VOLUME SIX, NUMBER TWO, JULY, 1974

PRICE: $1.50

TH

AUSTRALIAN

COMPUTER
JOURNAL

PUBLISHED FOR THE AUSTRALIAN COMPUTER SOCIETY
Registered for posting as a periodical—Category C.

Tell everyone who's
complaining about
their computer
to meet in your office
two weeks
from today.
You say your record keeping and
business operations are backlogged
for weeks. And there's no sign of any
improvement.
And the lines in front of the
terminals have reached out into the
hallways now. And they're getting
longer every day.
There’s people who want to
switch back and forth between batch
and timesharing functions. And
they’re angry because they've got to
pull all their files off one system,
carry them over to the other and pour
them in before they can do anything.
And everybody’s upset about
how much their computers are
costing them.

It's time to sit down and do some
re-thinking.
Maybe you shouldn't try to make
your computer work better.
Maybe you’d be better off replac
ing it with another computer.
A computer that’ll give you the
batch you need. And the timesharing
you want. At the same time.
A computer that’ll grow in any
direction. In easy-to-take stages.
A computer that'll let people
share their files and software systems.
A computer that’ll give you
■everything you need for now for
probably half what you're now
spending.
The DECsystem-10.
We know DECsystem-10
can do all that because it’s already
done it in hundreds of installations.

DECsystem-10 can increase your
computerpower by as much as
100%. And cut your hardware
costs by as much as 30%.
Give us a call and we’ll tell you
how.
Or write and we’ll get some
literature into your hands.
That’ll give you a week to get
ready for that big meeting.
DECsystem-10 Group.
Digital Equipment Australia
Pty. Ltd., 123 Willoughby Road,
Crows Nest, N.S.W. 2065.
Telephone 439 2566,
Melbourne (03) 699 2888,
Perth (092) 21 4993,
Brisbane (072) 29 3088,
Adelaide (08) 42 1339.
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Access
Foors
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.
The Floating Floor offers the tremendous
advantage of concealing all services. Cables,
piping and ductwork are completely protected at
all times. Each panel is precision manufactured
of high pressure die-cast aluminium to
guarantee limitless rearrangement by simply
lifting and moving panels. This enables
maintenance and reworking to proceed with no
waste of time or disturbance to operations.
The Rintoul Infinite access floor (not
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
rearrangement cost.

Rintoul
Pty. Ltd.
PARTITIONS AND JOINERY MANUFACTURERS

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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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, newsworthy projects and other topical events of interest.

PRINT-OUT SHREDDER DESIGNED
FOR COMPUTER USE
For the first time an electrically-operated security
document shredder designed specifically to destroy
computer print-out is available in Australia.

The shredder, one of the most powerful machines
available for its size, is marketed by Chubb Integrated
Systems.
It rapidly cuts documents of paper or card into nar
row illegible strips, and drops the waste into disposable
plastic bags.
The shredder, designated Model CPO, is fitted with
automatic feed, which allows the operator to leave the
machine unattended if necessary.
It is fitted with a special feed chute which accepts
paper up to a width of 450 mm and shreds it to 1.5 mm.
The machine on automatic feed will shred 30.5 metres
per minute.
A robust -Ihp, 220-250 v. AC motor drives the mach
ine, and it incorporates self-sharpening blades, a safety
overload cutout to protect the working parts, and a
reverse direction switch.
The machine is supplied complete with a tubular
steel stand.
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SELECTING THE RIGHT POWER
INVERTER CAN SAVE YOU MONEY
AND AVOID EQUIPMENT FAILURES
These are the basic types of static inverter available
for stand-by power applications. Designers of electronic
systems must know the advantages and disadvantages,
capabilities and limitations if they expect to specify and
apply inverters properly.

Continuity of service under all conditions is a “must”
in a great many communication, computer, and indus
trial processing systems. In the past, it has been neces
sary to provide stand-by power by means of large
battery banks operating dc circuits only, or by means
of rotating power equipment.
Fortunately, a tremendous advance has been made in
solid state high power inverters. They will change dc
battery power to ac and hence provide a convenient
stand-by power source.
Inverters provide a great many advantages which
warrant their use in power systems. However, they do
have their limitations and these should also be recog
nized.
Inverters are generally used in one of two ways. If
absolutely no interruption can be tolerated they are left
running continuously.
Under normal conditions the batteries merely float
across the charger, which supplies dc to the inverter. If
the commercial ac power fails, the load is not affected
in any way because the inverter gets its power from the
batteries.
In this type of installation it is essential that the out
put of the inverter be regulated because the battery
voltage can vary from equalize voltage to the fully dis
charged condition, a total change of 30% or more.
The continuous operation of the inverter has two
disadvantages. One is that the normal power consump
tion is about 40% higher than if the load is fed directly
from the ac line. (Assuming an inverter efficiency of
80% and a charger efficiency of 90%.) The second
disadvantage is that the battery charger has to be of
much higher capacity than if it is used for charging the
battery only. This increases the cost of the system.
If a power break of about 6 cycles can be tolerated,
the inverter can be operated only when the commercial
ac is off. This type of system is more economical to
operate because the charger supplies just enough current
to the battery to make up for leakage losses. The power
consumption is at least 30% less.
This type of system is often used in conjunction with
a diesel if outages of more than 8 hours are anticipated.
In this case there is a considerable saving in inverter
and battery costs because the inverter only has to run
until the diesel starts, or can be repaired by a mainten
ance crew if it does not start. For this special applica
tion the batteries and inverter are usually rated at 3
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hours maximum running time. If the diesel starts
immediately the inverter may only be on for a minute
or less.
For further information contact Natronics Pty. Lim
ited, Kingsgrove, N.S.W.

ANALOG CIRCUIT FUNCTIONS
A comprehensive range of analog circuit function
packages is now available from Kenelec Systems Pty.
Ltd., Burwood, Victoria.

Designed by Burr-Brown, the modules are claimed to
improve both the speed and the cost of circuit and sys
tems design, either simple or complex. By selecting the
required functions and connecting them into the con
figuration, a working system can be produced.
The range includes multipliers, dividers, square
rooters, sine/cos function generators, logarithmic ampli
fiers, comparators etc. Produced by the latest thin film,
thick film and monolithic techniques in Burr-Brown’s
own production facility, the packages cover DIP’s, flat
packs, TO cans and specials such as transfer moulds
and epoxy castings.
Units can be selected to handle specific application
conditions and environments, such as high stability re
quirement, high noise environment, wide temperature
range etc. Literature and application notes are available.

UNINTERRUPTABLE POWER SUPPLIES
Westinghouse Electric Australasia Limited has avail
able a complete range of static uninterruptible power
supplies and inverters which provide either single or
three phase uninterrupted conditioned power to critical
loads.
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10 days in Hawaii
for only $498 °
Sun-soaked Hawaii! Qantas gives you
10 days in the sun, surf, colour and
bustle that make up the magic of Hawaii.

Bdaysin
California
for $65900

Spectacular California! Enjoy 13
wonderful days on the U.S. West Coast for
around $50 a day. See San Francisco,
Los Angeles and the giant redwood forests.

That’s Qantas holiday value!
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It's all in the Book.

Making it all possible
* Trices quoted are economy class air travel
ex Sydney and costed per person on a share twin
basis. Single accommodation extra. Prices also
are based on 10 persons travelling together.
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300 KVA UPS feeding computer room.
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Power supply systems are available with either fully
redundant or non-redundant configurations in the power
range 1 to 2000 KVA.
Westinghouse Electric assumes complete system
responsibility from initial design co-ordination to the
final energising of critical loads and has skilled applica
tion engineers available to advise customers on the most
effective configurations of components to fulfil the re
quirements of systems redundancy.
Computer rooms are typical installations requiring
a-c loads where power interruption is unacceptable.
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NEW COMPUTER FOR THE FIRST-TIME
USER
Honeywell announced recently, the introduction to
the Australian market of a new computer aimed at the
first-time user, which will rent from $1600 per month.

Designated the Model 61/60, it is part of Level 61,
which is now Honeywell’s smallest offering within its
Series 60 range announced on a world-wide basis seven
weeks ago. The 61/60 offers the first-time user facilities
for transaction processing and a solution to his data
communications requirements; plus for the larger user,
a system capable of handling his networking require
ments.
Key features of the 61/60 are an integral front-end
processor, which handles communications between ter
minals and the CPU; a feature which frees the CPU by

handling message management, queuing, buffering of
terminals etc., ■— the ability to handle up to 16 fully
interactive terminals locatable throughout an organisa
tion and facilities for communications with remote con
centrators, or with a host computer.

put it on the line...
ONE new
LINE THAT IS

By using the
Racal-Milgo T-20 Timeplexer
you can now connect a number of low speed
remote terminals to the one duplex leased line.
The T-20 Multiplexer offers the user numerous unique advantages in
Time Division Multiplexing situations, including:
• Where terminals of differing speeds must be multiplexed together.
• Where Central Site system supervision is required.
• Where reliability, and ease of maintenance together with low cost
are of paramount importance.

Contact your nearest RACAL office now fora detailed specification
of the T-20 Timeplexer.

Data Terminal to C.P.U. transmission.
Duplex Leased Line
T-20
Time
Plexer

High
I Speed
I Data
Modem

High
T-20
Speed I
• Time
Data I
Plexer
Modem

C.P.U.

Low Speed
Inputs/Outputs

I .Jf IUIU ■ INSTRUMENTATION & DATA SYSTEMS DIVISION,
UUlMJmStiJlS Racal Electronics Pty Ltd, 47 Talavera Rd, North Ryde 2113. 8 88-6444
The Electronics Gmup Melbourne: 51-9994 • Canberra: 86-1267 •Wellington N.2. 41-608
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$1 MILLION MINI COMPUTER SALES

NCR WINS $A1.17 MILLION SINGAPORE
ORDER FROM THE CHARTERED BANK

NCR
mam

scamaa

Standard Telephones and Cables Pty. Limited is cur
rently commissioning and testing thirty four General
Automation mini computer systems valued at almost
$1 million prior to their being despatched to Govern
ment and commercial institutions.

The buoyant sales figures illustrate the growing
realisation in the market place of the versatility of the
GA Spec 16 range of computers which are being mar
keted throughout Australia by STC.
The battery of mini computers on the factory floor —
claimed to be the biggest collection of the systems at
any one time in Australia — will be used for a variety
of job applications.
These include: —
• wholesale grocery invoicing systems;
• mini computer systems for the Victoria Institute of
Colleges; and
• the Federal Departments of Health and Customs
communications systems.

NEW RANGE OF DATA RETENTION
SYSTEMS
Advance Industries Limited will shortly release a new
and unique range of computer data retention systems to
the Australian market. The range will be manufactured
at the Advance plant at Bankstown, NSW, under licence
to the Wilson Jones Company of America.

These systems, designed and developed by Wilson
Jones over the past ten years, are ahead of any other
data storage method available, according to Advance
managing director, Mr. Peter Ryba. The systems are
designed for easiest possible access for reference to
computer sheets, microfilm and microfich envelopes
and at the same time give full protection in a minimum
of space.
The systems will initially be imported from America,
until local manufacture starts and will be available in
Australia towards the end of August. In the meantime,
a team of Advance executives are currently in America
with Wilson Jones for intensive training in product
orientation.
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

The NCR Century 2S1 visual display unit.

NCR has been awarded a $A1.17 million contract
by The Chartered Bank, Singapore, for what is claimed
to be the most sophisticated banking computer system
in Southeast Asia.

NCR will provide a system based on its Century 251
main processor — the second-largest in the NCR line.
It will be backed by a Century 201 processor and
supported by a full range of interchangeable peripherals.
Mr F. G. Rothwell, managing director of NCR
Singapore Sdn Berhad, said the order was the largest
won to date by the group in Southeast Asia.
The new facilities will replace the Bank’s existing
computer system, centred on two NCR 315 on-line
processors.
These were installed in April, 1971, when the Bank
became the first in Singapore to computerise its oper
ations.

AWA DATA SYSTEMS FOR ANSETT
Ansett Airlines of Australia has ordered an AWA
computer-controlled information display system for
operation at Sydney airport later this year.

The system, “AIDS” (Automated Information Dis
play System), from AWA Data Systems, will be the
heart of the integrated display system of closed-circuit
television channels and display boards in ANSAVUE.
The ANSAVUE system allows one operator to take
charge of all display boards, including arrivals, depar
tures, passenger gates and baggage conveyors; four
different channels of closed-circuit television to provide
the precise information required by staff and passengers
at the sites where they need it.
v

One of Computer Automation's latest developments the Naked Mini/LSI is now available ex-stock. A full scale 16-bit LSI minicomput
er on a 16" x 17" printed circuit card. This computer incorporates a seven chip N!OS processor, 4 K of memory, and direct memory
access (DMA!. The unit is designed to cater for the OEM market. Also being released is the companion unit, the ALPHA/LSI, which
incorporates the NAKED MINS in a covered chassis together with a power supply and a unique push-button control console. The
NAKED MINI/LS! is a total, fully operational, general purpose computer in every sense of the word, with all of the performance
of other 16-bit computers, including the other Computer Automation units, but at only a fraction of their cost. One major key to
the enhanced performance is an extremely powerful set of 162 instructions, claimed by C.A. to be the best in the industry.
ms COMPUTE AiftOttATlOM.
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AWA-VTE7 Terminal.

Flight timetables are stored in the computer and
automatically fed to each display point without operator
intervention. The computer ensures that each display
board and each television channel receives the correct
information derived from the common stored time
tables. During the day, the system is updated automatic
ally without an operator if no changes in timetables
occur. Real-time clocks in the computer initiate all
changes at the scheduled times.
The operator enters additional information, if needed,
such as estimated times of arrivals and departures, can
cellations, delays or additional flights. This is carried out
at a single operator console, a silent high speed visual
display unit with key. The unit used is the AWA Model
VTE-7, a programmable VDU terminal. The operator
can call up the sections of the timetable required, modi
fy, add data, insert or delete flights without affecting
the displays.
At the touch of one button, the changes are auto
matically fed to all necessary displays instantaneously.
The “AIDS” system is composed of a PDP-11 com
puter with character generators designed and manu
factured by AWA. Staff information channels are con
figured as 25 lines of 80 characters and public channels
are configured as 10 lines of 20 characters.

Hewlett-Packard Series 2000 M-260 Data Base Management
System.

option, consisting of a hardware multiplexer and HP
Terminal Control System (TCS) software.
Data can be transferred between the Management/
260 System and other systems via its ANSI/IBMcompatible magnetic tape subsystem, and through a
telecommunications software package with which Man
agement/260 can emulate an IBM 2780 terminal.

NEW THERMAL VOLTAGE CONVERTER
SERIES
Ballantine Laboratories has introduced a series of
new thermal voltage converters that cover the frequency
range from 10 Hz to 1.0 GHz. Previously, stable ACDC transfer standards of the thermal voltage converter
(TVC) type were available only at frequencies up to
100 MHz.

The series 1396A Thermal Voltage Converters
(TVC) are built around a design originated at the

BIG-SYSTEM DATA BASE MANAGEMENT
CAPABILITY WITH MINICOMPUTER
ECONOMY
True data base management software capabilities
are now implemented on a minicomputer disc-based
system.

Hewlett-Packard’s new Management/260 Informa
tion Management System is aimed at such applications
as production control, inventory management, account
ing systems, personnel files, customer information files,
credit verification, and portfolio status files. Data in
these uses is maintained and manipulated by HP’s
IMAGE/2000 Data Base Management System software.
As many as 32 terminal users can have simultaneous
access to a common data base through a teleprocessing
The Australian Computer Journal, Vol, 6, No. 2, July, 1974
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Using Soder-Wick to desolder printed circuit board joint.
Ballantine 1396A GHz Thermal Voltage Converter.

National Bureau of Standards, and have accuracies that
are traceable to NBS. Three models are available — the
Model 1396A-1, which covers the voltage range from
0.25 to 1.0 V; the Model 1396A-2.4, with a range from
1.0 to 2.4 V; and the Model 1396A-7 which covers
from 2.4 to 7.0 V. All three units span the full fre
quency range from 10 Hz to 1.0 GHz and are used in a
transfer made to compare AC inputs to DC.
Thermal voltage converters make it possible to use
highly accurate DC voltmeters to measure AC voltages.
They do this by providing a means for comparing the
heating effects of unknown AC to known DC voltages.
The AC calibration, therefore, is always in terms of
RMS values compared to the readily measurable DC.
The AC-DC comparison is made by a UHF vacuum
thermocouple. The couple consists of a thermistor
attached to an extremely fine heater wire (see diagram)
which carries the unknown AC input or the DC trans
fer potential. The entire thermocouple assembly is
sealed in a small evacuated glass package which, in
turn, is mounted in a metal case of sufficient thermal
mass to ensure a constant ambient temperature during
the time needed to make a complete measurement. A
compensated attenuator in series with the thermo
element heater sets the voltage range for each model,
and makes possible the extremely broad frequency
range of this Ballantine series of Transfer Voltmeters.
For further information contact D.C. Industries,
Collingwood, Victoria.

ONE SECOND DESOLDERING
Desoldering can now be achieved with an ordinary
soldering tool combined with a specially treated absorb
ent braid called Soder-Wick distributed by Royston
Electronics Pty. Ltd., Doncaster, Victoria. Any size
of solder joint can be completely desoldered in a second.

The procedure is simple. Place the end of the selected
size Soder-Wick on the termination, and apply the flat
face of a soldering tip to it. When the solder melts,
remove both tool and wick.
All joints, from integrated circuits and PC pads to
telephone connections and terminal posts, can be de
soldered —• quickly, safely, neatly, and economically.
viii

Joint before
soldering.

Dcsoldering
technique.

Desoldered joint,

No flux is needed, so flux spatter is eliminated. Residue,
if any, is pure non-corrosive, non-conductive resin.
Holes are clean, and the entire joint surfaces are ready
for resoldering without further clean-up. The thirsty
wicking action leaves even plated-through holes clean.
Acting quickly, like a heat sink, Soder-Wick also pre
vents thermal damage to sensitive components.

MINI-AIR CONDITIONER FOR
MINI COMPUTERS
Atlas Air Pty. Ltd., a computer room air condition
ing specialist contractor, has developed a sophisticated
air conditioner for mini computers.

The unit, called the Atlas Mini Air, offers all the
advantages of proper room environment control yet is
priced to suit the mini computer user’s pocket.
The Mini Computaire is based on a window airconditioning unit for ease of installation and economies
of this system yet incorporates added features not in
cluded in the straight comfort cooling systems.
Output of the new mini conditioner is 20,000
BTU’s, providing about 16,000 “sensible” availability
to cover all mini computer applications.
Built specifically to Atlas designs, formulated as a
result of the company’s long association with the com
puter industry, the Mini Computaire includes a de
humidification function.
Comfort air conditioning systems do not have these
functions. The Atlas unit also incorporates electric
resistance reheat specifically designed to match the
requirements of reheat during the dehumidification
cycle.
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From the President—

A Question of Ethics
As President 1 intend to use every available vehicle
to bring to your attention issues which are of topical
importance to you as a member of the Australian Computer
Society. The initiation of a message from the President
in each issue of the Journal is merely one facet of this
attempt to improve communications. Hopefully, it will
generate a corresponding response from you.
For some years now, since 1968 in fact, the Society has
had a set of “Guidelines to Professional Conduct in
Information Processing”. These lay down a standard of
conduct expected from a professional in his relations with
the public, with employers and clients, and with other
professionals. They have been widely publicised to members
over the years. However, they are not part of the Constitu
tion and By-Laws of the Society. They are not therefore
a formal obligation of membership. It is the intention of
the National Council to make the “Guidelines” obligatory
by executing a “Code of Ethics Instrument”, unless this
is clearly against the wish of the majority of members.
All members have been urged, through their Branch
publications, to consider the “Guidelines” and to let their
Branch Executive Committees know of any objections or
suggestions they may have. It is too late to complain after
action has been taken. Grasp the opportunity to speak now.
Why do we need an obligatory Code of Ethics? Just
because other professional societies have them ? No. Just
because wefeel it is the right thing to do ? No. Our members
need, and deserve, an unequivocal statement of what
constitutes ethical conduct. The body corporate needs an

effective means of dealing with members who breach the
code. The general public and our employers and clients
should be in no doubt as to what we regard as acceptable
conduct. Their perception of our profession is positively
affected by this.
The rapid and undisciplined growth of computing has
produced many inefficient and unnecessary computer
systems. It has attracted the charlatan, the impostor and
the callow. It has provided a vista of Shangri-la for the
untrained and the incompetent. It has presented the
unsuspecting user with a substantial bill in money and
resources. A Code of Ethics will not solve these problems;
but the absence of one makes the solution so much more
difficult. Our profession and our ethical standards will be
judged by our performance. The aim of the Society is to
improve this performance through better education, a
higher standard of qualifications, professional development
activities and by creating an awareness in society generally
of the standards of conduct they can expect from computer
practitioners.
A Code of Ethics is but one part of the complete answer.
But it is an essential part. Other professions have recognised
this fact. Trust and confidence cannot be established on a
basis of mere wishful thinking.
“Knowledge is not enough - we must apply it. Wanting
is not enough - we must act”.
We would do ourselves a grave injustice if we did not
support the inclusion of a Code of Ethics as an obligatory
part of the Constitution.
Ashley W. Goldsworthy
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Application of the Finite Element Method
to Elliptic Problems
By J. M. Barry*
/

The Finite Element Method is now a well established tool in structural engineering. The more recent
applications of this technique to elliptic self-adjoint problems are described with several elements using
high order polynomial approximating functions being analysed. Two such rectangular elements are
tested on trial problems and consideration is given to efficient determination of a solution. The results
support the Finite Element Method as an alternative means of solving the self-adjoint elliptic problem.

INTRODUCTION

The essential concept of the finite element method
(FEM) can be traced to Courant (1943) who in deriving
a set of finite difference equations for a boundary value
problem employed a Ritz procedure in which the domain
was broken into a number of triangles and the finite
difference equations derived by using piecewise linear
basis functions. This early work cannot be considered as
the start of the FEM as a recognised numerical technique
however, as its potential was ignored by mathematicians,
and it remained for the engineer to develop the method
from an entirely different viewpoint.
The FEM .grew instead from procedures that were
employed in the analysis of ordinary framed structures.
It may be viewed as a generalisation of the matrix
methods that allow stresses and deflections to be calcu
lated in elastic continua. The method was originally
applied in the aircraft industry in response to its par
ticular needs, and its use was encouraged by the ready
availability of large computing systems (Turner et al
(1956)). Since then the FEM has enjoyed prominence in
the solution of problems in structural mechanics and has
become a standard tool for engineers.
The important extension the method offered in a
generalisation of earlier matrix methods was the use of
two and three dimensional structural elements to repre
sent the elastic continua. Once the elastic continua is
idealised as an assemblage of approximately shaped
structures, it can be treated by the standard methods of
structural analysis. It can be demonstrated (Zienkiewicz
(1967, 1971)) that the formulation of the nodal displace
ment equations in terms of the stiffness relationship
minimises the potential energy of the structure. As such
the technique is identical to the Ritz approach, thereby
extending the well developed method to other areas of
application.
Formalisation of the technique lagged its application
in structural engineering and it was much later that the
method was rigorously established as a valid numerical
technique. While the technique was not being considered
by mathematicians, what amounted to identical problems
in approximation were being solved by Birkhoff, de Boor,
Varga, and others for spline functions and later for less
smooth “Hermite Spaces” which happen to be among
the best finite elements on a rectangular mesh (it was the
author’s interest in these areas that led to the implementa

tion of the particular element treated in this paper). An
historical summary of the development is given by
Strang (1972, 1973).
Zlamal (1968) justified the use of quadratic, cubic and
quintic polynomials for elliptic problems by establishing
the convergence of the technique and implementing it
in a computer program. A large number of papers
including Strang (1972), Babuska (1971, 1972), Zlamal
(1970, 1969) followed with the result that much attention
shifted from the field of spline function approximation
to the elements earlier employed by engineers.
While papers on the application of the method in
mathematical and physical problems are nowhere near
as numerous as those in the structural field (due in part
to its late application in this area) the technique has
gained acceptance on a wide front. In heat transfer
(Emery and Carson (1971)) strong support is shown for
the method and many structural FEM codes (Hurwitz
(1972)) now use the method as a front end processor to
establish the transient temperature distribution through
out the structure. In neutron diffusion the technique has
been promoted and proved (Kaper et al (1972)) and
although it has not been generally implemented at this
stage considerable efforts are being made to exploit it.
The FEM has been established and employed on time
dependent problems (Fix and Nassif (1972)), and in the
meteorological field Cullen (1973) while Mitchell (1972)
advocates its use in a series of problems in mathematical
physics.
The present paper outlines highlights in the develop
ment of the method as applied to boundary value
problems, proposes two high order rectangular elements*
and describes their implementation and compares them
with other elements in common use.
2. SOLUTION BY THE FINITE ELEMENT
METHOD

We shall consider the solution of an elliptic partial
differential equation of the form
— Aw + c0u =f{x, y),
(2.1)
d2u
d2u, , .
,
. , ,
,
where Aw =
subJect t0 the mixed boundary
conditions w

p*

0,

du

p*-.1

=0

*Since this work was completed, a paper by Carlson and Hail (1971)
has appeared that refers to similar elements.

* Australian Atomic Energy Commission Research Establishment Private Mail Bag, Sutherland, NS. W.
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where v is the external normal to the boundary of the
domain Q which is enclosed by the union of F* and F**.
The solution to (2.1) is known by variational methods
to minimize the energy functional
F(v) -

/[(* +

dvs2

+ c0vz — 2fv dx dy

I

didp,

(2.4)

where St is a unit square and the constants are given as

a = ^---- £ b = *2---- * and
*2 - *1
y3- yi
C = Co (X2 - Xj) 0>3 - Jj).

and to satisfy the Dirichlet condition v | j,*
0.
The FEM differs from the usual variational approach
by considering the domain to be subdivided into regions
of various shapes known as ‘finite elements’ and a unique
basis function is selected in turn for each element rather
than for the whole domain. Elements of many shapes
may be selected and while the triangular element has
proved suitable for many problems this work examines
the use of two high order rectangular elements.
Consider the domain Q to be rectangular and com
posed of a number of rectangular regions R\ with the
trial tunctions over each region restricted to be of poly
nomial form. Two'such approximations are considered
and as the Ritz formulation for each is similar, a descrip
tion is given for the simpler representation and follows
one outlined by Zlamal (1969) for triangular elements.
The sixteen-term bicubic polynomial
p(x, y) = ai + a2x + a3x2 + ape3 + apy + . . .
+ aiex3y3 is used as the basis function for each element
Ri. Rather than seek the minimization of the energy
functional with respect to the coefficients ci\ (z=l, 16) as
in the conventional variational approach, it is more
convenient to express the polynomial in terms of four
nodal parameters p, px, py and pxy at each vertex of R\.
This enables constraints on nodal parameters to be
applied, maintaining wherever possible continuity of the
approximate solution between elements. The energy
functional for the domain under consideration can now
be expressed as a summation over the m X n element
idealization of the domain Q:
inn

F{v)

im+(ir

r(o,o) = p(xu
j^.0,0) = (x2 - x,) pr{xu yx)
|^(o,o) = 0>3 - Ti) Pv(xi, Ti)

d2r
g|^(o,o) = (x2 - Xj) (y3 - yx) pxy(xlt y,)

(2.5)
If the vector z represents the right side and a is a vector
whose components a{ (i = 1, . . ., 16) are the co
efficients of the polynomial, then the nodal relationship
may be expressed as Sa = z, and consequently
a = S-1

Here K corresponds to the ‘stiffness’ matrix, wT is a vector
whose sixteen components are the nodal parameters
{p,Px,Py,PxV) at the four vertices and the components of 8

are derived from f{x,y). Annihilation of the functional
with respect to each parameter will produce a linear
system; the computational aspects are discussed in
Section 3.
Let xi, yi (/=1,...,4) represent the global co
ordinates of the four vertices of R,. Application of the
linear transformations
X = x1 + (x2 ~ Xl)i
(2.3)
y — Ji + 0>3 — yt)p
causes the rectangular region to be transformed to a unit
square in the local co-ordinate system (i, p) while each
integral becomes

(2.6)

The transformation requires that the 16 X 16 matrix
S need be inverted only once and kept for use by all
elements.
It is now possible to apply vector notation to each term
in the integral (2.4). In the first term, ^ may be expressed
as lT a where
F=(0, 1, 23£2, 0, p, 2£p, 3lj2p, 0, p2, 2 $p2, 3(?p2,
0, p3, 2 ip3, 3i2p3)
and the integral takes the matrix form

2 fp dx dy.

i = l R)
Every integral in the summation is quadratic in all the
nodal parameters and it will be shown that the lead of
structural analysts may be followed in expressing each
integral as
wT Kw — 2 cur 8.
(2.2)
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On the region S), r (£, p) is the bicubic polynomial
“l + “2£ + as£Z + aJ3 + a$p + . . . + aui3p3,
determined uniquely by the sixteen nodal conditions

didp = a aT L a.

S,
~ ~
The 16 x 16 matrix L is symmetric with the i, jth com
ponent
I /, A didp.

L,,j

Si

The integration is direct and the relation (2.6) allows the
integral component to be expressed in terms of the nodal
parameters.
Thus

Hal)
Si

where A — (S-1)rZ,S-1. With similar treatment to the
other two terms that produce quadratic components, the
first three terms of the integral (2.4) become azTAz-\bzrBz+ czTCz. As before, all the integral components
can be formed directly, and for elliptic equations with
constant coefficients the three 16 X 16 matrices A, B
and C need be computed only once. They are profitably
The Australian Computer Journal, Vol. 6, No. 2, July, 1974
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combined as the single matrix expression zTHz where
H=aA + bB + cC.
The fourth component of the integral
-2 jg(t,v)T({,v)d$dr,

mn

2 uTi yt),
/= J

where cu, is the vector of nodal parameters for the Ith
element. Annihilation of each parameter in turn pro
duces for each of the mn elements the relation

Si

is also written in vector notation by letting p. be the
vector whose components are the bicubic terms
(1, f, £2, |3, t], £-q,
, |3ij3). Now r (£, 7]) = aTp and
-2 g ($,V) r (£, rj) dtdr, = -2a* g (£,,) p d$dr,
Si

Si
= -2zry,

where y = (S~1)Tl3 and the component p{ of ft is

jp-i 8 (£,v) d£dr).
Si

The rectangular element can be transformed to the unit
square by a simpler set of transformation relations than
those involved in the regularization of other shapes. Thus
the transformed version of f(x,y) is not unduly compli
cated, and for the square region over which integration
is performed numerical quadrature can nearly always be
avoided if so desired. It only remains to recognize that
the vector z of the right hand side components of (2.5)
may be written in terms of the nodal parameters as Aw
where A is a 16 X 16 matrix whose only non-zero terms
are the diagonal components l,(x2—x1), (y3—yi), ■ ■ .,
(x2-x1) (y3—yi).
The integral can now be written as
wT Koj — 2coT 8,
where K = ATHA and 8 = ATy, and AT is a vector whose
components are the diagonal elements of the matrix A.
When a triangular element is used the transformations
to create a unit right triangle are more involved and an

[dr 3t
d^dv is introduced
J Of dr)
into the energy functional (2.4) while the matrix A now
has a tridiagonal band of non-zero elements.
3. COMPUTATIONAL PROCEDURE
For an elliptic problem with constant coefficients and
uniform grid, the stiffness matrix K remains unaltered
while the 8 vector requires recalculation for each element.

~

= 0

where
= AT, + KTt. The common nodal parameters
are then equated at each common node and a system of
linear equations may be derived which can be written
in standard notation as
B0= p,
where B is a sparse matrix whose band structure is deter
mined by the order of parameters in 0. For a system with
(V

an m X n rectangular subdivision, 0 is best considered
to be made up of subvectors (0j, 02, . . . , 0m), where the
components of each 0,- are the 4n nodal parameters
associated with each horizontal line of subdivision,
before special attention is shown to the boundary nodes.
With this orientation the B matrix generated is block
tridiagonal.
Bn
B2i
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B12
B22 B23

B=
Bm—l,m—2 Bm—l, m—1 Bm—i
Bm. m~1

Bm, m

All the 4n x 4n component matrices Bu t themselves
will also be sparse and of the form
_
Cn

C12

G21

C22

C2 3

Bi, j

additional quadratic term 2

In the annihilation of the quadratic relationship (2.2)
for each element in turn, the parameters at a common
node are equated for all rectangles sharing that node.
The results of this upon the continuity of the solution
will be analysed in Section 4. In all finite element tech
niques the linear system of equations produced by
annihilation will be sparse and considerable efforts have
been devoted to devising schemes that will minimize the
band width and produce efficient algorithms to allow
the solution to be found (Allwood (1971), George (1973),
Hoffman et al (1973)).
In the construction and solution of these equations
for the rectangular element consider the domain com
posed of an m x n rectangular system of elements in
which the energy functional is expressed as

(3-i)

Cn—1, n—2

Gi—l.n

c
v“'7i , ft —1

c
'“'ft , ft

where the components C represent compact 4x4
matrices formed through the annihilation of the four
nodal parameters at the /, jth vertex of the rectangular
system. The matrix A{ in (3.1) is symmetric and constant
(for the constant coefficient elliptic equation) and may
be considered to be subdivided into four separate 8x8
matrices
Ai

2

A =
4

We may view the annihilation of parameters as being an
(m+1) stage process where each stage consists of the
annihilation of the nodal parameters along one of the
horizontal lines that subdivide the region. The diagonal
(4, and At) and the off-diagonal (A2 and A3) components
of A will contribute additively to the diagonal and offdiagonal components of B respectively as shown in the
following algorithm.
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For the Arth stage the three components Bk+lt k, Bk k,
and Bkt t+1 can be formed as follows:

(0

Bk, k

C/t 7

Cx,x

cu

c2.i

C2.

A'-l. 1

= A4

^V, 7 "f-1

‘Cj.,

k, 1

+ Ax
0+

O

.CVh, i

k—l. i
A,4

+

k, i
A.

O

=

1 </<«

where the notation Ai<i denotes the A matrix formed
from the corresponding element.
(ii) Bk+\,k
'C,. ,

Cl, 2

C2,,

c2>2.

Figure 1. Some Finite Elements Considered

k. 1
= A3

■c,.

'Ct,i

0-

__
.Cj+i,

+
.0

1, i+i.

k, i
^3

1 </<«

0.

(iii) &k, k+1
C|, i

C], 2

1

k, 1

A,
C,

i

Ci, i

C,

2 J

x+l

*

rr
.
'-'i, t

O'

k, i

I
I

+

^2

1 </<«

0
0.
It follows for the constant coefficient elliptic equation that
Cf+1,!

Cj+1, i+1.

Bk, A-+1 = B^+!, k.

Although the B matrix is sparse, its band width is
immediately suited to obtaining a solution by forward
elimination and back substitution. The block tridiagonal
structure is readily exploited in the forward elimination
to require that only four of the B matrix components be
involved at any one stage. The regular upper triangular
pattern produced in the elimination process necessitates
retention of only non-zero components of the band
structure. Special attention necessary for some boundary
nodes is best given by eliminating the appropriate para
meters after the B matrix components involving them
have been formed. In the forward process, unnecessary
computations may be eliminated by exploiting the sub
structure of each B matrix. Only at the first stage can
both the row and column sparseness of Bin be exploited.
After the Ith stage of the procedure the row sparseness is
lost because the Biii+l and Bi+Ui+1 matrices no longer
have zero components to the left of the diagonal struc
ture.
4. SELECTION OF AN APPROPRIATE ELEMENT

Various types of elements may be considered, although
the ability of triangular elements to approximate the
boundaries closely in difficult geometries have caused
them to be the most commonly applied element. Ele
ments of non-triangular shape, specifically the rectangle,
should not be discounted because the domain under
consideration is frequently rectangular or lends itself to
quadrilateral approximation where transformations as
described by Zienkiewicz (1967, 1971) may regularize
the element. The combination of elements of the two
types may prove to be of value in handling more difficult
boundaries. Elements that have one or more sides curved
are also well known. Several elements are considered
54

here, some being in common use, while two are proposed
and used on two test problems.
One of the more commonly used elements considered
is the linear element figure (la), where the approximating
function has three components (1, x, y), giving a linear
variation of the approximate solution within the element
and a constant first derivative. The assemblage of such
triangular elements for a regular subdivision produces
the same matrix system as the five point finite difference
representation (FDR) (Zienkiewicz (1967, 1971)). Emery
and Carson (1971) concluded that the two schemes are of
equal value for simple geometries, but that the FEM with
this triangular element is more convenient to use with
complex geometries, and like all elements, lends itself to
mesh refinement in critical regions. In figure (lb) a
quadratic function with components (1, x, y, x2, y2, xy)
will give a linear variation of the first derivatives within
the element. Continuity is preserved in the solution along
the boundaries of each region, but the partial deriva
tives are not compatible. Extension to higher order poly
nomials does not produce the continuity desired in the
derivatives. In figure (lc) even with additional nodes
introduced at equal intervals along each side, and one
more internal node to allow for the ten cubic com
ponents
(1, x, y, x2, xy, y2, x3, x2y, xy2, y3)
(4.1)
the element fails in this respect. Emery and Carson found
that the quadratic element is a better practical tool for
heat transfer problems.
Zlamal (1969) has justified and employed (with
numerical quadrature) a cubic element with ten para
meters figure (Id). Two partial derivatives are considered
in addition at each external node while the tenth co
efficient is realized by the inclusion of an internal node
at the centre of gravity. This ensures that the first deriva
tives are continuous at nodal points where they are
readily available as primitive parameters, but the
quadratic variation of the gradient along each side is not
identical along connecting edges.
Tocher and Hartz (1971) proposed a special cubic
element in which a triangular region is viewed as a
combination of three triangles (Figure (le)). Associated
with the element are 27 nodal parameters (U, ^ ^
ox ay
for each node). If we consider a cubic representation
(Equation 4.1) for each component triangle, then one of
the ten components must be neglected as there are only
The Australian Computer Journal, Vol. 6, No. 2, July, 1974
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nine parameters for each triangle. Using the local co
ordinate system shown for the triangle ADB and neg
lecting the tfr) term in (4.1), a linear relation is produced
3 TJ
for
(where v is the normal to AB) along AB which
Ov

is uniquely determined through the two appropriate
parameters at A and B.
The 15 consistency relations imposed for the three
triangles reduce to 12 the number of variables to be
3 TJ 3 TJ
determined. Using t/, =— ,
at the vertices A, B and C,
ox ay
nine conditions are supplied. The remaining three are
found by requiring that the approximating functions
match at the mid-points of AD, BD, and CD. The last
three conditions will ensure that the approximate solution
is continuous within the triangle ABC, but the price of
external continuity in the gradients is internal dis
continuity.
In a systematic approach to the construction of ele
ments Hussey et al (1972) as well as a large number of
other authors have independently developed and pub
lished a scheme using quintic polynomials to give C1
approximation along the boundaries of adjacent tri
angular elements. Such a scheme involves 6 parameters
for each vertex (the function value and the partial
derivatives of up to the second order) and the normal
derivative taken at some point (usually the mid-point)
along each side of the triangle.
With the use of rational polynomials Mitchell (1972)
proposes through a simplification of the results of
Dupuis and Goel (1970) an easier way of obtaining C1
approximation that involves only the function value and
its first partial derivatives at each vertex.
The last four methods provide the partial derivatives
as primitive parameters and in many physical situations
quantities such as temperature gradient or fluid velocities
are the principal objective of the solution.
Quadrilateral elements have also proved to be effective,
and simple low order approximation is obtained through
the use of a four component approximating function
(1, x, y, xy) where the four function values at each vertex
(Figure If) are sufficient. To formulate a rectangular
element of class C1 a scheme considered by Birkoff and
Garabedian (1960) for smooth surface approximation at
first promises to be of use. It aims to construct an
approximating function of class C1 by considering the
rectangular domain subdivided by rectangular elements
3 TJ 3 TJ
with U, ^
being known at each vertex (Figure (If)).
By restraining the normal derivative

3 TJ

to be obtained

by linear interpolation along each mesh line, the surface
will be in the correct class.
To solve the problem it now remains to find a twelveparameter family of functions determined by the above
conditions and constrained to be of cubic order or less.
Once again a transformation to convert each rectangle
to a square (S: —1<£, ^<1) is applied and we seek a
family of ‘bent’ squares. In finding the members of the
family, consideration is given to the possible symmetries
and anti-symmetries of the corner conditions under
reflections about the horizontal and vertical axes. Every
family of functions decomposes into a superposition of
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

four components, each component satisfying one of the
four symmetry relations:
Even-Even U ($,v) =
U(-£,v) = U ($,-v)
Odd-Even
U (£,v) = -U(- g,v) = U ($,-v)
Even-Odd
U ((,rj) =
U (- £,v) = - U (f,-rj)
Odd-Odd
U (£,v) =-U(-i,7,) = -U
(4.2)
Each class of functions satisfies three linearly independent
3 TJ 3 TJ
corner conditions and the values of U,
. specified
Of,

Or)

at one corner can be determined uniquely through these
relations at the other corners. It will suffice to specify
twelve basic functions 0U 02, ... , 012 of at most cubic
order where three are from each of the four linearly
independent classes (4.2), and which assume linearly
3 TJ 3 TJ
independent values of U,
at each corner with a
or)

linear gradient along each edge. By the correct choice
of coefficients the approximating function is given by the
12

linear approximation U (f,ij) =

> a,- 0,-.
i= 1
Only nine of the twelve functions can be specified as
polynomials
Even-Even 01 = 1,
02 = f2, 03 = rf
Odd-Even 04 = f,
06 = f3
Even-Odd 07 = rj,
08 = t)3
Odd-Odd 01O = £r), 0n =
= iv [3 (i2+r)2) — frV —5]
To produce the remaining three functions, further sub
division of the rectangle may be considered with 06, 06,
and 0n being constructed by different polynomial expres
sions over each sub-region, each sub-expression still
having the symmetry and anti-symmetry relations of its
class (4.2). Such an approximating function is avoided
here owing to the difficulties associated with the integra
tion over each square, the formulation of the S matrix,
and the availability of the more convenient bicubic
formed by the inclusion of an additional parameter at
each node.
An additional parameter^--- is selected at each nodal
oxoy
point and the normal derivative of the approximating
function is constrained to be at most cubic in degree. The
sixteen basis functions 0„ 02, ... , 016 of at most cubic
order, where four are selected from each of the four
linearly independent classes (4.2) which assume linearly
independent values of U, Ux, UtJ, Uxy at each corner, can
be shown to be the components of the bicubic poly
nomial. The bicubic polynomial so constructed is shown
to be of class C1.
Consider any common boundary for two rectangles;
then the approximate solution U(x,y) along such a line
may be represented in parametric notation as U(s), where
j represents the distance along such a line. U(s) is cubic
and as both U(s) and Us (S) are specified at either end,
the uniqueness of the cubic polynomial demonstrates the
compatibility of the solution. Let W(s) = Ufs) be the
parametric representation of the normal derivative along
such a boundary. Again W(s) is cubic and the specifica
tion of W^s) and Ws(s) (the fourth parameter Uxy) at
either end again shows the continuity of the first order
derivatives.
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TABLE 1. Comparison of Solutions Obtained with Triangular and Eectangular Elements
Zlamal
32 Triangular
Elements

Zlamal
128 Triangular
Elements

U (+, i) ■ ■

0.375120

0.375008

0.37498

0.375

U (*,*) •■

0.117248

0.117190

0.11717

0.117187

1.12832

1.12528

1.1251

1.125

Ux (*,*)■•

0.846757

0.844009

0.84380

0.84375

Uy (1, i) • ■

0.496641

0.499685

0.50002

0.5

Uy (*,*)-.

0.152874

0.155963

0.15622

0.15625

LTx(bf)

••

Birkhoff and de Boor (1965) have proposed a bicubic
polynomial with the same nodal parameters as the one
implemented here but belonging to class C2. Their prime
concern was the formulation of a smooth approximating
function for data distributed rectangularly. The use of
cubic spline functions in both horizontal and vertical
directions produces estimates of Ux and Uy. Spline inter
polation in Ux along vertical lines will produce Uxy at all
mesh points. Because cubic splines of necessity preserve
the continuity of Uxx and Uyy at each mesh point, the
surface as proposed is in class C2 and instead minimizes
J7(V 2t/)2 dxdy. The application of such a surface is
suggested for self-adjoint elliptic problems but it is
doubtful whether the additional restrictions- to achieve
a surface in C2 are worth the computational effort
involved when a Ritz formulation is used, or, to borrow
from the structural analysts, whether the increase in
‘stiffness’ of the K matrix is desirable. In one dimension,
two point boundary value problems may also be handled
by the Ritz method where the elements selected are line
segments.
Ahlberg et al (1967) and Fyfe (1969) discuss the solu
tion of such problems where a solution is obtained that
resembles the finite element method form but which
instead minimizes J[ U"(x)]2dx. Through the selection of
cubic spline functions a recurrence relation is obtained
by the substitution of these functions in the differential
equation. The solution to these relations produces a
solution to the differential equation in piece-wise poly
nomial form with the property of minimum curvature.

16 Rectangular
Elements
(This Work)

Exact Solution

It is easy to generate S matrices that are singular when
considering high order polynomial trial functions that
are to be specified in terms of parameters involving partial
derivatives at node points. Such a selection of parameters
can be identified when linearly independent polynomial
components capable of satisfying the symmetry relations
such as (4.2) cannot be selected.
In some cases such as the 12 parameter family sought
by Birkhoff and Garabedian, it is possible though some
what difficult to construct additional nonpolynomial
functions to circumvent this problem. In some cases the
nodal parameters selected can over-determine the poly
nomial to be used. Such is the case of any quartic poly
nomial when the nodal parameters required are U, Ux,
Uy, UXy, U.J-, 2 Uy2.
5.

RESULTS

The mixed boundary value problem considered by
Zlamal (1969) with the triangular element shown in
Figure (Id)

d2u
dx2

d2u _
dy2

2x2(3—2x)+6y{ 1 — 2x) (-2+y)

subject to boundary conditions u(x,0) = 0,

du
du
=0,
=0
x=Q
dy (x,y)
dx (x,y) x^\
with the solution u(x,y) = (2x3—3x2) (y2 — 2y), is again
solved using the bicubic element and seven digit arith
metic. The solution so obtained by this method is

TABLE 2. Comparison of Finite Element and Finite Difference Solutions for AU = — [2x2(3—2x) + 6y(l — 2x) (y — 2)]
Bicubic Element
16 rectangles
(46 equations)
AVERAGE
U 0.19 x
Ux 0.13 x
Uy 0.13 x
Uxy 0.32 x

Biquintic Element
9 rectangles
(128 equations)

Finite Difference
13 x 13

25 x 25

ERROR:
10~14...........................
10~13 ..
' ..
10-13...........................
10~12...........................

0.48
0.39
0.5
0.33

x 10-12
x 10-8
X 10-8
x 10-8

0.19 x 10-2

0.47 x 10-3

MAXIMUM ABSOLUTE
ERROR:
U 0.55 x 10-14...........................
Ux 0.11 x 10-12...........................
Uy 0.95 x 10-13...........................
Uxy 0.34 x 10-11...........................

0.11
0.12
0.87
0.21

x 10~10
x 10-8
x 10-3
X 10-3

0.59 x 10-3

0.17 x 10-2
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TABLE 3. Comparison of Finite Element and Finite Difference Solutions for AU = 12(5x4 — 1) (90y4 — 36y)

Bicubic Element
16 rectangles

25 rectangles

36 rectangles

0.11
0.07
0.20
0.43

0.07
0.04
0.10
0.24

0.22
0.16
0.36
0.31

0.11

0.10

0.28
0.58
0.61
17.00

0.16
0.33
0.33
13.00

0.57
0.58
0.72
1.1

0.48

0.37

AVERAGE ERROR:

U 0.22
Ux 0.16
Uy 0.38
Uxy 0.92

MAXIMUM
ABSOLUTE ERROR:

U
Ux
Uy
Uxy

Finite Difference

Biquintic Element
16 rectangles

0.57
1.1
1.4
17.0

17 x 17

compared in Table 1 with the solution published by
Zlamal.
While the solution obtained by the coarse rectangular
subdivision does not approximate the correct solution as
closely as that obtained through the fine triangular mesh,
the derivative estimates do show an improvement. To
develop a feeling for higher order approximation with
rectangular elements, a biquintic polynomial was selected
with nine nodal parameters U, Ux, 142, Uv Uv*, Uxy,
Ux*y, Uxv2, Ux2,^. Other high order approximations were
considered but the ,S matrix so produced was singular.
In Table 2 the solutions of this problem are compared
for the bicubic and biquintic elements, and that produced
by the five point FDR technique. In the three cases,
sixteen-digit arithmetic is used and estimates are tabu
lated of the mean and the largest absolute error (for the
FEM interpolation with the approximating polynomial
at various positions within each element is used). The
comparison does not favour the biquintic, nor does one
carried out at nodal points alone. A second problem§ *

§ + 5 = 12 (5** -

- 36^

with the same boundary conditions having the solution
U(x,y) = (2x6 — 6x2) (3y6 — 6yz) is chosen to test the
approximation of a solution which is of higher order
than the functions used in its approximation. The com
parison (Table 3) shows that the high order approxima
tion of the biquintic is only slightly better than the bicubic
for an equal number of elements. The computational
effort is greater and the 25 element bicubic not only gives
better results than the 16 element biquintic but involves
fewer linear equations (77 compared with 128) and these
have a narrower band structure.
As is to be expected, the bicubic polynomial provides
a solution of comparable accuracy to the FDR in all

25 x 25

cases with a reduction in the number of equations to be
solved. The B matrix in the reduced system is known to
have greater band width and so it remains to determine
which is preferable from the computational viewpoint.
The technique outlined in Section 3 is directly applicable
to both methods as each of the diagonalized blocks is
compact in itself. The number of arthmetic operations
(neglecting boundary conditions) is used to estimate the
time involved in solving the linear system and these are
presented in Table 4 (for an IBM 360/50).
Of the two problems investigated, the second shows
that when solutions of equivalent accuracy are consi
dered the 5x5 bicubic compares favourably with the
17 X 17 FDR both in time involved (1.2 : 3.3) and the
storage necessary for the triangulated system (1210 :
3009). In the first problem this comparison is even more
dramatic in favour of the FEM. These results are to be
expected for two reasons when the forward elimination
step is examined. Firstly at the ith stage of the elimination
the Biii+1 and Bi+lii+l matrices lose their diagonal
structure as noted in Section 3. As all positions to the
left of the diagonal now take non zero-values the finer
FDR grid suffers most. Secondly the structure of the
blocks in the Bifi and Bi+lii matrices is the same for
rectangular elements and the elimination of the Bi+l< t
matrix does not introduce additional non-zero terms
when each column in turn is eliminated. These non-zero
components are propagated through the Bi+iti matrix
not only for the FDR method but also for triangular
elements. The selection of nine-point finite difference
approximations to avoid mesh refinement is unattractive
for a number of reasons, including the expansion of a
three band linear system to five bands.
Other factors should be considered including the ease
with which the FDR method can be coded directly. The

TABLE 4: Timing Results for Finite Element and Finite Difference Solutions
Number of Node
or Grid Points

Time (secs)
FEM

Time (secs)
FDR

4x4
5x5
6x6
7x7
8x8

0.66
1.2
2.1
3.1
4.7

0.04
0.08
0.13
0.21
0.32
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Number of
Grid Points
13
14
17
21
25

x
x
x
x
x

13
14
17
21
25

Time (secs)
FDR
1.22
1.6
3.3
7.2
14.0
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3a.
A
Figure 2. Contour Lines for Solution of A U = — [2x2 (3 —2x)
I 6y (1—2x) (—2-| y)l

computational effort in setting up the system of equations
for the FEM is compounded for an elliptic problem with
non-constant coefficients. Provided these are constant
once Bu, Bl2, B22 are determined, no additional left hand
side calculation is involved and the right hand sides are
given in general by a single function evaluation for the
integral, provided it has been formed analytically. The
use of elements involving internal nodes gives rise to a
linear system where there are zero elements introduced
into otherwise compact blocks, and special techniques
should be considered to reduce the bandwidth to a
minimal form.
The bicubic interpolating polynomial can be directly
applied to a contour plotting program (Barry) to produce
high resolution contour lines without recourse to fine
mesh solution. Figure (2) consists of various contour
levels produced on a Calcomp plotter with 1/100th inch
resolution, for the first problem considered with the
4x4 subdivision elements being indicated. The cubic
nature of the approximate function is exploited to refine
iteratively a point to be included on the contour and to
predict the next point along the contour. It was previous
experience in the use of this bicubic polynomial in func
tion approximation that suggested its immediate applica
bility in the FEM.6
6. DISCUSSION

The results support thfe FEM as an alternative means
of solving the self-adjoint elliptic problem. The bicubic
rectangular element has desirable mathematical proper
ties, and produces a linear system with regular features
that enable it to be solved in a most efficient way. Its
high order allows a coarse grid system to be used, and
unlike triangular elements of the same order, the first
order derivatives are continuous throughout the whole
domain. Its main limitation is in handling non-rectangu58

B
C

3b.
Figure 3. Two Non-uniform Finite Element Meshes

lar boundaries, although co-ordinate transformation or
its use in conjunction with triangular boundary elements
seems a satisfactory way of overcoming this weakness.
One attraction of the FEM is the possibility of refining
the element mesh in regions known to be critical. With
triangularization it is possible with care to produce a
refined system without introducing floating nodes
(Figure 3a) although with the rectangular elements
(Figure 3b) it is not possible to avoid them. Such a sub
division would cause the computed solution to lack
continuity along AC unless the unique properties of the
cubic nature of the solution are used to specify the para
meter nodes at B in terms of those at A and C when the
stiffness relationships are derived for the refined elements.
Curved boundaries are often handled through the use
of polygons to approximate the surface. The introduction
of elements with curved boundaries suggests better
accuracy can be obtained if trial functions that are of
higher order than linear piecewise polynomials are
The Australian Computer Journal, Vol. 6, No. 2, July, 1974
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chosen. Ergatoudis et al (1968) and Fellipa (1970) employ
such elements where a local curvilinear co-ordinate
system is used for the boundary elements. This system is
distinct from the global rectangular system used for the
bulk of the elements. Additional nodes are included
along the curved side and under certain circumstances
the Jacobian of the transformation vanishes (Jordan).
The positioning of this node can be critical as it may lead
to cases of infinite strain within the element.
Mitchell et al (1971), McLeod and Mitchell (1972)
propose means whereby the interpolating functions are
sought directly in terms of the rectangular system, based
on geometric considerations. Zlamal (1973) establishes
an approximation theorem, and produces a mapping
scheme for transforming a three-sided curved element
with two straight edges to a unit right triangle that does
not produce a zero Jacobian. The numerical results
reported are very promising.
The solution of the neutron diffusion equation (6.1)
can be obtained through low order finite element method
(Kaper et al (1972)):

1
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B]1 /

A
■4>2 02x

2

- ¥x[D^y)Wx 0(x'y)) -ry{Dvix,y)i0(x,y)) +
+ ctrem (x,y) 0 (x,y) = Sp(x,y)
(6.1)
where Dx and Dv are the diffusion coefficients and are
constant for each material, anm is the removal cross
section and Sp is the neutron source density.
At first sight it was thought that the bicubic element
would be a suitable means of obtaining a solution with
the desirable physical property of providing a continuous
90
within each reactor material. In a reactor core when
on
more than one material is involved (these constitute the
systems that are of interest) the following conditions
(6.2) and (6.3) are imposed at the boundaries of two
material regions A and B as well as the usual external
boundary conditions:
0A(x,y)
= 0B(x,y)
(6.2)
DAd0A(x,y) = DBd0B(x,y)
(6.3)
dn
dn
These conditions can easily be satisfied provided a com
mon node involves no more than two materials. For more
than two materials it is not possible to apply conditions
(6.2) and (6.3) simultaneously as is demonstrated in
Figure 4.
For 0{x,y) to be continuous on AB, 0 and 0X must be the
same for materials 1 and 2 at the nodes A and B owing to
the cubic nature of the solution along any line y=c. For
this to occur along BC as well, the internal condition
(6.3) would be violated.
The FEM has not been used as extensively for elliptic
problems as it has in structural engineering. This is due
in some part to the historical development of the method
and the ease with which the iterative FDR techniques can
be programmed. Storage requirements for the FEM,
particularly those for the 3-dimensional problems, have
necessitated the use of special programming skills in
handling the large sparse matrices. The development of
automated codes such as ‘HEATMESH’ (Gabrielson)
will allow greater use to be made of the powerful tech
nique.
The FEM is also applicable to eigenvalue problems
through the Rayleigh quotient, and to those problems
posed in the Galerkin rather than the Ritz form.

1
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Figure 4. Three Material Reactor Core Region
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The Effect of Large Scale Integration and
Batch Fabrication on the Architecture of Large
Data Systems
By Dr. T. Pearcey*
The effect of the development of large scale integration and general batch fabrication technology, is
related to the effect it will have on the development of hardware architecture of large scale on-line data
systems. In particular, it will improve processing rates and access rates to data and the more ready and
quicker access to archival data. It will also allow improvements in reliability and the maintenance of
integrity and improvement of recovery processes. A large improvement will be due to the ready availa
bility of large scale associative storage devices at various locations in the system.

1. INTRODUCTION

The past decade has seen the realization of the develop
ment of batch fabrication techniques of manufacture of
electronic components of storage and logic of high
density for electronic computers and related equipment.
We have realized, as a result of research in space techno
logy, the actual development of large scale integration
semi-conductor techniques to be used for high speed
read-only and read/write storage and computer logic. In
particular, two of these techniques existing, are known as
the bipolar and the metal oxide semi-conductor techniques.
Of these at present, the bipolar technology has the
better speed for switching but the MOS technology,
although somewhat slower, is fast catching up in speed,
has much higher density of storage, has much less power
drain and is much less complex and therefore cheaper to
produce. There are various varieties of MOS transistor
technology which I shall not deal with in great detail
but refer to the Scientific American, August 1973.
Batch fabrication techniques for storage of high
density are under development in addition to semi
conductor technology, and these are typical thermomagnetic, magnetic bubble and laser hologram techno
logy. All these give high density storage of the order
106 bits per square cm. The thermomagnetic device
depends upon the use of a thin transparent layer of
magnetic material which is subject to a high intensity
exactly focused laser impulse for writing, which raises
the illuminated spot above its Curie point, and, under a
magnetic field, upon cooling the magnetic properties of
the heated spot are stored. Upon reading, a low density
highly focused beam is used and passage of this beam
through the same spot causes a rotation of the plane of
polarization of the laser light through the illuminated
spot. Detection of the change of polarization is used for
determining the storage state. It will be seen that this
can be a high density read/write store and that, with
electrically sensitive refractive optical devices, a number
of layers of thermomagnetic material may be placed
together in a three-dimensional array and storage densi
ties of the order of 108 bits per cubic cm. may be realiz
able. Read-out times could be of the order of 100 nano
seconds per bit.

A further technology, known as that of the ‘magnetic
bubble’, which depends upon the storage of chains of
magnetic domains set into appropriate magnetic condi
tions, may be used as a high density storage device. The
medium uses bubble chains and circulates these within
the medium for writing and reading, each domain corres
ponding to one bit of storage. This technology is essen
tially a serial technology and may suffer some disadvan
tage because of this, although many parallel layers of
bubble ferromagnetic sheets may be used in parallel.
The hologram is an optical interference pattern
produced by the interference of two coherent beams of
laser light, one containing the bit pattern stored. The
hologram is again a high density device and although
essentially photographic and therefore essentially perma
nent, it has the advantage that the entire bit pattern is
held in every portion of the hologram and damage to
the hologram will only slightly reduce the resolution by
which reproduction of the original bit pattern may be
achieved on reading.
The development of batch fabrication techniques
causes the production of hardware to become very cheap
and releases us from the need to economise in the use of
hardware in logic and storage circuitry and much larger
and complex designs are now feasible within reasonable
cost. Batch fabrication procedures greatly reduce cost
and we can afford to use distributed processing and
associative storage devices and, if necessary, redundant
circuitry for the purposes of maintaining reliability and
integrity.
Data systems, because of these advantages of batch
fabrication, are liable to develop further into networks
of more or less large data systems between which high
speed communication can occur. At the same time,
communication technology is being improved by such
techniques as laser and fibre optical and long distance
satellite transmission devices. As a result, data trans
mission costs must reduce within the foreseeable future
and band widths will become much more readily avail
able and data speeds thereby increase.
Designs of data systems will be based around the
development of data bases attached to any particular
system, but at the same time each system must be able

* Caulfield Institute of Technology, Victoria.
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Fig. 1: MOS random-access memory for use in computers requires lower power and generates less heat than the traditional ferrite magnetic-core
memory. With MOS circuits the density of memory stores can be increased and memory functions can be distributed throughout the computer.
Shown here is a 256-bit random-access memory array on a .146-by-.164-inch chip made by RCA Solid State.

to handle general purpose on-line processing. There will
therefore be a need for orientation of the data processing
part of the system for all aspects of data handling in
volving “number crunching”, with word orientation of
say 64 bits, to character string handling in 8-bit characters
in standard international code, and of bit-string manipu
lation. This calls for vector types of operation in the
processing, virtual storage addressing and addressing to
the word, byte and bit levels at all times.
There will be an increasing need for high speeds of
through-put in any particular data system and networks
of data systems may involve some thousands of terminals
of which some 1-10% may at any time be active.
As a result of all these requirements, there will be a
62

need for large volumes of fast access storage at various
levels in a storage hierarchy.
Examples of MOS logic devices and storage devices
are given in figures 1 to 4 (see Hittinger, 1973).
2. STORAGE HIERARCHY

I have frequently commented upon the natural
hierarchy into which storage falls, and have frequently
advised that the design of large data systems should
recognize this hierarchy, (see T. Pearcey, 1971, 1972).
There are five levels of storage graded from the small
volume expensive fast store with access times of the order
of a nano second to the large cheaper and slower store
with access times of order some seconds (see figure 5).
The Australian Computer Journal, Vol. 6, No. 2, July, 1974
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Fig. 2: Electronic Array’s 12,228-bit dynamic MOS ROM requires only one phase dock input; on-chip circuitry converts the input to the two
phases required by the memory.

The topmost level of the storage hierarchy will consist
of a very fast register bank for holding current data and
instruction loops followed by a level which contains the
main execution store with access times of the order of
10-8 seconds and sizes of the order of 106 to 107 characters
associated with a somewhat slower virtual store of access
time of the order of a few micro seconds but of larger
magnitude than the execution store, say about 109
characters. This virtual store would hold the current
state of programs, system programs, system data and
currently operated data.
Below these levels, there will be mass storage devices
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

containing the main area of currently used data records,
the area of main file data containing all essential data
base and a final slower archival area consisting of the
cheapest and probably permanent storage medium.
Extensive use of associative storage for directories,
page request queues and page tables etc., with consequent
complex logic, is now made available by cheap integrated
circuitry and batch fabrication production.
3. THE EFFECT OF THE HIERARCHY ON BASIC
DATA SYSTEM DESIGN
The most important thing to realize from the use of
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batch fabrication techniques, is our release from economy
in logic and storage within reasonable cost. Data systems
will tend to have distributed data storage accessing and
processing devices. There will be more than one accessing
system and almost certainly more than one processing
unit. Because of this release from equipment economy,
it is possible to use the natural qualities of the storage
hierarchy properly and to provide processing units
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separate from the main high speed central data pro
cessor which will be dedicated to the selection and transfer
of current data requests, of the transfer of data records
from the main data base and the recording and transfer
of complete files and transactions prior and post records
for the maintenance of integrity and the use of recovery
procedures. Reliability tends to be achieved to a much
higher degree than before by the use of LSI and batch
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Register
Bank or
Associative
Registers

104 - 105 characters
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IN CPU
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1-10 microsecs,
access

PAGING
STORE

EXECUTION
STORE

106 - 108 characters

1 c/bit

CURRENT
DATA
STORE

107 - 109 characters
1/10 mi Hi secs . access
.01 c/bit

OUTSIDE CPU

MAIN
DATA
STORE

1010 - 1012 characters
100 milli secs, access
.001 c/bit

1012 - 1014 characters
ARCHIVAL
STORE

Fig. 5: Storage hierarchy. It should be noted that the cost/bit is probably overestimated at the lower levels by an order of 10 or 100. The cost
of large data systems will still remain in the order of millions of dollars.

fabrication techniques and special design techniques may
be introduced to maintain the integrity of data and to
check for integrity at the various levels of the storage
hierarchy. Further, the provision of multiple processing
through the storage hierarchy can provide for back up
and recovery as prime features of future systems. These
factors are facilitated further by the use of distributed
storage and accessing and by the use of reliable fabrica
tion methods.
At present we think in terms of rotating direct access
devices with access times of the order of 10 —100 milli
seconds but our thinking will have to change towards
non-rotating direct access, high density, fast access media
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with access times of the order of 1-10 microseconds with
large band widths of transfer of data from level to level
e.g. high density semi-conductor devices, thermomagnetic
devices and bubble storage techniques.
Archival permanent storage is most likely to be
achieved by photochromic or photographic recording.
It is advisable to repeat at this stage the advantage of
holographic storage for archival permanent storage, its
insensitiveness to defacement.
The advantage of recognition of the hierarchy of
storage is that data transfers between neighbouring levels
of storage can occur at the same time, thereby improve
accessing and processing rates.
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4. THE DESIGN FOR HIGH SPEED OF DATA
THROUGHPUT

There is an increasing need for high speeds of data
handling together with generality of application and this
requires the design of the central high speed data pro
cessor of the data system to be oriented towards all three
types of data structure, the word, the byte and the bit.
The following list illustrates some of the techniques
which are currently being used and which can be incor
porated into anticipated data systems with advantage
even using the proposed high speed high density batch
fabrication technologies.
Speed Enhancing Techniques

(1) Reduction of transmission delays, integrated
circuitry, film stores, L.S.I.
(2) Fast working register blocks, available on most
designs, e.g. CDC STAR, UNIVAC 1108, 1110
etc
(3) Multiple CPU units, e.g. CDC CYBER.
(4) Look ahead e.g. IMB STRETCH, English
Electric KDF 9 and later models.
(5) Satellite small processors, e.g. CDC CYBER.
(6) Multiple processors, e.g. UNIVAC 1108, 1110.
(7) Fast extended core store with wide band width,
e.g. CDC CYBER.
(8) Fast instruction register blocks for frequent
short loops, e.g. CDC CYBER.
(9) Cache stores, e.g. IBM 360.
(10) Fast read only store for system programs; re
entrant code.
(11) Complex high level instructions, e.g. CDC
STAR.
(12) Pipeline processing, e.g. CDC STAR, Vector
orientation.
(13) Parallel processing, multi processor orientation,
e.g. ILLIAC IV.
(14) Multi processor networks, e.g. ARPA network.
Large band widths of data transmissions at processing
levels must be provided and for fast transfer from virtual
to execution store complex logic and associative request
queueing must be provided. A fast execution or cache
store of increasing size, mainly using LSI technology, will
provide effective access rates of 10~8 to 10-7 seconds with
vector orientation of accessing for attaining high speeds.
Large virtual storage for holding running programs
and current data, may use semi-conductor LSI, thermomagnetic or bubble technology. Large band width of
transfer to and from execution storage is necessary e.g.
512 bit channel at 109 to 1010bitspersecondorevenhigher.
An associative page request queue logic must be used
for virtual page selection and transfer to avoid inter
program switching delays where page transfers are
necessary. It may in fact be possible with such procedures
to avoid program switching, and therefore multi pro
gramming, to a very large degree. An associative page
table for the conversion of virtual addresses to absolute
execution store addresses, will be necessary and will
involve complicated associative logic for large numbers
of pages. At present our current slow technology need
for economy in logic has made it difficult for us to match
appropriate page table techniques to absolute execution
storage addressing. Associative storage call and demand
algorithms may also change because of the use of fast
associative selection methods.
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

Blocks of fast access registers, say 512 words, and fast
instruction blocks with access times of 10~9 seconds must
be made available and with sufficiently wide band widths.
This may be achieved by the use of LSI semi-conductor
technology. Also included would be a block of fast
registers for holding very rapid access instructions for
enhancing the operation of short, fast program loops
even if these are vector oriented for large power in
instruction meaning.
I have been speaking in terms of a vector type instruc
tion codes for fast handling/ of matrices, number
strings and character strings and bit strings e.g. for the
handling of complete records. The processor would
thereby be of the pipeline type with possibly multiple
pipelines and multiple processing units for fast through
put.
High level instructions improve the pace of effective
throughput rates and reduces compilation demands to a
minimum so that actual compilation processes are greatly
reduced. The real need is to have basic instructions
equivalent to statements in a high level language such as
APL, which needs more or less no compilation. The
CDC STAR is an example of this as also is the Burroughs
series.
Read-only storage and re-entrant code for system
programs would be allocated to a special area of virtual
storage. System software would be designed into the
hardware and the virtual storage would thereby be
partly of read only type so that system software could
not be damaged.
General surveillance of system status would be main
tained by a special “maintenance console” unit processor
reporting by CRT continuously to the operator or
attendant. Rapid reporting and fault detection and init
iation of recovery processes could be made by this unit.
The current data store area will contain all current
and recently active data sets and files or parts of files
retrieved on request from the main data area. Thermomagnetic or bubble type storage of fast access and wide
band width of 10“7 to 10-6 seconds would be expected.
At this level of storage there would be connection to a
communications I/O processor of a store and forward
message handling type to up to the order of at least 103
terminals (possibly 102 or more active simultaneously) and
to other data systems in a network of data system nodes.
The main data store processor would be provided with
an associative access request queueing device and the
main store would consist of large scale laser, thermomagnetic or bubble technology. A separate directory of
the data content within this area would be provided by
the same technology with access times of the order of
10~6 seconds and would preferably be of associative type
of logic to avoid lengthy directory searches. This will
affect the organization of and access to data bases.
The archival storage area is the larger area of storage
and would consist of a number of demountable units
with write-once read-only, possibly holographic storage
and would comprise an archival library. At this level,
there would be maintained a directory of files on a direct
access medium and directives would be output to the
librarian via a printer or CRT requesting archival
devices and for data unit selection and mounting. There
would be a number of archival data units running
simultaneously with an arbitrarily large archival library
available.
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Fig. 6: Data system organization for LSI and batch fabricated components.
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Transfer of archival data to the main data level would
be in units of one file where selection would occur for a
sub-set of data or data record to be transferred to the
higher levels of storage.
Possible technologies also include the optical writeonce read-only tape, as well as the thermomagnetic and
magnetic bubble storage techniques and data volumes of
the order of 1012 to 1014 bytes are readily attainable. At
this point, it must be realized that the hologram photo
graph is the essential disadvantage that it requires
development processing. Figure 6 shows the general
tructure as we might expect a data centre to develop.
5.

COMMUNICATIONS AND DATA NETWORKS

The development of on-line data banks and queryupdate systems with the order of at least 103 terminals
in a system, is readily foreseeable with an average of some
10% of terminals being active at any one time. Access
would be via a general message store and forward
process to the data system communications unit or
I/O processor.
Development of cross-referenced data banks causing
need for integration between data banks and systems
within a country or on a world-wide basis, will be
necessary and will involve further use of store and
forward message switching systems using satellites
internationally.
There will be need for some system communication
software to direct within the network all messages or
jobs. There is need for system communication software
within the communication unit of a data system to
detect messages and jobs for itself or to direct requests
to other remote systems.
Full description of the network, status and data types
associated with each data system node, must be main
tained as each node of a general message switching
station.
Communication technologies are in a state of rapid
flux and within the next ten years, we are likely to see
satellite laser and fibreoptic systems come into use with
increasing availability of band width and the ability
to transmit more messages at higher speeds.
6.
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CONCLUSION

We expect large data systems to require fast through
put and must design accordingly.
New technology allows a cheap, large and complex
design and especially fuller use of fast associative
reference devices.
We must design for general purpose use with word
byte and bit handling facilities.
Effective throughput rates of 50 to 100 x 10° effective
instructions per second will be achievable at each data
centre.
Terminal systems of the order of at least 10s per
data system will be readily achievable with perhaps an
average 10% of these being active at any one time and
processing speeds and transmission speeds may maintain
request queues to a minimum of probably not more than
ten at any one time.
The development will be towards the interconnection
of data systems and the development of cross-reference
data bases.
Communication areas will probably be of the message
store and forward type and will interconnect terminals
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

Fig. 7: Scanning electron micrographs provided by Fairchild Semi
conductor shows a single bit in a 1,024-bit, four-transistor randomaccess memory circuit made by conventional diffusion and etching
techniques (top) and by isoplanar process that results in a flatter
surface (bottom). Weak spots that can lead to defects tend to occur
where the aluminium electrodes (narrow strips) climb a raised oxide
surface. The isoplanar process extends the oxide into the silicone
substrate rather than growing the oxide on top of the substrate.

and processors into networks.
Technology will be largely of the semi-conductor LSI,
laser thermomagnetic, magnetic bubble, holographic
devices with bit densities of the order of 108 bits per
square cm. or 108 per cubic cm. of storage.
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The Design of Introductory Programming Subjects
By Richard P. Watkins*
Because a student’s whole educational career can be influenced by his initial involvement with a discipline
it seems necessary to expend a large amount of effort in the design and teaching of introductory subjectsSubject design involves the two complementary activities of content decision and subject documentation.
This paper begins by discussing a method of subject documentation and goes on to apply it to Introductory
Programming Subjects. In doing so it is argued that a greater degree of creative problem analysis
should be included and that this seriously affects decisions about course content and presentation. The
paper concludes by considering the implementation of these ideas and some problems which arise.

1. SUBJECT SPECIFICATIONS

“Before considering how to educate, it is as well to
be clear as to the sort of result which we wish to
achieve.”
(Russell, 1957).
The purpose of a subject, a single unit of study in a
course, is to alter the behaviour and competence of
students in some useful manner. This is achieved by
instructors, human or machine, carrying out a suitable
education program (which is the actual education proce
dure used during teacher-student contact). Usually the
instructor does not originate the program but follows a
predefined subject specification.
Ideally, a subject specification is a description of an
education program at four levels of detail:
(a) Statement of purpose of the subject.
(b) Educational goals.
(c) Educational objectives.
(d) Syllabus.
These levels form a hierachical system so that, by studying
each level in turn, the teacher can gain a thorough under
standing of the program.
Each level is produced by expanding every clause of the
preceding level into a set of more detailed statements. It
thus describes how the aims of the previous level can be
implemented and, simultaneously, explains the purpose
of the succeeding level (see Watkins, 1973). For example,
an educational objective states a specific area in which
the student must show competence, but it gives no indica
tion of how this competence is to be achieved (described
by the syllabus) nor does it explain why this competence
is required (given by the educational goals).
The omission of any one of the four levels can lead
to inconsistencies and reduce the likelihood of the
subject achieving its aims (Watkins, 1973). Without
adequate goals and objectives it is unlikely that education
programs can be developed which significantly reflect
the original statement of purpose.
The following discussion will be limited to the design
of Introductory Programming Subjects (I PS’s) because
of the author’s concern and experience in this area, and
because such subjects form a common sub-part of most
computer studies. However, some of the concepts consi
dered here should be related to a much broader frame
work, but this is outside the scope of the present paper.
In the following sections each level of documentation for

the basic subject structure is developed abstractly, with
out reference to particular applications. Then in the
sequel we examine implementation problems and a
prototype education program running at the Royal
Melbourne Institute of Technology (R.M.I.T.).
We take as the axiom for our deliberations the
following statement of purpose of an IPS:
“To develop the ability of the students to use a com
puter to solve elementary problems.”
In order to avoid restricting the discussion, the type of
problem (commercial, numerical analysis, software
design, etc.), and hence the relationship between the
subject and the students’ main area of study, will not be
specified.
2. EDUCATIONAL GOALS

Polya (1957, 1962), considering the teaching of
mathematics, defines two classes of problem: “problems
to find” and “problems to prove”. Computer problems
clearly fall into the former class where, given appropriate
data, it is desired to produce a suitable result. This is,
however, an over-simplification. The computer problem
solving process involves both human and machine
components, whereas Polya’s mathematical problems lie
wholly in the human domain.
Within the human domain the computer task is a
“problem to find a method (an algorithm)”, and in the
machine domain it becomes “given a method find an
answer”. Between the two lies the task of translating the
man-made method into a form acceptable to the machine,
which is also a human activity (see Figure 1).
It is therefore desirable to define three distinct, if inter
related areas in which a student must achieve some
degree of competence:
(a) Production of an algorithm from a statement of a
problem.
(b) Translation of the algorithm into a program.
(c) Execution of the program on the computer.
These provide a viable basis for a set of realistic goals
consistent with the statement of purpose. The goals
given below are expressed in behavioural terms.
IPS Educational Goals

At the conclusion of an IPS the student should be
able to:
(a) successfully analyse a small, realistic computer
programming problem (problem solving);
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(b) translate algorithms into a computer language,
run the resultant programs, debug them and
obtain satisfactory answers (programming); and
(c) state, in general terms, the purpose and inter
action of the hardware and software of a com
puter system and describe the system’s operation
(machine principles).
The goals provide a solid foundation on which to
build an education program, but they are inadequate by
themselves. This is borne out by examining other curri
cula, where it is common to find statements of the form:
“The basic purposes of the course are to teach (i) pro
gramming, and (ii) nature of computers, and to give
the student a large number of examples in problem
solving where computers are useful” (A.C.M., 1964).
Alternatively, the subject may be:
“designed to provide the student with the basic
knowledge and experience necessary to use com
puters effectively in the solution of problems”
(A.C.M., 1968).
It is not that these goals are bad in themselves; the
fault lies in the lack of educational objectives to link them
to the syllabuses that follow. It seems that the areas of
programming and machine principles are adequately
covered, but there is no easy way to match these topics
to the goals to see if, in fact, the course aims are satisfied.
More significant is the almost total lack of reference to
problem solving in the syllabuses whereas this apparently
makes up about one third of the goals. In this area at
least there is strong reason to suppose the syllabuses do
not reflect the goals.
Equally important is that the combination of goals and
syllabus is inadequate for education program develop
ment. The goals are too general to provide a useful guide
for interpreting the syllabus and “reliance on a list of
topics (a syllabus) as the main basis for planning can lead
to an over-emphasis on acquisition of information for
recall by students, and the neglect of other types of
learning” (Foster, 1972). In order to avoid these pitfalls
it is essential that we spell out the educational objectives
of an IPS.
The development of objectives in the areas of pro
gramming and machine principles offers no great
difficulty, and the proposals in Section 4 of this paper
will be seen to be similar to existing subjects in these
areas. However, the first area of competence, problem
solving, needs careful consideration, especially since it
often seems to be overlooked. For example, Gruenberger
and Jaffray (1965) state that the student “presumably
wishes to learn many things, among which are:
1. What is a digital computer?
2. How does it operate?
3. What it is used for?
4. How is it programmed ?
5. What are its limitations?
6. What should we compute?”
Similar aims are implied by Capon (1968), Davidson and
Hamming (in Organick, 1968) and Bernstein (1971).
These subjects stress topics related to the machine with
little reference to the human element in solving computer
problems. In particular, a seventh question, ‘How do we
compute?’, is rarely mentioned. This point is borne out
by the text of Gruenberger and Jaffray (1965) which, like
many others, tends to present the student with problems
in the form of algorithms; the problem “to find a
72
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method” is largely or entirely solved. The student is left
with coding and modification tasks which give him little
scope for developing his skills above the level of ‘applica
tion’ (Bloom, 1971). Perlis (in Organick, 1968) supports
the contention that this machine oriented approach is
unbalanced when he says:
“. . . the measure of the success of such a course is how
well the students are able to extrapolate what they
have learned into what has not been covered”.
In other words, how competent is the student to tackle
totally unfamiliar problems and develop solutions from
scratch? Before going on to develop educational objec
tives it is essential that this point is clarified.
3. TEACHING PROBLEM SOLVING:
HEURISTICS

“HEURISTIC. Serving to discover; heuristic method,
system of education under which the pupil is trained
to find things out for himself.” (Concise Oxford
Dictionary).
The general basis for the development of problem
solving skills is student involvement with extensive
practical work. By questioning what we are to practise
we become aware of two distinct approaches.
(a) Solution-oriented studies.

The student learns that problems can be sorted into a
number of categories for which well tried, more or less
rigid methods of solution exist. Once the blueprint
methods have been committed to memory, problems can
be solved if they can be correctly placed into one of the
categories. The teacher’s role in this situation is to impart
the necessary ‘knowledge’ and ‘comprehension’ of these
categories to the students and then to develop ‘applica
tion’ skills by extensive practical work (following the
taxonomy of Bloom, 1971).
This solution-oriented method is subject to three
major criticisms. Firstly, it derives, in part, from the
mistaken view that problem solving is solely a logical
process; that it consists of the application of deductive
and inductive thought. But logic is not enough. Often
the student finds himself incapable of applying these
techniques and may regard himself as incompetent;
however Polya (1962) and Copi (1972) demonstrate
clearly that the fault lies not with the student but with
what has been taught. Deduction can only be employed
if a sensible choice from the axioms and theorems can
be made-and applied. Similarly, induction rests on the
dubious assumption that the person can distinguish all
the relevant cause-effect relationships. On this point see,
for example, Polya (1957), page 116.
Logic alone is insufficient for problem solving because
it is largely a hindsight technique; if we have seen a
relationship, logic will enable us to formalize or even
prove this relationship (see Copi, 1972, pages 435 to
441). The impression that logic is sufficient for problem
solving can partly be attributed to authors and teachers
who present the student with solutions which have been
made logical, and hence the processes by which the
solutions were found have been obscured (see de Bono,
1972, for a fuller discussion of this point). The process
of actually seeing a possible solution, intimately related
to the heuristic syllagism (Polya, 1957), is something that
is neglected in the teaching approach outlined above,
except in as far as the teacher hopes that his students will
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

learn something about it by themselves. More often than
not this does not seem to happen.
Secondly, unless great care is exercised in the choice
of practical work there is a danger that ‘application’
skills may be over-emphasized, making the student too
dependent on blueprint methods and thus stultifying his
creativity (along the lines suggested by Foster, 1972).
Thirdly, the approach is relatively ineffective because
it is negative. The real teaching in it is self teaching
where the student tries to discover for himself how to
solve problems. Indeed, to a large extent the official
teacher is irrelevant (Clift, 1972) until the student meets
a problem which will not fit into one of the categories
set up for him.
(b) Problem-oriented studies.

Instead of imitating and practising solution finding we
can, alternatively, place the emphasis on imitating and
practising the examination of methods, or how we see a
way towards a solution. Thus, although the prospect of
obtaining a solution may provide motivation, the student
is made to look closer at hand. He is required to develop
attitudes towards finding solutions, and to look back over
his successful as well as unsuccessful problem solving
attempts to discover both what he did and what he could
have done (see de Bono, 1970).
The above points provide an intuitive feel for the
concept of a heuristic method which provides the frame
work for a much more creative approach to the teaching
task we are considering. To describe a heuristic method
in detail is beyond the scope of this paper, and it is
presumed that the reader has read Polya (1957) and
de Bono (1972). The thesis developed in these books may
be roughly summarized as follows:
(a) The goals of a heuristic method are:
(i) to stimulate and, if possible, bring about an
inspiration which might otherwise not have
occurred (see, for example, the articles by
Poincare and Wallas in Vernon, 1970, and
Koestler, 1964); and
(ii) provide a methodology on the basis of which
more efficient decision making can be
achieved (see Polya, 1957).
(b) Logic methods are, by themselves, insufficient for
problem solving. Although the steps in
problem solving may contain elements of
logic, they are often:
(i) deliberately ‘illogical’ (see de Bono, 1970);
(ii) dependent on chance or inspiration (Koestler,
1964 and de Bono, 1970); or
(iii) semi-logical, as in the case of plausible
reasoning and the heuristic syllogism (Polya,
1957).
(c) A heuristic method consists of suggestions not
rules, and the application of these suggestions
does not necessarily produce a solution.
(d) Review, probably the most significant phase in
problem solution and at the same time the most
neglected, enables the development of a rigorous,
logical solution and, more importantly, a re
assessment of the heuristic method employed.
These ideas are by no means novel; similar proposals may
be found in Osborn (1963), Koestler (1964) and others.
Parnes (in Vernon, 1970) provides some empirical
evidence of the feasibility of this teaching method (see
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also Taylor, 1964a, b). Illustrations of the application of
heuristics to computer problems will be found in Watkins
(1974).
In problem-oriented learning the essential requirement
is that the exercises are solved without hindsight; a
solution must be discovered and then proved valid. This
needs carefully organized problems with case history
solutions in order to bring out the ‘non-logical’ creation
of answers as well as the production of tidy, ‘made
logical’ solutions such as appear in most text books.
4. EDUCATIONAL OBJECTIVES AND SYLLABUS

The following educational objectives are derived from
the above considerations and the proposed educational
goals. These objectives are expressed in behavioural
terms as student aims (Foster, 1972), and the corres
ponding general categories of Bloom’s taxonomy (Bloom,
1971) are appended as a further guide to teaching
emphasis.
IPS Educational Objectives

(1) PROBLEM SOLVING: The student should:
(a) be conversant with the terminology asso
ciated with algorithms and flow-charts and
be able to define these terms (knowledge and
comprehension);
(b) state and apply the concepts and practice of
error detection in flowcharts by tabulation
with trial data (comprehension, application,
analysis);
(c) create flowcharts for tasks closely related to
problems discussed and solved by the teacher
during the course (application);
(d) state the concepts of heuristic method (both
inspirational and methodological) and de
monstrate their application (comprehension,
application and analysis);
(e) apply heuristic method to develop flow-chart
solutions for simple, realistic problems un
related to the problems discussed in the
course (synthesis); and
(f) explain in his own terms the relationship
between heuristic method and logic (evalua
tion).
(2) PROGRAMMING: The student should:
(a) state the rules and define the terms associated
with the syntax and semantics of a suitable
programming language (knowledge);
(b) be proficient at translating flowcharts into
correct, equivalent computer programs and
vice versa (comprehension, application);
(c) be capable of debugging a program using
diagnostic printing with trial data as in 1 (b)
above (application and analysis);
(d) demonstrate ability at interpreting error
messages and conditions, and correct these
errors (comprehension and analysis);
(e) examine and interpret simple existing pro
grams such as standard library routines
(analysis); and
(f) recognize the basic elements common to
most languages, such as variable, expression,
statement etc, and describe them (compre
hension - this is to try and improve transferability of ideas to other programming
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languages by emphasizing the similarities
between them).
(3) MACHINE PRINCIPLES: The student should:
(a) be capable of defining the basic terminology
associated with computer hardware, such as
arithmetic unit, store, I/O devices, etc.,
(knowledge and comprehension);
(b) discuss, in general terms, the structure and
operation of a basic computer system (com
prehension);
(c) describe the elements of software such as
operating system, job control language,
compiler, etc., and their effect on computer
usage (knowledge and comprehension); and
(d) be capable, at an elementary level, of
describing the relationship between the
language taught and machine langauge,
with respect to addressing, program execu
tion, etc. (comprehension).
(4) COURSE SYNTHESIS: The student should
describe the inter-relation between and make use
of the three areas of competence detailed above in
solving computer problems connected with his
chosen discipline (comprehension, application
and synthesis).
The following syllabus outlines one possible way in
which the above objectives might be realized. The pro
gramming and machine principles topics correspond
closely to the recommendations of Curriculum 68
(A.C.M., 1968), but the heuristic method sections are not
parallelled in any other published syllabus.
IPS Syllabus

{a) Introduction to computers: Basic concepts of the
machine emphasizing its nature as an automatic
machine for symbol manipulation.
(b) Introduction to programming: A minimal subset
of the chosen language to be used by the student
while he is learning the basic practical skills
associated with using a computer; an informal
approach using problems supplied as algorithms.
(c) Algorithms and flowcharts: The concept and
properties of algorithms; flowcharts and the need
for them for algorithm description. Problems
related to those set in (b) with stress on flow
charting and algorithm formulation.
(■d) Debugging and verification of programs: Error
conditions and messages; techniques of debugging
flowcharts and programs including the selection
of test data, checking by hand and computer out
put, and programming to guard against data
errors.
(e)Introduction to heuristics: Examples of difficult
problems; the question of insight and the concept
of a systematic approach to solving problems;
Polya’s heuristic for mathematics. Unseen prob
lems including some from areas other than
computer science.
(/) Heuristic method: Discussion of a heuristic
method; stimulation of inspiration, methods of
decision making; problem definition, examina
tion, segmentation, analysis and review; special
features of algorithmic problems. Unseen prob
lems of increasing complexity. Examination of
other views and theories of problem solving.
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(,g) Advanced programming: A more rigorous study
of a programming language; extension of the use
of subscripts, subprograms, formal/actual para
meter association; common data, segmenting,
storage allocation and other structural forms;
program structure and design; documentation
within and outside the program text.
(h) Organization and characteristics of computers:
Internal organization including input-output,
memory, processing and control; description of
registers, instruction codes, execution of instruc
tions, addressing and flow of control. (Some of
these areas would be introduced in (a).)
(/) Programming and computer systems: Operating
systems stressing their use to enable efficient
sharing of computers, compilers, assemblers,
loaders, libraries, system routines, job control and
execution.
Any number of possible texts and references for the
programming and machine principles topics may be
found in the curricula already cited. In the field of
heuristics there is a lack of books, but Polya (1957),
de Bono (1970, 1972) and Koestler (1964) should provide
an adequate basis for the subject.
5. IMPLEMENTATION OF AN EDUCATION
PROGRAM

The above discussion outlines what we consider to be
the minimum content of an IPS. It has not referred to
any actual courses for two reasons. Firstly, assessment of
existing subjects is difficult. The published curricula
which have been cited (and most of the documentation
developed for use by staff and students within institutions
which we have examined) ignore or gloss over problem
solving. However this does not necessarily mean that
there is no productive teaching in this area.
Even so, there is some evidence to suggest that perhaps
solution-oriented learning is used extensively. Austing
and Engel (1973) state that:
“Unfortunately, no texts have appeared which have
achieved the goal of presenting the subject of problem
solving in an effective way (several books by Polya
might be considered exceptions to this statement but
they are not of. . . algorithmic orientation . . .).
Judging from the great variety found in introductory
computing courses, it would seem that few, if any,
teachers have been able to achieve the goal.”
Their view that a significant number of teachers fail to
develop problem solving skills seems well supported.
Vazsonyi (1970), for example, goes as far as to outline
and discuss Polya’s method, but there is no follow-up;
the student is not shown how these ideas relate to his
problem. As with Gruenberger and Jaffray (1965), the
book goes on to stress application of blueprints with
little opportunity for the student to develop his abilities
above this level of achievement. Similarly, Weinberg
(1971), Chapin (1971), Smith (1969), Rice and Rice
(1967) and Rosin (1973) are all either solution-oriented
or else they agree with the above arguments but feel that
heuristics cannot be taught.
In the context of advanced studies, Wirth (1971) and
Dijkstra (1971, and in Dahl, Dijkstra and Hoare, 1972)
give an excellent analysis of a method of program develop
ment by a process of progressive refinement, which effec
tively generates a documentation of the algorithm
The Australian Computer Journal, Vol. 6, No. 2, July, 1974

(Watkins, 1973). (This has been applied at lower educa
tional levels by Doran, 1971). But again, the task faced
by a programmer who cannot conceive a solution is not
adequately considered. Hansen (1973) acknowledges this
and suggests that structured programming is concerned
with the final result rather than solution discovery.
Secondly, the examination of an existing subject would
have tended to restrict the discussion to a particular
sub-set of IPS’s when in fact the basic concepts are quite
general. In this regard it should be remembered that the
structure of IPS’s depends critically on the type of
student intake and the objectives of the subject in relation
to the major area of study. IPS’s vary from short intro
ductions to basic principles in support of studies in
engineering, commerce, architecture, etc. (of about
25 hours duration) to comprehensive subjects (of 100
hours or more) providing a fundamental framework for
computer science degree curricula. Further, although
they are commonly found in the first year of tertiary
study, they may appear in just about any stage. In all
cases, however, the same basic core of material is covered
and the variation results from changes in breadth, depth
and student maturity.
If a subject is to be based on the documentation
presented in this paper, three additional points must be
considered. Firstly, lecture techniques are not satisfactory
for development of problem solving skills (Bligh, 1972),
and extensive use of small group discussions is necessary.
Unfortunately the differential between lectures and
tutorials is usually dictated by the availability of resources
at each particular institute, and extensive group work
may not be feasible. As well, the development of problem
solutions is a lengthy process and fairly large amounts of
time must be made available without imposing excessive
pressures elsewhere. For example, an in-class problemoriented approach to developing a bubble sort algorithm
might take six to ten hours as opposed to about one hour
spent describing the algorithm in a solution-oriented
environment. Assuming these problems of resources
can be overcome, it is apparent that the core material
would require at least two hours per week for one year
(a total of about 50 hours). Of this time over half should
be spent in discussions of heuristics; if the views of
Pitteway (1972) on the teaching of programming are
supported, a much greater percentage of informal
classes could be adopted.
Secondly, it has been argued that much of the demand
for the recipe type approach of solution-oriented teaching
comes from the students themselves, perhaps as a result
of the type of teaching practised in secondary schools.
This would suggest that in continuing education the
stress on discovery learning should be left until later
years. But this is in direct conflict with the needs of
students in terminal courses. There is little doubt that
a high level of problem solving skill is a desirable aim,
and its development in a terminal IPS would seem
especially necessary because the student will not get
further opportunities to extend his talents. Although
there might be some truth in the assertion, Beard (1972)
and the author’s practical experience with small group
teaching suggest that the student is not only capable of
this work in earlier years but relishes the variety it offers;
and so these fears seem unfounded.
Thirdly, the above points suggest the real danger that
a problem-oriented course can degenerate into a solution75
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oriented course. With excessive pressures in terms of
time and facilities, as well as nebulous and perhaps un
measurable returns for a high level of effort, it is very
easy for the teacher to gradually let standards slip despite
the best of intentions. Given subject documentation
which is based on fact oriented syllabuses and reasonably
tight teaching programs, it would be surprising if solutionoriented methods were not employed.
As a practical illustration of the proposals made in
this paper, we now give a progress report on the develop
ment of IPS education programs at R.M.I.T. This work
has centred on a first year subject called Digital Pro
gramming 1 (DPI). The subject, which services the
mathematics degree and diploma courses, originally
occupied two hours per week and concentrated on
developing the students’ ability to apply computers to
mathematics via Algol 60 (which was chosen partly for
the reasons advanced by Dijkstra, 1971, 1972). In 1973 it
was expanded to four hours per week (about 100 usable
hours) in order to experiment with discovery learning
and it now follows a syllabus very similar to that out
lined above.
During 1973 the prototype education program was
partially successful, but insufficient time had been spent
on student directed discussion. In 1974 the program has
been refined along the following lines. The subject is
divided into two 2-hour streams:
(i) Algol 60 programming and machine principles.
(ii) Heuristics and tutorial work related to stream (i).
The second stream concentrates on class discussion. To
achieve this, the students divide themselves up into
working groups of about six to consider problems and
attempt to solve them collectively or individually. The
groups regularly come together to report back to the
class as a whole, pool ideas and crystallize them into a
heuristic method under guidance of the lecturer. As a
basic principle, the course is directed by the students
with the lecturer reducing his role to one of overseeing
the class and redirecting or helping it when the need
arises. In addition to these class workshops, some
lecturer directed sessions are used to impart basic
concepts (algorithms, flowcharting, etc.).
Typical of the problems considered early in the
program are:
(i) Repetition of simple tasks. Although it may be
preferable to introduce repetition via for and DO
statements, the constructs in the available
languages are cumbersome and require a deeper
knowledge of counting and loops.
(ii) Sorting, introducing subscripts and flags in the
context of a familiar problem.
(iii) File updating and the concept of procedures.
(iv) Deterministic and probabilistic simulation.
Although each of these problem areas develop the
students’ knowledge of techniques, this is secondary to
the study of heuristics. Fqr example, the development of
sorting algorithms is based on the creation and compari
son of methods from first principles; the students are
never shown solutions or taught techniques before they
have discovered them themselves. Also note that the
problems are chosen because of their usefulness in
developing creative ability and programming skills and
they do not necessarily relate to the student’s discipline.
In conclusion, the evaluation of student progress in the
area of discovery learning is extremely difficult as normal
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examination by written papers or assignments is of little
value. However, we believe that ranking of students in
this area is undesirable and we have not attempted it.
Equally difficult is the evaluation of the effectiveness of
the subject because of the variability of both staff and
students. Thus, the results of the 1973 DPI course must
be regarded as discouraging, but they were significantly
influenced by the erroneous teaching methods used. The
effectiveness of the teaching is probably best measured
indirectly in terms of the examination standards in the
more formal (and knowledge based) topics of pro
gramming and machine principles.
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Planned Metrication of Computer Systems
in a Large Steelworks
By W. Hanlon* and G. A. Hamer**
The introduction of the S.I. derived units of metric measurement is currently being implemented through
out the B.H.P. Group. In a company with heavy commitments to automated methods and computer
based information systems in major production and commercial areas, it is essential that the change
to metric standards be carried out smoothly. This paper outlines the data processing planning and
involvement in the metric conversion effort at Australian Iron and Steel Pty. Ltd., the major subsidiary
of B.H.P. Co-ordination of the data processing metric conversion by use of a project control system is
also outlined.

Key Words and Phrases: Planned Metrication, Metric
Conversion, Steelworks, Steelmaking, Rolling Mills, Flat
Products, Merchant Product, Project Control, Network
Analysis.
CR Categories: 3.54, 3.80, 4.40.
1. METRIC CONVERSION FOR AUSTRALIA
1.1 Metric Conversion Act

The 1970 Metric Conversion Act means that, by 1980,
the International System of Units will replace Imperial
units in all aspects of Australian industry, commerce and
sport.
Different sectors of the community have different
“Metrication Days”; in the Steel Industry the major
effort is scheduled for 1973 and 1974.
1.2 Metric Conversion Board

Under the Act the Metric Conversion Board was set
up as a national consultative and co-ordinating body.
The Board appointed Advisory Committees with mem
bers drawn largely from industrial and trade associations
to cover important sectors such as Building and Construc
tion, Engineering, and so on.
2. METRIC CONVERSION WITHIN B.H.P.
2.1 Policy Committees

A Metric Conversion Co-ordinating Committee was
established in Head Office to decide policy on a company
wide basis. Also, each centre formed a Policy Committee
to advise Head Office and to co-ordinate planning within
the centre.
2.2 Metric Conversion Officer

Each plant also appointed a Metric Conversion Officer
to initiate and co-ordinate action. He serves as secretary
to the Policy Committee and provides a central contact
for the plant departments, other centres and outside
bodies.
2.3 Metric Conversion Sub-Committees

A sub-committee was set up to co-ordinate metrication
in each aspect of the plant’s activities, such as Commer
cial, Rolling Mills and Data Processing.

3. DATA PROCESSING CONSIDERATIONS
3.1 Computer Centre, A.I. and S.

The following descriptions relate to data processing at
Australian Iron and Steel, Port Kembla. The approach
to metrication at other B.H.P. centres may vary in
detail.
The Computer Centre employs 250 to 300 people and
is divided into four areas under one manager.
3.2 Systems and Programming

A staff of about eighty analysts and programmers is
responsible for all commercial and production systems
applications and development. This is the area most
affected by metrication.
3.3 Systems Engineering

A staff of about forty graduates provide support in
Operations Research, Process Control Systems and
Technical Data Processing. Most of the systems affected
by metrication are self-contained and so the associated
problems are not so great. The Operations Research
section provide optimising subroutines for production
systems and also support the Project Control System to
which we refer later.
3.4 Systems Development

The Software section is responsible for the extensive
operating systems which handle on-line communications,
data base organisation and the usual utility routines. An
A.I.S. File Management System was adapted to convert
files to metric units.
Software has a staff of fifteen.
3.5 Data Processing

All the service operations, data preparation and
control and computer operations are the responsibility
of Data Processing, a staff of up to 150.
3.6 General Applications

The Port Kembla complex includes harbour facilities,
coke, iron and steelmaking plants and rolling mills
producing tinplate, hot and cold rolled strip, wires,
plates, construction sections and rails. The labour force
is over 20,000. Multifarious computer applications based
on three Control Data 3300 processors, reflect this
complexity and size.

* Principal Systems Analyst, Corporate Data Processing, The Broken Hill Proprietary Co. Ltd., G.P.O. Box 86A., Melbourne, 3001.
**Senior Systems Analyst, Australian Iron and Steel Pty. Ltd., Post Office, Wollongong, 2500.
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3.7 Flat Products Systems

5.3 Program, File, Document Details

Most of Port Kembla’s production is of slab, plate,
coil and strip products where integrated, on-line com
puter control systems have been under continuous
development for some years.
The progress of each plate product is tracked and
controlled by computer systems from receipt of the
customer order, through steelmaking and rolling, quality
control and testing to despatch and invoicing. Features
of the systems include a computer printed plate rolling
and cutting schedule and on-line reallocation of plates
lost to the original customer’s order. A combination of
batch, on-line and real-time work, together with remote
job entry facilities, provide a varied job mix in the
computer room.
The systems have been implemented at different times
by different teams. The interface problem has been mini
mised by careful planning of each new system.
It is clearly impossible to over-emphasise the impor
tance of detailed planning in the metrication exercise.

The other three forms provided for detailed informa
tion about individual programs, files and documents
with particular reference to field names, sizes and current
units. The information entered at this stage was also to
help the actual conversions undertaken later.

4.

DEFINING RESPONSIBILITIES

The unique characteristics of the project - alteration of
basic measuring units and absolutely rigid deadlines demanded very clear responsibility definitions with a
strong emphasis on co-ordination.
4.1 Metrication Co-ordinating Group

Early in 1972, a Senior Systems Analyst was appointed
D.P. Metrication Co-ordinator. He had a staff of one
systems analyst and clerical assistance as required. His
responsibilities were well defined and were confined to
representing the department externally in matters of
metrication, co-ordinating, planning and scheduling. The
responsibility for actual program amendments remained
with the Applications Teams who were to ensure that
their systems continued to operate effectively throughout
the conversion period.
4.2 Liaison Officers and Sub-Committee

Ten Liaison Officers were appointed from the Applica
tions Teams to represent the major systems. Also,
Systems Engineering, Systems Development and Data
Processing each appointed one representative.
This group formed the Computer Metrication SubCommittee under the chairmanship of the D.P. Co
ordinator. The first meeting was held in June 1972, and
thereafter meetings are held as required, usually on a
monthly basis.

5.4 Results of Survey

For ease of handling each area was sub-divided into
identifiable sub-systems of up to twenty programs each.
Fifty-one sub-systems emerged comprising 564 pro
grams, 88 files and 50 documents directly affected by
metrication. Greater numbers of programs and files, not
directly affected, needed to take part in the systems tests.
A very high level of interaction was evident from the
fact that most of the files, documents and modules were
used by several different systems.
5.5 Benefits of Survey

The considerable work load represented by the survey
proved worthwhile, because:
(a) it provided a data base for a timetable of work,
(b) it caused the Applications Groups to review their
systems and get a “feel” for the conversion,
(c) it started to isolate problem areas,
(d) it identified areas where decisions concerning
metric units, tolerances, preferred sizes and new
standards were required.
6. ANALYSING THE PROJECT
6.1 Itemising the Jobs

Metrication involved nine distinct steps or jobs for
each sub-system, namely:
1. Define metric standards - this often meant referring
back to plant or Head Office departments and
sometimes to Australian Standards Association.
2. Amend programs.
3. Re-design documents.
4. Test amended programs.
5. Convert files.
6. Test metric system.
7. Parallel run system.
8. Obtain new stationery from printers.
9. Document changes and install metric system.
6.2 Single System Network

Clearly, some of these jobs could not be started until
previous jobs were completed. A critical path network
was drawn to illustrate this.
3 (External)

5. COLLECTING INFORMATION
5.1 Information Forms

9 (External)

The first action of the sub-committee was to launch
a detailed survey of the systems affected by metrication.
Four forms were designed to collect the relevant
information; these were issued to the Application
Groups in June and finally completed by October 1972.
5.2 Systems Summary

The first form provided for a list of programs to be
amended within each system and the files, documents
and modules used by each program. Estimated durations
were entered for program amend, test, system test,
parallel run and system document.
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The network shown in Figure 1 is only symbolic in
that it represents program-amends, program tests,
documents and file converts as single jobs. When multiple
programs, documents and files are allowed for, the net
work becomes too complicated to be helpful.
The bent arrow shows how the network for a particular
sub-system might interface with other systems. Jobs in
other systems may take precedence, for example it may
not be possible to test System A until System B has been
tested.
6.3 Full Network

As soon as the extent of
appreciated, tentative ideas for
and timetable manually were
decided to use a computerised
technique.

the complications were
preparing a full network
abandoned and it was
network and scheduling

7.8 PCS Output - Bar Chart

For a large network this tends to be rather large and
cumbersome.
7.9 Work Schedule

For each job, this gives the calculated early and late
starts, early and late finishes and float. It is an excellent
report for progress chasing (see next section).
7.10 Other Reports

The work Status and Precedence Reports are useful
for resolving apparent anomalies in the Work Schedule,
which arises occasionally from more obscure inter
relations between different systems.
Reports are also available on Resources, Costs and
Milestones.

7. PROJECT CONTROL SYSTEM
7.1 The PCS Package

8. THE WEEKLY CYCLE
8.1 Progress Reports

Project Control System, the computer package for
network analysis used at Australian Iron and Steel, was
originally written in the early sixties but has since been
extended and adapted to the Company’s CDC 3300’s.
PCS generates a critical path network using single
estimates of duration. The system provides powerful
progress updating, amending (of estimated durations,
relationships, etc.) and reporting facilities.

Progress reporting is done on a weekly cycle and is
based on the PCS Work Schedule. Using the report
organisation facilities offered by PCS, a separate report
is printed for each sub-system. It can be printed in order
of job-priority (i.e. by order of late finish) and provides
the section leader with a quick reference of progress and
urgent work for the coming week.
8.2 Updating

7.2 Network Generation

Generation of the PCS network required lists of job
descriptions, estimated durations, relationships between
jobs and schedule dates. This information was extracted
from the survey forms, coded onto punching documents
and input via punched cards.

The network is updated and new work schedules
printed every Wednesday night. The schedules are
distributed to the relevant section leaders every Thursday.
The section leaders mark up the new week’s progress on
the schedules each Tuesday, return the schedules to the
Co-ordinating Group and the cycle is repeated.

7.3 Relationships

8.3 Benefits

The most common relationship was the finish to start.
For example, no systems work could start until the
metric standards had been established; a program test
had to wait completion of the program amend. Occa
sional use was also made of the finish to finish and start
to start relationships.

This method of project control is ideally suited to the
metrication exercise where the work to be done is predeterminable and where deadlines are absolutely fixed.
The routine reminders and progress reports provide a
motivation which is missing from the actual content of
the work.

7.4 Lags

Lags were built into the network between each system
test and parallel run. These provided safety margins
against over-confident estimates of duration.
7.5 Schedule Dates

In addition to setting schedule dates forcompletion of
each system (in fact the relevant Metrication Day), fixed
schedule dates were set for parallel run capability.
Provision was made in this part of the timetable for
interfacing systems to be tested together. Stand-alone
systems were to be tested at other times in order to spread
the load on the computer.
7.6 First Results

The actual coding was no mean task for the Co
ordination Group but the queries that were resolved on
the way created a better understanding of the project
for all. The new network comprised 1459 work items,
2866 relationships and represented an estimated 47 manyears work.
7.7 Updating the Network

As work progresses, updating is done by inputting the
job number with its actual start date or finish date.
SO

9. SIMULATION RUNS
9.1 Parallel Runs

It was soon realised that the traditional pre
implementation parallel runs would only be possible for
the stand-alone batch jobs.
9.2 On-line systems

These handle about 15,000 messages per day, trans
mitted from different areas of the plant. A true parallel
run required re-inputting and re-processing metric
versions of these messages and, in a continuous produc
tion environment, resources for such an exercise were
simply not available.
9.3 Simulation Runs

As a more practicable approach, it was decided to
post-simulate 24 hour production periods. Rather than
attempt to simulate all production systems in one run,
meaningful combinations of two or four systems were
selected to be tested together. Five such combinations
were drawn which, between them, would test all the
relevant systems interfaces.
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9.4 Detailed Plans

Basically, each simulation entailed:
(a) copying all files at the start of the 24 hour period
and converting all relevant fields to metric,
(b) logging all activities during the period, including
terminal messages, and taking copies of any
production reports,
(c) copying all the files at the end of the period,
(d) starting with the converted files, re-running all
activities in metric using the metric versions of
the programs. This step required special modules
in the edit programs to convert the input to
metric,
(e) comparing the resulting metric files and reports
with their controls out of the normal production
runs.
10. MILESTONES
10.1 Mass Conversion

The first set of units, those of mass, were converted
to metric for all products on July 1st, 1973. This exercise
was carried through remarkably successfully. The
simulation runs were more elaborate than really required
by the fairly trivial switch from tons to tonnes (the units
used by the on-line systems) but proved useful pilot
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exercises. A detailed operation schedule for the week
end of June 30/July 1, pre-planned the close-down of
imperial reports and the actual conversion of files and
program libraries.
10.2 Dimension Conversions

Strip and coil products are to be produced to metric
sizes from April 1, 1974, merchant products from July 1,
and plate products from December 1. Efforts are
currently concentrated on order-entry and invoicing
systems for early 1974 when the first metric orders are
anticipated. Work on the on-line systems i.e. those
associated with plate products, will build up to a peak
in mid-year.
11. CONCLUSION

Most problems posed by metric conversion are in the
nature of timing and logistics rather than matters of
principle.
Experience has proved that the importance of planning,
scheduling and monitoring progress is paramount.
ACKNOWLEDGEMENTS

The authors wish to thank The Broken Hill Proprietary
Co. Ltd., and Australian Iron and Steel Pty. Ltd., for
permission to publish this paper.

SI

AUSTRALIAN COMPUTER SOCIETY INCORPORATED

Eighth Report of Council
1st January, 1973 to 31st December, 1973
MEMBERSHIP
Membership figures as at 31st December, 1973, are
shown in Table 1. The growth in membership since
incorporation is shown in Table 2.
COUNCIL MEETINGS AND OFFICE BEARERS
Council met twice during the year, on 14th and 15th
May and 19th and 20th November, 1973. Both meetings
were held in Sydney.
Branch Delegates
N.S.W.
Victoria
Canberra
Queensland
South Australia
Western Australia
Councillors
President
Immediate Past President
National Honorary Secretary
National Honorary Treasurer
Observers
Executive Secretary
Editor, ACS Journal
Constitution and By-Laws \
Fellows Committee
I

The office bearers elected in May, 1973, were:—
President: Mr. P. R. Masters.
Vice-President: Mr. A. W. Goldsworthy.
National Honorary Secretary: Mr. K. S. Arter.
National Honorary Treasurer: Mr. K. G. Ernst.
Public Officer: Mr. B. W. Smith.
The President, Vice-President and National Honorary
Secretary were appointed as the Council Executive
Committee for 1973-74.
Attendees at the respective meetings were as follows:—

May, 1973
M. A. Norsa
J. M. Blatt
A. Y. Montgomery
P. R. Masters
B. H. Crook
P. J. Claringbold
A. W. Coulter
A. W. Goldsworthy
V. Mickan
G. Dunne
R. J. Hartley
P. Field

November, 1973
M. A. Norsa
J. M. Blatt
A. Y. Montgomery
A. P. Bell
B. H. Crook
P. J. Claringbold
A. W. Coulter
A. W. Goldsworthy
V. Mickan
G. Dunne
R. J. Hartley
P. Field

P. R. Masters
R. W. Rutledge
K. S. Arter
K. G. Ernst

P. R. Masters
R. W. Rutledge

Mrs. J. M. Presdee

Mrs. J. M. Presdee
T. Pearcey
P. M. Murton

COMMITTEES OF THE COUNCIL

Chairman, Standing Committees:
R. W. Rutledge.

Council Executive Committee:
Convenor: President.
Members: Vice-President, National Honorary Secre
tary.

Chairman, Special Committees:
A. W. Goldsworthy.

Finance Committee:
Convenor: National Honorary Treasurer.
Members: Council Executive Committee.
Signatories:
Council: President, Vice-President, National Honor
ary Secretary, National Honorary Treasurer and Public
Officer.
Secretariat Imprest Account: National Honorary
Secretary and National Honorary Treasurer.
Business Manager’s Account: Business Manager,
Public Officer, National Honorary Secretary and
National Honorary Treasurer.
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Australian Computer Journal:
Editor: Dr. T. Pearcey.
Associate Editors: Professor J. M. Bennett and A. Y.
Montgomery.
Business Manager: Mrs. E. A. Bodley.
Careers and Education Committee:
Convenor: A. P. Hunter.
Fellows Committee:
Chairman: P. M. Murton.
Vice-Chairman: B. W. Smith.
Members: Professor J. M. Bennett, A. W. Golds
worthy, Dr. G. W. Hill, D. W. G. Moore, Dr. T.
Pearcey and F. L. Hall.
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MEMBERSHIP AS AT 31st DECEMBER, 1973
TABLE 1

Fellows

Members

New South Wales ...
Victoria ...................
Canberra................
Queensland .............
South Australia ..... •
Western Australia...

33 (32)
15(13)
25 (26)
7 (7)
7 (5)
3 (3)

1,752 (1,703)
1,016 (991)
557 (540)
342 (343)
349 (307)
196 (184)

Totals......................

90 (86)

4,212 (4,068)

Branch

Total
Corporate

Associates

Affiliates

Students

Total
Personal

Corresponding
Institutions

(159)
(146)
(72)
(40)
(59)
(59)

2,089 (1,894)
1,269 (1,150)
740 (638)
426 (390)
513 (371)
268 (246)

209
275
59
100
73
37

(213)
(219)
(71)
(93)
(96)
(34)

37 (53)
68 (22)
4 (5)
3 (7)
5 (10)
11 (4)

2,335 (2,160).
1,612(1,391)
803 (714)
529 (490)
591 (477)
316 (284)

12 (—)
36 (38)
8 (7)
40 (40)
-(-)
1 (1)

1,003 (535)

5,305 (4,689)

753 (656)

128 (101)

6,186 (5,446)

97 (86)

304
238
158
77
157
69

Note: Figures in parentheses are totals for year ending December, 1972.
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
MEMBERSHIP GROWTH SINCE INCORPORATION
TABLE 2

1968
2.380
—

1969
54
3,004
—

1970
75
3,233
—

1971
83
3,750
102

1972
86
4,068
535

1973
90
4,212
1,003

2,043
232
37

2,380
267
49

3,058
471
89

3,308
574
109

3,935
705
141

4,689
656
101

5,305
753
128

2.312
69

2,696
83

3.622
87

3,991
92

4,781
87

5,446
86

6,186
97

—

—

2,043
—

Total Corporate...................... ... 1,677
133
Affiliates ................................. ...
21
Students.....................................
Total Personal ......................... .... 1,831
65
Corresponding Institutions.....

—

I

1967

1966
Grade
Fellow........................................
Member.................................... ... 1,677
Associate..................................
—
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Constitution and By-Laws Committee:
Convenor: P. M. Murton.

IFIP Technical Committee 5 (Computer Applications in
Technology): Professor G. A. Rose.

Data Transmission Liaison Committee:
Convenor: A. W. Coulter.

IFIP Technical Committee 6 (Data Communications): A.
W. Coulter.

Professional Development Programme:
Manager: B. T. Savvas.

IFIP Technical Committee 7 (Optimisation): R. W.
Rutledge.

Public Relations Officer:
A. Y. Montgomery.
Overseas Visitors Programme:
Manager: R. W. Rutledge.
Examinations Committee:
Convenor: Professor J. M. Blatt.
Social Implications Committee:
Convenor: A. W. Goldsworthy.

IFIP Data Processing Group:
B. W. Smith.
IFIP W.G.22 (Programming Languages):
Dr. J. B. Hext.
IFIP Correspondent:
A. Y. Montgomery.
IAG Correspondent:
B. W. Smith.

Prizes and A wards Committee:
Convenor: A. A. Taylor (Resigned October, 1973).

W.O.G.S.C. (World Organisation of General Systems and
Cybernetics):
P. M. Murton.

IFIP 1977 and IFIP 1980 Case Presentation Committee:
Convenor: Mr. P. M. Murton.

Standards Association MS/20:
P. M. Murton.

Sixth Australian Computer Conference, Organising Com
mittee:
Chairman: Professor J. M. Bennett.
Members: M. H. Rout (deceased), A. E. Cooley, A.
Britton, B. Fletcher, B. J. Lee, Dr. S. Summersbee, M.
A. Norsa, P. J. Farrell, G. K. Pirie, T. O’Flynn and
Marilyn Zweck, Conference Organiser.

Standards Association MS/21:
P. M. Murton.

Seventh Australian Computer Conference, Organising
Committee:
Chairman: A. R. Benson.
Vice-Chairman: P. Field.
Secretary: R. G. Thorpe.
Members: B. C. Appleyard, J. D. Burn, K. R. Smith,
R. B. Webb, D. W. G. Moore, J. H. Wholley, and Mrs.
D. J. Braumn.
Membership Standards Committee:
Convenor: Dr. G. W. Hill (until July, 1973), Dr. R.
S. Northcote (from November, 1973).
Industrial Relations Committee:
Convenor: M. A. Norsa.
Committee on Organisational Structure:
Convenor: P. Field.
Software Industry Committee:
Convenor: Dr. P. J. Claringbold (resigned September,
1973).
IFIP Representative: Professor J. M. Bennett.
IFIP Technical Committee 3 (Education): F. Hirst.
IFIP Technical Committee 4 (Medicine): Dr. D. Race.

ELECTION OF FELLOWS

At the November, 1973, Council Meeting the follow
ing three members of the Society were elected to Fellow
ship:—
P. Cornish, A. Y. Montgomery and R. Northcote.
The total number of Fellows of the Society is now 90.
COMMITTEES OF COUNCIL (ACTIVITIES)

Due to the increasing complexity of Council business,
and the difficulty being experienced by honorary office
bearers in coping with the increasing responsibilities, a
restructure of Council and its activities was undertaken
during the year. The significant changes brought about
by this re-organisation were:—
1. The Vice-President was made Chairman of Special
Committees.
2. The Immediate Past President Was made respons
ible for all Standing Committees.
3. Convenors of committees are appointed by the
Council Executive Committee following a call for
nominations. The convenor retains his position
until he resigns or is replaced.
4. The functions of Executive Secretary and Journal
Business Manager have been split. However, both
positions still report to the National Secretary.
5. In the interest of facilitating Council business,
reporting periods have been clearly defined as being
from the 1st October to 31st March (for the May
Council) and the 1st April to the 30th September
(for the November Council meeting). Reports of
convenors are required within 14 days of the clos
ing date mentioned in order that adequate distribu
tion of their reports can be made to Councillors
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and Branch Delegates sufficiently in advance of
Council Meetings, so that they can be well informed
of the contents prior to the relevant meeting.
Council Executive Committee

Because of the substantial workload it was necessary
for the Council Executive Committee to meet in person
on two occasions (in July and September) so that busi
ness could be despatched without undue delay. This
enables many decisions to be taken that would other
wise have to wait until the next Council meeting.
Careers and Education Committee

Unfortunately no progress was made on one of the
main objectives of this committee, which was to update
the “Computer Courses in Australia” booklet. Every
effort is being made to ensure that this valuable refer
ence booklet is updated and available for 1975. How
ever, the “Careers in Computing Brochure” has been
revised and is expected to be printed early in the new
year.
PROFESSIONAL DEVELOPMENT PROGRAM

The continuing education of those in the field is of
vital importance. One of the major activities of Council
has been directed to this end. The Professional Develop
ment Program is designed to make available to members
high quality seminars, with a practical workshop orient
ation, to assist them in updating their professional
expertise. These seminars are available to all branches
who want to avail themselves of them.
During the year the first seminars under this program
were arranged. The instructors and their topics are:—
Dr. J. L. Smith, C.S.I.R.O.—Data Base Organisation.
Mr. W. M. Holmes, IBM Systems Development Insti
tute, Canberra—The Craft of Programming.
Mr. R. S. Lynn, Coopers and Lybrand, Sydney—Audit
in the Data Processing Environment.
The seminar on Data Base Organisation was delivered
to the South Australian, Victorian and Canberra
Branches during the year. It is anticipated that the craft
of Programming will be given during 1974 to those
branches who want it. Mr. Savvas, the Manager of the
Program, must be congratulated on such a successful
start to what Council feels is a very important activity.
Constitution and By-Laws Committee

All outstanding amendments to the Constitution and
By-Laws were incorporated into a complete reprint of
the Constitution scheduled for early 1974. Because of
many changes in the last year or two very few members
have an up-to-date Constitution, and Constitutions are
not being issued to new members on joining. This situa
tion will be remedied when the reprint is completed and
a copy of the revised Constitution will be available to
each member in a loose leaf form to facilitate future
amendments.
Data Transmission Liaison Committee

The association of the technologies of computers and
communications is one of the more significant of cur
rent developments in computer based systems. Following
a review, Council decided to establish its interest in data
communications through a formal committee of Council
- the A.C.S. National Data Transmission Liaison Com
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mittee. The Chairman is appointed by Council and each
Branch Executive Committee appoints a member. In
addition, a further technical member is appointed by the
Committee itself.
As indicated by its name, a major function of the Com
mittee is to establish a liaison with Communications
Authorities, equipment manufacturers, relevant inter
national organisations and users. It has particular
interest in network performance objectives, communica
tions software, error requirements and the development
of data communications functions-to meet future needs.
The first meeting of the Committee was held on the
17th October, 1973, followed by a two-day joint seminar
with representatives of the Australian Post Office. The
Committee has established a number of working groups;
viz. Education, Network Performance, Standards, Case
Studies and Bibliography. It should be stressed that the
aim of the Committee is to represent computing tech
nology rather than any special user interest. The Com
mittee’s essential approach is liaison and co-operation,
but where there are clear issues inhibiting effective
development in the national interests, then these should
be represented at a professional level to the appropriate
authorities.
During the year, the Chairman was active as Australia’s
representative on IFIP Technical Committee 6 (TC6) Data Communications and was invited to combine with
some other TC6 members to produce a paper on the
future needs in data communications.
Examinations Committee

One of the more important problems which has faced
Council for some time has been the establishment of
adequate standards of knowledge for admission to cor
porate grades of membership. As from 1st June, 1973, a
standard of knowledge for the grade of Associate Mem
ber was implemented. The standard of knowledge has
been laid down in terms of syllabi and sample examina
tion papers. The standard can be met by either gaining
exemption by virtue of an accredited qualification or by
passing examinations conducted by the Society.
Arrangements were made with the Examinations
Branch of the University of New South Wales to con
duct the examinations for the Society, so that they were
conducted simultaneously in a number of capital cities.
The first examination for the grade of Associate Mem
ber is to be conducted in February, 1974. Applications
from people wishing to enter as candidates for the exam
ination were called for, and tentative arrangements made
with a panel of experts to set the required papers when
the details of optional topic requirements were known.
The next stage is to decide upon the standard of know
ledge required for the grade of Member. This should be
finalised in 1974 to operate as from 1st January, 1975.
Editorial Committee

Council accepted with regret the resignation of the
Editor (Mr. A. A. Taylor) and appointed Dr. Trevor
Pearcey in his stead. A lack of papers of suitable quality
in the commercial type areas continues to be a cause of
concern to the Editor and to Council. This factor has
two ramifications. Firstly, an expressed dissatisfaction
from some of the members of the Society that the Journal
is too academic in nature. Secondly, it presents a diffi
culty to the publishers in attracting sufficient advertising
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material to meet costs of publication. The Federal
Budget of August, 1973, re-classified the Journal from
class B to class C mail and raised the postage rates to
18c per copy from the previous 7.5c per copy. As a result
the Society negotiated a new contract with the publishers,
which raised the subsidy to be paid to Australian Trade
Publications from 31c per copy to 50c per copy, to cover
this increased postage and other related costs. In order
to reduce the overall cost of the Journal and to maintain
a publication of high standard it was decided to reduce
the number of issues of the Journal to three publications
per year from 1974 onwards.
The Journal remains an important facet of the Society’s
activities. It offers a medium, of recognised quality, to
members for the publication of material of interest to
others in the field. It can only be as useful as the contri
butions received. It is up to members to ensure that
achievements of interest and importance are reported in
the Journal. The Editor is actively soliciting good review
articles of general interest for publication.
Social Implications Committee

In August the President and the Convenor of this
Committee gave evidence in Melbourne to the Statute
Law Revision Committee of the Victorian Parliament on
the Storage and Distribution of Personal Information
Bill. The Bill is concerned with the privacy issue and the
Statute Law Revision Committee is examining the Bill
as to its adequacy, suitability and need. The Society will
be making further submissions in relation to suggested
changes to the Bill.
Following press statements of the setting up, by the
Federal Attorney-General, of a group to advise him on
the general question of the protection of individual
privacy, the Society approached Senator Murphy,
pointing out its interest in this area. Subsequently the
Convenor of the Committee was invited to give
evidence to the governmental committee.
The Society also approached the Minister for Social
Security and brought to his notice its concern with the
privacy issue in relation to the proposed National Health
Plan.
The Committee is pursuing several of the recommend
ations of the Morison Report in an endeavour to con
vince State Attorneys-General of the desirability of these
provisions. It is hoped that some action will be taken by
the States to initiate positive action in this area.
IFIP are holding a conference in Vienna in April,
1974, on “Human Choice and Computers.” This will
cover such aspects as non-computer communication,
international computers and world affairs, trade union
attitudes towards computers, computers and the under
privileged, data banks, computers and law, computers
and political processes, and the quality of life. Mr. Golds
worthy is a member of the International Programme
Committee and is planning to attend the conference.
The Society is urging action in regard to planning for
the socio-economic effects of computers and automa
tion. It has approached the Federal Minister for Labour
and has received a favourable response. Further discus
sions have been held with senior officers of his Depart
ment. It is hoped that a National Committee will be
established to examine the impact of automation and
other technological changes on society.
At the November Council meeting it was resolved
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that the Society prepare and publish a “Code of Good
Practice m relation to the Privacy, Security and Integrity
of Data. It is hoped that this Code will be formulated
and published next year. It will provide useful guidelines
for those responsible for designing, implementing and
operating computer systems which process data relating
to persons. It will highlight those matters which warrant
consideration and attention. It is aimed at promoting
effective computer systems and a responsible attitude by
computing practitioners.
It was also resolved at the November meeting to
investigate the feasibility of the Society certifying the
competence of professionals in these areas.
Industrial Relations Committee

As a consequence of the concern expressed by several
Branches of the Society regarding the matter of unionism
of data processing professionals, Council decided that it
should closely investigate what should be done to best
represent its members’ interests. The Australian Com
puter Society cannot form a union within the terms of
its own Constitution. However, it was felt that none of
the unions making advances to Computer Society mem
bers provided adequate representation and it was decided
to survey members to determine their attitude in relation
to this problem. This survey will be conducted in 1974.
If it should show that a significant number of members
wish to pursue a more suitable form of industrial repre
sentation, these members will then have to proceed, as a
separate group, to achieve whatever objectives they set.
OVERSEAS VISITORS PROGRAM

This program had been deactivated because of the
Fifth Conference in 1972. Council decided to reactivate
the program. Each Branch was asked to nominate a
local Overseas Visitors Program Manager to co-ordinate
the arrangements within the Branch and also to advise
the National Manager on such matters as possible
visitors, timing of visits and methods of funding the
program. The reports of the Branch Managers are to
hand on these matters and a consolidated recommenda
tion is expected to be presented to Council in May, 1974.
Membership Standards Committee

Council decided that a separate committee was neces
sary to address the general question of membership
standards and accredition of courses to satisfy the know
ledge standards laid down for admission to the Society.
The Committee is examining courses as required to
determine whether or not they meet the knowledge
standard for Associate Member. Their next task is to
commence an analysis of tertiary courses to establish
the proportion and level of computer science, informa
tion processing or related topics in such courses. When
the knowledge standard is established for the grade of
Member this Committee will then be responsible for
examining courses to determine whether or not they
meet the standards laid down.
SIXTH COMPUTER CONFERENCE

The Sixth Conference is to be held in Sydney in May,
1974, at the University of New South Wales. The open
ing ceremonies will take place in the Sydney Opera
House. Several eminent overseas speakers will present
keynote addresses at the Conference.
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SEVENTH AUSTRALIAN COMPUTER
CONFERENCE

It was decided at the November Council meeting that
the next Conference would be held in Perth in 1976.
IFIP CONFERENCE, 1980

The Society was unsuccessful in its bid for the 1977
IFIP Conference. It is to be held in Toronto, Canada.
Council decided that it would make a bid for the 1980
Conference.
FINANCE

An examination of the attached financial statements
will show that the Council is operating at a loss. The
total expenditure exceeds income by some $4,400 and
for the first time this deficit has not been covered by
revenue from other sources, such as the Journal and
conferences. Operating costs are escalating rapidly and
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at the November Council meeting action was initiated to
increase capitation fees. A decision will be made on this
matter at the May, 1974, Council meeting.
As the Society, at Council level, embarks on more
projects it is inevitable that Committee expenditure will
increase. It is essential that such activities go forward
and consequently the problem of finance is being closely
analysed by Council to ensure that appropriate priorities
are allocated.
For and on behalf of Council
Signed: P. R. Masters,
PRESIDENT.
A. W. Goldsworthy,
VICE-PRESIDENT.
K. S. Arter,
HON. NATIONAL SECRETARY.
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
REPORT OF THE AUDITORS
In our opinion, the accounts set out on pages 89 to 96 give a true and fair view of the affairs of The Council of
Australian Computer Society Incorporated at 31st December, 1973, and of its results for the year ended on that date.

Brisbane—2nd July, 1974
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Coopers & Lybrand
Chartered Accountants
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

THE COUNCIL
BALANCE SHEET—31st DECEMBER, 1973

1972
$
27,524
7,165
34,689

ACCUMULATED FUND
Balance at 1st January, 1973...............................................................................................
Net surplus (deficiency) transferred from Appropriations Account...............................

$

$
34,689
(553)

Balance at 31st December, 1973 ...................................................................................... 34,136

5,221
363

A.N.C.C.A.C. AWARD FUND
Balance at 1st January, 1973..............................................................................................
Net surplus (deficiency) transferred from Income and Expenditure Account...............

5,584

Balance at 31st December, 1973........................................................................................

701
1,163
110

CURRENT LIABILITIES
Sundry creditors and accruals..............................................................................................
Subscriptions in advance......................................................................................................
Other deferred income.........................................................................................................

5,584
(511)
5,073
4,373
267
43

1,974

4,683

$42,247

TOTAL FUNDS............................................................................................................

$43,892

1,552
(543)

FIXED ASSETS
Furniture and office equipment, at cost ..........................................................................
Provision for depreciation..................................................................................................

1,558
(850)

1,009
10,000
5,000
13,944

708
INVESTMENTS
Commonwealth inscribed stock, at cost ............................................................................
Local Government inscribed stock, at cost ......................................................................
Withdrawable shares in Building Societies........................................................................

10,000
5,000
14,930

28,944
2,184
—
4
2,229
150
2,341
4,769

29,930
CURRENT ASSETS
Stocks of publications, atcost..............................................................................................
Stock of A.C.S. ties, atcost..................................................................................................
Stationery in transit .............................................................................................................
Sundry debtors......................................................................................................................
Prepaid rent..........................................................................................................................
Cash held as advances.........................................................................................................
Cash at bank........................................................................................................................

2,353
308
142
1,494
—
6,677
1,977

11,677
—
—
20
300
297

12,951
DEFERRED EXPENDITURE
Craft of programming ........................................................................................................
Data bases...........................................................................................................................
Sixth Australian computer conference................................................................................
Logograph.............................................................................................................................
Promotional display.............................................................................................................

113
109
81
—
—

617

303

$42,247

$43,892

P. R. MASTERS,
President
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

THE COUNCIL
APPROPRIATIONS ACCOUNT
FOR THE YEAR ENDED 31st DECEMBER, 1973

1972
%
2,848
109
65

SURPLUSES TRANSFERRED
The Australian Computer Journal..........................................................................................
Fifth Computer Conference proceedings ...............................................................................
Other publications ...................................................................................................................

$

3,022
9,070
—

3,913
FIFTH AUSTRALIAN COMPUTER CONFERENCE
Conference surplus.....................................................................................................................
Delayed expenditure....................................................................................................................

—
(58)

9,070

(58)

12,092
(4,927)
7,165

$
3,711
146
56

3,855
DEFICIENCY TRANSFERRED
Income and expenditure account............................................................................................

(4,408)

NET SURPLUS (DEFICIENCY) FOR THE YEAR TRANSFERRED TO
ACCUMULATED FUND

$(553)

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
INCOME AND EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31st DECEMBER, 1973

1972
$
GENERAL INCOME
19,330
Capitation fees ..........................................................................................................
9,665
Less Transferred to The Australian Computer Journal...........................................

$

$

9,665
1,137
63

$
22,550
11,275
11,275

Interest
Investment...............................................................................................................
Bank .........................................................................................................................

1,476
439

1,200

1,915
Advertising revenue deferred from 1971 .................................................................

110

10,865

TOTAL GENERAL INCOME.........................................................................

13,300

2,070
844
945
255
300
19
—
50
8
17

EXPENDITURE
Secretariat
Salaries and allowances..........................................................................................
Stationery and printing............................................................................................
Postage and telephone............................................................................................
Depreciation of office furnitureand equipment.....................................................
Rent, power and heating........................................................................................
Workers’compensation insurance........................................................................
Hire of office equipment..........................................................................................
Maintenance of office equipment..........................................................................
Bank charges...........................................................................................................
Sundry expenses.......................................................................................................

4,508
4,508
90

3,262
931
412
307
—
111
102
15
13
23
5,176

Carried forward

5,176

13,300
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
INCOME AND EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31st DECEMBER, 1973 (Continued)

1972
4,508

Brought forward

5,176

13,300

General

3,828
711
737
600
152
100
203
—
—
150
98
15
—
18

Meetings of Council................................................................................................
Reports of Council and Committees....................................................................
Subscriptions: I.F.I.P. and I.A.G..........................................................................
A.C.S. Lecturer Award and tour expenses..........................................................
Council Executive Committee expenses ..............................................................
Promotional expenses..............................................................................................
President’s expenses ................................................................................................
General information brochure...............................................................................
Logograph..............................................................................................................
Audit fee .................................................................................................................
Public risk insurance ..............................................................................................
Complimentary issues of publications..................................................................
Legal fees................................................................................................................
O.V.P. expenses.......................................................................................................

4,280
1,013
619
—
528
498
497
350
300
250
71
45
30
—

6,612

8,481
Committees and activities

1,388
—
557
—
1,133
427
233
78
—
856

Qualifications...........................................................................................................
Data transmission..................................................................................................
Professional development ......................................................................................
Council information kits......................................................................................
I.F.I.P. representation.............................................................................................
Social implications .................................................................................................
Fellows.....................................................................................................................
Editorial...................................................................................................................
Centralisation ........................................................................................................
By-laws and Constitution ......................................................................................

4,672
15,792
$4,927

1,747
1,012
449
269
250
130
120
44
30
—
4,051

TOTAL EXPENDITURE...................................................................................
EXCESS OF EXPENDITURE OVER INCOME TRANSFERRED
TO APPROPRIATIONS ACCOUNT
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

THE COUNCIL
OPERATING STATEMENT—THE AUSTRALIAN COMPUTER JOURNAL
FOR THE YEAR ENDED 31st DECEMBER, 1973

1972
$

$

$

$

9,665
2,423

INCOME
Subscriptions from members (being part of capitation fees)...............................
Sales.............................................................................................................................

11,275
2,299

12,088

TOTAL INCOME ................................................................................................

13,574

7,415

EXPENDITURE
Printing and distribution..........................................................................................

1,131
300
3
328
44
—
12
7

Management
Business manager’s salary......................................................................................
Rent of premises......................................................................................................
Office supplies.........................................................................................................
Postages ...................................................................................................................
Freight.......................................................................................................................
Editor's expenses......................................................................................................
Bank charges............................................................................................................
Sundry expenses.......................................................................................................

6,764
1,620
600
272
262
77
36
17
15

1,825

2,899
Exchange subscriptions
British Computer Society ....................................................................................
Less A.CM.............................................................................................................

327
(127)
200

9,240
12,848

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

9,863

NET SURPLUS TRANSFERRED TO APPROPRIATIONS ACCOUNT

$3,711

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
OPERATING STATEMENT—FIFTH CONFERENCE PROCEEDINGS
FOR THE YEAR ENDED 31st DECEMBER, 1973

1972
S

$

$

643

INCOME
Sales and complimentary issues ..........................................................................................................

492
42

EXPENDITURE
Cost of Proceedings sold.......................................................................................................................
Postages and handling...........................................................................................................................

534

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

688

$109

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

$146

92

834
588
100
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
OPERATING STATEMENT—OTHER PUBLICATIONS
FOR THE YEAR ENDED 31st DECEMBER, 1973

1972
|

$

$

22
10
45

INCOME
Sales—Computer courses booklets .......................................................................................................
Membership survey......................................................................................................................
Secondary schools seminar proceedings....................................................................................

10
—
59

77
6

Service fee—Sale of Proceedings, Queensland Branch Decision Table Seminar...............................

69
—

83

TOTAL INCOME ........................................................................................................................ ^.....

69

10
4
4

EXPENDITURE
Postages—Computer Courses Booklets......................................................................................................
Membership Survey...................................................................................................................
Secondary Schools Seminar Proceedings ................................................................................

18

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

13

$65 NET SURPLUS TRANSFERRED TO APPROPRIATIONS ACCOUNT....................................

$56

7
—
6

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
A.N.C.C.A.C. AWARD FUND
INCOME AND EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31st DECEMBER, 1973

1972
|

$

363

INCOME
Investment income ..............................................................................................................................

—
—
—

EXPENDITURE
Award for 1972 ....................................................................................................................................
Award for 1973 ....................................................................................................................................
Purchase of medals..............................................................................................................................

$
363

250
250
374
874

$363

NET SURPLUS (DEFICIENCY) FOR THE YEAR TRANSFERRED TO
ACCUMULATED A.N.C.C.A.C. AWARD FUND
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
STATEMENT OF SOURCE AND APPLICATION OF FUNDS
FOR THE YEAR ENDED 31st DECEMBER, 1973

Funds were provided from
Increase in amounts owing to creditors and for accrued expenses............................ ........................
Decrease in amounts owing to Council..................................................................................................
Decrease in prepayment of expenses ......................................................................................................
Decrease in deferred expenditure............................................................................................................

I

3,672
597
150
314

Total Funds Provided......................... .................................................................................................
These funds were applied
In meeting net deficit in operations for year .............................................................................. ..........
Less Non-cash increase in depreciation of fixed assets.........................................................................
Meeting expenditure from A.N.C.C.A.C. Fund in excess of income of Fund ..................................
Decrease in subscriptions in advance ....................................................................................................
Increase in investments ............................................................................................................................
Increase in stocks of publications ..........................................................................................................
Increase in stocks of ties .........................................................................................................................
Increase in cash advances..........................................................................................................................
Decrease in deferred expenditure............................................................................................................

S

$4,733
553
301
252
511
896
986
169
308
1.544
67
$4,733

94
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CONSOLIDATED STATEMENT OF INCOME AND EXPENDITURE
for the year ended 31st December, 1973

Canberra
$
INCOME
7,047
Gross subscriptions..................................
—
Capitation fees (Council)..........................
514
Interest receivable ....................................
—
Other income............................................

New
South Wales
$
35,068

Queensland
$
7,404

South
A ustralia
$
5,746

Victoria
$
18,953

—

—

—

—

496
8,434

314
201

177
1,792

637
6,975

Western
A ustralia
%
2,430
—
50
—

The
Council
$
—
22,550
1,915
3,312

Total
$
76,648
22,550
4,103
20,714

TOTAL INCOME

$7,561

$43,998

$7,919

$7,715

$26,565

$2,480

$27,777

$124,015

EXPENDITURE
General purposes......................................
Meetings and functions............................
Publications (gross cost)..........................
Capitation fees (branches) ......................
Special activities and awards ...................

138
793
4,545
2,902
499

24,912
911
7,055
8,534
292

906
715
1,728
2.266
2,113

1,048
2,222
975
1,888
900

7,420
6,720
6,185
5,824
—

536
156
158
1,136
133

13,657
10,564
—
4,109

48,617
11,517
31,210
22,550
8,046

TOTAL EXPENDITURE

$8,877

$41,704

$7,728

$7,033

$26,149

$2,119

$28,330

$121,940

Surplus for year .......................................
Deficit for year..........................................

—

2,294
—

191
—

682
—

416
—

361

1.316

—

553

3,944
1.869

$7,561

$43,998

$7,919

$7,715

$26,565

$2,480

$27,777

$124,015

—

—

Eighth Annual Report
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

O

AUSTRALIAN COMPUTER SOCIETY INCORPORATED

Os

CONSOLIDATED BALANCE SHEET—31st DECEMBER, 1973

ASSETS
FIXED ASSETS
(at cost less depreciation)
INVESTMENTS (at par) .
CURRENT ASSETS
Cash at bank and on hand.......................
Sundry debtors..........................................
Prepaid expenses ......................................
Stocks of publications (at cost)...............
Stocks of A.C.S. ties (at cost)...................

Canberra
$

NewSouth Wales Oueenslantl
$
1

South
Australia
$

Victoria
$

Western
Australia
%

6,573

2,466
150

291
4,231

98
4,000

760
16,000

—

60
126

901
4,266

5,180
85

1,193
92

924

1,620

—

—

—

—

45

—

—

—

—

—

—

—

The
Council
$

Total
%

708
29,930

4,323
60,884

8,654
1,636
303
2,353
308

18,532
6,205
303
2,398
308

—

$6,759

$7,783

$9,832

$5,383

$17,684

$1,620

$43,892

$92,953

732

4,111

—

76

—

70

4,416

9,405

26

2,005

120

189

895

63

267

3,565

TOTAL LIABILITIES

$758

$6,116

$120

$265

$895

$133

$4,683

$12,970

SURPLUS-MEMBERS’ EQUITY.........

$6,001

$1,667

$9,712

$5,118

$16,789

$1,487

$39,209

$79,983

TOTAL ASSETS
Less
LIABILITIES
SUNDRY CREDITORS AND
ACCRUALS
SUBSCRIPTIONS PAID IN
ADVANCE

The Australian Computer Journal, Vol. 6, N o. 2, July, 1974

Represented by
ACCUMULATED FUNDS
Balance as at 1st January, 1973 ...............
Surplus (deficit) for year..........................
Transfer from special purpose fund.........

7,306
(1,316)

(627)
2,294

4,921
191

4.410
708

16,173
416
200

1,126
361

34,689
(553)

67,998
2,101
200

Balance as at 31st December, 1973 .........
SPECIAL PURPOSE FUNDS.................

5,990
11

1,667
—

5,112
4,600

5,118
—

16,789

1,487

34,136
5,073

70,299
9,684

TOTAL MEMBERS’ EQUITY

$6,001

$1,667

$9,712

$5,118

$16,789

$1,487

$39,209

$79,983

(Note 1)

(Note 2)

Note 1. The amount ot S26 being lapsed subscriptions was transferred directly to accumulated funds and was not deemed to be income in respect of the year under review.
Note 2. The amount of $1,548 is held on behalf of the Branch by the University of Western Australia Extension Service, to be used for professional development courses.
P. R. MASTERS,
KEITH ERNST
President
National Honorary President
REPORT OF THE AUDITORS
In our opinion, based on our examination and the reports of the auditors of the State Branches not audited by us, the consolidated accounts
set out above and on page 1 give a true and fair view of the state of affairs of the Australian Computer Society Incorporated at 31st December,
1973, and of its results for the year ended on that date.
Coopers & Lybrand
Brisbane—2nd July, 1974
Chartered Accountants
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COM’sense
from NCR.
The Quantor 105 COM system is designed for
business use in the computer room to make
information availablequicklyand cheaply.
Simple to operate and not much biggerthan
a desk, it needs no plumbingor darkroom.
The Quantor 105 is the most cost effective COM
system. It can save you up to 90% on stationery,
98% on copying and 97% on postal costs.
And the NCR 456-200 is the ideal viewer for
your COM fiche.
It’s just commonsense to fill in the coupon.

To: NCR,
Box 2626, G.P.O., Sydney 2001
Please let me have further information on:
□ The Quantor 105 COM system □ NCR 456-200 COM viewer
Name
Position
Company
Address
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SUBSCRIPTIONS: All subscriptions to the Journal are payable in advance and
should be sent (in Australian currency) to the Publications Officer, P.O. Box 150,
Kingston, A.C.T., 2604, Australia.
PRICE TO NON-MEMBERS:,There are now three issues per annum. All issues
are currently available: Volumes 1 and 2 now cost $1.50 per copy and later issues
cost $1.25 per copy. No trade discounts are given, and agents should recover their
own handling charges. Special rates apply to members of the British, New Zealand
and TPNG Computer Societies — application should be made to the Society
concerned.
MEMBERS: The current issue of the Journal is supplied to personal members
and to Corresponding institutions. A member joining part-way through a calendar
year is entitled to receive one copy of each issue of the Journal published earlier
in that calendar year. Back numbers are supplied to members, while supplies last,
for a charge of 80 cents oer copy for issues of the preceding two years (i.e. Volumes
3 and 4) and for $1.00 per copy for the earlier issues (i.e. Volumes 1 and 2).
Members should write to their Branch Honorary Secretaries (not the Publications
Officer) about their requirements. To ensure receipt of all issues, members shouldadvise their Branch Honorary Secretaries promptly of any change of address.

REPRINTS: Fifty copies of reprints will be provided to authors. Additional
reprints can be obtained, according to the scale of charges supplied by the pub
lishers with proofs. Reprints of individual papers in issues from Volume 1,
Number 4 onwards may be purchased for 25 cents each from the Publications
Officer.
PAPERS: Papers should be submitted to the Editor: Authors should consult the
notes published in Vol. 4, pp. 186-188 or Vol. 1, pp. 46-48 (or available from the
Editor).
MEMBERSHIP: Membership of the Society is via a Branch. Branches are autono
mous in local matters, and may charge different membership subscriptions.
Information may be obtained from the following Branch Honorary Secretaries:
Canberra: Mrs. J. L. Mikkelsen, P.O. Box 258, Kingston, A.C.T. 2604. N.S.W.:
P.O. Box N250 Grosvenor St., Sydney, N.S.W. 2000. Qld.: Mr. J. W. Lubke,
Box 1484, G.P.O., Brisbane, Qld. 4001. S.A.: Mr. I. Holthouse, Box 2423, G.P.O.,
Adelaide, S.A. 5001. W.A.: Mr. M. Way, Box F320, G.P.O., Perth, W.A. 6001.
Vic.: Mr. P. M. Murton, P.O. Box 9 8, East Melbourne, Vic. 3002.

