\tf2v1 should precede the installation directories for the other
languages in your search path.

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

Wihen you have completed this installation procedure, the compiler
may be accessed from any directory on the disk on which it has been
installed, in this case C:. If you wish to execute the compiler from a
directory on some other disk, say D:, you should refer to section 17.3
in part IV of this manual for information about file handling in
INCLUDE statement statements.
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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 to the same disk as the compiler has been
installed on. For example, if the compiler has been installed in
directory c:\tf2v1, do this:

D>c:
c>

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

C>cd \mine
c>
NB: Don’t use directory \t£2v1 for the confidence test, as this

would mean that you would not be testing whether the correct
scarch 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>t4f /i -:i
IBM PC Filer server Inmos V1.3 (14th October 1987) / 3L
V1.3.5

Copyright INMOS Limited, 1985

Transputer Fortran 77 compiler, F77_transputer V2.1.1
Copyright (C) EPCL 1990

Copyright (C) 3L 1990

[

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.£77 file to the current directory:

C>copy \tf2vi\examples\hello.£f77
1 File(s) copied

c>

5. Compile the example using the T-1 version of the compiler (this
will work for the T8 as well, because the example contains no
floating-point instructions):

C>t4f hello
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Cc>

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

C>t4flink hello

C>linkt hello \tf2vi\frtlt4 \tf2vi\t4harn
c>
7. Finally, the program can be run:

C>afserver -:b hello.b4d
Hello, world!

c>

The output “Hello, world!” comes from the hello.£77 example
program. 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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Chapter 3

Developing Sequential
Programs

This chapter shows you how to use the Parallel Fortran compiler to
develop 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 Parallel Fortran
compiler has alrecady been installed as described in chapter 1.

Some of the operating procedures described here are different for T
and T8 transputers. You should find out which type of transputer
is fitted in your ’C before using the compiler.

3.1 Editing

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

C>edlin hello.f77

New file
»i
1:= PROGRAM HELLO
2:» PRINT =», ’Hello, world!’
3:s END
4:%°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. ITowever, 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 the Parallel
Fortran compiler.

3.2 Compiling

A Parallel Fortran source program is compiled into a binary object
(.bin) file of T4 transputer instructions by a command of the form:

t4f source-file
To compile code for a T8 transputer, use the command
t8f source-file

Note that, in general, code compiled for a T4 will not run on a T8
(or vice versa) so you must use the commmand appropriate for the
type of processor in your transputer board.
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The source-file is the filename of the Fortran source program which
is to be compiled. If no filename extension is given in the command,
.£77 is added automatically.

So, to compile the file hello.£77 for the T4, you would give the
command

C>t4f 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
‘1°. The format of compiler error messages is described in section 17.6
in part IV of this manual, and a list of all the syntax error messages
which the compiler may produce can be found in appendix G.

3.3 Linking

Once a Parallel Fortran program has been compiled into an object
(.bin) file, it must be linked with any external subprograms it re-
quires before it can be run, including intrinsic functions like SQRT,
and other subprograns from the Parallel Fortran run-time library.
This is done by the linker. llere we discuss the most usual linker
operations; a full description of the linker can be found in chapter 19.

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 t4f compiler use the command:
t4flink object-file
For example,

t4flink hello
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To link T8 code produced by t8f use the command:

t8£f1ink object-file

You must use the link command appropriate to the target processor

(T4 or T8).

Both these batch files assume that the object file’s extension is .bin,
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 t4flink and t8flink 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 Fortran source files, main.£f77 and
fns.£77, the following commands will compile them and link them
together, producing an executable file for the T4 called main.b4.

C>t4f main
C>t4f fns
C>t4flink main fns

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

C>t8f main
C>t8f fns

C>t8flink main fns



Developing Sequential Programs 17
3.3.2 Indirect Files

[t is quite common for programs to consist of many diflerent object
files. The t4flink and t8f1link 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. Tt
is specilied in the linker command by its file name preceded by an
‘@’. For example:

C>t4flink Q@objfiles

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 ‘@’; 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
Ografpack

When used in the example given above, this will link the object
files main.bin and fns.bin [rom 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.
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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 19, and de-
tails of the internal format of object files are provided in the Inmos
Standalone Compiler Implementation Manual[13].

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

linkt object-files, executable-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 17.2.4.5.

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.

To link Fortran programs, you must include in the list of object
files both the Parallel Fortran run-time library and a special object
file called a “harness”. The directory \tf2v1 contains two versions
ol both of these components: frtlt4.bin and t4harn.bin for T4
transputers, and frtlt8.bin and t8harn.bin for 18 transputers.
The linker will not allow you to mix T4 and T8 object files.
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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>1linkt Osubs \tf2vi\frtlt4 \tf2vi\t4harn,prog

Note that the Parallel Fortran run-time library (frtlt4.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 \tf2vi\frtlt8 \tf2vi\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 Fortran 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 aflecting the library.
To change a library it must be relinked from its component parts.

Library files have several advantages over using indirect files.

e Thelinker selects from the library file only those modules which
arc actually referenced clsewhere in the program; the others are
not included in the executable file.

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

llowever, 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 for input libraries, 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 @graflib,graflib.bin/1

C>type myprog.dat
myprog

graflib
\tf2vi\frt1t8
\tf2vi\t8harn

C>linkt Omyprog
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3.4 Running

Fxecutable 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 Fortran program into the transputer board, it remains active
throughout the program’s run. Instructions are sent from the For-
tran run-time library to the afserver whenever it needs to per-
form MS-DOS functions such as reading information from the disks,
displaying output on the scrcen 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 how to get round this
problem.

Appendix section F.3 includes more information about the afserver
and its options, and the Inmos Stand Alone Compiler Implementa-
tion Manual[13] (section 10) contains a full description. Note that
the -:e (test error flag) switch described in [13] is not supported for
use with Parallel Fortran programs. For improved performance, the
Fortran 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 Fortran
program.

The running of programs can be simplified by putting the appro-
priate afserver command into an MS-DOS batch file. Typing the
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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 eflects will be unpredictable.

3.4.1 Using Fortran Programs as MS-DOS Com-
mands

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 Fortran pro-
gram 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 \tf2v1\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 \tf2vi\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.

(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 itsell was loaded from).
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When a .b4 file is invoked via a “driver” program in this way,
the -:0 1 switch (sec section 3.5) 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 O 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 I/0O Units, Redirection and Piping

Section 16.8.1.2 explains how a Fortran program’s I/O units are
preconnected. In particular, unit 5 is connected to the MS-DOS
standard input facility and unit 6 to standard output.

Normally standard input comes from the keyboard, but it can be
taken from a file by using the MS-DOS redirection symbol ‘<’ in the
normal way. For example, when running a program wc, you could
redirect unit 5 to read from file chap1.txt by using this command:

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

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

C>wc <chapil.txt

Similarly, the standard output normally goes to the screen, and may
be redirected using the >’ symbol. For example, mangle.b4 is a
program which reads raw data through unit 5, processes them and
writes the results to unit 6. It could be made to read from file
rav.dat and write to cooked.dat by this command:

C>afserver -:b mangle.b4 <raw.dat >cooked.dat

The output from unit 6 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 mangle.b4 <raw.dat | more
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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 Fortran 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 the following:

— arrays;
CHARACTER variables;

variables initialised by DATA statements, or by the ex-
tended forms of the explicit type statements;

variables in COMMON blocks;
variables which have been specified in SAVE statements.

Static storage which is not initialised by the program is ini-
tialised automatically to zero.

e Slack storage(sometimes referred to as workspace) is used for
all other variables, unless the program has been compiled using
the /S switch, in which case all variables are held in static
storage. The stack is also used for function calls and CALL
statements and for holding pointers to the actual arguments of
subprograns.

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 T'DS Compiler Imple-
mentation Manual[14] (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.

Variables created on the stack are not automatically initialised
to zero, and may have any initial value.

e Heap storage is 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:

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

o Ezternal memory. The Inmos B004 board has either 1IMDB or
2MB of external memory.

Using the linker only, two methods of mapping the storage arcas
onto physical memory are available: the default method, and the
alternative method. The configurers required for developing parallel
programs give the user more advanced methods for controlling the
use of memory. See sections 5.1.2 and 5.8, and chapter 26.

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 T1’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 2KD.
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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 ezceeds 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 run it like this:

C>afserver -:b myprog.b4 -:o0 1

The -:0 1 switch (hyphen, colon, option letter ‘o’, then a space,
then the digit one) changes the way memory is allocated to give
the program a very large amount of stack space. In this mode of
operation, the size of the stack is only limited by the amount of
external RAM available, but execution speed is lower because the
external RAM used for the stack is slower than the transputer’s on-
chip RAM.

3.5.3 Limit on Program Memory

The current version of the linker generates executable files which
will only run correctly on boards having 1IMB or 2MI3 of memory.
To get round this restriction, the Parallel Fortran kit includes the
mempatch program which may be used to change executable files
to run on boards which have different amounts of memory. See
chapter 20 for a discussion of mempatch.
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3.6 Accessing MS-DOS Functions

The Parallel Fortran run-time library for the transputer includes a
number of functions and subroutines which allow Fortran programs
to access the MS-DOS host system. These functions are described
in detail in section 18.2.2.

All MS-DOS functions are accessed by sending a set of register val-
ues to the host processor, executing a software interrupt instruction
and finally receiving a set of modified register values. Thus, to use
these functions you require a detailed knowledge of register uses and
interrupt numbers for the MS-DOS function you wish to use. One
source of this information is the IBM DOS Technical Reference([4].

Register values are moved to and from the host machine in an integer
array known as a DOS block. The programmer is helped in building
a DOS block by various constants defined in the file DOS.INC, and
this should be included in any subprogram which makes use of MS-
DOS functions. The length of the DOS block is the value of the
constant F77_D0S_BLOCK_SIZE, defined in DOS.INC. The elements
of the DOS block correspond to 16-bit registers of the MS-DOS
machine, and to help with accessing these, DOS.INC defines various
constants whose names use the familiar Intel register names. This
means, for example, that to load the value 10 into the AX register for
moving to the host, the programmer could code the following:

INCLUDE ’DOS.INC’
INTEGER DOSBLOCK(F77_D0S_BLOCK_SIZE)

DOSBLOCK (F77_DOS_AX) = 10

There are a number of significant points about the format of the
DOS block.

1. The registers in the DOS block are in a different order from that
conventionally used under MS-DOS. This difference simplifics
the job of the run-time library, and should not be visible to pro-
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grammers who make use of the constants defined in DOS.INC
as described above.

2. The transputer has no 16-bit data types; the 16-bit 80z86
registers such as AX are therefore represented in the DOS block
by Fortran INTEGER variables. Again, programs which access
DOS blocks should not normally be aware of this difference.

3. The byte registers of the host machine (AH, AL etc) are mapped
onto the 16-bit word registers in the usual way. This means
that accessing these registers will often require the use of the
bit-manipulation functions, described in appendix E. For ex-
ample, to load 10 into register AH for moving to the host, the
following code should be used:

INCLUDE ’DOS.INC’
INTEGER DOSBLOCK(F77_D0S_BLOCK_SIZE)

DOSBLOCK(F77_DOS_AX) =
1 IOR(IAND(DOSBLOCK(F77_DOS_AX),255),ISHFT(10,8))

An MS-DOS interrupt is performed by using the F77_HOST_INTERRUPT
subroutine. One of its parameters is a DOS block, into which the
programmer loads the required values for the host registers before
the call; the returned values of registers may be found there too.
The segment registers used on the host may be used unchanged,
or the segment register values in the DOS block may be used,
depending on the value of the ISEGS parameter. The subroutine
F77_READ_SEGMENTS is provided to read the contents of the segment
registers so that particular registers can be changed while leaving
the rest with their current values.

Some of the more complex interrupt calls, both to MS-DOS and to
add-on packages like GEM and MS-WINDOWS require parameters
and data blocks to be passed in memory rather than in registers.
If a block of memory is required as a parameter to an interrupt
call, it must first be acquired from MS-DOS. After use, the mem-
ory block should be returned to MS-DOS so that it may be used
again. These operations can be performed either by the appropri-
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ate DOS function calls (described in the DOS Technical Reference)
or by the run-time library subprograms F77_ALLOC_HOST_MEM and
F77_FREE_HOST_MEM.

The Intel 80286 architecture uses a 32-bit quantity to specily an
address in memory. This can be held in a Fortran INTEGER, and
consequently, for example, F77_ALLOC_HOST_MEM returns the address
of the allocated memory as an integer. The more significant 16 bits
of this object are a segment number and the least significant 16 bits
are an offset from the base of that segment. The two parts of the
address can be extracted using the bit-manipulation functions.

Because the transputer and its host MS-DOS system do not have any
shared memory areas, information destined for a parameter block
in the MS-DOS host cannot be simply written into the block by
normal Fortran assignment operations. Instead, a duplicate of the
block is created as a Fortran structure in the transputer’s memory,
and a subroutine is then called to move the contents of the block
in the transputer’s memory to its counterpart in the memory of the
MS-DOS host. Similarly, reading information from a block in host
memory involves transferring the block into an identical structure
in the transputer’s memory and then accessing the latter. These
two operations are performed by the run-time library subroutines
F77_BLOCK_TO_HOST and F77_BLOCK_FROM_HOST.

Note that some structures used as parameter blocks to MS-DOS,
GEM, MS-WINDOWS and so forth include 16-bit ficlds. For exam-
ple, GEM parameter blocks contain many 16-bit fields representing
z and y co-ordinates. Because the transputer has no 16-bit data
objects, there is no straightforward way of representing these, and
they would in most cases need to be packed into integers, using the
bit-manipulation functions.

Some simple examples of the ways in which the above functions
might be used will now be given. First, the following program calls
MS-DOS function 2,6 (Character Qutput) to display the character
‘A’ on the screen. The argument is passed in the DL register.
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PROGRAM SENDA
INCLUDE °’DO0S.INC’
INTEGER DOSBLOCK (F77_DOS_BLOCK_SIZE)
C Load 2 into AH and ’A’ into DL
DOSBLOCK (F77_DOS_AX) = ISHFT(2, 8)
DOSBLOCK(F77_DOS_DX) = 65
c Call interrupt 33 (hexadecimal 21)
CALL F77_HOST_INTERRUPT(33, 0, DOSBLOCK)
END

Next, a much more complicated example in which MS-DOS function
9,6 (Output Character String) is used to print the string “Hello”
on the screen. The string to be printed is written into a block of
MS-DOS memory before the call.

PROGRAM PHELLO

INCLUDE ’DOS.INC’

INTEGER DOSBLOCK(F77_DOS_BLOCK_SIZE), MEMORY
CHARACTER+6 HELLO

DATA HELLO/’Hello$’/

c

c Allocate host storage and write string to it
MEMORY = F77_ALLOC_HOST_MEM (6)
CALL F77_BLOCK_TO_HOST (HELLO, MEMORY, 6)

c

c Find current segment register addresses
CALL F77_READ_SEGMENTS (DOSBLOCK)

c

c Set up function call number
DOSBLOCK (F77_DOS_AX) = ISHFT (9, 8)

c

c Set up segment number and offset of string
DOSBLOCK (F77_D0OS_DX) = IBITS (MEMORY, 0, 16)
DOSBLOCK (F77_D0OS_DS) = IBITS (MEMORY, 16, 16)

c

c Perform the call
CALL F77_HOST_INTERRUPT (33, 1, DOSBLOCK)

c

c Free the string memory in host

CALL F77_FREE_HOST_MEM (MEMORY)
END



Chapter 4

Introduction to Parallel
Fortran

This chapter aims to help you become familiar with Parallel Fortran
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 idcas
on which Parallel Fortran 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 channcls 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 buflering 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 in-
structions (and Parallel Fortran subprograms) 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 hard-
ware link channels are identical. The same instructions (or Parallel
Fortran subprograms) 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 soltware.

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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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 only interrupted when
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 Fortran is based on the same abstract model of communi-
cating 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 known to the run-time library, and they
can be accessed by special functions supplied with Parallel Fortran
for the purpose. The code of a task is a single transputer image
(.b4) file generated by the ordinary linker, linkt.

Tasks can be treated as software “black boxes” connected together
via their ports, as shown in figure 4.1.

For example, a very simple task might accept on an input port a
stream of INTEGER values each of which is an ASCII character, con-
vert each character to upper case, and output the resulting stream
of characters on an output port. The Fortran code for this is shown
in figure 4.2.
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input output
ports ports
—- task

e —

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

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.

Ports are bound to real channel addresses by configuration software
external to the task itself; the bindings can be changed without
recompiling or relinking the task. Extended Fortran run-time library
subprograms supplied with the compiler allow Fortran programs
to send and receive messages over the channels bound to a task’s
ports. The port vectors themselves are not normally accesssible
to a Fortran program, but the addresses of the channels to which
they are bound may be found by use of the F77_CHAN_IN_PORT and
F77_CHAN_OUT_PORT functions, as shown in figure 4.2.

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
memory.

Tasks placed on the same processor can have any number of intercon-
nccting channels. Tasks placed on diflerent 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 thereflore limited by the number of hardware
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PROGRAM UPPER
INCLUDE ’CHAN.INC’
INTEGER INCHANADDR, OUTCHANADDR, WORD
INCHANADDR = F77_CHAN_IN_PORT (0)
OUTCHANADDR = F77_CHAN_OUT_PORT (0)
100  CONTINUE
CALL F77_CHAN_IN_WORD (WORD, INCHANADDR)
IF (WORD .EQ. -1) GOTO 200
IF ((WORD .GE. 97) .AND. (WORD .LE. 122)) THEN
WORD = WORD - 97 + 65
END IF
CALL F77_CHAN_OUT_WORD (WORD, OUTCHANADDR)
GOTO 100
200 STOP
END

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

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 multiplexor tasks.

4.4 Multiple Input Channels

Sometimes, a task has to accept input from any 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.

To handle this situation, the Parallel Fortran run-time library in-
cludes functions which enable the program to wait until one of a
group of input channels is ready to transmit, and then report which
channel it is. Alternatively, the program can “poll” a group of
channels, that is, check which (if any) of them is ready to transmit,
without waiting.
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This facility corresponds roughly to that provided by the occam ALT
statement, and is sometimes referred to as “guarded input”.

4.5 Parallel Execution Threads

The software features described so far allow you to build parallel
systems by connecting together the ports of a number of relatively
independent tasks. In particular, all the tasks have separate code
and data, and are only allowed to communicate with each other by
sending messages over channels.

Parallel Fortran also allows you to take advantage of the transputer’s
architecture by creating new concurrent threads of execution within a
task. Parallel Fortran’s threads resemble the “processes” of Modula-
2, and the “coroutines” of some other languages. Each one has its
own stack (allocated by its creator), but shares its code with any
other threads in the same task. Threads of the same task also have
access to the same COMMON blocks, and semaphore functions in the
run-time library are used to prevent threads which share data from
interfering with each other.

Parallel Fortran’s multiple thread facility differs somewhat from that
supported by 3L Parallel C. It is a general rule that Fortran subpro-
grams are not reentrant; that is, a subprogram may not be active
more than once at any one time. This means that a subprogram
cannot call itsell, directly or indirectly; it also means that a sub-
program may not be invoked through the thread mechanism more
than once at a time. This precludes the easy use of the multiple
threads for reading from a number of input channels “all at the
same time”. Nonectheless, the technique may be useful for alimost
any problem which falls into sections which are largely independent,
and in particular many problems in simulation, real-time control and
other areas map very well onto a multi-threaded algorithm.
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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
transputers?

First, each individual task is built by compiling all its source files
with the Fortran compiler and using the linker (1inkt) to combine
the resulting binary (.bin) files with the Parallel Fortran run-time
library, and a special “task” harness in place of the standard harness
we have used so far. This produces 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;

o 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 be

booted into the specified hardware network and run using the same
afserver program used for simple standalone programs.

4.7 Processor Farms

The tools described so far allow you to build applications which
execute on any transputer network whose wiring can be specified in
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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.

Parallel Fortran allows you to create applications like this, provided
the application can be implemented by a processor farm, and pro-
vided 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
master task which breaks the job down into small, independent
pieces called work packets which are processed by any number of
anonymous identical worker tasks. Work packets are automatically
distributed across an arbitrary network of transputers by rouling
software supplied 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 work 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 Fortran 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 subprograms for sending messages over channels and
creating new execution 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.

PC B004
]
10 ' 9 1
- : user
se:ger ! filter prog.
1
(] T 0 T 1
]
)
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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 Fortran run-time library. It
converts I/0 statements, for example READ and WRITE, 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 - ‘connects. ..
root[0] - 'link 0 of root tramsputer
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 runs on PC
place upper root leverything else on transputer
place filter root

connect ? filter[0] afserver[0]
connect 7 afserver[0] filter[0]
connect 7 filter[1] upper[1]
connect 7 upper[1] filter[1]

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.c., 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 ol
characters read from the standard input stream to upper case. The
Fortran source file, upper.£77 is shown in figure 5.2 (the correspond-
ing configuration file is called upper.cfg).
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PROGRAM UPPER
CHARACTER+80 LINE
INTEGER P, C
100 CONTINUE
READ (5, 110, END=130) LINE
110 FORMAT (A80)
DO 120 P = 1, 80
C = ICHAR(LINE(P:P))
IF ((C .GT. 96) .AND. (C .LT. 123)) C = C-32
LINE(P:P) = CHAR(C)

120 CONTINUE
WRITE (6, 110) LINE
GOTO 100
130  STOP
END

Figure 5.2: Fortran Source File for Upper Casing Program,
upper .£77

5.1.1 Hardware Configuration

The first thing the configuration file 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.
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Objects declared in the configuration language can have arbitrary
names made up of letters, digits and the special characters ‘_’ and
‘$’, but are usually given mnemonic names. For example, a wire may
be given a name, in this case jumper; or, more usually, it can be left

anonymous, by writing ‘?’ instead of the name.

The processor identifiers (host and root) used in a WIRE statement
must have been declared in a previous PROCESSOR statement.
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 the configurer
also ignores the case of letters: ‘a’ and ‘A’ are not distinguished.

As a short-cut when writing a configuration file, you can use the
worm program to generate the hardware configuration automatically.
This is done by using worm’s /C switch, and directing the output into
a file. For example:

C>worm/c > upper.cfg

This would place a correct description of the current hardware con-
figuration in the file upper.cfg. For a full description of the worm
program, see chapter 22.

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.
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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 upwards, and called upper [0] and upper[1]. Whether
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 Fortran 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 immemory a task needs.
The filter task requires a minimum of 10K of workspace. For
ready-made tasks supplied with the compiler, like filter, memory
requirements can be looked up in the data sheets in chapter 28.

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
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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
place upper root
place filter root

5.1.2.3 Making Connections between Tasks

The CONNECT statement establishes a channel between two tasks
by binding the input and output ports. Because channels (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 7 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 identificr
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.
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The first port mentioned in a CONNECT statement is an output
port, and the second is an input port. In our example the connections
are, in fact, symmetrical, but this is not always the case.

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

connect ? filter[1] upper(1]
connect ? 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 Fortran source file upper.£77, link the
resulting object file with the Parallel Fortran 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>t4f upper
C>t4ftask upper

C>config upper.cfg upper.app

C>afserver -:b upper.app
case changer

CASE CHANGER

~Z

c>

Two commands are new: t4ftask and config.
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5.1.3.1 Linking for the Configurer

The ordinary batch file for linking Fortran programs (t4f1ink) is not
suitable for linking a task because it links in the standard harness.
t4ftask.bat is a batch file supplied with the compiler which links
an object (.bin) file with the Parallel Fortran run-time library and a
vestigial “task” harness containing neither the filter process nor any
system initialisation code. The example below shows two Fortran
source files, main.£77 and subs.£77 being compiled and then linked
together to form a T4 task called main.b4.

C>t4f main
C>t4f subs
C>t4ftask main subs

Like t4flink, the t4ftask batch file can handle up to nine object
files on the command line. If you need to link more files than this,
you will need to use an indirect file, as described in section 3.3.2.
Sometimes you may need to call the linker directly, as described in
section 3.3.3; in this case, you must include the run-time library,
frtlt4.bin and the vestigial task harness, taskharn.t4. Both can
be found in the release directory, \tf2v1.

As usual, there are T8 versions of the batch file and the task harness.
They are called t8ftask 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
exzample by accidentally using t4flink rather than t4ftask) then
the configured application will fail to operate correctly. It may fail to
execule, 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,
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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 (\tf2v1).
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 26.

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. As the afserver task
loads the application into the transputer and handles all its 1/0
requests, it is 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
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The actual configuration of the transputer network attached 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 switches -:0 1 and -:0 0 arc ig-
nored 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.

Let’s continue with the small case conversion example by splitting
the job performed by upper.f77 into two tasks: a driver task to
handle file I/0, 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/0O
task and a number of concurrent computation tasks is commonplace.

5.2.1 Inter-Task Communication Functions

Coding the driver task in Fortran is easy. Instead of checking for
lower-case ASCII codes and subtracting 32 from them, 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.

Parallel Fortran tasks send messages using the channel I/O functions
described in chapter 18. The CHAN package provides functions to
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PROGRAM DRIVER
INCLUDE ’CHAN.INC’
CHARACTER+80 LINE
INTEGER QUTCHANADDR, INCHANADDR, P, C
OUTCHANADDR = F77_CHAN_OUT_PORT (2)
INCHANADDR = F77_CHAN_IN_PORT (2)
100  CONTINUE
READ (5, 110, END=130) LINE
110 FORMAT (A80)
D0 120 P = 1, 80
C = ICHAR(LINE(P:P))
CALL F77_CHAN_OUT_WORD (C, OUTCHANADDR)
CALL F77_CHAN_IN_WORD (C, INCHANADDR)
LINE(P:P) = CHAR(C)

120 CONTINUE
WRITE (6, 110) LINE
GOTO 100
130  CALL F77_CHAN_OUT_WORD (-1, OUTCHANADDR)
STOP
END

Figure 5.3: driver.£77 with Channel I/O Calls

send and receive messages of any length. The driver task is shown
in figure 5.3; it uses F77_CHAN_IN_WORD and F77_CHAN_OUT_WORD to
handle word-sized messages. A word is the same size as an INTEGER,
32 bits.

The driver source file, driver.£77, is included as an example in
the distribution kit, along with the processing task, upc.£77, and
a suitable configuration file, upc.cfg. These files can be found in
the examples subdirectory of the directory containing the compiler,
\tf2vl.

The statement in driver.£77 which sends character codes to the
processing task is:

CALL F77_CHAN_OUT_WORD (C, OUTCHANADDR)

The word (INTEGER) value to be sent is passed as the first argument
in the function call.
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Beware when using the channel I/O functions that sending and re-
ceiving tasks 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 F77_CHAN_OUT_WORD identifies the channel
to which the message is to be sent. OUTCHANADDR has been initialised
to the value of F77_CHAN_OUT_PORT(2), that is, the address of the
channel which is bound to output port 2. 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.

The number of output ports a task has 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 it has three
output ports, numbered 0 to 2.

The value of OUTS is also accessible at run time, by using the
function F77_CHAN_OUT_PORTS. It can be used to write tasks which
handle an arbitrary number of ports, like the multiplexer task de-
scribed later on in this chapter.

Using the functions F77_CHAN_IN_PORTS and F77_CHAN_IN_PORT,
details of the task’s input ports can be accessed in a similar way.
In the driver example, the address of the channel bound to input
port 2 is found by taking the value of F77_CHAN_IN_PORTS(2).

The driver task reads records from unit 5 (that is, MS-DOS stan-
dard input), sends the characters one-by-one to the processing task,
packs the reply messages (the translated characters) into records and
writes these records to unit 6 (that is, MS-DOS standard output).
It continues to do this until READ detects an end of input.

The next thing to look at is the processing task. It is logically a
“black box” with one input port and one output port:
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PROGRAM UPC
INCLUDE ’CHAN.INC’
INTEGER OUTCHANADDR, INCHANADDR, C
OUTCHANADDR = F77_CHAN_ODUT_PORT (0)
INCHANADDR = F77_CHAN_IN_PORT (0)
100  CONTINUE
CALL FT7_CHAN_IN_WORD (C, INCHANADDR)
IF (C .LT. 0) GOTO 120
IF ((C .GT. 96) .AND. (C .LT. 123)) C = C-32
CALL F77_CHAN_OUT_WORD (C, OUTCHANADDR)
GOTO 100
120  STOP
END

Figure 5.4: The Processing Task

processing
task

stream of word- .
size messages — @] upc [0 same stream in

(ASCII codes) upper case

A Parallel Fortran implementation of this task is shown in figure 5.4.

The processing task uses the same channel 1/O functions as the driver
to send and receive messages. It terminates when it receives a —1
from the driver.

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

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

connect 7 driver[2] upc[0]
connect 7 upc[0] driver([2]

This says that the new task upc has one input port, one output port,
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and requires 5KB of memory (section 5.8 gives hints on estimating
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 Parallel Fortran run-time library expects to send mes-
sages to the afserver on output port 1 and receive replies on input
port 1. This is true even if your Fortran program does not explicitly
use any I/O statements—the library will still try to open the stan-
dard input and output streams and preconnect them to units 5 and
6.

This means that even though it does no Fortran 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 standalone version
of the Parallel Fortran run-time library which does not need to com-
municate with the afserver is supplied with the compiler. The
standalone library is just the same as the ordinary library except
that all the functions which require afserver support (I/O, DOS
calls, etc.) are missing.

A multi-task application must be split up into an I/O task with
afserver support and one or more processing tasks which do not
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need ordinary Fortran I/0 because they use the channel I/O func-
tions like F77_CHAN_IN_WORD instead.

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 standalone 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, all the component tasks
may be linked with the standalone library, producing a consequent
reduction in code size due to the absence of I/0O initialisation code
from the standalone library.

A batch file analogous to t4ftask is provided for linking an object
file with the standalone library. It is called t4fstask.bat; a T8
version (t8fstask) 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 safrtlt4.bin and taskharn.t4
in the release directory, \tf2vi, or their T8 equivalents. The com-
mands required to link and configure the upper case example for a
T4 are shown below.

C>t4f driver

C>t4ftask driver

C>t4f upc

C>t4fstask upc

C>config upc.cfg upc.app
C>afserver -:b upc.app

xyz123
XYZ123

pPar
PQR

~Z
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You can try this out for yoursell by making a copy of the relevant
files, which are supplied in the directory \tf2v1i\examples.

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
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.

C>config upc.cfg upc.app



58 Chapter 5

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 Multi-Channel 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.

output

input mux |2
port

ports

—4

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.

5.5.1 The ALT Functions

To implement the mux task we will need a way of handling a number
of input ports “all at the same time”.

In Parallel Fortran, this is done by using one of the ALT functions.
The implementation of the multiplexer task shown in figure 5.5,
for example, uses F77_ALT_WAIT_VEC. The second argument to this
function is an array, each element of which is the address of a channel.
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C MUX.F77: Message multiplexer task
C

PROGRAM MUX
C

INCLUDE ’ALT.INC’
INCLUDE ’CHAN.INC’

INTEGER INVEC(128), INPORTS, INPORT, LENGTH,
1 OUTPORT, BUFF(256)

OUTPORT = F77_CHAN_OUT_PORT (0)
C Put addresses of all input channels in INVEC
INPORTS = F77_CHAN_IN_PORTS ()
DO 100 I = 1, INPORTS
INVEC(I) = F77_CHAN_IN_PORT (I-1)
100 CONTINUE

c

200 CONTINUE

[

Cc Wait for a channel to be ready

INPORT = F77_ALT_WAIT_VEC (INPORTS, INVEC)
INPORT = INVEC (INPORT)
C Read message-length word, and body of message
CALL F77_CHAN_IN_VORD (LENGTH, INPORT)
CALL F77_CHAN_IN_MESSAGE (LENGTH, BUFF, INPORT)
C Write the message to port O
CALL F77_CHAN_OUT_WORD (LENGTH, OUTPORT)
CALL F77_CHAN_OUT_MESSAGE (LENGTH, BUFF, OUTPORT)

GOTO 200

END
Figure 5.5: Multiplexer Task Using ALT Functions
The first argument specifies how many channels there are. The
function waits until one of these channels has data ready to read,

then returns its place in the array. The program can now read the
data from this channel in the usual way.

5.6 Multi-Threaded Tasks

In this section we will look at an application of concurrent threads.
This is a simple filter, the object of which is to copy 1024-byte blocks
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of data from input port 0 to output port 1 as fast as possible. To
do this, a swinging buffer technique is used. The task has two
buffers, one of which is used for input and the other for output
simultaneously. When both operations are complete, the buffers are
swapped over. Figure 5.6 illustrates this arrangement.

In order for the input and output to be performed simultaneously, the
program creates a new ezecution thread to perform the input, while
the main program does the output. The threads use two semaphores
to coordinate their activities. This is necessary because the input
thread needs to be sure that the contents of the buffer it is going to
overwrite have already been output; while the main routine needs to
be sure that a buffer is full of new data before it outputs it.

Figure 5.7 shows an implementation of this task in Parallel For-
tran. The thread for performing the input is created by the call to
F77_THREAD_CREATE, which invokes the INPUT subroutine in parallel
with the execution of the main program, and passes it one argument,
which is the address of the channel to use for input. Common blocks
are shared between subprograms running in parallel in the usual
way; in this case, the common block BUFFS is shared between the
two threads. The semaphores READY and INP are part of this block,
and so are accessible to both threads. The main thread signals that
it is ready for more input by signalling the READY semaphore; the
input thread signals that it has completed input by signalling the
INP semaphore. There are two buffers; while one is being input to
by the input thread, the other is being output from by the main
thread. In fact, both the buffers are held in the array BUFF; one
buffer starts at BUFF(1), and the other at BUFF(256). The input
thread tells the main thread which buffer it has filled by placing its
subscript in P.

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 [5,6], or restrict yourself to the
stylised usage shown in the example. It is possible to introduce
difficult-to-trace errors into a program il threads forget to synchro-
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Figure 5.6: Filter task: Use of Swinging Buffers
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SUBROUTINE INPUT (CHANADDR)
INTEGER CHANADDR
IBCLUDE ’CHAN.INC’
IBCLUDE ’SEMA.INC’
COMMON /BUFFS/ BUFF(512), INBUF, OUTBUF,
INP(F77_SEMA_SIZE) , READY(F77_SEMA_SIZE)
INTEGER BUFF, IBBUF, OUTBUF, INP, READY
INBUF = 1
CONTINUE
CALL F77_SEMA_VAIT (READY)
IF (INBUF .EQ. 1) THEN
TNBUF = 267
ELSE
INBUF = 1
END IF
CALL F77_CHAN_IN_MESSAGE (1024, BUFF(INBUF), CHANADDR)
CALL F77_SEMA_SIGNAL (INP)
GOTO 100
END

PROGRAM COPY
INCLUDE ’CHAN.INC’
INCLUDE ’SEMA.INC’
INCLUDE ’THREAD.INC’
COMMON /BUFFS/ BUFF(512), IBBUF, OUTBUF,
IBP(F77_SEMA_SIZE), READY(F77_SEMA_SIZE)
INTEGER BUFF, IBBUF, OUTBUF, INP, READY
EXTERBAL INPUT
INTEGER OCHAN
LOGICAL LOG
OCHAN = F77_CHAN_OUT_PORT(0)
CALL F77_SEMA_INIT (INP, 0)
CALL F77_SEMA_INIT (READY, 0)
LOG = F77_THREAD_CREATE (INPUT, 10000, 1, F77_CHAN_IN_PORT(0))
CALL F77_SEMA_SIGNAL (READY)
CONTINUE
CALL F77_SEMA_VAIT (INP)
OUTBUF = INBUF
CALL F77_SEMA_SIGNAL (READY)
CALL F77_CHAN_OUT_MESSAGE (1024, BUFF(DUTBUF), OCHAN)
GOTO 100
END

Figure 5.7: Swinging Buffers: Example of Use of Threads and Sema-
phores
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nize access to a shared object by waiting for a semaphore.

5.6.1 Threads versus Tasks

Threads can be useful in many situations. They are just “light-
weight” processes, corresponding to processes in Modula-2 or the
co-routines 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 by using
channels like tasks, or via shared memory;

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:

e they only communicate via channels;

e 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...

e a task can be moved to a diflerent 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.
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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.

o 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 they are modified.

5.7 Debugging

Parallel Fortran is compatible with the 3L interactive debugger,
Tbug. This can handle multiple-task applications, and debugs multi-
transputer applications by loading all the tasks on one transputer.
You can trace the execution of the tasks at source level, and moni-
tor the contents of variables. Breakpointing and single-stepping are
provided.

Apart from using Tbug, 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/O 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 standalone 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.
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However, it is possible to get output directly from a standalone 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 standalone library) and place it
on the transputer attached to the second host computer. Ordinary
PRINT statements 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 ? 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]
vire 7 extra_B004[1] root[1]

place extra_afserver extra_PC
place suspect_task extra_B004

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
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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 standalone 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=2
place second_afserver second_PC

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

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

connect 7 suspect_task[1] second_afserver([0]

connect ? 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.

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 ol
the number of bytes required for static, stack and heap storage in all
its modules.

The decode utility (see chapter 21) can be used to determine a
module’s static data requirement. 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
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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 subprograms which may
be active at once, based on the sizes of individual data items. Each
level of subprogram calling uses about five words of stack space in
addition to the space required for variable data.

The heap is used internally by the run-time library to allo-
cate storage for I/O buffers, and to supply a workspace for the
F77_THREAD_CREATE function. 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 fact, static storage and the heap are allocated from a single mem-
ory area, from which static storage is taken first. What is left is then
available for the heap, if needed. For further details, see chapter 26.

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.

If the stack space required by a task is small enough it can be allo-
cated from the transputer’s on-chip RAM. The space available there
is 2KB on a T414, 4KB on a T800 (the restriction to 2KB for the
T800 does not apply for configured tasks). 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 26.
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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 standard Fortran I/O statements and other facilitics
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 Fortran run-time library. All the other tasks were linked with
the standalone library, and this precluded them from doing standard
Fortran 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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Figure 6.1: Two-task Application

multiplexer task is included with the Parallel Fortran kit, and is
called filemux; a task data sheet for it can be found in chapter 28.

Figure 6.3 shows this arrangement.
changed, except that the following statements, which connected
userl to the filter are removed:

connect ? filter[1] useri[1]
connect 7 useri[1] filter[1]

and instead we have the following:

The configuration file is un-

task filemux ins=3 outa=3 data=6656
place filemux root

connect
connect

connect 7
connect 7

connect

connect 7

?
?
?

?
?
?

filter[1] filemux[0]
filemux[0] filter[1]
filemux[1] useri[1]
useri[1] filemux[1]

? tilemux[2] user2[i]

user2[1] filemux[2]
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processor host
processor root
vire 7 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=50K

place afserver host

Pioce wreet come 2/ Not
lc)tl):;:c‘tm;ri i;::: [0] afserver[0] \\\ F or
connect 7 filter(1] useri[1] _—// Sale

7?7 afserver[0] filter[0]
>
connect 7 useri[1] filter([1]
?
?

connect

connect 7 useri[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 t4ftask or t8ftask, 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 their 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 + 0.25n)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=7.75K

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

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, and you also want user tasks on the two
transputers to be connected, you will need twe 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 Fortran task which is linked with the full run-time library uses
up two of this allotment of 20, for the pre-connected units 5 and 6.
As a result, the maximum number of tasks which can be supported
by the multiplexer network is currently 10.

6.5 Termination of an Application

When a task which is linked to the full run-time library terminates,
for example by executing a STOP statement or calling the EXIT sub-
routine, 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
; filter :
I '
root ! filemux H
i 1 2 ;
: useril :
2 :
s :
: 2 user2 :

Figure 6.4: Task on Neighbouring Transputer
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processor host
processor root
processor tvo
vire ? root[0] host([0]
wire ? root[1] two[0]
vire 7 root[2] two[1]

task afserver ins=1 outa=1

task filter ins=2 outs=2 data=10K
task filemux ins=3 outs=3 data=6656
task userl ins=3 outs=3 data=50K
task user2 ins=3 outs=3 data=50K
place afserver host

place filter root

place filemux root

place useri root

place user2 two

connect
connect
connect
connect
connect
connect
connect
connect
connect
connect

?

?
?
?
?
?
?
7
?
?

filter[0] afserver[0]
afserver[0] filter([0]
filter[1] filemux[0]
filemux[0] filter[1]
filemux[1] useri[i]
useri[1] filemux[1]
filemux[2] user2[i]
user2[1) filemux[2]
user1[2] user2[2)]
user2[2)] useri1[2]

Figure 6.5: Task on Neighbouring Transputer
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host E afserver ;
: o :
i filter i
: s
. |
: ° :
root § filemux i
i 1 2 3 :
P 1 :
: ! 1 :
i useri user?2 §
§ filemux §
: 1 2 3 :
two | Bl [ 1 g
: 1 1 1 :
: user3 user4 userb :

Figure 6.6: Networking Multiplexers
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proce
proce
proce
wire
vire

task

task

task

task

task

task

task

task

task

place
place
place
place
place
place
place
place
place
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne
conne

ssor host
8sor root
ssor two
7 root[0] host[0]
7 root[1] two[0]

afserver ins=1 outs=1

filter ins=2 outs=2 data=10K
muxi file=filemux ins=4 outs=4 data=6912
mux2 file=filemux ins=4 outs=4 data=6912
userl ins=2 outs=2 data=50K
user2 ins=2 outs=2 data=50K
user3 ins=2 outs=2 data=50K
user4 ins=2 outs=2 data=50K
userb ins=2 outs=2 data=50K

afserver host

filter root

muxi root

mux2 two

userl root

user2 root

user3d two

user4 two

userb two
ct ? filter[0] afserver[0]

ct ? afserver[0] filter[0]
ct 7 filter[1] mux1[0]
ct 7 mux1[0] filter[i]
ct 7 mux1[1] useri[1]
ct 7 user1[1] muxi[1]
ct ? mux1[3] user2[1]
ct ? user2[1] murxi([3]
ct 7 muxi[2] mux2[0]
ct 7 mux2[0] muxi[2]
ct 7 mux2[1] user3[1]
ct 7 user3[1] mux2[1]
ct 7 mux2([2] user4[1]
ct 7 userd4[1] mux2[2]
ct ? mux2[3] userb[1]
ct ? user5[1] mux2(3]

Figure 6.7: Networking Multiplexers
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Chapter 7

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 Fortran in
chapter 4 which will automatically flood-fill an arbitrary network of
transputers 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 conliguration file, describing the memory requirements and
other attributes of the tasks.

In this chapter we will look at an example of a processor farm appli-
cation. This is a program which displays pictures of the now-famous
“Mandelbrot Set” on an IBM PC-type host equipped with a CGA-
compatible display.
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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 J. These files
are also supplied in machine-readable form in the \tf2vi\examples
directory, along with a batch file (mandel .bat) which compiles, links
and configures the example files into an executable application. Sec-
tion 7.5 at the end of this chapter explains how to run the demon-
stration 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.

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 F77_NET_RECEIVE. The work
packet identifies the individual square of the display which is
to be computed.

2. Work out the Mandelbrot values for that square, and place
them in the R_COUNTS character variable in the results packet.

3. Send the result packet back to the master task by calling
F77_NET_SEND.

4. Go back to step 1.
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The F77_NET_SEND and F77_NET_RECEIVE functions are discussed
below in section 7.3. Full details may be found in section 18.2.7.

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
F77_NET_SEND and F77_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
standalone 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 F77_NET_SEND.
The master simply does this as fast as it can: whenever the
network of worker tasks becomes saturated, F77_NET_SEND is
automatically blocked until a worker task becomes idle.

2. Receive result packets from the network by calling F77_NET_RECEIVE.
If no result packets are available, F77_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 F77_NET_SEND
function waiting for a worker to become free, or conversely the send-
ing of work packets being blocked by F77_NET_RECEIVE waiting for
a reply, these functions must be performed in parallel.



82 Chapter 7

In the example implementation of the Mandelbrot program these
functions are performed by three parallel execution threads: SEND,
RECEIVE and MAIN.

7.3 The NET Package

A full description of the NET package subroutines may be found in
section 18.2.7. Subprograms which call these subroutines should

include the NET package file, by coding this statement:

INCLUDE ’NET.INC’

The administration of a processor farm is under the control of a
task called frouter (see chapter 28). 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.

7.3.1 F77_NET_SEND and F77_NET_RECEIVE

F77_NET_SEND is used to send a message to the network, and
F77_NET_RECEIVE is used to receive one from the network.

Messages sent to the network by the master task (using F77_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 F77_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.
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There is a limit on the size of a buffer that can be submitted to
F77_NET_SEND; the constant F77_NET_MAX_PACKET_LENGTH is de-
fined 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 argument of F77_NET_SEND set to .TRUE.; 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 .FALSE.. When a
packet is received, F77_NET_RECEIVE sets its COMPLETE argument 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.

7.3.2 F77_NET_BROADCAST

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 the
F77_NET_BROADCAST subroutine.

F77_NET_BROADCAST should only be used by the master task. Each
call on this subroutine results in a copy of the broadcast mes-
sage being sent to every worker task in the processor farm. The
broadcast message can be received by the worker tasks by using
F77_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 results packet. However, as there is no
method to tell a broadcast message from a normal work packet, it
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is up to the programmer to ensure that the worker tasks never get
confused.

A broadcast message can be any length. If necessary, F77_NET_BROADCAST,
will break it up into packets for transmission through the network.

In this case, the worker tasks will have to call F77_NET_RECEIVE
more than once to receive it, checking the COMPLETE argument as
described above.

Note that F77_NET_BROADCAST is the only reliable method to send
an identical message to every worker task. Repeatedly calling
F77_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 (t4ftask for
the T4 or t8ftask for the T8); the worker task must be linked with
the standalone run-time library (t4fstask for the T4 or t8fstask
for the T8).

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;
o the filename of the worker task;

e the memory requirements of the worker task.
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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=mandelm
task vorker file=mandelw data=10k

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
for the master and worker tasks: all the ports and connections re-
quired are generated automatically by the configurer.

To run the flood-configurer, use a command of the form:
fconfig configuration-file executable-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
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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 Fortran, 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 task
as well.

7.5 Running the Example

A batch file, mandel.bat, is supplied along with the Mandelbrot
example which will automatically compile, link and configure the
application.

To run the program in a temporary directory, you can use the fol-
lowing commands:

C>cd \

C>mkdir temp

C>cd temp

C>copy \tf2vi\examples\*.*

C>mandel

The resulting executable file (called fmandel.b4) can be loaded and
run on any network containing only T4 transputers. To use T8
transputers you would have to recompile the tasks to generate T8
code. Section 7.6 below describes how to flood-configure applications
to run on a network containing a mixture of T4 and T8 processors.
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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: b0

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
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 sim-
ply by plugging more T4 transputers into the network and reinvoking
fmandel.b4.

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.
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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 t4worker 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 Fortran 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.

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.
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Introduction

This Part describes the language recognised by the Parallel Fortran
compiler. It is primarily intended for users with previous experience
of Fortran programming,.

The internationally accepted standard for Fortran (ANSI X3.9-1978
and ISO 1539-1980) (see [1]) is supported by the compiler. This
standard is referred to variously throughout this publication as either
the ANSI Standard or the Fortran 77 Standard. Parallel Fortran also
supports various extensions to the Standard and these are identified
in the text.

This Part includes chapters 8 to 16 of the Parallel Fortran User
Guide. Chapter 8 is a general introductory chapter which describes
the basic elements of the language, and chapters 9 and 10 describe
the various types of data, their values, and how they are stored.
Chapter 11 is concerned with expressions and chapter 12 with assign-
ment statements. Chapters 13 and 14 describe the transfer of control
within and between the units of a program respectively. Chapter 15
is concerned with format specifications, which are used in conjunc-
tion with the input and output facilities described in chapter 16.

The compiler’s intrinsic functions, including those which are exten-
sions, are described in appendix E.

Certain facilities have been included in the compiler in order to
help those who are porting programs from earlier compilers. These
features are described in appendix D.
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Chapter 8

Fundamentals

This chapter provides general Fortran information. The chapter
introduces basic terminology and outlines the structure of a Fortran
program.

Parallel Fortran is based on the ANSI Fortran 77 standard as de-
fined in ANST X3.9-1978[1]. Extensions to the language have been
provided as a transition aid from other Fortran dialects. These
extensions are noted throughout this document and in the index.

Such extensions are allowable within the ANSI Fortran 77 standard
since they do not conflict with the standard definition, but they
should not be used in programs that are intended to be portable to
other implementations of Fortran 77. The compiler issues a warning
by default when any non-standard Fortran construct is used.

Fortran is a programming language designed primarily for the math-
ematical or scientific user. A Fortran program is written as a series
of statements using symbolism analogous to that used in algebra.
Many of these statements are readily intelligible to a programmer
with mathematical training. For example, the Fortran expression

(A+B) /C
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resembles a line of algebra and has a similar meaning. Each state-
ment occupies at least one line of coding and can extend onto subse-
quent lines if necessary. Statements can be given identifying labels.
Fortran provides facilities for the evaluation of common mathemat-
ical functions. The programmer need only write

Y = SIN(X)

and Fortran evaluates the sine function. Appendix E lists the stan-
dard procedures. You can write similar procedures for yourself as
external functions.

A Fortran program normally executes in the order in which state-
ments are written, but various control statements enable the pro-
grammer to specify that control branches to another statement with
an identifying label, either unconditionally or if certain conditions
are satisfied.

You can write Fortran programs as one or more program units and
compile each program unit separately. One program unit is desig-
nated as the master program unit. This program unit controls the
running of the program and passes control to other program units.

8.1 Character Set

The set of characters used in writing Fortran programs is:

e alphabetic:

ABCDEFGHI JKLMNOPQRSTUVWXYZ
abcdefghi jklmnopqrstuvexyz

® numeric:

0123456789
e special characters:

+-u/m, () 'SR\ Y
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e the space (or blank) character. When necessary in this text,
the symbol ‘.’ will be used to make explicit the location of a
space,

No character other than these may be used except in character con-
stants (see section 9.2), and in comment lines (see section 8.3.1.3).

Standard Fortran uses only upper case alphabetic characters. In
Parallel Fortran, lower case is also accepted. Lower case alphabetic
characters are equivalent to upper case characters except when they
appear in character strings or Hollerith constants.

Alphabetic and numeric characters are referred to collectively as
alphanumeric characters.

8.2 Program Structure

A program consists of program units. A program always has at least
one program unit, called the main program, and may have one or
more other program units that are called subprograms. Execution of
the program starts in the main program and then control is passed
between the main program and subprograms or between subpro-
grams. For further details of transfer of control between program
units see chapter 14.

There are three classes of subprogram:
1. Function subprograms
2. Subroutine subprograms
3. Block data subprograms

Function and subroutine subprograms provide a mechanism to assist
the programmer in structuring programs in a meaningful way, and to
allow common code to be conveniently accessed. These subprograms
are described in detail in chapter 14.
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Block data subprograms are used to give initial values to vari-
ables and arrays used in more than one program unit. They differ
from other subprograms in that they can contain only certain non-
executable statements (see section 8.3.4.2) and in that control is
never passed to them. Block data subprograms are described in
detail in section 10.3.2.

8.3 Program Unit Structure

8.3.1 Lines

A line in a program unit consists of 72 character positions. The
character positions are numbered from 1 to 72. A statement occupies
positions 7 to 72 of one or more lines. Any text following position
72 is ignored. If the compiler is invoked with the /R switch, the line
length is extended to 132 character positions.

In Parallel Fortran a TAB character in the first position of a line can
be used to skip past the statement label positions. If the character
following the TAB character is a digit this is assumed to be in position
6, the continuation indicator position. Any other character following
the TAB character is assumed to be in position 7, the start of a new
statement. A TAB character in any other position of a line is treated
as a space.

There are three classes of Fortran line.

8.3.1.1 Initial Line

An nitial line has the following form:

e Positions 1 to 5 may contain a statement label (see section 8.3.3
below).

e Position 6 contains a space or the digit ‘0’.
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e Positions 7 to 72 (or 7 to 132, if the /R switch is used) can
contain the statement.

8.3.1.2 Continuation Lines

A continuation line has the following form:
e Positions 1 to 5 are blank.

e Position 6 contains any character other than ‘O’ or a space. It
is usual to number continuation lines consecutively from 1.

e Positions 7 to 72 (or 7 to 132, if the /R switch is used) contain
the continuation of a statement.

In Parallel Fortran an alternative form is possible. In this case the
first position of the line contains an ampersand ‘@’, and the rest of
the line forms the statement.

8.3.1.3 Comment Lines

Comment lines may be included in a program; such lines do not
affect the program in any way but can be used by the programmer
to include explanatory notes. The letter ‘C’ or an asterisk ‘*’ in
position 1 of a line designates that line as a comment line. The
comment text is written in positions 2 onwards. A line containing
only blank characters in positions 1 to 72 (or in all positions, if /R
is specified) is also a comment line.

In Parallel Fortran an exclamation mark ‘!’ either in position 1 or in
any position from 7 onward, causes the rest of the line to be treated
as a comment.

In Parallel Fortran, lines with a ‘D’ in position 1 are known as debug
comments. Normally, such lines are treated as if the ‘D’ were a ‘C’,
that is, as comments. However, if the compiler is invoked with the
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switch /D, the ‘D’ is treated as a space, so that the debug comment
is compiled.

8.3.2 Statements

A statement consists of an initial line and, where necessary, up to 19
continuation lines.

Except as part of a logical IF statement, no statement may begin on
a line that contains any part of the previous statement.

Blank characters may appear preceding, within or following a state-
ment without changing the interpretation of the statement, except
when they appear within character constants or the ‘H’ or apostro-
phe ¢ ? ’ format codes in FORMAT statements.

An END statement statement marks the end of a program unit. The
statement consists of the three characters ‘E’ ‘N’ ‘D’ in that order, in
any of positions 7 to 72 of an initial line. All other positions from 1
to 72 must contain spaces. No other statement may have an initial
line that appears to be an END statement.

8.3.3 Statement Labels

Any statement in a Fortran program may be identified by preceding
it with a statement label.

A statement label is an unsigned integer in the range 1 to 99999.
The numbers used as labels have no sequential significance. For
example, the label 7 may occur after the label 9853. Labels may
appear anywhere within columns 1 to 5. Blanks and leading zeros
have no significance in labels.

All statement labels within any one program unit must be unique.
Labels may be referred to only in the program unit in which they
occur.
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8.3.4 Categories of Statement

Each statement is classified as executable or non-executable.

Ezecutable statements specify actions and form an execution se-
quence in a program.

Non-ezecutable statements specify characteristics, arrangement, and
initial values of data; contain format editing information; specify
statement functions; classify program units; and specify entry points
within subprograms. Non-executable statements are not part of the
execution sequence. They may be labelled, but such statement labels
must not be used to control the execution sequence.

8.3.4.1 Executable Statements

The following statements are classified as executable:

e Arithmetic, logical, statement label (ASSIGN), and character
assignment statements

¢ Unconditional GO TO, assigned GO TO, and computed GO TO
statements

e Arithmetic IF and logical IF statements

o Block IF, ELSE IF, ELSE, and END IF statements
e CONTINUE statement

e STOP and PAUSE statements

e DO statement

e READ, WRITE, PRINT and, in Parallel Fortran, TYPE and ACCEPT
statements

o REWIND, BACKSPACE, ENDFILE, OPEN, CLOSE and INQUIRE state-
ments
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e In Parallel Fortran, DECODE, ENCODE, DEFINE FILE, and FIND
statements

e CALL and RETURN statements t

END statement

END DO statement

8.3.4.2 Non-executable Statements

The following statements are classified as non-executable:

o PROGRAM, FUNCTION, SUBROUTINE, ENTRY and BLOCK DATA state-
ments

e DIMENSION, COMMON, EQUIVALENCE, IMPLICIT, PARAMETER, EXTERNAL,
INTRINSIC, SAVE statements, and, in Parallel Fortran, NAMELIST
and VIRTUAL statements \

e INTEGER, REAL, DOUBLE PRECISION, COMPLEX, LOGICAL, CHARACTER
type-statements and, in Parallel Fortran, DOUBLE COMPLEX and
BYTE type-statements

o DATA statement
e FORMAT statement

e Statement function statement

8.3.5 Order of Statements and Lines

Table 8.1 is a diagram of the required order of statements and
comment lines for a program unit. Vertical lines delineate vari-
eties of statements that may be interspersed. For example, FORMAT
statements may be interspersed with statement function statements
and executable statements. Horizontal lines delineate varieties of
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PROGRAM, FUNCTION, SUBROUTINE or
BLOCK DATA statement
IMPLICIT
PARAMETER | statements
Comment | FORMAT | statements Other

lines and specification
ENTRY statements
Statement

function

DATA statements

statements | Executable

statements

END statement

Table 8.1: Required Order of Statements and Comment Lines

statements that must not be interspersed. For example, statement
function statements must not be interspersed with executable state-
ments.

Within the specification statements of a program unit, IMPLICIT
statements must precede all other specification statements except
PARAMETER statements. Any specification statement that specifies
the type of a symbolic constant must precede the PARAMETER state-
ment that defines that particular symbolic constant; the PARAMETER
statement must precede all other statements containing the symbolic
constants that are defined in the PARAMETER statement.

ENTRY statements may appear anywhere except between a block IF
statement and its corresponding END IF statement, or between a DO
statement and the terminal statement of its DO-loop.

The last line of a program unit must be an END statement.

All statement function statements must precede all executable state-
ments.
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8.4 Names

In Fortran various items are identified by names chosen by the pro-
grammer. In standard Fortran 77 a name is a string of up to six
alphanumeric characters of which the first must be alphabetic. Some-
times the first character has special significance (see section 9.3.1).
Spaces normally have no significance in Fortran programs and so,
for example, the following names are identical:

NAME1
N AME1
NAME 1

In Parallel Fortran symbolic names may include up to 31 alphanu-
meric characters, all of which are significant; and may include the
characters ‘§$’ and ‘_’, though not initially.

In general, a name has only one meaning within a program unit.
The same name used in diflerent program units does not in general
refer to the same object except when it refers to a subprogram or
common block name. There are three exceptions to these rules:

1. A common block name may also be a variable, array or state-
ment function name.

2. A function subprogram name must also be a variable name
within the function subprogram (see section 14.1).

3. The name of a variable used as the DO-variable of an implied-DO
in a DATA statement may have any other meaning outside the
implied-DO list.

Note: The term symbolic name is sometimes used instead of name.
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Data

This chapter is concerned only with the organisation of data in
a Fortran program. The three permissible types of data are de-
scribed, together with the possible methods of data specification.
Data storage and input/output are described in chapters 10 and 16

respectively.

9.1 Data Values and Types

Values in Fortran can be classified as follows:

1. Arithmetic values. These can be further subdivided into:

o Integer values, which are whole numbers. Such values are
said to be of type integer and are held exactly in fixed
point form in store.

e Real values, which are numbers expressed as decimal frac-
tions with exponents. Such values are said to be of type
real and are held approximately in floating-point form in
store.
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o Double precision values, which are numbers held in the
same form as real values but to a greater precision.

o Complez values, representing complex numbers. Such
values are said to be of type complex and are held in
store as a pair of real values, the first representing the
real part and the second representing the imaginary part.

e In Parallel Fortran, double complex values, which are
complex numbers each part of which is held as a double
precision number.

2. Logical values, representing the values true or false. Such val-

ues are said to be of type logical.

Character values, representing strings of characters. Such val-
ues are said to be of type character, and their length is under
the control of the programmer. In Parallel Fortran the length
of character variables, array elements, or constants may be
from 1 to 32767 characters.

9.2 Constants, Variables, and Arrays

Values can be made available for use in calculations in one of five

ways:

1. As a constant value which can be written at the point in the

program at which it is required (see section 9.2.1).

As a symbolic constant which has previously been named
and defined with a value in a PARAMETER statement (sce sec-
tion 9.3.6).

In a variable. This is a named area of storage which can
contain one item of data of a particular type, the type being
determined by the variable name (see section 9.2.3) or by a
type specification statement (see section 9.3).
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4. In an array. This is a named area of storage which can contain
a set of items of data of a particular type, the type being deter-
mined by the array name or by a type specification statement
(see section 9.3). Each item of data within the set is called an
array element (see section 9.2.4).

5. In a character substring. This is an unbroken portion of a
variable or array element of type character (see section 9.2.5).

Variables, arrays, and array elements may be assigned initial values
by use of DATA statements (see section 10.3.1) and may be assigned
new values during the execution of the program.

9.2.1 Constants

There are six types of constant that can be used in standard For-
tran: integer, real, double precision, complex, logical, and character.
Integer, real, double precision, and complex constants are grouped
together as arithmetic constants. Parallel Fortran adds another type
of arithmetic constant, double complex.

9.2.1.1 Integer Constants

An integer constant is an optionally signed whole number written
as a string of digits with no decimal points or exponents. Unsigned
integer constants are assumed to be positive.

9.2.1.2 Real Constants

Real constants are numbers written containing a decimal point, an
exponent or both. They may be signed or unsigned. If they arc
unsigned they are assumed to be positive. Erponents are written as
the letter ‘E’ followed by a signed or unsigned integer. The integer
represents a power of ten to which the constant is to be raised.
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Thus real constants may take any of the following forms:

+n.m tn.mE+a

+n. +nEta

+.m +.mE+ta
tnE+a

where n, m, and a are strings of digits, and + is an optional sign,
‘4 or ‘-,

9.2.1.3 Double Precision Constants

Double precision constants are numbers written containing an op-
tional decimal point and an exponent. They may be signed or
unsigned. If they are unsigned they are assumed to be positive.
Exponents are written as the letter ‘D’ followed by a signed or un-
signed integer. The integer represents the power of ten to which the
constant is to be raised. Double precision constants take any of the
following forms:

tn.mDta

inDta

+t.mDta

tnDta

where n, m, and a are strings of digits, and £ is an optional sign,
‘4 or ‘-7,

9.2.1.4 Complex Constants

Compler constants are pairs of real or integer constants; the first
constant corresponds to the real part of a complex number and the
second corresponds to the imaginary part. Complex constants have
the form (a,b), where a and b are constants and (a,b) represents
the complex number a + tb. The form -(a,b) is not a valid complex
constant, and would have to be written (-a,-b).
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9.2.1.5 Double Complex Constants

A double complez constant is a complex number each part of which is
held as a double precision number. It has the same form as a complex
constant except that a and b are double precision constants.

Double complex constants are not available in standard Fortran.

9.2.1.6 Logical Constants

There are two logical constants, representing the values true and
false. They have these forms:

.TRUE.
.FALSE.

9.2.1.7 Hollerith Constants

In Parallel Fortran Hollerith constants may be used for data ini-
tialisation in DATA statements and in the argument list of a CALL
statement. In DATA statements, non-character variables and array
elements may be initialised by Hollerith constants and each constant
must have a length which is less than or equal to the length of the
item. If the constant is shorter than the item, it is extended on the
right with blanks.

Variables and array elements which are not of type character may
alternatively be assigned Hollerith data by using the Aw edit descrip-
tor in a formatted READ statement (see chapter 15). This facility
is an extension to the ANSI Standard. The Aw edit descriptor may
also be used to output variables and array elements which contain
Hollerith data. Non-character arrays are also permitted in Parallel
Fortran to define a format specification; see section 15.2.2 for further
information and section 15.4 for examples.
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An actual argument in a subroutine reference may be a Hollerith con-
stant. The corresponding dummy argument must be of type integer,
real, double precision, or logical. If the length of the constant is one
to four bytes then a four byte argument is passed (blank characters
being added to the right if necessary). If the length of the constant
is five to eight bytes then an eight byte constant is passed.

Hollerith constants are not allowed in the ANSI Standard; they are
not compatible with variables or array elements of type character
and they may not be used to initialise, or assign new values to, such
variables.

9.2.1.8 Hexadecimal Constants

In Parallel Fortran hezadecimal constants may be used to initialise
logical, integer, byte or real variables. Two forms of the constant are
supported:

X’ value’
Yvalue’X

where value is a sequence of hexadecimal digits (0-9, A—F).

Hexadecimal constants may only appear in DATA statements, or in
the special form of type statement which allows data initialisation
(see section 10.3.1.8). They may not be used in executable state-
ments.

9.2.1.9 Octal Constants

Octal constants may be used to initialise logical, integer, byte or real
variables. Use of these constants is restricted to DATA statements and
the special form of type statement which allows data initialisation
(see section 10.3.1.8). The form of an octal constant is:

0’ value’
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where value is a string of octal digits (0-7).

Octal constants are not allowed in the ANSI standard.

9.2.1.10 Binary Constants

Binary constants may be used to initialise logical, integer, byte or
real variables. The form of a binary constant is:

B’ value’

where value is a string of binary digits (0, 1). Binary constants are
not allowed in the ANSI Standard, and they may not appear in an
executable statement. Their use is restricted to DATA statements and
the special form of type statement which allows data initialisation
(see section 10.3.1.8).

9.2.1.11 Character Constants

A character constant is a non-empty string of any characters, de-
limited by being enclosed in apostrophes ¢’ ’. In Parallel Fortran a
character constant may alternatively be enclosed in double quotes

‘N

If a string enclosed in apostrophes itself contains an apostrophe, this
must be represented by two apostrophes to distinguish it from a
delimiting apostrophe. In Parallel Fortran the same applies when a
string is delimited by double quotes; if another double quote appears
in the string it must be repeated. But if a string is delimited by
one sort of marker, then the other can appear in the string without
needing to be repeated. The backslash escape character ¢\’ described
below provides another mechanism to allow embedding quotes in
strings.

The length of a character constant is the number of characters which
appear between the delimiting apostrophes or quotes, except that
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each pair of consecutive apostrophes or quotes counts as a single
character.

The following are examples of valid character constants:

’c(1)=’
MUSTARD AND CRESS’
PISN’’T?

Using the alternative double quote in Parallel Fortran, the following
would be valid character constants:

"RADIUS ="
“ISN’T"

For compatability with C usage, the backslash ‘\’ is allowed in Par-
allel Fortran as an escape character. It denotes that the following
character in the string has a significance which is not normally as-
sociated with the character. The effect is to ignore the backslash
character, and either substitute an alternative value for the following
character or to interpret the character as a quoted value. The escape
characters recognised, and their effects are as follows:

Escape Character Effect

\n newline

\t tab

\b backspace

\f form feed

\o null

\’ apostrophe (does not terminate a string)
\" double quote (docs not terminate a string)
\\ backslash

\z z, where z is any other character

For example,
YISN\’T’

is a valid string.
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The backslash is not counted in the length of the string.

9.2.2 Symbolic Constants

A symbolic constant is a constant value that is identified by a name
(see section 8.4). The value associated with the symbolic constant
is defined in a PARAMETER statement (see section 9.3.6) which must
appear before any use is made of the name to represent a value. The
type of a symbolic constant is determined in the same way as for a
variable (see section 9.2.3 and section 9.3).

9.2.3 Variables

A variable is an item of data that is identified by a name (see sec-
tion 8.4). Values can be assigned to variables during the execution
of a program. The value assigned to a variable at any time is made
available to the program when a reference is made to the variable
name.

In general, a particular variable will be available in only one program
unit. A name used for a variable in one program unit may be used
for an entirely different variable in another program unit.

There are six types of variables in standard Fortran 77: integer, real,
double precision, complex, logical, and character. Parallel Fortran
adds two more: byte and double complex. The ranges of values
these types can take are the same as for the corresponding types of
constants (see section 9.2.1) with the following exceptions.

e Real, double precision and complex arithmetic may result in
special values as defined by the IEEE standard for floating
point numbers[9] (see section 11.1.10).

o Byte variables have integer values, but these values must be in
the range —128 to +127.
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If the name chosen for a variable begins with one of the letters ‘I’
to ‘N’ inclusive, then the variable will be assumed to be of type
integer. Otherwise it will be assumed to be of type real. How-
ever, the programmer can override this convention by specifying, in
a type specification statement, the type the variable is to be (sec
section 9.3).

For example, variables with names such as INT, LIST, NUMBER or J322
would be assumed to be of type integer unless otherwise specified.
Variables with names such as AREA, SUM or R147 would be assumed
to be of type real unless otherwise specified.

This method of defining the types of variables can result in small
coding errors creating unwanted variables, which can be hard to track
down. For this reason, the Parallel Fortran compiler can be invoked
with the /U switch. This stops variables from being defined in this
automatic way, and obliges the programmer to define all variables
explicitly. See section 9.3 below for a further discussion. of this.

9.2.4 Arrays

Sets of data items of the same type can be processed as arrays.
A single name, the array name, is chosen to identify the set, and
individual items are called the array elements (see section 8.4 for
further details concerning names). Arrays may have one or more
dimensions. For example, the matrix A:

A(1,1) A(1,2) A(1,3) A(1,4)
A(2,1) A(2,2) A(2,3) A2,

could be treated as a two-dimensional array with eight clements.
Arrays may have up to seven dimensions.

There are six types of arrays in standard Fortran 77: integer, real,
double precision, complex, logical, and character. Parallel Fortran
adds two more: byte and double complex. The type of an array
is determined in the same way as the type of a variable, and each
element of the array has this same type.
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In some contexts an array may be referred to as a whole by spec-
ifying the array name. In other contexts individual elements may
be referred to by an array element reference which takes the form of
the array name followed by a subscript list enclosed in parentheses.
A subscript list is an ordered set of subscript expressions separated
by commas, one subscript expression for each dimension of the ar-
ray. A subscript ezpression may be an arithmetic expression (see
chapter 11) which in standard Fortran must be of type integer. In
Parallel Fortran, however, subscript expressions may also be of type
real.

The compiler allocates storage to the array as instructed by an ar-
ray declarator (see section 10.2.2). The array declarator and the
subscript expressions given in the array element reference are used
to calculate the position in store that is occupied by the specified
element. The order in which array elements are held in store is
specified in section 10.1.2.

Each subscript expression, when evaluated, must have a value within
the declared bounds for that subscript.

The following are examples of valid array element references, with
explanations:

TABLE(7) Element (7) of the one dimensional array TABLE

MAT(I,I+1) If I is an integer variable with the value 7, this refer-
ence is to element (7,8) of the two-dimensional array
MAT.

VECTOR(IFUN(J,3))
If IFUN is an integer external function or statement
function requiring two actual arguments and VECTOR is
a one dimensional array, then the function is evaluated
to give the array element required.
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9.2.5 Character Substrings

A character substring is an unbroken portion of a character scalar or
array element and is a variable of type character. It may be assigned
values and referenced, and is identified by a substring name in one
of these forms:

c(p,:p;)
alky,kz,...)(p,:p;)

where:

c is a character variable name.

a(kl ik2n-~-)
is a character array element name.

p; and p,  are integer expressions and are known as substring ez-
pressions.

The value p, specifies the leftmost character position of the sub-
string, and p, specifies the rightmost character position. The values
of p, and p, must be such that

1<p<p2<s

where s is the length of the character variable ¢ or the array element
a(ky,kz,...). If p; is omitted then the value of 1 is assumed, and
if p, is omitted then the value of s is assumed; both p, and p, may
be omitted.

9.3 Type Specification

In Fortran all constants, symbolic constants, variables, arrays and
functions must be identified as being of particular types so that they
can be stored and processed correctly. The type of a constant is
indicated by the way the constant is written. The type of a symbolic
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constant, variable, array, or function may be defined in any of three
ways:

1. Predefined specification
2. IMPLICIT specification
3. Explicit specification statements

Explicit statements override IMPLICIT specifications, which in turn
override predefined specifications.

9.3.1 Predefined Specification

Any symbolic constants, variables, arrays or functions whose names
are not mentioned in a type specification statement and whose initial
letter is not mentioned in an IMPLICIT statement (see section 9.3.2)
will be assumed to be of type integer or real according to the follow-
ing rules:

o If the name of the symbolic constant, variable, array or func-
tion begins with one of the letters I, J, K, L, M or N the compiler
assumes the symbolic constant, variable, array, or function to
be of type integer.

e If the name begins with any other letter the quantity is as-
sumed to be of type real.

Some examples of predefined type variable names are given in sec-
tion 9.2.3.

Parallel Fortran has a compile-time switch /U which stops the com-
piler from predefining the types of symbolic constants, variables,
arrays or functions in this way. When a program is compiled with
this switch, everything must be defined with the IMPLICIT statement
or one of the explicit type specification statements, as described next.
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9.3.2 The IMPLICIT Statement

The IMPLICIT statement provides a means of overriding the For-
tran convention of predefined specification for the types of symbolic
constants, variables, arrays and functions. This takes effect for the
whole of the current program unit unless overridden by explicit type
statements. The statement takes the form:

IMPLICIT type,(a1,62,...),...,type,(Gm,an,...)

where:

type; is one of: INTEGER, BYTE, REAL, DOUBLE PRECISION,
LOGICAL, COMPLEX, DOUBLE COMPLEX, or CHARACTER*s.

a1,a2,...and a,,,a5,...
are lists of single alphabetic characters separated by
commas, or a range of alphabetic characters in se-
quence, separated by a minus sign. The same letter
may not appear singly, or within a range of characters,
more than once in a subprogram.

s is the length of the character entities and is either
an unsigned, non-zero integer constant, or an integer
constant expression enclosed in parentheses and with
a positive value. s (together with the preceding *) is
optional and, if omitted, the length is one.

After this statement has been processed, all symbolic constants,
and variable, array or function names beginning with the charac-
ters aj,as,...are implicitly of type type, and all symbolic constants,
and variable, array or function names beginning with a,,,a,,...are
implicitly of type type, unless the specification is overridden by an
explicit specification statement.

A program unit may contain more than one IMPLICIT statement, but
IMPLICIT statements must precede all other specification statements
except PARAMETER statements. For a subprogram, IMPLICIT state-
ments can specify the type of the parameters to the subprogram, and
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of the function name for a function subprogram, unless their types
are specified in an explicit type specification statement.

Here are two examples of the IMPLICIT statement.

IMPLICIT REAL(A-D,X,Z),LOGICAL(L)

This statement specifies that all variables whose names begin with
A, B, C, D, X or Z that do not appear in explicit type statements
are to be real. Similarly all variables whose names begin with L are
assumed to be logical.

COMPLEX FUNCTION BACH(THEME,FUGUE)
IMPLICIT DOUBLE PRECISION(A-H)

The overall effect of these two statements is that the parameter
FUGUE will be of type double precision and the function BACH will
be of type complex. The parameter THEME is assumed to be type
real by virtue of its initial letter T.

9.3.3 The IMPLICIT NONE Statement

This statement, provided in Parallel Fortran, overrides all the prede-
fined type specification provisions of Fortran. If an IMPLICIT NONE
statement is included in a program unit then all the names in that
unit must have their type explicitly declared. A program unit that
includes an IMPLICIT NONE statement may not include any other
IMPLICIT statements.

9.3.4 The IMPLICIT UNDEFINED Statement

This statement, provided in Parallel Fortran, has similar effects to
IMPLICIT NONE. It has the form:

IMPLICIT UNDEFINED (a;-a2)

where a; and a;, are alphabetic characters. This statement overrides
the predefined typing mechanism for names beginning with the let-
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ters a; to a;. For example, variables with names beginning with the
letters I to N would normally, unless explicitly specified, be of type
integer. But the statement

IMPLICIT UNDEFINED(L-N)

overrides the automatic classification as integer for variables begin-
ning with the letters ‘L’, ‘W’, and ‘N’. If any variable names begin
with these letters, their types would have to be explicitly specified.

9.3.5 Explicit Type Specification Statements

Ezplicit type specification statements are used to confirm or override
the predefined or implicit type specification, and optionally to give
dimension information for arrays.

The appearance of the name of a symbolic constant, variable, array,
external function or statement function specifies the data type for
that name for all appearances in the program unit. Within a program
unit a name must not have its type explicitly specified more than
once. A type statement which confirms the type of an intrinsic
function (listed in appendix E) is permitted, but is not necessary.
The appearance of a generic function name (listed in appendix E)
(see section 14.1.2.1) in a type statement does not necessarily remove
the generic properties of that function. Explicit type specification
statements may also, in Parallel Fortran, assign initial values to data
items. This initialisation is defined in the same manner as for a DATA
statement (see sections 10.3.1 and 10.3.1.8).

9.3.5.1 Arithmetic and Logical Type Statements

These statements take the form:

type var, (dim;) ,vara (dim2) ... ,var,(dim,)

where:
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each type;  isone of: INTEGER, REAL, DOUBLE PRECISION, COMPLEX,
LOGICAL, or, in Parallel Fortran, DOUBLE COMPLEX or
BYTE

each var; is a symbolic constant, variable, array, function or
dummy procedure name (see section 14.1).

each (dim;) is optional and gives dimension information for arrays
(see section 10.2.2).
Here are some examples of explicit type specifications statements.

REAL A,B(10),C,D

This statement declares A, C and D to be real, and B to be a real
array with 10 elements.

INTEGER FRED, JIM,UNCLES(5)

This statement declares the variables FRED and JIM, of type integer.
In addition, the integer array UNCLES is declared, which has five
elements.

DOUBLE PRECISION HEXNO,INTNO

This statement declares two double precision variables, HEXNO and
INTNO.

LOGICAL L,BOOLE
This statement declares two logical variables, L and BOOLE.

In Parallel Fortran the following data type specifications are also
allowed:

LOGICAL*4

INTEGER*4

REAL#4 REAL»*8
COMPLEX*8 COMPLEX*16

In each case, the number following the ‘¢’ indicates the number of
bytes allocated.
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9.3.5.2 The CHARACTER Type Statement

This statement is written:

CHARACTER#s var; (dim;)#*s;,var2(dim2)#*s2,... ,var,(dim,)*s,

where:

each var; is a symbolic constant, variable, array, function or
dummy procedure name (see section 14.1).

each (dim;) is optional and gives dimension information for arrays
(see section 10.1.2).

*s and each *s;
are optional length specifications (numbers of charac-
ters) of a character variable, character array element,
character symbolic constant, or character function.
Each s is one of the following;:

e An integer constant, in the range 1 to 32767;

e An integer constant expression enclosed in paren-
theses and with a positive value;

e An asterisk in parentheses.

A *s immediately following the word CHARACTER is the length speci-
fication for each entity in the specification not having one of its own.
A length specification immediately following an entity applies only to
that entity: for an array the length specification is for each element
of that array. If a length is not specified for an entity, its length is
one. If a length is specified for an entity declared in the statement,
the length specification must be a positive non-zero integer constant
expression, unless the entity is an external function, a dummy argu-
ment of an external subprogram or a character symbolic constant.

If a duinmy argument (see section 14.1) has a length ‘(*)’ declared,
the dummy argument assumes the length of the associated actual
argument for each reference of the subprogram. If the associated
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actual argument is an array name, the length assumed by the dummy
argument is the length of an array element in the associated actual
argument array.

If an external function has a length ‘(*)’ declared in a function sub-
program, the function name must appear as the name of a function
in a FUNCTION or ENTRY statement in the same subprogram. When
a reference to such a function is executed, the function assumes the
length specified in the referencing program unit.

The length specified for a character function in the program unit
that references the function must be an integer constant expression
and must agree with the length specified in the subprogram that
specifies the function. There is always agreement of length if ‘(*)’
is specified in the subprogram that specifies the function.

If a character symbolic constant has a length ‘(*)’ declared, the
symbolic constant assumes the length of its corresponding constant
expression in a PARAMETER statement.

The length specified for a character statement function or statement
function dummy argument of type character must be an integer
constant expression.

Example:
CHARACTER CHAR,BUFF*80

This statement declares two character variables BUFF and CHAR. CHAR
occupies one character (the default length) and BUFF occupies 80
characters.

9.3.6 The PARAMETER Statement

A PARAMETER statement is used to define the value of a symbolic
constant. The statement has the form:

PARAMETER (name,=ezpr,,namez=eipr,,... ,namep,=erpr,)
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where:

each name; is a symbolic constant name.

each ezpr; is a constant expression.

If name; is of type integer, real, double precision, complex, or double
complex, the corresponding ezpr; must be an arithmetic constant
expression. If name; is of type character or logical, the corresponding
ezpr; must be a character constant expression or a logical constant
expression respectively.

Each name; is the name of a symbolic constant that is defined by
the value of its corresponding ezpr; in accordance with the rules for
assignment statements (see chapter 12). No name may be defined
more than once in any program unit.

If any name is not to have the type specified implicitly then its
type must be specified by a type-statement (see section 9.3.5) or
an IMPLICIT statement (see section 9.3.2) before its appearance in a
PARAMETER statement. If the length specified for a symbolic constant
of type character is not the default length of one, then its length must
first be given in an IMPLICIT or type statement. Its length cannot
be changed subsequently.

Once a symbolic constant has been defined it may be used in any
subsequent statement in the same program unit as an element of
an expression or in a DATA statement, but not as part of a format
specification or as part of another constant.
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Storage of Data

This chapter deals with the storage of data. It describes how quan-
tities are held in store according to their type and then describes the
various non-executable statements concerned with allocating storage
and assigning initial values to variables.

Specification of type is described in chapter 9 and the order in which
the non-executable statements described in this chapter must occur
is given in section 8.3.5.

10.1 Storage Requirements

The standard unit of storage is a byte, which consists of 8 binary
digits. The amounts of storage required under Parallel Fortran by
the various types of data are defined below.
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10.1.1 Constants and Variables
10.1.1.1 Integer

An integer constant or variable occupies four bytes. An integer value
is held in twos complement form, and may range from —23! to 423! -
1, that is, from —2147483648 to +2147483647.

Some examples of valid integer constants are:

0 5678 2147483647
-2147483648 =255 -0
+0 +5678 +2147483647

10.1.1.2 Byte

A byte variable occupies 1 byte. The value held in a byte variable
must be an integer in the range —128 to +127. Byte variables are
an extension to the ANSI Standard.

10.1.1.3 Real

A real constant or variable occupies four bytes. A real value is
held as a normalised floating point number in accordance with
the IEEE floating point format (see IEEE Standard for Binary
Floating-Point Arithmetic[9]) and may range from +271%¢ to ap-
proximately +2+128 that is, approximately, from +1.1754945x 10~38
to +3.402823 x 10*38. Some examples of valid real constants are:
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1.23 -1.23 +1.23

0. .0001234 667744 .
1.23E2 +1.23E2 -1.23E2
123456 .ES 1.23E30 1.23E+33
1.23E+3 0.EO0 1.23E0
1.23E+03

-1.23E30 -1.23E10 +123E10
+123E10 123456789E-34 OEO

Also see section 9.2.1.2.

10.1.1.4 Double Precision

A double precision constant or variable occupies eight bytes. A dou-
ble precision value is held as a normalised floating point number in
accordance with the IEEE floating point format and may range from
4271022 g 4 21024 that is, approximately from +2.2250738 x 10~308
to +1.7976931 x 103%.

10.1.1.5 Complex

A complex number consists of a real part and an imaginary part.
(The word real, in the term real part, is not used in the sense of
section 9.2.1.2.)

A complex constant or variable occupies eight bytes. It consists
of either a pair of real (in the sense of section 9.2.1.2) constants,
or a pair of integer constants; the first of the pair is the real part
and occupies the first four bytes and the second is the imaginary
part which occupies the second four bytes. Some examples of valid
complex constants are:

(3.75,-2.100)
(0.,0.)
(-2.75E+2,7.1E-2)
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t8master, 88
t8worker, 88
TAB character, 96
task data sheets
afserver task, 444
filemux task, 448
filter task, 445
frouter task, 446
stub task, 454
task files, see task image files
task image files, 34, 38, 50
locating, 50
locating with configurer, 431
TASK statement, 46, 429
DATA attribute, 46, 85
FILE attribute, 50, 85, 88, 431
INS attribute, 46, 430
memory size attributes, 432
OPT attribute, 433
OUTS attribute, 46, 53, 431
URGENT attribute, 434
tasks, 34-35, 37
communication between, 51
declaring to configurer, 46, 430
memory, 34
more than one per processor, 35
normal versus stand-alone, 55,
64, 81
ready-made, 35, 46, 50
specilying memory
requirements, 432
specifying memory requirements
to configurer, 46
using configurer to locate, 47,
55, 57
versus threads, 63
see also task image files, TASK
statement,
Tbug, 64, 327, 390-391
TDS, 5, 14
tdslist, 14
temporary files, 318
THREAD package, 60, 354
threads, 37, 59-60, 82, 354
COMMON blocks, 37, 60

(<2}
Nl
<o

memory, 37
passing arguments to, 356
priority of, 355-357
restarting, 357, 371
scheduling of, 358
stack for, 355-357
starting, 355-356
statements prohibited in
subsidiary threads,
181-182, 355
stopping, 357
versus tasks, 63
time
elapsed, see ICLOCK
transputer, see timers, TIMER
package
TIMER package, 362
timers, see under transputer
tnm, 407-408
transputer
byte, 333
channels, 33
error flag, 21
external event machanism, 365
links, 33
no 16-bit data types, 28-29
on-chip RAM, see memory:
on-chip
timers, 362
word, 333
see also channels, links,
processor type,
tunlib, 411-412
type conversion, see type
transformation
type specification, 114
IMPLICIT, 116-117
explicit, see explicit type
specification statements
predefined, 112, 115, 320
see also data types,
TYPE statement, 259, 269
list-directed, 283
type transformation, 162, 477
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types, see data types, type

specification

U

units, see compilation units, I/O
units

\%

values, 103-104
initial, see initialisation
variables, 111
BYTE, 124
CHARACTER, 126
DOUBLE COMPLEX, 126
DOUBLE PRECISION, 125
INTEGER, 124
LOGICAL, 126
REAL, 124-125

automatic allocation of, 128

how to keep values after exit
from subprogram, 207, 323

names of, see names
stack, 24

static, 24

type of, 111

uninitialised statics are zero, 324

word-aligned, 333
see also data types, type
specification,
VIRTUAL statement, 130

w

WIRE statement, 44, 57, 429
wires, 33, 35

declaring to configurer, 44, 57,

429
word, 333
work packets, 39, 79-81, 440
vorker, 85
worker task, 39, 79-80, 440
linking, 84
must be stand-alone, 81
see also processor farms,
workspace, see memory: stack

Index

vorm, 415, 103-405
WRITE statement, 258, 264, 268, 271,
274, 276-277
direct, 274
list-directed, 283
namelist-directed, 289
sequential, 264





