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It takes more than one bus
to get the most
out of a 330 nsec mini.
Introducing
the multi-bus VARIAN 73.
Our new minicomputer has a whole new
architecture. It was designed to take advantage
of its 330 nsec cycle time without tripping over
its own CPU. Or getting stalled in the bus line.
Or any of the multitude of problems that hit
the computer user as memory speeds have gone
the limits.
VARIAN 73 is compact. A complete 32K
system in a seven inch chassis and more in a 14
inch chassis. But fast. 165 nsec microinstructions.
330 nsec full memory cycle (660 nsec optional
for less money with core). And direct I/O memory
data transfers at rates up to 3 million words
per second.
With a memory like this, you can forget
the delays. Dualport (standard with either the
super fast semiconductor memory or the slower
core or any combination of the two). Dual busses
which make for faster interleaving of I/O and
CPU functions. VARLAN 73 also gives a much
more efficient and flexible instruction repertoire.
Not only microprogrammed, but with micro
programming you can get your hands on. And
a 64-bit control word dictating the flow of data

through a 16 register processing section.
Your designer and programmer can choose
from up to seven different I/O channels. And
from many varied software combinations
(compatible with all previous Varian 620
programs). Or use Writeable Control Store as
an option.
VARIAN 73’s faster, more efficient and
flexible. With expandable memories and
extendable architecture. And simple interfacing
between multiple processors and memories.
Just install them in the chassis.
VARIAN 73 prices out well below the
competition. It’s hard to make comparisons since
there isn’t anything on the market like it. But
the nearest minicomputer carries a higher price
tag and leaves you stuck on the bus. Which puts
them pretty far behind.
Call or write.
Varian Pty. Ltd., 82 Christie St.,
St. Leonards, 2065. Phone 43 0673
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THE MULTI-TASK COMPUTER
THAT MAKES ITSELF EFFICIENT
A lot of people have suddenly
become very interested in multi
task computers.
And suddenly they've become
worried about efficiency. In com
puters and in the people who use
them.
Few have noticed how closely
the two are related. How ineffi
cient most multi-task computers
are.
And even fewer have under
stood why.

MULTI-TASKS CAN MAKE A
COMPUTER INEFFICIENT

Most computers started out
with batch processing, then
grafted on multi-tasks and multi
terminals.
It was, however, more easily
said than done. While working
in batch, lots of different people
had developed lots of different
software, with lots of different
wrinkles. To get everything
working together on a multi-task
system, they had to add all sorts
of connecting links to the soft
ware. And that's where the whole
problem started.
Just running the computer —
keeping all the users straight,
giving everyone what they
needed, processing all their jobs
— began to take up more CPU
time than the work itself. The
computer inevitably became in
efficient.
Our DECsystem-10 stands out
as an exception to the rule. In a
typical installation, it spends 90%
of its time on useful work.
One of the reasons for that is
our approach. We didn't start off
with a huge backlog of batch soft
ware.

DECsystem-10 started out as sired. People don't always act the
an on-line, interactive, multi-task way they are supposed to. They
computer that lots of different use less computer than they've
people could all use at the same been given. Or they need more.
time. For timesharing, real time, As a result, much of the time the
batch or remote batch. By simply CPU just sits there waiting.
going to any 1/O device and doing DYNAMIC RESOURCE
it. Without ever having to worry
ALLOCATION DOES IT.
about what everybody else was
Rather than try to preallocatc.
doing at the same time.
the DECsystem-10 resources, wC
But the biggest reason why
DECsystem-10 is so much more assigned the job to the internal
efficient is the way it was de operating system. So there would
signed. Starting simply and be no fixed partitions.
We made the operating system
evolving steadily over eight years.
sense the demands being put on
THE WAY TO MAKE A MULTI the computer then automatically
TASK COMPUTER EFFICIENT
allocate resources to handle those
IS TO KEEP ALL OF ITS
demands in the most efficient
RESOURCES WORKING ON
way. And we made it a dynamic
USER'S JOBS AS MUCH OF
process. So if a user needs more
THE TIME AS POSSIBLE.
computer, he has it. And as soon
Most computers were (and still as he doesn't need it anymore,
are) designed on the theory that the operating system assigns it to
the best way to share computer someone else. And this dynamic
resources is to preallocate fixed process happens for every single
chunks of the resources to each resource in the computer. The
user. To define specific partitions CPUs, main memory, virtual
for each user and each resource memory, file system, I/O devices,
throughout the computer.
software. Everything.
The theory may look good, but
in practice it leaves a lot to be de
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AN EFFICIENT COMPUTER LETS
PEOPLE USE IT EFFICIENTLY

Because of dynamic resource
allocation, DECsystem-10 can
keep as few as Vs of the active jobs
in main memory. The rest go into
virtual memory storage. But no
body ever knows. Virtual mem
ory makes up to 127 jobs run just
as though they were in main
memory.
But a computer is only as effi
cient as the software. So we made
DECsystem-10 software share
able.
SHARED SOFTWARE SAVES
MAIN MEMORY
That means that several users
can all share the same language
compiler-like COBOL, BASIC,
FORTRAN, and ALGOL at the
same time. Since they don't need
their own individual compiler
copies in main memory, more
space is available for the work you
really want done.

It's a lot easier to get a program
up and running on a DECsystem-10.
You can go on-line to prepare,
edit, and debug COBOL, FOR
TRAN, and ALGOL jobs. No
tedious batch runs. No memory
dumps.
And you don't have to worry
about file geometry, size or loca
tion. You just give a file name. The
computer does the rest.
You don't have to worry about
file security either.
Your files are automatically
protected.
At the same time, you also have
a complete set of options that let
you share whatever files you
want with anyone you want.
We also gave DECsystem-10
a multi-level monitor that lets real
time users get their jobs done as
efficiently as possible. Anytime
they need response in micro
seconds, they can lock their job in
core. So anytime an interrupt
occurs, it is processed immedi
ately.
Indeed, the multi-job turn
around time on a DECsystem-10

often turns out to be faster than
the turnaround time on many
equivalent single job systems.
THE RIGHT SOFTWARE SAVES
USER TIME
Since so many different kinds
of users need so many different
kinds of software, DECsystem-10
has all the languages users need
to do their programming as effi
ciently as possible. COBOL, FOR
TRAN, BASIC, ALGOL, APL,
SNOBOL, LISP, AID, BLISS, DATA
MANAGEMENT, SPSS, CSSL,
JOVIAL, MIMIC.

What's more, they can work in
whatever mode they prefer —
batch, remote batch or timeshar
ing—without having to learn
many different command lan
guages. DECsystem-10 uses a
single, common set of job com
mands for all modes, all lan
guages.
IT SHOULD WORK THE WAY
YOU WORK
And since so many different
people want to use the computer
so differently, we made DECsys
tem-10 transparent.
Anyone can walk up to any ter
minal and do whatever he wants
to do, without worrying about
what everybody else is doing. On
the other hand, the computer sci
entist who wants hands-on inter
action every inch of the way can
do that, too. The DECsystem-10
hardware and software is easy to
get to, easy to understand, and
easy to modify.

AN EFFICIENT COMPUTER LETS
NETWORKS WORK EFFICIENTLY

DECsystem-10 MAKES EFFICIENT
USE OF YOUR MONEY

Because it's so easy to work
with, DECsystem-10 often ends
up in networks. It's equally at
home as a number-crunching host
to minicomputers or as a com
munications and timesharing
front-end to other computers like
the 6600,7600,360/91, ILLIAC-IV.
Networks have supported Digital
and we've supported them. With
off-the-shelf simulators and inter
faces that'll let you hook Digital
PDP-8s, PDP-lls or other com
puters into a DECsystem-10.
Indeed, DECsystem-10 is a su
perb computer for developing
software for the PDP-8 and
PDP-11. We're using it ourselves
on most of our minicomputer
system software.

Digital has always made more
computer cost less. DECsystem10 happens to be the biggest ex
ample of all.
Because DECsystem-10 is so
efficient, you can get more work
out of less computer. So you can
buy less computer. Which is why
you can probably get a DECsys
tem-10 to do your job for half the
cost of other computers.
A basic DECsystem-10 com
plete with CPU, 64K of 36 bit word
main memory, 30 million charac
ter disk system, magtape system,
card reader, line printer, real time
clock and 16 data communication
ports can be purchased outright
for $A320K.

DECsystem-10 MAKES
DIGITAL EFFICIENT
For that matter, we're using
DECsystem -10 throughout our
organization. For payroll. Manu
facturing scheduling and control.
Accounting. Finance. Inventory.
Order processing. And of course,
engineering design and develop
ment.

DECsystem-10 IS MAKING A
LOT OF PEOPLE MORE EFFICIENT

Yet even this small DECsys
tem-10 gives you all the features of
the biggest system. When you
need more performance, you add
more hardware. Nothing gets
thrown out. No software has to
be changed. And you can expand
the DECsystem-10 as much or as
little as you need. There are no
fixed boundaries at any level.
In fact, the smallest DECsys
tem-10 can grow into a dual proc
essor, 4 million word main mem
ory, 2 billion character disk, 16
magtape drive, 2 line printer, 2
card reader, 192 interactive ter
minal, 8 remote batch station, 64
real time device multi-million dol
lar system, that can run up to 127
jobs simultaneously.

At research laboratories like tem-10 handles on-line data col
MIT, NASA, Einiversity of Illinois, lection, data management and
Europe's C.E.R.N. in Geneva, and control, on-line quality control,
Germany’s Einiversity of Bonn, simulation and scheduling.
DECsystem-10 is monitoring par
And for data service organiza
ticle accelerators, controlling mass tions like On-Line Systems, TYMspectrometers, analyzing bubble share, Rapidata, Time-Sharing
and spark chamber data, cata Ltd., Dataline Systems Ltd., and
loging environmental data, acting Cyphernetics, DECsystem-10 is
as host computer in huge net involved in all kinds of industrial,
works, and analyzing data from scientific and commercial appli
cations.
satellites.
In college and university com
If you'd like to see one of our
puter centers like Cal Tech, Wes 240 installations at work, we'll set
leyan, University of Pittsburgh, up a visit.
Catholic University and Aus
Or if you want to come to
tralia's James Cook University, Maynard for a demonstration of
DECsystem-10 is handling every everything mentioned here, that's
thing from budgeting and class fine, too.
scheduling to business data proc
Or if you want to get deeper
essing and student instruction.
into the technical side of DEC
In businesses like First National system-10, write for the DECsys
City Bank, Johnson and Johnson, tem-10 Technical Summary.
Stock Exchange of Melbourne,
Or if you want to know more
and The Copley Press, DECsys- about who's doing what with the
tem-10 is doing in-house time DECsystem-10, ask for the appli
sharing, on-line COBOL program cations literature.
In any case, don't hesitate to
ming, accounting and typesetting.
For companies like TRW, Rolls call. We'll put you in touch with
Royce, Canada's Interprovincial one of our people who can relate
Pipe Line, Pfizer and Plessey Tele to whatever you're trying to do.
communications Ltd., DECsys-
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DECsystem-10: high performance on-line computing at low cost.
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RESPONSIVE TO
EVERY DATA PROCESSING REQUIREMENT
In industry, commerce,
government and education through
continuous research and development
and the dynamic application of the most advanced information systems
to resolving individual problems
and the rapid implementation of man’s greatest ideas

HARDWARE-SOFTWARE-TIME SHARING
Supported from one totally responsible source:

Honeywell
Honeywell Information Systems
SYDNEY 69 0355

MELBOURNE 26 3351

BRISBANE 21 6683
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ADELAIDE 51 6203

CANBERRA 49 7966
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Big advantages
in small packages!
This new low-priced
NCR Century 101 system offers
small and medium size businesses
the big kind of computer power
they need to grow.

r

These newly released peripherals for the NCR Cen
tury 101 processor require a minimum of space, yet
they provide the power and versatility of units twice
their size
The basic system, including processor, card or
paper tape reader, line printer, and one dual platter
disc unit covers no more space than 2\- feet by 10
feet! It can be placed in rooms where larger com
puters just won't fit. And, because it generates little
heat, air conditioning requirements are minimal.
Big advantages in small packages include freestand
ing add-on dual platter disc units, each having a
storage capacity of 10 million bytes. A line printer
that turns out 200 lines of crisp printing per minute.
And an optional 30-character per second I/O Writer.
The 101 processor, heart of the system, includes
features like a high-speed memory that can expand
in practical increments from 16K to 64K. An
optional multiplexor that provides control for 10
communication lines, with no increase in cabinetry.
Seven-way to nine-way simultaneity. And many other
features just as significant for the most efficient pro
cessing of your data.
Later, as your business grows, you can expand this
modular system to meet increased information
requirements. Larger capacity disc units and higher
speed printers can be added if and when you need
them.
For the price, this new system from NCR offers big
performance for businesses on the grow.
Call your local NCR office for the specific advantages
you can expect from this newest member of the
NCR Century family.
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Developed by Floating Floors Inc., Ohio.
___
for use in data processing installations, the
Infinite Access Air Plenum system of flooring
illustrated, meets the needs of modern
technology in a wide variety of situations.
1
The Floating Floor offers the tremendous
:
advantage of concealing all services. Cables,
:
0^
piping and ductwork are completely protected at
all times. Each panel is precision manufactured
: ;
of high pressure die-cast aluminium to
jfcfe.
guarantee limitless rearrangement by simply
.
lifting and moving panels. This enables
v
maintenance and reworking to proceed with no
■*
Bk
waste of time or disturbance to operations.
The Rintoul infinite access floor (not
^
Hr
illustrated) was developed by this company
*
as a less expensive solution to the usual flooring
problems associated with E.D.P. equipment
and open landscaped offices.
.
The major difference between these two types
of floors is the use of'rails'in the'Rintoul'floor.
The somewhat higher original cost of the
Floating Floors' system can be offset over many
years of savings on relocation, modernisation
and maintenance without any excessive
|JJ»
rearrangement cost.

R

Rintoul
PTY. LTD.

10 Minogue Crescent, Glebe, N.S.W.
Telephone 660 6677
Sole Australian agents, for Floating
Floors, Inc., Toledo, U.S.A.
Manufacturers of Infinite
Access Floors
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“BEEP...

BEEP...
BEEP...

BURP!"

At last a data transmission test set that tells you what the trouble is the Racal-Milgo 220 Test Set. As manufacturers of Modems,
multiplexers and other data products we felt it was time to produce
the ideal test set.
So now you can quickly set up or isolate faults in your data
communications network. The 220 is compatible with any modem
(not just our's) which operates at 10 to 300,000 BPS using either
CCITT V24 or EIA RS 232 interfacing (it has APO permit
to connect C72/7/638).
Bit and block error rates and bias distortion can be displayed on
the three digit LED display. Lamps indicate 'error', modem 'ring', sync
loss, transmit and receive clock. A range of options enables full local
testing using only one modem and either synchronous or asynchronous
operation (using frequency translation). The 220 is really compact —
only 15%" x 12%" x 3%" — and weighs just 15 lbs.
But the biggest innovation is the little loudspeaker — listening to the
line is often the quickest way to eliminate the burps!!!

The Electronics Group

Data Transmission Division,
Racal Electronics Pty Ltd 47 Talavera Road, North Ryde 2113 Tel: 888-6444
Melbourne: 51-9994 Canberra: 861267 Wellington N.Z.: 41608
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Syntax Analysis Using FPL
By Robert S. Northcote

After introducing some basic terminology, this tutorial paper describes Floyd Production
Language (FPL) as a method for specifying the syntax of a programming language, and
(hen uses both extended BNF and FPL to specify the syntax of FPL itself. The description
of FPL leads to the development of an instruction set which may be used to define the
action of FPL statements, and the description of a syntax analyser which is an interpreter
driven by an FPL syntax table. The latter is obtained from an FPL syntax specification
by direct translation.

1 INTRODUCTION
1.1 The Components of a Translator
For every language L used to write programs which
are to be executed by a digital computer there must be
a translator which converts statements or sentences in
the language L into a sequence of commands in a
language C which can be recognized by the computer.
The commands C may be the actual order code of
some computer, or they may be the order code of some
interpreter.
Irrespective of what form L or C take there are
three main parts to the translation process. These are:
(a) lexical analysis, in which individual characters from
the source language L are combined together to
form recognizable symbols representing identifiers,
literals, or special words or characters of L\
(b) syntax analysis, in which symbols recognized by
lexical analysis are combined together and com
pared against the grammar of L to ascertain the
correctness and meaning of the statements or sen
tences written in the language L;
(c) semantic analysis, in which the meaning of a
recognized syntactic construct is acted upon, e.g.
by recording information about a recognized item,
by generating an object code command in language
C to cause an operation to be carried out, etc.
The main objective of this paper is to describe a
particular method of syntax analysis. Before doing so,
however, some terminology and additional background
information is required.
1.2 Terminology
Every programming language, like every natural
language, has a finite vocabularly, which is the set of
symbols or words which can be combined together to
form statements or sentences in the language and a
grammar which is a set of rules defining how symbols
from the vocabulary can be combined together to form
correct statements or sentences in the language.
Formally, a vocabulary is a set V which contains a
finite number of symbols. For programming languages
it is convenient to think of the set VT of terminal (or
basic) symbols, which are the symbols actually written
in a program, and the set VN of nonterminal symbols,
representing syntactic entities such as <statement>,
<clause>, <expression>, etc. which appear, together
with terminal symbols, in the grammar of the lan

guage. Note that the diamond brackets < and > are
frequently used to enclose words describing nonterminal
symbols for programming languages. The set VT for
a programming language includes:
special words, e.g. DO, IF, etc. in FORTRAN;
identifiers e.g. for labels, variables, etc;
literals e.g. numbers, strings;
delimiting characters.
These will be regarded as the smallest separately
identifiable symbols in a language. As indicated above
the task of recognizing them is called lexical analysis.
A string is a sequence of concatenated symbols. In
particular, a program is a string of symbols from the
set VT. However not all possible strings of symbols
from the set VT are programs. A grammar is a finite
set of rules which specify which strings of symbols from
VT are correct programs in a language L. Formally a
grammar G for L is defined by a quadruple
\Vt, Vy, P, sl
where:
(a) VT is the set of terminal symbols of L;
(b) VN is the set of nonterminal symbols of L;
(c) P is a set of syntax rules (or rewrite rules) of the
form:
Cl—Q2 Clg .. Cln

where all the a’s are symbols of L, ae VN and
alt a3, .. eV = VT uVN, i.e. a is a nonterminal
symbol and a,, a2, .. are either terminal or non
terminal symbols;
(d) s t Vy is a nonterminal symbol called the initial or
root or objective symbol of G: it is the symbol to
which an acceptable string must be reduced by re
verse application of the syntax rules.
The relation —» in a syntax rule is interpreted as
meaning that if a is a symbol in a valid sentence a of L
then a can be replaced by the string of symbols a, a2 ..
an to give a valid expanded sentence /? of L. To com
pletely define a grammar there must be syntax rules
which define replacements for every symbol e VN,
where the set VN is the set of all nonterminal symbols
which appear on the right-hand side of the -» in any
syntax rule, plus the unique objective symbol s. It
must also be possible, for the types of grammars being
considered here, to be able to replace any nonterminal
symbol by a string of terminal symbols after applying
only a finite number of rewrite rules. It follows then that
starting with a string of length 1, which is the unique

international Computers (Australia) Pty. Limited, Software Development Centre, Adelaide.
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objective symbol s, application of a finite number of
rewrite rules will yield a string of symbols from VT
only. Thus if s is the nonterminal symbol <program>,
application of the rules shows how all possible syntac
tically correct programs can be written. An example of
a grammar for a programming language will be given
later in this paper.
1.3 The Syntax Specification of Programming
Languages
By far the most popular standard in the specification
of programming language syntax is the notation known
as Backus Naur Form, or BNF (Backus, 1959). The
four metasymbols <, >, : : =, and | are used in BNF
as follows:
< and > are used to delimit the names of non
terminal symbols;
: :=
is used in lieu of, and has the same
meaning as, the -» used in the section
above;
denotes logical or and is best demon
strated by an example:
<a> : :== <b> |<c> |<d>
is equivalent to:
<a> : : = <b>
<a> : : = <c>
<a> : : = <d>
in which the symbol <a> on the left
may be replaced by any one of the
symbols <b>, <c> or <d> on the
on the right.
BNF was made popular by its use in the formal
specification of Algol 60 (Naur, 1960). It is very con
venient for use in specifying the syntax of a program
ming language to a programmer since each rule speci
fies how a (non-terminal) symbol e.g. <statement>,
<expression>, can be expanded. By following rules
recursively, the programmer is given explicit directions
as to what combinations of terminal symbols constitute
a correct program.
The CODASYL Systems Committee, formed to dis
cuss standardization of Data Base Management Systems
(Metaxides, 1971), has adopted a modified form of
BNF as follows:
: = is used in lieu of : : = ;
Upper case words are terminal symbols, i.e. e VT;
Characters are terminal symbols, i.e. c VT;
Lower case words are non-terminal symbols, i.e.
« Fw;
Special brackets are used:
a
b

c
a
b I
[

means 0 or 1 occurrence of one of the
enclosed symbols

means 1 occurrence of one of the enclosed symbols

c
An ellipsis . . . after a pair of brackets indicates that
repetition of any combination of the enclosed symbols
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is permitted. The use of brackets usually replaces use
of the BNF character | for denoting alternatives.
Although there are many other forms for represent
ing programming language grammars, the BNF method
in the modified form used by the CODASYL com
mittee is easy to use and will no doubt increase in
popularity due to the widespread distribution and use
of CODASYL reports.
This modified BNF is used to specify the syntax of
Floyd Production Language (FPL) later in this paper.
1.4 Lexical Analysis
Lexical analysis involves the recognition of the basic
symbols of a language.
(a) The special words and characters denoting symbols
of a language will be denoted by the character(s)
of which they are made, e.g.
DO COMMENT ; + :=.,
(b) Identifiers may be denoted as a class and will be
represented by the metasymbol I. In some lan
guages special words may also belong to class I.
(c) Literals may be subclassified, and represented by
metasymbols, as follows:
<integer> : : = L\Ll
<number> : : = LN
<,string> : : = LS
The lexical analyser is called whenever the syntax
analyser wants another terminal symbol from the
source string. Communication of data between the
lexical analyser and the syntax analyser is via:
(a) a syntax stack onto the top of which the lexical
analyser places, say, a one-word token, represent
ing a terminal symbol from the source string, each
time it is called;
(b) a symbol table, which contains descriptive infor
mation such as identifier names, addresses, literal
values, etc. of the terminal symbols.
The one-word token or lexical symbol, which is put
on the syntax stack for each terminal symbol, may have
the following form:
TYPE

VALUE

The format for a lexical symbol
where VALUE is one of:
the actual value of a terminal character;
a pointer to the appropriate entry in the symbol
table;
nonterminal symbol numeric value + 3072
and TYPE is one of:
0 for terminal characters,
key words of the language,
identifiers,
nonterminal symbols;
2 for character string literals
4 for octal numbers
8 for floating pt numbers
16 for fixed pt numbers
24 for fraction numbers
32 for integers
The information contained in the one-word lexical
symbol, together with the address of the first free loca
tion in the symbol table after all the special words of the
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language have been preloaded, is sufficient information
to enable the syntax analyser to determine exactly what
each symbol on the syntax stack is.
2 FLOYD PRODUCTION LANGUAGE
2.1 Syntax Analysis
The syntax analyser seeks to match substrings of
symbols on the syntax stack. It reduces each matched
substring to the nonterminal symbol specified by a
syntax rule. Ultimately it will reduce the symbols on
the stack to the unique objective symbol if the source
program is correct.
As matched substrings are found the syntax analyser
calls semantic routines to implement the desired effect
of recognizing the given syntactic constructs. The
semantic routines will store descriptive data, assign
run-time addresses, generate object code etc.
The Floyd Production Language (FPL) (Floyd,
1959), (Evans, 1964), (Northcote, 1966) describes
rules for deterministic syntax analysis and hence pro
vides efficient algorithms for use by programming lan
guage translators.
2.2 FPL Statement Format
The format of a statement (production) in FPL is:
LI: Sn . . . . SxS0 / factions <—x/
L2 ;
where LI is a label;
S.t is a symbol to be compared with the symbol at the
/th position on the syntax stack;
/ delimits the end of the stack comparison symbols;
factions is the name of a semantic ac.ion to be called;
<—x/ denotes that symbols S„ ... St on the stack are
to be replaced by the non-terminal symbol x: the
replaced symbols represent the right part of a BNF
syntax rule and x is the corresponding left part.
The window symbol S0 remains on the stack above
x;
* ... * each # represents a cal on the lexical analyser
to scan another basic symbol from a source pro
gram onto the syntax stack;
L2 is a transfer out label.
An FPL program is executed as follows:
(a) The analysis begins at a starting statement
labelled STRT.
(b) The stack comparison symbols (if any) to the left
of the first solidus (/) are compared with the
corresponding symbols on the syntax stack. The
FPL metasymbol # matches any symbol so is not
tested.
(c) If any comparison fails control immediately passes
to the next FPL statement in sequence.
(d) If all stack comparisons succeed, the activities to
the right of the solidus are executed.
(e) A special action ERR(n) may be called to record
a syntactic error in the event that a number of
possible alternative string matches have all failed.
(f) A semantic action may be called to implement
the meaning of the syntactic construct just recog
nized, e.g. record data in symbol tables, generate
object code. Semantic actions are identifiers pre
ceded by the @ symbol.
(g) A reduction of stack symbols to a non-terminal
eVN may occur. Non-terminal symbols are repre
sented by integers.
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(h) New symbols eVT may be scanned.
(i) Transfer to a labelled statement may occur; if no
label is given transfer is made to the next statement
in sequence.
Notes:
(a) The set of special words in FPL is I, L, LI, LN, LS
and ERR which denote identifiers, <integer>,
^integer's, <numeric literal's, <string literals
and part of the ^errors clause, respectively. Use
of / as a stack comparison symbol means ‘check
the syntax stack for any <identifiers’, etc(b) FPL statements are separated by semicolons and
an FPL program is terminated by the special word
END.
2.3 An Optimization Technique
A number of alternative right parts in BNF or, more
particularly, bracketed items used in the CODASYL
Committee method of syntax specification can generate
a large number of successive FPL statements in each of
which a different terminal symbol is compared with a
symbol at a particular position in the syntax stack.
Many time-consuming comparison failures can occur,
as these successive comparisons are equivalent to a
linear table search.
This situation can be overcome by combining
several symbols to be compared with the same stack
position into a metaclass. Specifically a metaclass is
defined to be a subset of the vocabulary V of the
language. Comparison of a given metaclass with a
given syntax position will succeed if the symbol at that
stack position is a member of that metaclass, i.e. only
one comparison is required.
Since members of a metaclass are regarded as
ordered and are assigned metavalues according to their
respective positions in the metaclass, and the metavalue
of the stack symbol is evaluated in the comparison, it
is easy to ascertain which symbol caused the compari
son to succeed. A metavalue of 0 is used for all
symbols not in a given metaclass so the obtaining of
a zero metavalue by the comparison procedure is
equivalent to comparison failure.
The symbolic representation for metaclasses when
writing Floyd productions is £n, where n is an integer
indicating which metaclass is being compared. Provision
has been made for 8 metaclasses numbered 0, 1, 2, . . .
7. It has been found convenient to restrict metaclasses
to being subsets of the set of special words of a
language, but it would be relatively easy to relax this
restriction to permit terminal character symbols also to
be included.
2.4 Dynamic transfers
When a successful metaclass comparison has been
made, it is often desirable for the next executable FPL
statement to be determined by the symbol found on the
stack, i.e. by the metavalue of that symbol. This can be
achieved by effecting a dynamic transfer on the meta
class number. Such a transfer is implemented via a label
switch, in which the metavalue found in the metaclass
comparison determines the label to which a transfer is
to be made.
A dynamic transfer in an FPL statement is written
as an integer label, the value of which is the value of the
appropriate metaclass.
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2.5 FPL syntax specification
The syntax of FPL as described in the last three sec
tions can be defined formally in pseudo BNF by the
following rules:
1 <FPL program> : = ^statements
[•,restatements] . . . END
2 ^statements : = [<.identifier>:\ . . . </e//> frights
<identifiers
-^integers
#

3 <left> : =

/
L
LI
LN
LS
^integer >
<special words
^characters
£<CintegerS

■

/

4 < right > : = [< error>] [< action >]
[■^reductions] [<Jcan>]
5 < error > : = ERR (< integer>)
6 Sections : = [@ ^identifiers] . . .
7 <reductions ■ = <—<integerS/
8

S scans

:=[*]...

Checks for identifiers, integers etc. in FPL must be
made semantically via the semantic actions, e.g. action
IDTST checks for the presence of an identifier in the
stack window symbol; if no identifier is found control
is transferred, by IDTST, to the next FPL statement.
The action MIXED identifies special words and non
terminal symbols.
The statement labelled RY is entered via the pro
cedure ERROR, which is called by the semantic action
ERR. After reporting the error, ERROR scan symbols
to the next; (when processing FPL statements) and then
transfers control to the FPL statement labelled RY,
where further error recovery may be made.
STOP is necessary due to the processing of dynamic
(metaclass) switch labels, which are placed between
END and STOP.
The reader should verify that, but for the semantic
checking alluded to above, the FPL program in Table
1 will syntactically recognize itself.
3 AN FPL INTERPRETER
3.1 The Instruction Format
Most FPL programs translate into fairly compact
syntax tables which can then be used as data by an
interpreter during translation. In fact the FPL pro
gram in Table 1 has been translated into a 120 instruc
tion (one per word) syntax table by an FPL translator.
The instructions required for interpretation of FPL
statements can easily be ascertained by careful exami
nation of the narrative in sections 2.2-2.4 above. It soon
becomes apparent that an instruction needs to have
three fields for:

In the set of BNF syntax rules above the set of
terminal symbols is:
VT = 1; END # I L LI LN LS £/ERR @ <- * )
while the set Fy of nonterminal symbols is the set of
8 symbols appearing on the left side of the 8 syntax
rules. The number to the left of each nonterminal
symbol will be used to represent that symbol in FPL
statements. The unique objective symbol is s =
<FPL programsThe definition of FPL given above is very clear and
concise, and is a most suitable mechanism for describ
ing the syntax of FPL to a person programming that
language.

CODE—The order code for the instruction;
N—to indicate which stack symbol is being compared,
or how many symbols are to be reduced;
LITERAL—the symbol or type value being compared,
the nonterminal symbol being reduced to, the
semantic action or label being transferred to etc.
The instructions which form the syntax table are
generated by the semantic actions which are listed at
the end of Table 1.

2.6 A Syntax analyser for FPL
As a convenient example of a syntax analyser written
in FPL, Table 1 represents the syntax analyser for
FPL itself. Several observations are appropriate.
Since the characters # and / have a special meaning
in the left part of an FPL statement, those characters
are represented by ? and $, respectively, when they
appear as actual characters in a language being specified
in FPL. Thus the S in the FPL statement labelled Z2
means ‘check the window symbol for a /’.
The use of the special FPL words L, I, etc. in an
FPL syntax specification denotes the presence of an
<identifiers, <integers, etc. at that point in the
language, except in the FPL language itself where those
words themselves are regarded as the terminal symbols
to be compared with syntax stack symbols.

3.2 The Order Code
0—Noop: LITERAL is a noninclusive size word of
the number of instructions generated for this FPL
statement; it thus indicates where the next FPL
statement starts.
1—Check symbol: Checks whether the VALUE of
the symbol at stack position N is equal to
LITERAL.
2—Check type: Checks whether the TYPE of the
symbol at stack position N is equal to LITERAL.
3—Check identifier: Checks whether the symbol at
stack position N is an ^identifiers ■
4—Check metaclass: Checks whether the symbol at
stack position N belongs to metaclass LITERAL.
5—Check numeric: Checks whether the symbol at
stack position A is a <numberS■

The Australian Computer Journal. Vol. 5, No. 2, May, 1973

CODE

N

LITERAL

The format of an FPL interpreter instruction
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TABLE 1: An FPL program Syntax Specification and Recognizer for FPL.
********0
21

COMPILED B / YYFL/1
:/
/
#/

!

TOSTrTi

til

$/
/
#/

22.

5?.
23 •

tU
til
tt/

?
H
L

I
U

11
12
1>
14
11
1«

S3:

1 ?

ZB:

4/

til
III
it/
It/
it/

i.N
LS
1

19
?0
?!
2?
23
24

26
26
2?
23
29
30
31
32

3-3
34
35

8LA3EL
ERR(6)

26i

tu
m
tt /
til
tu
/
tU
/
tt!
tu
tu

24 •

T 3!

U3 i

V3i

W3 :
R5 ■
2 5:

;/
END/
/

/

RY:

1/

SLEFTSTRT
SSHARP
Si M ETA
S1NTGR
31 D
31 N T G S
3NU 1BR
8STRING

*
*
*
*
*
*
*
*

2MIXED

<•

<•
*■
*
*
<•

3SE.1AN
3ERRUD
ERR(8)
0REDH
E R R (9 >
3 SCAN
CSC AN

*

TO

*
*
*

21
S2
22

3/
3/
3/
3/
3/
3/
3/
3/

23
23
23
73
23
Z3
23
S3
3/
23
* * * *1)3
** T 3
*** v 3
*
W3
25
2/
25
2/
4/
24
8/
28
8/
28

* 7/

26

* 6/
A 6/
<• 2/

26
26

31NCREMENT
3CT0PIT
QTitLADL

*

TO

*
*

R5
STRT

END

FPL TRANSLATION CCKPL ETE:
defined

%
21
81
109

1
6
1*
16

' N T A X TABLE SIZE 120

LABELS:
8
57
35
118

21
23
T3
25

;rt'/,:i7ic

10
61
92

TO
S3
U3
* * * RY

WORD 3 .

*** 5 T R 7
Z3
V3

SEMAN
C TCP IT

2
7

12
17

IDTST
ID
ERRUD
TRLABL

3
8

13

LE FT5TRT

NUNBR
RED II

Z2

13
63
98

Z6
U3

It
9
14

SHARP
STRING
SCAN

actionSs-

LAO EL
inter

;c

13

S2

71

24

107

R5

5

10
13

MET A
!aED

;c o,:e

switches

PROCESSING COMPLE

****************

no errors.

fi-************************** ******************

6—Call semantic action: Calls the semantic action
numbered LITERAL.
7—Reduction: replaces the top N symbols on the
syntax stack by the nonterminal symbol in
LITERAL and then stacks the window symbol
on top of the nonterminal symbol.
8—Transfer: transfers control of the syntax analyser
to the FPL statement the address of which is given
by LITERAL.
9— Dynamic transfer: transfers control utilizing the
dynamic switch numbered LITERAL.
10—Scan and transfer: call the lexical analyser to put
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<r

2IDTST

Err/
2/
<•/
*/

18

********

ON 06/12/72 AT 13/0A/26,

********

one more symbol on the syntax stack and then
transfer as for code 8.
11— Multiscan: call the lexical analyser as often as
indicated by the value of LITERAL.
12— Error: generate the syntax error message indicated
by the error number in LITERAL.
Implementation of the above order code is achieved
by writing the few simple instructions needed to carry
out each described function. An example of an FPL
interpreter is given in Appendix A.
The programming language used is an ICL in-house
language used for software programming. Although
The Australian Computer Journal, Vol. 5, No. 2, May, 1973

Syntax Analysis Using FPL

the reader is unlikely to have seen such a program
before most of the code should be self-explanatory.
However it might be helpful to note that:
(a) FPROD is the syntax table and £FPROD is its
base address;
(b) XI, X2, X3 etc. are index registers;
(c) X3 is a character address incremented by CHAR 7;
(d) CH FPROD (X3) gets a character;
(e) STACK is the syntax stack;
(f) STAB is the symbol table.
The total size of the FPL interpreter code is a mere
140 words of 24 bits.
4 SUMMARY
The main objective of this paper was to describe a
specific method of obtaining and executing the syntax
analysis part of a programming language translator.
FPL is a language which enables a systems programmer
to specify the required analysis; an FPL translator
readily translates an FPL program into a simple com
pact syntax table of instructions; the instructions in the
syntax table are executed by a rudimentary interpreter
residing in the required translator, thereby performing
the necessary syntax analysis. The code for such an
interpreter is given in the Appendix.
No indication has been given of how to convert from
a BNF syntax specification to an FPL one. The
desirability of the two specifications being identical is
obvious. In fact much work on this problem has already
been done, notably by DeRemer (1969a, b) and Ichbiah
and Morse (1971). Although automatic conversion is
desirable, writing such a conversion program is a much
larger task than programming the FPL statements for
several languages.
To complete the task of writing a programming lan
guage translator it is necessary to provide:
a lexical analyser
an error reporting routine
semantics for the language
The names of the semantic routines used in the
FPL translator are given in Table 1. Some of them
generate the syntax interpreter instructions, described in
Section 3, which are entered in the syntax table.
Perhaps the reader might care to specify and code a
module for one or more of the named semantic actions.
One or more of the techniques described in this
paper have been used extensively by the author in
developing practical programming language translators
at the University of Illinois, at Urbana-Champaign and
at the International Comouters (Australia) Pty. Limited,
Software Development Centre, Adelaide, South Aus
tralia.
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IF Xl>=.) The J, XS«-STACir(X1-1) AND #7777;
[IF LIT=0»USE SYMBOL IN 3
[
TOP OF STACK
3
XWX1-.W;
X6«-£ST.*,C<;
SO!'TWA - E E-;PO»/*
STACK UNDF.RFlOW]
I r ;<o> --1 T - f •, ! S'JSWT (' FJ ') ;
STACK('1>«•5;
XI <-X i + 1 ;
[PUT WINDOW AFTER NEWTOP 3
S T A C K ( X 1 > *•' *: J
s t a e>: p r r *■ x •>;
core fp1;

X3 vXp
T .sw ;
'
[PICK UF LAST META VALUE;
XI t-Xi* ■;
[ FCR RFOD MET A Cl ASS
XI
t T •. S'- (.». 1 i + !ETA SW (X; > + £ FPR00“1 J (GET FP«OD A DPR N X T P R *
X?* F pP .D !X ' ) ;
( SET NEW PRODN TABL PTRj

171
17?

IF X5 *;-OTs Xi! THEN GOTO FPlI;
GO f 0 F'1;

11 x
11V

FP.q:

1/9

V/G

FP: ?:

1 //

fp.p:

1(3
F P1 :

’us

1 /C

[

159

C
C '. ? •;T • •.W I >.fePF *jt ]
X 1 ••>:?+ i-if :-p ;r ;
NX f PO0

F p l. 7;

1 S/
1 S«

GOT.) FPI.1?

1( '.

1fs

si -antics;
x ? «• t / ;
G 0 7 C F -• 1 ;

1 /./■

case

91

GO f0 FPLJ;
FPL1 1 :

[ ::ULT:RCA';

3

t 11 *■ x ?.:

F i1i <• 1 S > E ? 1 UNTII T 1 0 DO
LF-.P. i 1 3>X0; L F X I C A i. A -j ;
X 2 v T 11;
G-J.'C F1 ;

1V'
F P „ 1 2:
191
10/
19 3
194
end;
19'
19/ b N-C J

[ L P R 0 •:
X 71 x y ;
T?rXK; eRr .r; /:2«-T7;
goto fpU

X 0 «-T 1 3 ;

END
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Towards a Theory of Documentation
By Dr. Richard P. Watkins

The need for the standardization of documentation has been apparent for a long time, but this can
only be achieved if an adequate definition of the concept of documentation exists. A possible definition is
presented and its implications are discussed.

1.

INTRODUCTION
A major task always confronting computer users is the
documentation of computer programs. Besides the
problem of keeping documentation up-to-date, there is no
coherent theory on the basis of which documentation can
be designed. If such a theory could be produced it would:
(a) formalize the currently intuitive approaches;
(b) enable the evaluation and comparison of docu
mentation schema;
and
(c) lead to a degree of standardization which is at
present not possible.
The purpose of this paper is to propose one possible
theory for the design of documents. It describes the for
mation of a number of levels of description linking the
problem to the program, and specifies necessary con
ditions for this system to be called a documentation.
The work described here is part of a Ph.D. thesis
submitted at Melbourne University (Watkins, 1972), and
was supported by a Melbourne University Research
Grant.
2.

THE REPRESENTATION OF PROCEDURES
Before it is possible to define a documentation system,
it is necessary that we have a clear understanding of the
process to be documented. Naur (1965), in discussing
programming, makes the following observations:
“Essentially ... we are dealing with three elements:
problems, tools and people, and that the essence of the
situation is the interplay between them. More speci
fically, we cannot, as people, think of a problem without
at the same time implying some kind of tool. Stronger
yet, when the tool changes the problem is not the same
any more. On the other hand, our opinion about what
is a proper, or desirable, tool surely depends on our
understanding of the problem.”
“People can only understand the problems on the
background of an assumed set of tools (e.g., mathe
maticians will solve problems by equations rather than
simulation), while a tool designed to solve a problem
which is understood by nobody is meaningless.”
Naur goes on to suggest that the inter-relation in the case
of computer science is that shown in Figure 1, where the
computer is not the tool—the language is the tool and the
language has to be matched to the people as well as to
the problem and the computer.
This process of matching the language or tool is one of
producing an efficient means of communication. For
example, the design of problem oriented languages, such*

as Fortran and Cobol, was influenced by the requirements
of the problem areas concerned. These languages do not
reflect the internal organization of computers, but the loss
of efficiency due to this is considered relatively unimpor
tant compared with the increased efficiency of problem
description. This does not imply that programmers
necessarily produce worse coding when working with high
level languages as opposed to assembler languages, but
rather that it takes the computer more time to interpret
the coding and the programmer less time to write it.
Note that matching the tool to the problem must neces
sarily tend to suit it to the user because the tool is being
related to the user’s concept of the problem.
In one sense, the problem domain is fixed; we are
concerned with algorithms. Because most of this work is
in terms of the representation of algorithms on machines
the word procedure will be used unless the abstract concept
of algorithm is meant. But two other factors in choosing
a tool are variable: the type of machine can be changed
and also man-to-man, machine-to-machine and machineto-man communication can be considered as well as the
man-to-machine process outlined by Naur. In order to
bring this more clearly into focus, the concepts of pro
cedure, machine and tool will be considered in this
context.
DEFINITION 1
A machine, M = fu(l, AMj, is a device which can exist
in a finite number of states, where AM is an n-tuple
(ordered if necessary) which determines the particular
states of the machine to be used and their sequence;
i is an input string in the domain of M. If the machine
halts for some input string i and some AM then the
function fM(i, AMj is defined.
No restrictions are imposed on the definition of M but,
in most cases, it will correspond closely to a computational
method as described by Knuth (1968). However, M could
be a human; in considering the role of people in docu(computer}

-(problem-)

( PEOPLE )

*The author was at the Department of Information Science, University of Melbourne, Victoria, when this paper was written and is now at the Royal
Melbourne Institute of Technology, Melbourne, Victoria.
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mentation we will use a machine fH where this is a human
transforming data.
DEFINITION 2
A procedure in machine M, AM, is a finite n-tuple such
that fM(i, Am) is defined for all input strings i.
It would be sufficient if, in Definition 2,fM is only
defined for some particular subset of the domain of the
function (this is the usual case in practice). As an example
of a machine dependent procedure, consider a Fortran
machine F =fF(i, \F) which accepts Fortran programs (or
procedures) and operates on the input i to produce the
results of a computation. No such machine exists how
ever, and F is simulated on a computer C by means of
a translation procedure in C:
fr(Mr) =fcd.fc(K.FTcc))
where FT£ is a translation procedure from Fortran to the
machine language of C in C (note that the machine in
which the procedure is defined has always to be specified).
The result of applying FT% to \F is the equivalent
procedure Ac. An interpretive system can be represented
by:
fc(i> Ic) ~ fw(i ’ 'W
where IFC is an interpreter in C and i is a concatenation of
the input string, and XF. Thus these definitions match
the generally held view that “he (the programmer)
prefers to regard an autocode as a means of disguising
the machine and of making it imitate a different, more
convenient machine.” (Gill, 1959). It is clear that in this
context the concepts of a procedure in a machine and a
program are equivalent.
This notation for procedures and machines is similar
to that described by Sklansky, Finkelstein and Russell
(1968) (see also Wegner (1969)) but it differs from their
representation because of the emphasis here in relating
procedures to a particular machine. Their notation Az,
meaning the action of an algorithm A on data i, may be
a useful formalism but it has no practical significance.
The abstract concept of A must be referred to a machine
before it can be discussed, let alone applied to i, and
the operations Az and fM(i, XM) may not be the same.
An important feature of a paper by Gorn (1961), which
demonstrates the former point, is the fact that he is unable
to define the algorithm he considers until he has expressed
it in terms of one of the machines he discusses. The latter
point is easily illustrated by, for example, the theoretical
algorithm for an iterative scheme and its realization on a
computer, which need not produce the same results
because of rounding errors, etc. In fact, it is possible to
devise an algorithm A whose implementation AM does not
halt because of restrictions imposed by the machine, and
hence is not a procedure at all.
Another very similar notation has been proposed by
Sanderson (1967), who uses the function / to represent
a programming language; again there is a significantly
different emphasis.
The notation developed here can be used to describe
the processes in procedure execution in a similar way to
Sklansky, et al (1968). For example, assume there is a
language S and a compiler for it is written in Fortran,
F, and produces Fortran as output. The process of
executing a procedure in S, Xs, consists of the following
steps:
(a) Translate the compiler for S, ST$, into machine
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language so that it can be executed:
fc(sTF, FTg) = sT?
(b) Translate Xs into Fortran using this compiler:
fc(^s> STF) =
(c) Translate A^. into machine language:
fc(^F> FTc) — ^M
(d) Execute XM:
fed, 'W
The complete process can be described by the expression:
fc(iJc(fc(hJc(sn, fTq)), fTS))
The order of operations and the procedures required are
explicitly defined by the expression, and in this respect it
appears to be a superior notation to that of Sklansky,
et al (1968).
3. THE CHOICE OF TOOL
Now consider Naur’s scheme expressed in the more
general form of Figure 2. Assume that there are two
machines, numbers 1 and 3, which are to make use of
procedures written in machine 2, and that these procedures
come from some chosen problem domain. Figure 2 is
more precise than Figure 1 in that the type of interaction
between the components has been specified more ac
curately. A broken line indicates that there is an inter
action between two parts (the problem and a machine)
which requires the machine to use a language ‘suitable’
for the problem. A directed line shows the direction of
the interaction between the machines.
Machine 1, denoted S, is the source machine (norm
ally a human) which has to phrase the problem as a
procedure in machine 2, denoted T. Machine 3 is the
destination machine D, which uses the procedure. The
language of machine 2 is the tool that is employed to
communicate the problem. (The properties of a machine
should define the language in which procedures for that
machine are expressed, and Definition 1 can easily be
extended in this way.) Usually machine 2 itself is of little
importance because, in most cases, it is a hypothetical
device and only its language is of interest.
The choice of tool for a particular problem domain
involves finding the ‘most significant’ of the two
processes:
fs(^s> sTs) = ^T
and
IdC^t, tTd) — ^D
and hence determining the most efficient means of
communicating problems from S to D according to
suitable criteria. The direction of the process is vital as
can be seen from considering, for example, algebra-toFortran-to-machine language, and the reverse.
DESTINATION

TOOL
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Up to now, most of the emphasis has been on the manto-machine process where optimizing /S(AS, 4STT
S), the
translation of the problem from human representation
to the tool has been dominant. The other translation,
using TT$, has been relatively unimportant because of
the speed of computers. However, as the efficiency of the
first phase is increased, the efficiency of fD(Ar, TT%)
decreases, and there may be a practical limit to this
process. (At present this is certainly true. There are no
procedures which enable computers to compile ambiguous
languages, such as English, satisfactorily, and to attempt
this would decrease the overall efficiency of the system
drastically.)
The choice of tool in the man-to-machine situation has
been dictated by the problem domain and the computer.
As Naur (1965) has indicated, there has been little attempt
to match the tool to the people using it, except in as far
as matching the tool to the problem incidentally expresses
it in terms reasonably familiar to them. But his statement
implies more than this; it requires matching the tool to
man-to-man communication, or documentation (where the
two ‘men’ may be one and the same person, as in program
debugging). In this situation our means of evaluating the
tool depend both on the ease with which it can be used
and the ease with which it is learned. In addition, it must
be asked just how rigorously the tool should be defined.
The intelligence of people enables them to interpret
correctly ill-defined statements so that, although one
might say that “the catt sat the mat on” is wrong in a
strictly grammatical sense, it seems silly to reject it
altogether when it still communicates successfully. This
question will always arise when a human is the desti
nation machine, and the same problem will probably
have to be faced while developing future programming
languages.
These considerations become relatively insignificant
when one examines the two processes to which languages
such as Algol and Fortran have been applied:
(i) Execution on a computer:
fc(fs(SW, TTS)
(ii) Man-to-man communication :
fn(fs(^s> sTs), TTj![)
where H is the ‘destination human’ and C is a computer.
A tool is being forced to do two quite different jobs.
Initially, while the art of autocode programming was
developing (a process which has not yet stopped), the
pressing problem was improving man-to-machine trans
lation. In this context the present generation of languages
works quite adequately in providing a considerable
increase in efficiency of programming at no great cost.
The trouble arises when, as has clearly happened, we try
to use these same tools for man-to-man communication.
In one case the individual steps involved in a computation
are being described and in the other we want, in addition
and much more importantly, to describe the significance
of the problem; these aspects can be called extensional
and intensional attributes respectively (rather than the
hackneyed terms syntax and semantics).

IF(I .LE. N) GO TO 1
The last three descriptions of the process are
procedures in Iverson’s notation (Iverson, 1962), con
ventional algebra and Fortran respectively. All three are
equivalent in that they produce identical results for
certain classes of the matrices X and Y. Method (e)
sets z; = 1 if any xtj X yjt = 1, and z; = 0 for any other
value. Thus xu = |, y}l = 2 gives z, = 1 and xu = 2,
ya = 3 gives z, = 0. Method (d) uses a different test
and sets z; = 1 if any xtj x yjt + 0, and z; = 0 otherwise.
Method (c) accepts only logical matrices (with all
elements having one of the two values 0 or 1); y is the
transpose of Yand XA Fis a matrix A where au = xu AT;;
(A is the logical and operator). The operation V/ is row
compression of a matrix under the logical or operator,
so that V / acting on row of A produces:
(. . .((au \Jai2)\Ja,3)V . . . Vain)
Within the domain of logical matrices, all three pro
cedures produce the same result by different methods.
These descriptions, (c), (d) and (e), have three prop
erties in common:
(i) They define a method by which the process can be
implemented on a particular machine;
(ii) they require the user to be familiar with the
implementing machine (or tool) before the des
cription is of any use;
and
(iii) they give no idea of the significance of the process.
Descriptions (a) and (b), on the other hand, define the
significance of the process without specifying how it is
to be carried out.
Before the purpose of each of these types of description
can be understood, the role that they play in documenting
the procedure must be precisely defined. The explanations
of purpose given by other authors, such as Knuth (1963)
and Liebowitz (1967), are inadequate because they rely
too heavily on intuition; but a satisfactory definition can
be developed from the concept of procedure presented
above.

4. A THEORY OF DOCUMENTATION
“Document, v. trans. To teach, instruct.”
(From the Shorter Oxford Dictionary)
In order to see clearly what is implied by document
ation, consider the following five descriptions of the same
task:

DEFINITION 3
(a) An intensional documentation of a process is a
statement of the purpose of the process without
specifying a procedure by which that purpose can
be achieved.
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(a) Calculate the cycle vector z of the digraph G.
(b) Form the cycle picture A of the directed graph G
(with adjacency matrix X and path matrix Y).
From A produce the vector z, where z- = 1 if node
i lies on a cycle.
(c) z = V/YA Y
(d) Let X and Y be N X N matrices and let A be a
matrix such that a,7 = xtj X j7/. Then z is a vector
of order N such that for all i = 1,2,..., N, zt = 0 if
a ij = 0 for all j = 1,2,. . ., N and zt = 1 otherwise.
(e) INTEGER X(N,N), Y(N,N), Z(N)
I= 1
1
Z(I) = 0
J= 1
2 IF(X(I, J)*Y(J, I) .EQ. 1) Z(I) = 1
J = J + 1
IF(J .LE. N) GO TO 2
1

=

1+1
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(b) An extensional documentation of a process consists
of a procedure in a machine for that process.
These two definitions are necessarily intimately related.
Thus, for example, the statement X = SQRT(Y) is an
intensional documentation for square root evaluation and
at the same time it is a procedure in Fortran and hence an
extensional documentation. Intensional documentation
is restricted to a single statement and thus version (e) of
the cycle vector process is not of this type even though
each individual statement of this procedure in Fortran is
an intensional documentation of a computer machine
language procedure. It is this interdependence which
enables the term ‘documentation’ to be defined:
DEFINITION 4
A documentation of a procedure in a machine D
consists of a series of procedures in machines Mh
i = 1, 2, . . . , n, where:
(i) M„ is the machine D.
(ii) The procedure in MI is an intensional docu
mentation of the aim of the procedure in D; that
is, it is a single statement specifying the purpose
(or result) of the procedure in D.
(iii) The procedure in M; is an extensional documen
tation of the intensional values of the procedure in
Mi-f
In other words, the procedure in Mt is the result
of expanding each ‘statement’ of the procedure in
Mi_I into a sub-procedure in Mt.
The descriptions (a), (b) and (e) of the cycle vector
process above make up a documentation of a procedure
in Fortran in three machines M,, M2 and M3 respectively.
Each description provides a deeper level of detail. The
procedure in (b) is an extensional documentation of (a)
in that it specifies how z can be determined from Xand Y.
At the same time, (b) consists of intensional docu
mentations of the Fortran procedure. This hierachy can
be continued by considering, for example, statements such
as Z(l) = 0 as intensional documentation of machine
language operations, and so on. Extension of the hierachy
in this way changes the destination machine of the
procedure. Descriptions such as (c) offer some problems,
but it may be possible to introduce some measure of
how transparent the description is with respect to an
estimation of the computational effort involved in the
procedure in D. Clearly the description in AF; should be
more transparent than that in M:_,.
A condition of consistency must be placed on the
components of a documentation. Descriptions (b) and (e)
are inconsistent because the matrix A is never evaluated
explicitly in (e), whereas this is a condition in (b). The
only consistent sequence is (a), (b) and (d), and to use
either (c) or (e) in a documentation the form of (b)
would have to be altered. Although in this example it is
trivial, inconsistency can be a major problem in a realistic
situation. To include this condition it is necessary to
define the structure of procedures in graph theoretic
terms (Berztiss, 1971):
DEFINITION 5
A procedure in a machine M can be described, in
part, by a quadruple <5, A, E, T) where:
(i) S =
s2, . . ., s',,} is a set of statements (non
empty), ECS is a non-empty set of entry points,
and TCS is a set of terminal points (which may
be empty).
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(ii) A is an n x n matrix such that atJ = l if control
may pass from st to sp and au = 0 otherwise.
(iii) Column i of A is zero if and only if s^E; row j of
A is zero if and only if SjeT.
(iv) For every element s^S, s; is reachable from some
member of E, and some member of T (if any) is
reachable from st.
The Si are interpreted as nodes of a directed graph with
adjacency matrix A (Berztiss, 1971). Non-zero elements
of A, which correspond to arcs of the directed graph,
stand for possible transfers of control. This directed
graph is called the flowchart digraph ofthe procedure in M.
This definition is an incomplete description of a pro
cedure for a number of reasons, most notably because if a
statement Sj transfers control to a number of other state
ments no conditions are stated for selecting which
successor is to be used. The set of terminal statements is
allowed to be empty because this situation arises with
some machines. For example, it is common to find
Fortran programs consisting of an infinite loop con
taining a READ statement, and termination of the
procedure occurs by default when the read process fails.
(This is a property of Fortran machines. When such
machines are simulated on computers the read state
ment is replaced by a procedure which contains a
terminal statement, but this does not affect the properties
of the Fortran machine itself.)
DEFINITION 6
Let A be a procedure in M; (of a documentation)
with flowchart digraph G, and let B,, B2, ■ . ., Bn be
procedures in Mi+I (extensional documentations)
corresponding to the statements s,, s2 . . ., sn of A.
Then, a procedure B in Mi+1 is consistent with A if the
flowchart digraph of B is identical to the flowchart
digraph G' produced by replacing every node st of G by
the flowchart digraphs corresponding to their pro
cedures in Mi+1.
DEFINITION 7
A procedure in machine Mt of an n-stage document
ation is the description of the process atthe (n — i+l),h
level of detail.
The level count is reversed so that it corresponds to
current usage; the term ‘high level’ meaning less detail.
Definitions 3 to 7 provide a formal statement of the
structure of a documentation system which not only
matches our intuitive concepts, but also gives a deeper
insight into the reasons for, and values of these structures.
Thus, for example, Liebowitz (1967) defines a technical
specification as consisting of:
(1) A statement of the purpose of the program.
(2) A description of the overall program design with
high level flowcharts.
(3) Programming specifications for the individual
components of the computer program.
(4) The detailed flowcharts for the components.
(5) Program listings.
Clearly this is a four level documentation, where (3) and
(4) are meant to be on the same level of detail. We are
now in a position to look at the consistency of these
components and to consider the necessity, or otherwise,
of having two descriptions on the one level. As another
example, it can now be seen that the inclusion of
‘comment’ cards in programs can be viewed either as an
The Australian Computer Journal, Vol. 5, No. 2, May, 1973
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attempt to merge two levels of detail or as providing
facilities to cross reference the program listing with
higher level documentation. The latter point is not at all
obvious until a formal definition of documentation (such
as the one above) is given. Further examples, including
a discussion of the role of flowcharting may be found in
Watkins (1972).

little towards creating a documentation. An exception is
Haibt’s multilevel approach (Haibt, 1959), where a few
levels of detail are formed, but this is still a long way
short of an adequate system. Until automatic semantic
analysis is possible, it will not be possible to develop satis
factory, fully automatic documentation systems.

5 THE AUTOMATIC GENERATION
OF DOCUMENTATION
In conclusion let us briefly look at the problem of
automatic documentation. This is one of the primary
functions of machine-to-man communication, and the
above theory enables us to draw some conclusions about
it. Given a procedure in machine D create a docu
mentation of the process in machines Mt. Unless a
detailed description of the documentation is provided
(in which case the process is simply one of specification
production, as with non-automatic flowchart generators),
the problem is obviously insoluble except for the pro
duction of descriptions at a similar level of detail to the
original. This is because each level of decreasing detail
is a semantic description (an intensional documentation)
of the previous level and its generation requires some
knowledge of the ‘universe of discourse’; that is, the
significance of the procedure in the problem domain.
Reference to the cycle vector process makes this patently
clear. Analysis of (e) may create a statement about
matrices, but it cannot state the relationship between
them and directed graphs unless documentation (in the
form of comment cards perhaps) is included in the For
tran program. At best, most automatic flowchart gene
rators provide little more than a translation of a program
into another, related notation and thus they do very

Berztiss, A. T. (1971):
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General Linear Multistep Methods
To Solve Ordinary Differential Equations
By C. S. Wallace* and G. K. Gupta*

This paper presents a formalism of the general m-step m-order linear multistep method for the
numerical solution of ordinary differential equations such that the method may be represented by a
polynomial of degree m. This formalism conveniently isolates the m degrees of freedom of the general
multistep method. Expressions for investigation of stability and truncation error have been obtained
for this formalism, thus providing us with the tools to investigate new multistep methods. Also presented
are some new stiffly-stable linear multistep methods.

1. INTRODUCTION
The general linear multistep (m-step) method for the
numerical solution of the differential equation
y'=f(x, y)
(y a vector)
is conventionally described by the equation
Tn + alTn—1 + • • • + “mT/i— m
— KPofn + ft/n—1 + • • • + Pmfn—m)

• • • (1-1)

where h is the step size in x, assumed constant, yk is the
computed value of y at xk = kh, and fk = f(xk, yk).
The method described by (1.1) is explicit if ft,=0, and
implicit otherwise. As usually applied, equation (1.1) is
solved to give yn as a function of preceding y and/values.
An analysis of such methods is given by Henrici (1962),
who concentrates on two special cases of the general
method. The first, which he describes as based on
integration formulae, have only one non-zero a. The
second, described as based on differentiation formulae,
have only one non-zero fl (ft, if the method is implicit).
The latter case has recently received attention arising
from the work of Gear (1969) who has shown that
methods of this kind may be useful for stiff systems,
whereas the former includes, inter alia, the Adams
methods.
Investigation of methods not falling into either of
these classes has been, perhaps, inhibited by the fact that,
while the general m-step method is described by 2m+ 1
parameters, it is known [Dahlquist (1956)] that an m-step
method can have satisfactory stability only if its order
does not exceed m + 1 (m odd) or m+2 (m even). A
method is said to be of order q if it is exact for equations
whose true solution is a polynomial of degree q or less.
The requirements that an m-step method be of order m
yields (m + 1) conditions on its a and f! parameters,
leaving the method with m degrees of freedom. Complete
exploration of the methods encompassed by these
degrees of freedom is difficult in the formalism of equa
tion (1.1), which leads to rather complicated expressions
for the a and /3 parameters in terms of the degrees of
freedom.
In this paper, we present a formalism which con
veniently isolates the degrees of freedom of the general
m-step m-order method, and give an analysis of stability
and truncation error consistent with the formalism. We
also discuss, as examples of the use of this formalism,

high-order stiffly-stable methods falling outside Henrici’s
two special cases. Note that the class of m-step m-order
methods includes some methods of order greater than m,
and some which may be expressed as (m-1) step methods.
The formalism leads conveniently to computer
algorithms for the solution of ordinary differential
equations very similar to those of Nordsieck (1962) and
Gear (1971).
The formalism is introduced in Section 2 by a brief
discussion of polynomial predictive filtering, which is
then extended in Section 3 to the solution of O.D.E.’s.
Sections 4 and 5 present the stability and truncation
error analysis respectively. In Section 6, we present some
new stiffly-stable methods. In Sections 7 and 8 results of
numerical experiments and discussion of these new
methods are presented.
2.POLYNOMIAL PREDICTIVE FILTERS
Consider a semi-infinite sequence of values yt (z = n,
n — 1, n — 2, n — 3, . . .) of some function y (x) where
y. = y(Xj), xt = ih, and h is a constant step size. Suppose
that at some stage only the values {y,\i < n— 1} are
known, and that it is desired, on the basis of these values,
to form an approximation to y(x) which may be used to
predict the value of y„. We restrict our attention to
approximations which are polynomials of degree m whose
co-efficients are linear functions of {y,-|z< n — 1}. Let
the approximation so formed be P„—i(x). Suppose now
that y„ becomes known, and, as a result, it is desired to
form a new m-degree polynomial approximation P„(x)
based on the augmented set of y values {y,- | i < zz}.
It is reasonable to require that, if it happens that
P„_i(x) exactly predicted y„, then the approximation
should not be changed, i.e. that if +*„_x(at„) = y,„ then
P„(x) = P„—i(x). This requirement, together with the
requirement that the co-efficient of P„(x) be linear
functions of y„, implies that P„(x) may be written as
P„(x) = P„-i(x) + e„ C„ (x)
... (2.1)
where en is the prediction error at x„;
en ~

— Pn—\ (Xn)

• ■ ■ (2-2)

and C„ (x) is some polynomial of degree m, whose
co-efficients are independent of y.
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We consider only x-invariant filters, i.e. those approxi
mating processes for which
C„(x) = C0(x—x„) = C0{x-nh)
. . .(2.3)
Such filters have the property that if the predicted value
P„_i(x„) is expressed as the (linear) function of previous
y values
Pn-i(x„) = gi y„-1 + gz yn—2 +----where the g’s are constants, then
Pn(xn+1) = gi yn + g2 y„-1 +----An m-degree linear x-invariant polynomial filter of the
class discussed is completely characterised by the mdegree polynomial
C0 (x) = C(x) say.
A filter C(x) is said to be stable if, and only if
y ■ = 0 | / > 0 -*■ lim P„ (x) = 0
n * oo

If C(x) is a stable filter of degree m, then the linearity
of the approximation implies that the predictions
P(x„) will be asymptotically correct if y(x) is a poly
nomial of degree m or less. Morrison (1969) discusses two
stable filters of this class. The first, which he calls a fixedmemory filter, is characterised by
C(x) = (x-\-h) (x+2h) .... (x+m/?)/m!/?"'
. . .(2.4)
The filter has the property that, after at most (m+1)
steps, the current approximation passes through the last
(m+1) known y values.
The second, which he calls a fading-memory filter, is
characterised by a polynomial C(x, y) which, for some
given fixed y (0 < y < 1), minimises
CO

{C(0) - l}2 + 2^ {C(-kh)f
.. . (2.5)
The filter has the property that, after infinitely many
steps, Pn(x) minimises
CO

Zyk{P„(x„-k) - y„_*}2
k=Q
That is, it provides an exponentially-weighted leastsquares approximation to all previous y values.
3. APPROXIMATION TO THE SOLUTION OF AN
O.D.E.
We carry over the formalism of Section 2, and suppose
that at some stage an approximate numerical solution to
y' =f(x,y)
has been generated as the sequence
{yi | i < n— 1} where x; = ih and y, is the computed
value of y(Xj), and that, as a result of this generation, we
have a polynomial P„_x(x) of degree m which in some
sense approximates the solution so far generated. In
performing the next step, from x„_x to x„, we will correct
this approximation to yield a new approximation
P„(x) = P„_x (x) + S„C„ (x)
...(3.1)
where C„ (x) = C(x—x„), and C (x) is a fixed polynomial
of degree m characteristic of the solution method.
In the filter problem of Section 2, the required correc
tion size was given by the prediction error
Tn
—x (+i)
However, with a differential equation we have no
knowledge of the correct value yn, and must hence
choose S„ on a different basis. In this paper we consider
methods which choose S„ so that P„(x) satisfies the
differential equation at x„. That is, 8„ is chosen to satisfy
P'n-l(x„) + S„ C' (X„)
= /(+, Pn~1 (+) + s„ Cn (x,,))
. . .(3.2)
or
P n—i(+i) + S„ ax =/(x,„ P„_x (x„) + S„ a0))
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where
C(x) = aQ + atx + a2x2 +___a mx
This choice of 8„ corresponds to the use of an implicit
multistep method. Other choices of S„ are rationally
possible, and we hope to explore some other choices
later. Following Osborne (1966), it can be shown that
scheme (3.2) is equivalent to the Nordsieck scheme and
that the vector of stability parameters used by Nordsieck
(1962) are related to the[coefficients a2, a3, . . . am.
The method defined^above is clearly linear and xinvariant. It also has the property that if F„_1(x) is found
to satisfy the differential equation at x„, then P„(x) is
set equal to P„_1(x). That is, the approximation is
changed only when it does not satisfy the differential
equation at the new point. The method is therefore exact
if the true solution is a polynomial of degree m or less,
provided that the method is stable and exact arithmetic
is used.
We now show that the method above is a linear multistep method within the framework of (1.1). Suppose that
P„_m(x) is some polynomial of degree m
Pn—m(x) = b0 + by X + . . . . + b m Xm
After correction at x„_„,_x,. . . ., x„_1; F„_1(x) is given by
Pn—lipt) — Pn—
+ 8„_,„ + 1 C„_m + 1(x) + . . . .
8«—i C«—x (x)
The co-efficients of Pn-m(x), P„_m+1 (x), . . . , P„_x (x)
may therefore all be expressed as linear functions of the
2m quantities
b0, b\, .... b m, 8„—m+i, —7k+2s • • • *, 8/;-1
Now for any i,
Pfcd = yr, Pi'(xd =/C*+ yd =ft
Hence, yn_m, y„-m+u . . . ., j„_x and/„_m,/„_„!+1,
. . . ., /,_x may all be expressed as linear functions of the
same 2m quantities. Conversely, if the m function values
and m derivative values above are known, the 2m
quantities b0, bu . . . ., bm, S„_,„, . . . ., S,,^ may be
expressed as linear functions of them.
Hence the two quantities Pn—i(xn) and F’,',_1(x„) may be
expressed as linear functions of
{yt,fi I n-m < i < n- 1}
Putting
y„ = Pn(x„) = P„_1(x„)+ sna0
equation (3.2) may be rewritten as
fn = Pn—1 (xn) + (flx/fl0) (y„ Pn—1 (+))
Substituting for P'n—X (x„) and Pn_j (x„) yields a linear
equation in
{yft | n—m < / < n} of the form (1.1).
Hence the methods discussed here are implicit linear
m-step methods.
Equation (1.1) has (2m + 1) parameters. The require
ment that it represents a method of order m establishes
(m + 1) relations among these parameters, leaving m
degrees of freedom. A method of our class is charac
terised by the m-degree polynomial C(x), having (m+1)
co-efficients. However the method of choosing S„ implies
that, unlike the polynomial filters of Section 2, a method is
unaffected by multiplying C(x) by some non-zero scalar.
Hence our class has m degrees of freedom. Since it is
contained in the class of m-step, m-order methods, which
also has m degrees of freedom, the classes are essentially
identical. We call C(x) a “Modifier Polynomial”.
The class includes several well-known methods.
Choosing C(x) to have zero value at x = —/?, and zero
derivative at x = —h, —2h,
—(m—\)h yields the
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Adams-Moulton methods. Choosing C(x) to have zero
value at x = 0 and zero derivative at x = —h, —2h,
. . . —{m — \)h yields the explicit Adams-Bashforth
methods.
4. ANALYSIS OF STABILITY
Following Henrici (1962) we have the polynomial
associated with (1.1) as
p(r) - hXo{r) = 0
... (4.1)
where
m
m
p(r) = 27 ai rm~l, a0 = 1 and o-(r) = 27
1=0
1=0
For small values of hX we require that the dominant root
of (4.1) be approximately equal to the solution i.e. eh'\
This is defined as Relative Stability by Gear (1969). In
solving stiff systems we want that the method be stiffly
stable as defined by Gear (1969) and so for large hX and
Re{liX) < 0, we want that the roots of (4.1) be within
unit circle. Following Gear (1969) we consider the
numerical solution to the equation
y' = Xy
... (4.2)
and find a locus in the complex plane of hX which
separates values of hX giving divergent solutions from
values giving convergent solutions. Let the roots of (41.)
be rlt r2, . . ., rm and let i\ be the dominant root. Then
the numerical solution yn, for large values of n, is given by
y„= kir"
For such a solution,
8„ = K r"
Then, at x = 0, after the step from x = —h to x = 0, we
may write that the approximating polynomial is
0
co
P0(x) = 27 Sk Ck (x) = 27 8_k C—k (x)
k = —co

k — 0

CO

= K 2 rrk C(x + kh)
k = 0
co

m

= K 27 r~k 27 a, (x + kh)’
k =0

. . . (4.3)

7 = 0

Reversing the order of summation in (4.3) is invalid if
/•, < 1. However, we shall do so regardless of the value
of ru as later steps will remove the divergent terms so
introduced. We also replace by r for brevity.
m

oo

Po(x) = K 27 a j 27 r~‘k (x + kh)1
Writing C(x) = c0 + cx {xjh) + c2 (xjh)2 + . . . c,„(x/A)"!
. . . (4.4)
m

co

P0{x) = KSCjZ r~k((.xjh) + k)’
7=0 k=0

Hence
m
oo
P0(0) = KZcjZ r~kkJ
m

co
k=0

The sums
CO
Vj(r) = 27 r-kV

W=

and Ko(r) = '■/('■-!)

Now, P0 (x) is the approximation after solution at x = 0,
and hence satisfies the differential equation. Hence,
F’o(O) = XP0 (0) and so
m
m
27 j Cj Vj-i (r) = hX 27 Cj Vj (r)
j= 1
j=o
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Both numerator and denominator of the above expression
diverge for r = 1. However if both are multiplied by
(r — 1)",+1, the numerator and denominator become
polynomials Q and G in r of degree m, i.e.
hX = Q(r)IG(r)
. . . (4.6)
Comparing (4.1) and (4.6) we have Q(r) = p{r) and
G(r) = o(r) and hence the coefficients of polynomials Q
and G are the coefficients a’s and /?’s of equation (1.1).
In Appendix A, we present the coefficients of the poly
nomials Q{r) and G(r) in terms of the coefficients of the
polynomial C(x) up to m = 6.
By finding the zeros of polynomials Q(r) and G(r), we
can investigate the stability of numerical solutions at
hX = 0 and hX = oo respectively. We require that at
hX = 0, the dominant root be equal to unity. For stiff
differential equations, we require that the method be
convergent at hX = oo. Now following Gear (1969), we
compute the locus of hX for r = e'e (0
8 ^ 2n). We call
this curve as the Stability Curve of the method. Based on
the continuity argument any point in the AA-complex
plane which can be reached from hX = co without
crossing this locus belongs to the same region as hX =
infinity.
5. TRUNCATION ERROR
The size of the truncation error is the other considera
tion, in addition to stability, in determining the suitability
of a modifier polynomial.
The local truncation error introduced in the n,h step of
numerical integration should be Km+l hm+1 y(m+1) (x„)
+ 0(Am+2) for a method of order m. The coefficients Km+l
for various methods based on interpolation polynomials
are given in Henrici (1962). We now obtain an expression
for Km+1 in terms of the coefficients of C(x). To obtain
Km+1, we consider the following initial value problem,
y' = (w+l)xm; X°) = 0
... (5.1)
The solution of (5.1) is y = x"!+1 and so the truncation
error introduced at each step will be (m + 1)! Km+lh'n+l.
Hence by finding the truncation error involved in solving
(5.1) , we can get an expression for Km+l.
Suppose that the approximation for the solution of
(5.1) at x = 0 is P0(x) = b0 + b,x + b2x2 + . . . + bmxm
and the corrector polynomial C(x) is given by (4.4). After
solving the differential equation for n steps with step
size h, the current polynomial approximation at x = nh is
... (5.2)

By choosing suitable values of the coefficients b’s, we
find that 8; is a constant S, say, for (5.1) because y<"l+1)
is a constant. Now if Pn(x) satisfies the differential
equation (5.1) at x = nh, then we have
P'„{nh) = P'oinh) + 8 27 C' (x—ih) = (m + 1) {nh)m

may be evaluated from the recurrence
Vi

. . .(4.5)

/ 7=°

1=1

hPo(0) = K 27 7 cj 27 r~k kj- 1
7=1

7=1

Pn(x) = P0 (x) + 27 8, C(x — ih)

,/=0 k=0

Similarly

This gives
m
/m
hA = 27 j cj Vj.* (r) / 27 Cj Vj (/-)

. . . (5.3)
This gives 8 = (m + 1) hm+1cm and expressions for
b2, b3, . . ., bm. Also P0{x) satisfies the initial condition
and the differential equation at x = 0 and so b0 = bv = 0.
We now have P„ {nh) defined by (5.2) in terms of co
efficients of the polynomial C(x). The truncation error
introduced in n steps, P„{nh) — y(nh), can now be found
and we obtain the following expression after some
algebraic manipulation,
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P„(nh) - y(nh) = 3(c0 +
and so
Km+1 — (t'o T"

+ c2y2 + . . . + cms„,)n

-(- t2S’2

"T • • •

d”

C tnS fn)lC ?n(W 0
PLANE

. . . (5.4)

«—1.
5- is the coefficient of n in the summation Zj‘ and can be
i=o
obtained from the following recursive formula

Z ('.) st= 0 and s0 = 1
'-°\7
The first few values for st are:
—

2", ^2 “ (T>

s7 = 0 and J8 = —

... (5.5)

3*4

yo’ ^5

$6

42’

to-

(Note that Si are independent of m.)
6. NEW METHODS
The methods used by Gear (1969) to solve stiff
differential equations may be expressed in our formalism
by (2.4). The polynomial has zeros at x = —h, —2h,
. . ., —mh. For brevity we label these modifiers as Im
(based on interpolation).
Now we consider some other polynomials which in
some way provide us with an approximation to yt = 0,
i = —h, —2h, —3h, .... The two sets of polynomials
studied by us are:—
(1) Least squares polynomials: consider an approxima
tion P„(x) to the solution such that it provides us with
an exponentially-weighted least squares approxima
tion. That is, the expression

REGION

A-'h— PLANE

Figure 2. Stability Curves for modifiers of degree 4.
REGION

2 {Pn(xn-k) - yn-kY yk
(0 < y < 1)
is minimised. The corresponding modifier poly
nomial C(x) minimises the expression (2.5). We
consider two values of y, ^ and
and label the cor
responding modifier polynomials of degree m as Liim
and
The coefficients of these polynomials are
presented in the Appendix B.
(2) Chebyshev Polynomials: The second set of poly
nomials is the Chebyshev polynomials with range
— ah < x < 0. This provides us with a minimax
approximation to y = 0 on the given range by a
polynomial of degree m. We label these polynomials
of degree m and range — ah < x < 0 as Ca<m.
The stability curves for the various polynomials are
presented in figures 1,2, 3, 4, and 5. The region of con
vergence is defined as region of Absolute Stability by
Gear (1969). Two different scales have been used; one
to give the overall stability curve and the other to present
the details near the origin. For the Chebyshev modifiers,
values of parameter a have been chosen to obtain
stability curves close to the requirements of A-stability
and low truncation error but are not claimed to be
optimum in any sense. The truncation errors of various
polynomials are given in Table 1. We have tabulated
(m + l)Km+1, where hm+1Km+ly (m+1>(x„) is the local
truncation error at the n‘h step of the solution. The
stability curves and truncation error values have been
computed using the methods described in Sections 4 and 5.
k = 1

CONVERGENCE

Figure 1. Stability Curves for modifiers of degree 3.
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AA -

PUNE

REGION
CONVERGENCE

DIVERGENCE

the test problem. Some modifications to the algorithm
were necessary because the aim of the numerical testing
was to compare various methods of the same order rather
than to obtain a numerical solution within a given
accuracy. Hence, once the method got started, the step
size and the modifier being used were not changed. To
start the method a series of variable order methods was
used with a small enough step size so that the errors in
the starting polynomial would be smaller than the errors
expected in the method being tested. Though this starting
procedure is not entirely satisfactory and we are investi
gating other starting procedures, the method did provide
the same starting polynomials for methods of same
degree.
The test problem was
y'i = vjq — wy2 + (— v + w + l)e*
y'z = wy1 + vy2+(—v — w + l)e*
Ji(0) = 1, J2(0) = 1
The exact solution is
yi = cxem cos(wx + c2) + ex
y2 = clevx sin(wx + c2) +
for given initial conditions c1=0,c2 = 0
The eigenvalues of the jacobian of the system of
equations are v ±i w. We chose v = — 80 and w = 8
for the tests and computed the numerical solution from
x = 0.0 to a = 10.0.

Figure 3. Stability Curves for modifiers of degree 5.

7. NUMERICAL RESULTS
The performance of various modifiers was tested by
integrating a test problem with various values of hX. The
results of these tests are presented here.
An algorithm similar to the subroutine DIFSUB of
Gear (1971) was used to get the numerical solution of

REGION
CONVERGENCE

TABLE 1
REGION

Method
Order

DIVERGENCE

Im

I+, m

1

i

2.33

5.0

2

i

3.5

14.5

3

i

4.7

34.33

4

i

6.17

73.92

8.08

m

5

i

6

i

10.6

304.0

151.7

7

i

14.18

698.8

(m+1) Km+i for various modifiers
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Ca, m

0
(a = 1)
0.25
(a=4)
1.5
(a=9)
9.17
(a = 15.75)
82.5
(a=24.6)
958.5
(a = 35.6)
—
Figure 4. Stability Curves for modifiers of degree 6.
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TABLE 3
C(x)
m

Im

L*, m

Lj, m

C«, m

2

1.080578
E-6
1.263032
E-8
2.150089
E-10
6.431398
E-ll
8.545937
E-ll
Unstable

1.491922
E-5
4.047306
E-7
1.070744
E-8
3.001319
E-10
6.409453
E-ll
Unstable

3.717680
E-6
5.789256
E-8
9.890410
E-10
4.287599
E-ll
6.409453
E-ll
2.128155
E-ll

2.733353

3
4

REGION

5

CONVERGENCE

6
7

Maximum Error at x=10.0

REGION
DIVERGENCE

Figure 5. Stability Curves for modifiers of degree 7. (I7 is unstable).

Tables 2 and 3 give the maximum error (Maximum of
the errors in the solutions y1 and y2) at x = 10.0 with stepsizes of £ and ^ respectively. So /zA for one test was
— 10 ± i and for the other was —1.25 ± 0.125 i. We did
not test Ca, m of order 6 and 7 due to prohibitively large
truncation error coefficients of these methods. For
methods of order 7, /7 was unstable as expected but
£4,7 for both values of h and Lit7 for h = £ also failed
to converge.
TABLE 2
C(x)
m

Im

Li,m

L^, m

Ca, m

2

6.377919
E-5
5.655819
E-6
5.339316
E-7
5.245877
E-8
5.234387
E-9
Unstable

6.491131
E-4
1.215760
E-4
2.211392
E-5
3.994220
E-6
7.242895
E-7
Unstable

1.963437
E-4
2.254769
E-5
2.692256
E-6
3.340039
E-7
4.270832
E-8
Unstable

1.746515
E-5
7.134622
E-6
2.766498
E-6
1.722500
E-6
Not tested

3
4
5

6
7

Maximum Error at x=10.0

Not tested

(hA = —10 ± i)

The Australian Computer Journal, Vol. 5, No. 2, May, 1973

E-7
1.844975
E-8
1.247052
E-9
1.715039
E-10
Not tested
Not tested

(/;A = 1.25 ± 0.125;)

All computing was done on a CDC 3200 machine.
CDC 3200 has a 48 bit word and a 36 bit mantissa. This
provides us with less than eleven significant digits
accuracy. Thus the relative accuracy of different methods
of order 5, 6 and 7 with h = -^ (Table 3) is almost
meaningless.
8. DISCUSSION
C4i2 and Cu are equivalent to the trapezoidal rule
because the trapezoidal rule being a one-step method can
also be represented by a first-degree polynomial. It has
now been proved by Gupta and Wallace (1973a) that no
stiffly stable-method of degree 2 can be more accurate
than the trapezoidal rule. Hence for C(x) of degree 1 and 2,
we can do much better than methods used by Gear (1969)
by using the trapezoidal rule.
Now we consider methods of degree greater than 2.
For all modifier polynomials we have studied so far and
which give convergent solutions at h\ = 00, which is a
requirement for solving stiff differential equations, the
truncation error for methods used by Gear (1969) was
found to be smallest. We however can improve substan
tially on the stability i.e. a much smaller region of the
negative half /zA — plane gives divergent solutions. The
methods based on Chebyshev modifiers are almost
A-stable and for methods of order 3 and 4 the truncation
error is not much larger than the truncation error for
I3 and /4 respectively. For methods of order greater than
4, the Chebyshev modifiers and the least square modifiers
with y = i have relatively large truncation errors though
the stability is much better than for the methods Im.
C(x) based on least squares with y = \ still provides us
with much better stability than for Im and due to the
truncation error not being much larger than the methods
Im, these methods could be quite useful for order greater
than 4. To demonstrate better stability of methods m and
m, we used /zA values of — 1.25 ± i in our test problem.
For these values of hX, methods Li:6 and Lif6 were stable
but the method I6 was found to be unstable. Also methods
Lj, m for m > 6 are stiffly stable while Im for m > 6 are
unstable.
9. CONCLUDING REMARKS
We have presented a formalism which isolates the
degrees of freedom of the general m-step m-order linear
multistep methods and we have obtained expressions for
investigating the stability and truncation error for general
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Dahlquist, G. G. (1956): “Convergence and Stability in the

multistep methods using this new formulation. We have
also presented some new stiffly stable methods, some of
them almost A-stable, to demonstrate the usefulness of
this formalism. We are sure that even better methods
exist and that our formalism will facilitate the discovery
of these methods1.
The important questions of optimum starting proce
dure, automatic step size adjustment, and methods of
solving the implicit equation for S„, have not been
considered. However, existing algorithms such as those
of Gear (1971) are applicable to the methods we have
discussed.
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APPENDIX A
m
Let the co-efficient of rk in G(r) be given by Z gkjCj and
7=0
m
in Q{n) by 2 qkjCj. We now tabulate the co-efficients gkJ

(3) m = 3

\ j
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and qkj for methods of order m — 1 to m = 6.
(1) m = 1
Qkj

gkj

0

1

\j
k \

0

-1

1

0

-1

1

1

0

1

1

k \

Qkj

gkj

1

0

1

2

3

-1

1

-1

1

\j
k \
0

1

3

-2

0

4

2

-3

1

1

3

1

0

0

1

2

3

-1

2

-3

1

3

-4

0

1

2

-3

2

3

0

3

1

0

0

(4) m — 4

\ j
k \

q kj

gkj

3

4

\j
k \

1 -1

1

0

3 --1 -3

11

1

3

11

2

0

0

1

1 -1

|

Qkj

gkj

(2) m = 2

2

1

2

1 -2

3

4

3 -4

0

1

2

\ j
k\

1

2

1

0

1

-1

1

0

1

-2

2

1

-2

1

1

l

-2

2

3

-4

1

1

1

1

3

-4

2

3

4

2

1

0

0

2

1

0

4

1

0

0

0

0

4

1

0

0

0

\j
k\

-4

6 -3 - 1

-4

6 -3--12

6 -6 -3

12

(5) m = 5
gkj

X
0
1
2
3

68

0
-1

2

3

4

5

X

1 -1

1

-1

1

0

2 -10 26

1

1

5 -4
-10

Qkj

6

2

0 -6

10 -4 -2

2

0 66

2

10 26

3

1
-1

2

3

4

5

2 -3

4

-5

5 -8
-10

12

6

8 -50

0 -24

0

10 -8 -6

8

50

4

-5

1

1

1

1

1

4

-5

2

3

4

5

5

1

0

0

0

0

0

5

1

0

0

0

0

The Australian Computer Journal, Vol. 5, No. 2, May, 1973

General Linear Multistep Methods

(6) m = 6
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APPENDIX B
m

Let LY, m = 2 CjXj. We tabulate

Cj

for y

j=o

=

\ and y = \.

(a) y = i
m

i
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Program Execution and F-Algebras
By A. D. Payne*

An algebraic approach to programs and machines is presented. The analysis is based on the theory of
F-algebras which are defined and developed in appropriate directions. Program execution is described
in terms of an algebraic model which is closely associated with the action of digital machines.

1. INTRODUCTION
The mathematical concept which provides a basis for
the analyses presented in this paper is that of a F-algebra.
This entity is usually referred to as an abstract algebra,
a universal algebra or an co-algebra. Here the term Falgebra is used because it captures the essential properties
of the algebra as given in the definition below.
An algebraic description of program execution has
been presented by Lloyd (1972). His analysis was res
tricted to program execution on simple finite-state type
machines. Only programs written in higher level lan
guages were considered. In this paper, a computational
model is described which is closely related to the opera
tion of digital computers. The model allows one to trace
the execution of a given program and is flexible enough
to account for typical software and hardware features of
digital computers.
2. F-ALGEBRAS and SUBALGEBRAS
In this section basic definitions and notation are
introduced.
Definition
A F-algebra A = [TgF] is a set A together with a
family of operators F = {/*}. Each /* represents a Unitary
operation
fx:AnU) -+A
..,x„(a))|->/X(xi,x2,.. .,xnM)—(l)
where the integer n(a) is called the arity of /).
The set A is called the carrier of the algebra and the
operators in F define mappings from A into itself. The
indexing of the operators facilitates the comparison of
operations in different F-algebras.
Definition
A subalgebra B = [B;F] of a F-algebra A = [A\F]
satisfies the following rules:
(i) B Cl A
(ii) (x1(x2,... ,xnM) eB /*(*!,x2,... ,.x„(a)) sB
—(2)
for all fxsF
A subalgebra B of A is denoted by B ^ A.
The following Lemmas will have later application.
Lemma 1 The relation < defines a partial order on the
set of subalgebras S = {B|B^A}
Proof Trivial.
Lemma 2 The set of subalgebras of a given F-algebra,
when ordered by the relation <, is a complete lattice.
Proof With respect to ordering by inclusion, each
subset of S has an infimum given by set intersection.
Furthermore, if {B; = [F, ;F] | zeP} is a set of subalgebras
of A then each Bj and hence f)Bt is closed under the
operations fxeF. However, it is a well known theorem

from algebra that if A is an ordered set such that every
subset has an infimum, then A is a complete lattice.
Hence it follows immediately that S is a complete lattice.
The notion of similarity between F-algebras will be
basic to the subsequent application and development of
the theory.
Definition
Algebras A = [A',F] and B = [B\G\ where F = {/«},
G = {ga,} are similar if there is a bijection F<—> G such
that the respective arities n{a) and n'(a') are the same.
Thus, F-algebras are similar when they have the same
number of nullary, unary, binary etc. operators. The set
G of operators ga, will be renamed F and fx respectively
when dealing with similar algebras.
A new F-algebra can be formed, in a natural way from
two similar algebras.
Definition
The direct product of two similar algebras A = [A ;F]
and B = [F;F] is
AxB = [A xB;F]
—<.3)
where A xB is the ordinary cartesian product for sets and
for each fxsF
fx(. (al>bi), (a2,b2), • . . ,(U/i(a),b„(a)) —
(fx(ai,a2,... ,an(cc)\fcc(bi,bo,... ,bn(a)))
(4)
3. CLOSURE SYSTEMS AND SUBALGEBRAS
The properties of closure systems have been well
documented (e.g. Cohn, 1965). In this section some of
these properties are defined and developed to suit the
particular purposes of this paper.
Definition
If P{A) is the power set of a set A, then CCF(T) is a
closure system if and only if
V R(ZC ReC
—(5)
A closure system can be derived with the application of
a closure operator.
Definition
A closure operator of a set A is a mapping
r : P{A) -> P(A)
such that V X, Y e P(A)

(i)ici^

r(x)

c

r(Y)

(ii) X C r (X)
(iii) r(F(x)) = r{X)

Theorem 1.
(i) Every closure system C C P(A) defines a closure
operator F on A by the equation
r(D=n{F£C|TC7}
-(6)
and conversely
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(ii) Every closure operator on A defines a closure
system by the equation
C = {X C A I r(X) = X}
—(7)
Proof (i) The operator F satisfies parts (i) and (ii) of
the above definition. Also F(X) = X <=» X s C
But F(X) e C and hence F(F(7)) = F(X)
(ii) Let C D R = {Xi \ i el) so that
n* = n Xi — X say. Hence, Vi, X C Xt and by part
(i) of the definition F(X) C F(7,) = X,. Thus
nx) c n Xi = X and comparing this equation with
part (ii) of the definition it follows that F(X) = X
i.e. X s C and C is a closure system.
It is an immediate consequence of Lemma 2 and
equation (5) that the set of all subalgebras of a F-algebra,
A, forms a closure system i.e.
C = {B | 6
A}
—(8)
where 8 = [fi;F] is a closure system. According to
Theorem 1, the corresponding closure operator is
F(L) =
| 8
A andF C B}
—(9)
In order to obtain a clearer and more precise picture
of the set generated by the closure operator F another
definition is required.
Definition
The least subalgebra L = [Z;F] of A and which con
tains L satisfies
(i) L < A and F C 77
(ii) 8 < A and L D B => L < 8
This definition establishes that L — [F(L);F] since it
follows from the elementary properties of set inter
section that L is identical to the expression derived for
F(L) in equation (9). Hence the closure operator
generates from L the carrier of the least subalgebra of A
which contains L. If L — A then L is a set of generators
for A under the operators /*eF.
Although the last definition, to some extent, clarifies
the nature of the set F(F) it is further clarified in the next
section where a method of generation of the set F(F)
is described. In the following work F will refer to the
closure operator defined in equation (9).
4. THE GENERATING FUNCTION AND CLOSURE
OPERATOR
Definition
The generating function, gF, of an algebra A = [A ;F]
is a mapping X->gF (X) such that for all X C A
gr(X) = U /(*»<«>).
-(10)
f. eF
The generating function, applied to a set X, therefore
yields all the elements of A which can be obtained from a
single application of each operator to the elements of X.
Theorem 2.
F = (J (1 + gf)k
—(11)
k=0
where 1 is the identity function 1 :S->S, :s\^sV seS
and for functions / and g, (f + g) S = f(S) (J g(S).
Proof Let Xk = (1 + gP)k X, then X0 = X and
Xk+i = Xk U <?/•'( Tfc)
/c > 0
Now 70C F(7) since F(X) is the intersection of sub
algebra carriers containing X; Also from the definition of
Xk+i and gp

xk

c

r(x)

=> x*+1 c

r(x)
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Hence by induction Xk C F(X) and it follows that
7= U Xk C F(7)
Now V y1 y2,..., ynM e Yn{«\
eN
such that yt e Xk
i

Let K = max {k, | / = 1,... ,n(a)}, then from the
definition of Xk
(klT2> • • • >yn(a)) e Xk^ => fix (Ti>72j • • -jT/lCa)) e -Ffc+1

But Xk+1 C 7 and hence [ 7;F] is a subalgebra. However,
[ F(X) ;F] is the least subalgebra containing X and there
fore 7 contains F(Z). Hence 7 = F(X).
This Theorem explicitly describes the method of con
structing the set F(X). It is obtained by repeated applica
tion of the generating function.
5. PROGRAMS AND MACHINES
The structure of a program flowchart can be repre
sented by a labelled directed graph. The special manner
in which this is carried out is described below but first
it is shown that the graph itself is a F-algebra. Each
inway of the flowchart is associated with a unique
member of the graph vertex set
V = {v; | i 8 P}.
An undefined element, u, can be added to the set yielding
the disjoint sum
V = V \J u.
Now, if an edge connects vertices v,- and y/ in the
direction v,- to y, then that edge is labelled as cy.
The operator set

F = {eu}

now maps the vertex set, V, into itself according to the
following rules
V vk s V, cy(v,)|-> \Vj lf k “ !
-(12)
(w if k # l
and Cy(n)|—> u
Hence, the F-algebra
V = [F;F],
with the carrier and operation set as defined above,
represents the labelled directed graph. It follows that
program structure can be represented by these F-algebras
since any program determines at least one flowchart.
This is the flowchart consisting of one processing element
corresponding to the whole program. It is usual, of
course, for program action to be associated with a
number of process and decision elements which are
appropriately and directionally connected to form the
flowchart. The method of flowchart and graph con
struction in this general case will be demonstrated with
an example. It is noted that recursive programs can be
flowcharted and even if the depth of recursion is infinite
resulting in an infinite flowchart the algebraic represen
tation is not affected except that the carrier and operation
sets will be infinite.
An algebraic machine description is now sought which
will utilize a progiam defined as a F-algebra.
Suppose a digital machine is regarded as a finite set of
n binary-valued word cells. The set includes the con
tributions of main memory, accumulators and any
special purpose registers. It is assumed here that the cell
si/e, t, in bits is uniform throughout the machine.
Consequently define a machine state as a vector
Mi — (Cj,C2,.. .,C„)
-(13)
where each Cj,j = 1,2,... ,n denotes the contents of the
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y'th word-cell which is a /-digit binary number. In an
operation involving the /th cells, Cj will be interpreted in
a manner depending on the type of operation and the
cell type. The set of all possible machine vectors w;ll be
called the machine set
S = {M, | i = 1,2,..........,2'"}
-(14)
The way in which the Mt are enumerated is of little
concern but it is noted that there are 2,n permissible
machine states. The usefulness of this definition will
become apparent but its main advantages stem from the
fact that a machine mnemonic instruction specifies, in
effect, an operation which modifies the machine state.
Construction of a machine algebra will therefore be
accomplished by establishing a set of operators consisting
of machine type instructions and which map the machine
set, as the carrier of the algebra, into itself. All the
operators will be unary and determined by the program
executing on the machine.
In order to further develop the F-algebia approach to
programs and machines we consider a simple example.
A section of an ALGOL program for computing the
factorial (NF) of an integer N is
NF = 1;
for 7 = 1 step 1 until N do NF = NF*I;
The (PDP-10) machine mnemonics for this sub
program may be compiled or written as
MOVEI
01,1
; move immediate
MOVEM 01,NF ; move to memory
L:IMULM 01,NF ; integer multiplication result
in NF
CAMGE 01,N ; compare AC with memory
and skip if condition satisfied
AOJA
01,L
; add 1 to AC and jump
The program Flowchart and corresponding labelled
graph is shown in Fig. 1.

MOVE!

01, 01

MOVEM

01, NF

IMULM

01, NF

Fig. X
72

The graph differs only slightly from the flowchart’s
line graph. The flowchart is composed of process,
decision and junction elements and constructed in such a
manner to ensure that it is a single inway, multiple outway type. The labelled graph corresponding to the
flowchart is constructed in the following way. First, each
inway, unless it is an inway to a flowchart junction, is
replaced by a vertex v,-. Pairs of vertices vi,vj which have
corresponding inways either directly adjacent or in
directly adjacent through a junction are then joined by
a directed edge ey. The labels on the edges denote, sym
bolically, members of the operator set
F = {ei2) 623, £34, £45, £53,
The vertex set
V = (vx, v2, v3, v4, v6, v6} U m
then forms a carrier for the program T-’-algebra V = [ V\F'\.
Now suppose the program is executed on a machine
having fj. accumulators and v words of main core
memory. A machine state for this configuration is
specified by
471 — (Cj,C2,..........)CV,Cji+1,...........,Cf,+v).
Let F be the same set of operator symbols as have been
defined for the program V. Examination of the program
flowchart in Fig. 1 shows that the operators in F must
map the set S|J“ into itself according to the following
rules:
V Mi eS
<T2(47/)
■* (1 ,cs,.......... , Crj)
£23(47,)
->• (Ci,C2,.........., (Cj)m/,...........>Crj)
((Gi,C2,.......... , (Cx X Cnf)nf,.......... ,L?7)
£’34(47,)|(if — 2,n ^ Q x C„f < 2,n— 1; //otherwise
-> Mi
if Q < N else u
£45(47,)
-> Mi
if Cj ^ N else u
e46(47,)
£53(47,) >((Cj + 1), C2,..............,Crj)
if Q < N < 2,n — 1 else u
and V eij e F,
£//(«) I---Here r] = /j, + v, (X)j means that C,- = X, and nf is
equal to the value of v plus the equivalent memory
address of the symbolic address NF.
Hence the machine
M = [SUi/;f] = [r;f]
-(15)
is a F-algebra similar to V since the operator sets are
symbolically identical and represent unary operations
only.
We now consider the direct product of the two algebras
V and M. According to equation (3)
D = V x M = [D;F]
—(16)
where D = V x T is an algebra similar to V and M.
Then, if (v,-, Mj) e D it is possible to generate under
the operations of F the least subalgebra of D which
contains (v„ Mj).
Definition
If V = [V\F] is a program and M = [T;F] is a machine
then the execution £ of V on M given an initial machine
state Mi is
E = [F;F] < V X M
where E = F( (\\,Mi)) C VxT and F is the operator
set defined on V, T and VxT.
In this last definition, vx is the unique element of the
vertex set which is associated with the inway to the first
element of the program flowchart. As demonstrated in
the proof of Theorem 2, the carrier E of the execution
The Australian Computer Journal, Vol. 5, No. 2, May, 1973
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(v,,

instructions and machine states for the execution of the
factorial subprogram.
The algebraic approach to the execution of programs
on digital machines is now summarized.

(C1,c2.................cn))

eij * e23

(v2. a.c2,.......... cn»
e23
eij * e34

<V

a.c2,...,(i)nf>...,cn))
e34
* e4 5

(v4>

a,c2...... d)nf.......cn»

(V5,

(l,C2,...,(l)nf,...,Cn))

e45

6ij * e53

e53
* fi34

(v3,

(2,C4..........(l)nf,...,Cn»
e34

e.. j* e
ij

(v4>

46

(2.C2,...,(2)nf......... Cn))

<V <2’C2...... <2>„f.......V>
Fig. 2

will be realized by repeated application of the generating
function.
The execution of the factional subprogram on the
basic digital machine is shown in Fig. 2. Here it is
assumed that N=2 for simplicity of representation. The
initial machine state is Mi = (Cj,C2,.... ,Crj). The
values of some or all of the C, may be pre-set for the
execution of the subprogram. However, for the purposes
of generality, the all contents are specified symbolically
unless appropriate values are assigned in the execution.
In Fig. 2 all those ordered pairs which do not have
undefined components are indicated as well as their images
under each mapping, eu, of the operator set.
The carrier of the execution is the disjoint sum of two
subsets £j and E2. The set E1 = {(v/,Af,)|v/,Afy ^ u} is of
particular relevance to the description of the machine
states generated in the execution. On the other hand,
the set E, = {(v/,A/})| v,- or Mj=u} is of little interest.
The number of elements in E2, in this case, is large but
finite because £ is a subset of VxT and hence
n(E2) ^ n{E) < n(V) xn(T).
Starting with the element (v1,(C1,C2,. ■. ,C)])) each
application of the generating function produces a single
(new) element for the set £j and several elements for E2.
The order in which the elements of £j are generated is
indicated in Fig. 2. After seven applications of the
generating function the set El is complete and further
applications ptoduce elements in E2 only. The series of
ordered pairs in E1 represents the sequence of program
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Theorem 3.
Let S = {Mi} be the machine set for a given digital
machine. Let V = [F;E] and M = [E;E] where T = S\Ju
be respectively the E-algebra representations of a pro
gram of appropriate primitive instructions and of the
digital machine. Suppose the execution of V on M is
E = [E;E] and let £j = {(Vi,Mj)\vi,Mj ^ u,(Vi,Mj)eE}.
Then the set Sj = {Mj\(yi,Mj)eE^ of machine states
lepresents the (physical) states induced by the (real)
execution of the program on the machine. Furthermore,
in the construction of the execution algebra with the
generating function, the MjsS1 are produced in the
correct sequential order as determined by a real execution.
Proof By construction.
The inclusion of the undefined element in the carrier
set ofEofM is only necessary because of the requirement
that the algebras V and M be similar. It is an easy matter
to include in the machine state vector elements repre
senting program status words which indicate error con
ditions. In this case the only element in T which maps
into u is u itself.
The factorial subprogram provides an example of the
execution of a simple program on an idealized machine.
However, the algebraic approach is general enough that
it can accommodate the hardware facilities of digital
computer memories. The usual operations of indexing
and indirect addressing can, for example, be accounted
for within the framework of the notation defined for the
machine state vector. The only requirement on the
algebraic method is that a program statement, whether
it be a machine mnemonic instruction or a statement in
a higher level language, must determine a unique
mapping from the machine set into itself.
6. CONCLUSIONS
The structure of a given program can be defined in an
abstract way by constructing the line graph of the pro
gram flowchart and defining this graph as a E-algebra.
A digital machine can also be described in terms of a
E-algebra by taking the disjoint sum of the machine set
and an undefined element as the carrier of the algebra.
The direct product of the program and machine algebras
yields sequentially the same set of machine states that
would be produced by the real execution of the program
on the machine. The algebraic method provides a realistic
computational model for digital computers. The only
restriction on the method is that flowchart elements
must represent instructions which are deterministic for
machine state vectors.
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A Numerical Method for Solving Population
Equations Containing Variable Lags
By Alex Mazanov2*

A guano-mite population study leads to the development of a method, for generating numerical solutions
of lag-differential equations in which the lags vary. Age structure and quiescence are also handled by this
technique. The method is generalised to handle many lags and more than one population with lags.

1. INTRODUCTION
1.1 Biological Considerations
Biological systems often have delays present in their
structure (Andrewartha and Birch, 1954). Population
behaviour in such systems can be described by a set of
difference-differential equations (Mazanov, 1973a). Un
fortunately the lags in these systems are not always
constant since in most, realistic situations physiological
development rates often depend on environmental factors
(Mazanov and Harris, 1971).
Standard simulation languages, such as CSMP or
DYNAMO which can usually be used to model con
tinuous systems, are not adequate in such cases. Stochas
tic models using languages such as SIMSCRIPT or
SIMULA would take much too long to simulate changes
in a population whose density exceeded a million indivi
duals per square meter. This would involve massive
storage and manipulation of relevant state variables
characterising the system.
1.2 Delay-line Models
When the usual principle of conservation of numbers is
replaced with the equivalent principle of continuity of
flow we have a delay-line population model (Lewis,
1972). In other words, the rate of change of the numbers
of individuals in some stage of development in a popula
tion is dependent on the rate of change in the numbers of
individuals in some previous stage of development
(Mazanov, 1973a).
Such a delay-line model was set up to simulate a
guano-mite population (Mazanov and Harris, 1971) on a
digital computer. The mite model falls into the class of
delay-line models that leads to difference-differential
equations. Continuity of flow was implied in equations
(11), (12), (13) and (14) in Mazanov and Harris (1971),
explicitly stated and generalised by Lewis (1972) and
shown to reduce to a simple two-stage lag-differential
equation by Mazanov (1973a).
The task of modelling a population with variable lags
has resulted in the development of the numerical method
reported in this paper. As well as treating variable lags,
the method enables the use of age specific fecundities,
mortalities and the suspension of development of an
individual in the absence of food (quiescence).
2. GUANO MITE
2.1 Discussion
Cave microcosms can be highly variable environments

(Harris, 1971). Modelling insect populations in caves is
therefore, a challenging but feasible task since cave
environments are, largely, self-contained biosystems since
energy must be brought into the system (Mazanov and
Harris, 1971). The guano mite Uroobrovella coprophila
(Womersley) living in a guano heap in a bat nursery cave
passes through five life history stages of development.
They are: 1 eggs, 2 larvae, 3 protonymphs, 4 deutonymphs and 5 adults. At 15°C, under controlled labora
tory conditions eggs take 26 days to hatch into larvae,
which take 19 days to moult into protonymphs, that take
28 days to become deutonymphs, which take 35 days to
moult into adult mites (Mazanov and Harris, 1971). In
the absence of food the eggs continue to hatch into
larvae which perish while protonymphs, deutonymphs
and adults become quiescent. That is: growth, reproduc
tion and development cease (Mazanov and Harris, 1971;
Harris, 1971).
The driving functions of this system are the bats which
are the food source and the annual temperature fluctua
tions (between 14°C and 24°C) in the guano heap.
Breeding bats are present for nine contiguous months of
the year apart from a short absence in the early oart of
the roosting season which starts in early spring.
2.2 The Mathematical Model
Assuming an abundant food supply, the adult popula
tion fluctuations can be described by the two-stage model
(Mazanov, 1973a):
dN(t) =
dt

r

b(x)e kDN(t—D)a{x, t— D)—m(x)N(t)a(x, t) dx (1)

N(t) is the number of adult mites at time t, b(x) is the age
specific fecundity rate of the adults and D is the duration
of the immature, non-reproductive stages of development
whose “mean” mortality rate is k. The age specific
mortality rate of the adults is m(x), x is the physiological
age of a group of individuals and a(x, t) is the age
distribution at time t.
The biotic potential (a) of the constant co-efficient
version of equation (1), omitting age structure (see Lewis,
1972 and also Tognetti and Mazanov, 1970) is
a = be-kD~« -m
(2)
This means that when be~kD > m, the population grows
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without bound and when be~kD < m, it decays to zero
(Tognetti and Mazanov, 1970).
2.3 Problem with Variable Lags
The factor by which the rate of development or ageing
of an insect increases for each 10°C rise in prevailing
temperature is called the Q10-value. For example, a
protonymph which normally takes 28 days to moult to a
deutonymph at 15°C in the laboratory (Harris, 1971)
would take only nine days at 25°C in the laboratory
(Mazanov and Harris, 1971) since the protonymph has
a Q10-value of around 3. This means that mites develop
at varying rates as the guano temperature fluctuates
during the year. Fortunately, the Q10-value of all the life
processes and stages of development of the mite popula
tion are nearly the same. Thus, the assumption that the
(210-values were indeed the same made it easier to model
this population. Food was limiting in the cave since fly
larvae competed for the guano energy so that quiescence
and food stress had to be catered for in the model. Again,
this made the duration of any stage of development vary.
2.3 Definitions and Assumptions
Consider three contiguous physiological age classes
(that is, stages of physical development rather than
chronological ages) for the “age” ranges (x — Sx, x),
(x, x + Sx) and (x + Sx, x + 28x) where Sx equals St
(the time increment in the model) when chronological
ageing coincides with physiological “ageing”. There are
N such “age” classes from newborn individuals to the
oldest surviving members of the population, in this
application. In other words, from section 2.2, a proto
nymph would take 28 days to become a deutonymph at
15°C in the laboratory and also in the model (if 15°C is
to be taken as the “normal” temperature for the model)
as time advances by 28 days; but the “ageing” at 25°C
would be 84 days for the same 28-day time lapse (and so
it would mature to an adult mite).
Assume that the number in each of the three “age”
classes is nj_1,n! and nJ+I respectively. Thus our total
population consists of the sum: n1 + n2 + ... + nN. The
delay-line is the vector which stores the values rij. If
mature adults are all mites over “age” (/ — l)8x then N,
the number of adults will be N = rij + nJ+1 + ... + nN
and the “delay”, D, in becoming a reproducing member
of the population is the time taken to move through the
“age” classes (cf equation (1)).
Let the “age” specific survivorship fractions be Uj and
Vj corresponding to the active and passive fractions of tij.
A survivorship fraction is e~XSt where A is the mortality
rate. Let bj be the fecundity rate of the insects in the y-th
class.
Since the mites become quiescent in the absence of food
let L be the fraction of the total population which con
sumed food in the current physiological time interval. L is
the ratio of available food to the potentially consumable
food if all the members of the population were active.
The quiescent, passive fraction P is therefore equal to
1
L.
2.4 Algorithm
In this section the equals sign will be used in the com
puting sense; in other words the left hand side “is replaced
by” or “stores the value” calculated or found on the right
hand side. Let time progress in units of St and let the
The Australian Computer Journal, Vol. 5, No. 2, May, 1973

physiological development rate at time T = lcSt be
f(kSt) times St. If a counter K keeps track of physiological
time changes and Bj is the number of new individuals
produced by the y-th “age” class of the N classes then the
algorithm is described as follows:
k = 1
(a) T = kSt
K = K +f(T). St
(b) if K is greater than Sr go to (c); otherwise go to (d)
(c) K = K — St
Bj = nj.L.bj fory=l, 2, ..., N
n0 = Bj + B2 + • . ■ + Bn
rij = u.j.L.n-i + Vj.P.n, — Us.L.n-.
for j=N, N-1, N-2, ..., 2 and
ni — no + v,.P.n, — Uj.L.iij
go to (b)
(d) * = k + 1
if k equals M stop; otherwise go to (a).
The desired duration of the simulation computation is
taken to be MSt. (The above verbal instructions can be
easily coded in ALGOL or FORTRAN).
2.5 The function /(r)
Since temperature varies with time and is not assumed
to be a function of the state of the system in the bat cave,
it is assumed to be an independent driving function. The
mites develop at different rates at different temperatures
and stop developing at 10°C (Mazanov and Harris, 1971).
As the O10-value from 15°C to 25°C was assumed to be 3,
a straight line can be fitted through the temperature,
development rate co-ordinates: (10, 0), (15, 1) and (25, 3).
The equation for this line is
AO = (T(0 - 15)/5 + 1,
where T(?) is the temperature (°C) at time (t).
Therefore, if at time T = kSt, T(T) = 25°C,/(T') = 3,
so that K = K + 3St and at least three “age” class move
ments or “ageings” must occur (for that time increment)
in the physiological age class vector which is the delay
line. Thus, as the elements in the delay-line move through
at varying speeds, according to the fluctuations in
temperature, there is a variable delay between the time a
new individual enters a particular phase of development
and the time a new member is recruited to the next stage
of development. For example, larvae may take anything
between 19 and 6.3 days to become protonymphs if the
temperature stays between 15°C and 25°C during this
phase of the mite’s life cycle. This delay can be calculated
if T(t) is known (but this is unnecessary in this case).
3. GENERAL CASE
3.1 An Equation with n Lags
Analytical definition of the variable delays in popula
tion equations is impossible but experimental results can
show what environmental factors cause a given change
in the rate of development of a member of a population.
Thus a lag-differential equation where the lags vary with
changes in “weather” can be solved numerically on a
digital computer.
Consider a general, first order, lag-differential equation
which describes an adult population y(t):

ilP =&{><'-w)+<£;'(*»)

o)

with some initial known function g(x) for — Dk < x < 0
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where Dk is the longest delay of the delays Dx, D2,.. Dn
at time zero, say. The z; and st are known functions for
i=l, 2, . . n. All the delays must be greater than zero
(but not infinite) and functions of the state of the system.
In other words, under constant environmental conditions
the delays D,, D2,..., D,, are constant. All the functions
must be bounded and of bounded variation in any fixed
interval of time.
3.2 Finite difference formulation
Translating (3) in terms of finite differences for
numerical consideration gives:
Ay(t) _ y(t + A t) - y(t)
At
At
therefore
y(t + At) = y(t) + Ay{t)
but

A-f-h{*-D^+A f'H
so that
Ay(t) = At Szt y(t - Dd
1=1

+ f(y(t)\

which means that y {t + At) can be calculated in terms
of y(t) and Ay(t). We must now calculate y{t) when the
Dj for i— 1, 2vary.
Define an “age” distribution vector (such as the one in
section 2.3), A. If Dk is the longest delay, initially, in
equation (3) then A has Dk/At elements which initially
contain the values .4(1) = g(—Dk), A(2) = g(—Dk + At),
■ ■ ■> A(mk) = g{—Dk + {mk-\)At).
The function g(x) is related to the initial age distribution
(see section 2.2) as follows:
g(x) = y(0) . a([Dk + x], 0).
Various delay values can be extracted from A by using
the values stored in A(m;) which corresponds to y(t — D,)
and
= Dj/At at time zero.
The algorithm for solving equation (3) becomes:
k= 1
(a) T = kAt
K= K + f(T) . At
(b) if A'is greater than At, go to (c); otherwise go to (d)
(c)K=K-At
A(m,)j + At Zj^(y)
Mj) = A(j— 1) for j=mk, mk-1, . . ., 2
A( 1) = y
go to (b)
(d) k = k + 1
if k equals M stop; otherwise go to (a).
When M . At is the duration of the “run” (which is again
easily coded in a high level language).
3.3 A General Biological Model
Equation (3) can be generalised to a system of n
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equations which can be used to describe demographic,
animal production and population systems (Mazanov,
1973b). The equations are:
dO;(t)

n

n

= 2 a‘jQM + Z bijQj (t - Dij) + f«- (0 (4)
for i = 1, 2,..., n
In this case we would have n initial functions such as
g(x), above, for each of the populations, Qt. The
algorithm of section 3.2 would have to be repeated n
times, once for each of the quantities Qf,t) of the n
“pools” of metabolites or populations.
4. CONCLUSIONS
The above method can be used to simulate complicated
populations (and other biological systems) by adhering
to the mechanisms which are basic to the population
(such as fecundity, mortality and physiological age). The
effect of variations in environment can be absorbed in the
variable lag terms and the driving functions (Mazanov
and Harris, 1971). One can readily incorporate the above
algorithms into SIMULA “procedures” or CSMP “sub
routines”.
Constant delay and co-efficient versions of equations
(3) and (4) can be considered analytically (see Laird,
1972) to give us some insight into the mathematical
nature of the system under consideration. Therefore the
actual models could be simplified (see Mazanov, 1973a)
and studied analytically (see Tognetti and Mazanov,
1970) using the techniques described in Bellman and
Cooke (1963) and Erdelyi (1966) or by using functional
analysis methods (for example, see Laird, 1972). Such
mathematical analyses of simplified, constant co-efficient
models together with numerical work (using, perhaps,
the above technique) greatly facilitate the understanding
of whole biological systems and subsequent simulation
results.
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Short Communication

A Dynamic Programming Algorithm to
Optimise Decision Table Code
By A. J. Bayes

*

A dynamic programming algorithm is presented which, given a decision table, produces code
whose average execution time is a minimum. The algorithm has been coded in Fortran. It
solves an eight question decision table in about 18 seconds compute time on a /360 Model 67.

DESCRIPTORS
Decision table, dynamic programming, optimised code.
A DECISION TABLE PROBLEM
The limited entry decision table is well known to
most computer professionals (King, 1967; Smith, 1969;
Richards, 1971), but we describe it briefly here to
establish the notation. It has n columns which we label
Qi, i = 1, 2, . . . , n. Each column corresponds to a
question. The decision table has 2n rows. Each row has
as entries a unique sequence of Y’s (for yes) and N’s
(for no). To each row there corresponds an action. The
actions for different rows may be the same. We label
the i th action A]. To use the table we ask every
question and get a set of answers Y or N. We look
up the row corresponding to these answers. This defines
the action to be taken.
This representation of a decision table is the trans
pose of the usual representation. We have done this
because it makes the tables more convenient to print.
To ask a question incurs a cost, which may be dif
ferent for each question. Each row has an a priori
probability of being chosen. These values must be
known if an analysis of the decision table is to be under
taken. Table 1 shows a set of probabilities and costs
for a three question decision table. This example has
been taken from Reinwald and Soland (1966), and has
been chosen because it is small yet non-trivial.
It should be noted that in some representations of
a decision table, a dash is entered to show a ‘don’t care’
situation. Thus, in Table 1, the first and second row
could be combined to the line
Ax 0.15 Y Y —
since the action, Ax, is the same for both rows. This
TABLE 1
A Typical Decision Table
ACTION
PROB
Qx
Q
Ai
0.00
Y
Y
0.15
Y
Ai
Y
As
0.05
Y
N
As
0.25
Y
N
A3
0.20
N
Y
Ai
0.20
N
Y
As
0.00
N
N
A3
0.15
N
N
COST
50
68

Qs
Y
N
Y
N
Y
N
Y
N
25

* IBM Systems Development Institute, Canberra.
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abbreviated form can always be expanded to the form
shown in Table 1. In the expansion some assumption
must be made about how the probability is split between
the several rows of the expansion. For instance, if no
other information were available, we might split the
probability equally between each row in the expansion.
A probability of zero, as shown in the first row of
Table 1, does not mean that the condition can be
ignored, but that it must be distinguished even though it
never (or hardly ever) happens. If a row is genuinely
impossible this is shown by the action label A-j.
To implement a decision table in computer code, a
sequence must be chosen for the questions. If, for
some rows, the action for different rows is identical,
or if some rows are impossible, then by choosing the
sequence carefully, it may happen that for some answers
a question need not be asked. For instance, consider the
following scheme. Ask Q3. If the answer is Y, ask Qi.
If the answer to Qi is Y, ask Q2. If the answer to Q3
was N, then ask Q2. If the answer to Q2 is N, ask Qx.
This can be shown schematically as in Figure 1. We
call this an implementation of the decision table in
Table 1. For this implementation, if the answers are
Q3 = Y, Qx = N, then Q2 need not be asked since
the action is A3 in any case. The probability of getting
these answers is 0.2. The saving in this case is the cost
of Q2, that is 68. Thus the average saving is 68 x
.2 = 13.6. There is a further average saving in the
case Q3 = N, Q2 = Y of 50 x .35 = 17.5. The total
average cost of executing the decision table, for this
implementation, is thus 50-f68-f25—17.5—13.6=
111.9.
The problem we shall solve is as follows: Given the
actions, the probabilities and the decision costs for a
decision table, find the implementation whose average
cost of execution is a minimum. So far as is known to
the author, the only solution to this problem in the
literature is the Branch and Bound algorithm by Rein
wald and Soland. Several heuristic suboptimal algo
rithms are known for this problem or problems related
to it (Montalbano, 1962; Egler, 1963; Pollack, 1965;
Shwayder, 1971). The algorithm described in this paper
is optimal. It is probably easier to understand than
the Reinwald and Soland algorithm. The execution
times cannot easily be compared, because the execution
time of the Branch and Bound algorithm is data de
pendent, whereas for the dynamic programming
algorithm given here, it is not.
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Fig. 2. Dynamic programming network for a three question
decision table.

Fig. 1. Schematic representation of a decision table implemen
tation.

THE DYNAMIC PROGRAMMING
ALGORITHM
We construct a dynamic programming network con
taining 3n nodes. Each represents a state of partial exe
cution of a decision table implementation. A node is
labelled by a string of n digits. The i th digit is 0 if Qi
has not yet been asked, is 1 if Qi has been asked with
answer Y and is 2 if Qj has been asked with answer
N. Each node has associated with it a cost, a proba
bility, an action and (except for the initial nodes), a
backward pointer. The method for calculating these
values will be described later.
The dynamic programming network is best con
structed by first entering, on the right of the diagram,
the final node. This node has a label of all zeros. We
then work across to the left. Each node has, on its
left, a predecessor pair for each 0 in its label; their
labels are found by replacing the 0 by a 1 or a 2. Thus
node 001 has two predecessor pairs 101, 201 and Oil,
021. Node 000 has three predecessor pairs, namely
100,200; 010,020; 001,002. The 2n nodes whose labels
have no zeros are the initial nodes of the network.
These correspond to the rows in the decision table.
Figure 2 shows the dynamic programming network
for n = 3.
The cost associated with an initial node is zero. The
actions and probabilities of an initial node are as defined
by the decision table.
Consider any node whose predecessor attributes are
known. For a given predecessor pair, let the probabili78

ties be pi and p2, the costs be Ci and c2 and the
actions be Am and An. It will be remembered that
A~x represents an impossible action. A} with j greater
than zero represents a genuine action. Any predecessor
pair of a node defines a question, which is the i th
question if the pair is obtained by replacing the zero in
the i th position. Let the cost of this question be d.
The algorithm is described here and justified later.
For each predecessor pair of a node we compute a
probability p, a cost c and an action A as follows.
Set p = pj -f- p2. If m and n are different and each
greater than zero, or if m = 0, or if n = 0, then set
A to A0 and
c = (cipi-j-c2p2)/(pi 1 P2) + d
(1)
If m = n and n is greater than zero, then set
A = Am and c = 0. If at least one of m, n is less than
zero, set A to the action of the other of m, n and set
c — 0.
We perform this calculation for every predecessor
pair. We set the backward pointer to point to the pre
decessor pair which produces the minimum c (actually,
we store the question number corresponding to the
pair). The probability, cost and action for the node are
the p, c and A which derive from this predecessor pair.
Table 2 shows the result of applying this computa
tion to the decision table shown in Table 1. The initial
nodes are not shown. The first four columns of Table 2
are self explanatory. The last column, headed PTR for
pointer, defines the predecessor pair used in the com
putation. The number in this column indicates which
digit in the label is to be varied to obtain the labels
of the predecessor pair. An asterisk against the num
ber shows the least cost pointer, for that label.
We now describe the use of Figure 2 and Table 2
to produce the optimal decision table implementation.
We start at the rightmost node and work to the left.
At any node the backward pointer defines which
question must next be asked. We then move left to the
Y or N node of the predecessor pair, depending on the
answer to the question. We continue in this way until
The Australian Computer Journal, Vol. 5, No. 2, May, 1973
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TABLE 2
NODE
000
000
000
001
001
002
002
010
010
Oil
012
020
020
021
022
100
100
101
102
110
120
200
200
201
202
210
220

Attributes of Network Nodes
COST
PROB
ACTION
129.4
114.3
111.9
63.6
118.0
118.0
94.7
68.2
43.2
50.0
0.0
50.0
75.0
50.0
50.0
68.0
93.0
68.0
68.0
0.0
0.0
93.0
68.3
0.0
68.0
25.0
0.0

1.00
1.00
1.00
0.25
0.25
0.75
0.75
0.55
0.55
0.20
0.35
0.45
0.45
0.05
0.40
0.45
0.45
0.05
0.40
0.15
0.30
0.55
0.55
0.20
0.35
0.40
0.15

0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
2
0
0
3
0
0
3

PTR
1
2
3*
1*
2
1
2*
1
3*
1*
1*
1*
3
1*
1*
2*
3
2*
2*
3*
3*
2
3*
3*
2*
3*
3*

a leftmost node is reached, or until the action of a
node has a suffix greater than zero, whichever is first.
The pointers which participate in this process are
shown as arrows in Figure 2. It will be seen that they
correspond to the implementation defined by Figure 1.
For instance, the arrow pointing left from the node
000 in Figure 2 defines the question Q3. In Figure 1,
the first question asked is also Q3. Thus the algorithm
asserts that Figure 1 is the optimal implementation of
the decision table.
The justification of this algorithm follows, once the
meaning of the attributes is understood. A0 represents
the case in which the questions that have been asked
so far, and their answers, do not define an action. Thus
more questions must be asked. The probability asso
ciated with a node is the probability that the questions
represented by 1 or 2 in the node label will all be
answered with the answers defined by the node label.
The cost associated with each node is the average cost
of the remaining questions required to define the
actions, when these questions are asked in the best
possible way. The factors Pi/(pi4-p2) and P2/(Pi+P2)
in equation (1) are respectively the conditional proba
bilities that the answer to the question is yes or no.
A PROGRAM TO IMPLEMENT THE
ALGORITHM
A Fortran program to implement the algorithm has
been written for the IBM Systems Development Insti
tute System/360 Model 67. The program solves decision
tables of up to eight questions. This limitation is
because the attributes of the decision table network are
stored in core, and require of the order 12 x 3n bytes
for a table of n questions. The mapping of the network
into core locations is done by interpreting the label as
a number in base 3 notation. A saving in storage could
be made, for a slight increase in coding, by storing
The Australian Computer Journal, Vol. 5, No. 2, May, 1973

actions and costs in the same storage array, since for
any node at least one of these is zero. This has not
been done in the program.
The program contains four embedded loops. The
outer loop, controlled by an index i, generates a label
with i zeros and (n-i) ones. The next loop generates all
‘i out of n’ combinations, using a Fortran adaptation
of a routine by Chase (1968). The next loop takes a
given combination and creates all the 2<n-1) labels that
can be obtained by replacing some of the (n-i) ones by
twos. Thus within this loop are created all the node
labels. The final loop scans the predecessors of the node
and calculates the attributes of the node.
The execution time is approximately proportional to
the number of predecessor pairs for which the com
putation must be made. Most of the time is spent
generating the labels and addresses of these pairs, and
a smaller amount evaluating equation (1). The total
number of predecessor pairs as a function of n is
n
2 r.2n-r.nCr
r= 1
For example, this expression has the value 1458
for n = 6 and 17496 for n = 8. For fixed n, the maxi
mum execution time occurs when all the actions are
different. An eight question problem, with all the actions
different, takes about 18 seconds compute time on a
/360 Model 67.
V. Rajaraman has pointed out that a saving in com
pute time can be made by storing probability times cost
in place of cost. This is achieved by rewriting equation
(1) as
(Pi+p2)c = Cjpi+CaPa-Kpj+pald
(la)
Writing c’ for probability times cost this becomes
c = c’1-f-c’2-t-(pi-j-p2)d
(2)
Clearly (2) requires less calculation than (1). The
result is the same since in the initial nodes the cost is
zero and in the final node the probability is one. This
form has not been implemented in the program since,
for intermediate nodes, the cost calculated using equa
tion (1) seems of more interest.
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Graphic Languages: Proceedings of the 1FIP Working Con
ference on Graphic Languages, Vancouver, Canada,
MAY 1972, edited by Frieder Nake and Azriel Rosenfeld. Pp. viii + 442.
This 'book contains twenty-two papers plus three panelsessions. The discussions that followed each paper and panel
discussion have also been included. The conference was limited
to about fifty invited participants. The book can be divided
into two parts, one part is concerned with computer graphics
and we are presented with papers on general purpose graphics
systems, general purpose graphical languages, interactive de
sign and interactive generation and animation of two dimen
sional pictures. The other part is one picture interpretation
and description and we are given papers dealing with
the resynthesis of biological images, the recognition of faces,
scene analysis and generation in a building blocks environ
ment, picture grammars and the graph-theoretical analysis of
pictures.
It is probable that the only good that could come from this
juxtaposition is that those who work in computer graphics
may come to realise that they are dealing with pictorial data
and they should process it accordingly. The majority of
computer graphics systems, interactive or otherwise, are
graphical construction devices. The power that is possible
within computer graphics will only come when we are able
to provide systems with some picture interpretation ability.
The point is raised in a couple of papers and appears in the
discussions, but the lack of communication between the two
groups is such that it is never fully discussed. In two of the
panel sessions it was actively suppressed.
The criticism, of not treating “pictures as pictures” can be
levelled also at those who are preoccupied with picture
grammars and graph-theoretical methods. Stanton remarks
(p.225) “I cannot use grammars to organise a real computing
system . . . grammars do not seem to function as an ex
planatory tool for discussing problems in scene analysis” and
Nake (p.433) “This approach has been followed to consider
able depth, but it has so far produced more theoretical than
practical results.”
The final comment at the last panel sessions is by Narasimhan in which he presents a “what, how and why” table of
picture processing and then goes on to make some very
pertinent remarks. They are worthy of being quoted in full
but they are too long and it is a pity that the conference
ended with them rather than began.
D. I. LANGRIDGE
Reliable EDP Application Design, Tom Gilb,
Studentlitteratur, Copenhagen, 1973, pp. 200.
‘This text is intended for professional EDP staff who are
interested in the techniques for making their application pro
cedures and programs more reliable. The primary group to
whom this text is addressed is the “systems designer” . . .
However, because of its specialised nature, it is in no way
intended to serve as a basic systems design text ... We have
tried to avoid an academic approach to the subject matter in
an attempt to make these (reliability) ideas available for
the majority of practising EDP personnel’ (from the Intro
duction).
The book is divided into four sections and twelve chapters:
General reliability tactics—
Prevention
Detection
Recovery
Motivation
Detailed reliability techniques for—
Data elements
Records
Transaction groups or batches
Files
Error sources—
Human errors
Hardware errors
Software unreliability
Datametric concepts for reliability—
SO

The section on reliability tactics discusses at a fairly
elementary level the general problem of system survival. The
separate chapter on human motivation as a method of pro
tecting systems is a welcome emphasis. The tactics described
are based on the premise that the cost of unreliability is high
enough to warrant costly reliability techniques such as: valuing
system simplicity above optimal resource utilisation; getting
system and program design right the first time because change
introduces unreliability; and correcting inaccurate data auto
matically (involving greater CPU time and file activity) rather
than using unreliable human correction.
The second section classifies and describes many of the
conventional reliability techniques and describes some less
well-known ideas. Many of the established techniques are
viewed with scepticism at times verging on scorn. But Gilb’s
scepticism is not applied to the less well established techniques
which he advocates. As these latter techniques have not been
subject to the same degree of scrutiny and practical testing,
his enthusiasm should be tempered with caution.
The section on error sources ‘is intended for those readers
who have not yet had first-hand experience with the great
variety of error-types which the computer user meets. The
experienced reader may possibly be interested in the systematic
overview of the problems of which he is only too well aware’.
Unfortunately for the novice, this list of error sources does
not indicate which errors will be encounted frequently, and
which (such as some of the case studies) merely illustrate
the fallibility of all human endeavour. The aim seems to be
to scare inexperienced designers into paying for extensive
reliability, rather than helping them to objectively weigh
costs against risks.
The final section on Datametrics is an attempt to define
quantitative measures for some data processing system para
meters. The intention is to enable the reliability of such
systems to be related to quantifiable parameters of com
ponent subsystems, using established engineering techniques.
Hopefully the definitions offered in this very short chapter
will stimulate activity in this field.
The general style of language, graphics and discussion is
casual and at times sloppy. Gilb implies that at least some
conventional data processing wisdom is based on arguments
instead of facts, but he leaves himself open to the same
charge. For example, not using read-after-write on disk
packs ‘means that we are taking, say, 10' of our customers and
spitting all of their vital information—such as how much
they have paid us—magnetically at a rapidly rotating disk
with magnetic coating—and leaving to chance whether they
will strike and magnetise as intended’; yet he gives no figures
on the frequency of disk write failures. Although the basic
premise that extensive reliability techniques are cost effective
underlies Gilb’s whole approach, it only gets explicit mention
as an almost incidental comment, and no attempt is made to
justify it. No doubt there are systems where this premise is
true. No doubt the hardware cost trend will make it in
creasingly true in an increasingly large number of systems.
But the book would benefit from a discussion of how the
potential cost of unreliability could be calculated in the lifecycle of each system. Quantitative measurement is disregarded
throughout most of the book. There are numerous places
where figures on costs and probabilities should have been
given, but instead we find subjective judgements and ‘some
real-life stories’ of problems which Gilb has observed once.
Many of his conclusions are contentious enough to require
more detailed justification.
Despite the book’s problems, which the experienced reader
should be able to recognise and compensate for, it does have
value. The best part of the book is the table of contents, which
provides a well organised detailed classification of topics
which systems designers should consider when looking at
system reliability. Next best is the discussion of humanised
codes, in which data linkage techniques are applied to prob
lems of data capture and correction. Thirdly, scattered through
the first two sections are many small points which should
stimulate the thinking of experienced designers.
MICHAEL MUETZELFELDT
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Branch Notes
N.S.W. BRANCH NOTES
Meetings
The number of papers presented to members at
monthly meetings this quarter was fewer than usual
because of the holiday period.
Two papers were presented: by Mr. John Lang of
Simplex, who discussed the subject of time and the
other by Mr. O’Meally of A.G.L., who discussed the
use of a computer to influence corporate planning in
the Australian Gas Light Organisation.
A feature of meetings this year has been the avail
ability of a very comprehensive smorgasbord prior to
the meeting plus the excellent “club” facilities on the
premises after the meeting.
Annual General Meeting
The Annual General Meeting resulted in a new
executive committee being elected comprising a balance
of old members and new. The retiring chairman Mr.
P. J. Farrell delivered an excellent summary of the
Computer Society and the industry during his two years
in office.
Special Interest Groups
In addition to a number of study groups already in
existence a new group is being formed to study the use
of computers in architecture.
Research project in interactive design in architectural
education extended into second year ..............................
The Department of Architectural Science, Univer
sity of Sydney, and the Systems Development Institute
of IBM Australia have extended their joint research
project to examine the effects of a computer-based
interactive design system in architecture and architec
tural education for a further year. Additional support
for the project comes from the Steering Committee on
Research and Experiment into Education Matters
(SCREEM) of the Australian Vice-Chancellors’ Com
mittee bringing the total value of the two year project
to $60,000.
The Director of the project is Mr. John S. Gero,
Senior Lecturer and Director of Computer Applications
Research in the Department. Other members of the
research team include Mr. W. G. Julian of the Depart
ment and Mr. W. N. Holmes of SDL
The use of computers in Architecture is very recent
compared to their use in Business and Engineering and
this is the first research project in the area of computers
in architectural education. This project centres on the
development of a design system with a very high level
of interaction which will allow the user to heuristically
manipulate his designs using a natural language.
System Design and APL
Most interactive systems are unsuitable in design
situations because they suffer from a rigidity of a systemuser interface which makes it so difficult for the user to
manipulate the model that instead of concentrating on
learning from the designs he has been producing the
user spends much of his time trying to remember input
procedures and other irrelevant details. The aim in the
The Australian Computer Journal, Vol. 5, No. 2, May, 1973

development of this system is to provide such a high
level of interaction that:
1. the system would not fail whatever the user did to it;
2. the user would be freed from most of the restrictions
of existing interactive systems;
3. the user would require no experience or knowledge
of the system through manuals and so on before
entering the system.
These aims could only be achieved through the use
of APL (.A Programming Language) because of its
extensive capabilities beyond that of interactive
FORTRAN, BASIC or PL/I.
In addition the system keeps track of the path of the
solution, i.e. how many times different parts of the
system have been used and in which sequence and at
the conclusion of each user’s session produces statistics
which will be analysed. From an educational viewpoint
the path to the solution can often be of greater impor
tance than the solution itself and this is the first time
this facility has been made available to architectural
students and architects.
The Problem
The problem used as a basis for this joint project is
that of the layout of activities, a problem which is con
sidered fundamental to architecture. For this problem
the most common type of model seeks the minimum
total communications cost, where the cost of any single
communication between two activities is defined as the
product of their assigned separation by the communi
cations cost per unit distance. The problem with certain
restrictions can be handled by various optimisation
techniques but for all but the simplest of situations
these are too cumbersome. Since it is impossible at
present to1 quantify all the significant factors which
might influence activity allocations, it is important for
the user to be able to interact with the system and
adjust the solution to take account of these.
The Design Aim
The fundamental design aim of the architect in this
problem is to produce a diagrammatic layout of the
activities which will minimise the communications costs.
Other factors might also intrude and should be able to
be encompassed. The essential data is a list of activities,
their relative sizes and the anticipated communication
between them. The number of communications repre
sents the relative importance of the closeness of con
nection between the activities.
The Educational Aim
The educational aims:
1. to study the process of design in an interactive
environment;
2. to compare the hand solution with a fully automated
solution; and
3. to compare the above solutions with those derived
interactively.
This system will provide the student with a powerful
tool which will allow him to develop judgments not
only about the layouts produced but also about the
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procedures involved in the generation of those layouts
and will give him experience in the use of computerbased problem solving techniques tailored to his own
requirements.
Mr. Gero said in Sydney recently: “This project is
of considerable significance not only to architects and
architectural education but also to all those using the
computer in advanced design application because we are
showing that the designer may be freed from the tyranny

S2

of input while still using a cheap typewriter-like ter
minal in his office. The designer may now begin to use
his own language, even in an imprecise way — the
system will tell him when it has not understood him and
will ask him to express himself differently. I expect the
impact of this research to be far reaching.”
John S. Gero Director of Computer Applications
Research, Department of Architectural Science, Univer
sity of Sydney 660 8328 or 498 3037.
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Letter to the Editor
Dear Sir,
On reading Fenwick (1972), I was concerned by the
absence of a detailed explanation of the effect of using
the proposed number representation. Data conversion
is a complex topic—as clearly indicated by Basford
(1969). The rather glib statement that “Because the
least-significant digits must be preserved, the operand
with the algebraically larger exponent . . . must be
shifted to the left . . .” is the source of the problem.
Although this statement overcomes Basford’s “offen
sive” rule 14 (that 25 + 1/3 = 5.33333333333333),
it parallels his “arbitrary” rule 7 that “The result of a
floating point operation ... is as precise as the most
precise of the operands . . .”.
The effect of such arithmetic would be unacceptable
to many people. The calculation:
6.000 + 9 = 15.000
is not compatible with the scientific notation:
(6.000 ± 0.0005) + (9 ± 0.5) = (15 ± 0.5).
If the operands are of equal precision, then the results
are even more startling:
6 + 9 — 15
versus (6 ± 0.5) -f- (9 ± 0.5) = (15 ± 1).
Given a base of 10, the number (15 ± 1) can only
be expressed as 0 * 102 meaning (0.0 ± 0.5) * 102 or

0 ± 50. Given a base of 2, the situation is slightly
better: 4 * 22 meaning 16 ± 2.
Although Fenwick may not have intended his repre
sentation to be used in such cases, it is clear that the
notation is not significantly better than “conventional
floating-point formats” in distinguishing between num
bers with different precisions. Interested persons should
be warned that there is no cheap way of maintaining
information about precision—one must either use a
separate “precision estimate” or interval arithmetic
(Moore, 1966).
Peter R. Jones,
Computer Service Centre,
Bureau of Census and Statistics,
Canberra, A.C.T.
1973-03-15
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A.C.S. National Data Transmission Liaison Group
The Council of A.C.S. believes that data communica
tions is an important area for involvement by the
Society.
In the November Council meeting, it was
resolved that a national group should be established
having a representative from each Branch of the Society
and a national convenor. Mr. Alan Coulter, Director
Computer Centre University of Queensland, was appoint
ed National Data Transmission Liaison Officer. Branch
Executive Committees are now appointing State Data
Transmission Liaison Officers.
The aims of the National Data Transmission Liaison
Group are tentative at this stage. They will be finalised
during the first meeting of the proposed group. The
tentative aims are:
(a) To promote promulgation and exchange of informa
tion related to data transmission.
(b) To provide liaison between users, the Australian
Post Office and manufacturers of computer and
telecommunications equipment at the state and
national level.
(c) To establish working contacts with international
bodies concerning data communications.
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(d) To assist the Australian Post Office in planning to
meet future requirements and to bring to attention
areas where the present carrier service may be re
strictive or inhibit the future development of com
puter/communications systems.
(e) To make recommendations on definitions of error
performance and network performance objectives.
(f) To examine the development of resource sharing
computer networks and consider the needs for co
ordination and standards in the area of national
policy, carrier services, and such software as net
work control languages.
(g) To examine the needs and put forward require
ments regarding links to international networks.
It is intended that this Liaison Group works in a
spirit of co-operation with the Australian Post Office
and other groups associated with data communications.
It is hoped though that the group will develop into a
technically capable and cohesive force able to bring
forward the particular needs of communications based
computer systems to the planning authorities.
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

Seventh Report of Council
1 January 1972 to 31 December, 1972
I. MEMBERSHIP
Membership figures as at 31 December, 1972, are
shown in Table 1. The growth in membership since
incorporation is shown in Table 2.
II. COUNCIL MEETINGS AND OFFICE
BEARERS
Council met twice during the year on 28 and 29
May, 1972, and 20 and 21 November, 1972. The
meeting in May was held in Brisbane after the 5th
Computer Conference and the meeting in November
was held in Sydney.
Branch Delegates
N.S.W.
Victoria
Canberra
Queensland
South Australia
Western Australia

Councillors
President
Immediate Past President
Honorary Treasurer
Honorary Secretary
Observers
IFIP Representative
Fellows Committee
Executive Secretary
Constitution and By-laws

The office-bearers elected in May, 1972, were:—
President Mr. P. R. Masters.
Vice-President: Mr. A. W. Goldsworthy.
Honorary Secretary: Mr. K. S. Arter.
Honorary Treasurer: Mr. K. G. Ernst.
Public Officer: Mr. B. W. Smith.
The President, Vice-President and Honorary Secre
tary were appointed as the Council Executive Com
mittee for 1972-1973.
Attendees
follows:—

at

the respective meetings were as

May, 1972
J. M. Blatt
M. A. Norsa
P. R. Masters
A. Y. Montgomery
B. W. Smith
A. A. Taylor
A. W. Coulter
A. W. Goldsworthy
B. V. Mickan
B. T. Savvas
B. C. Appleyard
R. L. Silsbury

November, 1972
J. M. Blatt
M. A. Norsa
S. Luxemburg
A. Y. Montgomery
B. W. Smith
E. J. Fish1
A. W. Coulter
A. W. Goldsworthy
B. V. Mickan
B. T. Savvas
P. Field2
R. J. Hartley3

R.
P.
K.
K.

P. R. Masters

W. Rutledge
M. Murton
G. Ernst
S. Arter

K. G. Ernst
K. S. Arter

J. M. Bennett
T. Pearcey
E. A. Bodley

J. M. Bennett
T. Pearcey
P. M. Murton

NOTES:
1. Representing A. A. Taylor.
2. Representing A. L. Silsbury
3. Representing B. C. Appleyard
TABLE 1
Grade

N.S.W.

32
Fellow
1,703
Member
Associate
159
Corporate Total 1,894
Affiliate
213
53
Student
Personal Total
2.160
Corresponding
Institutions
—
84

Victoria

Canberra

Queensland

South Australia

W.A.

31 December, 1972
Totals

13
991
146
1,150
219
22
1,391

26
540
72
638
71
5
714

7
343
40
390
93
7
490

5
307
59
371
96
10
477

3
184
59
246
34
4
284

86
4,068
535
4,689
656
101
5,446

38

7

40

—

1

86
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TABLE 2
Grade
Fellow
Member
Associate
Corporate Total
Affiliate
Student
Personal Total
Corresponding
Institutions

1966

1967

1968

1969

1970

1971

31 December, 1972
1972

54
3,004

75
3,233

—

—

86
4,068
535
4,689
656
101
5,446
86

—

—

—

1,677

2,043

2,380

—

—

1,677
133
21
1,831

2,043
232
37
2,312

2,380
267
49
2,696

3,058
471
89
3,622

3,308
574
109
3,991

83
3,750
102
3,935
705
141
4,781

65

69

83

87

92

87

III. OFFICE BEARERS AND COMMITTEES OF
THE COUNCIL (MEMBERSHIP)
President: P. R. Masters.
Vice-President: A. W. Goldsworthy.
Immediate Past President: R. W. Rutledge.
Honorary Secretary: K. S. Arter.
Honorary Treasurer: K. G. Ernst.
Public Officer: B. W. Smith.
Signatories:
Council: President, Vice-President, Honorary Secre
tary, Honorary Treasurer, Public Officer.
Imprest Account: Honorary Secretary, Public Officer.
Secretariat Imprest Account: Honorary Secretary,
Honorary Treasurer.
Business Manager’s Account: Business Manager and
Editor.
Council Executive Committee:
Convener: President.
Members: Vice-President, Honorary Secretary.
Finance Committee:
Convener: Honorary Treasurer (K. G. Ernst).
Members: Council Executive Committee (P. R.
Masters, A. W. Goldsworthy, K. S. Arter).
Australian Computer Journal
Editorial Committee:
Editor: A. A. Taylor.
Associate Editors: T. E. Pearcey, J. M. Bennett,
E. H. Gibbs.
Business Manager: E. A. Bodley.
Careers & Education Committee:
Convener: A. P. Hunter (Appointed Nov., ’72).
Fellows Committee:
Convener: T. E. Pearcey.
Members: B. W. Smith, J. M. Bennett, A. W. Golds
worthy, F. L. Hall, D. W. Moore, P. M. Murton, G. W.
Hill.
Constitution & By-Laws Committee:
Convener: P. M. Murton.
Members: R. A. Fowler, D. Lutherill, B. R. Bacon,
A. K. Duncan, B. Baker.
Data Transmission Committee:
Convener: A. W. Coulter (Appointed Nov., ’72).
Members: T. Culshaw (S.A. Branch Representative).
Professional Development:
Convener: B. T. Savvas.
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Public Relations Committee:
Convener: A. Y. Montgomery.
Qualifications Committee:
Convener: J. M. Blatt.
Members: B. W. Smith, I. N. Capon, A. W. Golds
worthy, A. Y. Montgomery, K. G. Pirie, P. Field.
Social Implications Committee:
Convener: A. W. Goldsworthy.
Members: Z. Cowan, D. Whalan, K. S. Arter, D. V.
A. Campbell, A. W. Coulter, R. W. Rutledge, B. W.
Smith.
Prizes and Awards Committee:
Convener: A. A. Taylor.
Members:
J. M. Bennett E. S. Burley, I. N. Capon, W. C.
Cusworth.
Centralisation Committee:
Convener: K. S. Arter.
Members: R. W. Rutledge, A. W. Goldsworthy, P. J.
Farrell, B. W. Smith.
IFIP 1977 Committee:
Convener: P. M. Murton.
6th Australian Computer Conference:
Chairman Executive Committee: I. M. Bennett.
Members: M. H. Rout, R. W. Rutledge, A. F.
Kaldor, S. Summersbee, M. A. Norsa, P. J. Farrell,
D. H. Davey, G. K. Pirie, T. O’Flynn, A. E. Cooley,
G. I. Neale.
Membership Standards Committee (Formed November,
1972):
Convener: G. W. Hill
Members: M. Rout, R. J. Hartley, J. Byrne, G.
Karoly.
Industrial Relations Committee:
Convener: B. J. Lee.
Special Committee on Organisational Structure:
Convener: B. W. Smith.
IFIP Representative: J. M. Bennett.
IFIP Technical Committee 3: F. Hirst.
IFIP Technical Committee 4: D. Race.
IFIP Technical Committee 5: G. Rose.
IFIP Technical Committee 6: A. Coulter.
IFIP Technical Committee 7: R. W. Rutledge.
IFIP Correspondent: A. Y. Montgomery (November,
’72).
IAG Correspondent: B. W. Smith.
WOGSC (World Organisation of General Systems &
Cybernetics): P. M. Murton.
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Overseas Visitors Program Manager: W. D. Hodges
(Resigned Nov., ’72).
Standards Association MS/20: P. M. Murton.
Standards Association MS/21: P. M. Murton.
IV. ELECTION OF FELLOWS
Immediately prior to the November, 1972, Council
Meeting, the Fellows Committee met and made recom
mendations to Council for the elections of Fellows. The
following five members of the Society were elected to
Fellowship:
A. J. Bayes, B. H. Crook, R. H. Searle, C. B. Finklestein, R. P. Harris.
The total number of Fellows of the Society is now 86.
V. COMMITTEES OF COUNCIL (ACTIVITIES)
Careers and Education Committee
The Convener of this committee was not appointed
until November, 1972. As a result the proposed activity
in updating the booklet “Computer Courses in Aus
tralia” was not started during 1972. The Terms of
Reference for this Committee are presently under
review. It is anticipated that this committee will resume
the active role it has previously played once this review
has been completed and its new direction has been
determined.
Professional Development Committee
A list of suitable topics for the Professional Develop
ment Program was completed, but difficulty was
encountered in assembling a comprehensive list of
people that could be invited to present these topics.
Following legal advice, a draft agreement between the
ACS and a lecturer was drawn up by a solicitor. Work
is now in progress to arrange the first of the Professional
Development Seminars on the topic of Data Bases.
Constitution and Bv-Laws Committee
This committee has been active in reviewing the
specific wording of the Constitution, By-laws and In
struments to determine what changes may be necessary,
as a result of the proposed changes in rules governing
the admission and reclassification of members. Tt is
anticipated that this project will be followed by a
complete review of the Constitution during 1973.
Data Transmission Committee
Following the expressed concern of Council that this
Committee had achieved little since its inception, Mr.
Alan Coulter was requested to study the requirement
for a Data Transmission Committee. Following this
study, Mr. Coulter made the following recommenda
tions.
(i) Data Transmission Liaison Group (DTLG of
ACS), be appointed consisting of a National
Liaison Officer and Liaison Officers from each
branch.
(ii) Council appoint a National Liaison Officer.
(iii) The President request each Branch to nominate a
Data Transmission Liaison Officer.
(iv) The President, after consultation with the National
Data Transmission Officer, write to the Director
General of the Australian Post Office, setting out
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the proposed functions and names of Liaison
Officers.
(v) The National Data Transmission Liaison Officer,
prepare a statement for inclusion in the Journal
and Branch Bulletins.
(vi) The National Data Transmission Liaison Officer
provide a report of activities for each meeting of
Council.
(vii) In keeping with the spirit of personal involve
ment, Council provide funds for a one day meet
ing in Melbourne of the Data Transmission
Liaison Group. (Melbourne would be an apt loca
tion as it is envisaged that the Central Office
APO Representatives would be invited for some
of the conference).
Council endorsed these recommendations and as a
result, appointed Mr. Alan Coulter as the National
Liaison Officer with instructions to implement his
recommendations.
Qualifications
Following circulation of all members of the proposed
syllabus and Sample Examination to determine the
minimum standard of knowledge required to entrance
to the Society, and the study of the responses received
to this communication, Professor John Blatt submitted
a comprehensive report to Council regarding progress
and future planning. After consideration of these re
ports, the following resolutions were adopted by
Council:
(i) Admission to Corporate Membership will be by
knowledge and experience.
(ii) Knowledge standards for the various grades will
be expressed in terms of appropriate syllabi and
sample examination papers.
(iii) For the grade of Associate, the knowledge stan
dards will comprise two sections, one mandatory
and the other containing options, at least one
of which options must be satisfied by the
candidate.
(iv) The mandatory section for the grade of Associate
shall cover basic computer principles, including
programming concepts and the knowledge of
FORTRAN and COBOL or other high level
languages as allowed by Council from time to
time, and that the optional section shall comprise
programming, systems analysis, numerical analy
sis, computer operations management, computer
engineering, and such other topics as Council
may allow from time to time.
Council expressed its thanks to Professor John Blatt
for all the work he has done in this area, in particular
during 1972.
Editorial Committee
The Editor reported having continuing problems in
finding enough papers of appropriate quality to be
included in the Journal. It was felt that in part, this
could be attributed to the 5th Australian Computer
Conference attracting papers which may otherwise been
sent to the Journal. It was pleasing to note that in the
latter part of the year the variety of subjects in papers
submitted for consideration was widening with fewer
highly specialised papers and more “readable” papers.
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Several of the recently published papers were sub
mitted earlier for the Brisbane Conference and others
that had been rejected as unsuitable for a conference
are being studied by the referees. During the year the
Editor wrote to each Branch seeking the nomination of
liaison officers to the Journal. The response was dis
appointing, as only three Branches responded (Can
berra, New South Wales and South Australia) with
nominations. Council directed that the Editor should
ascertain from the Branch Executive Committees their
thoughts about the objectives of the Journal. The
responses to this approach are being co-ordinated by
the Editor and it is anticipated that a statement of the
objectives of the Journal will be prepared for the May
Council Meeting.
Social Implications Committee
A draft paper on Data Banks and Privacy was pre
pared and distributed for comment by this committee
during 1972, and was presented to Council in Novem
ber, 1972, and adopted as a statement of the attitude
of the Australian Computer Society on this issue.
The Committee via its Convenor (Mr. Ashley Golds
worthy), also held discussions with Professor W. L.
Morison of the Faculty of Law, University of Sydney,
who has been appointed by the Standing Committee of
Attorneys General to conduct a study into aspects of
information storage and privacy. Close contact is being
made with Professor Morison to ensure that no oppor
tunity is lost in which to put our views.
This Committee also reviewed the following publi
cations which were released during 1972 and relate
to Social Implications:—
(i) Younger Committee Report. This report pre
sented to the UK Parliament in July, 1972, is
350 pages long and is a milestone in the area
of privacy, and is undoubtedly the most informa
tive report yet published on this subject. Follow
ing a detailed study of this report, Mr. Golds
worthy wrote a review paper for publication in
the Australian Computer Journal. This appeared
in the February, 1973, Volume.
(ii) Privacy and the Computer—Steps to practicality
(British Computer Society, 1972). This document
is basically a review of recent work carried out
by the Privacy and Public Welfare Committee of
the British Computer Society. It is under review
by the Social Implications Committee in order
to distil anything of value to our purposes.
(iii) Working paper on evidence (Business records)—
Law Reform Commission, New South Wales. The
Chairman of the Commission, Mr. Justice Rey
nolds has asked if the Society would like an
opportunity to comment on this report, which is
currently being studied by the Committee.
(iv) Information Storages Bill—Mr. G. Nicol, October,
1971. This is a Private Member’s Bill, introduced
to the Legislative Council in Victoria by Mr. G.
Nicol in October, 1971. The Bill was supported
by all parties after its second reading last April.
It is now being examined by the Statue Law Re
vision Committee, which heard the evidence from
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Professor A. S. Douglas, President of the British
Computer Society, while he was in Australia re
cently. The Committee is aware of our interest
in the Bill and in fact provided the Australian
Computer Society with copies, which are cur
rently being studied by the Social Implications
Committee.
(v) South Australian Bill. A Bill was introduced into
the South Australian Legislative Assembly on
21 September, 1972, by the State Attorney
General. As soon as it is available this Bill will
be considered by the Committee and if appro
priate commented upon to the relevant authori
ties. The next area of activity of this committee
will be the socio-economic effects of computers
and automation, related to the problems of
adequate planning on a nation scale, to cope with
technological advances.
INDUSTRIAL RELATIONS COMMITTEE
Council has noted the moves by various industrial
unions to incorporate members of the EDP Profession
into their areas of authority. As a consequence of this,
Mr. Brian Lee of NSW was appointed as the Industrial
Relations Committee Convenor and asked to report
on moves that were taking place in this area. Follow
ing exhaustive discussion of the report, which he pre
pared in consultation with interested parties the Con
venor was requested to keep the matter under close
review and prepare detailed recommendations as to the
course of action which should be followed by the Aus
tralian Computer Society.
VI. OVERSEAS VISITORS PROGRAM
Due to the holding of the 5th Australian Computer
Conference in Brisbane during May, 1972, it was de
cided it was not practicable to implement the Overseas
Visitors Program for this year. Following the Computer
Conference, however, several leading speakers extended
their stay in Australia and visited many local branches
following the conference. This activity has considered
to be a very valuable endeavour and the Australian
Computer Society plans to re introduce the program in
1973.
VII. 5th AUSTRALIAN COMPUTER
CONFERENCE
The Fifth Conference was held in Brisbane in May,
1972, and, in the light of subsequent reports by many
of those attending, was extremely successful. Total
attendance at the Conference was almost 1,300. Dele
gates’ fees for the Conference were maintained at the
same level (or lower) than the 1969 Conference, despite
the fact that in the intervening three years costs had
escalated considerably. The financial result of the Con
ference was excellent, with a net profit of over $9,200
being realised.
The Proceedings of the Conference, which included
all invited and submitted papers delivered at the Con
ference, as well as a record of the discussions, were
distributed to delegates within 12 weeks of the con
clusion of the Conference. Council congratulated all
those involved for having organised a very successful
Conference.
87

Seventh Annual Report

VIII. 6th AUSTRALIAN COMPUTER
CONFERENCE
Organisation for the Sixth Conference is well under
way and a call for papers has been widely distributed
and guidelines for authors prepared.
Initially, it was hoped to hold the whole Conference
in the Opera House Complex. However, for a number
of reasons, this has not proved practicable and the
Committee has decided to hold the bulk of the Con
ference at the University of New South Wales. The
Opera House Complex will be used for some of the
functions. The date set down for the Conference is
20th-24th May, 1974.

IX. FINANCE
The financial results and reports are set out in the
following tables.
FOR THE COUNCIL
Signed: P. R. Masters,
PRESIDENT.

A. W. Goldsworthy,
VICE-PRESIDENT.

K. S. Arter,
HONORARY SECRETARY.

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
MOVEMENTS IN FUNDS—THREE YEAR PERIOD 1970-72
$
Funds were provided from the following sources
Operating Income
50% Capitation Fees ...........................................................
Income from Conferences
1969 ........................................................................................
1972 ........................................................................................

9,931
109
81

Less Seminar Proceedings ....................................................

10,121
536

Increase in Liabilities
Creditors and Accruals ........................................................
Advance subscriptions ...........................................................
Deferred Income ....................................................................
TOTAL OF AVAILABLE FUNDS
These funds have been employed as follows: (details overleaf)
OPERATING EXPENDITURE
Administrative and General ..................................................
Committees and Activities ....................................................
TOTAL OPERATING EXPENDITURE
INCREASE IN OR PURCHASE OF ASSETS
OTHER 1973 ACTIVITIES (as per budget)
TOTAL EMPLOYMENT OF FUNDS
ss

Budget 1973

25,401

37

11,300

29,372

42

2,340

3

$

20,302
9,070

Interest
Banking and Investments ....................................................
Income from Publications
Australian Computer Journal ................................................
Proceedings 5th A.C.C............................................................
Sundry .....................................................................................

TOTAL OPERATING INCOME
Income of A.N.C.C.A.C. Funds
Gross income from investments ...........................................
Less Awards ..........................................................................

%

Amount

Item

1,450
2,400
450
100

9,585

14

66,698

96

584

1

1,974

3

$69,256

100

$15,700

26,873
11,673

39
17

12,500
6,670

38,546
30,710

56
44

19,170

15,700

1,084
500
701
1,163
110

3,000
$69,256

100

$22,170
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DETAILS OF EMPLOYMENT OF FUNDS
Item

Amount
$

Administrative and General
Carried over 1969 Expenditure .............................................
Secretariat ...................................................................................
Meetings of Council ....................................................................
Reports of Council ......................................................................
Constitutional Ballot .................................................................
Public Risk Insurance ...............................................................
Audit Fee .....................................................................................
Council Executive Committee ..................................................
President’s Expenses .................................................................
Promotional Expenses .............................................................

%

2,437
11,107
9,922
1,427
439
193
330
152
395
471

7,050
3,400
700
50
250
400
200
450
$26,873

Committees and Activities
Subscriptions I.A.G./I.F.I.P........................................................
I.F.I.P. Representation
Constitution and By-laws ...........................................................
General Information Booklet ....................................................
Careers Booklet ..........................................................................
A.C.S. Lecturer—Award & Tour
Overseas Visitors ........................................................................
Qualifications Committee ...........................................................
Fellows Committee ....................................................................
Data Transmission Committee
Professional Development .........................................................
Social Implications Committee
Editorial Committee ..................................................................

Increase in or Purchase of Assets
Furniture and Equipment ........................................................
Investments .................................................................................
Saleable Publications .................................................................
Sundry Debtors ..........................................................................
Cash at Bank .............................................................................
Cash Advances ........................................................................
Prepaid Rent .............................................................................
Deferred Expenditure

Budget 1973

$

39

1,808
1,302
1,901
144
293
1,855
498
2,174
476
3
714
427
78

$12,500

800
200
100
350
700
2,000
150
1,000
770
500
100
$11,673

17

$30,710

44

$6,670

1,050
18,944
2,184
2.253
4,425
1,107
150
597

Other 1973 Activities
Code of F.thics ........................................................................
Publication of Code of Ethics ................................................
Membership Standards Committee .......................................
Examinations for Associate Entry ...........................................
Preparations of Council Kits ..................................................
I.F.I.P. 1977 Presentation of Lease ..................................
Contingencies .............................................................................
Write-off Logograph Expenditure .........................................

200
200
500
1,000
100
200
500
300
$3,000

TOTALS
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100

$22,170
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
REPORT OF THE AUDITORS
In our opinion, the accounts set out on pages 90 to 93 give a true and fair view of the affairs of The Council
of Australian Computer Society Incorporated at 31 December, 1972, and of its results for the year ended on that
date.

Brisbane

W

Chartered Accountants
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
BALANCE SHEET—31 DECEMBER, 1972
1971
$
24,484
3,040
--------27,524

$
FUNDS AVAILABLE TO COUNCIL
ACCUMULATED FUNDS
Balance at 1 January, 1972 ....................................................................
Add Surplus transferred from Appropriations Account

$

^

27,524
7,165
-----------

34,689

5,109 ANCCAC AWARD FUND at 1 January, 1972
5,221
362
Add Income from Investments ..............................................................
363
(250)
Less 1972 Award ...................................................................................
—
----------------- 363
5,221
---------- -

5,584

1,428
—
110
------1,538

CURRENT LIABILITIES
Sundry creditors and accruals ..............................................................
Subscriptions in advance .........................................................................
Deferred Advertising Income

$34,283

1,057
511
------546
10,000
5,000
8,330
--------23,330
—
385
200
8,312
1.510

TOTAL FUNDS AVAILABLE

701
1,163
110
-----------

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

$42,247

These funds comprise:
FIXED ASSETS
Furniture and Office Equipment (at cost)
Less Provision for Depreciation ..............................................................

INVESTMENTS (at cost)
Commonwealth Inscribed Stock (par) .................................................
Local Government Inscribed Stock (par)
Shares in Building Societies (at call)

CURRENT ASSETS
Stocks of Publications (at cost) ...........................................................
Sundry Debtors ..........................................................................................
Inter-branch balance .................................................................................
Cash at Bank ................................................................................................
Cash held as advances ................................................................................
Prepaid Rent

1,974

1,552
543
-----------

1,009

10,000
5,000
13,944
-----------

28,944

2,184
2,229
4
4,769
2.341
7,110
150
-------

11,677

297
20
300
-----------

617

10,407
DEFERRED EXPENDITURES
Promotional Display .................................................................................
6th Australian Computer Conference ....................................................
Logograph and Stationery Design ........................................................
$34,283
P. R. MASTER,
President.
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$42,247
KEITH G. ERNST,
Honorary Treasurer.
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
INCOME AND EXPENDITURE ACCOUNT
FOR YEAR ENDED 31 DECEMBER, 1972
$

$

GENERAL INCOME
Capitation Fees ...............................................................
Less Transferred to The Australian Computer Journal

$

19,330
9,665
9,665
1,200

Interest
Banking Accounts
Investments ........

63
1,137
1,200
$10,865

TOTAL GENERAL INCOME
EXPENDITURE
Secretariat
Salaries and allowances ...............................
Rent, power and heating
Stationery and printing .................................
Postage and telephone ..................................
Bank charges ...................................................
Workmens Compensation Insurance
Maintenance of office equipment
Sundry expenses ............................................
Depreciation office furniture and equipment

4,508
2,070
300
844
945
8
19
50
17
255
4,508
6,612

General
Subscriptions I.F.I.P/I.A.G.
Meetings and costs of Council
Expenses—Council Executive Committee
Printing and distribution of Council Reports
A.C.S. Lecturer—Award and tour expenses
Public Risk insurance
Audit fee—1971 ...........................................
O.V.P. Expenses (Gotlieb/Gill)
Complimentary issue of publications
Promotional expenses
President’s expenses .........................................

737
3,828
152
711
600
98
150
18
15
100
203
6,612
4,672

Committees
Qualifications
Fellows ............................
I.F.I.P. Representative
By-laws and Constitution
Professional Development
Social Implications
Editorial .........................

1,388
233
1,133
856
557
427
78
4,672

TOTAL EXPENDITURE
EXCESS OF EXPENDITURE OVER INCOME TRANSFERRED
TO APPROPRIATIONS ACCOUNT
92

15,792
-----------

15,792
----------$4,927
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
APPROPRIATIONS ACCOUNT
FOR YEAR ENDED 31 DECEMBER, 1972
$

SURPLUSES TRANSFERRED
The Australian Computer Journal ...............................................................................
5th Computer Conference Proceedings ....................................................................
Other Publications .......................................................................................................
Conference Surplus—5 th Australian Computer Conference—Brisbane

$

2,848
109
65
3,022
9,070

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

DEFICIENCY TRANSFERRED
Income and Expenditure Account ............................................................................

4,927

NET SURPLUS FOR YEAR TRANSFERRED TO ACCUMULATED FUNDS

$7,165

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
OPERATING STATEMENT — THE AUSTRALIAN COMPUTER JOURNAL
FOR YEAR ENDED 31 DECEMBER, 1972
$

$

INCOME
Subscriptions from members (being part of capitation fee) ..................................
Sales ................................................................................................................................
TOTAL INCOME ..............................................................
EXPENDITURE
Printing and distribution ..............................................................................................
Management ..................................................................................................................
Business Manager—salary .....................................................................................
Postages .......................................................................................................................
Office supplies ............................................................................................................
Bank charges ............................................................................................................
Freight .......................................................................................................................
Rent of premises ......................... ••...........................................................................
Postages I.A.G. Publications .................................................................................

$

9,665
2,423
12,088

1,131
’328
3
12
44
300
7

7,415
1,825

1,825
TOTAL EXPENDITURE ............................................................................
NET SURPLUS TRANSFERRED TO APPROPRIATIONS
ACCOUNT ...................................................................................................

9,240
-------

9,240
$2,848

OPERATING STATEMENT — 5th CONFERENCE PROCEEDINGS
FOR YEAR ENDED 31 DECEMBER, 1972
$

INCOME
Sales and Complimentary Issues ...................................................
EXPENDITURE
Cost of Proceedings sold ............................................................................................
Postages and handling ..............................................................................................

492
42

TOTAL EXPENDITURE ............................................................................

534

NET SURPLUS TRANSFERRED TO APPROPRIATIONS
ACCOUNT ...................................................................................................
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
OPERATING STATEMENT — OTHER PUBLICATIONS
FOR YEAR ENDED 31 DECEMBER, 1972
INCOME
Sales—Computer Courses Booklets ....................
Sales—Membership Survey .................................
Sales—Secondary Schools Seminar Proceedings

22
10
45
77
6

Service fee—Sale of Proceedings Queensland Branch Decision Table Seminar
TOTAL INCOME .......................................................................... .................
EXPENDITURE
Postages—Computer Courses Booklets ....................................................................
Postages—Membership Survey ...................................................................................
Postages—Secondary Schools Seminar Proceedings ................................................
TOTAL EXPENDITURE

83
10
4
4
18
-----------

NET SURPLUS TRANSFERRED TO APPROPRIATIONS
ACCOUNT ...................................................................................................

18
----------$65

• The Consolidated Financial Account Statement for the year cannot be published because of a delay in audit at one of the
branches. The Statement will be published in the August issue.
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While one part of our business is being
copied another part is going up in
smoke. Are we in trouble? Not at all.
It’s just our way of helping you
remember that A.P.P.M's specialized
industrial papers cover a range of
products that stretches all the way from
copying machines to cigarettes
If you're interested in producing
perfect copies you’re probably already
aware of our fine Diazo Copy Papers
; but perhaps you didn't know we also
make, Computer Tapes, Backing
Release Papers, interleaving Papers,
Wallpaper and Gumming Base Papers
and of course cigarette tissues.

Maybe the sort of paper
interested in hasn’t been mentioned
here. Perhaps it hasn’t even-been
developed yet. If it can be we’re
certainly the people to talk to.
Consider our vast research and
development facilities at your disposal
Give us a ring about any sort of paper.
Whether it exists or not!

Mills: Burnie, Wesley Vale Tas; Shoalhaven NSW: Ballarat Vic.

atAPPM

Associated Pulp and Paper Milts Limited
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Ring or write to
Lionel de Sousa,
Product Manager,
industrial Papers,
360 Coffins Street,
Melbourne, 3000.
Telephone 600741 Ext. 59.

Sales Offices: Melbourne, Sydney, Brisbane, Adelaide and Perth.

Australia’s Fine Paper Makers.
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News Briefs from
the Computer World
“News Briefs from the Computer
World” is a regular feature which
covers local and overseas developments
in the computer industry including new
products, interesting techniques, news
worthy projects and other topical events
of interest.

A mathematical pattern being displayed
on the new GT40 Graphics Terminal.

NEW GRAPHICS
TERMINAL
A high-performance, minicom
puter-based graphics terminal priced
from approximately $10,000 has
been announced by Digital Equip
ment Australia Pty. Ltd.
The GT40 intelligent terminal
links Digital’s PDP-11/10 mini
computer to a specially designed,
hard-wired display processor and a
12-inch diagonal oscilloscope. A
light pen, full ACSII keyboard and
character set, 31 special mathe
matical and scientific symbols, and
an A.P.O. approved serial com
munications interface are standard
features of the GT40.

NEW $U.S.2000 MILLION
COMPUTER GROUP
The Chairman and Managing
Director of Philips Industries Hold
ings Limited, Mr. H. D. Huyer,
announced that an agreement had
been signed by Philips, Siemens and
C.I.I., as the first step towards a
world-wide data processing industry.
A most immediate effect is the
strengthening of each company’s
position in the international market.
The new group will be called
Unidata.
VI

about that
terminal.. !

Whatever
your
terminal
requirement,
Datagraphix
will
build
it... around the /\|_P|-|/\

OR
NAKED

£

MINI

m

16
5 different I/O systems
combined with the most
complete set of I/O
instructions (33) of any
computer in its class
give ALPHA/NAKED
MINI® the most powerful
and easy to use I/O
structure in its class.

k
W

This, combined with the 1.6
micro second cycle time, 152
basic instructions, and a wide
variety of low cost
peripheral equipment,
enables us to configure the
precise system to meet
your terminal requirements.

Get the full facts now from

DC DATAGRAPHIX
A division of DC Industries Pty. Ltd.

32 Smith Street,
Collingwood, Vic. 3066.
Telephone 41 7021
Telex AA31085

19 Berry Street,
North Sydney, N.S.W. 2060.
Telephone 929 4066
Telex AA21656
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INFONET
AUSTRALIAS FULL SERVICE
COMPUTER UTILITY
* General Timesharing
* Conversational Remote Job
Processing
* Remote Job Entry

Australia’s most
extensive specialised
Library of Programs
Sydney:

Melbourne:

Canberra:

CSA Centre
460 Pacific Highway
St. Leonards, NSW 2065

Folkestone Building
33 Albert Road
Melbourne, Vic 3004

Phoenix House
88 Northbourne Avenue
Braddon, ACT 2601

Tel: 439 0033

Tel: 267 2533

Tel: 47 8611
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