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DATA-SCREEN TERMINAL

immediate
delivery!

MODEL 1400 *t

MINI-TEC 1400
DATA SCREEN TERMINALS
MINI-TEC™ DATA-SCREEN™ Terminals include
more features in their standard price than any other
low cost CRT. Check this list and compare:

MINI-TEC
MODEL 2400
Standard
Buffered and conversational mode
Standard
1920 (80 x 24) character screen display
RS-232, TTL 20/60 mA current loop interface
Standard
Standard
Separate, low profile "curved" style keyboard
Standard
Full cursor control by operator and computer
Standard
Load and read cursor address
Standard
Reads lower case—displays upper case
Standard
Tab feature and blink feature
Standard
Protect—display at reduced intensity
Standard
Space suppression by terminal logic
Standard
Switch selectable roll-up through 9600 baud
Standard
Full/half duplex—externally selectable
Standard
Page or line transmit—externally selectable
Standard
Composite video output for remote monitors
Standard
115/230 VAC, 50/60 Hz—switch selectable
Standard
Vinyl or painted finishes
Optional
Split baud rate
Optional
Rack mount chassis
Optional
16-key numeric pad on keyboard
Buffered hard copy adaptor for
Optional
popular printers

& WARBURTON FRANKI

Only 4 low cost options—everything else including
simplified keyboard created for non-technical
operators and compact design that occupies less desk
top space is included.

Models available include:
1440 Teletype replacement conversational
model 80 x 24 display $1417.
1400 Serial Buffered and conversational
model 80 x 12 display $1887.
2400 Serial Buffered and conversational
model 80 x 24 display $2034.

*Price is O.E.M. for OTY ONE.
Note 1400 is OFFERED EX-STOCK DELIVERY.
tPbotograph is of 1400 with optional case for
extra $50.

• ADELAIDE 356-7333 • BRISBANE 52-7255 • HOBART 23-1841
• MELBOURNE 69-0151 • PERTH 61-8688 • SYDNEY 648-1711
• WELLINGTON N.Z. 698-272

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.
RANDOM ACCESS CARD RETRIEVAL SYSTEM

Randomatic is a means of automatically retrieving
randomly filed cards, either singly or in groups, in less than
two seconds. The system is available from ABE Data
Systems, North Sydney.

speeds between 75 and 9600 bits per second.
Tabulation (back or forward, up or down) allows cursor
positioning by the operator or the remote computer.
DATECTO PRESENT FORECASTS
FOR COMPUTING

Forthcoming developments in the computing industry
will be presented in a free seminar in Sydney and.
Melbourne during August by Datec Pty Ltd, Sydney-based
management and computer consultants.
The seminar was inaugurated last year as an annual event
in the Australian computing industry with the title, EDP
Forecasts for Management. It was attended by a total of
more than 100 in the two cities.
It is designed for senior management concerned with the
control of the EDP function.
Three senior Datec executives will present the results of
their research for the seminar under the topic headings,
Trends in Hardware and Software Resources, Trends in the
Commercial Application of Resources, and the Significance
of Trends for Management Planning.
The seminar, lasting two hours, will be presented in
Sydney on August 13 and in Melbourne on August 20.
The Datacode program is visually displayed so that you can
see all of the possible selections.

Up to 1,500 cards are stored in a selector tray and up to
ten trays may be searched simultaneously. Retrieval is
accomplished by merely indexing an alpha and/or numeric
identification on a standard ten button keyboard or
searching by features on the Datacode visual display unit.
Indexing causes bars to be raised in the selector trays
which match code notching along the bottom edge of the
cards. Selected cards are ejected above the rest of the cards
for easy manual removal. Refile involves simply dropping
cards back in the file at random, a group as easily as one.
Cards are coded in seconds by a simple edge notching
punch operated by the keyboard or by the Datacode visual
display unit. Randomatic can accommodate cards of almost
any size and type of material including paper, plastic,
microfilm aperture cards, microfiche, microfilm jackets,
magnetically coded word processing cards, and even ledger
cards.

DISKETTE SUBSYSTEM ANNOUNCED

A new diskette subsystem designed for fast inexpensive
data storage has been announced by Data General.
The subsystem is available in 315K byte (single drive) or
630K byte (dual drive) configurations and includes a
controller for up to four drives, power supply and necessary
cabling and terminations.
Comprehensive software support for the diskette
subsystem as an input/output device is provided by RDOS
(Real time Disc Operating System). The diskette extends
the capabilities of all Nova and Eclipse computers,
including the recently announced Eclipse C/300 systems.
The diskette drives are also available in add-on
configurations, allowing a diskette subsystem to be

NEW DISPLAY TERMINAL

Australian Datronics Limited has begun marketing the
latest member of the family of Infoton terminals, the Vistar
2, which is a flexible stand-alone display terminal.
The Vistar 2 has advanced data-handling capabilities
which include dual brightness of display characters with
those in protected areas being of lower intensity, a cursor
that is directly addressable by the computer, and also both
buffered and character modes, allowing message
compilation in full before transmission, or individual
character transmission as typed.
All transmissions use data compression techniques,
saving line occupation, and can be switch-selected to 12
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The dual drive version of the new diskette subsystem.

THE U-BIX 750
PHOTOCOPIER:
QUALITY NO ONE
CAN COPY
The U-BIX 750; everything you’ve always wanted
in an office copier. Fast, top quality copies
of type, halftones, solid blacks, photographs and
coloured originals on a 10” x 15” image area.
15 copies per minute in print runs
of up to 499. The U-BIX 750 uses
bond paper (your own
letterheads if you like) copies
onto translucent papers and
card stock, and produces offset
masters as well. The U-BIX750
is fully guaranteed and
service is free. Lease or buy
the U-BIX 750 and see for
yourself the quality
no one can copy.

COPIERS PTY. LTD.
AUTOMATED BUSINESS
EQUIPMENT PTY. LIMITED

THIORIGINAL'S NOT ALWAYS THE BEST
If you'd like more information on the U-BIX 750 or any of the photo-copiers in the ABE-U-BIX range send this coupon to:
ABE, N.S.W. 144 Pacific Highway, North Sydney, N.S.W. 2060 Ph. 920.1276 VIC. 74/76 Eastern Rd., South Melbourne, Vic. 3205
Ph. 699.2651 OLD. 49 Montpelier Rd., Bowen Hills, Qld. 4006 Ph. 52.3288 S.A. 655 South Rd., Black Forest, S.A. 5035 Ph. 297.5713
W.A. 55 Bank St, East Victoria Park, W.A., 6101 Ph. 62.1233.
Name_________________________________________________________________________________________________________________
TitleCompany—
Address —

Postcode
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expanded to a maximum capacity of 1.26 megabytes. The
diskette can be added on to Data General 10 megabyte
cartridge disc subsystems as well, with software support.
The diskette subsystem uses low-cost flexible recording
media introduced through a slot on the front of the drive
unit. A head positioning system controls the radial
positioning of the read/write head to any of 77 tracks.
NEW COPIER RANGE INTRODUCED

Automated Business Equipment Pty Ltd, North Sydney,
marketing through its subsidiary A.B.E. Copiers Pty Ltd
have introduced a new range of copiers to the Australian
market.
One of the advantages of the A.B.E. U-BIX copiers is
that you can use your own office bond paper, also one side
or both sides can be printed.
Four models are available — Model 750 which can
produce one copy every four seconds, Model 101 a desk
model that copies every six seconds, Model 600 copies same
size or half size every five seconds and the high speed Model
2000R press button which selects alternative paper sizes
and gives one copy every 2.3 seconds.

A long-term drift of <5 x 10-1 '/month (typ 2 x 10-> 1),
low effect of temperature variations (<2 x 10-12/OC) and
external magnetic fields (<2 x 10-13/m) make the XSRM a
top-notch product on the market.
Among the main application areas of the “mini” atomic
frequency standards, which are particularly suitable for
mobile use, are navigation and geodesy as well as calibration
laboratories of all kinds. The XSRM is also of immediate
interest for simultaneous broadcasting control or control of
TV transmitters with precision offset.
Further information is available from Jacoby, Mitchell
Ltd, Sydney.
1000TH COMPUTER INSTALLATION
IN AUSTRALIA

Digital Equipment’s 1000th computer installation in
Australia was marked by a special function in Sydney
recently.
.? m'w

PRICE CUT FOR "MINI" ATOMIC
FREQUENCY STANDARD

Recently introduced automatic rubidium cell production
enables Rohde and Schwarz, West Germany, to lower the
price of its Rubidium Frequency Standard XSRM by 18
percent and at the same time extend the warranty period of
the resonant cell and the spectral lamp to a total of three
years.

ISMEJ

General manager of Digital Equipment Australia, Mr
Dave Denniston, presented a commemorative header-panel
to Mr Brian Appleyard (left), general manager of Perth
computer service bureau AMC 0‘Connor which operates
the 1000th Digital system.
Joining the presentation were Mr John Kilkenny
(extreme left), DEA’s field service manager, and Mr Peter
Watt, software support manager and Mr Max Burnet, sales
manager (right, far right).
NEW VIDEO TERMINAL A "BREAKTHROUGH"
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Rubidium Frequency Standard XSRM with standby power supply
and frequency converter for 100 kHz as well as 1/5/10 MHz in front
of medieval tower-clock on display at the Deutsches Museum in
Munich.
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A new CRT data terminal described as a breakthrough in
the Australian market is now available from Amalgamated
Wireless (Australasia) Limited.
AWA is sole agent in Australia for the unit, which
complements the company’s present range of intelligent
terminals.
Designated the ADM-3, the terminal is an offspring of
the engineering group that produced the VTE-5 and
ADM-2.
The ADM-3 will have a “hatchback” look, embodying
the CRT and keyboard in a single-piece molded case,
measuring only 1534.” x 19” x 12W\ Its power
consumption is only 80 watts.
The basic ADM-3 weighs 25 lbs and operates in an
ambient of 50° to 120°F.
Hi

STUDENT TERMINAL COMPUTER SYSTEM

This student oriented terminal system shown was
installed recently (the first in Australia) at Swinburne
College, Melbourne. It consists of a modern hybrid
computer coupled with specially designed hardware and
software to allow time-sharing of dynamic simulations
programmed on the analog computer. Up to 16
independent hybrid graphic terminals are supported in this
configuration, each with CRT output/hard-copy and
keyboard input.

The whole
wide wonderful world
to see.
This year Qantas offers you all the value, all
the variety and all the care you look for in an
overseas holiday. There are Qantas Holidays to
Southeast Asia, to Hong Kong and Japan, to
Hawaii, North America, New Zealand, Fiji,
New Caledonia, and of course to Europe.
Package holidays, group holidays, individual
holidays — and with every one there’s the
reassurance that they’re backed by Qantas.
All the value, variety and care is
detailed in a range of colourful Qantas Holidays,’75
booklets available free from your local Qantas
Travel Agent. Call in anytime for your copies.
This year it’s your turn to see the world.

mOOH THROUGH

Making it all possible

Uses of the system will be for teaching basic principles
of dynamics in physics, chemistry, electrical and
mechanical engineering, ecology, bio-engineering and other
sciences. The hybrid, as well, may be used by itself for
general purpose simulation in research or teaching.
From any terminal, using a very simple set of
commands, the user selects one of the simulations, chooses
the form of plotting solutions including axis labels, sets
parameter values and requests either single or a family of
solutions. Time to calculate and display graphically a
complete solution of a dynamic problem is 0.02 second.
This extremely short time makes possible a high degree of
interaction between student and dynamic simulation.
Current applications of this system are in
thermodynamics, mechanical spring-mass-damper type
systems, chemical reaction kinetics, ecology population
dynamics, control systems, process plant simulation, power
plant simulations and population dynamics. Any dynamic
simulation expressed in mathematical form from any
discipline is easily handled by this system.
V75 MINI-LARGE-SCALE POWER WITH
32-BIT FUNCTIONS
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Varian Pty Ltd recently introduced what it believes is
the most powerful minicomputer on the market, designated
the V75 and featuring 32-bit functions.
The V75’s combination of hardware, firmware and
software extends its performance into the domain of far
more expensive computers, while maintaining full
compatibility with all V70 software and peripherals.
The CPU’s instruction set is a significant expansion of
previous V70 computers. New instructions operate on eight
(8) general purpose registers and handle 8-, 16-, and 32-bit
operands. Dual memory buses allow I/O transfers at up to
three million 32-bit words per second. Up to 512K bytes of
330 nanosecond memory is accessible via 1024 mapping
and protection registers.
The V75’s hardware is complemented by a new
FORTRAN that is comparable to large machine compilers
and includes the following features: double precision
integer data, compiler overlays, seven dimensional arrays,
and direct access I/O. The new FORTRAN compiler
generates assembly and micro code optimised around a
The Australian Computer Journal, Vol. 7, No, 2, July, 1975

Datotek Data and Voice
Security Systems
m

DATOCODER off-line enciphering and deciphering system for 5
level Baudot format tape.

A range of compact systems for ensuring security of
data and voice communications, manufactured by
DATOTEK, INC., of Dallas, Texas, is obtainable through
Hawker Siddeiey Electronics Limited. Brief details of
four models are given below.
The Datocoder Model DC-105 is used for enciphering
messages to be sent over existing 5-level teleprinter
circuits such as Telex and international message
circuits.
The DC-105 (illustrated above) operates in conjunction
with an auxiliary off-line teleprinter to read clear text
from punched tape and produces enciphered text on
punched tape. The enciphered tape is then trans
mitted as any normal tape, and decoded at the
receiving end. The encoding scheme is extremely
secure, offering over 32 000 000 000 000 user codes,
easily changed by rotary switches. The encoded out
put is fully compatible with existing message circuits.
The Datocoder Codel DC-108 is similar to the DC-105
but is designed for use on 8-level ASCII circuits, such
as TWX. The DC-108 operates in the off-line mode,
at rates from 110 to 9600 baud.
The Datocoder Model DC-118 is an on-line (in-circuit)
encryption device which provides the user with a high
degree of transmission security on 8-level ASCII
circuits. It allows secure communication in the con
versational, interactive mode between two terminals,
or can be used for point-to-point encryption of com
puter data.
The Model DV-505 Voice Security System is a
dynamically-changing 5-band voice scrambler which
provides a high level of voice privacy over telephone,
single sideband, or VHF/UHF radio circuits. The
DV-505 includes accurate digital timing circuitry to

Vole* Security System (atetlc version) for remote control use.

Voice Security System (portable) for redlo or telephone line use.
Can be used with any type of radio transmitter.

maintain synchronization over long-distance worldwide
circuits, where transmission times as well as signal
variations may be significant.
For minimum size and maximum reliability, both digital
and analog ICs are used extensively. The DV-505,
which employs the same key generator as used in
the DC-105, is housed in a portable metal carrying
case, and may be connected either directly to the
telephone and radio circuits, or through an acoustic
coupler.

Further information obtainable from:

Hawker Siddeiey Electronics Limited
Systems Division,
752 Pittwater Road, Brookvale, NSW 2100 — Telephone 93 0221
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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\bu can own your own Fortran number cruncher
for less than $40,000.

inai

The problem with most FORTRAN
computational systems is that they’re so
expensive only a few companies can afford
to own them.
So Data General makes a complete
FORTRAN IV system that you can own for
only $33,800.
You get a lot of computer system for the
money. A Nova® 2/10 with 64K bytes of core, a
CRT, 2.5 megabyte disc, 150 cpm card reader,
1651pm printer. Which should be enough to
get anybody started.
If you’re planning to do a lot of one-shot
jobs, you’ll want to use FORTRAN IV. Because
it compiles as fast as it executes. But if you’re
going to be running the same job over and over,
you may want to spend some more and get a
FORTRAN 5 system. Our FORTRAN 5 puts

out incredibly efficient, fast-executing pro
grams. Because the compiler globally optimizes
the code.
If you want interactive computational
support with BASIC, you can start out as low
as $5,700. Or get a system for $11,850 that
can be expanded to support 32 separate time
sharing users.
And no matter what language you decide
to work in, you won’t have to change the way
you work. Our computers will adapt to you.
Which means you can go single or multi-user,
batch or interactive, local or remote, or with
dual operations, any two of the above.
And if you have lots of numbers to crunch,
what you’ll need is one of our Eclipse " com
puters. They’ve already out-benchmarked
computers the likes of the Xerox Sigma 9,
IBM 370/155 and Univac 1108. And have
out price/performed every large scale computer
they’ve come up against.
So if you’d like to do your computation on
your own computer, send in the coupon.
We’ll show you why you can’t afford to buy
from anyone else.
□ Send me the brochure that shows how
Data General computers are being dedicated to
computational support.
□ Send me technical literature on your
computational systems.
□ Send me a sales engineer.
NAME
TITLE
FIRM
ADDRESS
CITY

STATE

DataGeneral
The computer company you can understand.
Data General Australia Pty. Ltd., 96 Camberwell Road, Hawthorn East, Victoria, 3123. Tel: 821361,
Sydney 9081366, Adelaide 426288, Brisbane 295744, and in Southboro, Massachusetts, Ontario, London and Paris.

POSTCODE

64-bit floating point processor.
The V75 is compatible with all the V70 family software
and peripherals. All V70 software modules such as language
processors, real time interactive and batch systems, are
integrated with the multiprogramming operating system,
VORTEX II. VORTEX II supports a wide variety of
peripherals, including a moving head disc system of up to
360 million bytes.
GUILLOTINE UPDATED

The new Bowe Model 303 guillotine is a very much
updated version of the Model 301 which is now superseded.
Digital control setting is offered with this model which
in a matter of seconds allows the machine to handle a form
length of up to 1614” with single cut or 1/6”, 1/3” and JA”
strip cut facilities, which with side trimmers result in a form
with four clean edges.
Direct setting of tractor pin wheel feed width is
standard, and the unit is equipped with automatic paper
intake controls for the introduction of the continuous
stationery web to the cutting process. Exact form
separation along the perforation with single cut, or position
of the perforation within the strip cut is guaranteed.
The five push key operating panel also enables the
operator to eject the final form of the continuous
stationery web side-trimmed without the guillotining
action.
The Model 303 guillotine can work ‘on line’ with a
computer print-out unit; can have a 1/6” double blade
attachment, and has the ability to guillotine to form length
one side of a two up computer print out whilst at the same
time re-fanfolding the other side.
The machines are available from Spicers Business
Machines.
NEW ELECTRONIC READER-SORTER

Burroughs Limited is now marketing a new high speed
electronic reader-sorter.

and other documents encoded with magnetic ink and/or
optical characters.
The B9137 can read many imperfectly encoded
documents which would otherwise be rejected and require
costly manual correction. The reader-sorter reads each line
of magnetic ink characters twice, on a single pass of the
document, using two different reading techniques.
In addition to its cost-saving double read feature,
Burroughs new reader-sorter can be equipped with a new
microfilming unit and a new non-impact alpha/numeric jet
ink printer for endorsing and cancelling documents. The
reader-sorter can also be equipped to read both optically
and magnetically encoded documents of varying sizes and
weights that are intermixed with each other.
NEW PRINTERS INTRODUCED

STC Data Systems has announced a new serial impact
printer designed and manufactured by Centronics Data
Computer Corporation of the United States.
The U.S. Company markets a wide range of printers and
associated interface equipment and STG Data Systems has
been appointed sole distributor in Australasia.
The new printer is the Model 306C and is believed to be
the only printer of its type capable of printing 80, 96 or
132 columns on a standard 80 column, 8 inch wide format.
Any two of these three column line widths can be specified
by the customer — resulting in economies in paper usage of
up to 40 percent.
The number of print characters desired in a standard 8
inch form can be selected manually by the operator or
automatically by programme control. With 80 columns per
line (10 characters per inch), the Model 306C operates at
100 characters per second; with 96 columns per line (12
characters per inch) at 120 characters per second; and with
132 columns (16.5 characters per inch), 165 characters per
second.
The 306C has a selection of optional communication
interfaces
which
provide
flexible operation
in
communication applications at speeds of up to 1200 baud.
ADVANTAGES OF THE COMPUTER UTILITY
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The new high speed B9137 electronic reader-sorter.

The new unit, designated the B9137 is designed to
enable banks and other businesses to significantly reduce
the cost of processing cheques, deposit slips, loan coupons
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

A concept, which has been tested and fully proved in the
computer capitals of the world, is a Computer Utility
Network. A large scale computer sited at a central location
is connected to a wide variety of users through a network
of high and low speed terminals each sharing the power of
the large computer.
As an electricity authority or gas corporation makes
its energy available by means of transmission wires or pipes
to users of various sizes spread around large areas, so the
utility computer power is similarly available.
Compunet has a large scale Univac 1108 Computer
installed in its Centre in Sydney. A series of smaller
computers are connected to the 1108 thus providing the
users with the ability to commission the most suitable
facility for their requirements.
They provide an Australia-wide service through a
network of high and low speed terminals via standard
telephone lines. These terminals are both private terminals
and public terminals.
For those users with a sufficient volume of processing
work, a satellite terminal can be quickly installed on their
premises in their own facility, making it even easier for
them to get to the large scale processing power available
through the Utility network.
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"Keep In Touch With
International Experience
In Computer Software"

SOFT III RE
PRACTICE & EXPERIENCE

EDITORS:
Professor D. W. Barron, University of Southampton, England
C. A. Lang, Shape Data Ltd., Cambridge, England

A Quarterly Journal from Wiley Interscience
To write successful software requires a great deal of know-how, which must be disseminated in written
form to maximise the benefit to the computing community.
SOFTWARE fills this need; its carefully
refereed papers convey the practical experience of software people the world over. Both ‘systems’
software and ‘applications’ software, for use in batch, multi-access, interactive and real-time environments
are included. Articles cover software design and implementation, case studies which describe the
evolution of systems and the thinking behind them, and critical appraisals of software systems. Well-tried
techniques that are not documented are included in articles of a tutorial nature. Computer theory and
mathematics may be included in an article when it is felt that understanding them will lead to better prac
tical systems. SOFTWARE appeals to all who design, implement or maintain software, who manage software
projects, or who want to learn about software.

Subscription price for 1975 — £12.50 per volume (4 issues)

ORDER FORM
To: Miss L. Skellorn at the address below.
Please enter my/our subscription to SOFTWARE — PRACTICE & EXPERIENCE
□ Volume 5 (1975) at £12.50 □ cheque enclosed □ send invoice
□ all previous volumes at £10.50 per volume (if available)
□ I am interested in micro-fiche/micro-film editions
tick boxes as appropriate

Name........................................................................................................................................................
Address....................................................................................................................................................

JOHN WILEY & SONS LTD
Baffins Lane1 Chichester* Sussex P019 1UD-ENGLAND
vui
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INSTAMATIC MICROFILM SYSTEM

Cartridge loading, high-speed throughput, and
on-the-spot processing are the features of the Kodak
Instamatic Microfilm System.

sensitive paper without the use of ink or ribbons. The
machines can be adjusted for ribbon print out and can
produce up to three copies.
During the idle transmission periods, the mechanism is
completely at rest and the machine silent.
ANALYSERS REVEAL FUNCTIONAL RELATIONS

Two new Logic State Analysers from Hewlett-Packard,
Blackburn, Victoria working together, can present in words
formatted in 1 ’s and 0’s the sequential flow of data in 32
parallel channels.
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Both the Recordak Reliant 700 microfilmer and the
compatible Recordak Instamatic processor accept Recordak
Instamatic film cartridges. The Reliant 700 microfilmer
photographs documents at a rate of 2,000 inches (more
than 600 cheque-size documents) per minute, and is
available with any of four reduction ratios — 50:1,40:1,
32:1, and 24:1. The Instamatic processor requires no
plumbing and is designed to operate adjacent to the
microfilmer. It automatically processes exposed film at five
feet per minute, using prepackaged chemicals in a Recordak
Instamatic chempak.
Recordak Instamatic film cartridges contain 215 feet of
Recordak Instamatic film 3453. After the operator has
placed a cartridge in the microfilmer or processor, threading
is automatic. The processor delivers dry microfilm onto
standard reels, and the empty cartridge case then serves as a
file case for the finished microfilm.
NEW TELEPRINTER IN AUSTRALIA

A new lightweight low-noise teleprinter ideally suitable
for computer input and print out should find a ready and
receptive market in Australia.
The Extel teleprinter, designed and made in the U.S.A.
and distributed by Plessey Communication Systems, will fill
a need between the slower, noisy electro-mechanical units
and the expensive sophisticated line printers.
Eighty per cent of the Extel functions are electronic,
providing for less wear and tear and lower maintenance
costs.
The teleprinters have a print-out capacity of 30
characters per second compared with ten per second by
electro-mechanical models used on Telex equipment.
Plessey anticipate keen interest in the new, more
compact teleprinters from data processing organisations,
educational institutions and chemical and science
laboratories.
The purely electronic operation of Extel units and the
consequent extremely low noise level makes them ideal for
use in areas where high noise levels create problems for
operators.
Printing is achieved by means of a five by seven dot
matrix, of magnet-driven needles, applied to pressure
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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Model 1607A will produce a 16-channel word-format
display on the screen of any modern lab oscilloscope. On its
own CRT, Model 1600A can show a 16-channel sequence,
or 32 channels when working with the 1607A.
The 1600A introduces a new technique, ‘mapping’ of
logic operations, making characteristic performance
instantly recognisable by taking advantage of the ease with
which humans can detect patterns and pattern changes.
Mapping can contribute importantly to development of
efficient programs.
Both analysers work at clock speeds up to 20 MHz and
trigger on preset data words.
USERS' GROUP FORMED

Representatives of at least 26 organisations in Australia
using Burroughs computers will meet in Melbourne on July
25 to officially form a users’ group.
The group, provisionally called CUBE Australia
(Co-operating Users of Burroughs Equipment), will
function along similar lines to CUBE groups in other
countries such as the U.S., Britain and New Zealand.
The convenor of the meeting, Mr Barry Skarratt, of the
Rural Bank of New South Wales, said the general aim of
CUBE was to provide a forum whereby Burroughs
computer users could exchange ideas and, as a group, could
talk with the supplier on matters of mutual import.
ix

COMMERCIAL
MINI SYSTEM

3CBG
By 5.00 p.m. today your
Electronic Data Processing
problems could be on the
way to being solved

Standard Telephones and Cables
Pty Limited has introduced a range of
commercial application software to
augment its existing range of General
Automation minicomputer systems.
The move is seen as a determined
effort to convince the management of
small to medium sized Companies that
the system is well within their reach.
The application software packages
are designed as integrated systems
capable of providing a range of
management accounting suitable for
the majority of businesses.
The heart of the system is the
General
Automation
SPC-16
mini-computer - which, though small,
has an ability exceeding that of many
larger models.
NEW MOVES

The Datec organisation, established in 1966 is one
of Australia’s largest and oldest groups of
management and EDP consultants. We are
headquartered in Sydney, with branch staff in
Melbourne, Canberra, Brisbane, and Port Moresby.
We are wholly Australian-owned and operated, and
employ a staff of fully professional consultants,
project managers, project leaders, analysts and
programmers offering a wide variety of specialised
EDP skills. We are set up to provide any general
EDP service from consulting on problems and
requirements, feasibility studies, system
specifications, system development, turnkey
systems through to data preparation and
processing. If your need is specialised such as
cost reduction programmes, management
sciences, specialised support for small computer
systems, or in-house training of EDP personnel, we
can provide expertise and techniques which have
been designed specifically for the Australian EDP
industry. Every project, small or large is tackled
with the same professionalism.
Contact us now in Sydney 241-1601 or Melbourne 62-1184
for more information on how we can help you with your
particular requirements,
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PROFESSIONAL CONSULTANTS
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New moves by Nixdorf Computer
include an injection of self-generated
capital into the European parent
company and the appointment in
Australia of a National Sales Manager
to spearhead marketing of the Nixdorf
Modular Management Systems in the
office computer field.
Nixdorf Computer AG, (Paderborn,
West Germany), has increased its
capital by DM 16 million (A$5
million) in cash from profits and DM 8
million converted from reserves.
Senior computer executive, Mr Ken
Burnard has joined Nixdorf Australia
as National Sales Manager. Mr Gery
Harlos, who was recently promoted
from General Manager to Managing
Director of the local company, said Mr
Burnard would oversee introduction of
the family of Nixdorf Modular
Management Systems which have
already met with such success in
Europe.
The first six months of 1975 for
Nixdorf world-wide were characterized
by an increase in order backlog of 20%
to DM374 million and by rising
productivity with costs remaining
constant.
The backlog was due partly to a
favourable
response
to
the
paramet er-driven
Modular
Management
Systems, said the
Company, and to an excellent market
reception of the new ‘88’ line of
disc-based computers.
Nixdorf is also in the process of
vacating its Kent Street, Sydney
premises and setting up offices for
field engineering, software, systems
and administration
activities in
Camperdown.

DATA SYSTEMS EXHIBITS
AT IREE 75

Gollin data system’s stand at the IREE Convention this
year will exhibit two groups of products.
Locally designed and manufactured equipment will be
shown as well as data systems imported range of products.
In the first group is the Comterm, a micro-computer
based
visual
display
terminal
which
features
inter-changeable PROM, ROM and RAM memories up to a
total of 64K words.
Editset is a turnkey computer-based information storage
and retrieval system designed for the graphic arts industry.
The Teleperf is an “off-line” paper tape preparation
machine for telex or telegraphic message transmission.
Designed to replace electomechanical transmission
equipment, the Teleperf provides more accurate message
preparation because characters up to 32 are buffered and
displayed on a Self-Scan display.
As a silent teletype replacement, the Vidiscreen 33 has
the larger display area of any other comparable device. Its
14 inch diagonal CRT screen displays a total of 2560
characters in 32 lines.
Among the imported range of products being exhibited
by Gollin is the Barry Research Time Diversity Modem
equipment used in radio teletype transmission. U.S. Air
Force tests have proved error reductions of up to 1000:1
on this system.

90/30 DISC SYSTEM ORDERED
The
Australian
subsidiary
of
international
pharmaceutical firm May and Baker will install a Sperry
Univac 90/30 system in Melbourne early next year, in the
first step in a program to update their data processing
facilities.
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NEW MICROFILM SERVICE

A new type of service bureau will shortly be established
in Sydney by Micro Publications in response to the
increasing need for generation of hard copy from
microfilm.
Micro Publications will offer the user of microfilm a
service facility to convert microfilm images back to printed
copy in a fashion not previously possible. To accomplish
this, they are establishing an operation utilizing the new 3M
Dedicated Microfilm-to-Plate Processor and automated
high-speed offset presses.
The processor accepts conventional 16mm, COM
generated 16mm, and 35 mm microfilm images and converts
these images separately and in sequence to press-ready
offset images at the rate of up to four masters per minute.
These masters are then capable of producing high quality
offset copies.
OFF-LINE TELEX SECURITY SYSTEM

The Datotek Datocoder, Model DC-105 is an off-line
encryption device to provide the user with a high level of
communications security on Telex and international
message circuits.
It is used for preparing enciphered message tapes prior to
transmission over 5-level Baudot teleprinter circuits. The
enciphered output tape is compatible with Telex and all
standard international message carriers.
The DC-105 is connected to an auxiliary off-line
teleprinter (TTY) which provides paper tape functions and
keyboard/printer functions. The auxiliary TTY may be
customer furnished, or can be furnished by Hawker
Siddeiey Electronics Limited, Sydney. The operator types a
clear message into the keyboard of the auxiliary TTY and
the DC-105 simultaneously punches an encoded tape.
The encoded tape is then transmitted by the subscriber
Telex to the recipient. The punched tape on the receiving
terminal is decoded off-line by the DC-105 and auxiliary
TTY equipment at the receiving location.
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Initially, the 90/30 will be configured to take over the
work presently processed on their Sperry Univac 9200
system. Equipment will include 48K bytes of main storage,
two 8416 (28MB) disc drives and card reader and printer.
Planned upgrades will ultimately take memory to more
than twice this size and will allow May and Baker to
implement an on-line order-entry and inventory
management system. This transaction-driven system will be
based on Sperry Univac’s IMS/90 software, which provides
the necessary data definition, data manipulation,
communication and control facilities already written and
proven.
RECORDER FEATURES TORQUE-MOTOR
PEN DRIVE

The Clearspan P105T Circular Chart Recorder is the
latest in the range of electronic potentiometric instruments
available from Kent Instruments (Australia) Pty Limited.
A feature of the Clearspan P105T is the torque-motor
pen drive which replaces the conventional servo-motor
drive, and, being free from wear-prone gearing, gives a very
high level of reliability and a long working life.
The Clearspan P105T, has a 250mm diameter chart and
can be supplied either as a single- or two-pen recorder. Its
accuracy is better than ±1% of span and full-scale deflection
is achieved in under 2 seconds.
The P105T is housed in a cleanly designed case of steel,
aluminium and triplex glass, which matches the other
recorders in the Clearspan range. The whole unit embodies
modern modular construction techniques and is designed
with easy servicing in mind, allowing complete
sub-assemblies to be quickly changed if they develop a
fault.
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From the President

—

Unionism
Undoubtedly one of the most emotive matters to face
the computer industry for many years is that of unionism.
This smouldering issue, which has lain dormant for some
years, finally has burst into reality, much to the chagrin of
many and supporting the dire predictions of others.
The issue was brought to a head by the serving of a log
of claims in January this year by the Federated Clerks
Union on over 30 companies in the industry. This was
followed in a matter of weeks by a similar log by the
Technical Services Guild of Australia. These logs galvanised
into action many of those in the industry who could see the
potential dangers of inappropriate industrial representation.
The National Council and all Branch Executive
Committees of the Society made a detailed examination of
the many aspects of this complex problem.
The options open to us were to do nothing and ignore
the issue; make industrial representation an integral part of
Society membership, i.e. become a union; create an
industrial arm of the Society giving members the option of
combining this with membership of the professional arm;
create a separate union as an A.C.S. adjunct, i.e. do it as an
A.C.S. activity; endorse an existing union; or support the
formation of an appropriate union.
The Society came out strongly in favour of the last
option. Some of the other options were not viable from a
practical or constitutional point of view. Others were
clearly undesirable for the members of the Society as a
whole.
Largely as a result of this activity a new industrial
organisation, called the Association of ComputerProfessionals, Australia (A.C.P.A.) was formed. The Society
has given its full support to A.C.P.A.
The Society represents a very broad spectrum of
members, from employers, through the self-employed to
employees. It recognises its responsibility to bring to the
attention of members, matters of import in relation to their
role as computer professionals. It recognises that the
question of unionism in the computer industry is of
significant importance to many of its members.
It must be appreciated that many issues which are the
legitimate concern of the Society may affect only some and
not necessarily all of its members.
The Society, being a professional society representing
computer professionals in a wide variety of occupations,
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including employers and self-employed, cannot and should
not engage in industrial representation on behalf of its
members. That is, it cannot act as a union. To do so, even if
it were possible constitutionally, would fragment it.
Being a professional society the A.C.S. does not have a
policy in favour of or opposed to unionism for employees
in the industry. It is neutral on this issue.
However, it does believe that if those computer
professionals who are employees are required to join a
union, for whatever reason, their interests as computer
professionals would be best served by a union solely
representative of computer professionals.
Moves made within the Society over the last few years in
introducing formal qualifications for membership,
introducing its own examinations and incorporating a code
of ethics in the constitution were now very relevant. They
were certainly of great benefit to employees in the
industry who were facing the need for a representative
industrial organisation.
The Society, in its examination of the problem,
considered that no union existed at present solely to
represent computer professionals and it therefore supported
the formation of A.C.P.A. as a union to solely represent
computer professionals. It would be most inappropriate if
people such as systems analysts, programmers, data
processing managers, operators and so on were grouped
with clerks or technicians in industrial matters.
The Society has not at any stage in the past given its
support, expressly or implied, to any other industrial
organisation. It has for some time been advising its
members to consider the problem as it would soon become
very relevant to their professional careers. We have
encouraged discussion on the issue and have convened
meetings and so on at which various approaches have been
considered. Our policy has been to keep the issue before
the members so that they were informed of developments.
We have been very careful not to endorse or suggest any
existing or proposed union as being preferred.
However, recent moves within the industry have clearly
brought the matter to a head and we are throwing our full
support behind A.C.P.A.
I urge all those who are likely to be affected by these
recent events to give careful consideration to all the issues
involved. It is your future, so do not discard it lightly.

The Australian Computer Journal, Vol.

7, No. 2, July, 1975

A Stable Method of Inverse Interpolation
By J. M. Blatt*

The Muller method is modified so as to yield a rapid, yet stable, algorithm for finding a real root of f(x) =
0, given two initial values xx and x2 such that f(xi) and f(x2) have opposite signs.
KEY WORDS
Inverse Interpolation, Muller method, Stability, Convergence.
Association of Computing Machinery review categories: 5.13, 5.15.
A Running Title: Inverse Interpolation.

1. INTRODUCTION
We are given a continuous real function
y = f(x)

(1.1)

and wish to determine a root, i.e., a value of x such that
f(x) = 0

(1.2)

A discussion of a number of commonly used methods
can be found in textbooks, for example, Phillips and Taylor
(1973) or Conte (1965). These fall generally into two
classes:
(a) Slow but safe, e.g., halving the interval and regula
falsi;
(b) Fast but unstable, e.g., Newton’s method and the
secant method.
The “safe” methods ensure that a root is contained
within the interval (xx ,x2) of the x-axis being explored, at
every step of the iteration. For example, in the bisection
(“halving the interval”) method, xx and x2 are such that yx
= f(xx) and y2 = f(x2) have opposite signs. At least one
solution of equation (1.2) is then guaranteed to lie within
the interval (xx ,x2). The next x-value to be tried is
x’ = 1A(x1 + x2)

(1.3)

and this becomes the new xx or the new x2, depending
upon the sign of y’ - f(x’).
In a computer, it is better to get there safely in 32
steps, say, than to use a method which may get there in 5
steps if all goes well, but may not get there at all if things
turn out badly.
The Newton-Raphson method is of this second,
unstable kind. Like the proverbial little girl, “when she is
good, she is very very good, but when she is bad she is
horrid.”
Many years ago, Muller (1956) proposed a method
which starts from three points (x1;yj), (x2,y2) and
(x3,y3). A quadratic polynomial is fitted to these points,
and one of its roots (usually the nearer one of the two) is
used as the next x’ to be tried. The roots of the quadratic
may be complex numbers; Muller was interested specifically
in a method capable of finding complex roots. The Muller
method is not widely known, and is used only rarely. Its
rate of convergence is good, but convergence is not
guaranteed. Thus, the Muller method is its original form is

similar to the secant method or to Newton-Raphson: fast
but unsafe.
In this paper, we propose a revised version of the
Muller method, modified so as to be “safe”; yet our
method remains fast (i.e., unlike the step from the secant
method to the regula falsi, we do not lose significantly in
speed of convergence). This modified method has, in our
opinion, enormous advantages over all the standard
methods, and we recommend it as the method of choice.
The essential modifications are:
(1) At every stage of the iteration, at least one real
root is guaranteed to lie within the interval
(xx pc2). This modification has also been suggested
by Phillips et. al. (1973).
(2) Not every step of the iteration is necessarily a
“Muller step”. Rather, before every step a number
of tests are carried out, to ascertain whether
conditions are right for use of the Muller method.
The conditions themselves will be described later.
Unless all conditions are satisfied, the next x-value
to be tried is obtained by some simple linear
scheme (usually, but not always, by halving the
interval). The use of these conditions, and the
substitution of a linear scheme for the Muller
method whenever Muller is “suspect”, effectively
prevents deterioration of the rate of convergence.
We do not have a mathematical theory of the rate of
convergence of the modified method (although convergence
itself is guaranteed). A number of examples, some of them
exhibited in Section 3, show an excellent rate of
convergence even under very unfavourable conditions.
2. THE MODIFIED METHOD
The basic iteration starts from three points (xj.yj),
(*2^2), (*3^3), such that
(i) x2lies between Xj andx3
(2.1)
(ii) yx and y3 have opposite signs
(2.2)
^ y2 = ffe) is zero, we have found an exact root x2, and
need not iterate further. Hence assume y2 =£ 0 for now, and
assign indices 1 and 3 so that
(iii) y2 has the same sign as y3, and hence opposite sign
to y1
(2.3)
It is convenient to define “reduced variables” £ and 17
by

x2 -xx

* School ofMathematics, University ofNew South Wales. Manuscript received 9th August 1974
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V=

(2.5)

y.
y2

satisfy the conditions (2.1), (2.2), and (2.3), after suitable
assignment of labels 1, 2, 3 to these three points. The
details are given in Table 1 below.

and quantities a, (3, 7 by
TABLE 1. Selection of New Points
*3 -Xj

(2.6)
X2
0=

Xj

Y3/Y2

(2.7)

<
N

£

->>

ii

(2.10)
(2_n)

This quantity is the slope of P(£) at % - 0. The slope at % = a
(corresponding to x = x3) is
c = P’(a) = b + 2(1 + 7 - b)a
(2.12)
Since P(g) is negative (equal to -7) at % = 0, and positive
(equal to +1) at ij = 1, one root of P(£) lies between £ = 0
and |=1. This root is given by
27
0 = --------— ...............b + \/"(b — 2y)2 + 47

y’,Y2 same sign (x3 >y 3) * (x2>y2)

FALSE
Test 2

(X2,y2)*(x’>y’)
2

lya 1 > Iyi 1

as above, then
interchange labels 1
and 3 on the new
points

(xi ,y 1) *(x’,y’)

It is this insistence on conditions (2.1) - (2.3), particularly
condition (2.2), which is the first of the distinguishing
features of this method. This first modification has also
been suggested by Phillips et. al. (1973). In the original
Muller method, the points are ordered by the sequence in
which they are obtained. At stage i of the iteration, we have
points (xj.2,yi-2), (Xi-I>yi-|), Oi=yi) available; these are
used to compute (x’,y’) = (xi+1 ,yj+i). The Muller method
always discards point (xj.2 ,yi-2). There is then no guarantee
that the retained values yM , yi; yi+1 contain both positive
and negative numbers, indeed one or more of them may be
complex numbers. Thus the Muller method need not
converge to a real root of f(x) = 0. It may converge to a
complex root, or it may fail to converge altogether.
The Muller method has a rapid rate of convergence (if
it converges at all). Let e; be the error at the jth step and let
the actual root be a simple root. Muller showed that then
ej+i = K(ej)«-84

(2.15)

(2.13)

We have written the formula in such a way that it is
computationally stable, and leads to the desired root. (The
other root, obtained by using the negative square root, is of
no interest to us.)
It should be noted that direct use of formula (2.13) is
equivalent
mathematically,
but
inequivalent
computationally, to the more straightforward scheme of
finding the coefficients of the quadratic polynomial fit, and
then finding the root. As Phillips et. al. (1973) point out,
this latter scheme becomes computationally unstable when
|xj - x2| is very small, and can then lead to spurious
complex roots. The formula (2.13), not given by Phillips
et.al., always leads to a real value for 0. If b > 0 and 7 > 0
(conditions we shall impose shortly) then 0 is always in the
range 0 < 0 < 1, in the computer.
The next trial value x’ of x is obtained by setting % = 0
in (2.4) and solving for x. This yields:
x’ = Xj + 0(x2 -Xj)
(2.14)
We note that equation (1.3) is a special case of (2.14),
namely 0 = lh.
The basic iteration method computes x’ as above, then
y’ = f(x’)- If y’ = 0, we are finished. Otherwise, discard one
of the three original points, in such a way that the
remaining two points, together with the new point (x’,y’),
52

1

(2.8)

where
b _ (a+ 1)7 + a;(0/a)
a
a-1

CONDITION
TRUE

By definition, all of a, j3, 7 are positive numbers, and a
exceeds unity. The three given points are mapped to
“reduced points” as follows:
(xj ,y!) is mapped to (£,r?) = (0, -7)
(x2 ,y2) »s mapped to (£,77) = (1,1)
(2.9)
(x3,y3) is mapped to (|,t?) = (a,0)
The quadratic interpolation polynomial in the reduced
variables is then given by
r? = P(S) = (l +7-b)£2 +b?-7

ACTION IF
TEST

where K approaches a constant when j becomes large. This
rate of convergence is only slightly inferior to that of the
Newton-Raphson method (exponent = 1.84 instead of
2.00).
The modified method, as described so far, is the same
as the “bracketing Muller method” of Phillips et. al (1973).
The three points (xj ,yi), (x2,y2), and (x3,y3) are ordered
by conditions (2.2) and (2.3), rather than by the history of
the iteration. At every stage, a real root is guaranteed to lie
between x! and x2. Mathematically, therefore, the
bracketing Muller method must converge to a real root.
However, this mathematical reasoning does not
guarantee that the convergence is rapid; and when one
allows for roundoff errors in a computer, even convergence
itself is not assured. In section 3 we present results for
several test functions, including a function h(x), equation
(3.3), which has a triple root and is therefore a very
unsuitable function for any of the standard methods of
inverse interpolation. The results of the bracketing Muller
method applied to h(x) are extremely discouraging. With
starting values X] = 0.92 and x2 = 1.10, and a true root at x
= 1.00, the method took 157 (!) iterations to get to x =
1.0000090, and stopped there because a, equation (2.6)
became equal to unity in the computer at this stage. The
division by a -1 in equation (2.11) is then impossible.
With another trial function, g(x), equation (3.2),
starting values Xj =0.1 and x2 = 20.0 (and a true root again
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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at x = 1.0), the bracketing Muller method failed after only
three iterations, a became unity, and the iteration had to be
abandoned at the point x = 10.05 obtained from an initial
halving of the interval, and not improved thereafter.
This dismal record of the bracketing Muller method
explains why Phillips et. al. (1973) do not recommend this
method, even though they mention it as a possibility.
To avoid such complete breakdowns, Phillips et. al.
(1973) suggest transferring to the bisection (halving the
interval) method after a breakdown has stopped the Muller
scheme. This will certainly work, but it does not ensure
speed of convergence. In our first example above, it took
157 iterations to reach the breakdown point. Halving the
interval from the very beginning would have ensured full
convergence (to IBM/360 machine accuracy) in less than 30
iterations! Thus the bracketing Muller method has no
advantage at all with an unfavourable function.
To make progress in this situation, it is essential to
identify “dangerous situations” for the Muller scheme, so as
to avoid using the Muller scheme whenever it looks unsafe;
we may, and often do, return to the Muller scheme later on,
when the situation has improved. To be precise, the second
essential part of our new method consists of a number of
conditions, all of which must be obeyed before the Muller
scheme (2.13) is used to calculate (pin (2.14). Simple, linear
methods are employed whenever one or more of these
conditions are violated. The tests are carried out in the
order listed in Table 2 below, and the action described in
the last column is taken for the first violation encounted.
We present the table first, with explanations afterwards.
TABLE 2. Tests Before Using The Muller Method
Test
No.

Action if False

1

Inhibition counter <0

Decrease inhibition counter by
1; <p=V.i

2

No. of earlier Muller
steps < 5
X2 =5^x3
a>1.001
a < 1000.0
b >0
c>0

3
4
5
6
7

1
1

Condition Tested

Terminate iteration and exit
<p =3 - 2a
<P=V2
<p=Vi
0 = Vi

Explanation:
Condition 1 will be explained later.
Condition 2 protects us against “horrid functions” for
which the Muller method is quite unsuitable. If five Muller
steps have not yielded full convergence, our experience
indicates that it is safe to conclude that the function cannot
be approximated by a quadratic polynomial near the true
root. cp = Vi means halving the interval, and that is what we
do from this point on.
Condition 3 prevents a possible source of looping. If X2
= X3 in the machine, our experience indicates that this
value is as close as we can get to the true root, to machine
accuracy: Xj may still be some distance away, but nothing
is gained by continuing, say, by halving the interval.
Conditions 4 and 5 involve only a, defined by (2.6). a
> 1000.0 means x3 is more than a thousand times as far
from x2, as x2 is from Xj. Since the true root is known to
lie between Xj and x2, we ignore x3 altogether, and halve
the interval (xj ,x2).
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

a< 1.001 means that x2 and x3 are close together, Xj
being at least a thousand times as far away. The choice <j> =
3 - 2a is equivalent to
x’ =x2 -2(x3 -x2)
(2.16)
i.e., the new trial value x’ is twice as far from x2 as x3 is
from x2, on the opposite side.
Conditions 6 and 7 test the derivatives of the
interpolation polynomial P(£), equation (2.10), at the two
extreme points of the interval, i.e., at % = 0 (corresponding
to x = Xj) and at % = a (corresponding to x = x3). If either
derivative is negative, then the quadratic has an extremum
somewhere within the interval of interest, and is considered
suspect. It may be a good approximation to the true
function, but then again it could be a very poor
approximation indeed. This latter is likely to be true if we
are not yet very close to the true root. Since stability is
very important here, we avoid using the Muller method in
such cases, and employ simple halving instead.
It remains to discuss condition 1. The idea here is to
test, after each Muller-type iteration, whether it has been
“successful”. If so, all right; if not, an inhibition counter is
set to a value N, so that the next N iterations must use
halving of the interval. N itself starts at 1, but is
incremented by 1 after each unsuccessful Muller-type
iteration.
How, then, do we judge the “success” of a Muller-type
iteration? We began with a rather complex scheme, based
upon equation (2.15). But experience showed that a
simple-minded approach is best. Before a Muller-type
iteration, the y-value of least absolute value is
minOyj |, |y2|, |y3|) = min (|yx |, |y21)
(2.17)
Equation (2.17) holds because our conditions 6 and 7 for
Muller-type iterations imply that |y3| > |y2|. After the
iteration, the y-value of least absolute value is (hopefully)
ly’l = |f(x’)|. After some experimentation, our “success
condition” is
|y’| <0.3min(|y1|, |y2|)
(2.18)
If this condition is violated, Muller-type iterations are
prohibited for the next N times and N is advanced by unity.
This temporary inhibition is different from the rule
against more than five Muller-type iterations altogether. In
the early stages, conditions 2-7 in Table 2 may all be
satisfied, yet the result of a Muller-type iteration may be
disappointing, simply because we are not as yet close
enough to the true root to approximate f(x) validly by a
quadratic polynomial. Such an unsuccessful try in the early
stages should make us cautious in using the Muller scheme
again immediately, but it should not make us so
over-cautious as to drop the Muller technique altogether.
But if we have tried the Muller scheme five times and still
have not converged, then it is time to forget Muller and
halve the interval doggedly until we get to the root.
We do not claim that Table 2 represents the best set of
tests and actions. However, this set is simple to use, and
works well on the cases we have tried.
Finally, how do we start the whole scheme? At the
very first iteration, the two given points are taken to be
(xj ,yj) and (x2,y2). The inhibition counter is set to unity,
to force halving of the interval, and we are off.
3. TEST RESUETS
A subroutine has been written in ANSI FORTRAN,
and it is listed in Appendix A; it requires an EXTERNAL
declaration in the calling programme, declaring the actual
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function name which replaces the dummy name FUN.
The subroutine has been tested with a number of test
functions. We give results for three of them, namely:
y2 - 1
f(x) = ------- (x2 + l)2

(3.1)

g(x) =

(3.2)

X6
hfx)= (X+1)(X-1)3

(X2 +

(3.3)

1)3

All three functions have a root at x = 1. f(x) and h(x) also
have roots at x = -1, and some of our starting values
(especially xi = -0.9) are such that the Newton-Raphson
method converges to x = -1, not to x = 1. g(x) becomes
infinite at x = 0; thus starting values close to zero, e.g., Xj =
0.01, put a severe strain on any method of inverse
interpolation. Finally, the function h(x) has a triple root
(rather than a simple root) at x = 1. This is completely
unsuitable for all usual methods, including the Muller
method, since a quadratic interpolation polynomial is a
very poor approximation close to the root x = 1.
In each line of Table 3 we give first the function, then
the points (x^yj) and (x2,y2) used at the start of the
iteration, and finally comparitive results for
a) The Newton-Raphson method starting at point (xjyj).

The number in that column is the number of iterations
required to achieve full convergence correct to single
precision on an IBM/360). The letter “D” indicates
divergence of the method. The letter “W” indicates
that the method, though converging, converged to the
“wrong” root (at x = -1), rather than to the desired
root at x = +1.
b) The Newton-Raphson method starting at point (x2 ,y2).
The conventions are the same as for (a).
c) The “bracketing” version of the Muller method, as
described by Phillips et. al. (1973), i.e., using halving
the interval for the first iteration and formulas (2.13)
and (2.14) for all subsequent iterations. Comments “I”
and “N” mean that the method had to be interrupted
because a became equal to 1.0 in the computer; “I”
means we were close, “N” means we were not close, to
the desired root, at the moment of interruption.
d) The method described in this paper, i.e., including all
the tests in Table 2.
Let us discuss the results in Table 3.
1. The Newton-Raphson method shows its usual
behaviour for f(x), (3.1). With eight different starting
points, it converged quickly to the desired root in
three cases, to an unwanted root in two cases, and
diverged altogether in three cases. (Note that the same
starting point, x2 = 1.7, y2 = 0.12, occurs three times
in column (b)). However, the behaviour of the
Newton-Raphson method for the functions g(x) and

TABLE 3. Test Results
STARTING VALUES

FUNCTION

NO. OF ITERATIONS, AND COMMENT*
(a)
Newton
Raphson
from xj

(b)
Newton
Raphson
from X2

(c)
Bracketing
Version
of Muller
Method

(d)
New
Method

X1

7l

x2

72

f(x)

0.92
0.5
0.1
-0.5
-0.9

-0.05
-0.48
-0.97
-0.48
-0.06

1.10
1.7
1.7
1.7
20.0

0.04
0.12
0.12
0.12
0.002

4
6
D
6,W
5,W

5
D
D
D
D

3
5
6,1
7
11

3
6
6
6
11

g(x)

0.92
0.5
0.1
0.1
0.01

-0.13
-3.2
-9.E5
-9.E5
-1 .El 2

1.1
1.7
1.7
20.0
1000.0

0.06
0.03
0.03
3.E-7
l.E-15

5
11
22
22
37

7
D
D
D
D

4
16
10
3,N
3,N

5
7
6
12
17

h(x)

0.92
0.5
-0.5
-0.9
-0.9
-0.9

-2.E-4
-0.1
-0.9
-0.12
-0.12
-0.12

l.'l
1.7
1.7
1.7
20.0
1000.0

2.E4
0.02
0.02
0.02
0.002
l.E-6

35
41
5,W
4,W
4,W
4,W

28
30
30
30
D
D

157,1
>200,1
162,1
>200,1
112,1
>200,N

21
25
25
22
28
31

* Meaning of Comments:
D: Newton-Raphson method diverged to 4-ooor to -oo.
W. Newton-Raphson method converged to an unwanted root.
I: Bracketing Muller method had to be interrupted after this number of iterations because a, equation (2.6), became equal to 1.0 in the computer.
The final value found was reasonably close to the desired root.
N: Same as I, but the final value found was very far from the desired root.
No comment indicates full convergence to the desired root, to machine accuracy (single precision IBM/360).
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2.

3.

4.

h(x) may be a surprise to some readers. For g(x) and
X! =0.01, it requires thirty-seven iterations (!) to get
to the root. Halving the interval would have been
considerably faster. For the function with a triple root
at x = 1, e.e., h(x), it takes thirty-five iterations (!!) to
get from xi = 0.92 to the root at x = 1.00 a mere eight
percent away. Indeed, for the function h(x) the rate of
convergence of the Newton-Raphson method becomes
slower the closer we are to the true root.
The bracketing Muller method, without the tests of
Table 2, is not to be recommended (it is not
recommended by Phillips et. al. (1973), they just
mention it as a possibility). In many cases, it required
more than two hundred iterations (!) to converge. In
quite a few cases, full convergence was not achieved
because a became exactly 1.0 in the computer.
The new method gives good results. It converges in all
cases, and does so at least as fast as Newton-Raphson
for those cases in which Newton-Raphson converges to
the
desired
root.
The
improvement
over
Newton-Raphson is dramatic for g(x), and is
appreciable even for h(x), which is a completely
unsuitable function both for Newton-Raphson and for
Muller. With h(x), our routine winds up by halving the
interval at almost every iteration; thus the number of
iterations is similar to that for the bisection method.
This is the very best that one can hope to get with a
really unsuitable function.
It is easy to invent more complicated schemes for

which h(x), (3.3), is no longer an “unsuitable”
function. However, this is a red herring. No matter
what scheme is used, there will always exist unsuitable
functions for that scheme (for example, fitting a cubic
polynomial would make h(x) a “suitable” function, but
a function with a quadruple root would then still be
“unsuitable”). A method must be judged not only by
what it does with functions suitable for that method,
but also by what it does with unsuitable functions. The
bracketing Muller method (column (c) of table 3) does
work well with suitable functions and reasonable
starting points; but it fails dismally if the function is
unsuitable and/or the starting values are too far from
the desired root.
The new method passes all tests we have been able to
devise, and we recommend it for practical use in preference
to all other known methods.
Acknowledgement:
I am grateful to Mr. V. Gebski for some valuable
discussions.
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APPENDIX A
Listing of the FORTRAN programme NVPOL

ooooonooooooooooooooonoooooo

SUBROUTINE NVPOL (FUN,XI ,X2,XTOL,YTOL,ITOL,Yl ,Y2)
INVERSE INTERPOLATION BY MODIFIED MULLER METHOD
FUN = FUNCTION NAME. WE WANT TO FIND X SUCH THAT FUN (X)=0.
NOTE THE ACTUAL NAME MUST BE DECLARED EXTERNAL IN THE
CALLING PROGRAM.
XI = X-VALUE AT ONE END OF INTERVAL.
X2 = X-VALUE AT OTHER END OF INTERVAL.
BY ASSUMPTION, Y1 AND Y2 HAVE OPPOSITE SIGNS. ROUTINE
CHECKS THIS, RETURNS WITH ITOL=-l IF UNTRUE.
XTOL = TOLERANCE ON ROOT, I.E.ONABS(Xl-X2) AT THE END.
YTOL = OPTIONAL TOLERANCE ON ABS(Y), IGNORED IF =0.
ITOL = MAX. NO .OF ITERATIONS. IF ITOL.LE.O, ITOL=60.
AFTER RETURN.
(XI ,Y1) AND (X2,Y2) ARE THE BEST POINTS FOUND.
ABS(Y1).LE.ABS(Y2)
IF (Y1 .NE.0) THEN Y1 AND Y2 HAVE OPPOSITE SIGNS
ITOL IS THE ACTUAL NO. OF ITERATIONS USED. IF THE INITIAL
POINTS WERE CHOSEN SO BADLY THAT Y1 AND Y2 HAD THE SAME
SIGN,THEN ITOL IS SET TO -1, AND WE EXIT IMMEDIATELY.
USER MUST SUPPLY:
1. AN ACTUAL FUNCTION NAME TO REPLACE THE NOMINAL ‘FUN’.
2. VALUES OF XI ,X2,XTOL.
3. OPTIONALLY: VALUES OF YTOL, ITOL.
4. FUNCTION SUBPROGRAM, OF DECLARED NAME, TO EVALUATE F(X).
5. WITHIN THE CALLING PROGRAM, AN ‘EXTERNAL’ DECLARATION FOR
THAT FUNCTION NAME.
DIMENSION X(3),Y(3)

1

=

1
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ITER=0
MULLER=0
ITCH=1
N0TCH=1
XTOL=ABS(XTOL)
YTOL=ABS(YTOL)
IF (ITOL.LE.O) ITOL=60
X(1)=X1
Y(1)=FUN(X1)
X(2)=X2
Y(2)=FUN(X2)
IF(Y(1)*Y(2)) 1100,9000,1050
1050 1T0L=—1
GO TO 9100
C

non

1100 IF(ABS(Y(2)).LE.YTOL.OR.ABS(X(r)—X(2)).LE.XTOL.OR.ITER.GE.ITOL)
1
GO TO 9000
ITER=ITER+1
PHI=0.5
MILLER=1
IF(ITCH.LE.O) GO TO 1150
ITCH=ITCH—1
GO TO 2000
1150 MILLER=2
IF(MULLER.GE.5) GO TO 2000
IF(X(2).EQ.X(K)) GO TO 9000
SLPHA=(X(K)-X(I))/(X(2)-X(I))
1F(ALPHA.LE.l.001) GO TO 1550
IF(ALPHA.GE.IOOO.O) GO TO 2000
BETA=Y(K)/Y(2)
G AMM A=—Y (I)/Y (2)
B=(ALPHA+1.0)*GAMMA/ALPHA + (ALPHA—BETA/ ALPHA)/(ALPHA-1.0)
1F(B.LE.2.0*(B—GAMMA—1,0)*ALPHA.OR.B.LE.0.0) GO TO 2000
PHI=(2.0*GAMMA)/(B + SQRT((B-(2.0*GAMMA))**2+4.0*GAMMA))
MILLER=3
MULLER=MULLER+1
GO TO 2000
1550 PHI=AMAX1(1,0-2.0*(ALPHA-l .0),0.5)
C
PATHS REJOIN
2000 XNEW=X(I)+PHI*(X(2)—X(I))
IF(XNEW.EQ.X(I).OR.XNEW.EQ.X(2)) GO TO 9000
YNEW=FUN(XNEW)
IF(MILLER .NE .3 .OR ,ABS(YNEW) .LT .0.3 * AMIN 1 (ABS(Y(I)) ABS(Y(2))))
1
GO TO 2010
A MULLER-TYPE ITERATION HAS PROVED UNSUCCESSFUL.
INHIBIT MULLER-TYPE ITERATIONS FOR A FEW TIMES, AND UP THE NUMBER
OF INHIBITIONS FOR THE NEXT SUCH OCCURRENCE.
ITCH=NOTCH
NOTCH=NOTCH+1
2010 JJ=1
IF(SIGN(YNEW,Y(2)).EQ.YNEW) GO TO 2040
IF(MILLER.EQ.l ,OR.ABS(Y(K)).GT.ABS(Y(I))) GO TO 2030
C
DISCARD POINT I
X(I)=XNEW
Y(I)=YNEW
GO TO 2060
C
PREPARE FOR SWITCHING LABELS I AND K.
2030 JJ=2
C
DISCARD POINT K
2040 X(K)=X(2)
Y(K)=Y(2)
X(2)=XNEW
Y(2)=YNEW
C
TEST FOR PRECISE ROOT.
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2060 IF(Y(2).EQ.0.0) GO TO 8000
GO TO (1100,2100)^1
C
INTERCHANGE LABELS I AND K
2100 JJ=I
I=K
K=j j

GO TO 1100
C
C
C

FINISHED
Y(2) WAS EXACTLY ZERO. SELECT THE BEST OTHER ONE.
8000 IF(ABS(Y(K)).LT.ABS(Y(I))) I=K
C
REPORT NO. OF ITERATIONS USED.
9000 ITOL=ITER
C
REPORT THE TWO BEST POINTS FOUND.
9100 IF(ABS(Y(2)).LE.ABS(Y(I))) GO TO 9200
11=1

12=2
GO TO 9300
9200 11=2
12=1
9300 X1=X(I1)
Y1=Y(I1)
X2=X(I2)
Y2=Y(I2)
RETURN
END

Book Reviews
Numerical Computing and Mathematical Analysis, by Stephen M.
Pizer (S.R.A.) $12.75.
Numerical Computing and Mathematical Analysis is not, of
course, a book on both numerical methods and calculus. It presents
numerical methods together with the supporting analysis and
algebra. The chapters are, predictably,:- Chapter 1 “Numerical
Computing - Accuracy and Efficiency” including generation and
propagation of errors and the probabilistic analysis of error. Chapter
2 “Systems of Linear Equations” contains, as well as the “usual”, a
thorough treatment of conditioning and the calculation of
eigenvectors. Chapter 3 “Nonlinear Equations”. Chapter 4
“Approximation” that is (exact) interpolation including quadrature,
and least squares approximation including Fourier approximation.
Chapter 5 “Numerical Solution of Ordinary Differential Equations”.
The material is presented clearly and is well supported
mathematically. For example there are a significant number of
theorems in linear algebra (over an arbitrary field) most of which are
proved in full (although the principle properties of determinants are
just stated). This helps to make the book more self contained
mathematically than most texts in this area. The only regret I had
concerning content was that Tchebycheff approximations were not
developed further. There are plenty of problems, and each chapter is
well referenced.
In this book Professor Pizer presents Numerical Methods as a
mathematical science. To quote the third sentence from his Preface
“It is therefore necessary for the computer scientist, as well as for
all scientists doing numerical computing above the “cookbook”
level, to know the basic concepts supporting the numerical use of
computers.” To derive full benefit from this presentation the reader
should have reached the stage where he feels it necessary to tidy up
the mathematics on which he has begun to rely. In other words, he
should be experienced with “cookbook” level numerical methods,
and should preferably be acquainted with the art of numerical
methods, see, for example, “Numerical Methods That Work” by
Forman ACTON.
To conclude, this is a good solid book on numerical methods
for the mathematically minded and for those who like to see the
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methods and truncation errors actually derived. It is not for the
beginner or for the person only interested in solving numerical
problems as quickly and easily as possible.
J.K. Debenham

R. A. Vowels Algol 60 and Fortran IV. John Wiley & Sons
Australasia Pty. Ltd. Sydney, pp 173.
This book is intended essentially as a third volume of a trilogy.
The first two are Schaefler’s, “Introducing Computers” and
Watkins, “Computer Problem Solving”. This volume is a valuable
contribution to the plethora of books on programming and
programming languages. The two languages are laid out essentially
side by side with numerous simple examples. This allows the reader
who has a knowledge of one of the languages, to assimilate the
second without the necessity to start from scratch. The reader is
able to get not only a reading knowledge of the second language,
but also a reasonable working knowledge. Not having to go back to
step one is very important.
As the 1/0 for ALGOL 60 is very machine and model dependent,
the author does follow it through for the CDC Cyber 70, IBM
System 360/370, ICL 1900, and ICL System 4 computers. These
machines are fairly widely used at tertiary institutions in Australia
and so this volume can be considered for use as a text, although it is
not recommended for use to study both languages simultaneously.
It should be used for learning the second. As FORTRAN is so much
more widespread, it can be used for learning ALGOL 60 not only as
a programming language but as a language for communicating
algorithms, as the procedure part of many algorithms in the
literature are written in ALGOL without the attendant 1/0
complications.
The book is readable, and 1 have found it useful to have at hand,
and at $6.50 is, reasonable in these days of high prices of technical
books.
M. R. Pine
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Computer Generation of Privacy
Transformations
By J. L. Roughan, G. Hough and J. C. Gwatking

This paper discusses reversible transformations to be applied to data in a computer to prevent
unauthorized access to the data. Two methods of transformation or encryption are discussed. The first
can be used to encrypt data for sequential storage or transmission. The second method is suitable for
encrypting randomly accessed data records. Both methods use the outputs of several pseudo-random
number generators, combined in a carefully designed way, to encrypt the data. Decryption is achieved
by simply repeating the process.

1. INTRODUCTION
This paper discusses methods that have been
developed to encrypt data in a computer economically and
simply. Two methods are considered. The first is used for
sequential encryption of data and the second can be used
for encryption or decryption of data in an unpredictable
order. The first method could be used for sequentially stored
files or could be applied to data transmission between
computers. The second method could be used for random
access to records in a file. The methods use the outputs of
several pseudo-random number generators, combined in a
carefully designed way, to encrypt binary computer words.
In the method used for sequential data storage or data
transmission, a password supplied by the user generates
starting values and multipliers for four random number
generators required in the encryption process. Independent
parts of the password are used for these purposes.
The method used for application to random access
data storage is similar in that a password supplied by the
user generates starting values and multipliers for the
random number generators but only two generators are
required. The user also supplies a key identifying each
block of data encrypted using one password. Use of the key
enables the blocks to be encrypted or decrypted in any
order and at any time, making the method suitable for
random access data storage.
The features of both these methods have been selected
to be compatible with the view that security should not
depend on keeping details of the method secure. Thus
unauthorized access to the part of the computer memory in
which an encryption program is stored may compromise
the password of at most one user, but will not make the
encrypted data of any other user less secure.
One disadvantage of this approach is that computer
centre staff will be unable to recover the data of a user who
forgets his password. However, this does mean that users
may be confident that computer centre staff cannot inspect
the contents of their encrypted files.
The methods have been made as simple as possible for
speed, ease of checkout of programs, low storage
requirements and to encourage thought on procedures for
breaking the cypher. This paper is published to assist others
and to stimulate criticism of the method. Readers are
invited to think about how the cyphers might be broken
and to correspond with the authors.
It should be noted that, although the authors are

engaged in the selection and construction of software for a
large general purpose digital computer which handles some
classified data, they have no connection with any
organization responsible for work in cryptology.
2. METHODS
The computer of application is a 36-bit word machine
so that all numbers in this paper relate only to machines of
that word size. The methods of generating multipliers for
multiplicative congruential ‘random’ number generators
would have to be altered for different word sizes.
2.1 Sequential data encryption
Random number generators of two words (i.e. 72 bits)
have been selected so that if 36 bits are used to encrypt a
word, knowledge of those 36 bits does not enable
prediction of the next output of the random number
generator. The outputs of two of these random number
generators are ‘exclusive OR’-ed to produce the number to
be used for encryption, which also takes place by ‘exclusive
OR’. The ‘exclusive OR’ operation ensures that random
parts of each number are included in the result, making it
difficult to establish which parts come from which
generator.
The use of ‘exclusive OR’ to encrypt is convenient
because decryption results from a repetition of encryption.
In an attempt to make the cryptanalyst’s life harder, a
third random number generator gives rise to random
register rotations in the above two random numbers before
they are combined. A fourth random number generator is
used to cause random changes to the multipliers of any of
the total of four generators used. These changes occur at
random intervals.
Figure 1 contains a block diagram of the main steps in
the encryption process. The interaction between the four
random number generators is of particular importance in
this method. R2 and R3 represent the two basic random
number generators, R4 gives rise to rotations and R1 causes
changes to the multipliers of all four. In each case the left
hand end of the 72-bit random number is used so as to give
away as little information as possible about the generator.
Also, the right hand end contains bits which get
progressively less random towards the least significant bit.
In particular, the six left most bits of R4 are used, three to
give a rotation between 0 and 7 in the random number
generated by R2 and three to give a rotation between 0 and

* Department of Defence, Weapons Research Establishment, Salisbury, South Australia. Manuscript received 17th June 1974.
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from that of discovering R2 and R3. The authors feel that
the method should be resistant to full knowledge of
relatively long sections of the data.
RANDOM CHANGES
TO MULTIPLIERS

/RANDOM\
/ROTATIONS'
OKI NUMBERS

EXCLUSIVE
OR
OPERATION

DATA

EXCLUSIVE
OR
OPERATION

ENCRYPTED OR
DECRYPTED DATA

Figure 1. Sequential data encryption method

7 in the random number generated by R3. Thus the final
36-bit number used from R2 or R3 can start anywhere
from bit 1 to 8 in the 72-bit random number.
Bits 1 and 2 of the number from R1 are used to
determine which generator should have its multiplier
changed. A multiplier is only changed if bits 3 and 4 are
zero. Bits 5 and 6 are used to determine how many
encryptions are to take place before a new random number
is generated by Rl. This feature makes the process slightly
more economical.
When bits 3 and 4 are zero, Rl is used to generate a
further 72-bit random number and one of the bit patterns
101 or Oil is appended to the right end of the most
significant 36 bits to form a new 39-bit multiplier. This
ensures a maximum period for the generator (Chambers,
1967).
The aim has been to make it much harder for a
cryptanalyst to discover the random number sequences Rl
and R4 than R2 and R3, but the authors cannot see how
the problem of determining Rl and R4 can be separated
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

2.2 Random access data encryption
In this method random numbers of two words (i.e. 72
bits) are again generated and only the most significant 36
bits used to conceal the two random number generators
used. The encryption process combines the two random
numbers by an ‘exclusive OR’ operation and then uses the
same operation to encrypt the data. Thus decryption is
again the same process as encryption.
The non-zero key word provided with each block is
used in conjunction with the original passwords to form a
completely different set of starting values and multipliers
for the random number generators used to encrypt that
block. If the method is used correctly data will be stored
securely.
A password array (PW) consisting of N computer
words is supplied by the user. These words are split into
quarters and different quarters used to make up to eight
new computer words, called the algorithm group, AW.
Another word, SW, is formed by selecting 4 bits from each
password until a complete word has been made.
For each record to be encrypted or decrypted the
algorithm group is multiplied by the key word to give a
long multiplication result of up to eight new words. The
word SW is also multiplied by the first key word and a new
word formed. This new word is divided by the total number
of bits in the password and the remainder is used to
determine a starting word in the password array and a bit
position from 1 to 36. The bits of each new algorithm word
are then examined, beginning with the selected bit of the
first word. If a bit is a one the corresponding bit of the
password array is extracted and stored in an array SV. If
not, the next bit is examined. This process is continued
until SV contains 6 full words.
These six words are used to build starting values and
multipliers for two random number generators. The
multipliers are made from one word with three bits added
to the right hand end to ensure good periodicity, resulting
in a 39-bit value. The remaining four words are used to
form a 72-bit starting value for each generator.
3. PASSWORD ENTRY
The whole security of the system rests on passwords,
the values of which are known only to the owner of the
data to be encrypted. In the applications considered here
the password consists of several non-zero binary computer
words. Independent parts of these words are used to select
the starting values and multipliers of the random number
generators.
3.1 Sequential data encryption
The passwords supplied (2 to 12 in number) are first
randomized by using them as starting values for a
pseudo-random number generator and iterating several
cycles. The resulting words are divided into 12 equal parts
so that four multipliers are created from one part each, and
four starting values from two parts each. Thus a 12-word
password allows two full 36-bit words for the starting value
of each random number generator, as well as one word for
each multiplier. This is the maximum requirement. Fairly
obviously security is increased by supplying a 12-word
password. When this is not done the partially formed
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Figure 2. Bit pattern for first application

starting values and multipliers are iterated in a random
number generator until overflow occurs. This ensures that
the full 36 bits of each word are used.
3.2 Random access data encryption
The passwords supplied (at least 8 and preferably
more than 32) are first used to form up to 8 algorithm
words. One algorithm word is formed by combining the
first, second, third and fourth quarters (i.e. 9 bits) of 4
consecutive passwords, one quarter from each password.
Hence a 32-word password provides greater security since 8
complete algorithm words may be formed.
The passwords are then used (4 bits from each word)
to form one starting word.
Bits of the passwords are used in the encryption
routine, without being changed, according to a sequence
obtained from the algorithm words, and the starting word.
4. RANDOMNESS
4.1 Description of tests performed
In order to test the randomness and statistical validity
of the numbers generated by the methods described for use
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in encrypting data, it was necessary to obtain a sample of
significant size. This was achieved by using data values of all
zeros as the information to be encrypted. The functional
operation used for encryption being ‘exclusive Or’, the
resultant encrypted data were simply the encrypting
random numbers. One thousand (1000) values were
obtained for each method, or application, and several
statistical tests applied to the resulting arrays of numbers.
(i)

Firstly a simple visual test was performed. The bit
patterns of the 1000 words were displayed in a matrix
of 36 by 1000 points. Where a one bit occurred in a
word a dot was plotted in the corresponding matrix
element. A blank was left whenever a zero bit
occurred. Sections of the plot for the first application
are shown in figure 2, and for the second application
in figure 3. From careful study of these plots any bad
periodic tendencies or patterns may be detected
quickly.
An extension of this test used the computer to
detect patterns. A program was written to detect runs
of ones or zeros in the lateral (i.e. along the word) or
longitudinal (i.e. across 1000 words) directions. The
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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(ii) Another program was written to plot two graphs, on
the same set of axes and to the same scale to enable
close correlation, showing, the number of points
contained in runs of ones or zeros of a given length in
each direction. The graph resulting from the test for
the second application is shown in figure 5. A similar
graph was obtained for the first application. The
symbol O represents runs of both ones and zeros
across the 1000 word sample, while A represents runs
along each word of the sample.
(iii) The third test involved measuring the correlation
between pairs of words a given distance (x) apart
across the 1000 word sample. Only separations of up
to 100 words were considered. For each value of x,
900 observations were taken from the sample and a
correlation sum function evaluated as follows: —

* »V! 3
'S's
A. ”,

Figure 3. Bit pattern for second application

number of runs in the lateral and the longitudinal
directions were counted. The results were represented
by four graphs drawn on the same axes and to the
same scale. The graphs obtained for the first
application are shown in figure 4. Similar graphs were
obtained for the second application. The four symbols
used are conventional CALCOMP plotter symbols. The
symbol corresponding to each graph is shown in Table
1.

CSF(x)

900
2
j=l

36
2
i=l

CORL [B(ij), B(ij+x)]

900
Table 1. Symbols Used in Figure 4.

o
+

A
X

runs
runs
runs
runs

of ones across same bit in 1000 words
of zeros across same bit in 1000 words
of ones along 36 bits of each word
of zeros along 36 bits of each word

where x = 1,1000
B(ij) = bit i of word j
:0;A#B
CORL [A,B]

horizontal
horizontal
vertical
vertical

l\A = B

500-00-

450-00-

40000-

350-00-

FREQUENCY

* 10'

300-00-

250-00-

200-00-

150-00-

100-00-

50-00-

6-00

7-00

10-00

11-00

12-00

1S-00

14-00

RUN LENGTH

Figure 4. Run length frequency for first application
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100-00

90-00-

80-00-

* 70 00-

o 50 00-

30-00-

S 20-00-

10-00-

10-00
RUN

13-00

11-00

14-00

15-00

LENGTH

Figure 5. Total bits per run length for second application

For all values of x considered the following is true.
If BIT i of WORD j is 1
the probability that BIT i of WORD x+j is 1 is 1/2
If BIT i of WORDj is 0
the probability that BIT i of WORD x+j is 0 is 1/2.
Since each bit of a word may be 1 or 0, the total
probability that two corresponding bits of different
words are the same (i.e. either 1 or 0) is 1/2. Therefore
the expected statistical value of CSF(x), x=l, 100 is
18.
(iv) A fourth statistical test was performed, again
producing plotted results. The test was carried out as
follows: A sample of 10,000 random numbers was
generated by each encryption method. Each number
was converted to a floating point fraction between 0
and 1 and alternate numbers plotted against each
other. The result was a graph of 5000 points between
0 and 1 on both X and Y axes.
The graph obtained for the second application is
shown in figure 6. Simple multiplicative congruential
random number generators tend to produce regular
patterns in this graph (Chambers, 1967).
4.2 Results of tests performed
The results of the first two tests are graphical and have
been shown in figures 2-5. A sample section of the results
of the third test applied to the first application is shown in
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Table 2. The results of the fourth test are also graphical and
have been shown in figure 6.
(i) In the graphs obtained from the first test it may be
seen that in both lateral and longitudinal directions
there is a higher incidence of single ones than single
zeros and also of runs of ones of length 2 than runs of
zeros of length 2. However runs of zeros of length 3
have a higher incidence than runs of ones of length 3.
These deviations from the mean result are relatively
small and may be accepted.
(ii) The graphs obtained from the second test show that
the number of bits in runs of a given length in either
direction is almost identical. The shape of the graphs is
the expected shape for this statistical test.
Table 2. Sample Results From Correlation Test
X

CSF(x)

X

1
2
5
10
15
20
25
30
35
40
45

17.958
17.963
18.123
18.137
17.938
18.056
17.969
17.961
18.098
17.863
18.033

50
55
60
65
70
75
80
85
90
95
100

CSF(x)
17.911
17.907
17.926
18.011
17.874
18.070
. 18.007
17.966
17.988
18.074
18.063
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The mean and variance can now be evaluated.
M =

36
2
i=l

1/2 = 18.

var =

36
2
i=l

36
2
j=l

(Qij - 1/4)

=

36x35 (1/4-1/4)+ 36(1/2-1/4)

=

9

Therefore the standard deviation, SD, in the mean
number of bit matches between any two words is 3.
The expected standard deviation in the average (i.e. in
values of CSF(x)) is given by —
SD M “
.

\

•* * 4* ^

«,*•

*'

4i >•

«

*•

4

* *

*

Figure 6. Grid of normalized random numbers for second
application

(iii) The results obtained from the third test revealed a
slight difference in the performance of the two
methods. In each case the 100 values of the
correlation sum function were examined for
noticeable patterns. They were then averaged and the
standard deviation from the mean found. The test was
repeated for several different 1000 word samples.
For the first application there were no noticeable
tendencies in the values of CSF(x). The 100 values
seemed randomly distributed about 18 in each test
performed. Values of 17.999 for the mean and 0.099
for the standard deviation are typical of the results
obtained. These compare well with the expected
values of 18 and 0.100 for statistically perfect random
numbers, calculated as follows:—
Consider a number of possible events 1,2,...,n.
Let Pi be the probability that the ith is true, and let
Qij be the probability that the ith and jth are
simultaneously true.
Then the mean value n is given by —
n
M = 2 Pi
i=l
and the variance by —
var =

n
2
i=l

n
2
j=l

(Qij — PiPj)

In the test being considered here each event i is the
comparison of bit i of two distinct words. Therefore
n = 36 and Pi = 1/2 for all values of i.
Also, Qij = 1/4 for i f- j, and
Qij = 1/2 for i = j.
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

SD

where N is the number of word pairs considered in
obtaining a value for CSF(x). In this test N = 900, so
that
SD,,
M =

3
V900"

= 0.1 , as stated.
It was therefore concluded that no correlation exists
between pairs of words generated by this method.
However, the results obtained for the second
application were not quite as good. This is to be
expected, due to the much more complex interaction
between random number generators in the first
method.
In almost half the tests performed there was a negative
correlation between adjacent word pairs. This
produced values of CSF(x) which were less than 18 for
x odd and greater than 18 for x even. In such cases the
mean of the 100 values compared favourably with the
expected value, but the standard deviation was far too
high. Values of 18.005 for the mean and 0.508 for the
standard deviation are typical of the results.
In most of the other tests the opposite effect was
observed. A positive correlation between adjacent
word pairs produced values of CSF(x) greater than 18
for all x. Therefore, while the mean was too high the
standard deviation compared with the expected value
of 0.1. A mean of 18.496 and a standard deviation of
0.101 are typical results from these tests.
On a few occasions results were obtained which
followed neither pattern described above but which
were similar to those obtained for the first application.
Although correlation was found to exist between word
pairs in the second application it was not considered
serious. At worst the results indicated that the average
number of bits matching between two words will be
within only +0.5 of the expected value of 18.
(iv) The results of the fourth test show no occurrence of
parallel lines or any other pattern in any direction
across the graphs.
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4.3 Conclusions on randomness
The random numbers produced by the two methods
for two different sets of passwords were tested as described
in the previous two sections and satisfied the criteria for
randomness. The methods are therefore considered secure
against accidental observation of sections of encoded data.
5. DISCUSSION
The method used in the above two applications is a
cipher in classical terms, which is a unit by unit
replacement of the smallest items in the medium (i.e. bits)
according to fairly simple rules - as opposed to a code
which is a replacement of groups of items by the code
equivalents (e.g. out of a code book).
The transformation is one-to-one implying that storage
requirements for encrypted and clear data are the same.
Thus there are no nulls or homomorphs.
The use of coding on the data before ciphering would
be attractive because the ciphering could not then be
observed by a cryptanalyst even if he knew some of the
data. Computer data could undergo a code transformation
on a byte basis. Tables for forward and backward
transformation would be needed occupying substantial
storage, and encryption would no longer be identical to
decryption. Random number generators could be used to
permute the tables step-by-step, adding another dimension
to the task of cryptanalysis.
The extra expense, inconvenience and storage
requirements of coding have caused the omission of this
process from the method currently proposed.
Another attractive technique is scrambling the order
of elements of data. This could be done on a bit, byte or
word basis and a method using placement and retrieval
from a matrix has been proposed by Skatrud (1969). This
could be slow for bytes in a non-byte oriented machine,
and is not necessarily effective on words. Skatrud does not
discuss derivation of the key used in the ciphering but his
two techniques give efficient use of a key, which could be a
one-time type generated by a physical random noise source.
He proposes storing the key on magnetic tape. This
would be suitable for data transmission applications but is

not convenient for data storage, since the tape would have
to be stored as well, nullifying the activity.
Carroll and McClelland (1970) propose using a random
number generator which can easily be duplicated by the
cryptanalyst if only a relatively small sample of the
numbers generated are known. The generator is:
Xi+i

=

Xj + XpL

16 < L < 79

The cryptanalyst would have to discover L by trial and
error - trivial in a computer. Once this had been done the
whole sequence could be obtained, including backwards
calculation of the password that had been used. It is not
unreasonable to assume that the cryptanalyst might obtain
parts of the data sequence by separate spying, or fortuitous
encryption of zero words.
6. CONCLUSION
Two useful and apparently secure techniques for
computer encryption have been described. The history of
encryption is filled with examples of weak codes and
ciphers and a recent such attempt at computer encryption
is referred to above. Therefore any complacency in this
paper should be taken as having a precedent. To help
contribute to knowledge in this field comments on the
paper are welcomed.
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Book Review
Discrete Mathematical Structures and Their Applications, by
Harold S. Stone (S.R.A.) SI 2.76.
Chapter 1 contains a general introdution to the foundations of
modern algebra:- logic, functions, algebraic structures and so on.
Chapters 2 to 7 contain a thorough mathematical development of
the theory of groups, including Polya enumeration theory, and
semigroups together with some applications of these theories to
aspects of machine design and codes. In chapter 8 the richer
structures of rings and fields are developed up to elementary Galois
theory. In chapter 9 linear finite-state machines are discussed,
including the application of Polya theory to the enumeration of
equivalence classes of switching functions. Somewhat as an
afterthought, Chapter 10 discusses boolean algebra and switching
functions; wouldn’t this be more suitably positioned between
chapters 1 and 2? The book has a fair proportion of material in
common with Garrett Birkhoff and Thomas Bartee’s “Modern
Applied Algebra”. The material is well presented, and there are
plenty of exercises.

64

The Preface (to the Instructor) states that “This text is intended
for use in a first course in discrete mathematics for
computer-science and computer-engineering students. It is written
for undergraduates who have had some experience programming
computers, preferably both in high-level compiler languages and in
assembly language.” This is, perhaps, a little misleading. It is a book
for the mathematically mature. A student with no prior experience
of abstract algebra could find it very heavy going and fail to
appreciate the significance of the applications. In addition to general
mathematical maturity, abstract linear algebra, some informal
automata theory and some logic design would seem to be
prerequisits; as might be finite graphs and, perhaps, some
enumerative analysis.
In conclusion, this is a book on algebra with deep and
interesting applications to some aspects of coding and finite
automata. It needs plenty of supporting material if the results and
methods are to be seen in perspective.
J.K. Debenham
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A Real Norm-Reducing Jacobi-Type
Eigenvalue Algorithm
By R. Sacks-Davis

$

A norm-reducing Jacobi type algorithm for finding the eigenvalues and eigenvectors of an
arbitrary real matrix is derived and shown to be an extension of Eberlein’s algorithm. Numerical
results are given and a comparison with Eberlein’s algorithm is made.

1. INTRODUCTION
In the Jacobi algorithm for finding the eigenvalues of a
real symmetrix matrix the original matrix A =Aq is
recursively transformed into matrices A;, A2,.... by a series
of
orthogonal
similarity
transformations.
Each
transformation matrix is a plane rotation chosen to
minimize the sum of squares of off-diagonal elements ofA/tThe sequence of matrices {A/(} tends to a diagonal matrix
with the eigenvalues of A on the diagonal. The Jacobi
procedure can be adapted for computation of the
eigenvalues of a normal matrix (Goldstine and Horwitz
[1959]). The techniques are based on the theorem that a
normal matrix can be diagonalized with the aid of unitary
similarity transformations.
A matrix A is normal if and only if the square of its
Euclidean norm (| | A \ | J = £. 1 ajj \ 2) is equal to the sum
of squares of modulii of its eigenvalues (Marcus and Mine
[1965], p.l58). Since the Euclidean norm is invariant
under unitary transformations, it is impossible to
diagonalize
a
non-normal
matrix
by
unitary
transformations.
In order to extend the Jacobi method to non-normal
matrices Eberlein [1962] introduced non-unitary plane
transformations designed to reduce the euclidean norm at
each stage of the algorithm.
The underlying theorem of this extension is

to that used by Paardekooper [1969], chap.3, where he
proves convergence for the optimal norm-reducing
parameters.
Eberlein’s algorithm has been coded and tested
(Eberlein and Boothroyd [1968]). The algorithm presented
here is compared with Eberlein’s algorithm in Table 1.
2.

THE CHANGE IN NORM AFTER A SIMILARITY
TRANSFORMATION
We begin by considering the effect of the shear
transformation Sk on the elements of the matrix
Ry1 A^Rk- For convenience we drop the subscript k, and
let
(1)

B = R-l A R,
A ’ = S~] BS,

so that A ’ =
1 R~~1ARS. The matrix S is chosen to
reduce the norm of B. S = [s(y] is a shear matrix with the
pivot-pair (/,«?), i.e., it is equal to the unit matrix except for
the elements

c

ml

n

inf I |S~}AS 1 |J =

s

|X. I2,

where X,; i = 1,2 ... n, are the eigenvalues of A, and where
the infimum is taken over all non-singular matrices (Mirsky
[1958]). The infimum is assumed if and only if A is
diagonalizable.
In the computational algorithms, the norm-reducing
process and the diagonalization process are combined so
that at each step of the iteration
Afc + ] = Sjf 1

■c D
'

a

If we assume that S is unimodular, i.e., det S = 1, then the
elements of A ’will be defined by

(2)

A^ ^k ^k ■

A non-unitary norm-reducing transformation Sk is chosen
so that Afr tends to a normal matrix, and a unitary matrix
R-k is chosen to diagonalize a normal matrix.
In this paper we consider a norm-reducing process for
real matrices. Eberlein in her pioneering paper [1962] gives
no derivation of the norm-reducing parameters for her
method. The algorithm presented here is shown to be an
extension of that of Eberlein, and the norm-reducing
parameters are shown to be gradient approximations to the
optimal norm-reducing parameters. The derivation is similar*

Jmm

aa
aii

=pbil+rbim,
~ s bli — q bmj,

aim

~ Q bil + S bim>

X
j

i^l,m

°mi

= -rbu + pbmi, „

(i 11

— ps b[[ — c\y bmm + ys b[ni

alm
aml

~ s ^bn ~ 9^ bmi + CfS (bq — bmmJ,
= P2 bml ~ r2 blm ~ Pr (bU ~ bmm)>

@mm ~ PS bmm

a-j

b 11

^ blm

— pq bm[,

PQ bmb

= bij otheYwise.

In order to study the effect of S on the norm of B, we
introduce the following parameters:

x = ‘A (p2 + q2 + y2 + s2),
(3)

y = y2 (p2 + q2 - y2 - s2) ,
z = pY + qs.

*Department of Information Science, University of Melbourne, Parkville, Victoria 3052, Australia. Manuscript received 5th August 1974.
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Paardekooper [1969] expressed the norm of the
transformed matrix in terms of the elements of B and the
parameters x, y, z, and showed that these parameters
determined a class of shears which brought about the same
norm-reduction. Specifically, if
1 \A’\ [ 2=f(x,y,zJ,

cll ~ cmm ~ c'lm ~ ® >

where

then from (2) and (3) we get
(4)
f(x,y,z)
where

Let C(A) = ATA -AAT for any real matrix A. Here,
At denotes the transpose of A. It can be shown
(Paardekooper [1969], Ruhe [1969]) that after a
transformation with the optimal norm-reducing parameters
certain elements of the matrix C(B) are annihilated.
Specifically,
C’= [clj] = C(A’) .

= Gx+Ky+Hz+ Ex - Fy + Dz 2 + e ,
y
G =
m(bu2 +bmi2 +bim2 +bu2j ,

K = il,m<bH2 + bmi2 - bli2 - bim2) >
H = 2 iilJbHbim -blibmi) >
G ~ blm — bml •

However, these optimal parameters are difficult to
determine (a quartic equation must be solved), and in some
cases their values are very large, so we make a gradient
approximation to them.
Since S is unimodular, ps - qr = 1, so that from (3),
x2 = 1 +y2 +z2. Substituting this in (4), we can produce
the following relationships between the partial derivatives
of f(y,z) and the elements of C(A ’):
c’ll - c’mm\

^ ~ blm + bml ’

2c’lm

D - bp — bmm ,
e ~ ij'T^l.m bij~ + bH2 + bmm2 + 2 blmbml ■

/

!1/2 (p2 +S2 -q2 -r2)

pr - qsy ,fy v

\

ps + qrJ \fz J

pq - rs

Substituting p = s = 1, q = r= 0, we find that
cll-cmm = fy (°’°)

3. DESCRIPTION OF THE METHOD
We propose to determine parameters x, y and z which
give an adequate reduction of norm at each step of the
algorithm and are also easy to compute.

clm
where
G = [cif]

= y2fz(0,0)
= C(B) .

TABLE 1 Comparison of Method 1 and Method 2
The numbering of matrices refers to the numbering in Gregory and Karney [1969], pp.81-113. The computation was stopped after 50
iterations if the convergence criteria were not fulfilled.
No. of Iterations
No.

Order

1
9
3
5
6
7
8
9
11
12
13
14
15
16
17
20
21
11
23

3
3
3
4
4
4
4
5
5
6
10
12
15
16
40
10
7
6
10

24

8
7
6
6
10

26
27

Description
well-cond.
defective
well-cond. cx. roots
well-cond. real-roots
defective
well-cond. cx. roots
normal
well-cond.
defective, cx. conj. roots
defective
multiple cx. conj. roots
ill-cond.
well-cond. real roots
multiple cx. conj. roots
multiple cx. conj. roots
Hilbert matrix
cyclic, mult. cx. conj. roots
cyclic, e = 10-5
ill-cond. e = 0
Ai =11,12,...20
defective (only 1 Jordan
block) (aj) =0
defective, derogatory
defective, derogatory

METHOD 1

METHOD 2

4
4
5
5
7
5
4
5
*
18
25
24
7
26
*
5
22
30
29

11
17
8
7
22
6
4
5
*
29
27
31
10
26
*
7
25
32
37

47
41
34
10
13

*
*
49
23
24

Time (secs)
METHOD 1

METHOD 2

0.069
0.065
0.075
0.121
0.169
0.112
0.073
0.164

0.086
0.102
0.069
0.105
0.213
0.097
0.073
0.137

0.750
3.972
4.966
2.928
11.005

0.729
3.438
5.030
3.214
9.862

0.862
1.253
1.224
4.601

0.883
1.099
0.947
4.668

4.073
2.576
1.493
0.456
2.104

1.449
0.620
2.702

* no cgce after 50 iterations, process terminated.
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We can choose the orthogonal matrix R so that
cll - cmm =0- Then the y-component of grad f(y,zj at
y = z = 0 is zero, i.e.,
f(y,z)

= f(0,0j+bI (0,0). y+^f(0,0). z + o(xJy2+z2)
ay
oz______
= \ \B \ 2E+2 c lm z + o( \/y2 + z2) .

Consequently, in the gradient-method that is used for
the approximation of the minimum of f(y,z) it suffices to
vary along the z-axis. We will study the dependence of
S on z. We have
p2 + q2 - r2 - s2 = 0
ps -qr = 1

(since y = 0),

(since S is unimodular).

(G+H = 0AE-D = 0)V(G-H = 0AE+D = 0).
If (G + H = 0 A E - D = 0) V (G - H = 0 AE +D = 0) the
Newton-Raphson method is terminated after one iteration
giving
6=9!

- (H/2 + ED)
G + 2(E2 + d2) '

Otherwise, iteration is continued until (7) is satisfied. It can
be shown that the value 9+ for which f(6) attains its
minimum is a point of attraction for the Newton-Raphson
method (Ortega and Rheinbolt [1970], pp.312-313) so
that convergence of the method is guaranteed.
4. COMPARISON WITH EBERLEIN’S METHOD
Since 90 = 0, from (6) we get
=

In addition, we choose S to be symmetric so that

1

- (H/2 + ED)
G + 2(E2 + D2)

q=r .
= -(BTB - BBT)lm

Let q = sink 6. Then from the above,
(5)

G + 2(E2+D2)

q=r = sink 6,
p = s = cosh 9,

so that stopping the Newton-Raphson method after one
iteration gives

and from (3)

tanh 6 = tank 9 j .
x = cosh 29,
y = 0,
z = sink 29.

The elements of S are then calculated from (5). In her
algorithm, Eberlein takes for the same elements (5),
tanh 6=6] .

From (4) the expression for | \A ’ | | E becomes
f(9) = G cosh 29 + H sink 29
+ (E cosh 29 + D sinh 29)2 + e.
In order to minimize f(9) we use the Newton-Raphson
iterative method
(6)

'

en+l ~ 9n

OM

,

9q = 0.

This difference in choice of tanh 9 is very small, in fact,
since | 9] \ < 0.5,
(8)

tanhOj = 9] (1+8)

where

\ 8 \< 0.0758.

The estimate given by Eberlein [1962] for the change in
norm at each step of the process satisfies

f"(dn)

I2

Here,
f (6n)= 2[G sinh 29n +Hcosh 29n
+ 2(E cosh 29n + D sinh 29n)
x(E sinh 29n +D cosh 29n)]
f”(9n) -4[G cosh 26n +Hsinh 29n
+ 2 (E cosh 26n + D sinh 29 n)2
+ 2(E sinh 29n+ D cosh 29n)2}
Iteration is stopped when
(7)

\\A'\\r>l?T--—-5L&

1E

19n+i-9n\<e,

where e is a prescribed tolerance. Note that f”(9n)>0
unless G=D=E = 0 in which case norm-reduction is
impossible on the pivot-pair (l,m).
It can be shown (Sacks-Davis [1974]) that the infimum
of f(9) is assumed for a certain 9 and is unique unless
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

3 l\A || 2
E

which becomes, for 9=9] (Sacks-Davis [1974]),
(9)
3\\A | |f

(l+V)

where 17 is of order 0(8).
In the method presented here, we take 6 = 9n, where
9n satisfies (7) unless (G + H = 0 AE - D = 0) V (G — H =
0 A E + D = 0)in which case 9=9 7. Since the estimate (9)
of the decrease of the Euclidean norm by the
transformation with 6 = 9n holds a fortiori for the
transformation with 6=9], we would expect the method
to converge faster than Eberlein’s.
5. NUMERICAL RESULTS
The diagonalizing transformation matrix, R = [r;y], is
67
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equal to the identity matrix except for the elements
f
'rml

rlm

TABLE 2 Value of Shearing Parameter 8n and
Accompanying Change of Norm for Matrix 6

!cos <j>

\

Itera
tion

\ -sin (p

rmm '

1

where

tan 2(f)

=

alm + a ml
all

amm

The norm-reducing shear S = [s,y] is equal to the
identity matrix except for the elements
sn

S[m ,

.cosh 8n

sinh 6n.

sml

smm

'sinhdn

coshQn'

where 8n is determined by (6) and (7) unless
(G + H = 0 A E - D = 0) V (G - H = 0 A E + D = 0),m
which case 8 = 8j in (6). In (7) we used the value e = 10-1®.
Too large a value of e will slow convergence considerably.
We call this process METHOD 1 and compare it with
Eberlein’s algorithm as defined in Eberlein and Boothroyd
[1968] which we call METHOD 2.
The procedure was tested on the CYBER 73

2

3

4

5

6

>

No. of iterations
in Newton-Raphson
method

en

IU*II|

(1,2)
(1,3)
(1,4)
(2,3)
(2,4)
(3,4)
(1,2)
(1,3)
(1,4)
(2,3)
(2,4)
(3,4)
(1,2)
(1,3)
(1,4)
(2,3)
(2,4)
(3,4)
(1,2)
(1,3)
(1,4)
(2,3)
(2,4)
(3,4)
(1,2)
(1,3)
(1,4)
(2,3)
(2,4)
(3,4)
(1,2)
(1,3)
(1,4)
(2,3)
(2,4)
(3,4)

5
2
4
3
5
4
7
3
3
5
3
6
7
3
3
3
3
11
10
2
2
2
2
13
12
2
2
2
2
17
15
1
2
2
i
5

-0.3072
0.0007
-0.1960
-0.1203
-0.3516
0.2391
-0.8054
-0.0482
0.0562
0.3699
-0.0042
0.5498
-0.7475
-0.0119
-0.0242
-0.0343
-0.0038
1.6589
-1.3205
0.0003
0.0025
0.0023
0.0002
2.2484
-1.9292
-0.0000
-0.0001
-0.0001
-0.0000
3.1994
-2.7253
0.0000
0.0000
0.0000
0.0000
0.2477

158.00000
131.39570
131.39554
116.90970
115.17121
99.84473
9 8.73009
67.11143
66.82729
66.43629
58.32959
58,32832
57.92171
56.29718
56.28557
56.23265
56.14921
56.14807
56.09142
56.00147
56.00146
56.00097
56.00054
56.00054
56.00046
56.00000
56.00000
56.00000
56.00000
56.00000
56.00000
56.00000
56.00000
56.00000
56.00000
56.00000

(University of Melbourne) which has a 48-bit mantissa
(corresponding to approx. 14 fig. dec. accuracy).
The matrices tested are listed in Gregory and Karney
[1969], Chapter V, pp.81-113, where a collection of
matrices for testing eigenvalue algorithms is given. The
results are summarized in Table 1. For both methods the
limiting matrix is the direct sum of diagonal blocks. Each
block is the sum of a skew-symmetric matrix and a real
multiple of the unit matrix. If the diagonal blocks are of
dimension <2 then the eigenvalues can be read directly
from the limiting matrix. If there exists a block of
dimension >2 then A must have at least 3 eigenvalues with
the same real part and including at least one complex
conjugate pair. Although the number of iterations for
METHOD 1 will often be less than for METHOD 2, the
total time taken by each routine for each sample matrix is
not always reduced because of the increased difficulty in
determining the shearing parameter for METHOD 1. In
Table 1, we list the C.P.U. execution time (in secs.) for
both methods. The pivots (l,m) were chosen in a cyclic
order and the convergence criteria are the same as those in
Eberlein and Boothroyd [1968].

10'

NO. OF ITERATIONS

Figure 1. Convergence to normality vs. No. of iterations for the
ill-conditioned matrix 27.
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pivotpair
(l,m)

6. DISCUSSION
For most matrices there is a reduction in the number of
iterations required by METHOD 1 before the convergence
criteria are satisfied. If the original matrix is defective or
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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ill-conditioned, this reduction is so marked that it is usually
accompanied by a substantial reduction in time. This is
illustrated in Figure 1 where a measure of the
non-normality of the matrix (Eberlein [1965], Henrici
[1962]) is plotted against the number of iterations. For
both methods convergence was ultimately linear.
In METHOD 2 the shearing parameter is bounded by
| tanh 6 \ <%. No such bound exists for METHOD 1, and
the magnitude of the shearing parameter is relatively high in
some instances, as illustrated in Table 2. Numerical results
have shown that this does not affect the stability of the
method indicating that the bound for the shearing
parameter could be much higher without affecting stability.
This is because the norm of the transformed elements is
decreased (Wilkinson [1971]). Also, it has been found that
the size of the shearing parameter could give an indication
of the structure of the original matrix. This is illustrated in
Table 2. Matrix 6 is a defective matrix with quadratic
divisors corresponding to eigenvalues X/ = X2 = 7+V-5 and
Xj = Aj = 3—y5. As iterations proceed, the modulus of the
shearing parameter tends to zero except for the shearing
parameter corresponding to the pivot pairs (1,2) and (3,4).
In general, if a matrix has a quadratic divisor corresponding
to eigenvalues X/ = X/, then the shearing parameter
corresponding to the pivot-pair (i,j) does not tend to zero as
iteration proceeds.
For well-conditioned matrices there is often a
reduction in the number of iterations and if the roots of the
original matrix are real, then there is often a reduction in
time. For matrices with multiple complex conjugate roots
both methods are slow and no improvement is shown by
METHOD 1.
Unless a sufficient number of iterations can be saved by
using METHOD 1, no advantage is gained in evaluating the
more complicated norm-reducing parameter. The best

overall method may be the use of a hybrid scheme
combining both methods. Experiments are being conducted
in this direction. We are using METHOD 1 for 10 iterations
and if the convergence criteria have not been fulfilled, the
Newton-Raphson scheme is stopped after 1 iteration (which
amounts to switching to METHOD 2).
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Book Review
Infotech state of the Art Report 20 Computer systems reliability.
Infotech Information Ltd, Maidenhead, Berkshire, England,
pp vii + 829.
This report is another of Infotech’s State of the Art series on
computers and computing. It looks at three areas of computer
reliability, hardware, software and systems and their interplay.
There are two basic types of faults in computer systems. One is
human, introduced at the design level of the hardware or software.
The second arises during operation as a consequence of ageing or
external interference. Hardware faults arise mainly from the second
type, although a recurrent operational failure may be attributed to a
design weakness. Unreliable software usually arises from poor
design. One must realise that not only do hardware components age
but software does also. As devices are added to the system the
software has to be modified. From time to time, the system is
fiddled with, to improve it. All of this may introduce reliability
problems in previously reliable software.
There are several definitions of Reliability.
First: Freedom from faults;
Second: Tolerance of faults with no loss of performance;
Third: Partial fault tolerance or graceful degradation;
Fourth: Error containment or fail-safe, i.e. faults may occur but
their consequences are localised and there is no runaway of the
system.
There is a review of hardware reliability in classical and up to
date quantitative terms, the problem of defining software reliability
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is discussed clearly and in detail. Coupled with this is a discussion of
the economics of reliability. Hardware reliability is improved by
redundancy techniques. Software reliability is much more difficult
to contain. The important goal is to estimate the cost of
unreliability and then to estimate the cost for the desired degree of
reliability.
Software bugs seem to be unpredictable, and not subject to the
extensive testing necessary to reach all parts of a software system. In
fact, testing all the software configurations may exceed the useful
life of the computer, various techniques are introduced for trying to
create bug free easily maintainable software. If the large
complicated system can be broken into a series of small simple,
individually testable components, software would be improved. It is
easier to have a reliable simple system than a reliable complex
system. To simplify and make more readable software the concept
of structured programming is discussed in some detail. The whole
field of software development, program design and implementation,
language design, for reliable programming and system growth
dynamics, is treated seriously and clearly.
This report is easy to read and a valuable addition to any library.
The only fault I would point out, is the editor’s summary referring
the reader to other reports in the series. This report is quite well
self-contained.

M.R. Pine
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Error Detecting and Correcting Codes
By L. R. Hunt*

This tutorial paper highlights an important area of application but one not well covered in literature. It
studies the theory and methods of encoding information for data transmission so that error detection
and correction is possible. Basic communication methods are discussed as background and are
followed by a study of the principal coding systems. The use of redundancy for error detection, and in
some cases error correction is then covered. The theory of cyclic codes and polynomials is treated in
some detail. The paper concludes with a study of the Hamming code as a practical implementation of
cyclic code theory.
Key Words and Phrases: Error detecting code, error correcting code, code distance, parity,
modulation, cyclic code, polynomial, Hamming code.
CR Categories: 5.11, 5.6,6.1

1. INTRODUCTION
A variety of errors may occur in data transmission
systems. In some cases they are single bit errors randomly
distributed amongst the message bits as may occur with
core memory accessing. More commonly, errors occur in
bursts where a number of consecutive bits are received in
error. For example, a dust particle on a magnetic tape or
disk surface may cause errors in several successive bits.
Burst errors may also result from pulses introduced into the
transmission system by voltage or frequency fluctuations,
switching, etc.
Although error checking has always been present in
transmission systems, the problem is compounded in
modern computer systems where a single error bit, such as a
memory parity error, can halt the entire system. The
desirable features of any error protection coding system
are:
(i) to keep a continuous check on errors
(ii) to check the correctness of arithmetic operations
(iii) to be easily translatable.
Error protection may be implemented by employing
redundancy in the transmitted message so that the error can
be detected. The message may then be retransmitted as
described in Section 2. Alternatively an attempt can be
made to isolate the bit(s) in error and correct them. Such a
system is described in Section 4. A variety of other codes
are covered, reference being made to their arithmetic
properties and their suitability for translation.
2. BASIC COMMUNICATION METHODS
There are a variety of ways in which data can be
transmitted over lines. The more common types will be
briefly described as a background for the sections to follow.
The merits of each system will be indicated together with a
practical example of their use.
2.1 Half-duplex and Full-duplex
If information can be transmitted in either direction
simultaneously, the system is said to be full-duplex. If
transmission cannot occur simultaneously, the system is
half-duplex. Information may be in the form of data and/or
control signals and modulation is used to achieve
full-duplex operation. Telephone systems commonly
employ full-duplex operation where data is transmitted

over a series of bands in one direction while simultaneously
control information is transmitted in the other direction.
2.2 Serial and Parallel Transmission
The binary digits to be transmitted may be sent one at
a time (serial transmission) or by transmitting a group of
digits simultaneously (parallel transmission) using separate
physical circuits (for short distances) or separate carrier
frequencies (for long distance carrier systems) for each digit
of the group. The usual grouping for parallel transmission is
a group of 4 to 8 digits called a “character”, each character
encoding one symbol from a possible alphabet which may
be little more than the decimal digits, for a 4-bit character,
to a full upper and lower case Roman alphabet plus digits
and numerous special symbols, such as the 7-bit ASCII or
ISO character-set.
2.3 Asynchronous and Synchronous Transmission
The receiving equipment must be able to detect the
arrival of each bit as it appears on a circuit. In many parallel
transmission systems, and on recording media such as
magnetic tape where several tracks are used to record all
bits of a character in parallel, an additional circuit or track
is often used carrying one pulse or mark for every
character, which is used by the equipment as a signal that
data is present on the other circuits or tracks. In serial
transmission, where only one circuit or track is employed,
other means for detecting the presence of bits may be used.
There are two systems in common use:
(i) Self-clocking modulation systems
In simple self-clocking systems, each bit is transmitted
as a pulse whose presence can be detected. The pulses
for zero and one bits differ in polarity or shape. Thus
each pulse announces both the arrival of a bit and the
value of that bit.
In principle, the inter-bit time can then take any value
greater than the pulse duration. However, in many
systems the bit arrival rate is held constant, and the
receiving equipment makes use of the constancy to
reduce its sensitivity to noise.
(ii) Timed systems
In these systems, the time between one bit and the
next on a circuit is held constant, and the receiving
equipment contains a clock oscillator with a period
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equal to the inter-bit time. Every pulse from the
oscillator causes the receiver to measure the incoming
signal and classify it as a one or zero bit. Clearly, the
receiver clock must periodically be resynchronised so
that it spulses coincide with incoming bits. In so-called
“asynchronous” serial transmission, widely used with
slow terminals such as teleprinters, the character
(together with its parity bit) is preceded by a start bit
(0 polarity) and terminated with a stop bit (1
polarity). (See Figure 1)

-V-Bit Pattern

11000001

n

for error detection (and in some cases correction). Errors
occur either during the encoding or decoding, or during
transmission. It is to the latter that our attention is
directed. Coding systems are designed to detect burst errors
occurring on a noisy line, or randomly distributed errors
occurring during core accessing. Section 2.3 has indicated
that when the error-checking pattern detects a burst error,
retransmission of the block usually takes place. Errors
occurring within a local computer system, such as core
accessing errors, message switching errors, or I/O errors, are
detected in a manner to be described and may be corrected
on arrival.
3.1 Code Distance
The minimum number of bits (b) required to encode
N states is given by:
b > log2N

Figure 1. Bit Pattern for Asynchronous Transmission of the
EBCDIC Character ‘A’

The signal reverts to zero at the end of a character and
remains zero until the beginning of the next character
which may be indefinitely delayed. Hence the
transmission of each character need not be synchronised
relative to the preceeding character, but bits within a
character have a fixed time relationship.
In “synchronous” transmission systems, the
information is divided into blocks of up to some thousands
of bits. Bits within a block are transmitted at a
closely-controlled constant rate, so that synchronism can be
maintained by the receiver over the whole block. These
systems allow higher average transmission speeds than do
asynchronous systems, since the inter-character gap needed
to synchronise the latter is no longer required. A typical
message might consist of the following: (Burroughs, 1973)
A group of four synchronisation characters, a start of
header character (SOH), a two character address, a start of
text character (STX), the message, an end of text character
(ETX) and a block check character for overall parity. (See
Figure 2)

to <£
Message

Each character is coded into a binary code word or bit
vector of dimension b, and assuming the same number of
bits per character, the set of these vectors make up the bit
matrix or code. Each row vector may be considered to
represent a point in b dimensions. This is illustrated in
Figure 3 for a three bit code.
Decimal

0
1
2

3
4
5

6
7

3. CODING FOR ERROR CONTROL
In digital transmission errors arise and some form of
redundancy must be built into the coding system to allow
The Australian Computer Journal, Vol, 7, No. 2, July, 1975

000

001
010

Oil
100
101
110
111

Figure 3. Distance Cube for 3-bit Code

It can be seen that if each point is used to represent
valid characters, the distance (d) between them is one. If
four points only are used by selecting the ends of two
diagonals, then the distance between the information points
is two, and only half as much information can be
represented.
In general two code points (a,b) are distance d apart if
d changes in bit positions of one code point (a) produce the
other code point (b). For example:

Figure 2. Sample Data Block for Synchronous Transmission

Further
synchronisation
characters
may
be
transmitted as “fill” characters during any spaces in the
message. These characters are purged by the terminal
station and synchronisation automatically accomplished by
the hardware. Many synchronous systems use the fact that
one-to-zero or zero-to-one transitions of the signal should
occur only at inter-bit boundary times to resynchronise the
clock inside a block. Information can be encoded, e.g. by
use of a parity digit on each character, so that signal
transitions must occur at least once per character.

Binary

10 110
0 1110

1
1

l + l+ O + O + O + O = 2
or in general:
^ab =

i=n
^ lai ~ bj|
i=l

It can be seen that to detect one error, d=2. A code
designed to correct up to e errors and detect but not
correct any number of errors between e+1 and f(>e) must
have a distance given by
d>e+f+1
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Hamming has developed a recursive formula which
expresses this relationship between the number of code
points B(n,d) for an n-bit code for various distances.
(Hamming, 1950).
B(n,l) =2n
B(n,2) =2n-i
B(n,3) = 2Z
where z = |n-log?(n+l)
B(n,4)=2m
where m = |n-l-log2n
B(n,d) = B(n-1,2d-l)

(d=l)
(d=2)
(d=3)
(d=4)

A distance of two is adequate for single error
detection and three is necessary for single error correction
or double error detection but not both.
The most common code employing this technique for
single-error detection and the one most widely used in
computer circuitry is the parity check code. It is a
distance-2 code for any number of bits. One extra bit is
transmitted along with the information bits for each code
point and this bit is selected by taking the sum (mod 2) of
the remaining bits to give either even or odd parity.
M(x) = xnxn. i..... xix0
the even parity check bit is given by:
P(x) = xn©xn_i..... ©xi ©x0
Similarly the complement, P(x), could be used for odd
parity. In a block of data divided into characters, a parity
bit may be appended to each character. Moreover, a parity
digit may be calculated over corresponding digits of each
character, giving a “column parity” character to be
appended to the block. In such a system, a single error
causes failure of one row and one column parity equation.
The intersection point can be determined and the bit
corrected. (Peterson, 1962).
3.2 Further Error Detecting Codes
To encode n decimal digits between 0 and 10n-l, m
binary digits are required such that:
2m> 10n
n
m>
logi02

[3.32n

This method of encoding uses the smallest possible
number of bits with minimal redundancy. For example if
n=l then m=4, and a great number of such 4-bit codes are
possible. The most widely used codes are variations of the
coded decimal system with a parity or check bit for error
detection. The correct parity bit is attached to the binary
code word and this bit pattern is tested upon arrival. This
method is only satisfactory for single bit errors although
any odd number of errors could be detected.
Another set of codes are the N-out-of-M codes of
which the 2-out-of-5 codes are examples. See Figure 4.
There are exactly 10 different bit combinations for which
two of the five bits are ones. These 10 are assigned to the
10 decimal numbers and at least two bits must change (a
particular case of d=2) to get from one encoded number to
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another. A single error can be detected if two one bits are
not received. By addition of a parity bit to either the
8,4,2,1 or 7,4,2,1 codes it is nearly possible to obtain a
2-out-of-5 code. (See Figure 4) The right-most bits are
parity bits except for the digit combinations indicated by
an asterisk (*). In applications where the digits will undergo
arithmetic operations the 8,4,2,1,P 2-out-of-5 code is
preferable to the 7,4,2,1,P code because of the simpler
switching networks.
More redundancy can be used in N-out-of-M codes to
provide protection against all single bit errors and some
double bit errors. The biquinary (5,0,4,3,2,1,) and
quibinary (8,6,4,2,0,1,0) codes (see Figure 4) have seven
bits/code-word and the binary digits are divided into a
group of two and a group of five, each group having a single
one bit. The main use of these codes is in arithmetic
networks such as adders and multipliers where it is not
possible to provide adequate error protection with less than
seven bits per code word.
2-out-of-5 Codes

Binquinary

Quibinary

Digit
0
1
2
3
4
5
6
7
8
9

8421P

7421P

5043210

8642010

*10100
00011
00101
00110
01001
01010
01100
*11000
10001
10010

*11000
00011
00101
00110
01001
01010
01100
10001
10010
10100

0100001
0100010
0100100
0101000
0110000
1000001
1000010
1000100
1001000
1010000

0000101
0000110
0001001
0001010
0010001
0010010
0100001
0100100
1000001
1000010

Figure 4. Table of Error Checking N-out-of-M Codes

4. CYCLIC CODES
Cyclic codes have some useful algebraic properties
which are used in error checking. Successive code words are
formed by shifting bits in a cyclic manner and the
important consequence of cyclic code structure is that
encoders and decoders consist primarily of shift registers. A
variety of cyclic codes have been developed, notably Gray
(already described), Hamming, Bose-Chaudhuri, Fire and
Melas (Martin, 1970 for bibliography). Some of these are
applicable to burst error conditions and others to randomly
distributed errors. The general theory of cyclic codes will
be briefly developed, followed by a study of the Hamming
code.
4.1 Derivation of Cyclic Polynomial Codes
Code words may be represented in a convenient
mathematic way as a polynomial of the form:
M(x) = a^.j xk_1 + a^.2 xk"2..„ + a,x' + a0
where the bits in the code word are ajj.i, ak.2 etc. A
suitable encoding scheme can be developed by taking the
conventional binary number representation, often called
the message polynomial M(x), and multiply (mod 2) it by
another binary number called the generating polynomial
P(x) to produce a new set of encoded digits for
transmission with d> 1. Decoding is accomplished by
dividing (mod 2) the received digits by the generating
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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polynomial. If the remainder R(x) is zero no errors have
been detected and the quotient Q(x) represents the
transmitted message. Obviously the choice of the generating
polynomial is dependent upon the characteristics of the
channel. To make the code systematic, i.e. one in which the
information bits are distinguishable from the check bits, a
modification of the encoding procedure is used (Peterson,
1961). The message polynomial is multiplied by xr where r
is the order of the generating polynomial. It is then divided
by the generating polynomial and may be expressed as:
xr M(x)
P(x)

= or -v 0 Rfx)
QW ® P(x)

The r-digit remainder is added to the shifted message
to produce a code word which is an exact multiple of the
generator polynomial, i.e.:
T(x) = xr M(x) + R(x)
Error detection is again achieved by dividing the received
code word by the generating polynomial. If the remainder
is zero, no error has been detected. For codes with d>2, an
error correcting capability is present.
As an example, consider eight original code words 000
through 111 as shown in Figure 5 and let the generating
polynomial be of the form:
P(x) = x+1
To encode 111 for example, it is multiplied (mod 2)
by xr, (i.e. 10) to give 1110. This is then divided by P(x),
(i.e. 11) to give a remainder of 1 which is added to the
shifted code word. The new code words have d>2. The
check bit in this case is an even parity digit.
M(x)

T(x)

000
001
010
Oil
100
101
110
111

0000
0011
0101
0110
1001
1010
1100
1111

When a message is transmitted, a number of bits may
be changed by noise. If this error bit pattern is represented
by the polynomial E(x), then for no errors to be detected,
T(x) + E(x) must be exactly divisible by P(x). P(x) is
selected from a knowledge of the type of error conditions
likely to be experienced on a particular channel. For
example the error polynomial for a single bit error (d=2) in
a code word of length n will be of the form:
(i<n)

For double bit errors (d=3)
E(x) = x4xj

E(x) = x* Er(x)
where Er(x) is a reduced polynomial, x* is not divisible by
P(x) and the error will only go undetected if Er(x) is
exactly divisible by P(x).
4.2 Hamming Codes
A class of codes have evolved known as Hamming
codes (d=3) where additional check bits are added to the
message to provide error correcting information. If m
information bits and k check bits are transmitted, there
exist, m+k+1 single and no error conditions to be detected
with k check bits, i.e.:
2^>k+m+l

(Hamming, 1950)

The Hamming code seeks to form a checking number:
C = .... c2cjc0
such that if no error occurs C=0, but when a single error
occurs the value of C represents the bit position in error.
For each j an equation:
cj = pj © [ © Sdj]
is formed where j is the bit number in the message, pj is the
check bit and © 2dj is the addition (mod 2) of all the bits
to which pj applies. It turns out that:
P0 checks positions 1,3,5,7,9,11,13,15 ...
Pj checks positions 2,3,6,7,10,11,14,15 ...
P2 checks positions 4,5,6,7,12,13,14,15 ... etc.
To make the p; independent of one another they are placed
in positions 1,2,4,8,16 etc. since each of these positions is
covered by only one check bit. It will be shown later that
this Hamming code is only a particular example of cyclic
codes. With cyclic codes the check bits are normally
appended as a group at the end of the information bits.
As an example, a code with four information bits
(m=4) to represent (6)jq requires k=3

Figure 5. Cyclic Codewords

E(x) = x'

For a burst of errors:

(i<n, j<n)

and if i<j, then neither x* nor (1+xH) may be divisible by
P(x). If P(x) has three terms, all double errors will be
detected.
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23= 3+4+j
A possible placement of the bits is shown in Figure 6. The
parity bits A,B and C are obtained from the following even
parity equations:
A 0
B ©
c ©

X-3

©
©
©

X^
x^

x2
X1
xl

© x° = O
© x° = O
© x° = O

A=1
B=1
C=0

Bit Positions

1

2

3

4

5

6

7

Weights

A

B

x3

C

x2

xl

x°

Code word for
(6)io

1

1

0

0

i

1

0

Figure 6. Placement of Parity Bits for Hamming Code

73

Error detecting. . .

The transmission pattern is 1100110 and if an error
occurred and the arrival pattern became 1100100, then the
second and third parity equations fail yielding a bit pattern
110 for the check bits. Thus the error is in bit position six
and may be corrected during decoding. A Hamming code
may be used either to detect and correct all single-bit
errors, or to detect all two-bit errors, but not both. If error
correction is attempted in such a case, a two-bit error will
be incorrectly treated as a single-bit error, and an erroneous
correction made.
Hamming codes may be considered to be examples of
cyclic codes and may be derived by the method developed
in Section 4.1. If the code word contains two digits in error
(d=3) then:
E(x) = x* + xl
For the errors to be detected neither xi nor (1 + xH)
may be divisible by P(x). Suitable irreducible generating
polynomials have been found and examples are:
x-3 + x + 1 and x^ +

+ 1 (n>7)

To obtain the bit pattern for the transmission of (6)jq
once again, the message polynomial 0110 is multiplied
(mod 2) by x3 (100) to give 0110000, which is then
divided by a generating polynomial such as 1101 listed
above, to give a quotient of 0100 which is discarded, and a
remainder of 100. This is added to 0110000 to give
0110100. The first four bits are information bits and the
last three are check bits. This is basically the same code
word developed in Figure 6 except in this case the check
bits are grouped at the end of the code word. If an
additional check digit is added to a Hamming code, the
extra digit being an overall parity the resulting code has
d=4, and hence can be used either to correct all single bit
errors and detect all double bit errors, or to detect all

three-bit errors.
Hamming codes are frequently used in digital
transmission where a single failure can disrupt an entire
system. Economic factors must be considered as well, in
particular extra encoding and decoding equipment will be
necessary and because of the increased amount of
information being transmitted the efficiency of the channel
will be reduced.
5. CONCLUSIONS
A variety of codes have been discussed with brief
examples of where they would be used. In all cases a
trade-off between economics (channel capacity and
terminal equipment) and error probability must be made.
Conceivably the Hamming code concept could be extended
to correct multiple errors, but the complexities make it
unattractive. A better approach to multiple error control is
obtained through the use of multidimensional codes and
extended cyclic codes (Richards, 1971). Attempts have
been made to develop such codes by repeatedly multiplying
the message polynomial by certain irreducible polynomials
to give code words which are suitable for multiple error
correction.
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Multiple-Valued Logic in
Programming and Flowcharting
By D. C. Rine*
This paper identifies certain advantages of multiple-valued logics in programming and flowcharting.
Aspects considered, aside from history and formulation, are compilation, conciseness and readability,
extensibility, algebra structure, assembler code, deductive systems, and hybrid systems.
Computing Reviews Cat. Nos.: 4.20, 4.19.

This paper identifies certain advantages of
multiple-valued logics in programming and flowcharting.
An early appearance of a high level programming
language with multiple-valued branching or logic was IBM’s
FORTRAN (1954); this language was written prior to but
in anticipation of the forthcoming of the IBM 704, a
2-valued logic computer. However, FORTRAN contained
the logic control statement
“GOTO (ni,n2, ...,nm) , i”
where control passed to a statement labelled n^ if the value
of i is k. FORTRAN, FORTRAN I, FORTRAN II, and the
latest FORTRAN IV have all contained this “computed GO
TO”, FORTRAN IV being introduced in 1962 for the 7030
STRETCH 2-valued logic computer.
In 1958 the first full scale 3-valued logic (radix 3)
computer was completed at Moscow State University in
Russia (Again (1960), Brusentsov (1960), Car III et. al
(1959), Zhogolev (1962)), although radix 3 computers
were proposed as early as 1952 (Grosch (1952)). However,
the low level programming language devised for this only
partially successful Russian computer was so difficult to use
that there was no real insight into 3-valued logic by its
users.
The Darmstadt Meeting in 1955 precipitated another
high level programming language known as ALGOL 58. The
published version of ALGOL 58, written by J.W. Backus
(1958), and the first users’ manual contained the logic
control statement
“GO TO BRANCH [i] ”
where “BRANCH” is a switch variable declared by
“SWITCH BRANCH := n:, n2,..., nm ” ;
the branch depends on the values of i, and this statement is
therefore much the same as the computed GO TO of
FORTRAN.
Although the computed GO TO was an improvement
over single 2-valued branching of earlier assembler languages
and single GO TO’s, its use still led to many program
complexities both in FORTRAN and in ALGOL 58.
It was due to slowness of the state of computer
technology in developing multiple-valued logic circuits and
realizing their advantages that, although computer engineers
knew long before computer programmers that any logic
circuit or flowchart can be made up from a few basic
primitives (AND, NOT, NAND, NOR), computer
programmers implemented multiple-valued logic to good
use before computer engineers.

It is very possible that multi-valued logic operations
will play an important role in structured programming
Donaldson (1973).
The computer programmer seeks the SIMPLEST or
cheapest to run (or develop) code which elicits a given
behaviour from a computer, applying Ockham’s razor to all
excess complexity. A main drawback to overcomplicated
flowcharts is the difficulty with which they are checked,
corrected, or modified.
It is this situation that suggests a structured approach,
where a structured flowchart or program must always be
built up to an adequate level of detail according to strict
rules from a SMALL, SIMPLE, yet POWERFUL set of
elemental blocks or primitives.
Since this paper is concerned with multiple-valued
logic as related to computer science, we note that an
important difference between usage of hardware logic and
software logic is that the hardware logic is fixed, while it is
desirable for the software logic to be variable (in structure,
multiplicity, and value), such that each appearance of a
given software logic in a program reflects in a transparent
way the meanings of the program; the flowchart logic of a
program is an object whose meaning should be recognizable
either automatically or by humans in a minimal number of
steps.
There are certain desirable properties in programs. If
one is to analyze flowcharts mathematically or
psychologically, synthesis must possess several properties.
First, control paths must be as simple as possible (as in the
SMOOTH PROGRAMS of Foulk (Foulk and Juelich).
Second, a program’s subroutines’ lengths should be limited
to a manageable size such as 30 lines, a single displayable
unit, one crt screenful, one printer page, or one page of
standard flowchart logic (the size of the page is not a
factor). Third, from recorded observations the limit n to
the number of decision nodes of such a page, crt screen, or
displayable unit that can be grasped by the programmer
sitting in front of a screen or page is about 16 to 25; and,
the actual value of this limit n will be determined by the
number of such node flowchart symbols of the
FLOWCHART that can be comfortably diagrammed per
page or per crt screen. And, if some initial suggestive ideas
are not provided either to the programmer or by the
programmer into more algebraically structured and user
compatible ways (structure depends upon usage) of
handling program branching, the psychological limit would
be more like 7, 8, or 9.
It is empirically known that structured programming

*Computer Science Division West Virginia University, West Virginia, U.S.A. Manuscript received 4th June 1974.
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NEGATIVE

ZERO

POSITIVE

Figure 1

sometimes leads to reduced average coding error rates of
one detected error per 10,000 lines of coding, or one
detected error per man-year. However, little is known as to
how this occurs at either the psychological or mathematical
level. As Schwartz (1972) has observed, to construct a large
program successfully, one must combine together many
smaller parts of programs. The rules for these combinations
or operators allow iterated combinations of simple elements
into a large totality defining some kind of decision algebra.
In general one concludes that (1) Programming is the
discovery of ALGEBRAIC PRINCIPLES, varying with
applications, allowing the iterated combination of elements
into
compound
objects
representing
USEFUL
PROCESSES; and, (2) Programming is the discovery of
functional LOGICAL entity TYPES possessing simple
external descriptions for the selecting, routing, controling,
branching, and classifying of these PROCESSES, and thus
capable of being integrated into a DECISION ALGEBRA
useful for the construction of still higher functions.
MULTIPLE-VALUED LOGIC
Consider the FORTRAN statement: IF(I) 90,100,110
where I is restricted to the three values —1,0,+1. Here there
is branching to statement 90 when I = —1, to statement 100
when 1 = 0, or to statement 110 when 1=1. Clearly, the
argument in this early example is 3 - valued (not
considering the effects of a given structure on programmer
and compiler), and the branching is 3 - valued in the sense
that the three branch-outs in the corresponding flowchart
may be labelled with three symbols such as NO, MAYBE,
YES. STRUCTURE variations depend upon the program
application; an application dealing with a multiple-choice
selection (see figure 1) will use Post algebraic structure of
order 3 with symbols such as NEGATIVE, ZERO,
POSITIVE; while, on the other hand event control (see
figure 2) will often use Boolean algebraic structure, since
EVENTS are often (project or translate into) semantically
GO, NO-GO program features (traditionally Boolean
algebra). We are not only looking at the bottom nodes of
each figure but the way in which they are reached through
the arrowheads, as well. Figure 1 is considered as (NEG,
ZERO, POS), while figure 2 is considered as (ZERO, (NEG,
POS)).
In the introduction we noted that the low level
programming languages of early ternary computers were
complicated and not user oriented, and 3 — valued
programming logic was difficult. The high level source code
statement IF(I) 10,20,30 becomes simple when translated
into balanced ternary assembler object code such as BR I
10 20 30, where I is a balanced ternary digit being —1,0, or
+1.
In general, the argument such as I may be any value
representable within the computer. Branching may, also,
depend on logico-arithmetic (the programming language
APL Gilman and Rose (1970), IBM (1969), allows mixed
logico-arithemetic expressions) expressions such as u .LE. v,
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which assume only the values .TRUE, or .FALSE,
depending on whether multiple-valued u, v satisfy u < v or
not. From Schwartz (1972) we might surely conclude that
any decision algebra will reflect to some degree the
programmer’s actual tools and system framework; but, LE
interfaces well with applications in real time process control
(above or below a given threshold), air traffic control
(between airplanes), and probablistic systems (probability
of an event being greater than a fixed threshold
probability), where logic and arithmetic constants blend
together. If one conceives .TRUE, as a value greater than
every arithmetic value representable within the computer
and .FALSE, as a value less than every arithmetic value
representable within the computer, and allowing the
appearance of arithmetic values within logical expressions
(again, APL allows a restricted version of this more general
feature), then u .LE. v becomes- an instance of the
implication u=> v mentioned in Epstein (1972), Epstein
and Horn (1974), here called LE— implication. Through
scaling, the monotonic (threshold) operators become
Dj(j) = i.LE.j and the disjoint (Post) operators become
Ci(j) = (i .LE. j) .AND. (j .LE. i), leading to a formulation
of Post algebras of order n using the LE-implication
instead of the disjoint operations Cn,Ci, ..., Cn-9, Cn-1
Epstein and Horn (1974).
However, within the framework of a deductive system
LE-implication is stronger than strict implication Epstein
(1972), Hacking (1963), for while each of the expressions
(Al) x .LE. x
(A2) (x .LE. (y .LE. z)) .LE. ((x .LE. y) .LE. (x .LE. z) )
(A3) (x .LE. z) .LE. (y .LE. (x .LE. z) )
(A4) (((x .LE. z) .LE. y) .LE. (x .LE. z)) .LE. (x .LE. z)
evaluates to .TRUE, regardless of the arguments, it is also
the case that a linearity condition
(A5) ((x .LE. y) .LE. z) .LE. ( ( (y .LE. x) .LE. z) .LE. z)
likewise holds, but (A5) does not follow from (Al) - (A4).
EXTENSIBILITY
Since the user-programmer often wants to generalize
his program logic from a basic core of logic primitives given
in the programming language definition such as Boolean
algebra formalism to more general lattice systems or partial
order systems, as well as to Post algebra formalisms, in the
general definitions of programming languages one should
have freedom to choose different multi-valued (or
variable-valued) functors, as well as the Post functors.
We at this point are not, in any way, suggesting that a
programmer actually states that he is using an abstract Post
algebra; but, what his application may suggest is that which
is equivalent to Post logic structure.
The ability to declare, protect, and use a particular set
of functors should be considered. The programmer should

.NONZERO

ZERO

NEGATIVE

Figure 2
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Extension 2
Extension 3
Extension 1

CORE

^CONS L) OPR

be able to start from a general CORE logic data type and
define NEW data types from the core depending on his
user-application (see Figure 3).
It may also be comforting to any arbitrary user of the
extensible language to know that every logic extension is
permissible; this will be the case whenever the CORE set of
constants and operators (as in the example alluded to here)
is functionally complete. The core in the figure 3 might
contain constants such as .FALSE., .TRUE., and any and
all logico-arithmetic constants representable in the
computer between .FALSE, and .TRUE., and the logic
operators .AND. and .LE. mentioned earlier. Let the core
set of logico-arithmetic constants be denoted CONS, and let
the core set of logic operators be denoted OPS.
In the example just mentioned above CONS kJ OPS is
functionally complete.
A command to create a new logic type operator could
be
“createlogictype Dj = Ax(z/ i .LE. x then n-1, else 0)”
for creating a Monotonic unary D operator; or, also, dually
“createlogictype Dj = Xx((fx .LE. i then n-1, else 0)”.
Then, one could introduce
“createlogictype Cj = Ax(z/Di(x) then Dj(x), else 0)”
which creates a Post unary C operator.
This feature is much more than creating function
subprograms.
Recall that in FORTRAN one has
REAL FUNCTION F(X), where the data type for F is
REAL,
but one does not have
BOOLEAN FUNCTION SHEFFER (X,Y),
although FORTRAN does have a LOGICAL variable type,
and certainly not
POST FUNCTION C(X).
And, even when one has REAL FUNCTION F(X), the
function named F and typed with the REAL attribute is in
no way protected from other functions named F used in
ways harmful to the intended meaning. If one creates a new
logic operator C with type POST, then it must be protected
from being used as a Boolean type operator; such incorrect
usage could lead to erroneous results, since Boolean type
operator laws involving complement (such as De Morgan’s
Laws) are not always upward compatible with Post type
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

complement operators, and they must be protected from
being used as if they were. Finally, since hardware logic
constants are fixed (e.g. 0,1 bit string values in binary or
—1,0,+1 trit string values in ternary), any additional new
software logic values will have to be (1) coded# or (2) a
sufficiently wide spectrum of software logic values must in
some way be anticipated in advance, such as in hardware
conceiving .TRUE, as the greatest logico-arithmetic
constant, .FALSE, as the smallest logico-arithmetic
constant, and .INT. as one of many intermediate
logico-arithmetic constants.
ANALOG - DIGITAL HYBRID SYSTEMS
Because numbers such as 2±256 are large* and are not
conveniently quantized, the extensibility mentioned in the
previous section should be sufficiently complete so as to
include continuous — discrete valued logic systems. The
compiler could pass fuzzy or soft logical decisions to a
special subtranslator which generates instructions for a
special analog subsystem.
CONCISENESS, READABILITY, AND
COMPILATION
Some of the interest in this area was focused by a
correspondence item of Dijkstra (1968). A specific
multiple-value extension to ALGOL 68, a partially
extensible language, is described by Rine (1972). Those
programmers who can conceive a long series of statements
invoked by a CASE statement or its equivalent in terms of a
structured system such as multiple-valued logic, introduce
this structure, or at least have this structure reflected, in
their final program (Donaldson (1973) ). Regarding
conciseness, the CASE statement has an advantage here
over both the computed GOTO (the simple GOTO being
really a' special case) and IF THEN ELSE statements. The
CASE replaces the (nested) IF THEN ELSE when each
branch tests the same variable i.
The comparison of CASE versus a series of nested IF’s
demonstrates that a multi-state decision can be flowcharted
in less space than an “equivalent” group of two-state
decisions.
■
Another issue in our brief overview pertaining to the
appearance of multiple-valued logics in programming
languages is that of compilation. A cost-critical issue here is
the use of the CASE statement versus the computed GOTO
statement. The structured CASE statement
CASE <expression> OF BEGIN SI;...; SN END;
can be viewed as follows where ©, i=l,...,N represent target
statements, and all such possible target statements really
belong together. (See Figure 4)
Moreover, SI, ..., SN occur in a linear ordering,
whereas in the computed GOTO they would occur in a
completely arbitrary partial ordering. Thus, this is again an
issue in multiple-valued logic, since CASE and computed
GOTO have wildly different multiple-valued structures.
Compilation difficulties of translating the GOTO include
the following serious problems:
a. processing look-aheads to unencountered labels;
b. addition of extra symbol and label tables;
c. no structured assembler code is generated;
#
*

Binary coded decimal logic, Hexadecimal logic, Ternary coded
decimal logic, etc.
STARAN-S, Goodyear Aerospace, Akron, Ohio, USA, has 256
bits per word.
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BEGIN

default statement

Figure 4

d, the unstructured generated assembler code can cause
errors in computing labels and emitting code.
The conclusion is that object code is generated more
efficiently by the language translator when CASE-like
structure is used.
Another potential hazard occurs when the
programmer writes structured source code and the compiler
generates unstructured assembler code. During compilation
in the synthesis module the CASE statement can be
translated into Polish notation or Quadruple notation Gries
(1971) quite efficiently as follows:
BLK
TEMP <exp> := TEMP 1 - a BRZ TEMP 2-0 BRZ ...
TEMP N -7 BRZ
a SI
to BR
0 S2
co BR

7 SN
co BR
BLKEND
co —
The corresponding GOTO is GOTO (a, (3,.. .,7), I, and
whose target statements are, as below, completely
unpredictable:

Figure 5

It should, also, be mentioned that the SELECT
statement of LISP 1.5, MIT (1971) is similar to the CASE
statement of ALGOL 68 and has the form
SELECT [Q;(Qi Ei);(Q2E2);
(Qn En);E]
where the statement is evaluated by choosing the first Ej
whose Qi matches Q, else E; the relation of LISP Logic to
Post Logic was developed by Rine (1973).
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The argument previously mentioned for CASE versus
nested IF THEN ELSE, as far as space needed to flowchart
is concerned, is relative to a given set of branches, since
each statement in a CASE can be a block and hence one can
have nested CASE statements.
The reader will, also, note that no specific formal
definition of “STRUCTURE” has been given, since the
ingredients of STRUCTURE, as has been mentioned,
depend upon the psychology of the programmer, the logic
elements of the computer, and the application area.
The author to date has not observed a full high level
programming language based upon multiple-valued logic
rather than 2-valued logic. Reasons for this are a
combination of the relative newness of high level
programming languages, the antiquity of 2-valued
characteristics of some natural languages, and the lack of
technology for developing multiple-valued logic hardware
and realizing its advantages when digital computers were
first invented. There have been at least two successful
ternary computer implementations just recently. Frieder
(1972), Frieder et. al. (1973), Vranesic and Smith
(1973-74).
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APPENDIX
A PROGRAM has a STRUCTURE. And, a program
simulates a solution to a problem. Therefore, a PROBLEM
SOLUTION has a structure. The process for finding
STRUCTURE
is
based
on
SELECTION
of
ALTERNATIVES.
DECISION MAKING involves placing events in
CATEGORIES. And, categories have CATEGORY RULES
or CLASSIFICATION RULES. To place an object
(program or problem solution) in a category is to make
predictions about (formal) properties that it must have but
are not now perceptible.
One forms CONCEPTS about writing programs in
order to simplify.
STRATEGIES take the form of REGULARITIES or
PATTERNS in the sequence of DECISIONS that are made
in the classification process. Strategies of a chess problem
are different from strategies of a coloring problem.
Variables in Problem Solving and Writing Programs are
(1.) Rules of Categorizing, and (2.) Strategies.
The OPTIMALITY CONDITION for writing a
program or solving a problem is, given the category rules,
(*) Choose a Strategy such that one will use a minimal
number of Selection (Classification) Operators.
One may use the following Experimental Procedure:
a. Tell the programmer to discover a concept which
involves the writing of a program where
al. The programmer either
all. is given the category rules, or
bli. states his own category rules (e.g. what RED
means).
a2. The programmer either
a21. is given a strategy (this is programming language
dependent, since some strategies are not easily
phrased in some programming languages) to use,
or
b21. picks his own strategy to use (i.e. picks his own
programming language logic).
a3. The programmer is told how many values are included
in the concept.
a4. The programmer is told whether the concept uses
conjunctive form (using AND) or disjunctive form
(using OR).
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b.

Evaluate the final program product on the basis of
bl. time to completion, T.
b2. number of errors, E.
b3. number of selection operators used in the
program, S.
The
author has observed through classroom
experimentation with student programmers that
A. T, E, and S are significantly reduced when the
programmer is allowed to pick his own strategy (out
of a fixed number of strategies).
B. T, E are significantly reduced when the programmer is,
also, allowed to pick his own rules and then his own
strategy.
The idea of performing such informal experiments
came from reading chapters 10, 11, 12 of G.R. Lefrancois
(1972).
Consider figure 1. and figure 2. of the paper. The
category rules are POSITIVE, ZERO, NEGATIVE. And,
the two possible strategies, as suggested by the figures
themselves, are (NEG, ZERO, POS) „ and (ZERO,
NONZERO) = (ZERO, (NEG, POS) ). The former strategy
would be used in the selection of colors, while the latter
strategy would be used in chess.
Moreover, from observations A. and B. I have
concluded that structure rules in structured programming
depend to a certain degree on the psychology of the
individual programmer and the application area in which he
is programming; once a programmer chooses his structure
rules, he should follow them with a certain amount of
dedication; these are simple empirical observations.
For additional references to structured programming
the reader can look at Dahl et. al., Dijkstra, Wirth (1971),
Wirth.
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Planning of Processing for a Partially
Determined Problem Flow in the Mixed Mode
of Batch Processing and Time Sharing
By A. D. Smirnov*and N. G. Bun’kov**

An algorithm for planning of processing for a partially determined flow of problems in time
sharing systems is proposed. Optimal forming the levels of priority is introduced. The influence of the
number of priority levels on the system response time is investigated, and a method is proposed which
provides a guaranty of processing a job (problem) for the given time. The influence of time prediction
for job processing is estimated. The trade-offs of different algorithms for time sharing processing are
made, and the influence of system structure and parameters on system performances is investigated for
the time sharing mode of operation by means of a simulation model.

1. INTRODUCTION
Time sharing data processing systems are more and
more widely adopted. Among theoretical basis of
organizing such systems, the development of simple and
effective algorithms of job flow processing scheduling is of
great practical interest, equally with the development of
conversational languages and methods of the best
information representation. A job in such systems will be
understood as the amount of calculations required for the
one interaction between the user and the system.
A time sharing system has a number of features. First
of all, there is negative feedback between the system
response time and the job flow intensity that leads to
automatic stability of the system. The increase of the job
flow intensity leads to the increase of response time that in
its turn reduces the job flow intensity. Processor time for
jobs may be unknown to users. In this case we shall
consider the flow of jobs undetermined. The processing
scheduling algorithm proposed by Corbato provides for
such a flow. If it is possible to predict processor time, the
flow is considered determined. In practice one has to deal
with a mixed flow of jobs which consists of both
components: determined and undetermined.
One of the most important characteristics of the
system is its response time, that is the average time of
waiting for response from the moment when the user has
finished forming his directive. This time depends on many
factors. Some of them have sufficiently a general character,
for instance, the form of the distribution of jobs in a flow
according to their processing duration and the formation of
priority levels. The other factors, for instance, the swopping
time of a job, the dependence of response time on system
structure and configuration (e.g., the number of active
teletypes), are more local and specific for the given
concrete system.
The relationships of the first kind can be found with
some difficulties analytically. The relationships of the
second kind may be defined, as a rule, quantitatively by
means of simulation models. The main optimal multilevel
algorithm of processing was investigated analytically. The
results being described in sections 3 to 6 were obtained by
means of the simulation model of a computer system with
certain structure and efficiency.

2. JOBS OF OPTIMAL FORMING PRIORITY
LEVELS
On the basis of statistic data, an exponential
distribution is accepted for job parameters which are
considered to be components of a random vector
characterizing the job. Therefore, the probability
distribution density has an exponential form for one
man-machine interaction.
Let us limit the interval within which processor times
lie by a finite value T. Let the interval T be divisible by
f Pr

;

T=« V

where f pr is the mathematical expectation of processor
time for the total spectrum of jobs. The value of Q, is
chosen from condition that the accumulated relative
quantity of the number of jobs with their processor times
being longer than T, does not exceed given e.
Let us call the optimal formation of priority levels such
a division of the interval T which leads to the minimum
deviation of the average response time of the system, when
distributing jobs between the levels, from the average
response time of the system, when processing in accordance
with the rule j (without scheduling on levels). The
coefficients c are independent on time and equal for all the
users. Thus, the problem comes to such a division of the
finite interval T into the given levels number k which leads
to the minimum total levels break of monotony for the
value t

pr.

It is shown that the break of monotony (inversion) on
the interval corresponding to the priority level with the
number i may be presented as follows:
S = y A T[ nj 1 + v
where A rj is the value of the quantum, n; is the number of
jobs forming a queue on the level, 7 is a constant, v is a
value which depends on the flow intensity (0 < v < 1).
Let us introduce an indimensional value of the
quantum as coj
and approximate to the exponential
T pr
function of the probability distribution density by means

*Computer Center of the Academy of Sciences of the USSR Moscow, USSR. **Moscow Physical Technical Institute Moscow, USSR.
Manuscript received 3rd July 1974.
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of a stepped function. An extremal problem is analytically
solved only for and v = 0. Then the problem of minimizing
the total inversion on the interval T (for v = 1) will be
written in the following way.

decreasing sufficiently fast, and the inversion calculated for
the optimal variant is less than the inversions of other
variants with any k.

to find the vector co (coi,
function minimum
S^1) (co) =

k

... co^) providing the

COj ^+j?2Wi^e

y

^j = lwi

with the limitations

3. THE COMPARISON OF PROCESSING
ALGORITHMS
Let us consider some features of the proposed
algorithm of processing a partly determined flow and its
comparison with the procedure of round-robin scheduling
and of Corbato’s.
T reap
[ sec ]

(co) =

j

co; — £2 = 0 ; coj > 0, i = 1, k
..

THe jobs

without

prognosis

For v =0 the problem is written in a similar way.
As a result of solving extremal problems the sequences
10=60

of indimensional values of quanta were obtained. (coT*)} >
{<*«”}
Since the parameter v , as calculations show, has a
small influence on the value co; and, as a rule, the intensities
of job flows on levels are unknown, the sequence
coj = ^(cojd) +cjj(2)) is used in further calculations of the
simulation model. This sequence does not depend on the
concrete average processor time required for processing a
job in one interaction Tpr >. i.e., it is universal for any flow
with exponential distribution. For the flow with given rpr
the value of quanta are defined as

round-nobin
sned.

firsT-in-first-out

A n = V wi
Fig. 1 and Fig. 2 show the values of the quanta on priority
levels and indimensional values of inversions for four ways
of level forming: even dividing intervals into A t\ = const;
with the relative number of jobs gone through each level
being equal; according to the Corbato algorithm (co; =
coj . 2i_1); and the optimal variant. One can see that with
the growth of the number of levels k the total inversion is
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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The round-robin scheduling as compared with
first-in-first-out processing improves the system response
time for small jobs but leads to the increase of the average
response time owing to swopping losses. Multilevel
algorithms, including the Corbato algorithm, reduce
swopping losses with maintaining proportionality between
response time and processor time. To compensate long
waiting for large jobs on low priority levels the transfer of a
job onto the previous level takes place in the Corbato
algorithm after waiting for the job in a queue for some
fixed time.
In the proposed algorithm the initiation of a job for
processing is provided for after this job was kept on the
given level more than rm. The initiation of the job with the
right prediction insures the processing up to the end. Jobs
without prediction not terminated after receiving the
quantum are transferred to the next lower level, but jobs
not terminated on the lowest level of priority are
transferred to batch processing with the notification of the
user.
Fig. 3 shows the curves rr = f(rpr) for first-in-first-out
scheduling, round-robin scheduling, and multi-level
scheduling with two values of Tjn.
4. THE SELECTION OF THE NUMBER OF PRIORITY
LEVELS AND THE INITIATING PERIOD
The number of divisions of the finite interval T on a
priority level in multilevel algorithms of processing
scheduling is of great influence on the profile of a function.
The influence of the quantum value on this function in
round-robin scheduling is also essential.
The calculations by means of the simulation model
showed that for the proposed multilevel algorithm the limit
profiles of functions
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r = F(v)
pr
are defined for the level number k = 5 4- 7. In particular for
the determined component the profile of this function
practically coincides with the profiles of functions for the
rule j when k = 5.
As it has been already mentioned above, the jobs
.waiting in a queue more than some fixed period of time are
initiated into processing, and the job with its priority level
being the highest one is the first to be initiated.
The selection of initiating periods was based on
compromise between the guaranty of processing large jobs
and keeping short response time for small jobs.
By means of the simulation model the most acceptable
initiating periods were defined for different average
response times of the job flow.
Fig. 4 illustrates dependences of response time-' on
processor time for different initiating periods Tjn on the
basis of which the best period was chosen.
5. THE INFLUENCE OF THE FACTOR OF
PREDICTION
The ratio of the number of jobs with predicted
processor time to the total number of jobs we shall call as
the factor of prediction.
The optimal multilevel algorithm of processing
implements the following procedures. The job without
prediction finds itself on the level of the highest priority
with the quantum At\ . If its processing is not terminated
for the quantum Ari, it will be transferred onto the level of
the next priority with the quantum At2, and so on, until
this job has been processed or forwarded to the disc storage
for batch or underground processing when
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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is true for it.
A job with its predicted processor time rpr < tj
immediately gets onto the level i and is being processed for
one initiation without interruption.
If the prediction is wrong and the actual processor time
is rpr > Tj, the job will be interrupted after the expiry of
the period t\ and transferred onto the level i+1, i.e.,
beginning from this moment it acts as a job without
prediction and on the level i + 1 the quantum At; + j will
be added to it.
The factor of prediction has different influences,
depending on fpr. So, for the considered simulation model,
when rpr = 24 sec, the change of the factor of prediction
from 0 to 1 has led to the change of the average response
time by 2%. When rpr = 1 sec, this influence is estimated as
40%. However, taxing into account not only the
improvement of the average response time but also response
time for large jobs the influence of the factor of prediction
is also essential for them as it half reduces their response
time.
These results are seen in Fig. 5.
Fig. 6 presents dependences of the average response
time on the number of priority levels and on the values of
the factors of prediction.
When 0=0, the upper curves almost coincide both for
the Corbato algorithm (always in this case 0 = 0) and for
the optimal division.
The curves for 8 = 0,5; 0,75; 1,0, i.e., with regard for
prediction, show a strong influence of taking into account
the factor 8 on the value of the average response time.
For 8 = 0,5; 0,75; 1,0, with thin lines, the dependences
are marked which were obtained for the division of the
interval T according to the Corbato algorithm
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

supplemented by the proposed procedures of processing
jobs with prediction.
The difference in the ordinates between the curves with
equal values points out an additional gain provided by the
optimal division of the interval T.
6. THE INFLUENCE OF THE STRUCTURE AND
PARAMETERS OF A COMPUTER SYSTEM
The intensity of a job flow with the fixed number of
active terminals is defined by the user response time. When

T u.r. = 30sec

sgneTic

agneTic

Figure 8
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system resources are given, there is a dependence of
feedback between the system response time and the user
response time. These dependences are shown in Fig. 7 for
the different number of active terminals.
Fig. 8 shows the dependence of the relative response
time on rpr for two variants of recording data banks for
jobs: recording in magnetic tapes and magnetic discs.
It is seen that discs are of great advantage for jobs with
small t pr.
When rpr > 6 sec (as for the given system), the
selection of external storage for data banks made according
to this criterion ceases to be of any significance.
7. CONCLUSION
The consideration of the factor of predicting the
processor time of a job for a partly determined flow enables
us to greatly reduce the average response time of a time
sharing system.
The investigated algorithm of scheduling the processing

of a partly determined flow is simple and common for both
flow components.
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Book Review
Numerical Methods, by G. Dahlquist and A. Bjork, translated by N.
Anderson Prentice-Hall Inc., Enelewood Cliffs, N.J., 1974. Pp. xviii
+ 573.
This book is a substantial addition to the range of material
available for courses concerned with practical application of
numerical techniques. The title is strictly accurate; this is not a book
on numerical analysis, and mathematical purists will have to look
elsewhere for justification of many statements and proofs of a
number of theorems. The authors have replaced formal
mathematical treatment by remarks on the implementation and
application of a method being described; these remarks are clearly
based on wide experience in numerical computing. There is often a
considerable difference between the mathematical formulation of a
method and a successful computer program implementing it, and
few authors of numerical methods texts have the necessary practical
experience upon which to base sound comments about the
techniques they describe. The authors’ eminence as numerical
analysts has enabled them to produce a book that is unequalled in
the excellence of its treatment, and which complements the best
available texts on numerical analysis.
The translation is based on a Swedish original published in
1969, but with substantial revision and extension. Some traces of
outdated techniques, mostly from the desk calculator era, still
remain, but on the whole the content is satisfactorily modern in its
outlook and descriptions of some very recent techniques have been
included. The text is considerably enhanced by the inclusion of
numerous exercises, ranging from mathematical proof to developing
and testing programs. A chapter containing hints or solutions to
most exercises is also included; this will enable the conscientious
reader to check his own against authoritative answers.
The first two chapters cover general principles of numerical
calculation and how to estimate and obtain accuracy; numerical
stability and backward error analysis are among the topics covered.
Chapter 3 deals with the numerical use of series, both convergent
and divergent, and Chapter 4 covers approximation of functions.
Notable here is an introduction to function spaces, norms and
seminorms, which provide the setting for various classes of
approximation
- least squares, Lagrangian interpolation
polynomials, Chebyshev polynomials, spline functions.
The longest chapter (81 pages) in the book is devoted to
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numerical linear algebra. In addition to the expected material on
direct and iterative methods, elementary descriptions of singular
value decomposition and the pseudo inverse are provided. The
section on eigenvalues and eigenvectors is rather sketchy, and
although the QR algorithm is mentioned the uniformed reader is
likely to remain so. Chapter 6 is concerned mostly with the solution
of scalar nonlinear equations, although there is a brief concluding
section on nonlinear systems. The following chapter contains basic
material on finite differences, with applications in interpolation,
numerical quadrature (as far as the Romberg scheme) and
differentiation.
Differential equations are discussed in Chapter 8, in which some
difficulties inherent in the “methods” approach are evident.
Questions of stability, and the treatment of stiff systems of ordinary
differential equations, are not easily described without formal
analysis. Methods for the initial value problem in ordinary
differential equations are presented, but only outlines of methods
for boundary value problems, eigenvalue problems, and partial
differential equations are attempted. Chapter 9 deals briefly with
Fourier methods, including a description of the fast Fourier
transform. Chapter 10, entitled “Optimization”, covers linear
programming and the simplex method, with a few pages on
nonlinear optimization both unconstrained and constrained.
Chapter 11 describes some aspects of the Monte Carlo method and
simulation, including the generation of pseudo-random numbers.
In addition to answers to exercises, there is a bibliography of
140 items, a list of periodicals relevant to numerical computing, and
a list of algorithms published between 1960 and 1970. Although
this list is now dated, it will in many cases provide a starting point
for anyone wanting an implementation of a particular method.
In summary, this book forms an excellent complement to a
good numerical analysis text (e.g. Isaacson, E. and Keller, H.B.:
Analysis of numerical methods. Wiley, 1966) for potential
numerical specialists. It will also be of value in courses with
emphasis more on numerical techniques than on mathematics, for
although there are obviously topics for which only an outline can be
given in the space available, the authors are usually careful to point
out when a more detailed treatment is required for full
understanding.
R.P. Harris
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

Ninth Report of Council
1st January, 1974 to 31st December 1974
MEMBERSHIP
Membership figures as at 31st December, 1974 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 27th and 28th
May, 1974, and 9th and 10th December, 1975.
The office bearers elected in May, 1974 were: —
President
Mr A.W. Goldsworthy
Branch Delegates
N.S.W.
Victoria
Canberra
Queensland
South Australia
Western Australia

May,1974
A.E. Cooley
C.H.P. Brookes
A.P.Bell
S.C. Luxemburg
P.J. Claringbold
P. De Chazal
A.W. Coulter
A.W. Goldsworthy
E.G. Dunne
J.A. Custance
P. Field
J. Harris

Vice-President
National Honorary Secretary
National Honorary Treasurer
Public Officer

Mr E.G. Dunne
Mr K.S. Arter*
Mr G.K. Pirie
Dr G. Ford

*Mr K.S. Arter resigned as National Honorary Secretary on 10th
December, 1974 and Mr A.C. Ginnanc was elected to this position
on 10th December 1974.

The President, Vice-President and National Honorary
Secretary were appointed as the Council Executive
Committee for 1974.
Attendees at the respec
December, 1974
C.H.P. Brookes
A.E. Cooley**
A.P. Bell
S.C. Luxemburg
P.J. Claringbold*
P. De Chazal
G. Mackay
A.W. Coulter
E.G. Dunne
R.S. Northcote
P. Field
J. Harris

** A.C. Ginnanc attended as accredited nominee on Monday.
** Mrs P.M. Alexander attended as accredited nominee on Tuesday.
* B. Bacon attended as accredited nominee.

Councillors
President
Immediate Past President
National Honorary Secretary
National Honorary Treasurer
Observers
Executive Secretary
Editor ACS Journal
Chairman, Organising Committee
Seventh ACS Conference
Convenor, Prizes and Awards
Committee
Convenor, Software Industry
Committee

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

A.W. Goldsworth;
P.R. Masters
K.S. Arter
G.K. Pirie

Mrs J.M. Presdee
—

Mrs J.M. Presdee
T. Pearcey

—

A.R. Benson

—

G.N. Lance

—

K. Reed

COMMITTEES OF COUNCIL
Council Executive Committee:
Convenor: President.
Members: Vice-President, Immediate Past President
National Honorary Secretary and National Honorary
Treasurer.
Finance Committee:
Convenor: National Honorary Treasurer.
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

Members: Council Executive Committee.
Signatories:
Council Account: President, Vice-President, National
Honorary Secretary, National Honorary Treasurer.
Secretariat Imprest Account: National Honorary
Secretary, National Honorary Treasurer, President.
Business Manager’s Account: National Honorary
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
MEMBERSHIP AS AT 31st DECEMBER 1974
TABLE 1
Branch

Total
Corporate

Affiliates

2040 (2089)
1250 (1269)
754 (740)
416 (426)
498 (513)
276 (268)

382 (209)
362 (275)
70 (59)
108 (100)
73 (73)
50 (37)

23 (37)
68 (68)
10 (4)
4 (3)
6 (5)
10 (11)

973 (1003) 5234 (5305) 1045 (753)

121 (128)

Fellows

Members

Associates

N.S.W........................................
Victoria .................................
Canberra ...............................
Queensland ..........................
South Australia ....................
Western Australia ..................

33 (33)
14 (15)
25 (25)
7 (7)
7 (7)
3 (3)

1713 (1752) 294 (304)
1007 (1016) 229 (238)
576 (557) 153 (158)
337 (342) 72 (77)
338 (349) 153 (157)
201 (196) 72 (69)

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

89 (90)

4172 (4212)

Students

Total
Personnel

Corres.
Instns.

2445 (2335)
1680 (1612)
834 (803)
528 (529)
577 (591)
336 (316)

25 (12)
35 (36)
7 (8)
36 (40)
- 2 (1)

6400 (6186)

105 (97)
Ninth Annual Report

NOTE: Figures in parenthesis show the totals for period ending 31.12.73

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
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MEMBERSHIP GROWTH SINCE INCORPORATION
TABLE 2
Grade

1966

1967

1968

1969

1970

1971

1972

1973

1974

Fellow ....................
Member ..................
Associate ...............

1677
-

2043
-

2380
-

54
3004
-

75
3233
-

83
3750
102

86
4068
535

90
4212
1003

89
4172
973

Total Corporate ...
Affiliates ...............
Students.....

1677
133

2043
232
37

2380
267
49

3058
471
89

3308
574
109

3935
705
141

4689
656
101

5305
753
128

5234
1045
121

1831

2312

2696

3622

3991

4781

5446

6186

6400

65

69

83

87

92

87

86

97

105

Total Personnel
...
Corresponding
Institutions .........

21
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Secretary, National
Vice-President.

Honorary

Treasurer,

President,

Chairman, Standing Committees:
P.R. Masters.
Chairman Special Committees:
E.G. Dunne.

IFIP Technical Committee: (TC5-Computer Applications in
Technology):
G.A.Rose.
IFIP Technical Committee: (TC6-Data Communications):
A.W. Coulter.
IFIP Technical Committee: (TC7-Optimisation):
R.W. Rutledge.

Australian Computer Journal:
Editor: T. Pearcey.
Associate Editors: J.M. Bennett, A.Y. Montgomery.
Business Manager: Mrs B. Thurlow.

IFIP Technical Committee: (TC9-Relationship between
Computers and Society):
A.W. Goldsworthy.

Careers and Educations Committee:
Convenor: B. Bacon.

IFIP Data Processing Group:
B.W. Smith.

Fellows Committee:
Chairman: P.M.Murton.

IFIP WG2 (Programming Languages):
J.B. Hext.

Constitution & By-laws Committee:
Convenor: P.M. Murton.

IFIP Correspondent:
A.Y. Montgomery.

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

IAG Correspondent:
K.S. Arter.

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

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

Overseas Visitors Programme:
Manager: R.S. Anderssen.
Examinations Committee:
Convenor: S. Summersbee.
Social Implications Committee:
Convenor: A.W. Goldsworthy.
Prizes and Awards Committee:
Convenor: G.N. Lance.
IFIP 1980 Case Presentation Committee:
Convenor: P.M. Murton.
Seventh Australian Computer Conference, Organising
Committee:
Chairman: A.R. Benson.
Membership Standards Committee:
Convenor: R.S. Northcote.
Industrial Relations Committee:
Convenor: D. Evans.
Committee on Organisational Structure:
Convenor: P. Field (Resigned December, 1974).
Software Industry Committee:
Convenor: K. Reed.
National Bulletin Committee:
Editor/Convenor: S.C. Luxemburg.
IFIP Representative:
J.M. Bennett.
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Standards Association MS/20 & MS/21:
P.M. Murton.
ELECTIONS OF FELLOWS
There were no elections to the grade of Fellow of the
Society made during the year. The total number of Fellows
of the Society is 89.
COMMITTEES OF COUNCIL (ACTIVITIES)
Committees are an essential part of our structure and
they are the vehicles through which much of our most
valuable work is done. We have tried to make Committees
more responsive to members’ needs. In an endeavour to
foster a closer relationship between Council and Committee
Convenors, all convenors of National Committees were
invited to attend both Council Meetings as observers. This
has proved to be a very effective way of increasing their
involvement in Society activities.
Council Executive Committee
The Council Executive Committee met in March, May,
July and September, 1974 to expedite Council business.
Meetings on a regular basis enables many decisions to be
taken that would otherwise have to wait until Council
convenes in May and November.
Following a recommendation from the Prizes and
Awards Committee the ANCAAC Prize 1973, was awarded
to Messrs K.J. McDonell and A.Y. Montgomery for their
paper “The Design of Indexed Sequential Files”, published
in the Australian Computer Journal, November 1973
(Vol. 5 No. 3). This paper, together with a paper entitled
“A Programme for Process Design and Optimisation” by
Messrs A.J. Bayes, W. McWhinney and C.R. Murray, were
submitted for inclusion in Auerbach Computer Papers
Annual.
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Publicity and Press Relations
By maintaining a programme of regular press releases
and press conferences the Society has endeavoured to
obtain the widest coverage for its views and activities. This
has been very successful and has helped in bringing the
Society to the forefront of matters concerning the industry.
Code of Professional Conduct
A Code of Professional Conduct incorporating the Code
of Ethics and a Code of Good Practice is due to be
published by the Society early in 1975. The Code is a
significant contribution by the Society towards the
development of effective computing in Australia.
Careers and Education Committee
Unfortunately progress on the “Computer Courses in
Australia” booklet, has been continually hampered by the
inability to collect material. Arrangements are being made
to have this very valuable booklet taken over as a
publication venture by a large publishing house, and it is
hoped that it will be ready for distribution in 1975.
However, the “Careers in Computing” brochure has been
updated and reprinted and is currently being distributed to
various schools and interested students.
Professional Development Programme
The three lecturers in this programme, arranged last
year, have now conducted seminars at most Branches and
have been very successful. Excess copies of Dr Smith’s
lecture notes on Data Base Organisation are being held at
the National Secretariat and are available for purchase for
S5.00 each. Mr Brian Savvas, the Manager of this
programme, is now looking for more lecturers to continue a
programme that has proved to be a valuable educational
activity within the Society.
Constitution and By-Laws Committee
Reprinting of the Society’s Constitution and By-laws
booklet was completed. Members are able to obtain copies
from their Branch Secretariats. The new Constitution and
By-laws has been printed in loose leaf form, so that future
amendments can be easily incorporated.
Data Transmission Liaison Committee
Following a two day seminar with the Australian Post
Office in October, 1973, the APO indicated their
willingness to co-operate with the ACS Data Transmission
Committee in further activities, such as professional
development seminar. The National Library of Australia
invited the ACS to nominate a representative to their
Communications Systems Working Group (COS1WOG). Mr
P. De Chazal, Vice-Chairman of the Data Transmission
Committee and the Canberra Branch Liaison Officer with
the Australia Post Office joined this group.
A tutorial paper was prepared comparing some of the
major standards in existence.
A
paper
entitled
“Improvements
in
Data
Communications” was presented during the year to
Queensland Branch in Brisbane, to the Townsville Chapter
and to the Special Interest Group of the New South Wales
Branch in Sydney. A two day seminar on Professional
Development on Data Communications was presented in
Brisbane in October, 1974, which proved to be very
successful.
It is intended to hold a full meeting of the Data

Transmission Liaison Committee in Sydney at the end of
January 1975. It is hoped to arrange this meeting jointly
with Overseas Telecommunications and the accent of the
meeting will be on International Data Communications.
The possibility of holding a meeting in Australia of the
IFIP Technical Committee on Data Communications is
being actively investigated.
Examinations Committee
Following the establishment of a standard of knowledge
for the grade of Associate Member last year, examinations
were conducted in February, August, and November 1974.
A total of 110 candidates sat for the examinations and a
total of 78 were successful, i.e. 71%. The Examination
Committee is now part of the routine administration of the
Society and the present arrangement is to hold
examinations in March and October each year. Elementary
PL1 will be added to the Syllabus of Basic Computer
Principles examination and candidates sitting for the
examinations will be required to answer questions in
relation to any two of the programming languages, Fortran,
Cobol and PL1. ACS conducted examinations providing
many members with their only opportunity of satisfying
the knowledge standards required for admission to the
Society.
Membership Standards Committee
Following the appointment of Dr R.S. Northcote as
Convenor of this committee, many courses have been
accredited as satisfying the standard of knowledge for
admission to the Society as an Associate Member. During
1974 a standard of knowledge for Member was determined
and many tertiary courses have been accredited as satisfying
that standard. This standard is operative from 1st January,
1975. Amongst the standards laid down for entry into the
Society, it was agreed that Fellows and Members of the
British Computer Society be deemed to have satisfied the
requirements for election to the grade of Member of the
Australian Computer Society and that Licentiates of the
British Computer Society be deemed to have satisfied the
knowledge standard for election to the grade of Associate
of this Society.
Editorial Committee
Following a continuing lack of papers of suitable quality
in the commercial type areas for publication in the
Australian
Computer Journal and
an apparent
dissatisfaction from some of the members of the Society
that the Journal is too academic, it was agreed to conduct a
membership survey in relation to the Journal. This survey is
expected to be held in 1975. The Editor is now receiving
good articles and papers suitable for publication and the
problem of receiving suitable advertising materials to meet
costs of publication has been resolved.
National Bulletin Committee
At the National level the Society has filled a gap in its
communications which should prove to be of considerable
benefit to members.
Council felt that another vehicle for dissemination of
news and activities of the Society was desirable. Mr Simon
Luxemburg was appointed as 'Editor/Convenor of this
newly formed committee to publish a National Bulletin.
Initially this publication will be an insert in Branch
Newsletters and is to commence from February 1975.
The Australian Computer Journal, Vol. 7, No. 2, July, 1975
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It is hoped that the Bulletin will generate nationwide
discussion of matters of interest. Members will also have a
vehicle in which to publish papers which for a variety of
reasons, may not be suitable for publication in the Journal.
Social Implications Committee
At the November, 1973 Council Meeting it was resolved
that the Society prepare and publish a “Code of Good
Practice on Privacy and Security”. This task was given to
the Social Implications Committee. The Code was
completed during the year and approval to publish was
given at the December meeting of Council. The Code will
be available early in 1975.
The Committee is also investigating in conjunction with
other appropriate organisations, the possibility of
certification of people competent to examine actual and
proposed systems, to investigate the provisions made
therein to ensure the privacy, security and integrity of the
data involved and to form and express a professional
opinion as to the adequacy of those provisions.
The Convenor, Mr A. Goldsworthy, attended a
Conference on “Human Choice and Computers” in Vienna
in April. As a result of that Conference IFIP subsequently
set up a Committee on “The Relationship between
Computers and Society” on which Australia has a
representative.
A review of Mr Goldsworthy of the Morison Report on
privacy appeared in the February issue of the Journal. The
aim is to keep members fully informed of continuing
developments in the field.
Overseas Visitors Programme
Following the resignation of Mr R.W. Rutledge as
Manager of this programme in February 1974 and Council’s
decision to reactivate this committee, Dr R.S. Anderssen
was appointed as the Manager of the Overseas Visitors
Programme. Professor David Kuck, Computer Science,
University of Illinois will be the first Overseas Visitor in the
newly structured Overseas Visitors Programme. Strong
support was received from most Branches for Professor
Kuck’s visit. It is envisaged that ACS will have two overseas
speakers during 1975, one in July/August and one in
November. Negotiations regarding the July/August visit are
well under way. Members are being approached for
suggestions of names of visitors and titles of subject for
future overseas visitors.
Industrial Relations Committee
Due to the resignation of Mr M.A. Norsa as Convenor of
this committee in late 1973, Mr David Evans was appointed
Convenor in May 1974. This committee is responsible for
keeping Council informed of developments in the field of
Industrial Relations as they may affect information
processing personnel. During the year a questionnaire was
circulated to all members of the Society via Branch
Newsletters in relation to Industrial Representation.
Software Industry Committee
This committee was formed in May 1974 and Mr Karl
Reed was appointed Convenor. The Terms of Reference for
committee are “To make a survey of computer software
development activity in Australia. To obtain information
which is relevant to the classification of computer
programmes as products or capital assets and the
patentability of Programmes. To advise Government on
The Australian Computer Journal, Vol. 7, No. 2, July, 1975

matters relating to software generally”.
Consequently, a submission was prepared by this
committee and submitted to the Industries Assistance
Commission inquiry into the local manufacture of certain
computerised products. This submission contained several
recommendations
for
investigation
regarding the
development of computer manufacturing in Australia and
measures be taken to strengthen the software industry as a
whole. The committee is hoping to hold a survey of the
Australian Computer Software Industry, in the near future,
to provide many of the facts that were unavailable for the
IAC submission.
SIXTH AUSTRALIAN COMPUTER CONFERENCE
The Sixth conference was held in Sydney in May, 1975.
Total attendance at the conference was in excess of 1500
delegates which was somewhat short of the total originally
anticipated, no doubt due in part to the economic climate
prevailing at the time.
Delegates were addressed by 15 congressional and
key-note speakers in addition to attending three separate
streams which attracted over 200 technical papers. Due to
matters beyond the control of the organising committee of
the Sixth Conference, the final financial result is not yet
available but there is every indication that a substantial
profit will be made.
Council extends its congratulations to all those involved
in organising this conference and wishes to thank the many
people who devoted a considerable amount of time and
effort to make the conference successful.
SEVENTH AUSTRALIAN COMPUTER
CONFERENCE 1976
The date set for this conference is 30th August to 3rd
September 1976 in Perth. The conference will be
conducted in the Perth Concert Hall. ACS7 is being
promoted as a family holiday and various methods of travel
to Western Australia are being investigated. The theme for
ACS7 is “not bigger - but better”. It is envisaged that
1,000 delegates will attend this conference and noted
overseas key-note speakers will present addresses at the
conference.
South East Asian Regional Computer Conference
The Australian Computer Society are co-sponsoring a
South East Asian Regional Computer Conference, which
will be held in Singapore in 1976, immediately following
the Seventh Australian Computer Conference in Perth.
It has been suggested that possible topics for such a
conference might be: 1. Problems in transferring computer
technology to the countries of South East Asia. 2. Data
Bases for developing countries. 3. The relationship between
data communications and computer systems in developing
countries.
Mr Masters, the Immediate Past President is the
Australian Computer Society’s co-ordinator for this
conference.
Regional Conferences, especially in the S.E. Asia area
would provide many people with their only opportunity to
participate in international conferences and it is hoped that
this conference will be the forerunner to many more such
conferences.
IFIP Congress 1980
The Society made a successful bid to hold the IFIP
Congress in 1980. The Congress will be a joint effort
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between Japan and Australia, with the first week of the
Congress being held in Tokyo and the second week in
Melbourne. Keynote and invited papers will be given at
each location. A final proposal is to be submitted by Japan
and Australia, to the meeting of the IFIP General Assembly
in October next year.
Finance
This is the second year in which Council expenditure
exceeded income. This year by $8,454 against a budget
deficit of $10,000. Stocks of publications were written off
during the year and minor sales treated as sundry income,
thus the assets are now shown at realisable values. Council
is conscious of the need to build up reserves to meet the
desired expansion of activities, and a financial programme
has been developed for 1975 and 1976 in which
expenditure will be strictly controlled. Final profit from
the ACS Conference in May 1974 will be brought to
account in 1975.
Whatever success the Society achieves is due to the hard
work and dedication of those members who actively
contribute their time and effort are the inputs without

which there would be no outputs. The Society’s sincere
thanks are due to all those who gave so willingly to make
1974 a successful year in the Society’s annals.
Qualifications
With the completion of its work early in 1974, the
Qualifications Committee was disbanded, its functions
being spent between the Examinations Committee and the
Membership Standards Committee. In accordance with the
previous resolution, Council confirmed the approval for
Members and Associates to use the letters MACS or AACS.
As the implimentation of membership standards represents
a milestone in the growth of the Society, the Council
further recommends the use of these letters to those
members so graded.
Tasmanian Branch
Following a petition from certain members resident in
Tasmania, Council expressed its approval of the formation
of a Tasmanian Branch. Instructions have been forwarded
to the petitioners regarding the procedures to be followed
and the matter will be reviewed in 1975.

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
REPORT OF THE AUDITORS

In our opinion, the accounts set out on pages 90 to 94 give a true and fair view of the affairs of the Council of the Australian
Computer Society Incorporated at 31st December, 1974, and of its results for the year ended on that date.
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 on pages 95 and 96 give a true and fair view of the state of affairs of the Australian Computer
Society Incorporated at 31st December, 1974, and of its results for the year ended on that date.
COOPERS & LYBRAND
Chartered Accountants
Sydney,28th May, 1975
by R.S. Lynn
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
BALANCE SHEET AS AT 31st DECEMBER, 1974
1973
$
34,689
553

FUNDS AVAILABLE TO COUNCIL ACCUMULATED FUNDS
Balance at 1st January, 1974 .....................................................................................
Less deficiency transferred

$
34,136
5,939

1974
$
28,197

34,136
5,584
363
500
374

A.N.C.C.A.C. Fund at 1st January 1974 ..................................................................
Add Income from Investments ..................................................................................
Less Awards .................................................................................................................
Purchase of Medals .....................................................................................................

5,073
181
251

70cr

5,003
—

5,073
4,373
267
43

CURRENT LIABILITIES
Sundry Creditors & Accruals ......................................................................................
Subscriptions in Advance ..........................................................................................
Other deferred income.................................................................................................

5,666
—
—

4,683
43,892

1,558
850

TOTAL FUNDS AVAILABLE:

38,866

THESE FUNDS ARE REPRESENTED BY:
FIXED ASSETS
Furniture & Office Equipment (at cost) .................................................................
Less Provision for Depreciation ..............................................................................

3,781
1,391

2,390

708
10,000
5,000
14.930
______
29.930
2,353
1,494
142
1,977
6,677
308

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

10,000
5,000

CURRENT ASSETS
Stocks of Publications (at cost) ..............................................................................
Sundry Debtors ........................................................................................................
Stationery in Transit ................................................................................................
Cash at Bank .............................................................................................................
Cash held as advances ................................................................................................
Stock of A.C.S. Ties (at cost) ..................................................................................

12,951
-------DEFERRED EXPENDITURES RELATING TO 1975
81
6th Australian Computer Conference ....................................................................
—
7th Australian Computer Conference ....................................................................
109 Data Bases — P.D.P............................................................................................................
113
Craft of Programming — P .D .P..................................................................................
—
Auditing - P.D.P........................................................................................................
O.V.P............................................................................................................................

6,428

21,428

2,094
3,030
255
129

5,508

6,000
1,000
—
156
1,520
.........

1,676
864

9,540

303
43,892
A. W. GOLDSWORTHY
President
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38.866
G. K. PIRIE
National Honorary Treasurer
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
APPROPRIATION ACCOUNT
FOR YEAR ENDED 31st DECEMBER, 1974
1973
$
3,711
146
56
(58)
—

1974
$
SURPLUSES TRANSFERRED
The Australian Computer Journal ...............................................................................................................
5th Computer Conference Proceedings .......................................................................................................
Other Publications ............... :....................................................................................................................
Delayed Expenditure ...................................................................................................................................
Stocks of Ties ................................................................................................................................................

3,855

4,739
—
—
—
129
4,868

4,408
—

DEFICIENCIES TRANSFERRED
Income & Expenditure Account .................................................................................................................
Write off stocks of publications .................................................................................................................

8,454
2,353

553

NET DEFICIENCY TRANSFERRED TO
Accumulated Funds ....................................................................................................................................

5,939

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
INCOME & EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31st DECEMBER, 1974
1973
$

$

$

1974
$

22,550
11,275

INCOME
Capitation fees ..........................................................................................................
Less: Transferred to A.C.S. Journal .......................................................................

25,322
12,661

12,661

11,275
439
1,476

Interest
— Bank Accounts ..................................................................................................
—Investments .........................................................................................................

99
1,624

1,723

110

Surplus from Examinations
-Fees ....................................................................................................................
— Expenses ...........................................................................................................
Sundry Income.........................................................................................................
Advertising Revenue deferred from 1971 .............................................................

13,300

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

3,262
931
412
13
111
15
23
102
307
—

EXPENDITURE
Secretariat
— Salaries & Allowances
...............................................................................
— Stationery & Printing.........................................................................................
— Postages & Telephone
...............................................................................
—BankCharges ......................................................................................................
— Workers’ CompensationInsurance ....................................................................
— Office Equipment Maintenance ........................................................................
— Sundry Expenses ................................................................................................
— Office Equipment Hire
...............................................................................
- Deprn. Office Furniture/Equipment ................................................................
— Rent ....................................................................................................................

5,176
5,176
92

1,227
871

356
1,201
—
15,941

7,279
2,110
406
19
89
110
108
55
541
500
11,217

Carried forward

11,217

15,941
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1973
5,176
250
30
71
619
4,280
528
45
350
1,013
498
—
497
300

Brought forward
11,217
General
— Audit & Accounting Fees 1973/1974 ............................................................
650
-LegalFees ..........................................................................................................
2
— Public Risk Insurance ......................................................................................
49
— Subscriptions: IFIP&IAG .............................................................................
591
— Meetings of Council ........................................................................................... 4,390
— Council Executive Committee .........................................................................
541
- Complimentary Issues: Publications ..............................................................
— General Information Brochure.........................................................................
- Reports: Council & Committees .....................................................................
775
— Promotional Expenses: Gen. Inform.................................................................
293
— Promotional Expenses: P.R................................................................................
15
- President’s Expenses ........................................................................................
571
— Balance of Logograph ......................................................................................
—

8,481
1,747
120
250
1,012
449
130
44
269
30
-

7,877
Committees & Activities
— Qualifications ..................................................................................................
- Fellows .............................................................................................................
— IFIP Representation .......................................................................................
— Data Transmission ............................................................................................
— Professional Development ..............................................................................
— Social Implications .........................................................................................
— Editorial ...........................................................................................................
— Council Information Kits.................................................................................
— Centralisation ..................................................................................................
- By-laws & Constitution .. ...........................................................................
- Code of Good Practice .....................................................................................
-S.I.G.....................................................................................................................

69
1,240
1,119
227
—
350
—
—
2,105
52
139

4,051
17,708
4,408
=

15,941

5,301
TOTAL EXPENDITURE

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

24,395

EXCESS OF EXPENDITURE OVER INCOME TRANSFERRED TO
APPROPRIATION ACCOUNT

8,454
=

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
OPERATING STATEMENT - THE AUSTRALIAN COMPUTER JOURNAL
FOR THE YEAR ENDED 31st DECEMBER, 1974
1973
$
11,275
2,299
13,574

Total Income ...........................................................................................................

15,137

13,574

Carried forward

15,137
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$

1974
S
12,661

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

2,476
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1973
13,574
6,764
36
1,620
262
272
17
77
600
15
200

Brought forward
EXPENDITURE
Printing & Distribution............................................................................................
Management
— Editor’s Expenses ............................................................................................
- Business Manager - salary ................................................................................
- Postages ..............................................
— Office Supplies .................................................................................................
— Bank Charges ....................................................................
—Freight .................................................................................................................
— Rent of Premises ...............................................................................................
— Sundry Expenses ...............................................................................................
Exchange Subscriptions .........................................................................................

15,137
7,718
—
1,985
257
84
37
103
200
14
—
2,680

9,863

TOTAL EXPENDITURE

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

3,711

NET SURPLUS TRANSFERRED TO APPROPRIATION ACCOUNT

10,398
4,739

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
ANCCAC AWARD FUND
INCOME & EXPENDITURE ACCOUNT
FOR THE YEAR ENDED 31st DECEMBER, 1974
1973

1974

$

$

363
874

Investment income............................................................................................................................................
Less Award for 1974 .......................................................................................................................................

511

NET DEFICIENCY TRANSFERRED TO ANCCAC AWARD FUND

181
251
70

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
THE COUNCIL
STATEMENT OF SOURCE AND APPLICATION OF FUNDS
FOR YEAR ENDED 31st DECEMBER, 1974
Funds were provided by:
Reduction in investments ..........................................................................................................................
Reduction in current assets ........................................................................................................................
Surplus from Journal and publications ....................................................................................................
Write-on Stocks of Ties ...............................................................................................................................
Increase in Current Liabilities ....................................................................................................................
Provision for Depreciation ........................................................................................................................

8,502
7,443
4,739
129
983
541
22,337

These Funds were applied to:
Meet loss on Council operations ...............................................................................................................
Increase deferred expenditure ....................................................................................................................
Write-off stocks of publications ...............................................................................................................
Increase fixed assets ...................................................................................................................................
Meet loss on ANCCAC award ....................................................................................................................

8,454
9,237
2,353
2,223
70
22,337
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED
CONSOLIDATED BALANCE SHEET - 31st DECEMBER, 1974

7, No. 2,

TOTAL ASSETS

Queensland
$

South
Australia
$

Victoria
$

6,333

2,339
20,000

331
6,204

98
5,500

608
14,000

709
428

850
1,053

8,943
1,143

458
2

1,054

6,058

15,662

West
Australia
$

The
Council
$

Total
5

2,390
21,428

5,766
73,465

1,653
228

3,285
2,094
9,540
129

16,952
4,948
9,540
129
45

1,881

38,866

110,845

45
7,470

24,242

16,666

Less
LIABILITIES
BANK OVERDRAFT...............................
SUNDRY CREDITORS AND
ACCRUALS ..........................................
SUBSCRIPTIONS PAID IN
ADVANCE ............................................
PROVISION FOR HOLIDAY
PAY.........................................................

534

4,384

80

1,210

TOTAL LIABILITIES

614

23,020

1,072

261

836

301

5,666

31,770

....

6,856

1,222

15,594

5,797

14,826

1,580

33,200

79,075

Represented by
ACCUMULATED FUNDS
As at 1st January, 1974 ........................
Surplus for year .....................................

5,990
840

1,667
(445)

5,112
6,053

5,118
679

16,789
(1,963)

1,487
93

34,136
(5,939)

70,299
(681)

Balance as at 31st December, 1974 . ..
Special Purpose Funds ..........................

6,830
26

1,222

11,165
4,429

5,797

14,826

1,580

28,197
5,003

69,618
9,458

TOTAL MEMBERS’ EQUITY

6,856

1,222

15,594

5,797

14,826

1,580

33,200

79,075

SURPLUS - MEMBERS’ EQUITY

Oi

New
South Wales
$

16,426

16,426
211
1,072

261

836

5,666

90

10,795
3,549

1,000

1,000
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ASSETS
FIXED ASSETS
(at cost less depreciation) ....................
INVESTMENTS (at par)..........................
CURRENT ASSETS
Cash at bank and on hand ....................
Sundry Debtors .....................................
Prepaid expenses ...................................
Stocks of ACS Neckties (at cost) .........
Stocks of publications (at cost) ...........

Canberra
%

AUSTRALIAN COMPUTER SOCIETY INCORPORATED
CONSOLIDATED STATEMENT OF INCOME AND EXPENDITURE FOR THE YEAR ENDED
31st DECEMBER, 1974
New
South Wales
$
36,395

Queensland
$
11,834

South
Australia
$
5,706

Victoria
$
20,508

West
Australia
$
2,654

The
Council
$
—

Total
$
85,970
25,322
5,265
33,423
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594
42

1,124
14,616

560
2,776

1,789

1,105
10,127

159
40

25,322
1,723
4,033

TOTAL INCOME

9,509

52,135

15,170

7,495

31,740

2,853

31,078

149,980

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

273
928
4,200
3,268

28,968
2,836
11,302
9,362
112

3,205
1,212
2,164
2,488
48

1,069
1,475
1,162
2,354
756

9,285
8,923
8,232
6,600
663

176
546
590
1,250
198

21,318

5,301

64,294
15,920
38,048
25,322
7,078

TOTAL EXPENDITURE

8,669

52,580

9,117

6,816

33,703

2,760

37,017

150,662

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

840

6,053

679

5,939

7,665
8,347

31,078

149,980

445
9,509

52,135

93
1,963

15,170

7,495

10,398

31,740

2,853
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INCOME
Gross Subscriptions .................................
Capitation fees (Council) ........................
Interest receivable......................................
Other income ............................................

Canberra
$
8,873
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are here!

The most cost-effective and versatile
MINICOMPUTERS your money can buy
I/O system with progr. data transfer #16 level
progr. priority interrupt • 1200 or 960 nanosec.
cycle time • Core capacity up to 128K • 16 K core
memory on single 15 inch sq. PCB • 7 board
slots in 51/4 inch chassis-17 in 101/2 inch chassis
• DMA standard (transfer rate of 1.04 million
words per sec.) • LSI/MSI integrated circuitry
• 4 full 16-bit accumulator registers • Arithmetic
and logical instructions performed in 1350 nanosec.
or 1 microsec. • Full range of peripherals •
Extensive software library, incl. FORTRAN, Real
TIME EXECUTIVE MSOS (mass storage operating
systems), multi-user BASIC, extended BASIC with
PRINT using and CALL statements, IRIS (interactive
real time information systems).
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Made by:

IT WILL PAY YOU to check the features of the
D-116 MINI and the most attractive quantity
discounts available.

Look at the range available:

D-116/4 slots, 4K memory
D-116/7 slots, 16K memory
D-116/10 slots, 16K memory
D-116/17 slots, 16K memory
Plus these optional extras —

Auto, programload
Power Monitor/auto, restart
Optional Hardware Multiply/Divide
16K Memory on 15" square PCB
-fully compatible with NOVA 1200
Illustrated system shows a D-116E 17-slot minicomputer
with a Bell & Howell Optical Mark Card Reader.
Specifications quoted are for general
guidance only, are subject to
verification and change without notice.

Australian Representatives:

DIGITAL COMPUTER
CONTROLS INC

JACOBY#
MSTCHELL

Send for ALL the information NOW!
215 North Rocks Rd., North Rocks, N.S.W.
2151. Phone 630 7400
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293 6117 • Brisbane 52 8266 • Perth 81 4144
10/75

THE AUSTRALIAN COMPUTER JOURNAL
Price: $1.50 per copy to non-members, 50 cents per copy to members.

Volume 7, Number 2

JULY, 1975

The Australian Computer Journal is the
official publication of the Australian
Computer Society Incorporated.
Office-Bearers to May, 1975:
President: A. W. GOLDSWORTHY
Vice-President: E. G. DUNNE
National Secretary: K. S. ARTER
National Treasurer: G. K. PIRIE
Executive Secretary: Mrs. Jeanette
PRESDEE
P.O. Box 640,
Crows Nest, N.S.W. 2065.
Tel.: Sydney 439 2434
Editorial Committee:
Editor: T. PEARCEY
Caulfield Institute of Technology,
900 Dandenong Road,
Caulfield East, Vic. 3145.
Associate Editors:
J. M. BENNETT,
A. Y. MONTGOMERY

Contents:
51-57

A Stable Method of Inverse Interpolation
By J.M.BLATT

58-64

Computer Generation of Privacy Transformations
By J.L. ROUGHAN, G. HOUGH and J.C. GWATKING

65-69

A Real Norm-Reducing Jacobi-Type Eigenvalue Algorithm
By R. SACKS-DAVIS

70-74

Error Detecting and Correcting Codes
By L.R. HUNT

75-79

Multi-Valued Logic in Programming and Flowcharting
By D.C. RINE

Published by:
Australian Trade Publications Pty Ltd.,
28 Chippen Street, Chippendale, N.S.W.
2008. Tel. 699 1433.
Victoria: Leonard Sparks and Asso
ciates, 126 Wellington Parade, East
Melbourne. Tel. 419 2595.
Represented by:
Queensland: Beale Media Services, 232
St. Paul’s Terrace, Fortitude Valley,
Brisbane. Phone 52 5827.
South Australia: J. D. Stone and
Associates,
19 North Terrace,
Hackney 5069. Phone 42 1978.
Great Britain: Overseas Publicity Ltd.,
214 Oxford Street, London. WIN OEA.
U.S.A.: International Newspaper and
Trade Advertising, 1560 Broadway,
New York, 36.
Italy: Publicitas, Via E. Filiberto 4,
Milan.
France: Gustav Elm, 41 Avenue Mon
taigne, Paris 8.
Advertising inquiries should be referred
to one of the above addresses.
Printed by:
Publicity Press Ltd., 29-31 Meagher
Street, Chippendale, N.S.W. 2008.

80-84

Planning of Processing for a Partially Determined Problem
Flow in the Mixed Mode of Batch Processing and Time Sharing
By A.D. SMIRNOV and N.G. BUN’KOV

Special Features:
50

From the President

57,64,69, 84

Book Reviews

74

SIMSIG-76

85-90

Ninth Report of Council

90-96

Society Financial Report

SUBSCRIPTIONS: All subscriptions to the Journal are payable in advance and
should be sent (in Australian currency) to the Publications Officer, P.O. Box 147,
St. Leonards, N.S.W. 2065.
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 supolied to members, while suDplies last,
for a charge of 80 cents per copy for issues of the preceding two years (i.e. Volumes
3 and 4) and for $1.50 per copy for all volumes, except Volume 4 at $1 25 per
copy. Members should write to their Branch Honorary Secretaries (not the Pub
lications Officer) about their requirements. To ensure receipt of all issues, members
should advise their Branch Honorary Secretaries promptly of any change of address.

The Australian Computer Journal, Vol. 7, No. 2, July, 1975

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 may be purchased for 50 cents
each from the Publications Officer (Publicity Press).
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 autohomous in local matters, and may charge different
membership subscriptions. Information may be obtained from the
following Branch Honorary Secretaries: Canberra: P.O. Box 2 5 8,
Kingston, A.C.T. 2064. N.S.W.: P.O. Box N250, Grosvenor St,
Sydney, N.S.W. 2000. Qld: Box 1484, G.P.O., Brisbane, Qld. 4001.
S.A.: Box 2423, G.P.O., Adelaide, S.A. 5001. W.A.: Box F320,
G.P.O., Perth, W.A. 6001. Vic.: P.O. Box 98, East Melbourne, Vic.
3002.

