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Introduction

Intended Audience

This User Guide accompanies 3L's Parallel Fortran product, and is
intcnded for anyone who wants to use Parallcl 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.

Hard-ware ASSuInptions

}>a.ralleJ Fortra.n can be used with a large variety of target trans­
pllter systems. This manual makes the simplirying assurnption that
thc ta.rgct hardware will be an Inmos IMS 000-1 transpnter evalua­
tion board, or a transputer system which is largely conlpatible with
a 11001. This board is a single plug-in card for the standard Inivf PC
bus, with onc transputer and either 1MB or 2MR of ItAM.

Si,uilarly, thc asslInlption is rnade here that the host computer for the
BOO·! will he a.n fIlM PC with a hard disk drive, or one of the many
pcrsona.1 cornputers cOlnpatiblc with the original IRM machines.



XVlll

Document Structure

IIJtroduction

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

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

• Part If: Tutorial introduces you to the operation of the com­
piler and the other tools supplied with Parallcl 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.

• Part Ill: Language Reference contains a complete specification
of the language accepted by the Parallel Fortran compiler. This
is ANSI Fortran 11, with certain extensions which are described
in this part.

• 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.

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

Further Reading

Although this User Guide does include a COlllplctc description of
fortran 77, readers who are unfanliliar with this langua.ge arc advised
to consult one of the many introductory texts available.

In a sinlilar way, the reader is assumed to he reasonably faluiliar with
the operating Systclll of the host computcr being used. :For personal
computers made by IDM, this will usually be PC-DOS, which is
supplied with a manual called Disk Operating Systenl Reference [2].
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I·'or cOJnpa.tiblc rnachines ma.de by other manufacturers, the oper­
ating system will usually be MS-DOS, described in Aficrosojt AfS­
1)0., [!ser's llrfcrence[3]. These two opcrating systems are largely
conlpati blc, a.nd thejr doc1l mentation is very similar. We will refer
to "MS-D()S" in this manual to mean the operating system used
on your rna.chine. The term DOS Reference Afanual will be used to
refer to the appropriate manual.

Iteferenccs to these a.nd other documents mentioned in this manual
a.re collected in a bibliography, which can be found on page 541.

Conventions

Throughout this manual, text printed in this typeface represents
direct verba.tinl cOITlmunication with the computer: for exarnple,
pieces of Fortra.n text, commands to MS-DOS and responses from
the conlputer.

In cxalnples, 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 '(Jbel TO int

'rhis n-leans that the statelnent consists of:

1. '1'he word 'ASSIGN', typed exactly like tha.t.

2. A label: Hot the word 'label', but something which the acconl­
pallying description explains.

~J. 'rile word 'ro', typed exactly like that.

IJ. An ill/: once again, the accornpanying d~scriptjon explains
what tllis is.
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In examples, it is sometimes necessary to indicate exactly where
there is a space, or bow many spaces are present. In these cases, we
represent a space by the symbol 'u'.
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Getting Started
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Chapter 1

Installing the Compiler

This chapter contains instructions on how to load Parallel Fortra.n
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 Para.llel Fortran on your hard disk, follow this procedure.

1. IlIa-cc the disk labelled Disk 1 of 3 in your floppy disk drive
A:.

2. l'ype the following commands:

C>a:

C>install

:1. Answer any questions the install program a.sks you.

'1. })lacc t.he a.ppropriate disks in drive A: when the install pro­
graIn asks for thcJn.
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It is important to use the supplied install progranl to install Par­
allel Fortran. If you simply copy the fil(\s, the installation will not
be performed correctly.

Parallel Fortran will be installed on directory tf2vl. If this directory
already exists, files in it with the same na.me as Parallel Fortran files
will be overwritten.

The compiler is now installed, but can only be run in the directory
\tf2vl. Before the compiler can be used from other directories
\tf2vl 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 taf) is available as
a command, \tf2vl must be added to the search path.

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

path ... list 0/ directories ...

For example:

path c:\dos;c:\utils

In this case, you will need to add the tpxt "; c: \ tf2v 1" 011 to the
end of the line, giving:

path c:\dos;c:\utils;c:\tf2vl

If there is no path line in the autoexec. bat file, just add the line:

path c:\tf2vl

rl'hr(~e inlportant points about setting the sea.rch path should be
noted:
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1. 'fhe doclI rncnt.ation for previous versions of 3L compilprs, in­
cludin~ I~ortrall, reconlrnended the use of a. set path= corn­
rnand to set up the search path. This is ('<]uiva.l('nt to the path
cOlnmand, and can be changed to include \tf2vl in the sa.me
wa.y.

2. If you a.lready have an earlier Fortran conlpiler installed on

your machine, a directory such as \tf2vO will be in your pa.th;

it should be retnoved before adding \tf2vl.

3. If you arc a user of the Inmos TDS environment, your search

path will probably include a reference to the directory where
the TI)S is held, such as \tds2dir. This reference must not

precede \tf2vl 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 Pa.scal, you should
be a.ware that this version of Parallel Fortran includes new

versions of the afserver program and the tinker. The versions
of these which were released with version 2.1 and ea.rlier of

l>araJlel C and version 2.0 of Parallel Pascal should not he used

with this version of Parallel Fortran. This means that directory

\tf2vl should precede the installation directories for the other

langua.ges in your search path.

Once autoexec. bat has been changed, you will need to rehoot your
machinc to rna.kc the changes effective.

When you ha.ve cOlllplcted this installation procedure, the cOlnpilcr
rnay hc accesscd froln any directory on the disk on which it has been

hlstalled, ill this ca.se C:. If you wish to execute the conlpiler frOI11 a
directory 011 sorne ot.her disk, sa.y D: , you should refer to sect.ion 17.3
in pa.rt IV or this IHanual for inrornlation a.bout file handling in
INCLUDE sta"elllcnt statclll(~lltS.
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Confidence Testing

This chapter describes a short procedure which may be follow('d 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 cxanlple, if the compiler has been installed in
directory c: \ tf2v 1, do this:

D>c:

c>

2. Set the current directory to a convenient dir('ctory for doing
this test. r'or cxarrlple:

C>cd \mine

C>

NlJ: ])011 't use directory \ tf2vl for the con fidence test, as th is

would r)lean that you would not be test.ing whether the correct
sea.rch 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 cOIoma.nd.
You should see the output shown.

C>t4f li -:i
IBM PC Filer server lo.os V1.3 (14th October 1987) I 3L
Vl.3.5
Copyright IIMOS Liaited. 1985
Tranaputer Fortran 77 coapiler. F77_tranaputer V2.1.1
Copyright (C) £PCL 1990
Copyright (C) 3L 1990

C>

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

If, after the afserver's identity, the computer outputs the
following, or something similar-

Last co..and. • 0
Serwer terainated: 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. f77 file to the current directory:

C>copy \tf2vl\examples\hello.f77
1 File(s) copied

C>

5. COlIlpile the exaJnplc using the rl'·1 version of the cOHlpiler (this
will work for the rrs as well, bpcausc the exanlplc contains no
floating-point instructions):

C>t4f hello
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C>

9

6. Link the resulting bina.ry file with the n(\ccssa.ry parts of the
run-tinle library:

C>t4flink hello

C>linkt hello

C>

\tf2vl\frtlt4 \tf2vl\t4harn

7. Finally, the program can be run:

C>afserver -:b hello.b4
Hello. world!

C>

The output "Hello J world!" comes from the hello. f77 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 falniliar with the contents of this chapter before you
progress to the later chapters explaining parallel programnling on
the transpnter.

The instructions in this chapter assume that the Parallel Fortran
cornpiler has already been installed as described in cha.pter 1.

Some of the operating procedures described here a.rc different fOT T·1
and '"1-'8 transputers. Yon should find out whirh type of transputeT
is fitted in your I>C before using the compiler.

3.1 Editing

Any editor which ha.ndles st.a.nda.rd ~tS-DOS text riles ca.n be used
to create or cha.llge J)arallel I~rt.ran source progralllS. The exanlple
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below shows how the edlin <'<litor supplied with f\'IS-DOS can be
used to create a new Parallel Fortran source progranl.

C>edlin hello.f77
New file
*i

1: • PROGRAM HELLO
2:. PRIlr .,'Hello, world!'
3:. EID
4: ....C

c>

The DOS Reference Manual explains how to use edlin.

Note that the "folded" files which the Inmos TDS works with are
not ordinary ~1S-DOS text files and that therefore they cannot be
used directly as input to the compiler. IIowever, the tdslist utility
program supplied with the TDS will convert TDS-format text files
into ordinary 1\fS-DOS text files which ca.n be read by the Parallel
Fortran compiler.

3.2 COlllpiling

A I)arallel Fortran source progra.m is conlpiled into a binary object
(. bin) file of T4 transputer instructions by a cOlTlmand of the forrn:

t4f source-file

rI'o compile code for a 1'8 transputer., liSP the cOlnnland

taf source-file

Note that, in general, code rOlnpilpd ror a. 1'4 will not run Oil a r1'8
(or vice versa) so you rnust lIse tlt(\ ("Olnlnand appropriate for the
type of processor in your transputer hoard.
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'1'hc sOtl1Y'c-jilc is the filcna.Jllc of the Fortra.n source progra.m which
is to bc cOlnpilcd. If no filcllaJne extension is given in the comma.nd,
. f77 is a.dded autoJnatically.

So, to compile the file hello. f77 for the T4, you would give the
COlllmand

C>t4f hello

If the source file contains no errors, an output object file hello. bin
is produced. If the cOlllpiler detects errors in the source program, it
writes diagnostic Inessages to the MS-DOS standard output stream.
Error messa.ges Inay therefore be redirected using ')', or piped using
, I '. The forlnat 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 compHer lllay produce can be found in appendix G.

3.3 Linking

Once a Para.lIel Iiortran 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 subprograllls froln the Parallel Fortran run-time library.
'"fhis is done by the linker. Ilcre we discuss the most usual Iink(\r
operations; a full descript.ion of the linker can be found in cha.pter 19.

Ita.ther thall ca.lling the linker directly, it is usually more convenient
to use onc of the batch files provided for the purpose.

'1'0 link 1""4 rode produccd by the t4f compiler use the conllnand:

t4flink objt:<'t-Jile

For ('xalllpl(',

t4flink hello
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rro link T8 code produced by taf us~ the conlmand:

t8flink object-file

Chapter 3

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 Lillkillg More tllan Olle 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
assunled 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 Fortra.n source files, main. f77 and
fns. f77, the following commands will compile thenl and link them
together, producing an executable fih\ for the T4 called main.b4.

C>t4f .ain

C>t4f fns

C>t4flink .ain fns

Conlpiling a.nd linking the exalnplc fil(\s ahove for the rI'S would be
done as follows:

C>t8f ..ain

C>t8f fns

C>t8flink .ain fns
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3.3.2 Illdirect Files
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It is quite COnlIT10n for progra.nlS to consist of many different object
files. The t4flink and t8flink batch files cannot ha.ndle more tha.n
nine, but even with fewer files than this, you ma.y 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 executahle file. It
is specified in the linker comnland by its file na.me preceded by an
'CD'. }tor example:

C>t4flink lobjfiles

This will ca.use the Iinker to find the file objfiles. dat, and link
together a.1l 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 a.re assullle<l to have the extension . date They contain
a list of MS-l)()S file na.tTles, \vith one file name on each line. Full
path names, includjllg directory specifications, are allowed. Indirect
files may also include the nalnes of other indirect files, by preceding
with an 'CD'; nesting indirect files in this way may be done to five
levels.

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

main
fns
\userlib\general\io
Igrafpack

When used ill tlte exalllple given abovc, this will link the ohject
files main. bin and fns. bin [rolll the current directory a.nd io. bin
frorn the dil'c('f,ory \userlib\general, together with all the object
files specirip<l ill the indirect file grafpack.dat. The executable file
gcnerated will be main. b4.
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3.3.3 Calling the Lillker 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 Afanual[13].

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

linkt object-file, t 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 assulned
to be .bin.

The order in which tile object files are specified is significant. Details
of this may be found in sections 3.5 and 17.2.4.5.

The executable-file is the name of the file to which the linker writes
the executable output code. If no extension is specified, the lioker
supplies the extension . b4. The executable file and its preceding
COlnnla lllay be omitted; in this case, the executable file is given the
sarne file name as the first object file in the command line, with the
extension . b4. If the first file nlentioned on the comrnand line is an
indirect file, the executable file is given a name taken froln the narne
of the first object file listed in the indirect file.

1'0 lillk ltortran progralIls, you must i Ilclude in the list of object
files both the Parallel l;ortran run-tilllc library and a special object
file called a "harness". rI'he directory \tf2vl conta.ins two versions
of both of these cOlnponcllts: frtlt4.bin and t4harn.bin for T4
transputers, and frtl t8. bin and taharn. bin for 1'8 transputers.
rl'he linker will not allow you to mix T4 and TB object files.
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rrlte exa.mple bclow shows the cOlllmand necessary to link a.1I the files
listed in tile indirect file subs.dat into a single executa.ble file for
the T4, ca.lled prog. b4.

C>linkt Isubs \tf2vl\frtlt4 \tf2vl\t4harn,prog

Note that the Ilarallel Fortran run-time library (frtlt4.bin) and
the harness (t4harn. bin) nlust both be named explicitly as input
object files.

For the T8, the cOlnlnand would be the following.

C>linkt Isubs \tf2vl\frtlt8 \tf2vl\t8harn,prog

3.3.4 Libraries

It is often convenicnt to be able to treat a group of object files as
a single unit. F~r exalnplc, the Parallel Fortran run-time library
consists of ma.ny separate objcct files, but is supplied as a single file
containing all of thcIn.

l"'he tinker provides the option of linking together a group of object
files to producc a lib,.·ary filc instead of an executable file. The library
contains all of the code and entry points defined by the input object
files, which can bc changed or deleted without affecting the library.
To change a. li bra.ry it rnust be relinked from its component parts.

IJibrary fi]~s ha.ve sevcral advantages over using indirect files .

• 'fhe lillk~r seleets froBt the library file only those modules wldch
arc act.ua.lly refercnced elsewhere in the program; the oth(,fS arc
IIOt i nelu ded i It the execlI table file .

• Copying a siugle file to another place is simpler than copy­
jng rna-lIy COlllpOllellt ohject files and (na.king sure that the
corresponding indirect file is kept up to date with cha.nges in
directory a.nd file Hallles.
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• 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
cOlnponent 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-file•• Iibraru-file/l

l"'he option letter after the 'I' is a lower case 'L'.

l'he 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 'G' 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 .lib. Note that this
is different from the default extension for input libraries, which is
.bin.

The example below shows a graphics library being built frolD 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 Hnker commands.

C>type graflib.dat
core
tek
hp

C>linkt Igraflib.graflib.bin/l

C>type .yprog.dat
myprog
graflib
\tf2vl\frtlt8
\tf2vl\t8harn

C>linkt '.yprog
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J;:xecutable progranls are loaded int.o the transputer board and run

using the afserver prograln, which runs on the IBM PC.

The afserver is an ordinary MS-DOS program, and after loading
the Itbrtran prograln into the transputer board, it remains active

throughout the progranl'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 screen and so on. The results of these

operations are sent by the afserver back to the transputer board.

The coolma-nd to load and run a program is:

afserver -: b filcno,ne

1'he Jilenanle must be the name of an executable file pro<1uc~d hy

the linkcr. 'fhe file name extension must be specified. An example
of a comma.nd to load and run a sinlple program would be:

C>afserver -:b hello.b4

Note that this will only work if your program uses a fairly small

arnount of sta.ck lllcrnory. See section 3.5 for how to get round this
problenl.

Appendix section F.3 includes more information about the afserver
a.nd its options, and the InnlOS Stand Alone Compiler I,nplenlenla­
lion Afll71UU[[I:l] (section 10) contains a full description. Note tllat

the -: e (test error Hag) switch described in [13] is not support('d for
use with 1~a.rallel Fortran prograJns. For iJnproved pcrforlnanc(', the

~-'ortran cOInpiler rclies on being able to gencrate code which nlight
incidenta.lly cause tile error flag to be set. Therefore, the trallsputer

error fla.g .nay he set as part of the uorlllal execution of a l'ortran

progralll.

rrlte rUllllillg of prograllls call be sinlpliried by putting the appro­

pria.te afserver cOlnlnand into an NIS-DOS batch file. Typing the
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narne of the batch file is then sufficient to run the progranl. For
example:

C>type .yprog.bat
afserver -:b \aydir\.yprog.b4

C>ayprog

l'he command myprog will tben call afsarver 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 TB
(or vice versa) the effects 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 \tf2vl \linkt. exe in the same directory as the. b4
file, giving it the same root filename as the .b4 file but keeping the
. axe extension. For example, if the current directory contains the
executable file ex. b4, it can be run as a comnland by typing:

C>copy \tf2v1\lintt.exe ex.exe

C>ex

This new ex command can be us('d from any directory, provided the
directory containing ex. exe and ex. b4 is on the ~1S-1)OS search
path.

(linkt. exe works by taking the cOllunand verb fronl its conlnland
line, adding. b4, and then railing afserver to load that file fcoIn
the same directory linkt. exe itself was loaded fronl).
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When a . b4 file is invoked via a "driver" program in this wa.y,
the -:0 1 switch (sce section 3.5) is added automatically and the
program is given a large amount of stack space. If you want to Tun a
prograIn as an MS-DOS command, but with its stack in fast on-chip
RAM, you should invoke the program as usual but add -:0 0 to the
command line (hyphen, colon, letter '0', then a space followed by
the digit zero). For example:

C>ex -:0 0

3.4.2 I/O Units, Redirection and Piping

Section 16.8.1.2 explains how a Fortran program's I/O units are
preconnectcd. 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 vc, you could
redirect unit 5 to read from file chap!. txt by using this command:

C>afserver -:b vc.b4 <chap1.tIt

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

C>vc <chap1. tIt

Similarly, the standard output normally goes to the screen, and may
be redirected using the '>' symbol. For example, mangle. b4 is a
prograln which reads raw data through unit 5, processes them and
writes the results to unit 6. It could be ma.de to read from -rile
raw.dat a.nd write to cooked.dat by this coolma.nd:

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

l'he output fro III unit 6 1l1ay also be piped into an MS-DOS filler
progranl by writing the nalne of the filter after a vertical bar' I', as
shown below.

C>afserver -:b mangle.b4 <rav.dat I .ore
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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.

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

• 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 au tomatically to zero.

• Stack storage(sometimes referred to as workspace) is used for
all other variables, unless the program has been conlpiled using
the /S switch, in which case all variables are held in static
storage. The stack is also used for function calls and CALL
statelnents a.nd for holding pointers to the actual argulllcnts of
sul.>progralns.

In addition, library functions use varying anlounts of stack
space as working storage. rrhe stark requircln~lltsof the Inath­
eluatical functions are given in the Ilunos 1'DS G'ompiler ltn])le­
nlentation Afanual[14] (Section 10, Paralncters and workspace
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requirenlents) and are generally about 40 to 100 words. The
stack requirements of the Hoating-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.

• IIeap 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:

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

• External memory. The Inmos B004 board has either 1MD or
2MB of external memory.

Using the linker only, two methods of mapping the storage areas
onto physical memory are available: the default method, and the
alternative method. The configurers required for developing para.lIel
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 Mell10ry Mappillg

Default memory mapping is used if the afserver program is ca.lled
a.s described in section 3.4 above. \Vith this arrangement, the T·t's
on-chip 1l1Clnory, and the first 2](D of the T8's on-chip memory, arc
used for stack stora.ge. Since on-chip memory is faster than exter­
nal lnelnory, progranls can run nluch faster with default mernory
rnapping. Obviously, you rnust be certain that the program '8 sta.ck
stora.ge will fit in the available 2I(D.
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If you are using a TB, default melnory mapping providcs an op­
portunity for further speed inprovements, since the remaining 2Kll
of the TB'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.

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

3.5.2 Alternative Memory Mapping

Unless you are sure your program's stack data will fit into the 2KD
of available on-chip memory, you should run it like this:

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

The -: 0 1 switch (hyphen, colon, option letter '0', then a space,
then the digit one) changes the way memory is allocatcd to give
the program a very large amount of stack space. In this modc 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 Lilllit on Prograln Melllory

The current version of thc lillk(~r g~n~rates executable files which
will only run correctly on boards having 1MD or 2f\IIJ of Inemory.
To get round this restriction, the Ilarallel Fortran kit includes the
mempatch program which may bc used to change executable files
to run on boards which have different alnounts of nlclnory. Sce
chapter 20 for a discussion of mempatch.
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The Parallel Fortran run-time library for the transputer includes a
number'of functions and subroutines which alJow 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 regist('r 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. INe, and
this should be included in any subprogram which makes use of ~1S­

DOS functions. The length of the DOS block is the value of the
constant F77_DOS_BLOCK_SIZE, defined in DOS. INC. The ('l('m~nts

of the DOS block correspond to t6-bit registers of the MS-DOS
machine, and to help with accessing these, DOS. INe defines various
constants whose names use the familiar Intet register names. This
means, for example, that to load the value 10 into the AX register for
moving to the host, the programlner could code the following:

INCLUDE 'DOS.INC'
INTEGER DOSBLOCK(F77_DOS_BLOCK_SIZE)

l'here are a nunlbcr of significant points about the format of the
1)05 block.

1. rrhe fpgistcrs in the DOS block are in a different order from that
conventionally used under ~1S-J)OS. This difference simplifies
the job or 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 descri bed above.

2. The transputer has no 16-bit data types; the 16-bit BOxB6
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:

IICLUDE 'DOS.IIC'
llTEGER DOSBLOCI(F77_DOS_BLOCI_SIZE)

DOSBLOCI(F77_DOS_AI) •
1 IOR(IAID(DOSBLOCI(F77_DOS_AI).2SS).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 segInent
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 ~1S-WINDOWS require paraulelers
and data blocks to be passed in menlory rather than in registers.
If a block of memory is requir<,d as a parameter to an interrupt
call, it nlust first be acquired from ~'1S-DOS. After use, the Inenl­
ory block should be returned to MS-IlOS so that it Inay be used
again. These operations can be performed either by the appropri-
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ate ])OS function calls (described in the DOS Technical Refere71~ce)

or by the run-time library subprograms F77_ALLOC_HOST_MEM and
F77_FREE_HOST_MEM.

The Intel 80x86 architecture uses a 32-bit quantity to specify 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 hits
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 transpllter'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 fields. For exa.m­
pIe, GEM parameter blocks contain many 16-bit fields representing
x 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
hit-nlanipulation functions.

Sorne silnple exalnplcs of the ways in which the above functions
tnight he lIsed will now be given. First, the following prograrn calls
~1S-I)OS function 216 (Chara.cter Output) to displa.y the character
'A' on the screen. rrhe argllJnent is passed in the DL register.
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PROGRAM SENDA
INCLUDE 'DOS.IIC'
INTEGER DOSBLOCK(F77_DOS_BLOCK_SIZE)

C Load 2 into AH and 'A' into DL
DOSBLOCK(F77_DOS_AI) • ISHFT(2. 8)
DOSBLOCK(F77_DOS_DI) • 65

C Call interrupt 33 (hexadecimal 21)
CALL F77_HOST_llTERRUPT(33. o. DOSBLOCK)
EID

Next, a much more complicated example in which MS-DOS function
916 (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
IICLUDE 'DOS.IIC'
INTEGER DOSBLOCI(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_BLOCI_TO_HOST (HELLO. MEMORY. 6)

C

C Find current segaent register addresses

C

C Set up function call nuaber
DOSBLOCK (F77_DOS_AI) • ISHFT (9. 8)

C

C Set up segaent nuaber and offset of string
DOSBLOCK (F77_00S_01) • IBITS (MEMORY, o. 16)
OOSBLOCK (F77_DOS_DS) • IBITS (MEMORY. 16, 16)

C
C Perfo~ the call

CALL F77_HOST_IITERRUPT (33. 1. DOSBLOCK)
C

C Free the string aeaory in host
CALL F77_FREE_HOST_HEH (MEMORY)
END
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Introduction to Parallel
Fortran

This chaptcr 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 ideas
on which Parallel Fortran is based. ICnot, don't worry; the ideas a.re
quite simple. They are explained in outline here, and again in more
detail in the chapters which follow.

4.1 Abstract Model

l'he treatlncnt of parallel processing in transputer systems is bas(ld
on the idea of communicating sequential processes. In this model,
a cOInputing system is a collection of concurrently active sequential
processes which can only communicate with each other over chan­
nels. A cha.nnel connects exactly one process to exactly one other
process. A c.hanncl can only carry messages in one direction: if
cOHullunication in both directions between two processes is required,
two channels must be used. Ea.ch 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 cr(\atcd 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

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 exalllple, 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. SometiInes it is useful
to allow a sending process to run ahead of a receiving one; in such
cases an explicit buffering process must be added to the systenl.

Note that because a process in this Inodel is just a "black box"
connected to the outside world only by its channels, the actual iln­
pleulentation of any individual process is not ilnportant. A process
could be a bit of hardware or a software module; in particular it
n-lay also be another cOlnplex SystClll, itself consisting of a nUlnber
of comnlunicating processes.
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4.2 Hardware Realisation
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The tra.nsplIter was designed to be used as a component in concur­
rent systems oC 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. Jlowever, 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 oC the word are used by the hardware t.o
synchronise sending and receiving processes.

Frorn a program's point of view, these internal channels and the hard­
ware link channels are identical. The same instructions (or Pa.rallel
Fortran suhprograms) are used to send an~ receive messages on both.
lla.rdware link ("hannels are identified by special fixed addresses. For
example, on a T414 the .input channel of processor link 3 is always
a.t address ROOOOOIC 16 . Internal channels have addresses a.11orat<'d
by software.

This equivalence of internal channels to hardware link chanllpls
Inca.ns it is possible to develop a parallel system on a single trans­
putcr and then move some of its processes onto other transput<'fS
without having to recolnpile any code.
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Each process executing on a transputcr processor has a priority,
which can either be "urgent" or "not urgent". The processor
automatically shares its available tilne 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 Soft'Ware Model

Parallel Fortran is based on the sanle 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 execut.ing 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 Jjnker, linkt.

l'asks can be treated as software "bla<'k boxes" connected together
via their ports, as shown in figure 4.1.

For exaulplc, a very Silllple task Jllight accept on an input port a
streanl 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...-- ...r orts

task

Figure 4.1: a task viewed as a "black box".
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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 a.re 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
necting channels. rrasks placed on different processors can only be
connected where physical wires c.onnect the processors' links. Each
logical connection betwecn two tasks placcd on different processors is
assigned exclusive use of one of the physical link channels connecting
the processors. The nUlnber of interconnections between tasks on
different processors is therefore limited by the number of hardware
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PROGRAM UPPER
INCLUDE 'CHAI.INC'
INTEGER INCH1.1DOR. OUTCHANADDR. WORD
INCHANADDR • F71_CHlI_II_PORT (0)
OUTCHAN1DDR • F11_CHlI_OUT_PORT (0)

100 COITINUE
CALL F11_CH1I_II_WORD (WORD. INCH1NADDR)
IF (WORD .EQ. -1) GOTO 200
IF «WORD .GE. 91) .'10. (WORD .LE. 122» THEI

WORD • WORD - 91 + 66
ElD IF
CALL F71_CH'I_OUT_WORD (WORD. OUTCHAIADDR)

GOTO 100
200 STOP

EID

Chapter 4

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 nUIl1ber of
input channels. For example, the main loop of a file server process
would want to wait until a message was available froIn anyone of
its "client" processes. It can't read th(\ln all scquentially because a
Inessage could come from anyone of them, in any order.

10 handle this situation, the Para!]p] Fortran run-tilHe library in­
cludes functions which enable the prograln to wait until one of a
group of input channels is ready to transnlit, and th(~n report which
channel it is. Alternatively, the progranl can "poll" a group of
channels, that is, check which (if any) of thCll1 is rea.dy to transmit,
without waiting.
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1'his facility corresponds roughly to that provided by the oceam ALT
statement, and is sometiIlles 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 Fortra.n 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 (aJlocated by its creator), but shares its code with any
other threads in the same task. Threads of the same task also ha.ve
access to the same COMMON blocks, and semaphore functions in the
fun-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
graIns are not reentrant; that is, a subprogram may not be active
,nore than once at anyone time. This means that a subprogram
cannot call itself, directly or indirectly; it also means that a su b­
prograrTI may not be invoked through the thread mechanism nlore
than once at a time. This precludes the easy use of the mult.iple
threads for readi ng fronl a nunlher of input channels "all at the
sarne tilne". Nonetheless, the technique ma.y be useful for ahnost
any problem which falls into sections which are largely indep('lIdent,
and in particular many prohlellls in siInulation, real-time control and
other areas map very well onto a multi-threaded algorithm.



38 Chapter 4

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 (linkt) 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 conjigurer. It is driven by a user-supplied conjigumtion file which
specifies:

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

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

• the connections between the various tasks' ports;

• 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 salne
afserver program used for siJnple standalone progranlS.

4. 7 Processor Farllls

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 routing
software supplied with the compiler. All of the worker tasks must run
the same c.ode. 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 cOlnmunicating with other tasks, you can
use the flood-fill configurer to combine the code for the master and
worker tasks into a bootable a.pplication file which can be loaded
automatically into an arbitrary transputer network by the afserver
program.

Many computationally intensive applications can in fact be inlple­
mentcd by processor farms, particularly gra.phics applications like
ray-tracing where different sections of the screen ca.n be worked on
illdependcntly.
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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 rlln­
time library subprograms for sending messages over channels and
creating new execution threads. Processor farm applications a.rc
covered in the next chapter.

We have actually already encountered an interesting example of
a parallel system: even a sinlple 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 n004

0 I 0 1 1

af- I
filt.er

user
server I prog.

I

0 0 J 1
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The afserver task is an ordinary MS-DOS execu table (. 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 transpnter 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/O 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 thenl.
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 T4I4 chip cannot handle single-byte messa.ge transfers on
its hardware links. The filter pads out I-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 systcnl 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 asSlllTIcd.

Using the standard harness is silnple but inflexible. \Ve need a way
to produce exccutahle files for nlorc cOlnplicated systPffi configura­
tions containing many tasks and Inany transputcrs. 1'he cOJlfigllrer
prograJn supplied with the compiler can do this; a silllplcr harness
(known as the "task ha.rness") ca.n th(\1l be used.

The configurer is driven by a user-written configumtion file which
descrioes the systcro to be built: the file lists all the physical proces-
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UPPER.CFG
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processor host
processor root
wire juaper-

root [0] ­
host [0]

!the PC
!the transputer in the 8004
!connects ...
!link 0 of root transputer
!to the PC bus

task upper ins=2 outs=2 !the user task
task filter ins=2 outs=2 data-lOt
task afserver ins=l outs-1

place afserver host
place upper root
place filter root

!afserver runs on PC
!everything else on transputer

connect ?
connect ?
connect ?
connect ?

filter [0] afserver[O]
afserver[O] filter[O]
filter [1] upper [1]
upper [1] filter[l]

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
contcnts in deta.il.

'I'hc cxalllple progralTI we have chosen just converts a streanl or
cha.racters r('ad from the sta.ndard input strea.m to upper case. l'he
Fortra.n source file, upper. f77 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 COITIIUE
READ (5. 110. E10-130) LIME

110 FORMAT (A80)
DO 120 P • 1. 80

C • ICHAR(LIIE(P:P»
IF «C .GT. 96) .'10. (C .LT. 123» C • C-32
LIIE(P:P) • CHlR(C)

120 CONTIIUE
WRITE (6. 110) LIME

GOTO 100
130 STOP

END

F.igure 5.2: Fortran Source File for Upper Casing Program,
upper.f77

5.1.1 Hardware Conflguratioll

The first thing the configuration file needs to describe is the hardware
configuration. A single D004 board plugged into a PC is very easy
to describe.

processor host
processor root
wire juaper host[O] root[O]

There are two processors: the host PC and the root transputer in the
n004. The root transputer is so called because if a larg(\r network is
built around a basic D004 systelTI, the transputer directly connected
to the PC becolnes the root of the network-all cornmunication with
the file system on the PC must pass through it.

A wire connects the root tra.nsputer's lillk 0 to the host processor.
l~he WIltE statenlcnt describes a.ctual physicalcahles, in this case
the little jUlnper you have to plug into the back of a ]1004 board
which connects link 0 on the transputer to the PC bus.
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Objects decla.red in the con·~guration language can have arbitrary
narnes ma.de up of letters, digits and the special characters '_' a.nd
'$', but are usually given mnemonic names. For example, a wire Inay
be given a name, in this case jumper; or, more usually, it can be lert
anonymous, by writing '?' instead of the name.

The processor identifiers (host and root) used in a WIRE statement
must have heen declared in a previous PROCESSOR statement.
rrhis 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. SOlne
lines have been broken, indicated by a hyphen, '-', as the last oon­
whitespace character before a line break (or comment). Layout and
comnlents are ignored by the configurer. Note that the configurer
also ignor~s 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 le switch, and directing the output into
a file. For example:

C>vor./c > upper.cfg

This would pla.ce a correct description of the current hardware con­
figuration in the file upper. cfg. For a full description of the worm
peogram, see c11 apter 22.

5.1.2 Software COllfiguratioll

As well as dcscribing the hardware of a system, the configuration file
must contai n details of all its software tasks and their interconncc­
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 afserwer iDs-! outs-!

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 iDs-2 out.-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 tbat 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 conlplicated declaration:

task filter insz 2 outs-2 dataz l0k

rrhe DATA attribute specifies the arr.aunt of lnemory a task needs.
rl"'he filter task requires a minilTulln of lOK of workspace. For
ready-rnade tasks supplied with the fonlpiler, like filter, nlcmory
rcquirelnents can be looked up in the data sheets in chapter 28.

A user task like upper for which no nlelllory rcqujrclnent is spccificd
gets all the free Inemory relIlaining once any other tasks placed OH

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 configurcr
would otherwise have to decide how to split the remaining memory
between severa.l tasks with unspecified requirements. Because an
even split is unlikely to be desirable in practice, this is not al1ow{\d.
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 chann{\ls going in both directions between the afserver and
the filter.

connect ? filter[O] afserver[O]
connect ? afserver[O] filter[O]

The CONNECT keyword can be followed bya.n identifier naming t.he
connection, but all the configuration statements which declare new
identi fiers aJlow a question mark to be used in place of the identifier
being declared. rrhis is useful when there is no need to refer to an
object after it has been declared. Currently there is no statement
which can ref{\r to the identifier declared by a CONNECT state­
ment, so the question Inarks 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[l] upper[l]
connect ? upper[l] filter[l]

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. f77, 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>t4ftaak upper

C>config upper.cfg upper.app

C>afserver -:b upper.app
case changer
CASE CHAIGER

C>

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

49

The ordina.ry batch file for linking Fortran programs (t4flirlk) 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
vestigja] "task" harness containing neither the filter process nor any
system initialisation code. The example below shows two Fortran
source files, main. f77 and subs. f77 being compiled and then linked
together to form a T4 task called main. b4.

C>t4f .ain

C>t4f subs

C>t4ftask .ain 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 direc.tly, as described in
section 3.3.3; in this case, you must include the run-time library,
frtl t4. bin and the vestigial task harness, taskharn. t4. Doth can
be found in the release directory, \tf2v1.

As usual, there are TB 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
exanlple by accidentally using t4flink rather than t4ftask) then
the configured application will fail to operate correctly.. It may fail lo
execute, or it may simply give wrong answers.

5.1.3.2 Running the Configurer

The conngurcr is invoked by the config command. Two filenames
nlust 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 conlmand 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
f iltar. 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 froIn

the transputer! The afserver task nlust be declared and placed on
the host simply in order to give a na.nle to the object with which the
filter task communicates over its port o. As the afserver task
loads the application into the transputcr and handles all its I/O
requests, it is reasonable to regard it a.s pa.rt of the configuration.

The output from the configuref ra.1l be run directly using the
afservar:

C>afserver -:b upper.app
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Thc actual con figuration of the transputer network attached to your
PC Inllst match the declara.tions in the configuration file.

rrhe memory requirements of configured tasks are specified in the
configuration file; the afserver switches -:0 1 and -:0 0 a.re ig­
nored by configllred 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 tIre
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/O, and a processing task which accepts a stream of
words containing ASCII character code values on one of its input
ports and sends the corresponding upper case character codes to one
of its output ports.

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

5.2.1 Illter-Task COnllTIUllication Fullctions

Coding the driv('r 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 "conlJlutation" task and waiting for a reply
'nessage conta.ining the result.

ParaJlel I~rtran tasks send 1l1cssagcs using the channel I/O functions
dcscribed in cha.pter 18. rl'he CHAN packa.ge provides functions to
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PROGRAM DRIVER
INCLUDE 'CHII.IIC'
CHARACTER*aO LIIE
INTEGER OUTCHlIADDR. IICIU.ADDR. p. C
OUTCHAIADDR • F77_CIUI_OUT_PORT (2)

INCHANiDDR • F77_CHlI_II_PORT (2)

100 CONTINUE
READ (6. 110, £10-130) LIIE

110 FORMAT (A80)
DO 120 P • 1, 80

C • ICHlR(LIIE(P:P»
CALL F77_CHAI_OUT_VORD (C, OUTCHANADDR)
CALL F77_CHAI_II_VORD (C. IICHIIADDR)
LIIE(P:P) • CHlR(C)

120 CO.TIIDE
WRITE (6. 110) LIIE

GOTO 100
130 CALL F77_CHlI_OUT_VORD (-1. OUTCHAIADDR)

STOP
END

Figure 5.3: driver.f77 with Channel I/O Calls

send and receive messages of any length. The driver task is shown
in figure 5.3; it uses F77_CHAR_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. f77, is included as an example in
the distribution kit, along with the processing task, llpC. f77, and
a suitable configuration file, upc. cfg. rrhcse files can be found in
the examples subdirectory of the directory containing the compiler,
\tf2vl.

The statenlent in driver. f77 which sends character codes to the
processing task is:

The word (INTEGER) value to be sent is passed as the first argument
in the function call.
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Dewarc 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 I-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 exa.mple, 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 froIn 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 'CHAI.IIC'
INTEGER OUTCHlIADDR. INCHAIADDR. C
OUTCHANADDR • F77_CHAI_OUT_PORT (0)
IICHANADDR • F77_CHAI_II_PORT (0)

100 CONTIIUE
CALL F77_CHlI_II_WORD (C. IICHAIADDR)
IF (C .LT. 0) GOTD 120
IF «C .GT. 96) .AID. (C .LT. 123» C • C-32
CALL F77_CHAI_DUT_WORD (C. OUTCH111DDR)

GOTO 100
120 STOP

EID

Figure 5.4: The Processing Task

processing
task

stream of word- I Isize messages __~g upc ,..;;-0__...same stream in
upper case

(ASCII codes)

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

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

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

task upc ins-louts-I data-lk
place upc root
connect? driver[2] upc[O]
connect? upc[O] driver[2]

This says that the new task upc has onc iuput port, one output port,
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and requires 5KD of memory (section 5.8 gives hints on estitnating
task nlemory rcquirCITlents). The upc task is placed on the root
tra.nsputcr, 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 a.ny 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 1/'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 Pa.rallel Fortran run-time library which does not need to com­
municate with the afserver is supplied with the compiler. The
standalonf' library is just the same as the ordinary library exrf'pt
that all the functions which require afserver support (I/O, DOS
calls, etc.) a.re 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/O because t.hey 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/O 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/O initialisation code
from the standalone library.

A batch file analogous to t4ftask is provided for linking an object
file with the standaJone library. It is called t4fstask. bat; a TB
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, \tf2vl, or their TB equivalents. l'he com­
mands required to link and configure tbe 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

pqr
PQR
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You can try this out for yourself by making a copy of the relevant
files, which are supplied in the directory \ tf2vl \examples.

5.4 Multi-Transputer SysteIDs

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[l] addon[O]

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 addoD processor
would be unused because the upc and driver tasks are both pla.c{'d
on the root transputer. We can fix this by modifying the PLACE
statement for upc.

place upc addon

Now the ronfigurer win automatically generate all the bootstrap and
loa.der software required to ma.ke 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
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C>afserver -:b upc.app
two transputera .••
TWO TRAISPUTERS •••

Chapter 5

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 anyone 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.

input =fI mux ~ _output
ports~ I port

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

'fo inlplement the mux task we willll~ed a way of handling a nUlllbcr

of input ports "all at the SaIlIe tilne".

In Parallel Fortran, this is done by using one of the AL! functions.
l'he implementation of the multipl~xer task shown in figure 5.5,
for example, uses F77_ALT_WAIT_VEC. 'I'he second argulnent to this
function is an array, each element of which is the address of a channel.
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C KUI.F77: Message aultiplexer task
C

PROGRl" IIUI
C

IICLUDE 'iLT.IIC'
IICLUDE 'CHII.IIC'

C
IITEGER IIVEC(128), IIPORTS, IIPORT, LEIGTB,

1 OUTPORT, BUFF(2S6)
C

OUTPORT • F77_CHII_OUT_PORT (0)

C Put .ddr..... of al.l input channel. in IIVEC
IIPORTS • F77_CBII_II_PORTS ()
DO 100 I • 1, IIPORTS

IIVEC(I) • F77_CBII_II_PORT (1-1)
100 COITllDE
C

200 COITllDE
C

C V.it for a channel to be r.ad,
IIPORT • F77_ILT_VIIT_VEC (IIPORTS, IIVEe)
I.PORT • IIVEC (IIPORT)

C R.ad ••••ag.-Iength 80rd, and bod, of ••••ag.
CILL F77_CBII_II_VORD (LEIGTB, IIPORT)
CILL F77_CBII_II_MESSIGE (LEIGTB, BUFF, lIPORT)

C Vrite the •••sag. to port 0
CILL F77_CBlI_OUT_VORD (LElGTI, OUTPORT)
CALL F77_CBAI_OUT_MESSIGE (LEIGTB, BUFF, OUTPORT)

C

GOTO 200
C

EID

Figure 5.5: Multiplexer Task Using ALT Functions
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The first argument specifies how many channels there are. The
function waits until one of these channels has data ready to rea.d,
then returns its place in the array. The program can now read the
data fro.m this channel in the usual way.

5.6 Multi-Threaded Tasks

In this sertion we will look at an application of concurrent thr(\a.c1s.
rrhis is a simple filter, the object of which is to copy l024-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 i~ used for input and the other for output
sinlultaneously. 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 execution thread to perform the input, while
tbe 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 INPlIT 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 froln by the main
thread. In fact, both the buffers arc held in the array BUFF; one
buffer starts at BUFF(l), and the othPf 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 senlaphofes or a siHlilar lllethod for controlling
concurrent access to shared objects before, you should rea.d a good
introduction to the subject, such as [5,G], or restrict yourself to the
stylised usage shown in the exaIllple. It is possible to introduce
difficult-to-trace errors into a progralD jf threads forget to synchro-
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Buffer

V A

Port 0 Port 1

VBuffer
B

Input to Buffer A, Output from Buffer B

Buffer
A

~Port 0 Port 1

~ Buffer
B

Input to Buffer D, Output from Duffer A

Figure 5.6: Filter task: Use of Swinging Buffers
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SUBROUTIIE IIPUT (CB1IADDI)
IITEGEI CB1IADDa
IICLUDE JCH1I.IICJ
IICLUDE JSEIl.IICJ
COIOIOI /BUFFS/ BUFF(612), IIBUF, OUTBUF,

+ IIP(F77_SEKi_SIZE), READY(F77_SEK1_SIZE)
IITEGEa BUFF. IIBUF, OUDU', liP. 1E1DY
IIBUF • 1

100 COITIlUE
CALL FTI_SEIIA_VAIT (lEADY)
IF (IIBUF .IQ. 1) TIEl

IIBur • 267
ELSE

IIBUF • 1
£ID IF
CALL F77_CB11_II_IESSAGE (1024, BUFF(IIBUF), CB1I1DDI)
CALL F77_SEIA_SIGIlL (liP)

GOTO 100
EID

PROGRIM COpy
IICLUDE 'CB1I.IICJ
IICLUDE JSEIII.IIC'
IICLUDE 'THIEAD.IIC'
COIROI /BUFFS/ BUFF(612), IIBUF, OUTBUF,

+ IIP(F77_SEII1_SIZE), REjDY(F77_SEK1_SIZE)
IITEGEa BUFF, IIBUF. OUTBU', liP, REIDY
EITEIlIlL IIPUT
IITEGEa OCB1I
LOGICAL LOG
OCB1I • FTf_CB1I_OUT_POIT(0)
CiLL F77_SEIll_IIIT (liP, 0)
CALL F77_SEII1_IIIT (IEADY, 0)
LOG • F77_TBRE1D_CIE1TE (IIPUT, 10000, 1, F77_CB1I_II_PORT(0»
CALL F77_SEIl_SIGIAL (IEADY)

100 COITIlUE
CILL F71_SEKI_V1IT (liP)
OUTBUF • I.BUF
CALL F77_SERI_SIGIIL (READY)
CALL F71_CB1I_OUT_IESS1GE (1024, BUFF(OUTBUF), OCR1I>

GOTO 100
EID

Figure 5.7: Swinging Duffers: l~xarnple of Use of Threads and Sellla­
phores
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nize access to a shared object by waiting for a semaphore.

5.6.1 Threads versus Tasks

63

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:

• "lightweight"-they share their code, heap, static and external
data memory with all the other threads created by the same
task;

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

• 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:

• they only communicate via channels;

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

• a task can be moved to a different processor simply by rccon­
figu ration.

l'wo opera.tions to be performed concurrently can he usefully per­
rorlned by threads rather than tasks if all of the following conditions
hold.

• They will never need to be run on distinct processors.
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• The operations are closely coupled, i.e., they share a lot of
common code. Code is automatically shared between threads,
but each task has its own copy of all of its code, including
library functions, so that if necessary it can later be moved to
a different processor without requiring recompilation or relink­
ing.

• The operations logically operate on shared data structures.
This may be more efficiently performed directly by concur­
rent threads than by tasks copying the data back and forth as
messages when 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 comnlunication protocol used between the various tasks in
your system you will not be able to get debugging output frolll
a standalone task to a screen driving task. Even building debug
Inessage formats into the protocols used by the tasks in your system
Inay not be enough if the fault lies in the failure of SOfne inteflnediate
task to transmit messages correctly.
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IIowever, 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[O] host[O] !as before
processor extra_PC typezPC
processor extra_B004 !plugged into extra_PC
task extra_afserver ins-1 outs-1
wire? extra_B004[O] extra_PC[O]
vire ? extra_B004[1] root[l]

place extra_afserver extra_PC
place suspect_task extra_B004

connect ? suspect_task[1] extra_afserver[O]
connect ? extra_afserver[O] 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
hootstrap 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 u7ithout the -:b option before starting
the system under test. If no -:b option is pr~sent on the command
line, the afserver does not attempt to bootstrap the network it is
attached to; it will sirnply 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 conlbination but do have another
PC with an Inmos link adapter card. R.elink 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:

proce88or second_PC type-pc
task second_a18erwer iDs-l outs-2
place second_afaerw8r .econd_PC

proce880r any_proces8or !of network being debugged
wire ? any_proceaaor[3] aecond_PC[O]

task 8uspect_ta8k ina-2 out8-2 !connect [1]'s to afserver
place 8uspect_task anJ_processor
connect ? Buapect_task[l] aecond_afBerver[O]
connect ? aecond_afserwer[O] aU8pect_ta8k[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 fOUf separate tasks anywhere in the network being debugged and
multiplex them onto its PC screen.

5.8 Estimating MelIlory 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 SUlll of
the nUInber of bytes required for static, stack and heap storage in all
its Illodules.

The decode utility (see chapter 21) can be used to deterluinc a
Inodule's static data requirement. decode displays the nUlllbcr of
w01ds (not bytes) of static data required by a module ncar the top
of t.he output listing it produces, after the keyword STATIC. The
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•
whole task also has one word of static space permanently allocat<'d
to each rnodule.

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 nlore
space than you have calculated.

Bear in mind that jf 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 IKB to sirnple
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 2KD on a T'114, 4KB on a T800 (the restriction to 2KD for the
T800 do('s 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 TASI( statement which allow control over memory
layout. These more advanced topics are covered in chapter 26.
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Chapter 6

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 facilities
which need the support of the afserver program.

6.1 One Transputer

We saw in section 5.3 that only one task can communicate with the
afserver, and that this task was the only one to be linked with the
full Fortran run-time library. All the other tasks were linked with
the standa,lone library, and this precluded them from doing standa.rd
Fortran I/O, 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 p,ossible 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 specia.l
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. The configuration file is un­
changed, except that the following statements, which connected
userl to the filter are removed:

connect? filter[l] u8erl[1]
connect? u8erl[l] filter[l]

and instead we have the following:

task file.ux ins-3 outa-3 data-6656
place file.ox root
connect? filter[l] fileaux[O]
connect ? fileaux[O] filter[l]
connect? fileaux[l] uaerl[l]
connect? uaerl[l] fileaux[l]
connect ? fileaux[2] uaer2[1]
connect ? u8er2[1] fileaux[2]
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processor host
processor root
wire? root[O] host[O]

task afserver ins=1 onts=1
task filter ins=2 outs=2 data=10K
task user1 ins=3 outs=3 data=50K
task user2 ins=3 outs=3 data=50K
place afserver host
place filter root
place user1 root
place user2 root
connect ? filter[O] afserver[O]
connect ? afserver[O] filter[O]
connect? filter[1] userl[1]
connect? user1[1] filter[1]
connect? userl[2] user2[2]
connect? user2[2] user1[2]
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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 ha.ve their port pair 1 connected to a multiplexer port pair,
starting at nUlnber 1 and going upwards with no gaps. For example,
if the nlultiplexer 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 +O.25n)K bytes, where n is the number of tasks
supported. So in the case of 9 supported tasks, the TASK statement
should rea.d:

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 lllultiplexer
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 WIJtE 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 WTR.E
staterrlent, that is, one hardware link. This implies two restrictions:

• 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 two hardware links
between the two transputers .

• 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. Ilowever, 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 tr('e of multiplexer tasks until they reach the afserver, and
the response is similarly passed back to the correct user task.

6.4 Lilllits

The number of ~1S-DOS files and devices which the afserver ca.n
handle at the same time is lilnited, 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 anyone 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 afS8rver 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 terIninate properly.
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proceS8or bost
proce8sor root
proce88or tvo
vire ? root[O] b08t[O]
vire ? root[1] tvo[O]
vire ? root[2] two[1]

task af8erV8r ins-1 outs-1
task filter ina-2 out.-2 data-l0K
task fileaux in.-3 out.-3 data-6656
task user! inB-3 out.-3 data-501
task user2 ins-3 out.-3 data-501
place af8erver hoat
place filter root
place fileaux root
place uaerl root
place uaer2 tvo
connect ? tilter[O] af8erver[O]
connect ? afserver[O] filter[O]
connect ? filter[l] file.ux[O]
connect ? fil••ux[O] filt.r[l]
connect? file.ux[l] uaerl[1]
connect? u8erl[1] file.ux[1]
connect ? fileaux[2] uaer2[1]
connect? u8er2[1] file.ux[2]
connect? u.8r1[2] uaer2[2]
connect? u8er2[2] uaerl[2]

Figure 6.5: Task on Neighbouring Transputcr
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Figure 6.6: Networking Multiplexers
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processor host
processor root
processor two
wire? root[O] hoat[O]
wire? root[1] tvo[O]

task afser.er ins-1 outa-1
task filter ina-2 out.-2 data-10K
task auxl file-file.ux ina-4 outs-4 data-6912
task aux2 file-file.ux iDB-4 outs-4 data-6912
task user1 in.-2 out.-2 data-501
task user2 in.-2 out.-2 data-601
task user3 in.-2 out.-2 data-601
task user4 in.-2 out.-2 data-501
task user6 in.-2 out.-2 data-601
place aiaer.er hoat
place filter root
place aUI1 root
place aux2 two
place user1 root
place user2 root
place user3 two
place uaer4 two
place uaer6two
connect ? filt.r[O] afserver[O]
connect ? afser.er[O] filt.r[O]
connect? filter[l] auz1[O]
connect? aux1[O] filt.r[l]
connect? aux1[1] userl[1]
connect? userl[l] .uxl[l]
connect? auzl[3] u.er2[1]
connect? user2[1] au%1[3]
connect? auxl[2] aux2[O]
connect? aux2[O] .ux1[2]
connect ? .ux2[1] uaer3[l]
connect? user3[1] aux2[1]
connect ? aUI2[2] uaer4[1]
connect ? user4[l] aux2[2]
connect ? aUI2[3] user6[1]
connect ? user6[1] aux2[3]

Figure 6.7: Networking tvlultiplexers
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Processor Farms

The previous chapters showed how to create a parallel application
for a multi-transputer system with a fixed hardware configuration.
In this chapter we look at how to build one of the "processor farm"
applications mentioned in the Introduction to Parallel Fortmn 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 confignration file, describing the memory requirements and
other attributes of the tasks.

In this cha.pter we will look at an example of a processor farm appli­
cation. This is a program which displays pictures of the now-famolls
"l\1a.ndelbrot Set" on an IllM I"lC-type host equipped with a CCA­
compatible display.
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The full source code of the Mandlebrot nlaster 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 \tf2vl\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 squa.re of the display which is
to be computed.

2. Work out the Mandelbrot values for that squarc, and placc
them in the R_COUNTS character variable in the results parkct.

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. l~ull 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 pa.ckets
out into the farm of worker tasks by calling F77_NET_SEND.
'l'he 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 paraHel.
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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 lET 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:

IICLUDE 'IET.IIC·

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_IET_SEID and F77_HET_RECEIVE

F77_NET_SEND is used to send a nlessage 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 th rough more
than one node in order to reach one. At each level of re-direction,
the lllessages 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 t.asks are routed back to the
master task, once again passing through lllorc than one transputer
if necessary_
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There is a li,nit on the size of a buffer that can be submitted to
F77_NET_SEND; the constant F77_NET_MAl_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 farnl. The
broa.dcast messa.ge can be received by the worker tasks by using
F77_NET_RECEIVE in the norInal 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 Inaster task have been answered by the
worker tasks by sending a results packet. llowever, 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_BROADCASTl

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 TB).

Tbe executable file containing the code of these tasks along with the
extra software to flood-fill a transpllter 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:

• the filename of the master task;

• the filename of the worker task;

• 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 .aster
task worker data-tOk

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 .aster file..andel.
task worker file-.andelw data-tOk

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:

fconf ig configuration-file executable-file

For example:

C)fconfig .andel.cfg aandel.-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 IOKD worker task
declared in the configuration file along with a router and loader. The
root node must be larger again in order to support tile master task
as well.

7.5 Running the Exalllple

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>akdir teap

C>cd teap

C>copy \tf2vl\exaaplea\*.*

C>aandel

The resulting executable file (called fmandel. b4) can be loa.ded and
run on any.network containing only T4 transputers. 1'0 use rJ'8
transputers you would have to recornpile the tasks to generate T8
code. Section 7.6 below describes how to flood-configure applications
to run on a network containing a nlixture of T4 and TB processors.
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The executable file can be loaded and run in the normal way:

C>afserver -:b f.andel.b4

87

When it sta.rts, the Mandelbrot program reminds you that it needs
an IDM 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 I coordinate: -2
Input Y coordinate: -1.25
Input Y range: 2.6
Threshold 1: 6
Threshold 2: 20
Threshold 3: 60

Once the display is complete, the host system's bell will be rung. Ilit
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 a.pplication 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 ftoating-point operations, because of the incompatibilities
between the T4 and T8 instruction sets.



88 Chapter 7

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

task t4aaster file-.andela4
task tS.aster file..andelaS
task t4vorker file-aaodelv4 data-tOk
task tSvorker file-aaodel.a data-tOk opt-stack

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

Again the names t4master, t8master, t4vorker and t8vorker 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 optirnisation
options (e.g., opt=stack above) for the T4 and TB variants of a
task. This is useful because the T4 and TB 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 Fortra.n
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 Pamllel Fortmn User
Guide. Cha.pter 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.
Cha.pter 11 is concerned with expressions and chapter 12 with assign­
ment sta.tements. Chapters 13 and 14 describe the tran·sfer of control
within and between the units of a program respectively. Chapter ]5
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 progranls froln ea.rlier 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 ANSI ~Y'3.9-1978[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 programlning language designed primarily for the math­
elnatical or scicnti-fic user. A Fortran program is written as a series
of statelnents using symbolism analogous to that used in algehra.
Ma.ny of these staterncnts are readily intelligible to a programm(l("
with mathema.tical trajning. For example, the Fortra.n expression

(1+8) le
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resembles a line of algebra and has a siInilar nleaning. 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 • SII(I)

and Fortran evaluates the sine function. Appendix E lists the stan­
dard procedures. You can write sinlilar 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:

• alphabetic:

ABCDEFGHIJKLMNOPQRSTUVWIYZ
abcdefghijklanopqrBtuYwxyz

• numeric:

0123456789

• special characters:
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• the space (or blank) character. When necessary in this text,
the symbol 'u' 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 a.nd numeric characters are referred to collectively as
alphanumeric cb aracters.

8.2 PrograIll 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 suhpro­
grams. For further details of transfer of control between program
units sce chapter 14.

There are three classes of suhprogram:

1. Function subprograms

2. Subroutine subprograms

3. Illock data subprogralTIS

Function and subroutine subprograms provide a mE'chanism to assist
the programmer in structuring programs in a meaningful way, and to
allow cornmon code to be conveniently accessed. These suhprogra.ms
arc 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 1 to 72 of one or more lines. Any text following position
72 is ignored. If the compiler is invoked with the IR switch, the line
length is extended to 132 character positions.

In Parallel Fortran a TAB character ill 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 initial line has the following form:

• Positions 1 to 5 may contain a statelHent label (see section 8.3.3
below).

• Position 6 contains a space or the digit '0'.
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• Positions 7 to 72 (or 7 to 132, if the /R switch is used) ca.n
contain the statement.

8.3.1.2 Continuation Lines

A continuation line has the following form:

• Positions 1 to 5 are blank.

• Position 6 contains any character other than '0' or a space. It
is usual to number continuation lines consecutively from 1.

• Positions 7 to 72 (or 7 to 132, if the IR 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 'i', 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 IR
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 Fortra.n, lines with a 'D' in position 1 are known as debug
comments. Normally, such lines are treated as jf the 'D' were a 'C',
that is, as comments. IIowever, if the compiler is invoked with the



98 Chapter 8

switch /0, 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 ' J , 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 int~g~r in the ra.nge 1 to 99999.
The numbers used as labels have no s<,qnential significance. For
example, tbe label 7 may occur after the label 9853. Labels may
appear anywhere within columns 1 to 5. Dla.nks and leading zeros
have no significance in labels.

All statement labels within anyone 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 Statemellt

Each statement is classified as executable or non-executable.
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Executable statements specify actions and form an execution se­
quence in a program.

Non-executable 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:

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

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

• Arithmetic IF and logical IF statements

• Block IF, ELSE IF, ELSE, and END IF statements

• CONTINUE statement

• STOP and PAUSE statements

• DO statement

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

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

• CALL and RE11JRN statements

• END statement

• END DO statement

8.3.4.2 Non-executable Statements

The following statements are classified as non-executable:

• PROGRAM, FUNCTION, SUBROUTINE, ENTRY and BLOCK DATA state­
ments

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

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

• DATA statement

• FORMAT statement

• Statement function statement

8.3.5 Order of Statemellts alld Lines

rrable 8.1 is a diagraln of the required order of statcnlcllts and
COffilnent lines for a program unit. Vertical lines delineate vari­
eties of statements that may be interspersed. For example, FORMAT
statenlents may be interspersed with sta.tement function statements
and executable statements. IIorizontal 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
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Table 8.1: R.equired 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 mllst 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
sta.tement and the terminal statement of its DO-loop.

The last line of a prograrn 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 charcu:ters 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:

lAME!
11ME!
lAME 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 ini tially.

In general, a name has only one meaning within a program unit.
The same name used in different prograrn 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
witbin the function subprogram (see section 14.1).

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

Note: The term symbolic name is sonletilnes used inst(\ad of narne.
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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:

• 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.

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

• Complex 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.

• In Parallel Fortran, double complex values, wbich 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.

3. 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 32161 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).

2. As a symbolic constant which has previously been named
and defined with a value in a PARAMETER statem<,nt (see sec­
tion 9.3.6).

3. 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, rea], 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

Ileal constants are numbers written containing a decimal point, an
exponent or both. They may be signed or unsigned. If they are
unsigned they a.re assumed to be positive. Exponents are written as
the letter 'E' foHowed 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:

Chapter 9

±n.m
±n.
±.m

±n.mE±a
±n.E± a

±.mE±a
±nE±a

where n, rn, and a are strings of digits, and ± is an optional sign,
'+' or '-'a

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:

±n.mD±a
±n.D±a
±.mD±a
±nD±a

where n, rn, and a are strings of digits, a.nd ± is an optional sign,
'+' or '-'a

9.2.1.4 Complex Constants

Complex constants are pairs of real or integer constants; the first
constant corresponds to the real part of a cODlplex nunlhcr and the
second corresponds to the imaginary part. Complex constants have
the form (a, b), where a and b are constants and (ll, b) represents
the complex number a + ib. The form -(a ,b) is not a valid cOlnplex
constant, and would have to be wri t ten (-a J - b) .
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9.2.1.5 Double Complex Constants

A double complex 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 Paral1~1 Fortran lIollerith constants may be used for data ini­
tia.lisation 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 llollerith constants and each constant
must have a length which is less than or equal to the length of the
item. If the consta.nt is shorter than the item, it is extended on the
right with blanks.

Variahles and a.rray elements which are not of type character may
alternatively be a.ssigned llollerith data by using the Av edit descrip­
tor in a formatted READ statement (see chapter 15). This facility
is an extension to the ANSI Standard. The Av edit descriptor may
also be us('d to output variables and array elements which contain
I)ollerith data. Non-character arrays are also permitted in Para'llcl
Fortran to define a forlnat specification; see section 15.2.2 for further
information and section 15.4 for exanlples.
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An actual argument in a subroutine reference nlay be a Ilollerith con­
stant. The corresponding dummy arguInent 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 jf necessary). If the length of the constant
i's 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 hexadecimal constants may be used to initialise
logical, integer, byte or real variables. Two forms of the constant are
supported:

I J value J

J value'l

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

IIexadecimal 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 restrict.ed to DATA statelncnts and
the special [orln of type statement which allows data initialisation
(see section 10.3.1.8). The form of an octal constant is:

0' value'



Data

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

DJ value J

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 chamcter 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
, 11 ,

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; jf 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
necding to he repeated. The backslash escape character '\' described
below provides another mechanism to allow ernbedding quotes in
strings.

The length of a cha.racter 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 'ID CRESS'
'ISI J 'T'

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

"RADIUS .tI

"ISI'TII

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
\0 null
\ J apostrophe (does not terminate a string)
\ 11 double quote (does not terminate a string)
\ \ backslash
\x x, where x is a.ny other character

For example,

JISI\JTJ

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

9.2.2 Symbolic Constants
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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 ca.n take are the same as for the corresponding types of
constants (see section 9.2.1) with the following exceptions.

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

• 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. Ilow­
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 armys.
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). ATrays may have one or more
dimensions. For example, the matrix A:

1(1.1) 1(1.2) 1(1.3) 1(1.4)
1(2.1) 1(2.2) 1(2.3) 1(2,4)

could be treated as a two-dimensional a.rray with eight elements.
ArTays may have up to seven dimensions.

l'here are six types of arrays in standard Fortran 77: integer, real,
double precision, complex, logical, and cha.racter. }}arallel Fortran
adds two more: byte and double complex. 'fhe type of an array
is deternlined 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 expression 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
my declamtor (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+l) If I is an integer variable with the value 7, this refer­
ence is to element (7 ,8) of the two-dimensional a~ray

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(Pl :P2)

a(k1 ,k'l •... ) (PI :P2)

where:

c is a character variable name.

a (k • •k2 •• •• )

is a character array element name.

PI and P2 are integer expressions and are known as substring ex­
pressions.

The valuep. specifies the leftmost chara.cter position of the sub­
string, and P2 specifies the rightmost character position. The values
of P. and P2 must be such that

where s is the length of the character variable c or the array element
a(kl ,k2 , ••• ). If P. is omitted then the value of 1 is assumed, and
if P2 is omitted then the value of s is assumed; both Pi and P2 lllay
be omitted.

9.3 Type Specification

In Fortran all constants, symbolic constants, variables, arra.ys and
functions must be identified as being of particular types so that they
can be stored and processed correctly. The type ~f 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 Predeftned 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:

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

• 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 IU which stops the com­
piler from predefining the types of symbolic constants, va,riables,
arrays or functions in this way. When a program is compiled with
this switch, everything must be defined with the IMPLICIT stat~m.~nt

or one of the explicit type specification statements, as described next.
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9.3.2 The IMPLICIT Statemellt

The IMPLICIT statement provides a mea.ns 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 'ypel (01 • a~ •. · · ) •. · • •'ypen (am. an •. · . )

where:

typej is one of: INTEGER, BYTE, REAL, DOUBLE PRECISION,
LOGICAL,COMPLEI,DOUBLE COHPLEX,orCHARACTER*s.

al ,"2,. · · and am J an,· · ·
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. 8 (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 al ,a2,. ... are implicitly of type type} and all synlbolic constants,
and variable, array or function names beginning with a,n,a n , .... are
implicitly of type typen unless the specification is overridden by an
explicit specification statement ..

A program unit may contain more than one IMPLICIT state111cnt, 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 subprograln, and
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of the function name for a function subprogram, unless their types
are specified in a.n explicit type specification statement.

Ilere are two examples of the IMPLICIT statement.

IMPLICIT REAL(A-D,I,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 FUlCTIOI 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 no~ 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:

where at and a2 are alphabetic characters. This statement overrides
the predefined typing mechanism for names beginning with the let-
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ters al to a2. For example, variables with nanles beginning with the
letters I to N would normally, unless explicitly specified, be of type
integer. But the statement

IMPLICIT UlDEFIIED(L-I)

overrides the automatic classification as integer for variables begin­
ning with the letters 'L',·'M', and 'I'. If any variable names begin
with these letters, their types would have to be explicitly specified.

9.3.5 Explicit Type Specification Statements

Explicit 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:

where:
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each typei

each varj
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is one of: INTEGER, REAL, DOUBLE PRECISION, COMPLEX,
LOGICAL, or, in Parallel Fortran, DOUBLE COMPLEX or
BYTE

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

each (dimj) 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.

IITEGER FRED,JIM,UNCLES(5)

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

DOUBLE PRECISIOI HEIIO,IITIO

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

LOGICAL L,BOOLE

This statement declares two logical variables, Land 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:

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).

*8 and each *Si

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

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

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

• 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
Inent of an external subprogram or a chara.cter symbolic constant.

If a dUlnmy argunlcnt (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



Data 121

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*ao

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 Statelnent

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

each namej is a symbolic constant name.

each expri is a constant expression.
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If name. is of type integer, real, double precision, complex, or double
complex, the corresponding expri must be an arithmetic constant
expression. If name. is of type character or logical, the corresponding
expr i 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 ezpri 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 fornlat
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 RequireIIlents

The standard unit of storage is a byte, which consists of 8 binary
digits. The amounts of stora.ge 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 _231 to +~1_
1, that is, from -2147483648 to +2141483641.

Some examples of valid integer constants are:

o
-2147483648
+0

10.1.1.2 Byte

6678
-266
+5678

2147483647
-0
+2147483647

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 nUll1ber in accordance with
the IEEE floating point format (see IEEE Slandard for BinaJ'Y
Floating-Point Arithmetic[9]) and Jnay range from +2- 126 to ap­
proximately +2+128 , that is, approxitnatcly, from +1.1754945x 10-38

to +3.402823 X 10+38 • Some examples of valid real constants are:
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1.23
o.

1.23E2
123456.E5
1.23E+3
1.23E+03

-1.23E30
+123E10

Also see section 9.2.1.2.

-1.23
. 0001234

+1.23E2
1.23E30
O.EO

-1.23E10
123456789E-34

+1.23
667744 .

-1.23E2
1.23E+33
1.23EO

+123E10
OEO
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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
+2-1022 to +2102.4 , that is, approximately from +2.2250738 X 10-308

to +1.7976931 X 10308
•

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 hytes 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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and COMMON blocks, 208
scheduling, 34, 358

see also priori ty,
search path, see under MS-DOS
SEMi package, 360
semaphores, 37, 60, 360

signal operation, 361
wait operation, 361-362
and thread priorities, 360
initialising, 360
testing, 361

server, ~ee afserver
source files

conversion from TDS, 14
creating, 13

space character, 95
interpretation in input, 247-248,

301, 312
not significant, 98, 102

specifiers, see I/O specifiers
stack, see under memory
stand-alone library, ,ee run-time

library: stand-alone
standard input, 23, 296
standard output, IS, 23, 296
statement functions, see under

functions
statements, 98-99

assignment, see assignment
statements

executable, 99
explicit type specification, see

explicit type specification
statements

labels of, see labels
non-execu table, 100
order of, 100-101, 116, 122, 143,

189
see also under the various

statement names,
static storage, see under memory
STOP statement, 180

and global I/O, 74
prohibited in subsidiary threads,

181

Index

storage, see memory
strings, see constants: CHARACTER
stub

task data sheet, 454
su bprograms, 95, 143, 183-186,

188-189, 191-195, 201, 205
and threads, 37
multiple entry to, see ENTRY

statement
not reentrant, 37, 188, 190, 206,

355
see also block data, function,

subroutine,
SUBROUTIIE statement, 189
subroutines, 189, 193-195, 205

as proced ure argll ments, 201
calling, see CALL statement
multiple entry to, see ENTRY

statement
return from, 194
vs. functions, 184

suhscripts, see under arrays
substrings, see under CHARACTER
switclles, see under compiler, linker,

afserver
symbolic constants, see constants:

symbolic
symbolic names, see names

T
T4, see processor type
T411A, see under processor type
t4f, 14
t4flint, 15-16
t4fstask, 56, 84
t4ftask, 48-49, 84
t4JIaster, 88
t4vorker, 88
T8, see processor type
T800A, see under processor type
t8f, 14
t8flink, 16
t48ftask, 56
t8fstast, 84
t8ftask, 48-49, 84
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t a.aster, 88
t8vorker, 88
TAB character, 96
task data sheets

afserver task, 444
filemux task, 448
f iltar task, 445
frouter task, 446
stub task, 454

task files, see task image files
task image fi les, 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
specifying memory

requirements, 432
specifying memory requirements

to con figu rer, 46
using configurer to locate, 47,

55,57
versus threads, 63
see also task image files, rrASK

statement,
l'bug, 64, 327, 390-391
l'I)S, 5, 14
tdslist, 14
tern porary files, 318
THREAD pa.cka.ge, 60, 354
threads, 37, 59-60, 82, 354

COMMON blocks, 37, 60

5r>9

memory, 37
passing argu ments to, 356
priority of, 355-357
restarting, 357, 371
scheduling of, 358
stack for, 355-357
starting, 355-356
statements prohibited in

su bsidiary threads,
181-)82, 355

stopping, 357
versus tasks, 63

time
elapsed, see ICLOCI
transputer, ,ee timers, TIMER

package
TIMER package, 362
timers, see under transpu ter
tDII, 407-408
transputer

byte, 333
channels, 33
error fIag, 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,
tWllib, 411-412
type conversion, see type

transformation
type spcci fication, 114

I "PLI ClT, 116-117
explicit, see explicit type

specification stalelJlcn ts
predcfincd, I J2, 115, 320
see also data types,

TYPE statelncnt, 259. 269
list-d lrected, 283

type transfornlation, 162, 477
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types, see data types, type
specification

u
units, see compilation units, I/O

units

v
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
au tomatic allocation of, 128
how to keep values after exit

from subprogram, 207, 323
names of, see names
stack, 24
static, 24
type of, III
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
worker, 85
worker task, 39, 79-80, 440

linking, 84
must be stand-alone, 81
see also processor farms,

workspace, see memory: stack

Index

vor., 45, 403-405
WRITE statement, 258, 261, 268, 271,

274, 276-277
direct, 274
list-directed, 283
namelist-directed, 289
sequential, 264




