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Now FRIDEN gives you:
Low Price, Systems flexibility
in Magnetic Tape Data Recording.
Some data recording machines are
self-contained. Some are terminal-oriented.
Some even offer limited systems flexibility. Now
the Friden 4300 System offers any configuration in
the same system.
With these new Friden data tape recording units,
you can have precisely the system you need—the
system that best fits your computer input
requirements.
If your system calls for self-contained,
free-standing recorders, the 4301 Magnetic Data
Recorder is your choice.
If you need multiple keyboards with a central
recorder, we offer the 4302 Magnetic Data
Keyboard, plus the 4303 and 4304 Magnetic Data
Central Poolers.
And if you need a combination of self-contained
units and terminals, all four Friden units can be
merged into a unique system.
Apart from systems flexibility and low cost,
Friden's 4300 System offers these advantages:
sfs The alphanumeric characters and programme
codes entered on the keyboard are clearly
displayed. No code deciphering. No need to learn
complicated machine language.
% There are two stored programmes, completely
independent.
Record length can be set for the standard 80
character length or an optional 200 character
length. It can also be variable from 20 to 200
characters.
All operations are logically controlled to guide
the operator through the proper sequence. She
just dials the desired mode of operation and
starts.
sjs You use standard half-inch computer tape. Data
is recorded in either 7 cr 9-track computercompatible format.
The 4300 System has an optional data
transmission capability.
Interested? Call Friden in your capital city or mall
the coupon below for further information.

SINGER
FRIDEN DIVISION
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Olympia International
prepares valid, verified, balanced
and batched "computer input
data", punched into paper tape
in one operation
Multiple programme controlled, the Olympia Add/
Punch is easy to operate, performing complex tasks
within programmes.
OUTSTANDING FEATURES: Twenty-two Digit
Buffer between add/listing machine and perforator.
Check Digit Verifier... any formula.
Field size sensing... up to 10 different lengths.
Adding machine functions are field programmed.
Tape format is field programmed.
Fixed or free format or mixed sequence
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checking and control.
Automatic cancelling of inaccurate hash totals.
Parity checking.
Hard copy provides instantly recognisable audit
trial.
Call us, and an Olympia Data Preparation Expert
will help you design your computer input
programme.
Phone: Sydney 439-3444, Melbourne 329-9455.
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QANTAS flies through its computer input
preparation with MDS Data Recorders . . .

Q -£;v®2®SKj

. . . handles peak work loads
more easily and achieves
19% increase in production!
To create input for their computers from
tickets and air waybills, Qantas Airways
have until recently used card punches. Now
they use MDS Data Recorders to encode the
data directly on to magnetic tape. The result
is a 19% increase in production of computer
input.
Since most of the 1 60,000 documents'hand
led each month must be processed toVery
tigttt targets, work peaks are unavoidable.
Qantas have found iQeasier to handle these
peaks with MD:S Recorders. Because each
MDS unit is both an encoder and a verifier,
better work scheduling is possible.
The cost of cards, their handling, and their
ultimate disposal is also saved.
Talk over the possibilities of speeding up
your data preparation with MDS>Data
Recorders. Call your local NCR office, or
write to NCR, Box
2626, G.P.O., Sydney
2001.

NCR

THE NATIONAL pASH REGISTER CO. PTY. LTD.
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Now there’s a better way.
Our new DOS brings batch processing costs
down to $730 a month.
If you’ve been hanging on to oldfashioned ways because you thought a
computer was too expensive, think again.
Our new Disc Operating System brings
the cost of computation and general
purpose processing right down to where
your budget lives.
With our new DOS, you’ll easily create,
check out and run your own programs.
Use it for scientific calculations,
business-accounting functions, infor
mation retrieval, inventory control,
school administration — in fact, problem
solving of all kinds.
Anyone who can poke a typewriter key
or pencil-mark a card can use our DOS.
Because the assembly (or compilation),
loading and execution of your programs
are under the control of a teleprinter
keyboard or batch input device.

On the other hand, if you’re already
batch processing with another system,
give this a thought. Our DOS can
probably do everything you’re doing now
— for about half the cost.

character disc, ope teleprinter and one high
speed paper tape reader. Price is just
$36,150. Or $730 per month on a five-year
lease. And it’s upward expandable for your
future needs.

Because both the software and the
hardware are fully modular, our DOS
accommodates the needs of many
different applications. Lets you vary the
number of input/output devices. Add
more core memory. Use a card reader
as well as a teleprinter. Add a line
printer, paper tape punch, photo reader
and magnetic tape. Other advantages
include software protection and program
segmentation. Plus automatic program
retention so your programs can be easily
reused.

Get the full stoiy by calling your local HP
computer specialist or write Hewlett-Packard
Australia Pty. Ltd., 22-26 Weir Street,
Glen Iris, Vic. 3146. Telephone: 20 1371.

Our basic DOS includes an 8K computer
with direct memory access, 2.4 million-

Branches in Adelaide, Brisbane, Canberra, Perth, Sydney.
Also Auckland, Wellington (N.Z.)

HEWLETT^ PACKARD
DIGITAL COMPUTERS
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Olympia international
tronic-typer
writes and edit writes at
175 words per minute
with 100^ accuracy.
IMAGINE: writing and edit writing: reports;
quotations; item descriptions; motor car and owner
details; chemical formulae; policy details; details of
reservations and bookings; legal documents and
contracts; ‘patients’ medical histories; medical data;
material lists and production procedures; difficult
technical descriptions; personnel data; scheduling
details; share and stock data—at 175 words per
minute or up to 22 characters per second as many
times needed and onto varying documents with
100% accuracy reading the texts stored on punched
tapes and cards. Allowing for variable data to be
typed manually. Skipping texts if required. Making
as many corrections and revisions as needed.
Merging of tapes and cards and punching of a new

master tape using two readers. Punching of a
computer (Telex or Terminal) input tape retrieving
part data representing a by-product of a normal
routine job.
It will take twenty minute discussions with an Olympia
Data Systems Expert in order to find out if a TronicTyper can HELP YOU to REDUCE COSTS and
INCREASE EFFICIENCY.
That, “ONE DAY, we will GET AROUND TO IT”
job—always shelved, because it was too expensive
for normal typing power, may just be the job for the
Olympia Tronic-Typer—
AT A COST, HALF A TYPIST’S SALARY!!!
Phone: Sydney 439-3444, Melbourne 329-9455.
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5000 lines a minute!
Yes, five thousand, alphanumerics, 88 charac
ters per line. We were going to shout about it.
Tell everyone. The Statos 21 electrostatic
printer/plotter uses roll or Z-fold paper to print
data, maps, charts.
Entire page of computer generated text every
second. Any computer. We really do have
something, to shout about. Decided to keep
quiet — like the Statos 21. Didn’t we tell you?
It’s silent. A real hush-hush story. Could
mention the price, though; under $15,000 —
with interface and hardware character
generator. That’s all. The rest is silence.
Statos 21.

Statos 21. Electrostatic printer/plotter.
5000 lines a minute. Silently.

vanan w. u,
graphics & data systems,
38 Oxley Street, Crows Nest,
N.S.W. 2065.
Tel.: 43 0673.
Melbourne 560 6211
Brisbane 71 3277
Perth 86 6930, 86 7493
Wellington 69 7099
Auckland 36 0467
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The Graphic-15 Display System for less than $20,000. A programmable processor and display con
sole with built-in vector generator, character generator, and function box. Mated with the PDP-15
computer, it becomes a graphic system that is highly interactive. Yet it’s only half the price of its
nearest competitor. And because it’s from DIGITAL, you get service and software for both the dis
play and the computer.
The Graphic-15 is modularly designed; it grows as you grow. And fast—1A inch vector every /j.sec.
And easy to use, only knowledge of FORTRAN is necessary.
3000 flicker-free characters. 8000 in. of flicker-free vectors. Remotable display. Full line of options.
And made by the computer company that knows more about big needs and small budgets than
anyone else.
A work of art. Write.

u

Digital Equipment Australia Pty. Ltd.
75 Alexander St.,
Crows Nest. 2065 (439 2566)
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THIS ROBUST SQUAD SCORED MORE
POINTS THAN ANY OTHER TEAM LAST YEAR

THEY CHEATED!!!
THEY FIELDED MORE PLAYERS THAN THE OTHERS
WHY?

THE WINGER ...

Because we at Nixdorf believe to win and, more im
portantly, to keep on winning—you can’t play with
less. We’ve all heard the stories about the brilliant
all-rounders and the supposed successes of their solo
efforts. Well Nixdorf’s team are specialists—and stars
in their own field.
*

THE FULL-BACK ...

THE TEAM
Yet, a group of specialists must work together, as a
team. This is probably one of the secrets of Nixdorf’s
success. They take pride in what they have done to
gether. We believe that our four specialists can beat
any half dozen or so all-rounders.
Meet them . . .

THE CAPTAIN ...
. . . is, our sales representative. Naturally he is an
expert with a minimum of five years’ experience in all
phases of the game. He has played with large scale
computers down to calculators and, of course, knows
Visible Record Computers like the number on his
jersey. He is responsible for guiding the team and
stays on even after the match is over.

THE TACTICIAN ...
. . . is our systems analyst. In tip top condition he has
been trained to maximise all of the unique Nixdorf
features. He is a versatile player and can even develop
sub-systems to complement your automation. Some
people prefer being their own tactician and if you
don’t like to use our tactician you don’t have to . . .
(that’s called unbundled).

... is our programmer and one of the fastest in the
country. Nixdorf’s unique program storage systems
give him an unfair advantage. Once again, you want
to play on the wing—no trouble . . . (that’s really
unbundled).
. . . is our operator. The safety girl of the team. She
thoroughly tests every area of the program and sys
tems before she shows it to you on our monitor, on
our premises. You’d be surprised the contributions
that a first class operator can make to even the best
systems analysts and programmers.

THE COACH...
. . . Nixdorf itself. Australia’s biggest and its only
exclusive Visible Record Convfmter Company. He has
played more games and won more matches in his field
than anyone else in the world.
Well you’d expect him to ... He invented the game.
So you must admit that Nixdorf are a little unfair (to
the competition)!

IF YOU’D LIKE OUR TEAM TO
PLAY FOR YOU —CALL THE
COACH...
NIXDORF COMPUTER PTY. LIMITED
Sydney
Melbourne
Brisbane
Perth

292751
34 8127
5 2029
256133

c
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NIXDORF

EgaSSESBI

COMPUTER
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THE
IDEAL COMPUTER PROGRAM
EDIT SYSTEM
9 Detects input errors
• Produces clear, self explanatory edit messages
• Standardises edit procedures
• Aids in system or programming debugging
• Functions in a minimal core environment

HO YOU
HAVE SUCH A SYSTEM?
WE HOI I
And we’ve named it

EPG II

Edit Program Generator for
Business Applications

EPG was developed in the U.S.A. by Computer Sciences Corporation—the world’s'
largest independent software company.
‘
v
»
j
EPG II is available in Australia NOW.

\

>

And the Cost? Far less than you would invest in developing your own edit system.
Why not let us send you more detailed information about EPG II.

Write or telephone:
Mr. Charles R. Sullivan
COMPUTER SCIENCES OF AUSTRALIA PTY.LTD.
460 Pacific Highway, St. Leonards, N.S.W. 2065.
Telephone: 439 0033

Vlll
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Editorial

N order to meet my own deadlines, this Editorial is

written during the Christmas-New Year break!
IItbeing
is tempting to review the contents of Volume Two,
all four issues of which were published during 1970.
However, this is now past history and readers can
make their own assessment.
One major policy decision which was made during
the year relates to which papers qualify for publication
in the Journal. According to standard practice, all
papers must be original; this has been interpreted as
meaning that they have not been “published” else
where in substantially the same form. However, this
almost begs the question because a definition of “pub
lished” is now required. On the recommendation of
the Editorial Committee, Council has agreed that
papers which appear in Branch Bulletins are eligible
for publication in the Journal. Editors of Branch
Bulletins have been notified of this decision but they,
and the authors, must appreciate that the papers so
submitted must conform to the style and standards of
the Journal, in particular “lectures” must be rewritten
before they could be accepted. Furthermore, such
papers will be refereed in the normal way.
A Conference on Computer Communication and
Displays was held in Sydney in June and July, 1970.
The papers presented were available, in printed form,
only to the Conference delegates and numbers were
strictly limited. Thus, it was decided to reprint those
papers which had not been published elsewhere so that
this very valuable material would be available to a
wider audience.
In last year’s Editorial, I drew attention to the fact
that the shortage of papers on “commercial” subjects
was due solely to the lack of sucfPpapers and not to
any Editorial bias. It was, therefore, encouraging to
read in the Communications of the ACM, (Vol. 13,
p. 526) that my opposite number received similar criti
cisms. The comment was made in a Letter to the
Editor and, in this instance, complained about the
lack of papers on the subject of “machine organization
or architecture”. In his reply, the Editor stated, in

part, “. . . ACM is, as with any society, a reflection
of the interests of its members, and there are unfor
tunately always areas relevant to computing not ad
dressed by ACM possibly as a result of a lack of such
interest. The Communications, in particular, has no
such discrimination policy and would indeed welcome
submissions in the areas of computer architecture, de
sign and performance, . . .”. If “ACM” and “Com
munications” are replaced by “ACS” and “Journal”,
respectively, I feel the words apply equally in Australia.
Some preliminary information concerning the Fifth
Australian Computer Conference to be held in Brisbane
next year was published in Volume 2, p. 179. Budding
authors may be uncertain as to whether their work is
more suitable for the Conference or the Journal. It
is in the interests of the Society that members should
support both and an author should not be deterred
from submitting a paper to the Conference simply be
cause it was deemed to be unsuitable for the Journal
— and vice versa. It is probably fair to say that
originality is less important for Conference papers than
for those in the Journal. Thus, review or tutorial
contributions would be acceptable for the Conference
but might be rejected by the Journal. Conversely,
highly technical and mathematical papers are difficult
to present verbally before a large audience consisting of
people with widely varying interests and these would
be better in the Journal. Thus, if .your paper is
turned down by the Conference Papers 'Sefection Com
mittee. try the Journal before despairing,
Readers will have seen the result of the first
ANCCAC Prize Award which was published in Volume
2, p. 103. The award of the Prize for a paper pub
lished during 1970 is now being considered and the
result will be published as soon as Council has ap
proved the Prize Committee’s recommendation.
Finally! I would again like to thank the gallant band
of Referees who must remain anonymous. It is still
true that most authors are sincerely appreciative of the
remarks of the Referees and they often make a point
of acknowledging this.
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The Development of an Information
System for a Manufacturing Company
II. An Order Entry System for a Steel Plant
By L. A. Webster*

This system has been developed and installed by John Lysaght (Australia) Limited at
their Port Kembla computer installation. The Order Entry System serves two purposes:
the first is the processing of customer’s orders, printing of various documents, determination
of raw material requirements and creation of an order history file; the second is the
establishment of a computer record which becomes the main input to an on-line production
control system.

The Company

There are three major divisions in John Lysaght
(Australia) Limited:
1. A Service and Sales Division which sells steel sheet
and coil, operates Service Centres in a number of
locations throughout Australia which provide shear
ing, slitting and blanking facilities for customers,
and also produces and sells roll-formed steel pro
files for roofing and wall cladding.
2. A Sheet Manufacturing Division which processes
steel sheet and coils of various types.
3. A Fabricated Products Division which manufac
tures and fabricates a wide variety of steel products
such as wheat silos and other rural products, steel
sections for the building industry, partitioning, ex
panded metal, houses and electrical steel lamina
tions. It also provides light engineering services and
contracts for heavy fabrication jobs.
The Order Entry System described here is designed
to process sheet and coil orders which come from
Australian and foreign customers and are fufilled either
from the Sheet Manufacturing Division or one of the
Service Centres. Where an order is produced by a
Service Centre there is a corresponding “feed” order
placed in the Sheet Manufacturing Division to provide
material to enable the Service Centre to satisfy the
order.
MANUAL SYSTEM — BEFORE OCTOBER, 1967
At Sales Offices

All orders were sent by the customers to one of the
Sales Offices located in the capital cities. All orders
were given a cursory check to try and ensure that the
details were complete, and, where the customers re
quirements were well known, that the information on
the order appeared to be correct.
In the Sales Office the intake of orders was entered
in a number of statistical records which were used
for routine reporting, forecasting and other special
exercises where historical data was required. All re

ports were prepared manually. The recording of intake
was done in a fair amount of detail because no one
knew what the next “special” request would require.
Each day the orders were mailed to the Sheet
Manufacturing Division’s plant at Port Kembla, N.S.W.
Some use was made of telex for urgent orders. The
order lead time was quite long, a minimum of ten
weeks, slightly longer for distant locations, so that
the day or two taken by mail was not critical.
Amendments to orders were dealt with in much the
same manner. The use of telex in these cases would
depend on the type of amendment, the size of the order
being amended and the time within the delivery
cycle.
At the Works

When the order documents were received at the
Works a further cursory check was carried out.
Unusual orders, e.g. non-standard products, were
referred to Production or Technical personnel before
any further action was taken.
Once again, statistical data relating to order intake
was recorded on work sheets, this time to provide
summary information for Production personnel.
The Customer’s order moved from the Sales De
partment to Production Planning, to Production, to
Accounting, before all of ? the necessary data was
assembled to acknowledge the order, make a delivery
promise, and to take the first step towards satisfying
the order, i.e. requisitioning raw material.
The only use of E.D.P. was to produce summary
reports every six months.
Ordering Raw Material

The raw material used is in the form of coils of
steel produced by Australian Iron and Steel, a wholly
owned subsidiary of B.H.P. The coils are produced on
a Hot Strip Mill and are known in the system as “Raw
Coil”. This Raw Coil is identified by its Grade, (pro
perties not visible but only determinable by analysis),
Thickness and Width.

* Computer Sciences of Australia Pty. Ltd., Milsons Point, N.S.W. This paper was prepared whilst the author was employed
by John Lysaght (Australia) Limited and it is published with their permission. Manuscript received August, 1970.
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Order Entry System

Each of the six Production. Control offices calculated
the raw material requirement for each order/item by
converting the customer’s requirement to the appro
priate Grade, Thickness and Width.
The six individual requirements were passed on to a
seventh Production Control group who combined these
requirements to produce a weekly order on the sup
plier. This document was produced manually, sent to
E.D.P. for punching and the final coil order produced
on a computer.
For some years a perpetual inventory of Raw Coil
had been maintained on E.D.P., a two card system
with one card in the Raw Coil Store and another in
E.D.P. This system was working successfully to the
point that it was not considered necessary to include
Raw Coil in the annual physical stocktake.
This Raw Coil inventory system provided informa
tion about stock levels, aged stocks, movement of
stocks, etc., for both Production and Accounting
departments. It responded rather slowly to physical
activities, e.g. a report on outstanding deliveries from
the supplier which represented a situation as at 7.30
a.m. on Sunday morning, was not available until the
following Wednesday.
This briefly describes the situation just prior to the
installation of the computer-based Order Entry System.
ORDER ENTRY SYSTEM
Objectives

There were three major objectives in developing the
Order Entry System:
1. To shorten the time lag between the customer lodg
ing an order with the Sales Office and action being
taken to produce the order at the plant.
Under the manual system the paperwork
followed a long and devious path before it finally
reached the point where the first positive step
was taken toward fulfilling the order, i.e. order
ing Raw Coil.
2. To establish one group who would be responsible
for checking the correctness and completeness of
details on a customer’s order and one source for
reporting on order intake.
Generally, a customer orders material for a
specific application and his requirement must be
precisely specified to the plant. This detail was
being checked at a number of locations but
nobody had the ultimate responsibility for
accuracy.
Order intake reports were being produced in a
number of locations (at least three) and in
evitably they were all different. Arguments arose
and many frustrating hours were spent by each
originator trying to prove that his set of figures
was correct. The differences were due to many
factors—different cut-off1 times, different inter
pretations, human error, etc. All of this was a
dreadful waste of time.
3. A decision had been made to develop and install
an On-line Production Control System and the
Order Entry System would be the vehicle for
obtaining fast, accurate and complete input of
data for the system.
4

In fact, the Order Entry System, Raw Coil Pro
viding System and On-line Production Control
System are now all part of a completely inte
grated master control system.
The O.E.S. Project Team

A team was set up to develop the Order Entry
System (O.E.S.) under the leadership of a Project
Manager. Company management considered the pro
ject important enough to release a State Sales Manager
to occupy this position. This helped enormously in
negotiations with State Sales Officers when the system
was being installed.
The other members of the team were recruited from
within the Company and they were chosen from as
many different disciplines as possible. They came from
Sales, Accounting, Production, Technical and E.D.P.,
all being departments which would be affected by the
system.
With the exception of the Project Manager, all per
sonnel were trained in systems design and programming
and they were all able to make significant contribu
tions toward the development and installation of the
system.
Development of Master Files

Master Files were developed to record static in
formation about customers and products in order to
reduce the amount of input data necessary to enter
each order into the system.
An exhaustive study of old orders was carried out
to determine the extent of repeat ordering in the various
types of products to decide on the data which could
be included in the product records.
Four types of records were formed:
1. Charge-To Records

One record was created for each customer to
whom an invoice was sent. An existing Invoicing
and' Debtors system in E.D.P. was the starting
point, but many days were spent in gathering
' together all the data required, standardising names
and addresses and inserting post codes.
2. Ship-To Records

One record was created for each destination
to which the customers required material was to
be sent. Each Charge-To record may have one or
more Ship-To records associated with it.
3. Customer Item Records

One record was created for each type of product
ordered for delivery to the one destination. Each
Ship-To record may have one or more associated
Customer Item records.
A Customer Item is defined by\a product name
and a routing required in the plant to manufacture
the product. It can cover a range of sizes, thickness
and width for coil and thickness, width and length
for sheet.
4. Standard Items

It was found that a relatively small number of
items were ordered regularly by a number of cusThe Australian Computer Journal, Vol. 3, No. 1, February, 1971

Order Entry System

tomers and it was possible to describe these in
more detail, i.e. by nominating a specific thickness
and width.
By their very definition the Standard Items are
not associated with a customer.
Number of Records

Each time the Master Files are updated the chains
are checked and records counted. The following print
out is produced which shows the number of records
in use and the number remaining available for use.
OES MASTER FILE CHAIN CHECK AND RECORD
COUNT FOR.
PACK NO. D20001
DATE 23/07/70
TIME 00.29.56
THE ALPHA CONTROL CHAIN IS OK.
* RECORD COUNTS OF ALL RECORDS ASSOCIATED
WITH CHARGE TO RECORDS ON THE ALPHA CHAIN
ARE BELOW.
CHARGE TO RECDS ON ALPHA CHAIN ........ 1022
SHIP-TO RECDS ASSOCIATED C-T’s ..................... 1525
SPECIAL INSTRUCTIONS ASSOCIATED WITH S-T’s 0
CUSTOMER ITEMS ASSOCIATED WITH S-T’s .... 5003
THE CHARGE-TO MAIN CHAIN IS OK
NUMBER OF CHARGE-TO RECORDS ................ 1022
THE SHIP-TO MAIN CHAIN IS OK
NUMBER OF SHIP-TO RECORDS ......................... 1525
THE CUSTOMER-ITEM MAIN CHAIN IS OK
NUMBER OF CUSTOMER ITEM RECORDS ... 5003
THE STANDARD-ITEM MAIN CHAIN IS OK
NUMBER OF STANDARD ITEM RECORDS ..... 251
THE NUMBER OF EACH RECORD TYPE
REMAINING
NUMBER OF CHARGE-TO RECDS * COMMONS * 628
NUMBER OF SHIP-TO RECDS........ * ENTRIES * 719
NUMBER OF CUST OR STD ITEM
RECDS .............................................. * TALLIES * 571
CHARGE
TO
i

Control

Alpha

The O.E.S. Master Files in the Computer System

In deciding on the fields to be included in these re
cords the Project Team looked well ahead to the
future potential of such a system. Some of the fields are
not yet being used and will not be used until the
system has achieved a much higher degree of sophisti
cation.
The possibility of an on-line enquiry system, capable
of giving immediate response to queries regarding cus
tomers ordering patterns and account status, was
catered for.
Because of this, and considering also the needs of
the On-line Production Control System, it was decided
that these master files should be maintained by a
dynamic file control system and should be random
access files.
The records are all chained together and their
physical location on the disk pack is determined by
the dynamic file control system. The heirarchy of re
cords is shown in Figure 1.
Catalogue of Codes

A coding system was considered necessary to reduce
records sizes and keep input data to a minimum. A
“Catalogue” was created which consisted of a number
of “pages”, a page for each type of code required, e.g.
product names, coating weights, steel grades,
tolerances, etc. Each code was in fact a “line” within
a page. The catalogue provided for 99 pages and allow
ance was made for a four digit line number. Only part
of the Catalogue is used by the Order Entry System.
The Catalogue was located on the same disk pack
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The Alpha Control Chain links the Charge-To records together in Alphabetic sequence.
Sub-chains link each Charge-To with associated Ship-To records.------------Each Ship-To record is linked to its associated Customer Item records by another sub-chain. . .
The Charge-To main chain links its records together in numeric sequence.
The Ship-To main chain links its records together in numeric sequence.
The Customer Item main chain links its records together in numeric sequence.
The Standard Item records are on one chain only. They are not associated with any other records.
Figure I: OES Master File — Record Chaining.
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which contained the operating system and special soft
ware was written for maintaining and referencing the
catalogue.
The catalogue serves two main purposes:
(a) converting codes to readable descriptions,
(b) storing parameters which are required by the com
puter system.
An example may help in explaining the use of the
catalogue. All of the product names are to be found
on page 41. Each line provides the following informa
tion:
Abbreviated product name
Full product description
Yield factors for determining raw material
requirements
Old product code (to maintain existing systems).
A typical entry is as follows:
Page

Line No.

41

0052

Abbrev.

Full Description

CRCQ

Cold Roll Commercial Quality

Yield
Old
Factors Product Code
04,06

207

The full code for Cold Roll Commercial Quality is
410052. For the sake of brevity the page number is
not carried in many records and, where the number
of lines does not exceed 99, only the final two signifi
cant digits are retained.
The use of this catalogue has meant that some
changes can be made to the system without requiring
alteration to computer programs and the inevitable
re-testing which this involves.
Order Entry Screening Group

Under the manual system the personnel who were
responsible for providing the data required as input
were scattered in different departments and in differeiit
locations. The first step required in implementing the
system was to bring these people together in the one
place, under one administrative head. This involved
representatives from Sales, Production, Technical and
Accounting departments. The .Order Entry Screening
Group was thus formed to provide input to the com
puter system. The Screening Group became part of
Sales Department which was located at the plant, and
the various representatives retained a functional re
sponsibility to their own department.
The prime responsibility of the Production represen
.
tative is the booking of orders against a plan based on : '**
plant capacity. The Technical representative checks
product specifications and is responsible for nominating
the correct routing required to make the product. The
Accounting representative calculates the price to be
charged for each item.
Apiard copy of the data in each record of the Master
Filef is provided to the Screening Group on what is
referred to as Reference Sheets. Hard copy is also
provided of the Catalogue pages which contained the
codes used by the Screening Group.
Preparation of Input Data

It; is essential that input data provides a reference
back to the Master Files. For each order it is necessary
6

to quote a Charge-To and Ship-To number. For each
item on the order it is necessary to quote either a
Customer Item or a Standard Item number.
When the system was first installed, tub files were
created and the input data was written on the faces
of these cards after they had been plucked from the
file by members of the Screening Group. The only
advantage of the tub file was that the disk address
of the Master File record was pre-punched in the
card. This card was not used as input to the com
puter but the address was reproduced into the input
data card which was punched to contain what was
written on the tub file card.
The disadvantages of the tub files greatly outweighed
the advantage of having the disk record address. Tub
file replenishment was too slow. The cards were
awkward to handle in conjunction with the customers’
orders. After input cards were punched it was necessary
to reproduce into them the address from the tub file
card, and this required very careful handling of batches
of cards. The tub file cards, the record of input, could
not be easily filed with the customer’s order because
of its size.
After a few months the tub file was abandoned and
a sheet of paper, the same size as the customer’s order,
was used instead. An index was created on the same
disk as the Master File to make up for the fact that
the address was no longer provided as input. This has
proved to be a much more workable system and the
small volume of order/items (1600 per week) means
that the double access time is not significant.
The reference back to the Master Files enables the
system to reproduce in computer records and also on
printed documents the “repeat” information relating to
an order or an item on that order. Variable data must
be inserted on the Input Data Sheet by the Screening
Group.
Updating the Master Files

,

The'Screening Group is alio responsible* for update
ing the Master Files—Adds, Changes, Deletes—and'
maintaining an up-to-date file of Reference Sheets.
The Reference Sheets are filed in book form in the
same sequence as the record chaining illustrated in
Figure 1. The customers are filed in alphabetic
sequence within States. The Alpha Control Chain
maintains this sequence.
New records (particularly Customer Items) are continually being added to the Master Files. It is necessary
to purge from the files records that are no longer in
use to provide space for the additions. No simple way
of purging the files exists in the system at present.
It is believed that the most satisfactory way of doing
this will be to write the date into the record each time
it is referenced and carry out a periodic deletion of
records which have not been used fob more than six
months.
COMPUTER PROCESSING

The initial computer processing operations in the
Order Entry System are shown in Figure 2. There are
two cut-off times each day, one at around 11.00 a.m.
and the other at 5.00 p.m. The first processing run
is carried out at 1.00 p.m. and the second one is
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The Australian Computer Journal, Vol. 3, No. 1, February, 1971

Create
History
Records
Create
Accounting
Records

Reference
Sheet

Order Entry System

carried out during the night. The computer installation
operates for the full 21 shifts per week and it is
always an advantage to carry out as much processing
as possible during the back shifts.
Editing

Each customer’s order may have one or more items.
The complete order is built up from input data, plus
master file data and initially located in a temporary
area on disk.
A comprehensive edit is carried out and the order
is accepted only if the complete details for every item
passes the edit. The good orders are loaded onto an
order file and those with errors are rejected.
At the end of the run an error analysis sheet is
printed out detailing all of the errors which have
occurred for each order and item. All of the documents
and cards are returned to the Screening Group, errors
are corrected and the cards submitted again for the
next computer run.
Since the data is an input to a very comprehensive
system it is vital that it is correct in every detail. To
make sure of this the documents which are produced
for the orders which pass the computer edit are sub
jected to a manual check against the original order
documents. There are some details which cannot be
checked by computer and if these are revealed in the
manual check there is provision in the system for the
order to be reloaded and the original data is deleted
from the orders file.
The full responsibility for correctness of input data
now rests with the Screening Group and this has
replaced the checking which was carried out in many
different locations under the manual system.
Building up Order/Item Record

The basic record which is developed in the Order
Entry System is referred to as an M.O.I. (Mill Order
Item) record. This record is the basis for the Order
Entry System and the On-line Production Control
System.
The data in the M.O.I. record is built up from master
files, input data, and calculations carried out during
the order load run. The calculations relate to when the
order is to be processed through the plant and the raw
material requirements necessary To make the order.
At present, .the input data around which all timing
is calculated is a Target Pack Week—the week in
which it is planned to pack the material, based on
orders held an planned capacity in the plant. Using''
standards which have been built into the computer
program the following dates are calculated:
Week in which raw material should be ordered.
1

|

Week in which processing should commence.
Week in which it is anticipated that the material
will be delivered into the customer’s store.

In order to determine raw material requirements it
is necessary to calculate the quality, size and quantity
of material necessary to produce to the customer’s
order.
The customer orders a product which is defined by
a quality name and this must be translated into the
8

appropriate grade of steel required. This is done by
means of a fairly simple table.
To calculate an incoming width involves quite a
complicated set of rules which steps through the pro
cesses in the routing for the particular product. The
simplest routing involves one side-trim operation, other
routings for very narrow material involve an initial
side-trim followed later by two slitting operations at
each of which some further side-trimming occurs.
In order to determine the raw material quantity
required two factors have to be taken into account:
Standard processing losses.
Quality yield factor.
The standard processing losses are calculated by
stepping through the routing, and the program contains
percentage loss factors based on Work Study standards.
On material which has zinc coating added to it the
“loss” can actually be a gain.
The yield factors take into account material which
may be lost at various stages of processing because it
does not pass inspection standards. As mentioned
earlier, the yield factors are stored in the Product
Catalogue.
Throughout the system, thickness, width and length
are all recorded in inches and/or decimals. The
Acknowledgement is always sent to the customer
describing the material in the same manner in which
he ordered it and the method of description (e.g.
Gauge No., metric, etc.) is retained so that the invoice
can also describe the material as ordered.
Loading the Order File

The file is loaded onto disk using the same dynamic
file control system as is used for the Order Entry
System Master Files. The records are chained together,
the major sequence of records being Coil Order Week
—the week in which raw. material is to be ordered.
Throughout the system, as bach operation is performed
and the records move to a new chain, they are set
' up in the sequence required for the next operation.
There is a separate sub-chain for fifteen future
weeks and an overflow chain for any orders beyond
that date. Eachfweek, the overflow chain is checked
and, if necessary, orders are moved out into the last
of the fifteen week chains.
The amendments to orders which are still on this
file are treated as if they were original orders. The old
record is deleted and the new one inserted in its place.
If the order, subject to amendment, is not on this
file the M.O.I. record is placed on another chain so
that the search may be extended further into the
system. The seasonal imbalance between orders held
and plant capacity results in the re-arrangement of
orders on this file and this has jjjayed havoc with
what was originally intended to be a very simple sys
tem. Searching for orders on what has been designed
as a direct access file has become very time consuming
and it is obvious now that an index is required to
speed up this process.
Within each Week chain the records are in “Zone”
sequence, where a zone defines a responsibility area
within the steel plant. The entire plant is divided into
The Australian Computer Journal, Vol. 3, No. 1, February, 1971
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six zones of responsibility. Permanent Pointer records
contain the Head and Tail of each Zone chain to speed
up location of the records. Within Zone the records
are in M.O.I. number sequence, and, since new orders
have higher numbers, the Tail is always tried first at
order load time. If the new M.O.I. has a higher
number it then becomes the new Tail and the location
of records is very fast.
Production of Documents, History Record,
Accounting Record

The next step is to produce documents for the cus
tomer, internal business records and plant records. The
Acknowledgement is produced for the customer and
it is this document which is manually checked against
the original customer’s order before being mailed. One
Acknowledgement is produced for each customer’s
order.
For each item on a customer’s order a separate
document (on light cardboard) is produced for plant
records. The data on this document is converted to
plant terminology and some additional data, such as
raw material calculations, is also shown.
Not all of the orders involve despatch of material
direct to the customer from the major manufacturing
plant. For those orders which are to be satisfied from
the Service Centres the documents are produced, a
history record is created, an accounting record is
created, but an M.O.I. record is not required for the
On-Line Production Control System at the plant.
The history record and accounting record are
created at the same time that the documents are pro
duced. Transient files are created each run and these
are transferred to the appropriate disk pack which
houses the history or accounting file for periodic up
date. Both of these files are sequential.
Facilities Loading

Each production unit in the plant is available to
work for a certain number of hours each week. From,
delivery promises made, and using Work Study stan
dards, it is possible to calculate the loading on all
units as a result of orders in hand.
A Facilities Loading Report is produced from the
system each week and it is used as a Production
Planning tool, e.g. it reveals potential bottlenecks
within the plant.
Raw Material Ordering

The customer’s orders on the Current Week chain
are summarised by the classifications required for
ordering coil from the supplier, i.e. by steel grade,
thickness and width. A tentative coil order is produced
at this stage and passed to the Production Control
Section for review. To assist them in this review the
computer is used to produce a reconciliation of orders
on hand, for which raw material has been ordered
but processing not commenced, against raw material
which is either in store or on order. This reconcilia
tion highlights any potential surpluses or deficiencies.
The Production Control Department makes any
necessary adjustments and the final coil order is then
produced for despatch to the supplier. As a service to
the supplier, our coil order is further summarised into
The Australian Computer Journal, Vol. 3, No. 1, February, 1971

the classification which indicates feed requirements
for their processing unit which produces the coil we
require. This is in the form of a slab summary, where
a slab is defined by its steel grade, thickness and width.
As a further aid to the supplier, a projected slab
summary is produced showing our requirements in slab
details for four weeks ahead. This information is
extracted from the order file and is used as planning
data by our supplier. It is not a firm commitment.
HISTORY FILE

During the initial system study it became obvious
that there would be many and varied demands for
information from the Order History File. As is usual
for new systems of this type, it was difficult for
potential users to define what their requirements would
be. Because the requirements were unknown and to
reduce the amount of programming which would be
involved, a multi-purpose program was written which
would enable the user to extract any information he
may require from the History File. This could be des
cribed as a Report Generator which was simple to use
and can be run by the Sales Department without
reference to the Data Processing Systems and Pro
gramming Group. To set up the run deck for a report
it is necessary to punch and insert only two control
cards, the first defines the Sort parameters and the
second card is the report generator.
The first control card is merely a parameter card
for a Sort utility program provided by the computersupplier. For each sort field the user supplies three
parameters:
Displacement of the field within the records.
Length of the field.
Whether Ascending or Descending order is
required.
The second control card is punched in free format.
The user must supply four groups of “keyboards”. An
example is given, followed by an explanation of these
four groups.
/

DOMESTIC, COIL; STATE, CUSTOMER, PRODUCT;
TONS; PERIOD = 7001
7026 = RDW.

Keywords are separated jtjy commas, parameter
groups are separated by semi-colons.
Group 1—Inclusion Parameters

These parameters specify the orders to be included
in the report; in the example—
Domestic orders only (no export)
Coil orders only (no sheet orders)
Group 2—Controls and Headings

The sequence in which the keywords are entered
determines the heirarchy (major control first). These
keywords will correspond to the parameters on the Sort
control card. Up to eight levels of control may be
specified with totals produced for each. In the example,
the report will be produced by State, Customer and
Product.
9
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Group 3—Additive Fields

Only two types of totals are meaningful in sum
marising records from this file—a count of the number
of items and a total tonnage. Either or both may be
specified; in the example, a tonnage only has been
requested.
Group 4—Period

Each record contains a number of Weeks—
Requested Delivery Week, Target Pack Week, Delivery
Target Week, and the user may specify the period over
which the report is required. Requested Delivery Week
has been specified in the example, and the period is
the first half of 1970 (Weeks 1 to 26).
IMPLEMENTATION

An implementation schedule is shown in Figure 3.
This shows how it actually happened.
The Project Team was formed in October, 1967.
All members of the team attended a systems analysis
course run by IBM. This training course proposes a
method of documenting procedures and this method,
Study Organisation Plan (affectionately known as the
SOP approach), was used in the next stage—study of
existing procedures.
Similar computer systems had been installed in over
seas steel companies and a lot of information had
been gathered during the overseas visits associated with
the earlier feasibility study. In addition, IBM was able
to provide very detailed documentation about one
particular Order Entry System in an American steel
company. This information assisted in establishing
systems specifications, particularly in the area of Master
File content.
In March, 1968, two experienced programmers
began work on setting up the Master Files and writing
programs for accessing and maintaining these files.
Work also began on assembling the data for the
Master Files. Personnel in the Sales Department
assisted in this activity and most of it was done
outside normal working hours because these were the
people who were operating the manual system. This
was a good opportunity for them to become familiar
with the proposed computer system.

At the same time, the remaining members of the
project team began a course in programming, and by
May, 1968, they were ready to commence writing pro
grams for the actual operation of the system. The two
experienced programmers provided part-time guidance
during May and June and from July to October they
also worked full-time on the application programs.
In June, when all of the data had been assembled for
the initial setting up of the Master Files, the manager
of the project team began the general training of per
sonnel, who were to become members of the Order
Entry Screening Group. This training was arranged
outside normal working hours. By this stage the pro
grams required for maintaining the Master Files were
ready and it was possible to teach them this part of the
operation.
More intensive training of Screening Group per
sonnel began in September. On two evenings each week
a sample of orders was selected and processed exactly
as they would be under the computer system. During
these sessions the only important ingredient missing, as
we found later, was the pressure of time in the real
life situation.
We had decided to change over from the manual
to the computer system without parallel running be
cause to do so would have required 10-15 additional
clerical personnel. The change was mdde on a Wednes
day, the least busy day of the week, Although
numerous problems were encountered during the first
two weeks, and the processing of orders slipped behind
badly, there was to be no turning back.
At this stage order acknowledgements and plant
documents were being produced and also the history
file. The raw material requirement calculations were
made and these were being printed on the plant docu
ments so they could be thoroughly checked by plant
personnel. The actual raw material ordering was not
introduced until some six months later' when the cal
culations were proven 'icorrect. Am undetected error
could have been a costly mistake in this part bf the
'.system.
\
\This system was far from perfect when it was first
installed. Many improvements were made during the

1967

1968

.OCT.NOV.DEC.JAN.FEB.MAR.APR.MAY.JUNJUL.AUG.SEP.OCT.

Formation of Project Team
Training — Systems Analysis Course
Study of existing procedures and
establishing system specifications
Training — Programming Course
Assembling Master File Data
(1) Programming —• Master Files
(2) Programming — Application Programs
General Training of Screening Group
Intensive Training of Screening Group
FIRST LIVE RUN OCTOBER 25
(1) Two experienced programmers, March to June.
(2) Five ‘new’ programmers, May to October,
plus two experienced programmers July to October.
Figure 3: Implementation Schedule
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first 6 months, including the elimination of the tub
file. Refinements are still being made even now to im
prove the reliability of the input data.
CONCLUSION

The success of this project is best measured by re
ferring back to the original objectives.
The time taken in processing a customer’s order
from receipt to the ordering of raw material has been
reduced by at least 50%. The inherent features of the
system contributed partly toward this but another im
portant factor was the interest generated in the clerical
section (Order Screening Group) merely because a new
system was being introduced. The enthusiasm of the

people, in particular the Manager of the Sales Depart
ment, has ensured success.
The Sales Department at the plant has now been
nominated as the source of order statistics (Objective
2) . The manual records were maintained for some
months until all parties involved gained faith in the
system. The use of the report generator has helped to
arouse the interest of senior management.
The Order Entry System creates an M.O.I. record
for the On-line Production Control System (Objective
3) . Installation of the latter system has already com
menced. A description of this system will appear in a
later paper, together with a description of the dynamic
file control system which has been referred to in this
paper.

Call for Papers
FIFTH AUSTRALIAN COMPUTER CONFERENCE
May 22nd to 26th 1972
BRISBANE, QUEENSLAND, AUSTRALIA
You are invited to submit a paper for presen
tation to the Fifth Australian Computer Confer
ence sponsored by the Australian Computer
Society Incorporated. It will be held in Brisbane
from the 22nd to 26th of May, 1972.
Although the Conference will offer a particular
opportunity to capture the state-of-the-art of
computing in Australia at that time, its scope is
international and contributions are invited from
all countries.
Papers may report original work, survey exist
ing topics, or introduce through tutorial exposi
tion newly emerging fields. The emphasis may be
theoretical, experimental, or applied.
Areas of interest include: Applications in Com
merce, , Management, Industry, Government,
Education, Technology and Research; Computer
Components, Machines, Systems and Networks;
Software, Languages and Modes of Communica
tion; computer Science Education; and Social
and Legal Implications.

DEADLINE FOR SUMMARIES—
October 31st, 1971
As soon as possible, but not later than Januaary 14, 1972, we must receive three copies of
the full paper, typewritten double-spaced on one
side only of quarto paper (approximately 8£in. x
1 lin.), complete with charts, drawings and photo
graphs. Papers should normally be between 3000
and 6000 words.
Include on the first page the title of the paper
and the name, address and affiliation of the
author(s). Where there are co-authors, only the
first-named will be contacted.
DEADLINE FOR FULL PAPERS—
January 14th, 1972
Only full papers will be refereed. Summaries
are for the guidance of the Papers and Programme
Committees in arranging referees and Conference
sessions. Conference papers will be type-set and
bound in the Conference Proceedings.

PROCEDURE AND REQUIREMENTS

You are requested to submit as soon as poss
ible, but not later than October 31st, 1971, four
copies of a summary comprising a working title
and a 300-word description of your proposed
paper. Please include your name, affiliation,
address for correspondence and telephone
number.
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Send Summaries and Full Papers to:

Prof. G. A. Rose,
Chairman,
Papers Committee,
c/- Computer Centre,
University of Queensland,
St. Lucia, Qld. 4067. Australia.
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Graphical Communication in Interactive
Computer Graphicsf
By J. F. O’Callaghan*

Interactive computer graphics systems have not fulfilled the promise that many promoters
of the graphics terminal had anticipated early in the 1960’s. A significant problem has
been encountered in attempting to provide natural and efficient communication between
man and machine. This aspect is examined by evaluating the state of graphical com
munication within some developed systems. The conclusion is that a considerable gulf
exists between the facilities currently available and those desirable. Research is essential,
in areas now under study in Artificial Intelligence, for the development of more effective
communication and hence more effective graphics systems.

1. INTRODUCTION

The field of interactive computer graphics has re
ceived tremendous interest and effort since the pioneer
ing work by Sutherland (1963) and within such com
panies as General Motors Corporation (Jacks, 1964)
and Boeing Aircraft Company (Chasen, 1965). The
result has had a marked effect on the development in
many areas of application for the computer. Some
of the applications of interest to this discussion are:—
(a) computer-aided design of engineering parts
(Secrest and Nievergelt, 1968),
(b) assistance in recognizing patterns such as bubblechamber tracks of nuclear particles and finger
prints (Cheng, Ledley, Pollack and Rosenfeld,
1968),
(c) compilation of flowcharts as an aid to program
ming (Sutherland, 1966; Ellis, Heafner and Sib
ley, 1969 a.b.c),
'
(d) provision of a data bank for cartographic and
geographic information (Tomlinson, 1968),
(e) computer-aided instruction (Suppes, 1968).
The following assumes that the reader is generally
familiar with the nature of these systems; see Machover
(1968) for reference.
One cannot deny that certain programs have been
profitable in specific applications. The following quo
tations indicate typical gains in time and cost that
can be obtained:
“. . . specific reductions in element design time and
in parts programming time have been achieved in the
range of 5:1 to 10:1.” (Siders, 1966, p. 138).
and
“. . . when analyzing the entire cost of shop drawings performed by the system ... we have found
cost reductions reaching, a maximum of 25%.”
(Beilfuss, 1968, p. 394).
However, the bulk of the effort has not been of
direct economic benefit. The advantages, that were
only too readily apparent after the pioneering work,

f

have not been readily obtainable. As Cancro and
Slotnick (1968) state:—
“The enormous interest that graphics has generated
certainly at the present time, is all out of propor
tion to any positive yield that it has as yet returned.”
(p. 88).
There is increasing realization of this situation in
the literature.
The most significant barrier to progress has been
the substantial programming task required to produce
an effective graphics system. Certain aspects of the
task have been discussed. The difficulties associated
with the design of the data structure package (Gray,
1967) and with the provision of a general problem
solving ability (Sibley, Taylor and Ash, 1970) have
been clearly indicated. This paper takes another view
of the complexity by focussing on the nature of
graphical communication within current systems. The
maim concern ik* the efficiency and} flexibility of the
dialogue, although it is acknowledged that the design
of the terminal, as the communication channel, de
serves attention. The linguistic-aspect of a graphics
system is most important since the communication
language provides the link between the user and his
problem and the facilities of the machine. Limitations
in the language preventing natural expression and discussiop of one’s problem must necessarily limit the com
pleteness and efficiency of the problem’s solution.
Adequate graphical communication is crucial for a
successful partnership between the user and the com
puter.
The next section discusses the desirable goal for
effective man-machine communication. There follows
an evaluation of graphical communication in current
systems by comparing facilities tj^at have been de
veloped with those suggested by the goal. Three sys
tems, Sutherland’s Sketchpad (1963), Aednet (Evans and
Katzenelson, 1967) for electronic circuit analysis and
Grail (Sibley, Heafner and Ellis, 1969 a.b.c) for pro-

t This paper was presented at the Computer Communication and Display Conference held in Sydney from 29th June-2nd July,
1970. A number of the papers read at the Conference are being published in the Journal because it is felt they deserve a wider
distribution—Editor.
* Division of Computing Research, CS1RO, Canberra.
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oramming assistance, are taken as representative of
current facilities. A result of the discussion is the out- /
line of areas for research within the computer graphics
field. It is no coincidence that the areas can be
identified with studies in the field of Artificial Intelli
gence. It should be mentioned that other articles have
been concerned with graphical communication, but not
with the same emphasis (Licklider, 1969; Roberts,
1967; Stanton, 1969).
2. THE AIM OF GRAPHICAL COMMUNICATION

Communication can be defined as the transfer of
information between two or more communicants. Of
importance here is the language employed to “convey”
the information. Language can be regarded as com
prising a vocabulary of signs and symbols, and rules
for their use. Thus, as far as the communication
channel is concerned, it is the signs and symbols and
their organization in time that constitutes a message.
In an electrical environment, for example, the user
will thus employ pictorial symbols for elements such
as resistors, capacitors and transistors, and light-pen
detects, typed-in labels and the like, to present his
problem. For communication to occur, each communi
cant must have the capacity to function in a common
language; that is
(a) to be able to interpret the language as situations
within the environment of interest, and
(b) to be able to express situations of the environ
ment within the language.
These aspects are referred to as analysis and syn
thesis, respectively. Communication is successful to
the extent that one can deploy the language to have
appropriate actions performed by the partner. The
actions might entail, for instance, executing a physical
act, or producing an understanding of a situation or
might provoke a question from the partner.
t
Human beings are characterized by their ability to
communicate with each other, particularly by and with
the aid of graphics. As examples of the graphical
ability, we erect road signs for instructing drivers on
safety conditions, and can indicate stories and jokes
by a sequence of sketches. Again in problem solving
environments, diagrams, sketches and so on are often
employed as part of the communication language, to
represent physical or abstract situations. However, we
have been unable to program machines to be as adept
in functioning in such a graphical dialogue. The solu
tion to date has been to force the user to specify his
problem and data by unnatural means and to have the
machine present the results in an inflexible format.
Insofar as the systems employ the terminal as an inputoutput device at which the user can view the results
graphically and can achieve faster turnaround, they do
not exploit the potential of graphical communication.
In fact, there is the tendency to “computerize” the
method of solution, rather than have a “computeraided” design of the solution.
It is the author’s conviction that the long-term future
of computer graphics lies in attempts to extend the
ability of machines to communicate graphically, more
towards the form to which the user is accustomed.
That is, attempts should be made to devise graphics
Th? Australian Computer Journal, Vol, 3, No, 1, February, 1971

systems which behave in a way more comparable to
the way man behaves in man-man communication.
In specifying this goal we are in a sense advocates for
a natural language to be used as a “programming”
language, although it should be remembered that our
concern here is in a communication language rather
than machine-programmable one. Many reasons for the
stand, particularly as it relates to the use of English,
have been presented (Halpern, 1966) and apply in
the current context. Most important reasons in the
graphics situation would appear to relate to the ade
quacy and efficiency of expression within a graphic
representation. In fact, the need for a natural language
is strengthened by having no effective substitute for the
graphic expression, as indicated by the often stated
dictum, “A picture is worth a thousand words”.
The eventual aim then is to produce a blended
problem-solving team in which the characteristics of
the man and the machine are enhanced. In this situa
tion it is possible for the user who may be a person
skilled in his own profession, to interactively solve his
problem in a natural manner. The subject of the next
section is to consider how far away current systems
are from this “ideal” goal.
3. THE PRESENT STATE OF GRAPHICAL
COMMUNICATION

Graphical communication can be considered as con
sisting of two languages (Narasimhan, 1969). One is
the language conveyed by the graphics or drawings,
and the other is the textual or discourse language,
embodying the drawings. The discourse language con
tains facilities for issuing commands, asking and
answering questions, furnishing additional data, and
in general for communicating aspects of the graphics.
Thus man-machine interaction at the terminal pro
ceeds by drawing on the screen (graphic language) and
by such actions as setting keys for numeric values
and displaying and detecting enabled areas on the
screen for specifying commands (discourse language).
The following discussion separately treats the two
languages in the role that they play in current systems.
In addition the graphics language is discussed first from
the analysis viewpoint and then synthesis.
3.1 Analysis of Graphics

Current facilities for the,%ser to communicate via
graphics to the machine are severely limited, thus re
flecting a rather lacking state-of-art in picture interpre
tation.
Character recognition procedures are available for
recognizing alphanumerics and a restricted set of
special symbols (O’Callaghan, 1970). Grail is one of
the first operational systems effectively employing one
such procedure, in providing a system for program
ming assistance. Alphanumerics comprising the code,
and flowchart symbols for organizing the code, are
automatically recognized. In fact, the user is able to
devise his program solely through writing or drawing
with a RAND tablet stylus.
It would appear that on-line recognition procedures
can be efficient and effective, but that their size does
add overheads to the system. This is not to say,
13
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A

B
Figure 1: A Diagram with Complex Graphical Relations

however, that routines can (or can now be written
to) recognize sloppy and deformed characters, to the
same extent as the human being. Furthermore, the
procedures are concerned with only a small subset
of the class of graphics, and are not applicable to
pictures with more involved relationships such as occur
in electronic circuits, engineering drawings and crystal
structures. An indication of the graphical complexity
in circuit diagrams is shown in Figure 1, wherein the
relations “overlap”, “near” and “cross” are portrayed.
Note that the relations, “near” and “cross”, between
the lines at nodes A and B respectively, are interpreted
within an electrical environment as instances of
“touch”.
'
For the more difficult class of graphics, a user is
commonly required to provide a “structured” or
“interpreted” version of the drawing. This he does
by constructing the figure via a set. of'programmed
operations. In Aednet, three basic instructions are;
available by setting the appropriate push buttons. An
element can be selected from a“ vocabulary of sche
matics shown on the screen^ by positioning the track
ing cross on the schematic, with the light-pen. It can
then be positioned between two nodes, whose locations
are again indicated with the pen. Standard elements/
include current and voltage sources, resistors, capaci
tors and transistors. A node can be constructed by
placing the tracking cross at the desired location.
Finally, the user can operate a teletype to insert labels
and associated electrical information on the screen,
at positions specified as mentioned above. Correspondin| instructions are available within a program (Mc
Kenzie, 1970) for analyzing analogue circuit diagrams.
Figure 2 presents a view of the screen, showing the
vocabulary of analogue-function schematics, a drawing
being constructed and mnemonics for indicating the
appropriate instructions.
While users can become proficient in operating these
programs, procedures of this kind are time-consuming
14

and inefficient. To draw a moderately complex
analogue circuit (about 20 elements) requires of the
order of one hour at the display. In effect the user
is communicating graphic information via a discourse
or “instruction” language. To have the structure of
the graphics recovered automatically, from a sketch
drawn by the user with the light-pen, perhaps in a
Grail-type environment, would be more efficient. How
ever, recognition procedures to operate on such draw
ings have yet to be devised.
Sketchpad was a misnomer in the usual sense of the
term “sketching”. The user could not “draw”, but
constructed figures in two steps. The first entailed
creating lines, each of which were formed by pushing
the appropriate button for the instruction, which then
established one free end of a line at the current track
ing cross position. The other end could be positioned
with the light-pen by the user. The second step in
volved applying constraints, which have graphical
representations, to the lines. Thus by using parallel
and equilength constraints a quadrilateral can be con
verted to a parallelogram. By specifying the length of
one side, the parallelogram can be appropriately
scaled. A significant achievement of Sketchpad was
the generality it provided in being able to construct
accurate and repetitive drawings, since it is difficult
to communicate such constraints solely by sketching.
However, the facility was not as general as expected
because considerable difficulty was encountered in
attempting to construct electrical circuit diagrams.
More experience is required with graphic systems like
Grail and Sketchpad to decide upon the effective divi
sion between presenting graphic data via a drawing or
within a discourse language.
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Figure 2: Display Screen Showing a Patching Diagram
Being Constructed
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As indicated, the recovery of graphical information
poses a complex task. There is also the difficulty of
how to represent the data that is recovered, within a
machine. At least two representations are evident:-—
(a) a graphics domain, consisting of lines, points,
regions, with relations join, above, etc.
(b) a problem domain which for an electrical prob
lem might consist of sources, nodes with rela
tions connected, on the input side of, etc.
The domains thus present different descriptions of
the same situations, and elements of one domain can
be “mapped” into elements of the other domain. Thus
a “join” in a drawing becomes a “node” in an elec
trical description.
Stanton (1970) has provided an illustration of this
concept in a program for the manipulation of regions.
His program represents drawings as a set of connected
lines (a “road-map” graphic view) and as a set of
adjacent regions (a problem-oriented view). The ad
vantages of having the representations are evident in
the convenience by which the user can manipulate and
alter a given drawing. While the program is limited
in the variety of operations the user can perform,
the advantages evident in a more general system based
on similar principles can be readily seen. The graphics
domain provides information for the recovery of the
problem-oriented situations (e.g. use of connectivities
to recover regions) and for the answering of graphic
ally-based questions (e.g. how many regions are situ
ated around node A?, what is the label of the bias
resistor to the left of transistor T?). The problem
representation allows the user to converse about the
problem in terms commonly associated with the prob
lem. Other advantages are indicated in later dis
cussions.
Complete representations in the above sense are not
included in Sketchpad, Aednet or Grail, and in fact
they present three extreme examples. Sketchpad does
not capture any “problem” information, and remains
solely within the graphics domain. This of course
allows the system to be applied to a range of appli
cations. Aednet on the other hand does not explicitly
represent the graphics organizations, but contains a
rich data structure detailing the components and their
electrical relationships. Grail similarly provides a
“ring” representation for the flowcharts, but these
symbols have the status of additional data for the
code within the system. No explicit descriptions of the
code are available, although the recognizer and the
interpreter must implicitly recover the graphic and
problem organizations, respectively. Considerable re
search is required into how graphic and problem
information might be satisfactorily stored in a machine
(Gray, 1967).

(»)

(b)

Figure 3: Graphical Re-arrangement of a Diagram for
Legibility and Aesthetics

is legible and clear, when constructing the diagram.
Similar remarks apply to Sketchpad and Grail, al
though they contain more sophisticated operations for
the user to edit the drawings.
Examples from the electrical field where wellestablished conventions exist for circuit layout, may
emphasize the nature of graphical synthesis. Suppose
one had constructed the diagram shown on Figure 3
(a), and desired, perhaps after some network analysis,
to add a resistor between nodes A and B. In Aednet,
deletion and replacement of the resistor R3 is required
to prevent the new resistor from crossing R3. R1 and
R2 may be treated likewise to maintain symmetry in
the drawing. A machine (or human being) aware of
the circuit-drawing conventions would be able to pro
duce Figure 3 (b) automatically. In the illustration
components were re-arranged to make the circuit more
legible (easier to recover the problem information) and
aesthetic (an overall pleasing effect).
Other examples indicate that the knowledge of cir
cuit function is necessary to appropriately present a
diagram. The two drawings of Figure 4 are composed
of the same components with the same electrical con
nections. However 4(a) gives the impression that the
circuit operates as a form of impedance (or if it had

3.2 Synthesis of Graphics

Graphical communication implies in part, the ability
to express problem situations graphically, according to
the rules or conventions associated with the problem
area. To date, the synthesis of drawings has been
almost exclusively the responsibility of the user or has
been rigidly specified in the program. In Aednet, for
instance, the user must ensure that the circuit layout
Th? Australian Computer Journal, Vol. 3, No, 1, February, 1971
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Figure 4: Electrically Similar But Graphically Dissimilar
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different components, as a filter) whereas 4(b) sug
gests a potential divider function. Thus the graphics
are able to reflect the different functions of the circuits.
Another comment may be made in regard to an
analysis of Figure 4(a) to find
the voltage across
resistor R. One might proceed by transforming the
circuit into the representation of 4(b), and then solve
the problem, since 4(b) more effectively portrays the
electrical relationship between the voltage across R
and the source voltage. This is not to say that a
machine should proceed likewise, but that it should
have the power to communicate problem relationships
via the graphics medium.
Placement of the graphical constraints in Sketchpad
was performed in a fixed standard way for each con
straint. Consequently drawings were produced in
which there were over-lapping lines, constraint symbols
and text. This is undesirable in a general graphics
system. The knowledge used to place items appro
priately in a picture however is extremely difficult to
specify, as the following simple example suggests. The
reader will be able to unambiguously locate the posi
tion of Cape Cook in the sketched map of Figure 5.
As synthesizer (and also as an analyzer!) the author
knew the following:—
(a) a conventional “mapping” between “real world”
situations and pictorial presentations exists,
and
(b) the perceptual processing abilities of the reader,
allowing recovery of the “sharp corner” from the
shape of the line and association, by proximity,
of the corner to the text.
Note that as a product of (b) the reader appro
priately relates the two regions with land and water.
Thus a machine would require to know the relation

CAPE COOK

Figure 5: Graphical Synthesis Involving Name Placement
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between the real world and the graphics domains, and
the perceptual capabilities of the human being, to
adequately synthesize the map. At the current stage
of Artificial Intelligence such a task is enormous.
Programs of course can generate and modify certain
graphics. The nature of graphical communication in
this situation deserves comment. Stanton (1970) has
discussed the issue in relation to graph plotting rou
tines, and because of its importance, the argument is
re-stated here. A graph expresses a relationship be
tween two or more variables. The extent to which
a plotting routine can communicate this relationship
is limited by the graphical language it has for present
ing the graph. The language usually involves the
direction relation between successive positions, the
locations of which are given as data. Thus, the basic
message that is conveyed by the routine is a direction
relation. However when we (human beings) analyze
graphs we go beyond this relation to recover, in par
ticular, the shape of the graph. This enables us to
make remarks like the following:—
“it is almost a normal distribution”,
“a linear relationship can be expected for a logar
ithmic X scale” or
“the graph is asymptotic to Y =1”.
Since graph plotting routines do not recover infor
mation for making such remarks, they are unable to
effectively communicate with human beings on re
lationships between the variables. This should not
be taken to mean that plotting routines do not have
their uses, but rather that they could be of more use
than at present, in interactive systems.
DISCOURSE LANGUAGE

The status of discourse languages in current systems
is characterized by the term “inflexible”. Programs
typically provide a limited set of operations from
which the user can choose, and typically respond in a
rigid manner*,. This environment does not give the
user a feeling that he is doing \4hht‘ he wants to do,
in the way that he desires. The following discus
sion concentrates on the need fol flexible discourse
languages.
Grail provides a variety of commands for writing
and editing#the files of code, for viewing different
parts of the program and for interpreting the code.
Sketchpad and Aednet have corresponding instruc
tions for their tasks. Consider the viewing com
mands of Grail in more detail. They enable the
user to cycle through the flowcharts and code on a
(viewing) window-by-window or line-by-line basis, or
to replace the current window with a frame (an
entity containing flowcharts or code) designated by a
connection symbol shown on the screen. More free
dom is desirable however, in such, a system to aid the
designing and organizing of ctfde. Requests made
by programmers working with pen and paper might
include:—
“go back to the previous branch point” (requiring
a search for a graphic symbol),
“return to the start of the loop”, or
“display, in turn, all calls to routine X”.
The Australian Computer Journal, Vol. 3, No. 1, February, 1971
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gest an environment in which a flexible interface
was desirable.
More recently Narasimhan (1969) has discussed
requirements for an adequate discourse language. One
particular aspect mentioned was that the interface
should be adaptive, in the sense that the system’s
ability to function in the language should improve
with performance. This view allows a user to sub
stitute his own way of expressing the problem and
own method of presenting data to the machine. A
similar goal to provide such a system is evident in
the work of Ross (1967) in the AED project, and
Negroponte (1969) in the consideration of a system
for architectural design.
An example illustrating complexities involved in one
aspect the “adaptive” proposal, concerns the facilities
for the user to expand the problem knowledge of the
machine. The user is unable, for example, to extend the
constraints in Sketchpad, the components in Aednet
or the flowchart symbols in Grail. Furthermore,
major modifications to each program would be re
quired before they could do so. Difficulties arise
in allowing alternative ways of specifying such exten
sions. Consider how new constraints might be defined
within the Sketchpad framework. One form might
contain basic terms:—
“The constraint applies to four-sided closed figures,
makes opposite sides parallel and makes interior
angles 90° ”
but efficiency might be gained by relating the defini
tion to an item already known:
“The constraint is the same as for a parallelogram,
plus all interior angles are 90°”.
A more efficient way might be to define the concept
of “rectangular” ostensively, by drawing examples of
rectangular figures on the screen. The task that is
being set the machine here is that of concept learn
ing. Only initial studies of this task have been con
sidered in Artificial Intelligence.
The above example involved the machine in learn
ing a new constraint or concept. One could equally
well ask that the machine teach similar concepts
or ideas to the user. While this appears even more
remote, one can imagine situations in computerassisted instruction where this requirement is desir
able.

Grail because of its limitations in recovering and
storing program details cannot provide this flexibility.
If communication is to be efficient, there must be a
mechanism in the program for detecting errors in
the discourse language. Sketchpad does not have the
facility for instance, to detect when a drawing is over
constrained. An analysis of the drawing can result
in a sequence of pictures, representing various stages
in the relaxation process, being displayed. The man
ner by which Grail traps errors is not discussed,
although one assumes the compiler diagnostics are
displayed. Analogous remarks apply to current com
pilers as were made previously about graph plotting
routines. Programmers are well aware of the “assist
ance” given by compilers, in debugging. More
sophisticated recovery techniques are available in
Aednet. When processing commands, Aednet checks
for the correct number of parameters and type of
each parameter. One interesting feature has been in
corporated to overcome difficulties in selecting para
meters by positioning the tracking cross. A routine
is able to choose the appropriate reference for the
command, from the set of items that may be “near”
the cross.
While the Aednet techniques are satisfactory, there
can exist a wide range of “errors” which relate in illdefined ways to the problem domain. Thus if a
machine knows about the representation of a basic
amplifier circuit, then it should “know” typical values
for the collector resistance corresponding to a given
transistor. Consequently when a value of 1 ohm is
specified for the collector resistance (rather than 1
kohm) the machine should question if this was really
meant. This facility, of course, is an extension of the
parameter checking in Aednet. Another example
concerns the relationship between a “theoretical” and
a physical model for circuits. Suppose one had
inadvertently specified a 15 volts potential, rathfer
than —15 volts, in the amplifier circuit. A theoretical
model would produce a result, perhaps strange • to
the user, and leave the user to discover the cause,
whereas a “realistic” model input would indicate that
the transistor might “go into smoke” and question the
voltage specification.
The foundations of errors are thus complex but in
general are reflected by inconsistencies occurring in
the graphic or problem domain. Since complete
representations of the domain does not exist in current
systems, the approach to error recovery tends to be
incomplete and ad hoc.
Perhaps the most advanced suggestion for a dis
course language has been presented by Narasimhan,
Witsken and Johnson (1964) in connection with the
interpretation of bubble-chamber photographs. With
in the framework proposed for the system, the user
could indicate the interesting “events” by drawing on
the screen and via light-pen actions and typing on a
teletype. The discourse language was limited to state
ments of & command, question, control or declarative
kind. After the machine had been appropriately in
structed, the “events” could be recovered automaticl"rom the set of photographs. Although the
Bubble-Talk project was not completed, it did sug

It has been suggested in this paper that the goal
for an effective interactive computer graphics system
should be to have the user converse with the machine
in a natural graphic-embedded language. The pre
vious section examined the status of graphical com
munication in operational systems with respect to the
goal. Current facilities indeed fall short of that de
sirable for efficient and successful problem solving.
In particular, the deployment of graphics as a
medium for conveying information is limited. Infor
mation about drawings is commonly transmitted in
efficiently via a special instruction set for constructihg the drawings. The ability of machines to employ
pictorial conventions associated with the problem, to
transmit problem information efficiently, is virtually
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non-existent. Finally, the nature of discourse langu
ages is ad hoc, and no detailed studies in this area
have been made.
The nature of the gulf between the current situa
tion and that desirable, indicates research is required
into aspects of graphical communication before
attempts can be made to specify program details for
a general graphics system. As Orr (1968) puts it:
“A theory of computer-graphical language must be
built on broader experience than all the users of
“graphical” systems are likely to acquire for many
more years. Until a theoretical foundation has
been laid “practical applications” will probably be
limited to finding ways of making it easier to do
with the aid of computers the same kind of graphi
cal work now being done manually by draftsmen
and illustrators.”
Thus the discussion has suggested that being able
to function in a common natural dialogue requires a
complicated interface between man and machine. The
characteristics of the machine — its speed of calcu
lation and its ability to store data — must be im
mersed in a mechanism which can assemble results
and information into a meaningful form for the user.
To do so requires more knowledge about the problem
area (and graphics) than is provided in current
analysis routines. That is, one requires a machine to
“know” more about the graphical and electrical
relationships of a circuit than are expressed in an
analysis routine for its nodal matrix. In addition
to the problem knowledge, the machine must at least
implicitly be aware of the processing abilities of the
user, so that, as indicated, it can synthesize drawings
and discourse language statements effectively. Current
knowledge of the perceptual functioning of the human
being is extremely lacking.
Before the interface can be completely designed,
there is the difficulty in being able to state more
specifically how the user employs language to com
municate his problem. As Narasimhan (1969) puts
it, “a theory of the pragmatics of natural language
behaviour” is required. Thus one cannot attempt
to specify the man-machine interface until one knows
what functions the man requires to perform at the
interface.
The conviction is that researchfbn the above prob
lems is necessary for the design of effective graphics
systems, in which a variety of users can solve com
plex problems. The epitomy of all requirements
appears to be computer-assisted instruction, where
communication comparable to what exists in the
teacher-student relationship, is desirable. This is not
to say, however, that systems should not be constructed
at all, until this research is completed. As indicated
profitable systems can be designed now, and furthermole a natural fallout of methods and techniques
frofji the investigations should' improve current facili
ties!
Finally it should be mentioned that the view taken
here has been from the Computer Graphics field.
Research is being conducted in Artificial Intelligence,
particularly picture interpretation, question-answering
systems, problem-solving methods and natural langu
id

age processing, that have a bearing on the problems
indicated in this paper (see Narasimhan, 1969). It
is suggested that Artificial Intelligence studies could
suitably and profitably be directed towards improving
interactive computer graphics systems.
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Council Notes
The meeting of the Council held in Sydney on 23
and 24 November, 1970, considered a number of impor
tant matters which are becoming of major concern to
the Society. Among these were the questions of the
social implications of computers, the proposed Code
of Ethics Instrument and the difficulties of communica
tions between Council, its Committees, the Branches,
and members.
Social Implications

A Committee was set up to investigate the social
implications of computers and, in particular, to consider
the need for an approach to the Federal Government
requesting legislation with regard to the security of in
formation which is regarded as private. The Convener
of the Committee is Mr. A. W. Goldsworthy and the
Committee will circularise all interested bodies for
their opinions.
Code of Ethics Instrument

Council resolved not to execute a draft Instrument
and to refer the draft back to the Qualifications Com
mittee for amendment. The redrafted Instrument will
be circulated to Branches for their comments. The
Qualifications Committee was also instructed to con
sider and make recommendations as to whether it is ♦
practicable to agree on any Code of Ethics in view of ,
the divergence of opinions which have been expressed.
The Committee was further instructed to examine
and make recommendations on a proposal that entry
to the Society should be by examination and
experience, Council having accepted this proposal in
principle.

Council, its Committees, the Branches and individual
members. Attempts will be made to improve matters
by including more frequent reports in the Journal.
Overseas Visitors Programme

Despite the failure of the 1970 programme, with the
last-minute withdrawals of Professors Barton and
Evans, Council felt confident that the 1971 visitors,
Professors Wilkes and Galler, will enable the pro
gramme to be successfully launched. The programme
will be considered further at the May, 1971, Council
meeting.
Computer Conferences

Council expressed its satisfaction at the progress
made in planning for the Fifth Australian Computer
Conference, to be held in Brisbane in 1972. Members
will have noted the Call for Papers, which first
appeared in the last issue of the Journal.
A Committee was formed to study the feasibility of
holding the 1977 IFIP Conference in Melbourne. Mr.
P. M. Murton is the Convener and the Committee will
report to the next Council meeting.
Election of Fellows

A Professional Development Seminar Committee was
formed to examine publications of Branches in this
field and to recommend possible action for their wider
dissemination and the feasibility of a national P.D.S.
programme. Council took the view that the major tasks
facing the Careers and Education Committee were the
encouragement of computing in schools and assistance
to handicapped persons entering the computing field.

The following 22 Members were elected to Fellow
ship of the Society—
Archer, K. M„ A.C.T.
Hill, G. W., S.A.
Armstrong, J. S., A.C.T. Holden, T. S., A.C.T.
Bellamy, C. J., Vic.
Kaldor, A. F., N.S.W.
Boehm, T. M„ N.S.W.
Lamming, N., A.C.T.
Brookes, C. H. P„ N.S.W. McCarthy, D. W„ W.A.
Brophy, H. F., A.C.T.
Mayer, E. A., Vic.
de Ferranti, B. Z., N.S.W. Moore, D. W. G., W.A.
Farrell, P. J„ N.S.W.
Oliver, I., Qld.
Fowler, R. A., A.C.T.
Rose, G. A., Qld.
Griffiths, L. H., Vic.
Rtissell, J. J., A.C.T.
Harragan, D. A., A.C.T. Smith, C. G., Qld.
Council referred to the Constitution and By-Laws
Committee a proposal to change the method of election
of Fellows so that the Fellows’ Electoral Committee
shall be elected by the Fellows instead of being
appointed by Council.

Centralisation of Organisation and Finances

A.C.S. Lecturer, 1971

Careers and Education

This topic was discussed at length and a number of
matters left for further discussion by Branches; among
these were proposals for possible constitutional changes
and for the provision by the N.S.W. Branch of a cen
tralised membership record service.
Council agreed that one of the problems facing the
Society was that of effective communications between

Mr. I. Wadham was appointed A.C.S. Lecturer for
1971, for his paper “The World of Mini-Computers”
which was originally presented to the Victorian Branch.
National Bulletin

!

A committee was set up to investigate the practi
cability and economics of establishing a national
Bulletin to be complementary to the Journal.
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Some Aspects of the Solution of Equations of
Motion Using Numerical Integration Techniques
By R. Shepherd and R. E. McConnel*

Some techniques applicable in numerical integration solutions of the equations of
motion of simple sprung mass systems are reviewed, particular aspects relevant to the use
of the methods in digital computation are outlined and results of applying the various
approaches in a computer program designed to determine the response of a single degree
of freedom system to time varying excitation are compared.
It is concluded that if the integration time step interval is sufficiently small and if
sufficient significant figures are used in the calculations, the more involved techniques
provide little practical advantage.

1.0 INTRODUCTION

Engineering applications of numerical integration
techniques include the prediction of the response of
structures to time varying applied loads. Specifically
the seismic behaviour of multidegree of freedom dis
crete mass systems is frequently studied by integrating
the appropriate equations of motion using a recorded
earthquake acceleration time history to represent the
excitation. Techniques based on concepts of equivalent
viscous damping and elastic stiffness properties have
been extended to the practically useful case of determin
ing the response in the non-linear elasto-plastic range
by application of a step by step numerical integration
procedure in which the system is assumed to act in a
linear elastic manner during each time increment and
the non-linear behaviour is determined as a sequence
of responses of successively differing systems. (Clough
et al 1965, Walpole and Shepherd 1969).
Digital computer structural analysis techniques
characteristically require substantial allocation of
storage to that part of the process which involves the
mathematical modelling of the structure. This is par
ticularly so in investigations of non-linear behaviour
and in many practical cases the cqmputer size critically
restricts the adequate representation of the system.
Consequently, since the numerical analysis has to be
treated as a peripheral problem to that of simulating
the structural system, it is desirable to use an integra
tion procedure which involves small storage require
ments providing that it is adequate for the analysis
being undertaken. Primarily for this reason the numeri
cal integration techniques based on the work of Newmark are preferred to other methods such as those of
Kutta and Nordsieck.
Several numerical integration processes may be used.
(Essentially all involve the calculation of values of disf placement, velocity and acceleration of the system at
(selected time intervals. The selection of an optimum
integration step interval must take into consideration
the particular process used as it significantly effects
the stability of the process.
The differential equation describing the behaviour

of a simple single mass elastically sprung resonator
having viscous damping and subjected to an exciting
acceleration may be written.
mx + ck + kx = —mxe
where c = proportional critical viscous damping
k = spring stiffness
m = mass
X
= absolute displacement
X
= absolute velocity
X
= absolute acceleration
Xe = exciting acceleration
The solution of this equation by numerical integra
tion may be undertaken in several ways.
After initialisation, each process makes use of a set
of three equations which give the displacement, velocity
and acceleration at the end of the selected time step
in terms of the exciting acceleration at the end of that
time step and'fhe displacement velocity and accelera
''
**
tion at the previous interval(s).
\ The first equation of the set, referred to subsequently
as equation I, comprises the differential equation of
motion of the system at the end of an interval. The
second and third equations, referred to subsequently as
equations II and III, relate two of the variables dis
placement, velocity or acceleration at the end of an
interval to both the third variable and to the values of
displacement, velocity and acceleration established at
earlier intervals of time. The solution process may be
either direct or iterative, depending on the form of
equations I, II and III.
In the direct solution equations II and III are sub
stituted into the differential equation I and the result
ant equation solved directly for the variable displace
ment, velocity or acceleration nob given by equations
II and III. Damping is taken into account in an equiva
lent viscous damping form.
In the iterative solution a value of displacement,
velocity or acceleration at the end of the time interval
is chosen. A second value of this parameter is calcu-

* University of Canterbury, Christchurch, New Zealand. Manuscript received July, 1970, in revised form October, 1970.
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lated from equations I, II and III using the chosen
value and the process is repeated with the calculated
value used in place of the chosen one until the last two
values calculated agree within a preset tolerance.
The iterative procedure which is normally used when
direct substitution of equations II and III in I does
not give an explicit expression for the unknown
response. Any representation of damping may be used.
2.0 PARTICULAR NUMERICAL INTEGRATION
PROCESSES

Various integration processes are outlined in this
section. Their use and performance are described
subsequently.
All methods are based on assuming the form of the
variation of one of the response parameters, displace
ment, velocity or acceleration, over one or more pre
vious time step(s), thereby enabling equations II and
III to be formed.
2.1 Linear Variation in Acceleration

In this method, popularised by Newmark (1959),
linear variation in acceleration is assumed so that
equations II and III give displacement and velocity at
time t in terms of the acceleration at time t and the
displacement, velocity and acceleration at time t-At
where At is a time interval.
From Figure 1,
x = Xt-At + At'
■ . -(2)
where A is an integration constant
Integrating equation (2)
x = B + xt_A, t' + \At'2
.. .(3)
where B is an integration constant
At t’ = 0, x = Xt_At = B
Integrating equation (3)
x = C + xt_At t' + I-Xt-Att'2 + g At'3
.. .(4)
where C is an integration constant
At t’ = 0, x = xt_At = C
Now at t' = At, x = xt
Substituting in equation (2)
xt — xt_At + AAt
Substituting for A, B and C in (3) and (4) and setting
t’ = At
Response Acceleration

Response Acceleration

t~ 2 At

♦ Time

t-2At

Figure 2

Xt — xt_At +

xt_Al +

xt

• • .(5)

. .
At2..
At2..
xt = xt^.At + At xt_Al H—Xt-At H—g- xt

••■(6)

Equations (5) and (6) correspond to the equations
II and III in the previous discussion.
2.2 Parabolic Variation in Acceleration

This method was investigated in an attempt to im
prove the stability of the linear variation in accelera
tion method, to which it is very similar. It was hoped
that by replacing the linear variation in acceleration
with a curved variation in acceleration, stability could
be achieved at a longer time step.
From Figure 2
x = Xt-At T At' + Bt'2
Integrating equation (7)
x=C + xt_Atf + ^-t'2 + ~t'3

.. .(7)
...(8)

At /' = 0 x = xt_At = C
Integrating equation (8)
At'3

Df'i

x = D + xt_At t' + | xt_At t'2 H—g—I—24~ • ■ -(9)
where A, B, C and D are integrating constants
At t' = 0, x = xt~At = D
Now x = xt at t' = At and x = xt_%At at t' = -—At
Substituting in equation (7) a
xt = x t—At + A'fit + BAt2
and
xt-2At ~ = xt_At — AAt + BAt2
2xt At + Xt.2At
Adding,
B Xt
2At2
Subtracting, A

Xj

Xt 2 At

2At
Substituting for A and B in equations (8) and (9) and
setting t' — At
. _ .
At ..
. 5At ..
. At ..
xt — Xt_At----g" xt~2At T--g~ Xt_At + -J Xt ■ ■ ■ (lU;
At2 ..
'
and xt = x(_Ai -j- At xt-At
yg- Xt-zAt

► t'

0
Figure 1
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2

,3

2.4

Response Velocity

t-2At
► Time

t- 2 At
--------- ► t'
0

Figure 3

In this case equations (10) and (11) “respectively”
correspond to equation II and III described in the
Introduction.
2.3

Cubic Variation in Velocity

It is evident that'the difference between equations 5 and
and 10 and 11 isfonly barely significant. The extra term
introduced, xt-2At has very small coefficients compared to
Xt-At and xt_At, specially if At
1, which is usual.
6

Consequently equations Il£and III were next developed
on the basis of the variation in velocity over the previous
points, since the coefficients of the velocity terms in
equations 10 and 11 are greater than the coefficients of
the acceleration terms.
From Figure 3
x = xt-At + At' + Bt'2 + Ct’3
.. .(12)
Differentiating equation (12)
x = A + 2Bt' + 3Ct'2
...(13)
At
t' = 0, x = A = xt-At
!
Integrating equation 12
At' 2

Rt' 3

Ct'*

x = D + xt-At t' H—2—I—3—1—• • -(14)
where A, B, C and D are integration constants
ii
At
t' = 0, x = D = x,_At
Now x = x( at t' = At and x'= xt_2At at t' == —At
Substituting in equation 12
x/'— xf-At + At xt-Al + AtlB + ADC
and xvaat = xt-At — At xt-At + At2B — ADC
A

Adding,

Quartic Variation in Displacement

Since it was anticipated that the use of displacements
as base would improve the accuracy of the coefficients of
the term corresponding to the previous but one point,
relative to the coefficients calculated using the process
outlined in section 2.2, equations of type II and III are
developed on the basis of the variation in displacement
over the previous two points.

D

From Figure 4, noting that at t' = 0, x = xt_Ai
x = xt-At + At' + Bt'2 + Ct'3 + Dt4 .. .(17)
where A, B, C and D are integration constants
Differentiating equation 17,
x = A + 2Bt' + 3CF2 + 4Dt'3
.. .(18)
at t' — 0, x = A = xt-At
Differentiating equation 18,
x = 2B + 6Ct'+ 12Dt'z
•■■(19)
At
t' = 0, x = 2B = xt-At
Now x = xt at t' = At and x = xt_At at t' = — At
Substituting in equation 17
Xt = xt-At + At xt_At + At2 xt_At + CAt3 -j- DAt4
2
and xt-2Ai = xt-A, — At xt-At + ADxt_At — CAt3 + DAt4
2
ADx t-At
2xt At + xt ■2At
Adding,
D
2AD _ .
- 2At Xt-At
Xt
Xt-2 At
Subtracting, C
2AD
Substituting for D and C in equations 18 and 19 and
setting t' = At
Xt-iAt
2Xt-At x
,..(20)
— At Xt-At
12
3
6' .
9
Xt ADX
AD Xt"Jt 'i*At2 Xt~24t ft AtXt~jit
/
x
5xt-At ■ ■' (21)
Equations (20) and (21) correspond to equations II and
111 discussed in the introduction.
Xt

2Atx‘-~ ^ Xf-At ~h

2.5 General Comment

Either the direct or iterative method of solution may
be applied to the solution of the equations derived
using the approaches described above.

^ Xt—At “F Xt—2At

,

B =---------- ^372----------

2

3

/-X =xt-At + At + Bt'+Ct'+Dt'
Response Displacement

-►Time

Figure 4
22
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.

Read time '
step interval, A t

Read earthquake record card

Interpolate for earthquake acceleration
at time intervals, Af

earthquake record
......... all used

Read structural
data card
Calculate elastic S plastic stiffness S
plastic centre of rotation

/ra'/a lis e

Record maximum responses & set response at time t to that at time
t-&t. Increment t by At. Calculate response acceleration, velocity,
displacement & incremental displacement.

Calculate deflection from
equilibrium point

Elastic
response ?

^Are the last~~~~-~^_^
two incremental deflections
of the same sign.^

-'"/s deflection

> * ve elastic limit
< - ve elastic limit
Calculate force acting

Set up equations to give elastic response. Calculate
& print ductilities■ Sum permanent set in pins. Record
maximum *ve & -ve forces. Calculate *ve & -ve
equilibrium limits <S equilibrium point.

Set up equations to give
plastic response

Print message
Plastic response

Time t > Time limit

Print response

Print message
Elastic response

Print maximum
responses

is
there another
data card‘d

Figure 5: Program Dynamics Acceleration Direct
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Comparison of equation 11 and 16 emphasises the
significant change in the form of the displacement
expression bought about by considering a Cubic Varia
tion in Velocity approach rather than an acceleration
variation technique.
It may also be noted, by comparing equations 10
and 20, that for small At the coefficient of the term
involving the previous but one value is much greater in
the Quartic Variation in Displacement approach.
3.0 NUMERICAL STABILITY

When applied in a digital computer program the
stability of any of the above numerical integration
processes is dependent on the general consideration of
the ability of the numerical process to converge i.e. the
effect which the assumptions made to obtain equations
II and III for each interval, coupled with the effect of
rounding errors, have on the response.
Additionally, in the particular application to the
analysis of non-linear systems the yield conditions of
the structure are not checked until the end of each
time step. If the structure has reached yield displace
ment, or displaced in a direction incompatible with the
existing yield direction during a time step, the dif
ferential equation is not modified until the end of that
time step.
The rounding errors are dependent on the computer
used and on the total number of calculations per
formed, and are accumulative. The effect of the
machine truncation error therefore increases with
shorter time intervals. The number of calculations
which can be done before truncation error becomes
important can be increased by increasing the precision
of the individual calculations.
The effects of the other factors are reduced by de
creasing the step interval, and become negligible with
small enough step intervals.
Stability of the overall process therefore depends bn
the step interval used. Stability will occur if a step
interval small enough to satisfy the second and third
factors does not cause instability through the first one.
Stability of this type of process may be checked by
reducing the time step untirponvergence is obtained,
or until machine truncation error, is obviously influenc
ing the results, ; r
4.0 COMPUTER PROGRAMS

In order to evaluate the post elastic response of a
single mass system subjected to exciting accelerations
four computer programs were developed. The pro
grams named Dynamic Acceleration Direct, Dynamic
Acceleration Iterative, Dynamic Acceleration Triple
Direct, and Dynamic Displacement Direct are identi
cal, except for the actual response calculating
equations used. They all accept as input the mass,
percentage of critical damping, essential properties defirfing the stiffness and initial yield level of the system,
the step interval (At) and the time limit of integration.
The programs were written to accept exciting
accelerations representing strong motion earthquakes.
Each record consists of a series of peak ground
acceleration with corresponding times and is about
30 secs. long.
To use these records, interpolation between the
24

recorded accelerations is needed to give the exciting
acceleration at any required time. The first part of each
program does this. The time step used for this inter
polation must adequately represent the earthquake.
Each program determines the normal elastic response
until the value of displacement exceeds the elastic
limit. The response equations are then modified to
calculate the post elastic response. Yielding takes place
until there is a change in the sense of the incremental
displacement. The ductility of the previous yield is
then calculated and printed. A new point of
equilibrium for the structure is defined from which
elastic displacements can be determined to find the
onset of the next yield. Elastic response is then re
sumed. The output consists of the structural properties
and either digital or graphical display of the response
time with the corresponding displacement, velocity and
acceleration of the system.
Elastic response may be obtained by adjusting the
properties of the system such that yield is prevented.
4.1 Program Dynamic Acceleration Direct

This program enables the bilinear hysteretic response
of a one degree of freedom system to earthquake
excitation to be determined. (See Flow Chart—Figure
5). Written in FORTRAN IV for use on a IBM
360/44 computer the numerical integration method
used is based on the assumption of linear variation in
acceleration over each time step.* (See Flow Chart—
Figure 6).
The program is based on the integration process out
lined in section 3.4.1. Substitution of equations 5 and
6 in equation 22 gives an explicit expression in
acceleration' so the process is direct. When solving
these equations for the response of the structure, the
equations may be arranged to give response inMerms
of the absolute values of displacement, velocity and
acceleration at the end of each interval, 'or to give
response in terrirs of theV change in displacement,
velocity and acceleration over each interval. Both thele
'methods were developed and compared for stability.
4.1.1 Response in terms of absolute values
Xt = Xt-At

Xt

=

Xt-At

+

Y Xt-At + Y Xt

+ At Xt-At

Af ..

• •

At2..

4-------- Xf-At H---------------- Xt

• • -

• (5)

(6)

and mxt + c xt + k (xt — m) + Fv = - mxe,t .. .(22)
where for elastic response: and for post elastic response:
Stiffness
Stiffness
k = ke, elastic stiffness
k = kv, post elastic
stiffness
Yield Force
Yield Force
Fv = /yield level at
Fv = 0
linset of yield
Displacement
Displacement
x = elastic
xm = Displacement at
displacement
onset of yield
from equilibrium
point
* A copy of the program may be obtained from the author.
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Substitution of Axe, for xe,t — xe,t+At enables the
computations to be effected in changes of response values
and results in elimination of terms in Fy and x
Thus
/
At
lcAt2\
. .
— Axem + xt_At Im — c y----- 3—I
• • -(25)

Initial is e

X( =

Using equation of motion determine

+ kAtxt^At
kA t2

This relationship was used in a second version of the
program Dynamic Acceleration Direct.
4.1.3 Correction of Response
As outlined previously if yielding begins or ceases
during a step interval, the differential equation is not
modified appropriately until the end of that period. To
partially overcome this problem, the response accelera
tion is recalculated at the end of such a step using the
correct differential equation taking the values of dis
placement and velocity as calculated by the uncorrected
differential equation. This is done before continuing the
response calculations and means that the next period
of response is begun with correct relationship between
the response parameters.

Determine xt from Xt-St
and xt from xt.Lt > xt _At

t > Time limit

Figure 6: Numerical Integration Section of Program Dynamic
Acceleration Direct

The coefficient of k must be the correct value of
displacement. For elastic response, this value must be
the displacement of the mass from its equilibrium
position. This equilibrium position changes with each
yield excursion and it must be found after the completion
of each yield. Similar arguments apply to plastic
response. Substituting equations 5 and 6 in equation 22
and solving for acceleration xt
Atk
At2k\i _ Xt_At
m
Xyn)
Xe,f
m (x,t-At
Atc , At2k
1 42m
6m

cAt

Fy

...(23)
This relationship was used in the first version of the
program Dynamic Acceleration Direct.
4.1.2 Response in terms of changes in the absolute
values
Equation 22 may be written
m Xt-At + cxt_At + k{xt~M — xm) + Fv = — mxeyi_At
...(24)
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4.1.4 Initialisation
Assuming that the system is initially at rest,
i.e. x0 = x0 = 0
consideration of equation 22 reveals that the initial
acceleration of the system is equal to the initial exciting
acceleration.
4.1.5 Numerical Stability
Stability of the process was checked by plotting
maximum response against step interval, At, with
At starting at 1/32 sec. and being successively halved.
The results for a number of such runs are presented
in Figure 7. It is clear from this graph that on a IBM
360/44 computer, using 32 bit floating point words of
8 bit exponent (hexadecimal)—including sign—with 21
bit (effective) fraction, stability is obtained at a time
step of 1/512 sec. and that with double precision (64
bit words of 8 bit exponent—including sign—and 53
bit fraction) the machine truncation effect is not im
portant at this step interval. t
There was only slight difference in stability for the
two types of formulation presented in sections 4.1.1
and 4.1.2. The first method using absolute values,
gave slightly better stability than the second one. The
first method was therefore used for subsequent runs.
For the purpose of comparison, the program was
run at Monash University on a CDC 3200 computer
using 48 bit floating words of 11 bit exponent (binary)
with 37 bit fraction. The result of varying the time step
is shown in Figure 7 for direct comparison with the
results obtained using the IBM 360/44. Although the
curves differ, the trends are similar and stability, is
achieved at a time step of the order of 1/500 sec.
4.2 Program Dynamic Acceleration Iterative

This program uses the same equations, 5, 6 and 22
as program Dynamic Acceleration Direct, but employs
25
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l

Acceleration Direct (single precision.)
I B M 360-44
(double
— Displacement
---- Acceleration
(48 bit word) CDC 3200

128
256
Log of Time Step Interval

512

A t(seconds)

(At)

Figure 7: Stability of Numerical Process

the iterative form of these equations. The program
enables the post-elastic response of a one degree of
freedom system to earthquake excitation to be deter
mined using an IBM 360/44 computer.
This program was developed to find the effect of
replacing a direct process by an iterative one, and to '
find what controls are needed to achieve similar
accuracy by either method.

tolerance to give similar accuracy with either, iterative
or direct method was found. Decreasing the value of
the limit had little effect on the computer time per
rim, and so devalue ofkthe limij:, smaller than that
which was necessary for agreement,Avas chosen to be
used in future work.
\
The limit found was in a ratio of’ 1:10° to the order
of the magnitude of the response acceleration.

4.2.1 Development of tlie Program^
The program is basecl on the process outlined in
section 2,1? As working in absolute values of response
was found to be slightly better than working in
changes in these values, this program makes use of
absolute values.
Equations 5, 6 and 25 (a rearrangement of equation 22)
are used
** =
“«(*“*“) Hw"‘(26)

4.3 Program? Dynamic Acceleration Triple Direct

Considerations
of response correction,
and
initialisation, were invoked similar to those described in
sections 4.1.3, and 4.1.4.
4.2.2 Results of Program Dynamic Acceleration
Iterative
By varying the limit of difference between the
guessed value and the calculated value of acceleration
in the iterative loop, the value of this convergence
26

This program was developed in an attempt to im
prove on the stability of Program Dynamic Accelera
tion Direct by using a parabolic assumption of the
acceleration curve instead of the linear assumption
used previously. The method gave no improvement
so it is not discussed here in any detail. The reason
for the lack of improvement is obvious if equations 5
and 6 are compared with equations 10 and 11. Only
coefficients of terms of small order (particularly if AZ
is much less than 1) differ between these equations,
so the effect on stability of replacing equations 5 and 6
by equations 10 and 11 is very small.
4.4 Program Dynamic Displacement Direct

This program was developed in a further attempt to
improve stability, compared to those methods used pre
viously, by basing the iterative process on quartic dis
placement variation.
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4'4.l

Development of the Program
The program is based on the process outlined in
section 2.4. The arrangement of equations used in
procram Dynamic Acceleration Direct is employed
ancf combination of equations 20, 21 and 22 yields the
expression
kxm — Fv — mxe,t + xt~At (5m + cAt)
6m
12m 4c\
2c
+ Xt_At w
It*+Zi)
3m
Xt—At 2T* 2At
xt =
i 9m
7c
+k
2At
\A?
...(27)
which forms the basis of the program.
4.4.2 Initialisation
As this is a three point method, the response at the
zero and first point has to be found by a two point
method. In this case these responses are found using
Program Dynamic Acceleration Direct. Once two
points are found, the program sequence above may be
employed.
In some circumstances the satisfactory solution of
differential equations by finite differences is extremely
sensitive to the accuracy of the first two points cal
culated. However in the particular application con
sidered the excitation used is very irregular (a typical
earthquake) and the initial portion of the time history
is made up of relatively small acceleration values.
Hence very little problem is anticipated if the initial
two points are inaccurately calculated.
Correction of response is undertaken in a manner
similar to that used in Program Dynamic Acceleration
Direct.
4.4.3 Results of Program Dynamic Displacement Direct
The program was found to work satisfactorily butgave only slightly better stability than the previous
programs. For direct comparison the results are
plotted with those of Program Dynamic Acceleration
Direct in Figure 7.
5.0 CONCLUSION

The use of a more sophisticated numerical integra
tion process than those discussed in this paper, which
essentially comprise extensions of the method advo
cated by Newmark, may appear attractive. Certainly
the use of techniques such as that proposed by Nord
sieck would allow the use of variable step length and
the control of accumulated errors in the course of the
integration. However in the application to structural
dynamics problems of the type described it is con
sidered preferable to use a simple method which requiries less computer storage and time.
The work described in this paper was prompted par
tially by the necessity to use an IBM 360/44 computer
which has a single precision 32 bit word length and
operates in hexadecimal arithmetic. To reduce the in
fluence of truncation errors step intervals of 1/16,
1/32, 1/64 sec. etc. are normally used and, where
The Australian Computer Journal, Vol. 3, No. 1, February, 1971

sufficient storage is available, the use of double pre
cision 64 bit words is advisable if stability is to be
readily achieved.
As may be seen in Figure 7, with all the programs
discussed in this paper stability is achieved with step
intervals of 1/512 sec. using double precision 64 bit
words.
i
No change in the time step consideration was found
to occur as the natural period of the system was varied
between the limits of 0.75 second and 3.0 seconds.
The results presented are those applicable to the
system with zero equivalent viscous damping which
case was found, by experience, to be the most severe
in stability investigations.
A marginal improvement on the acceleration pro
grams is provided by the displacement program,
stability being achieved at a time step of 1/128 sec.
compared with 1/256 sec.
The saving in time provided by the use of the longer
step interval is to some extent offset by the increased
complexity of the expressions used in the displacement
program and for the simple single mass system analysed
no significant saving in computer time was achieved by
use of the larger step with the displacement program.
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APPENDIX I
Typical Input Data
To Program Dynamics Acceleration Direct

Area of Concrete Leg Section (in.2) .................. 2520
Elastic Modulus for Concrete (Kips/in.2) ......... 5500
Length of Concrete Leg (ft.) .................................. 216
Base Width (ft.) ........................................................ 40
Area of Steel Pin (in.2) ......................................... 78.5
Length of Steel Pin (in.) ...........................................,15
Weight of System(Kips) ....................................... 2000
Damping ................................................................. 0.02
Length of EarthquakeInput (seconds) ..................... 10
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Books Received for Review
Elements of Computer Programming, by K. P. Swallow and
W. T. Price.

Introduction to Computer Science and Data Processing, by
R. N. Schmidt and W. E. Meyers.
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Guide to Cobol Programming, 2nd Edition, by D. D.
McCracken.

Numerical Control, by N. O. Olesten.
Numerical Control Users’ Handbook, by W. H. P. Leslie.
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Extensions of Information Analysis
lly M. B. Dale*, G. N. Lance ^ and L. Albrecht*

The polythetic agglomerative method of Information Analysis has proved a useful tech
nique of numerical classification. In this paper, some extensions of the method which permit
certain types of quantitative data to be analysed are presented. In addition, consideration is
given to some methods of constraining an analysis and to the introduction of weighting based
on the topographic distribution of the operational taxonomic units. Details are given of the
programmes available to perform such analyses.

1. Introduction

Williams, Lambert and Lance (1966) and Lambert
and Williams (1966) have compared various methods
of numerical classification using ecological data. In
both papers, the polythetic agglomerative method of
Information Analysis (IA) has proved most acceptable.
Although commonly restricted to binary data, IA is
directly applicable to any multistate data, although
this is rather uncommon in ecology. Lance and Wil
liams (1967, 1968) have considered the extension of
the method to mixed data problems, typical of taxo
nomic problems, although their program MULTBET
which implements these proposals contains certain
compromises in order to obtain a practicable algorithm.
However, Dale (1969) has briefly noted that for certain
kinds of quantitative data commonly occuring in
ecology and geography, a, direct extension of IA is
possible. This paper considers two possible extensions
which have been successfully used with ecological
data and which may also prove useful in other fields
of study.
Furthermore, in some applications of numerical
classification, it is desirable to constrain the groups*
which may form. This is part of the more general
problem of incorporating prior expectation into an,
analysis (which also includes the problem of property
weighting). In this paper, we consider two methods
by which constraints can be imposed on the groups.
2. Quantitative Extension 1

In IA during the course of the fusion process, the
information content of a group of n individuals is cal
culated as follows. If fjk of the individuals are in the k,h
state of the j'" property, and there are m properties,
then
I = mn h{n) - 2 S {fjlc /«(Q},

(1)

j=lk=\

where is the number of states of the jth attribute. The
dissimilarity of two such groups, p and q, is measured by
the change in / caused by fusion, that is by:
Z\/
E
E*
Dale’s original proposal concerns data where the
operational taxonomic units (OTU’s) which are to be
* CSIRO Division of Plant Industry, Canberra, A.C.T.
received June, 1970.

classified can be considered, conceptually at least, to
be a pregrouping of individuals, and that for the
individuals the data recorded are multistate. (In
ecology, the data are in fact most often binary and we
have restricted ourselves to this form, although there
is no difficulty in permitting multistate data.) A simple
ecological example is the use of smaller subsamples
within a sample plot, where the subsamples are pre
grouped on the basis of spatial nearness. If in each
subsample the presence of an appropriate part of a
plant of a species is recorded then for the sample as
a whole the sum of presences forms an estimate of the
proportion of ground covered by each species. A
taxonomic example is the classification of genera by
recording the presence of characters for species and
then pregrouping the species into the OTU’s, the
genera. In this case, the number of individuals pre
grouped to form any OTU is not constant and although
the method still applies, the known sensitivity of in
formation measures to group size would suggest a need
for caution if the disparity in numbers were too great.
The pregrouping process is exactly the same as the
grouping in IA and the analysis of data of this kind
can be simply viewed as continuing an IA from some
stage, of the hierarchy, at which groups are already
present. Apart from the necessity of calculating the
initial information content of each OTU, which is
always zero in the original form of IA there is no
difference in method.
In some cases, the number of individuals con
ceptually forming an OTU may be virtually infinite.
In these cases, it is usually possible to use the pre
cision of measurement to provide some lower bound
on a number of individuals. Thus for the cover
measurements mentioned earlier, a statement that the
cover for a species was 40.25 sq. cms. in an area of
0.5 sq. m. would lead to 5 x 10® as a lower bound on
the number of individuals necessary to make so precise
a statement. The method seems reasonably robust
since applications have been made where the properties
were recorded on ordered multistate scales, using the
largest scale value as the number of individuals, and
even on rank orders, using the number of properties,
m, as a maximum number of individuals. In the
initial description, all individuals forming an OTU
were similar in some sense, either being equal area

f CSIRO Division of Computing Research, Canberra, A.C.T.
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subsamples or species in the two examples given. When
used with ordered multistate scales and with ranks it
is clear that this equivalence is no longer necessary.
Again it is probably necessary to be somewhat cautious
when using disparate individuals, although the appli
cations so far made indicate no particular problems.
In the rank order records there are no longer zero
records, although the rank accorded to a zero record
will depend on the number of such properties with zero
occurence. (Note that the ranking is of properties in
a single OTU, not of a single property over all
OTU’s.)
In its original binary data form IA suffers from a
defect in that if two samples have a low information
content they may join although they share no common
properties, rather that join some group with a larger
information content. This fusion on absence is found
within the proposed extension and indeed may be
more severe. Consider Table 1 where 3 OTU’s each
consisting of 5 individuals are described.
TABLE 1
OTU No.

1
2
3

No. of Individuals
in OTU

5
5
5

No. of Individuals
possessing Property No.
1

2

3

5
1
1

0
0
1

0
0
0

If the OTU descriptions are reduced to presence
or absence, then OTU 1 joins OTU 2 since they are
identical. However, if the extension is employed
OTU 2 joins OTU 3, the large change
in quantity of property 1 between OTU’s 1 and 2
overrides the similarity due to presence. This feature
is often undesirable, but a situation such as that shown
in Table 1 does not easily arise in the original IA,
whereas it has proved relatively common in much
ecological data used in the extended analysis. For this
reason, a second method was investigated.
3. Quantitative Extension 2

This second extension was originally proposed for
a problem in inverse sampling and presumes that all
properties arc commensurate. This - Is typical of
ecological dataf since species presence is the most
common measure. Dale, Macnaughton-Smith, Williams
and Lance (1970) have briefly discussed the method in”
another context. The original problem arose in palynology; samples of peat are obtained and in each
sample a fixed number of pollen grains, usually about
300, are counted and identified. Each grain belongs
to an exclusive category, a species, and the OTU to be
cla&ified is the total count for a single sample. The
data here are in the form of a single multistate
variable, with the number of states equal to the number
of species used.
The appropriate information measure is now:
I = Zft ln{Sf) - Ztfi In (/,)].
j
j
J
Otherwise the method is identical to IA.
30

(2)

4. Comparisons and Extensions

The difference between the first and second exten
sions lies in the manner in which the frequency fj is
interpreted. For the first method, we are asking for the
number of occurrences of a particular property in a
fixed number of subsamples, and the number of
occurrences of any property is assessed in a contingency
table independent of all other properties. In the second
extension, there are a fixed number of occurrences of
a given property and we are counting the number of
these which fall into one particular state of that
property. In ecology this is particularly useful since
species can always be considered as commensurate
and hence as states of a single property. For example,
we might count a fixed number of trees or even nearest
neighbours (Williams, et alia (1969)), and allocate
these to species states. The situation is perhaps less
obvious in taxonomy. It would be necessary to set
up several multistate variables concerned perhaps
with flower colour, leaf shape and so on, but this is,
in fact, merely setting up the original IA in its multi
state, rather than binary, form.
A program of this kind, though of limited applica
bility, has been designed for other purposes and will
not be further described here. It has been pointed out
by a referee that, if a preferred direction of ordering
states was available, then the second extension could
still be used. In this case, changing the direction of
coding, from say presence of red flowers to presence
of blue flowers, will change the information content. In
addition, the information is no longer strictly additive
over the original two-state attributes. In ecological
applications, the users reactions so far have been to
prefer the second extension both to the first and to
other systems such as Burr’s TAXAN system (Burr
1968). The method uses group diversity, since it
employs the frequencies not the probabilities, and: is,
therefore, sensitive to group size but with ecological
data this sensitivity is not marked. Additionally, the
method- tends to group together samples which con
tain the same proportional amounts ,4 of each state*
this would suggest that the method Is not of the
minimal variance type in the sense of Wishart (1969).
It will still group OTU’s with low information con
tents, though again this is not very obvious in the
ecological data used so far.
The two extensions described in this section
although simple, do permit quantitative data of some
kinds to be analysed. The first extension has some
further possibilities in permitting continuous data to
be analysed. Since the records for each individual
could be quantitative measures of properties, the pre
grouping would permit some sort of estimate to be
made of the distribution function for each property.
If this is possible, then several extensions to infor
mation measures are available (see JCotz (1966) for
some references). Indeed Gelfand, Kolmogorov and
Yaglom (1956) investigated information measures for
discontinuous and continuous distributions. Thus the
method suggests some possibilities by which informa
tion measures might be used for any data.
It is also interesting to examine the relationships to
other methods. Lance and Williams (1966) proposed
the monothetic divisive method DIVINF which is
The Australian Computer Journal, Vol. 3, No. 1, February, 1971
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based on equation 1, while Pielou (1969) has criticised
such an approach and recommends a method which,
for information measures, uses equation 2. In fact,
Pielou uses a chi-square statistic with corrections
for low expectations. Orloci (1969) has also proposed
various methods based on information measures, in
cluding the use of joint, mutual and equivocation
information in the sense of Kullback (1968). Equation
2 in fact uses the “row within column” information,
for a normal analysis, and would use the “column
within row” information for an inverse analysis. The
sum of these is the equivocation information. Orloci’s
use of of equivocation information would seem, there
fore, to be best coupled with a simultaneous sub
division method classifying both OTU’s and properties.
Such a method has been described by MacnaughtonSmith (1965) and preliminary tests of a program for
this analysis suggest that if the computational problems
can be overcome, the results, ecologically, will be
extremely interesting. It might perhaps be noted that
equation 1 can be used in an inverse analysis if the
number of individuals in each OTU is either initially
constant for all OTU’s or the data is standardised to
make this the case.

is not monotonic, and it is thought that this might
be used for investigating patterns in the sense of
Greig-Smith (1952). This would be especially useful
since the restricted classification method would not
require an assumption of stationarity which is
presently required by variance-based methods. Un
fortunately, Burr (1970) has shown that in certain
cases, the change in information is not monotonic.
These particular situations are, in fact, extremely
unlikely to occur in practice. It would be possible
to remove this effect by employing the probabilities
in place of the frequencies but this has not yet been
examined.
6. Weighted Methods

The restricted approach essentially weights all the
initial dissimilarities either by unity or infinity. Since
there is no need to calculate certain dissimilarities at
all, a considerable saving in computation time can be
made. However, the user may feel that, while he
requires the constraint to modify the calculated dis
similarity coefficients, he does not wish the all or
nothing effect of restricted analysis to be applied. For
one simple case, some elegant solutions are available.
Suppose that the OTU’s can be arranged in a pattern
5. Restricted Analysis
topologically equivalent to a lattice of at least two
In most numerical classifications, any OTU may
dimensions. Krishna-Iyer (1949) has presented some
fuse initially with any other. Dale and Walker (1970)
useful formulae for the probability of adjacency of
have noted that this is not desirable in all applications.
points of one or more colours on such a lattice. At
In their problem, the OTU’s are arranged in spatial
some stage in a classification, we have to compare two
sequence and this order must be retained by the
groups of OTU’s. Assume that conceptually one of
clustering process. Obviously, a spatial constraint is
these is coloured black and the other white, and count
only one possible source of constraint, but for sim
the number of occasions on which a black OTU is
plicity, attention will be confined to this case. Some
adjacent to a white OTU on the lattice. Krishna-Iyer
external information must be employed to provide the
provides the appropriate formulae to calculate the
constraints, and this must in some way be incorporated
probability that the two colours would be as adjacent
in the clustering procedure.
as they actually are if both groups of OTU’s were
The first approach is to restrict the analysis. Initially, * randomly allocated to positions on the lattice. Alter
we can consider that for each OTU, the remaining
natively, conceptually fuse the two groups of OTU’s
OTU’s are divided into two sets. Members of one
and regard the combination as being all coloured black.
of these sets are permitted to fuse with the OTU,
Count now the adjacency of black OTU’s on the
whereas members of the second set are not. In the
lattice. Again, the appropriate probabilities under
majority of analyses, this second set is presumed null.
an assumption of randomness are given by KrishnaAfter fusion, a group may join any OTU which any
Iyer. Note that these are in both cases the non-free
of its members may join; that is the permitted set is
sampling probabilities, since the number of OTU’s in
the union of the permitted sets of its members. In
each group is given not its probability of being of a
such an analysis, interest lies less in whether two
given colour. Given this probability, we can weight
OTU’s join, but, in the level of such fusion. There is
the dissimilarity so that groups more adjacent than
one immediate problem in the treatment of OTU’s
expected have a reduced dissimilarity measure. This
which are identical, that is those which have a zero
weighting may use the probability directly or alter
change in information on fusion, for the properties
natively may convert this to an information measure.
employed in the classification, since they may be
In figure 1, two groups of OTU’s are shown as
forbidden from continuing. In some problems, the
B (black) and W (white) on a lattice. If the two-colour
identity may be required to override the constraint
adjacencies shown by the connecting lines are counted,
while in others they may remain separate. In the
for the two-colour approach, figure la has 30 and
palynological problem of Dale and Walker (loc. cit.),
figure lb has 24. However, if the B and W OTU’s are
identicals were not required to join since locational
considered to be the same (a single colour), then the
difference implied historical sequence. However, in
count for both la and lb is 42. From this it can
applications to segmentation of photographic images,
be seen that the two colour option distinguishes
it was desirable to have all “objects” identified as being
between patterns of arrangement, that is the local
in the same class in a single group, although the
texture, with rather greater sensitivity than the single
boundary of any single object was determined using
colour approach.
locational constraints.
A one dimensional arrangement of OTU’s might
In the restricted analysis, the information change
be treated in an analogous fashion by utilising statistics
The Australian Computer Journal, Vol. 3, No. 1, February, 1971
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of the distribution of runs of consecutive elements
of the same kind. However, the technique for com
bining the adjacency and the dissimilarities bears an
obvious relationship to Bayes rules for combining
probabilities. Essentially, the adjacencies form pior
probabilities which combine with the dissimilarities
to give the posterior probability. This suggests that the
general method of combining expectations concerning
the OTU’s likely to be associated in groups is to use
the product of the dissimilarity on the properties of
major interest, and some function of the other set of
properties which provide the expectation information.
If all these properties are included in a single analysis
then their contributions are summed into a single
coefficient. However, if the dissimilarities are cal
culated separately for each set, and the direct product
used between the two dissimilarity measures to give
the posterior measure then quite general expectations
might be included. A program for such an analysis is
presently under development. However, the common
occurrence of strictly spatial relationships as con
straints which is common to many subjects, suggests
that the special methods outlined here may still be
useful.
It is obvious that the inclusion of weighting is
likely to increase the computation time required for
any analysis. While with presently available computers,
polythetic agglomerative methods can be used for
many data analyses, it remains true that for very
large sets, divisive methods, and especially monothetic
methods, are essential. The restricted analysis can be
extended to such methods by using connectivity
measures to indicate the “connectedness” of groups
resulting from a potential division and employing this
together with the measure of property discrimination
to giveij a “posterior” estimate of the effect of the
division on both. It is less clear how weighting can
be incoporated, since simple connectivity no longer is
sufficient, but some measures of “flow” through capaci
tated networks might provide suitable measures.
7. Program CENTPERC
The program CENTPERC has been written to
implement both the quantitative extension methods.
Before using the program it is necessary to decide how
32

many final groups are of interest. Clearly, if N, the
number of OTU’s, is small a graph showing all fusions
is quite readable, but for large N, the full graph is
confusing and it is better to display only the later
fusions. A further option is provided which allows the
initial (N2—AO/2 Al values to be printed and punched.
Sometimes only these Al values are required, and in
this case the fusions need not be made.
The data comprise N sets of m integers (the f/s of
sections 2 and 3). Furthermore, if each of the N
OTU’s consists of the same number of individuals,
this number need only be stated once, but if they
are not all the same, then the number of individuals
in an OTU is included as an additional f3- namely
fm + lThe complete data deck is made up as follows:—
Control card number 1 contains five integers—
punched in Format (5(I4,2X)). They are:—
N the number of OTU’s.
m the number of properties.
I = 0 if equation (1) is to be used and there are the
same number of individuals in each OTU.
= 1 if equation (1) is to be used but the number of
individuals in each OTU is variable.
= 2 if equation (2) is to be used,
c = 0 if the AI’s are not to be printed and punched.
= 1 if the AVs are to be printed and punched and the
fusion process completed.
= 2 if only the printing and punching is required.
g the number of final groups to be plotted.
If Z = 0 another card is needed to specify the
number of individuals in each OTU (using Format
(14)). Then follows a title card which is simply read
and then printed on the output as identifying infor
mation. Next comes the data proper; the f/s are
punched in Format (1017), and if l = 0 or 2 there will
be m for each OTU but if l = 1 there will be m A 1
for each. The fi for bach OTU starts on la hew card.
Finally, it is possible to mask/out either'some of
the OTU’s or some of the properties. For Example, if
OTU’s 3 and 5 of the N are to be excluded and
properties 2 and 4 of the m properties, two more cards
follow which are punched
1 -2/4/6-Ah*
and 1/3/5-m.*
If all OTU’s and properties are required, then 1 -IV.*
and 1 -m.* are punched.
'' The output from CENTPERC is very similar to that
provided in our other agglomerative programs (see
Lance and Williams (1967)).
. Program CENTPERM
The restricted analysis described in section 4 has
been implemented in a program called CENTPERM.
There are two options possible. The first is used when
the N initial OTU’s are thought of as being arranged
on a lattice of two dimensions and each may only
combine with its eight nearest neighbours: in this case,
the “adjacency” masks, which are used during the
fusion process to test legitimacy of a fusion, may be
computed given the dimensions d, and d2 of the
lattice. In addition, it is necessary to state that in this
option the do-j-l"1 OTU is adjacent to the first OTU,
8
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since the numbering of OTU’s is not fixed by the
dimensions of the lattice. (It is interesting to note that
in one problem, the OTU’s were spatially arranged on
a lattice but had been numbered in a boustrophedon
manner!) Clearly IV = dx d2 and the edge members
of the lattice have less than eight neighbours.
The second option is used for all other cases, when
the adjacency masks have any other form, systematic
or not; in this case N adjacency masks are read in,
one for each OTU.
The first control card is as described in section 7
for CENTPERC but it contains one more parameter,
h; h = 0 if the adjacency masks are to be read and
h = 1 if the masks are to be computed. Then after the
data itself, if h = 1 another card follows which con
tains the dimensions dj and d2, punched as integers in
Format (2(14,2X)), but if h = 0, then the N masks
follow;
e.g. 2-3/5.
1/3-6/13. etc.
and ending 56-58.*
These masks imply that OTU 1 is allowed to combine
with OTU’s 2, 3 and 5 only; OTU 2 may combine with
OTU’s 1, 3, 4, 5, 6 and 13 only, etc. All other remarks
about CENTPERC apply equally to CENTPERM.
9. Program CENTADJ

KADJ

=
=

OUT

=
=

PLOT

=
=

MORE

=
=

KPRO

=
=
=
=

if when two OTU’s have a dissimilarity
of zero, then the dissimilarity is made
equal to the adjacency probability.
2 if zero dissimilarities are left as zero
values.
1 provides summary output only.
2 provides extra output regarding the
dissimilarities and adjacency pro
babilities in addition to the information
on the course of fusion.
0 if no plotting required.
1 In the 3600 implementation, this pro
duces a plot of the complete fusion
hierarchy on a large plotter (logical
unit 1) but in the 6600 version it pro
duces a card deck suitable for input
into a program LATEPLOT which
operates on the 3600.
0 if this data is the last set to be analysed.
1 if a re-analysis of the
same data
follows.
2 if new data follows.
0 if no adjacency correction employed.
1 if the probability (PRO) is used
directly to weight the dissimilarities.
2 if the probability is converted to an
information measure which equals
—In (1—PRO), before being used as
a weight.
This real number sets a threshold for
information change to be considered
zero. Any two groups less dissimilar than
this value are treated as identical,
except in so far as this is modified by
the KADJ parameter.
1

The weighted analysis described in section 5 has
been implemented in an experimental program
CENTADJ, versions of which exist both for the CD
SETVAL
3600 computer and for the CD 6600 computer. The
format of the control cards and data differ somewhat
from the CENTPERC and CENTPERM form, but
the modifications required to match the two would
be trivial. However, the experimental nature of the
CENTADJ program prohibits the formats from being
finalised completely as yet.
»
No masking is presently permitted, all selection of
There are two control cards, the second of which
OTU’s and properties being made before the data
is simply a title card as in CENTPERC. The first , is submitted for analysis. The data cards are similar
control card has 13 parameters in Format (12(2X, 13),
to CENTPERC except in the case of equation 1 when
2X, F8.0). There are no default values so that all
the number of individuals in each OTU is variable.
parameters are required. In order, the parameters
In this case, instead of supplying the required number
are:—
as a pseudo-property, each OTU is preceeded by a
N
the number of OTU’s.
single card with the appropriate number of individuals
m
the number of properties.
in Format (14).
the dimensions of the lattice, as for
dt 1
d2 J
CENTPERM.
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Branch Notes
NEW SOUTH WALES
Meeting

The following meetings have been held since the last
edition of this journal.
In October Mr. Dyer from Australian Iron and Steel
discussed the use of simulation techniques and during
a second meeting that month Mr. J. E. Marr spoke
on top management involvement in the control of com
puter installations.
November saw the first of a two part series dealing
with operating systems. Mr. John Dorn laid down the
fundamentals of operating systems followed in Decem
ber by a panel of three experienced users discussing
their experiences of different operating systems.
One of the most enjoyable meetings of the year
was held on the 26th of November when approximately
250 members of the society crammed into the Argyle
Cellars to celebrate an early Christmas.
Annual Conference

Terrigal ’70 attracted a record 320 delegates who
sat and listened to the presentation of seven papers
and took part in five workshop sessions. The theme

of the conference was “a progress report on data
communication”.
The annual conference this year will again be held
at Terrigal and the date has already been selected as
the 22nd to 24th October, 1971.
Careers and Education

A further series of lectures was conducted for the
WEA during the latter half of the year and a good
attendance of the general public was reported.
In addition, three Fortran courses were run for
high school teachers.
Voting Changes

A radical change in the method of voting for office
bearers and the executive committee was made in
December. Previously, voting was only pos'sible by
those attending the %nnual general meeting; in March
of each year.
(
NBut, because some members cannot atfepid the meet
ing,, the branch executive proposed (and members
agreed) to introduce postal voting to supplement
voting-in-person at the A.G.M.

Errata
THE QR ALGORITHM FOR SYMMETRIC
TRIDIAGONAL MATRICES
By J. BOOTHROYD
{ VOL. 2, No. 2, pp. 55-60, MAY, 1970

Fi\jp typographical errors, for‘which the author ac
cepts 1 responsibility through inadequate galley proof
reading, exist in the paper. Two, of minor significance,
are in the body of the paper.
page/55, the equation after (4) should be numbered (5)
page 56, 8 lines from the bottom of the first column
should read:
7 di-j = y + Sj fewj + SidO -f
34

The Algol procedure given in the appendix contains
three errors. The second of these is serious and
apologies are extended to any persons who have
attempted to use the procedure and wasted time try
ing to correct the fault.
“*
page 59, line 31 replace being by begin
page 60, line 12 replace b [i] by b [il]
page 60, line 14 replace i, by i;
These errors were also discovered by Mr. N. R.
Pummeroy, Division of Computing Research, CSIRO,
Canberra.
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The World of Mini-Computers1
By I. D. Wadham*

Mini-computers are becoming an important part of the general computer scene. Even
so their potential is still largely unused in business computing. This paper discusses the
important characteristics of mini-computers and provides a broad coverage of models which
are available and well-supported in Australia, together with tlieir sources of supply in
Australia. It goes on to discuss current uses of mini-computers and to develop suggestions
for future uses in the factory, office and large-computer environments.

Characteristics of Mini-Computers

To many people mini-computers are simply small
versions of ordinary computers. However, their most
important characteristics are not size but low cost, inde
pendence of environment, high reliability and ease of
interfacing. In addition, mini-computers have a re
markably high performance for their price. A general
idea of the characteristics and performance of mini
computers is given in Table 1.
To begin with, all the computers to be discussed cost
less than $10,000 in a basic configuration of centralprocessor, teletype console and one memory module.
For some, the basic cost is closer to $5,000. A mini
system of reasonable size, with peripherals and ter
minals, is likely to cost from $30,000 to $100,000.
These are full prices, not monthly rentals. Typical
monthly rental might be one or two thousand dollars.
For environment, none of the computers being dis
cussed require air-conditioning, false floors or special
TABLE 1: Typical Mini-Computer Features
Cost
Basic configuration
Useful configuration
Realistic configuration
Large configuration
Environment
Temperature
Humidity
Voltage
Cycles
Power
Reliability
MTBF
Interfacing
Performance
Cycle-time
Word-size
Add-time
Program registers
I/O capacity
Fast channels
Memory
Multiply/divide
Software
Assembler
Fortran
Simple operating systems

$5-10,000
$20,000
$30,000
$100,000
32°F-120°F
95%
110V or 240V
50 or 60 c/s
600 watts
3000 hours
Unlimited
0.5-2.0 Msec
12-16 bits
1-4 Msec
2-8
500-2000 KC
1 or 2
8K-64K bytes
4K-32K words
Yes

power supplies. They will tolerate temperatures from
near freezing to extreme heat-wave conditions and their
power requirements are similar to those of ordinary
household appliances such as a toaster, an electric jug,
a hair-dryer or coffee percolator. That is, ordinary
mains voltage and frequency with a power consump
tion of a few hundred watts.
The reliability figures quoted by mini-computer manu
facturers give mean-times between failure (MTBF) of
several thousand hours—or many months of running.
Mean-time to repair (MTTR) can also be made very
low by using a suitable maintenance strategy. Most
mini-computers are modular in construction and one
computer may contain as few as half a dozen circuit
modules. If a failing module can be identified, it can
be exchanged for a new one and the old one can be
returned to the factory (in Australia, naturally) for
repair. Suitable “trade-ins” on defective modules can be
negotiated.
Mini-computers have very good interfacing char
acteristics. This is because they are descended from
a line of laboratory and process-control computers.
For years they have been being incorporated by
academics and engineers into laboratory experiments,
control systems and systems involving larger computers.
For this reason, many mini-computer manuals include
chapters on do-it-yourself interfacing, which describe
how to interface the computer to just about anything
electrical. More than one manufacturer supplies a
range of logic modules (a kind of logical Meccano)
especially designed to assist in this. The day will come
when some proud father will interface a mini-computer
to his son’s model-train layout and have it run all the
trains to a timetable.
In case do-it-yourself interfacing sounds a bit diffi
cult, it should be pointed out that all mini-computers
are available with standard interfaces and standard
peripherals and that, where a special interface to special
equipment is required, some manufacturers have facili
ties, here in Australia, to design and build it for you.
Importance of Mini-Computer Characteristics

The mini-computer’s characteristics of cost, environ
ment, reliability and interfacing mean that it is now
technologically possible to take computers out of their

?Mr. Wadham was appointed A.C.S. Lecturer for 1971 and will present this paper to all Branches during the year.
Nntech Australia Limited

The Australian Computer Journal, Vol. 3, No. 1, February, 1971

/

The World of Mini-Computers

holy-of-holies the Computer Room and into the office,
the factory, the street and even the home. In short, it
is possible to put mini-computers into most working
environments and have them function perfectly.
Since their cost is so low, it is reasonable to have
them dedicated to a single application, for example
real-time stock control, and dispense with the need for
computer operators and other specialised computer
staff. A number of mini-computers make unattended
operation a reality by having one or more locks built
into the console. When the console is locked it is
impossible to turn off power and change switch settings.
It is also possible, for a few hundred dollars, to obtain
the feature of automatic restart when power is restored
after failure.
Ease of interfacing means that systems involving
communications, special terminals, special recording
gear and special control equipment are easy to set up.
Moreover, since the system involves a computer it is
possible by suitable programming to make the mini
system look (through one of its interfaces) like any
device whatsoever.
A classic example is at C.S.I.R.O. in Canberra. Here
they have made a handful of remote teletypes plus a
PDP-8 look like a Control Data display-controller with
displays within 1000 ft. of the computer room. The
operating system within the CDC3600 computer re
quired only one instruction change to cope with this.
More recently a user of the CDC6600 in Sydney has
been working on the idea of making his Fairchild
NOVA look like a Control Data MARC II terminal
for remote job submission. The idea is that, for a cost
similar to that of a standard terminal, he has a stand
alone computer system as well as remote job entry
facilities. Several users in the U.S.A. have already fol
lowed this path.
Mini-Computer Technology

Most of the characteristics of mini-computers stem
from the technology used in their manufacture. They
are built up from encapsulated, integrated-circuit logic
elements about one inch long and half ,an inch wide.
These elements may contain about four logic gates, each
with two inputs and an output. Oth.gr elements contain
flip-flops, clock-circuits and ipvefters. »Typical re
sponse times are about 10 nanoseconds
micro
second) and elerfients can be built up into modules,
such as a set of registers, with a response time of about
0.1 micro-second. Some more recent models of mini
computer have started to exploit LSI (large scale in
tegration) technology.
The miniature circuit elements are mounted on
double-sided printed circuit boards, which eliminate
many* of the crossover problems experienced with
singll-sided boards. Typically <the connections run
Nortlf-South on one side of the board and East-West
on the other side with some connections and most
terminations passing through the board via holes which
are drilled before printing.
The entire technique eliminates a great deal of costly
back-wiring, whether done by machine or by hand, and
allows a small, well protected, uncluttered design with
a good surface area for cooling. A by-product of the
36

technique is that one board of reasonable size can con
tain a definable computer module such as an arith
metic unit, 4K of memory or an input/output Interface.
This gives rise to a “shoe-box” concept of modularity.
The basic mini-computer comes in a rack-mountable
box containing a power supply, a back-wiring panel,
cooling fans and a set of boards comprising a centralprocessor, 4K of memory and a teletype interface. This
box has a number of vacant slots for additional boards.
Each additional option ordered by the user takes up
one or more slots in the box. When the box is full,
power and cooling resources are also used up, so the
configuration is continued with another box, also con
taining a power supply, cooling fans, vacant slots and
a back wiring panel. The point is that any cabinet con
tains any combination of options. This approach saves
hundreds of dollars in cabinet work and cabling.
The elegance of mini-computer technology may also
account for the rapid development of the art over the
last two years, the extraordinary ingenuity of some of
the design concepts found in mini-computers and the
short delivery times (one or two months only) quoted
by manufacturers of mini-computers.
Mini-Computer Performance

Of course, many people will say, mini-computers are
only small computers; they cannot do much.
This is simply not true. A fair comparison might be
between mini-computers and mini-cars. Both are tech
nological marvels in their own right. For certain jobs
such as messenger services, rally competitions, driving
over sand-dunes and threading its way through crowded
city streets, the mini-car leaves other cars standing. So
it is with mini-computers. For certain applications they
are unbeatable and although they have a small size and
a cheap price, there is nothing small or cheap about the
concepts behind them.
A glance at tables 1 and 2 will show that, for basic
computing power, mini-computer perfomance lies in
the same range as that of the IBM 360‘m8dels 30, 40
and above. For example, the model '*<30 uses two
memory accesses to fetch 16 bits for. a total time of 3
microseconds; the model 40 requires 2.5 microseconds.
One mini-computer^requires as little as 0.3 microseconds
per 16 bits and most operate in the range of 1 to 2
microseconds. Memory capacity of mini-computers is
the same as the model 30 but not as great as that of the
model 40f Input/output capacity is greater in mini> A computers by as much as a million bytes per second in
some cases. Binary add times are faster and registers
TABLE 2: Typical Mini-Computer Performance.
PDP-11
Word size
16
Cycle time®
1.2
Memory (bytes) 64K
2.3RR
Add-time®*
Registers
8
I/O capacity (KC) 2700
Fast channels
UNIBUS
Memory protect No
Addressing modes 8

HP2100

S-NOVA

H-316

16
1.0
64K
2.0CR
2
1250
2
Yes
4

16 ,
0.3 V
64K
0.3RR
4
700
1
Yes
6

16
1.6
64K
3.2CR
3
620
1
Yes
8

*Times are in microseconds.
®*RR = register-to-register, CR = core-to-register.
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are faster because they are circuit elements in mini
computers as opposed to core in the lower 360 range.
None of this suggests that mini-computers should
replace conventional medium-scale computers. For
one thing, the instruction sets of mini-computers do not
contain business and scientific instructions. These can
be achieved by micro-programming, exactly as in the
lower 360 series, but it is inappropriate to do so.
Similarly it may be inappropriate to provide mini-com
puters with COBOL compilers and report generators,
although these are available with one or two models.
The true forte of mini-computers is in on-line and
communications work. Evaluation of a number of
machines using a Real-Time Gibson Mix, which con
tains no scientific or business instructions and reflects
instruction mixes encountered in on-line applications
shows that average instruction execution-time for mini
computers lies in the range from 1 to 6 microseconds.
The 360 model 44 comes in the middle of this range
whereas the models 30 and 40 are slower.
In general then mini-computers are comparable with
much larger machines given the right application,
whereas small computers are generally slowed-down
versions of their larger brothers.

Mini-Computers Available in Australia
The classic mini-computer is the Digital Equipment

Corporation (DEC) PDP-8. This computer has set
records for price environmental capability and capacity
for interfacing. Over 10,000 of them have been sold (a
world record) and it has become the darling of en
gineers and academics all over the world. Over the years
it has gone through several changes in construction
and technology and is currently available as the
PDP-8/E. This machine has a cycle-time of 1.2 micro
seconds and is available with a full range of peripherals
and an extensive library of PDP-8 User Programs.
Compared with other mini-computers, it is lower on
performance, having a shorter word-length (12 bits), a
restricted instruction set and only one accumulator;
however, it is perfectly adequate for a number of
applications and has an extremely low price.
DEC’s newest mini-computer range is the 16-bit
PDP-11, which is one of the most original computer de
signs in the world today (Bell, Cady et al., 1970). It
features eight general-purpose registers, automatic
handling of recursive and re-entrant subroutine calls by
hardware and a unique approach to the interfacing of
processor, memory-modules and peripherals.
DEC are strongly based in Australia in the small and
medium to large computer fields.
Fairchild Australia have been established quite a long
time in the field of electronics and circuitry in Aus
tralia; it is only in the last few years that they have be
come active as computer suppliers. The two computers
which they handle are the Data General Corporation
NOVA and SUPERNOVA. Both are 16-bit machines.
The SUPERNOVA is very similar to the NOVA but is
faster and has more options. Indeed, it is one of the
world’s fastest computers. It is available with in
tegrated circuit memory with a cycle-time of only 0.3
microseconds.
One of the remarkable things about the NOVA
design is that, with a register-to-register instruction,
one can perform so many operations. There are four
accumulators of which two can be used for indexed
addressing. The RR instructions operate on any two
accumulators and perform the normal arithmetic and
logical functions. In addition it is possible, with the
one instruction, to specify a shift and a test of the re
sult. It is also possible to test the result without storing
it anywhere and overwriting needed information. As
an example, a single subtract instruction can be used
to compare two magnitudes, thus obviating the need for
such an instruction to be provided separately.
Fairchild Australia have a hardware design and
manufacturing facility in Melbourne and are well set
up for providing special interfaces and terminal devices,
especially in industrial situations.
Hewlett-Packard are another recent entrant to the
field of computers. For years they have been renowned
as makers of precision instrumentation and electronic
equipment. Their equipment is to be found in every
scientific laboratory in the world. Their current com
puter model is the HP 2100A. This machine has a 1
microsecond cycle-time, two accumulators, hardware
multiply/divide as standard and restart after powerfailure as standard. It also has disk and real-time oper
ating systems, both including Fortran compilers, and a
time-share BASIC system for handling up to 32 users.
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Choice of Mini-Computers

In the U.S.A. there are scores of mini-computers on
the market and it is very hard to choose between them.
One writer in Datamation remarked that choosing a
maxi-computer is easy. It all happens in such a pleas
ant alcoholic haze that you do not know what you have
bought until the morning after. With mini-computers
there is not enough in the budget for that kind of thing
and the choice becomes that much harder, especially so
because, for each application, there is a “right” mini
computer which has all the right features, is properly
supported in your own area, has a reasonable price and
can be programmed to the application for a reasonable ,
cost (Ollivier, 1970). The last point is very important.
Some of the cheaper mini-computers are so lacking in .
software and programming flexibility that you can lose
in programming costs more than you gain in hardware
costs.
In the next section mention will be made of a num
ber of mini-computer suppliers who are well-established
in Australia and have models which are available now
and are well supported by the supplier in Australia.
Altogether six suppliers of general purpose computers
and three suppliers of office computers will be men
tioned. However, many of their names will be un
familiar in a computer context, because every one of
the suppliers is principally in some other line of busi
ness, whether it be telephone switching, laboratory
instrumentation, process control, office equipment or
even supply of data-processing computers. In selecting
a mini-computer, selection of a supplier for his cap
ability in other fields can be as important as selection of
the equipment itself. Even such considerations as
whether a supplier is based in Sydney or Melbourne can
have considerable importance in specific cases such as
when particularly rapid on-call maintenance is required.
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Hewlett-Packard have a service centre and a com
puter demonstration centre in Melbourne and are cap
able of providing special engineering work in Australia.
Hewlett-Packard computers have a very neat input/
output interface design which could well be copied on
larger machines. On larger computers, I/O devices are
configured onto channels. Each channel can perform
input or output to one of its devices. Thus the devices
must share the channel in the same way as party line
telephone subscribers. This leads to incredible com
plications in multi-programming and real-time soft
ware. Channels are time-shared between devices in an
effort to keep all combinations of devices required by
running programs operating at maximum speed.
In the Hewlett-Packard machines, each device has a
separate I/O interface which is plugged right into the
main frame. Each interface has a register to hold data
and these registers are accessible by program com
mand at random. Thus all devices are accessible at
once for control, status-checking and transfers of one
or two bytes. For faster transfers, two DMA (direct
memory access) channels are available. They are simi
lar to large machine channels, but are superior in that
either DMA can interpose itself between any device
and memory. The situation is similar to a switchboard
with several extensions and two outside lines, where
any two -extensions can be connected to the outside
world at once.
Digital Equipment Corporation, in their PDP-11 de
sign, have gone beyond this again. They have elimi
nated channels altogether. In the PDP-11 design, every
device has associated with it two or more locations in
main memory. Input/output is carried out by normal
data movement instructions (load, store and move)
which access the memory locations belonging to the
device concerned. There are no input/output instruc
tions in the PDP-11 set. The design requires none. All
input/output and memory accesses take place on the
one bus, called a UNIBUS. It has a total transfer rate
of 2.67 million bytes per second.
Standard Telephones and Cables (STC) have very
recently announced their entry into the Australian mini
computer market. They are offering three computers
from General Automation Inc. in the U.S.A. These
are the SPC-12, the SPC-16 and ’the SPC-I8. The
SPC-12 has an 8-bit word, memory capacity of 16K
words and a cycle-time of 2.16 microseconds. Thus
it lies somewhere outside the general description of
Table 1. It is, however, a good example of what has
been termed a micro-computer (Bell et al., 1970). The
SPC-16 and SPC-18 are both 16-bit machines with a
cycle-time of 0.96 microsecond but they have totally
different instruction sets. The SPC-18 is designed to be
instruction-compatible with the IBM 1130 and 1800
and has .a rather higher price than the average mini
computer. The SPC-16, however, is a true mini. It
has sixteen general-purpose registers and uses a registerto-register mode of arithmetic.
A paragraph from the brochure for the SPC-16 is
worth quoting in full as an example of mini-computer
reliability. “All SPC-16 components and subsystems are
100% inspected and tested before assembly. Inte
grated circuits, for example, are inspected after 48
75

hours in a 50°C temperature oven. Upon completion,
each system is then cycle-sequence tested for seven days
in an environmental chamber ranging in temperature
from 0°C to 50°C. System Power Fail Detection/Auto
Restart as well as the power supply are tested by on-off
cycling with a large noise source on the line. And final
ly, the system is burned in for a full 30 days prior to
shipment.”
STC are based in Sydney and their main business is
in telecommunications.
Honeywell is a name that is well-known in dataprocessing and also in the field of instrumentation and
control equipment. To complement their processcontrol and automation hardware they have the series
16 line of computers. The two principal models are the
316 and the 516. They each have the same instruction
set and the main difference between them is in cycle
time and physical size. The machines have a 16-bit
word, two accumulators and an index-register. The
cycle-time of the 316 is 1.6 microseconds and of the 516
is 1 microsecond.
Series 16 has been used to develop a time-share system
and also has disk and real-time operating systems avail
able as well as Fortran IV. Some of the applications of
series 16 computers in Australia so far have involved
systems with more than one computer joined by com
munications links.
Honeywell are based in Sydney and their computer
interests are now merged with those of General
Electric, which gives them a wide coverage of the entire
computer spectrum from small to large.
As a further example of the interest now being shown
by large computer manufacturers in the mini-computer
field, IBM have recently announced a 16-bit machine
called System 7. Its price and physical size is above
the average for the field, but so is its performance. It
' uses on integrated-circuit memory with a cycle-tiiqe of
0.4 microsecond. Unfortunately, it is not available in
Australia at present and will not be until 1972.
The. last major supplier of mini-computers in Aus
tralia is Varian. Their main business is in laboratory
equipment and scientific instruments, but they have re
cently formed a group in Australia called Data
Machines/Graphics and Data Systems. The two com
puters they have to offer are the 520/1 and 620/F. The
520/1 has an 8-bit word with a cycle-time of 1.5 micro
seconds and is more in the category of a micro-com
puter. An important claim to fame is that it is being
used as a central-processor by Burroughs in their new
DC1000 terminal. The 620/F is a 16-bit machine with
two accumulators and an index register and a cycle
time of 0.75 microsecond. It is also available in a ruggedized version, the R-620/I, which is designed to with
stand hammer blows to the sides of the cabinet. Soft
ware on the 620 models includes a disk operating
system, FORTRAN IV and a report-generator
language.
A Digression on Micro-Programming

Several mini-computer manufacturers offer, as an
option, a read-only memory (ROM) module. The most
notable examples are Varian, Fairchild and DEC.
Read-only memories can only be used for storing pro
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grams and constants. The usefulness of this is in pro
cess control work. Here the computer is executing the
same program, day in day out, and there is no desire
to modify or reload it. Furthermore one may wish to
ensure that the program cannot be wiped out, even by
a software bug. Even if a catastrophic failure occurs,
read-only memory makes it possible to start again from
a known program location and re-establish the status
quo without any fumbling around.
In general ROM is faster than a conventional
memory. Typical access times are 0.5 microsecond.
This makes instruction execution somewhat faster than
normal. We end up with a great deal of elementary
computing speed in a small space at very low cost.
These are ideal conditions for micro-programming.
Micro-programming has become the philosopher’s
stone of the computer business. It turns base com
puters into gold. The idea is that one defines a more
complex instruction set than the computer actually has.
One then executes this instruction set interpretively
using a micro-program in read-only memory to perform
the complex instructions as a number of small steps.
A special brand of micro-programming is available
today in the new breed of computers known as “office
computers”. These are really mini-computers micro
programmed with a commercial instruction set and fit
ted with various commercial operating features. Look
inside one and you will find the familiar integrated
circuits and double-sided circuit boards.

scale. A typical small application is in invoicing. The
office computer helps by doing the price extension, dis
counting and printing while an operator keys in pro
duct code, quantity ordered and price. With a limited
number of products—the maximum is about 200—it is
possible to hold product descriptions and prices in the
computer memory, to cut down the manual work and
provide cross-checking of codes, descriptions and
prices. A by-product of the operation is often papertape or punched cards for input to a sales-analysis pro
gram on a larger computer. The office computer can
go a long way towards ensuring that this information is
correct. However, there is the storage limitation.
With a small disk of a few hundred thousand bytes,
which can be bought for around $10,000, a small com
pany could store data, including inventory figures and
credit situation, on hundreds of products and cus
tomers. However, this disk would double the cost of
the machine. It would be desirable to share it and the
computer logic between two or more machines. The
end result would be an accounting machine pool with
all machines using one data-base and one computer.
Each machine would have the input/output facilities of
an office computer and the logic box would be operat
ing as a commercial time-sharing system. Such a
system, with four operators, is possible with current
technology for about $40,000 and could be ideal for
running a small company or branch office operation.
Suppliers of Office Computers

Office Computers

Table 3 gives a list of typical office computer features
and instructions. As can be seen, what office com
puters have to offer is the facilities of a tabulator or
ledger machine with the speed and flexibility of a com
puter. The computer is built into a paper handling
console about the size of a small office desk. It is pos
sible to add paper tape input/output, card input/output
or a communications interface to the basic con
figuration.
The main limitation of office computers is in storage
capacity. This means that common data-processing
operations such as table-lookup, sorting, file updating
and report generation are dificult to do on any large
TABLE 3: Office Computer Features.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Commercial instruction set achieved by micro-program.
Numeric keyboard.
Alphanumeric keyboard.
Program selection keys.
Inhibition of operator errors.
Rapid hard-copy printing.
Split platen (roller) to allow two sets of forms side by
side.
Rapid spacing and tabulation.
Paper feeds forward or backward. Backward feed allows
insertion of ledger cards or single forms at the front.
Adjustable tractors to handle continuous stationery.
Magnetic-stripe ledger card option. Card is legible to
both the computer and the operator.
Word length 64 bits, 16 decimal digits or 8 characters.
Memory size 200 to 1000 words. Decimal addressing.
Instruction set includes decimal arithmetic, edited con
sole I/O, paper-handling, branches and peripheral
handling.
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The principal office computers available in Australia
at present are the Philips P350, supplied by Sydney
Pincombe, the Burroughs TC500 and L2000, and the
Nixdorf 820 series. These computers hail from the
Netherlands, the U.S.A. and Germany respectively, but
all are well supported in Australia.
Office computers are normally supplied with a pro
gram written for your particular application. Ad
ditional programs cost extra, but facilities often exist
for assembling office computer programs on larger
machines (e.g., at a service bureau).
Mini-Peripherals

With mini-computers being as cheap as they are,
there would be little point in having one without cheap
peripherals to match. On larger machines a printer con
troller alone can cost as much as" an entire mini-com
puter and the printer itself can cost the same again.
Mini-computers have three advantages with respect
to peripheral costs. The first is that, if the central pro
cessor is so cheap, it can be expected to do more of the
work of input/output control. More than one large
computer manufacturer is looking into the possibility
of replacing I/O controllers with small computers and
some are already marketing mini-computers disguised
as communications multiplexers. In a particular mini
system it is usually possible to save hardware cost by
devoting some percentage of the processor power tq
I/O control.
The second advantage is that controller and interface
logic can be built from the same low-cost technology as
the central processor. The third advantage is that, if a
cheap peripheral is available from any company it is
39
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easy to interface a mini-computer to it. The pages of
Datamation are full of tempting advertisements for
peripherals which are made by small independent com
panies. Mini-computer owners can afford to yield to
the temptation.
Mini-computers come with all the well-known peri
pheral devices; card-reader, card-punch, 9 bit or 7 bit
magnetic tape dries paper-tape reader paper-tape
punch, line-printer and teletypes. These devices are
generally slower than on very large computers, but
their speed is commensurate with mini-system applica
tions. It is not necessary to have 2000 1pm printers in
decentralised applications.
The significant breakthroughs in mini-peripherals,
however, are with displays, disks, cartridge tapes and
graphics.
A few years ago, a single CRT display with a screen
size of 1000 characters cost about $10,000. A multi
display system cost about $5,000 per unit, including
controller cost. These prices are now down to $2,600
and still falling. A display consists of some logic, a
keyboard and a television set with no tuning circuits.
It is reasonable to expect that the price will drop
below $1,000 over the next few years.
An outstanding local designer and manufacturer of
display equipment is Information Electronics. Their
IE-33 display is hardware-compatible with an ASR-33
teletype and can be attached to any computer with an
ASCII (8-bit) interface. This means all mini-computers
and some larger computers, too. The IE-33 will operate
at all line speeds up to 2400 baud (about 230 char
acters/second).
Information Electronics have a design facility and a
factory in Canberra where they are capable of making
all kinds of solid-state circuitry. They will shortly be
commencing manufacture, under licence, of the Fer
ranti Argus-600/2 micro-computer.
Mini-disks generally have fixed heads and are in
sealed containers, so that they are more like drums
than disks in programming characteristics. Some disks
are as small as 64K bytes. They go up to about two
million bytes. Average access times range from 4 msec
to about 20 msec. Prices are under $20,000. These
disks are ideal for small-on-line applications and for
overlaying of programs in time-shared systems. It is
possible to obtain disks of the removable type with
moving heads, but prices and performance are com
parable to those on larger computers.
Cartridge tapes show great promise for long term
storage of low volume data (e.g. for programs, trans
actions and reference data). Digital Equipment Cor
poration have long been promoting their DEC tapes,
but now there is a range of cassette-tape and cartridgetape peripherals appearing. Some display terminals
use them to provide a permanent record of trans
actions. They are also available for computer input/
output. The tapes are similar to those now used in
small tape recorders such as the Philips and Sony
cassette recorders. These tapes are easily mailed, trans
ported or stored. As computer tapes they will hold a
million or two bytes. They read and write a fast papertape speeds, about 600 bytes per second. It could be
that these tapes will come to be a useful alternative to
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punched cards or papertape for storage of programs
and source data.
Most mini-computers are available with simple
graphical and character display devices. The graphical
displays are very inexpensive and are excellent for
many purposes. There are also some very fine plotters
available. The Varian Statos plotters are particularly
impressive. They work - electrostatically by depositing
dots of carbon on charged portions of the paper. The
speed of these devices is phenomenal. The Statos-21
includes a hardware character-generator and can print
at rates up to 5,000 lines per minute or about one page
per second. It can draw at the same speed and can
intermix printing and drawing. Two sizes of character
are available in four orientations.
Developments are also occurring with teletypes.
Olivetti, for example produce a line of teletypes with
features such as sprocket feed tabbing and widths up to
120 characters, for use in business and industrial appli
cations.
Present Uses of Mini-Computers in Australia

Most mini-computers are to be found in universities
and research labs, at present. This used once to be true
of all computers.
However, there are PDP-8’s to be found in Australia
acting as traffic-light controllers, on-course totalisators
and communications multiplexers. Others are doing
such jobs as type setting, auto analysis at a hospital and
production testing of transistors.
Hewlett-Packard have two computers on board a
geophysical survey ship in the Gulf of Papua. One
processes data from hydrophones which pick up echoes
from strata beneath the sea bed. The other uses satel
lites and VLF transmissions as navigation aids. It can
work out the position of the ship to the nearest 300 feet
anywhere on the Earth’s surface. H-P have also in
stalled an airborne geological survey system.
Fairchild are putting in a data-collection system at
ALCOA near Geelong. It uses a 4K NOVA, a 128K
disk store (both duplicated) and has 60 specially design
ed terminals which dock men and jobs on and off and
collect other production data. The system is designed
to service 128 terminals in one second.
Monash University has another interesting NOVA
application. They have the computer connected to
electrodes taped to the heads of animals. The computer
analyses their brain-waves during behavioural experi
ments.
Office computers are being used in the preparation
of invoices, credit notes, payrolls and bank pay-in
sheets. They are also used in debtors’ ledger, sales
analysis and sales tax analysis. Magnetic stripe ledger
cards are particularly effective in payroll and debtors
applications since they can hold names and other de
tails in computer readable as well as in visible form.
An employee’s particulars can be read from the card
and transferred to his pay slip automatically.
In the time-sharing field, BHP Research Laboratories
have installed a Hewlett-Packard system with 16K of
core and 1.5 million bytes of drum with 10 msec access
time. The system has eight teletype terminals. The
monthly cost per terminal is considerably less than it
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would be on a time-sharing service. Indeed it seems to
be that anyone requiring two or more time-sharing
terminals may find it cheaper to rent his own mini
system than to rent terminals on a time-sharing service.
Hospitals are also beginning to make much use of
mini-computer systems. A case in point is the on-line
system designed by Honeywell for the Royal Prince
Alfred Hospital in Sydney. In this system a 316 com
puter is used to collect data from a mark-sense reader,
five teletypes' and an auto analyser for blood samples.
The data is transmitted to a 516 over 500 feet of cable.
The larger machine has a more conventional con
figuration of disks, a line printer and paper tape I/O.
Future Uses of Mini-Computers

As remarked earlier, the environmental and cost
characteristics of mini-computers make them ideal for
use in almost any working environment. The Com
puter can be placed where things are happening instead
of back at central office where data reaches it late and
results are distributed even later. Mini-computers could
be of immeasurable use if used in what might be termed
“tactical” data processing.
A large proportion of any company’s activities take
place on a day-to-day, minute-to-minute basis. Such
activities occur in production, warehousing, order
handling, pick-up and delivery and inventory control.
The sum total of all these activities makes up a
strategic picture which is of interest to management.
Large computers help build up this strategic picture
and are of great value in “strategic” data-processing.
“Tactical” data-processing can ensure the timeliness
and accuracy of data for “strategic” processing. It can
also help people do their jobs better by providing them
with better information and better co-ordination.
A tactical processing system might reside in a fac
tory and co-ordinate its operations. Essential trans
actions can be collected onto magnetic tape (or cards or
paper tape) and periodically piped down a telephone
line to the central-office computer or a service bureau.
Moreover, since a mini-computer is programmable it
can be made to look, to the central computer, like one
of its remote job submission terminals. Terminals on
the mini-system can be teletypes or displays or special
industrial terminals such as those made by Olivetti.
They can be distributed all over the factory area,
wherever data originates or is required. Transmission
of data from point to point occurs by input at one
point and output at another. There is no need to con
vey paper around the company, except where it travels
as a label with goods. Storage of data, such as stores
inventory, orders awaiting completion and jobs in pro
gress, can be on a disk either locally or at a central
computer. The combination of a disk and terminals
allows the system to check all input against known
reference data before it is accepted. It also allows
stored data to supplement input and eliminates repeti
tion of data in different transactions.
In an order entry system, this type of computer con
figuration allows an order to be entered and checked
in the office, relayed immediately to the store as a re
quest to pick goods from the shelves and finally printed
out in the packing section in the form of an invoice to
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go with the goods. Back ordering of out-of-stock items
can be made automatic. So can filling of back orders
when goods are received. Best of all, the whole prob
lem raised by stock outages can be reduced to a neg
ligible level by keeping an on-line inventory, so that
the customer can be told immediately if his order
cannot be filled. He can then order alternative goods,
cancel the order or place a back order, just as in retail
selling across a counter.
The only problem is when and where to do sales
analysis, printing of monthly statements, stock forecast
ing and control of debtors. The answer, if you are rich
enough, is on your maxi-computer or if not, on a ser
vice bureau. Normal turnaround can be achieved by
having the mini-computer create data for carrying to
the computer, faster turnaround by having the mini
computer masquerade as a remote job submission ter
minal. x(
Another future use of mini-computers is where dis
play terminals are used for conventional data prepara
tion. A disk can be used to accumulate data and also
to store reference files used in checking data fields (e.g.,
product codes). It might also be possible to use it for
swapping programs in and out of core, so that each
terminal could be using its own copy of a complex
editing program. The slower response time could be
justifiable in certain applications such as syntax-check
ing of program statements. Using the disk, it is possible
to merge blocks of data prepared on different terminals
before sending it to the main computer for processing.
This merging operation is extremely cumbersome with
systems which key data direct to magnetic tape. An
optional extra of the system could be a small printer
to obtain listings of programs and data which had
been punched. Another extra could be a cartridge tape
or cassette tape input/output device to be used for off
-loading and re-entering data files, to save congestion
of the disk. It is conceivable to put this system directly
onto a channel of a larger computer and make it look
like a card-reader or a tape-controller with an unlimit
ed number of drives from which the main computer
reads transactions and program source files. It would
be possible to implement such a system under a re
latively simple maxi-computer operating system such
as DOS. The reliability of this mini-system can be
enhanced by duplicating the mirii-computer and the
disk.
These applications are possible now for reasonable
cost. All it takes is software.
Obtaining special software with a mini-computer
system is not easy. Since the hardware costs so little,
it is impossible to “bury” the software costs in the cost
of selling the hardware, as is so often done with larger
on-line systems. The traditional solution has been for
the mini-computer user to provide his own software
starting with compilers and assemblers which are sup
plied with the machine. Where the user cannot do this,
he must purchase the software separately. The best*
place to do this is with an independent software com
pany.
Another problem with mini-systems is that the pro
cess of software development is not as easy as on larger
machines. A mini-system may not have a high-speed
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line-printer in it. This makes printing of assembly list
ings and core dumps a slow process. Similarly the
process of loading and linking a complex system of
subroutines is likely to be more cumbersome than on a
large machine. These difficulties are partly offset by the
greater simplicity of mini-computers. There are fewer
things to worry about when programming, which makes
the job easier. Perhaps the best ultimate solution is to
use large machines to develop mini-computer software.
If a large machine were sufficiently accessible, it could
be used to assemble, load and link mini-computer pro
grams, producing as final output absolute core-images
which could be run by a simulator on the large machine
or could be loaded and run on the target machine, even
if all it had was a paper-tape reader and punch.

• In addition to the localised applications mentioned
above, there are tremendous applications waiting in the
fields of stockbroking, containerised shipping, process
control and control of automated warehouses. It is to
hoped that mini-computers will do much to streamline
and improve the services offered by business over the
next few years/ Only then will computers begin to act
on ordinary men in a manner which is other than
abrasive.
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Book Review
Ralph L. Bisco, Data Bases, Computers, and the Social
Sciences, Wiley-Interscience, 1970, 291 pp. SU.S.12.50.
Lest the title prove misleading, this book is not about
computer data bases nor about computers and certainly not
about the social sciences. Rather it treats problems associated
with the generation, integration and processing of data bases
from the viewpoint of the social science researcher. However,
the universal nature of these problems makes the book an
equally suitable reference for all scientists and administrators
who are interested in developing computerised information
storage and retrieval systems.
The book is a product of the Fourth Annual Conference of
the Council of Social Science Data Archives held at the
University of California at Los Angeles in June, 1967. Sixteen
papers of the conference have been rewritten and edited
together with overviews by Ralph L. Bisco under the follow
ing headings:
1. Problems and Prospects.
2. Government as the Major Producer, User and Archivist of
Social Science Data Bases.
3. Case Studies in the Development and Use of Complex
Data Structures.
4. Computer Systems for Managing Complex Data Structures.
5. Handling Missing-Data Problems.
6. Data-Linkage Problems and Solutions.
7. The Protection of Privacy.
Inevitably the depth of coverage of these topics varies and
for none is it complete. However, there is a list of references
with each chapter.
The introduction and first two papers set the general theme,
“truth is not in the facts, truth is in the relationships among
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them”. Some familiar sounding problems are enunciated along
with the hopes for complex content analysis of data bases.
The authors describe organisational problems, both historical
and those in the currently developing automated social science
archives in the United States, and they raise the pervading
question about “the organisation required to make data avail
able for uses beyond the purpose of the original collection”.
One limitation to secondary uses of data is the privacy con
straint. The U.S. government possesses large data bases con
cerning individuals and the commercial and social structure.
Part 2 defines some of the data bases and the idea of forming
a statistical data centre which does not reveal information
about the individual per se. Further comments on privacy
occur in Part 7 where some limitations are given on the use
fulness of data which has been aggregated to protect privacy.
Part 3 consists of two case studies on the generation and
use of a data base for a particular project. The first provides
some useful insight into the total system design, from interview
’collection of data to find analysis in complex data files. Part
4 is a brief description of two data base management systems,
with emphasis on the user facilities. Parts, 5 and 6' consist of
papers on isolated problems falling under the respective
headings! Two of the papers treat the identification of areas
and ..locations, and a common problem is the relating of data
in different data bases concerning the same individual units.
The book may prove a disappointment to computer scientists
for never does it address the obviously related problems of
structure and restructuring within the computer data bases.
However, this was not its purpose, the book being directed to
social scientists, library scientists and archivists. It is mainly
a reference text and its material is already more than four
years out of date.
J. L. SMITH.

The Australian Computer Journal, Vol. 3, No. 1, February, 1971

Character Blurring
jj*

By B. Rosenberg

When a character is printed the ink may diffuse and produce a blurred representation.
Further analysis of the character is then prevented unless the underlying shape is recovered.
An operation is presented here which reverses the diffusion process and displays the under
lying structure.

INTRODUCTION
The discussion below shows Bell’s equation to be a
For research into Character Recognition several
special case of a more general treatment.
hundred characters were each represented as a set of
grey scale values, S, in the range 0-63 on a 40 x 20
A DESCRIPTION OF BLURRING
array. As a result of ink diffusion and scanner opera
Assume
that, at time t, ink flows from P0 to neigh
tion a few of these characters appeared very blurred,
bouring points Pi, , P„. Let K, R0 (t) be the amount
e.g., Figure la. If there had been no blurring the
of ink that flows from P0 to Pt in unit time.
character would be represented by a set of grey scale
The total amount flowing from P0 to each P,
values, U. By analogy we will call the transformation
=
R0 (t) SKt
i = 1, . . , n
that takes U into S a process of diffusion. It would be
valuable if this diffusion could be reversed so that U
If Ki is the coefficient of diffusion relating P0 to
were recoverable from S. This does not assume that
Pi then the flow from P,; to P0 will be K-. Rt (t). The
grey scale values are directly proportional to ink
amount flowing into P0
density, processing is between sets of grey scale values
=
SKi Ri(t)
i = 1, . ., n
only. However, we will identify the transformation of
And so R0 (t + 1) = R0 (t) + SK, R, (t)
S, i.e. an approximation to V, with the digitized repre
— R; 0) -K;........... (3)
sentation of the undiffused structure underlying S, i.e.
or
R0
(t)
=
[R
0 (t + 1)
U. In going from V to S, and S to U, we will be
— %K, Ri (t)} / (1 — SKJ........... (4)
modifying grey levels; however, to convey the analogy
Equation
3
gives
the ink flow from P0 in unit time,
we will refer to this in terms of ink flow.
equation 4 gives the ink density at P0 at time t in terms
If the reversal is successful then other operators can
of the next state, P0 (t + 1). But at time t + 1 the
be applied to find the contour (Rosenberg and Wilkins,
1968) or the skeleton of the character (Rosenfeld, • density values Rt (t) are not known. However, as K,
is small we can assume K, R, (t) = Kt R, (t -j- 1)
1970). As contour trading involves gradieent tracking,
with a blurred character this will often give a meaning
A Ro (0 = [R. ( t+ 1)
less blob.
Skeletonising usually requires that the
— SK, Ri(t + 1)} / (1 —%K;......... (5)
pattern be thresholded to give a binary representation,
Equation 5 describes the diffusion process. But as
which, again, in this case will produce a blob. Even if
we wish to reverse the diffusion (by increasing itera
not disastrous it is clearly preferable to process the
tion), it is convenient to express the equation with a
form in Figure lb than that in Figure la.
reversed time scale:
Operators intended for overcoming blurring gener
R0 (Z+l) = [R0 (Z)
ally are ad hoc processes (Levine, 1969) such as
— SK, Ri (Z)] f~(l — SKi ........... (6)
replacing a grey-scale by a local average. An excep
Now suppose that i = 1, . . , 8 and K = K then from
tion is the approach adopted by Bell (1968). He
(6)
assumed that the ink flow was analogous to heat diffu
R0
(Z + 1 =
sion,'for which Poission’s equation holds.
[R0 Z) — KSRt (Z)}/ (1 —8K)......... (7)
dR
For 8K<1
(1 — 8K)->
i.e.
K^R = —
0<K<1 .......................... (1)
= I + 8K+ 64K2 + . . +
dt
— 1 + 8K
for if 8K<1 then
R = grey-scale value at point P, t = time and K
64K*«1.
= constant of diffusion.
Then (6) can be approximated by
Bell assumed a rectangular grid and that diffusion
from a point Po was to its contingent neighbours PI,
R0(Z + 1 = (1 + 8K) R0 (Z) — (K+ 8K2) %Rt
. . . , P8. As an iterative approximation to reverse the
= (1 + 8K) R0 (Z) — KSR,................(8)
diffusion he used:
Comparing (8) and (2), it is seen that Bell’s approxi
R0 (t + 1) = (1 + 8K) R0 (t) — K SR,
mation to the Poission equation can be derived from
i = 1, . ., 8............... (2)
(6).
* Division of Computing Research, CSIRO, Canberra.

Manuscript received October, 1970.
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FIGURE 1

SMUDGING AND UNSMUDGING

Most of the characters to be classified had limbs
four or five units wide. This suggested that diffusion
was only to contingent cells in each time unit. To
simulate this a line was randomly assigned “black”
values, Figure 2a. Equation 3 was applied with
K, = K, i — 7, ... 8. Figure 2b shows the effect after
three iterations; the line appeared very similar to the
straight limbs of the data. These values were obtained
with K = 1/32, i.e. %K — i.
The process is reversed by applying equation 7 with
K = 1/32. With three iterations the original line is
recovered, Figure 2c. The grey-scale values are not
identical as the equations are approximations. During
the reversal if a negative value was produced it was set
44

to zero, so propagating a small error. In this context
it is not meaningful to have negative ink density values.
At the third iteration the values were either zero
or clustered around 58. As expected, further iteration
caused little change, and not until the 25th iteration
was another point removed.
The procedure was
repeated with K — 1/16, 1/24, 1/48. For a low
number of iterations, n, it was found that n iterations
nK
with K gave similar results to m iterations with — as
m
the diffusion constant. (Bell also noted this effect.)
Equation 7 was also applied to the character shown
in Figure la. However, no significant improvement
occurred. The distribution of grey-scale values suggests
The Australian Computer Journal, Vol. 3, No. 1, February, 1971
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that diffusion is not limited to contingent cells, but is
within a 7 x 7 array centred on P0. The problem then
is to assign appropriate values to Kh i = 1, . . . , 48
(excluding P0). From the preceding experiments it
seemed appropriate to take S2G =1/3.
The first approach was simply to set K, = K =
1/(3.48), i.e. sfc = 1/3.
Equation 6 was then applied to the character in
Figure la. By the third iteration the character was
appreciably cleaned, Figure lb. Each additional itera
tion caused a lesser change than the previous. As
before, change in K could be compensated for by
change in the number of iterations to produce charac
ters with very similar grey-scale values.
The next step was to choose a function so that
Ki = Kf (d)
and
S,K, = 1/3
i— 1, . ., 48
where d is the distance of Pt from P0. Gaussian and
exponential decay functions occur as blurring functions
in optics and so experiments were performed with
K; = K exp (—d'/k) ..................... (9)
and Kj = K exp (—d/k') .................... (10)
The Australian Computer Journal, Vol. 3, No, 1, February, 1971

with K' a constant, e.g. K' = 4, 6, 10, 20 where K'
= k or k'.
In each instance the third iteration was compared,
fn many cases although a good contour was produced,
the grey-scale values were high. The same was true
when applying the functions to a smudged version of
the generated line. Figure 2a, b. For both functions
reasonable results were obtained with K'y- 6. This
implies that the coefficients are not critical, but their
values should not be high only on the points contingent
to P0, and low elsewhere.
This operator could also be useful in a scene con
taining more than one object. For example, Figure 3
displays two lines and their state after three iterations.
Gradient tracing, or thresholding and then skeletoniz
ing, would obviously be misleading in this situation.
However, reversing the process uncovered the under
lying structure. The example shown used equation 10
with kf = 20 and 1K-, = 0.3.
For comparison the grey-weighted distance trans
formation discussed by Rutovitz (1968) was also
applied to Figure 3b, and other images. This operator

Character Blurring

was also intended to reverse blurring, but it was not
found to be very effective. Figure 3b, for example,
was further blurred and converted into a single, thick
line. The grey-weighted distance transformation
appeared to be useful only when the change of grey
level is fairly rapid, which implies that blurring is only
over cells contingent to the original image.
CONCLUSION

This paper has given a rationale for applying a pre
Experiment on
processing operator to a picture.
generated data indicates the validity of the model. Its
effect on a “black” picture is to blur it so that it looks
similar to real data encoded on a 64 level grey-scale.
(Repeated blurring can so camouflage the picture con
tent that only someone with knowledge of the operator
could decode it, or even guess the picture had mean
ingful content.) Reversing the operator uncovers the
underlying pattern.
The operator has also proved effective in cleaning
real data, e.g. Figure 1. Ten characters, blurred to the
same extent, were processed using equations (9) and
(10) with K'y6 and by the third, or fourth, iteration a
good representation of the characters were obtained.
Fairly clean characters were also processed; a few
background points were removed, but mainly the
character was unchanged.
An issue not discussed in this paper is when to stop
“unsmudging”.
There are many algorithms which
could be devised. The data used here was printed onto
plain white paper from four typewriters and is prob
ably typical of the conditions in many OCR environ

ments. By experiment, parameters were found which
yielded good results on cleaning the character in three
iterations. By implication a few iterations with con
stant parameters should be suitable for other OCR
environments.
A more general approach would have Rf<< 1 and
stop when the number of points removed at an iteration
exceeded a threshold. The threshold itself can be a
constant or depend on the number of points present
before that iteration. In a like manner when to apply
the operator can be made a function of the proportion
of grey points to white points in the enclosing array.
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Book Review
Nils O. Olesten, Numerical Control. lohn Wiley & Sons Aus
tralasia Pty. Ltd., pp xii + 646, price $20.95.
W. H. P. Leslie, Numerical Control Users’ Handbook.
McGraw-Hill Book Company Aust. Pty. Ltd. pp xi + 470.
Numerical Control is here to stay. This technology extends
over a wide range of manufacturing industry in other countries
throughout the world and the rate of its growth in the same
direction in Australia is increasing rapidly:. However, o,ne of
the problems to management and shop floor staff alike is the
lack of practical and technical information on the subject.
The executive has a need to obtain a basic understanding of
the types of systems available and their functions and uses,
sufficient to enable him to decide when and how his company
should become involved. The shop floor staff needs are those
of reference manuals for training and education purposes.
Technical Colleges and similar education organizations are
also becoming involved in training in this field and must be
affected by the lack of adequate technical and practical infor
mation available.
The books by Nils O. Olesten and W. H. P. Leslie are both
comprehensive in their coverage of the aspects of Numerical
Control and provide the current need for a suitable handbook.
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However, each book has expanded some its, chapters to more
fuller descriptions and the subject matter differs in each book.
Olesten has given excellent coverage to the Control systems
and the Data Processing and Support Equipment associated
with Numerical Control machines. Leslie has concentrated on
more fuller descriptions of the programming techniques asso
ciated with Numerical Control machines. The acquisition of
both these books would form the ideal basis for a library on
Numerical Control.
However, for those wishing to choose between the two,
Olesten’s book is favoured. The inclusion of the chapters on
Control Systems and Support Equipment gives an opportunity
to gain an insight into the functions of control. Any good
executive engineer or technical man would want to have some
understanding of the functional aspects of any equipment he
may be considering. Each chapter can be read in isolation
but this does not prevent the book from flowing smoothly
and sufficiently covering all aspects of Numerical Control.
Leslie’s book is a collection of articles written by various
writers and some information is duplicated. The/complete
picture cannot be covered from this one book.
S. E. SILK
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Letter to the Editor
The Editor,
Dear Sir,
While not having the benefit of the entire article,
“Improving Programming Performance” by Mr. H. F.
Brophy, May 1970, the review in a recent Data Pro
cessing Digest 16, No. 10, pp. 17-18; generated suffi
cient interest to prompt this letter.
The initial concept of the programmer as the prob
lem solver and creator of the required system is rapidly
being replaced. The natural tendency of the pure
programmer is to overlook user requirements while in
pursuit of the program challenge, the ability to do his
own thing. From this circumstance is evolving the
link, the link between the user, the programmer, and
management. This link is the system analyst, part
programmer, part engineer, all systems oriented. This
individual is the user problem solver, can it be auto
mated and at what expense, are his questions. If it is
determined that the task is feasible, then the actual
implementation is completed by the programmer to the
analyst’s specifications. The only constraints and re
quirements placed on the programmer are those norm
ally expected, size, time, and cost. The mechanics and
techniques are his to choose.
In the second area addressed, standards and docu
mentation, we have developed a standard approach to
each new development. Each program development,
or modification, is split into five phases, two for
specification development, two for programming, and
one for customer acceptance. In general, the first
phase, Phase 0, is a general system specification writ
ten by an analyst to provide basic information for pro
grammer and user review. This phase usually re
quires two days to four weeks depending on the com
plexity of the system to be implemented.
In Phase 1, the detailed system specifications are
developed. Here, the record layouts, reports to be
generated, user requirements, language to be used, and
development schedule are gathered and agreed to by
user, programmer, and management. This document
constitutes the agreed to end item and freezes the sys
tem design. The programmer has had the opportunity
to participate in the design development and review,
and the schedule is his responsibility. This phase could
last from one to twelve weeks, again depending on the
system complexity.
The third and fourth phases generally blend into one
called system development. It is during these phases
that the programmer is given his way in coding, design,
and testing techniques. The only constraints binding
him are the ones agreed to in Phase 1, and his imagi
nation or skill. It is in these phases, that most pro
grammers excel and blossom.
The final phase is the real test. Have the analyst
and programmers really succeeded in their efforts?
Have these two jobs been completed to the satisfaction
of the target, the user? It is here that a final review

and acceptance testing is completed for the user to
insure that the delivered item is the item agreed to
many weeks before. As the user is the buyer, his
satisfaction is necessary for future business.
This phased methodology has proven successful with
the analyst, programmer, and user, and provides many
check points for management review.
As to the documentation requirements and stan
dards, they are essential to future program mainten
ance and the user. Utilization of machine systems
similar to AUTOFLOW, FORTFLOW, and COFACT
aid in the establishment of standard program flow
charts, and additional standards as to record layouts,
printed outputs, program preambles, and in-line com
mentary, all help ease the problem of personnel assign
ment criticality. If a person cannot be replaced on
a developed program, then that individual has not
fulfilled the task assigned. The adoption, review, and
enforcement of standards by management is a neces
sity. A word of caution, however. The standards
should be clear and meaningful to the programmers.
In other words, what do the programmers feel is
required to insure ease of change or support of an
existing system.
In the area of generalized programming packages,
much progress is being, and has been, made. The
packages can prevent the re-invention of the wheel
each day, each program development. However,
generalized packages are not a cure-all if the system
has to be designed to fit an existing package with the
inherent inflexibility of such an arrangement. Addi
tionally, the restrictions of timing and core limitations
t can often preclude utilization of an existing module
or subroutine. Perhaps some day, with the continued
decrease in machine cycle time and increase in avail
able storage, even these restrictions will be removed.
The idea of choosing programmers for task assign
ment in line with their programming skills sounds like
a good management decision, However, opinion,
management, and professional surveys reflect just the
opposite feeling is prevalent among programmers. In
general, they do not want to be,known as the COBOL
expert, the BAL source, the financial applications
wizard. Instead, they want to develop multiple skills,
a broad programming base which covers a basic
knowledge in many areas. In truth, they want the
same opportunity to try and succeed or fail just as
any other professional has been given. After all, the
programmer of today is just that, a professional.
Finally, I can not be in more agreement with the
comments on training. Training is key. However,
mere training without benefit of practical application
is not profitable to the individual or to managemenf,
keying back to letting each man try to succeed at
something new and challenging. Continued training
through seminars, conferences, and in-house applica
tions are all required to maintain that professional
commodity so slowly obtained.
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Letter to the Editor

Through exposure in systems development within
the government and industry, with applications cover
ing diagnostics, to finance, to simulation, I have had
the opportunity to work with analysts and program
mers. A lot of the points that I have made here
have been learned the hard way, through trial and
error, employee-management discussions, and man
agement review. They all represent ways of approach
ing the interface of the people and task involved with
a flexible, dynamic field, programming.
R. E. FLOYD
Custom Systems, C41,
International Business Machines Corporation,
Cape Kennedy, Florida, 32922,
US.A.

AUTHOR’S REPLY
Although Mr. Floyd’s letter is based on the review
only, he has correctly interpreted most of the senti
ments expressed in my article.
The source of any difference of opinion is probably
a difference in conception of definition of the
programming task. Mr. Floyd seems to confine the
programmer to the task of coding, although granting
him discussion in systems design. I regard pro
gramming as including the whole spectrum from lowlevel coding through program and system design to
problem synthesis. But I hold to my remark that in
all of these fields (whether different people or one
man with several hats be involved), there are two

important activities — problem solving and communi
cation.
Although Mr. Floyd’s five phases seem to provide
a worthwhile ideal, in practice the handing over of
specifications to a programmer rarely solves all his
problems, since he is subsequently involved in more
than mere translation or satisfying constraints such
as core, cost and time.
Further, there are continual cycles between user,
analyst and programmer (coder). Although the use
of these cycles to change specifications should be
strenuously eschewed, unforeseen problems will arise
and demand discussion and solution.
The extent to which plans and designs can be frozen
in one phase and handed on to the next depends on
the size and nature of the task. For the implemen
tation of large systems programs or generalised appli
cations programs, the introduction of new ideas and
retraction of old promises inevitably occur during
implementation.
Finally, the concept of fitting the man to the job
has as its objective the efficient allocation of resources
— which often conflicts with another management
objective, that of keeping everyone satisfied, includ
ing programmers who tend to be one of the scarcest
and most cantankerous resources. Whilst not denying
any programmer a chance to demonstrate his ability
(or lack of it), the manager must evaluate past per
formance and avoid misfits.
I find I am generally in agreement with Mr. Floyd’s
other points.
H. F. BROPHY

1
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A dirty tape can make
a computer look stupid.
Dirty tape causes data dropout.
And data dropout puts computers
down. And that costs money.
That’s stupid.
An intelligent solution is clean
tape. RCA Computer Tape.
It starts cleaner because every inch

of every reel is tested and certified
in the most impeccable of white-room
conditions. (We don’t think statisti
cal testing is good enough.) And it
stays cleaner, longer.

Result: Fewer dropouts and more
efficient computing.
Smart computers need clean tape.
Contact RCA Limited,
II Khartoum Rd., North Ryde 2113.
Phone 88.5444
Clean tape is all we know.

Itc/I

RCA Limited,
11 Khartoum Rd.,
North Ryde 2113
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nova
minis
have
the best
power- toweight ratio
in the business
and the best performance to dollar ratio too!
3 New Models—the SuperNova SC, the NOVA'1200 and the NOVA 800
— all professional 16-bit general purpose mini-computers with a host of
applications from commercial to scientific — offering^the system builder or computer
purchaser the best performance, flexibility—and, value for money.
SUPERNOVA SC: The first mini computer with a high-speed all monolithic memory
making it the fastest mini computer in the world.
$
NOVA 1200: The first mini computer to take .advantage of large- and medium-scale integration,
(1200 nanosecond cycle time), extremely reliable, and considerably less expensive
than any other mini computer at its performance level.
NOVA 800: A new machine that offers even more speed and performance than the Nova 1200
for the man who needs it. At a price he can afford.
All NOVA’S are compatible, they use the same software, the same I/O
Interfaces, the same peripherals and fit in the same amount of space.
Power to weight—performance to dollar— Computer Systems
Systems expertise, service, support, and the
, availability of a full range of software and
pperipherals, all from Fairchild in Australia.
You’d lilfe to know more about the 3 new NOVA’S?
1

,

AUSTRALIA PTY. LTD.

420 Mt. Dandenong Road, Croydon, Vic. 3136
Telephone: 723 4131
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News Briefs from the Computer World
“News Briefs from the Computer World” is a regular feature which covers local
and overseas developments in the computer industry including new products,
interesting techniques, newsworthy projects and other topical events of interest.

SPEEDY SMALL COMPUTER
INTRODUCED
Medium-scale integrated circuitry and improvements
to hardware have resulted in a new small computer,
the PDP-8/E, being 20% faster than its immediate
predecessor, but 40% cheaper, according to the manu
facturers, Digital Equipment Australia Pty. Ltd.

The same 12-bit word structure is maintained as
before but with a memory cycle time reduced to 1.2
micro-seconds and an addition time of 2.6 micro
seconds. The basic configuration of 4k words of core
can be extended in 4k modules to a maximum of 32k.
Read-only or protected read-write memory can also
be added in increments of 256 words.
The PDP-8/E has an additional general-purpose
register that becomes a multiplier and quotient register
when the eextended arithmetic option is added. The
average multiplication time for the 24-bit product of
two 12-bit numbers is then 6 micro-seconds — consider
ably faster than when using programmed subroutines.

CETIA EXHIBITION
Technological advances in the electronics industry
are being shown by Hewlett-Packard Australia Pty.
Ltd. at the National Control Electronics Telecom
munications Instruments Automation Exhibition
(CETIA) in Sydney.

The following range of equipment is on display:
The 3 721A Correlator, oscilloscopes, spectrum and
network analyzers, 3960 Instrumentation Tape Re
corder, microelectronics products, general electronic
test equipment, 9100 System Programmable Electronic
Calculator, digital data products.

The new IBM System/7 in an industrial environment.

SENSOR-BASED SYSTEM/7 RELEASED
A computer system now available can measure, test,
analyse and control industrial and laboratory events.
It is described by the manufacturers as highly reliable
yet is low in cost.

The system is designed to operate unattended in
environments ranging from petroleum and chemical
plants to steel mills, power sub-stations and medical
laboratories.
System/7’s memory is built with the same all-mono
lithic circuit technology recently announced for IBM
System/370 Model 145. The logic circuitry, also allmonolithic, operates at 8 to 12 nanoseconds (billionths
of a second).
The advanced technology, in addition to providing
high reliability and speed, allows the smallest version
of the modular System/7 — including processor, inputoutput module and power supply — to be housed in a
unit requiring less than nine square feet of floor space.

Scores of remotely located sensing devices used in
manufacturing, process and laboratory functions can
be attached directly. The computer can sample as
many as a quarter-million instrument readings a second
and analyse them almost instantaneously, according to
IBM.
Among the many applications the system is designed
to handle economically are:
© manufacturing shop floor control, production moni
toring, quality control testing and materials handling;
• process control in the production of oil, chemicals,
paper, glass, rubber, metals and textiles;
• laboratory automation of chromatographs, spectro
meters, blood analysers and other scientific equip
ment;
»
• telemetry data acquisition, physiological monitoring,
wind tunnel data analysis, engine testing and en
vironmental and pollution monitoring.
xi
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THE UNIVERSITY OF SYDNEY

LECTURESHIP

Continuous Stationery Guillotines & Decollators

B0WE — Will

handle Quickly and Efficiently all

Continuous Stationery Separating & Cutting Requirements
BASSER COMPUTING
DEPARTMENT

____

Applications are invited for a
Lectureship position in the Basser Computing Department within
the School Physics, University of
Sydney. Applicants should have
a background and experience in
Computer Science. Other things
being equal, preference will be
given to applicants with experi
ence
in
numerical
analysis,
operating system design, opera
tions
research
computations,
simulation, computer graphics, or
the use of computers for control.
The Department is equipped
with an English Electric KDF9, a
CEC 1700, an IBM 7040/1401,
and a PDP-8 with display facili
ties.
All these machines are
being interconnected to operate
as a network under computer
control. In addition, it is hoped
that the installation will be con
nected to a regional computing
centre in the near future.
The Department conducts a
post-graduate Diploma and, in
addition to an Honours year in
Computer Science, offers courses
in the third year of a B.Sc. se
quence, and in the early years of
B.A., B.Ec., and B.Sc. sequences.
Appointee will be expected to
participate in the Department’s
teaching programme, and to en
gage in research of his own
choosing.
Salary range $6,318-$8,760 p.a.
(Following National Wage Case,
6% increase under considera
tion.)
Information concerning posi
tion available from Professor

J. M. Bennett, Professor of Phy
sics
(Electronic
Computing),
Basser Computing Department,
University of Sydney.
Applications by 19th March,
1971, to Acting Registrar, Uni
versity of Sydney, N.S.W. 2006,
from whorrii information about
conditions of appointment, super
annuation, housing, etc., is avail
able.

The Bowe 302 Guillotine cuts
with four clean edges and
stacks single or multi-part
sets of continuous forms at
speeds up to 24,000 2in. form
cuts per hour.
Variable side trimmers and
centre cutting facilities exist,
Form depths of 1/6in. or
Vsin. increments in various
cutting sequences are controlled by programme cards.
One required for each form^
Machine operates hidependently or if required on line
with decollator or computer
printer.j Forms length cutting
range ^1 in. to 31-5/6in. and

1in. to 31% in. in widths
31/2in. to 20in.
The Bowe 401 Decollator
range based on unit constructjon can be SUpp|jeCj to handle
Up
eight-part continuous
carbon interleaved sets,
jhe carbon paper is wound
on spindles and is easily
removed after decollation,
Operating speeds of up to
7ft per sec can be achieved.
Remote control handle alldws.
for operation of machine from
any position along its length,
Paper dimensions width with
margin Jin. to 20in. Folding
depth maximum 12in.

Bowe equipment wiJFbe displayed at the forthcoming Instru
ment Electronics Exhibition commencing March 29, 1971 and
we invite your inspection at our Stand, No. 42, located in the
western annexe of the Melbourne Exhibition Buildings.

SPICERS BUSINESS MACHINES PTY. LTD.
(A subsidiary of Spicers Paper Industries Ltd.)
MELBOURNE

SYDNEY

BRISBANE

Agents: Thornquest Press, S.A.; Barclay & Shariand, W.A.
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COMPUTER CONFERENCE TO
EDUCATE MANAGEMENT

“The key issues of the labour problem, what is being done
by the labour organizations and what does the future
hold?"
Mr. R. J. Hawke,

A conference designed to promote a better under
standing of the uses of computers in modern manage
ment — “Computers and Your Business 1971” — will
be held on March 29 at Dallas Brooks Hall, Melbourne.

President, A.C.T.U.

Availability of space is restricted, report the orga
nisers, and ask that persons wishing to attend should
contact them in Sydney or Melbourne quickly. Ad
dresses are National Conference Consultants, 265 Glenmore Rd., Paddington, Sydney; and 3/242 Toorak Rd.,
South Yarra, Melbourne.

The organisers say that the conference will aim at
providing directors, senior management and depart
mental managers with the type of information, without
the necessity of having a deep technical knowledge of
computerisation, that will help them in understanding
and assessing the functional role of computers and
ancillary equipment.
The foremost authorities on computers will address
delegates while the latest equipment available in the
country will be displayed and explained.
The conference will be held simultaneously with the
largest computers and ancillary equipment show held
in Australia, The 2nd International Instrumentation,
Electronics, Computers, Control Equipment and Com
munication Show. This will be in Melbourne also.
Papers and their authors on the agenda are:

PLOTTING SYSTEM SUCCESSFULLY
TRANSFERRED
A Cal/Comp plotting system combining a Model
110 Plotter Controller, basic software and drum plotter
has been transferred successfully from an IBM 360/65
to an IBM/155 configuration without modification of
programming or electronics.

The installation at IBM’s Systems Design and De
velopment Division, Boulder, Colo., marks the first
time the compatibility of Cal/Comp plotting systems
with the System 370/155 has been demonstrated.
Plotter applications at the installation include bar
and graph charting, engineering drawings, data reduc
tion and density-pressure vs. speed design of new
equipment.

"Management Information Systems is the issue — and the
Computer is the tool."
Professor F. J. Willett,

Head of School of Business Administration, University of
Melbourne.
"What are the key issues and problems of medium to large
computer installation? What developments can we expect
during the 70's?”

GENERAL MANAGER APPOINTED

Dr. F. H. Barr-David,

Marketing Director, I.B.M.

Mr. David S'. Greatorex, IBM Director of Plan
ning & Services, Australia and New Zealand
Region, has been appointed General Manager,
IBM World Trade Corporation, New Zealand.

“Planning Administration, personnel, slock control, decision
making — How can these key areas be improved by
automated business systems equipment?"
Mr. J. Alcock,

Mr. Greatorex takes the place of Mr. W. J.
Wills who recently retired as General Manager.
Mr. F. Hall, Acting General Manager, returns to
Australia at the end of this year.
Mr. Greatorex joined IBM in October 1957.
He has held various sales and sales management
positions in both Sydney and Melbourne. Prior
to his New York assignment he was Data Pro
cessing Sales Manager for Victoria and Tasmania.

Federal President of the Institute of Business Administration.
“Management needs information systems — what automated
business equipment is available on the market to supply
this need, justification and evaluation?"
Mr. R. Hadley,

Marketing Service Manager, National Cash Register Co. Pty.
Ltd.
“The data processing service industry, what can it offer busi
ness today; problems and future developments."
Mr. J. J. Scott,

Chairman of Directors, IDAPS Ltd.

Or'

,

FASTFORMS

U-S tins

DA TA PROCESSING FORMS
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Cook & Heathcote Pty. Limited
37 Thistlethwaite Street Sth. Melbourne
Victoria 3205 Telephone 69 5225

V.s^0^ Cocott
secuT* -

Sydney Office:
42-44 Albany Road, St. Leonards
N.S.W. 2069 Telephone 439 2277
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dive the floor to your computer...
and watch him perform!

. but it has to be the
right kind of floor and
the right depth of
floor. Very important to
a sensitive computer.
Via-Flor understands
the computer.
And other highly
sensitive electronic
equipment.
We’ve designed
frameworks on a
jacking system, to level
the surface perfectly...
yet be strong,

rigid, electrically
conductive to handle
induced currents,
and high enough to keep
all those unsightly
cables and junction boxes
out of harm’s way.
We’ve come up with a
whole variety of wearing
surfaces — each one
available in short modular
lengths to give you easy
access to under-the-floor
problems. In fact, all
of these modular squares

are precision machined
to be easily lifted and fully
interchangeable.
And we’ve eliminated static
electricity problems for
you... so successfully that
we’ve been tested, used
and recommended
by computer suppliers
throughout Australia.
Ask about ourflooring for
your computer or for any
highly sensitive electronic
equipment to be installed.
It’s a fact of life...
give the right floor to
your computer — and he’ll
perform for you.

i

Via-Flor flooring system
computer Mark II.
Aust. Patent No. 291683.
Reg. Designs No. 47809 & 47810.
Matthews Ave. Airport West 3042.
V.I.A. Limited, Tel.: 338 3811.
20849/116/70

xiv
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IT COSTS
JUST $2,132
TO READ PAPER TAPE
AT 1000 CHAR/SEC

LEARN PROGRAMMING
Unlimited practical time on our computer
is available to all students
E.D.P. APPRECIATION

1130 ASSEMBLER
PROGRAMMING

Full-time day course for duration
of three weeks or part-time night
course of six weeks.

Full-time day course for duration
of six weeks or part-time night
course of twelve weeks.

COBOL & P/L1
PROGRAMMING

FORTRAN PROGRAMMING

Full-time day course for duration
of five weeks or part-time night
course of ten weeks.

FACIT 4001

Full-time day course for duration
of five weeks or part-time night
course of ten weeks.

FREE APTITUDE TEST

SYSTEMS ANALYSIS

Full-time day course for duration
of three weeks or part-time night
course of six weeks.

Regular tests are conducted
prior to acceptance for Taylor’s
Programming Course.

Full details obtainable from our brochure EDP/1.
□ Interfaces to all computers
□ Small size 17”x12”x8”

BLOCK TIME

□ Backed by the FACIT name

AVAILABLE TO ENGINEERS & SURVEYORS
$45.00 per hour

Telephone for a demonstration, 439-7522

ELECTRONIC

ASSOCIATES

PTY.

48 Atchison Street, St. Leonards, N.S.W. 2065.

TAYLOR9S
SCHOOL of COMMERCE

LTD.
439-7522

300 Little Collins St., Melbourne. 3000. 'Phone 63-2566

Interested in data processing news?
COMPUTER WEEKLY HAS THE LATEST ABOUT PEOPLE, TECHNIQUES, TRENDS

/

AND EQUIPMENT IN AUSTRALIA AND FROM OVERSEAS.

/
/

Computer Weekly the national newspaper directed at the data processing
industry. Features will include the week’s news with an emphasis on the
people who make it, new developments in equipment and techniques in .
Australia and overseas and the innovative aspects of current installations.
^

If you work for a computer bureau, supplier, or are engaged in data
processing work, you may be eligible to become a qualified (and free)
reader of Computer Weekly.

/

JUST FILL OUT THE COUPON, CLIP AND MAIL NOW!

/

™ Computer Weekly,

/

PETER ISAACSON PTY. LIMITED,

/
/

46-48 PORTER STREET, PRAHRAN, VIC. 3181

/

/

/

*

/

FREE OFFER OF COMPUTER WEEKLY TO QUALIFIED READERS

/

V

/
»P

/
J*"

J9

/
The Australian Computer Journal, Vol. 3, No. J, February, 1971

XV

PUTER

WANG
PLEADS THE 12th
AMENDMENT

conference

COMPUTERS - YOUR BUSINESS 1971
DALLAS BROOKS HALL, ALBERT STREET, MELBOURNE

MARCH 29, 1971
Held in conjunction with:
The 2nd International Instrumentation, Electronics, Computers, Control
Equipment and Communications Show,
in association with:
Australian Institute of Business Administration.

The 1971 Computer Conference has been designed to
promote a better understanding of the use of computers in
modern management.
PROGRAMME

The new model 500 up-grades sequentially
by the in-field addition of 11 hidden modules.
All options may be added at any time in your
office. This allows the 500 to take one of
12 separate configurations to expand with
your requirements. Compare the following
specifications with your requirements:
SPECIFICATIONS
Memory:

2,048 bits to 4,096 bits.

Storage:

16 registers.

f

Programming: Method: Entered by keys or optional
from magnetic tape.
Capacity:

64 to 320 steps. Additional steps may
be entered from (optional) magnetic
tape producing maximum of 16,000
consecutive steps.

Branching:

Unconditional—SEARCH and RETURN
commands allow execution of sub
routines.

Options:

(1) Two increments of extra memory.
(2) 21-column drum printer.
(3) Program Tape Unit.

If these specifications are inadequate, contact us for details of
our 100, 700 and 720 series.

S

ASTRONICS AUSTRALASIA
PTY. LTD.
Melbourne Sydney Adelaide
69 0300
31 6721 23 4022

XVI

Brisbane Perth Hobart Auckland
47 2488 65 4633 23 2711 54 7580

MORNING SESSION
9.30 a.m. OPENING ADDRESS
10.00 — 1st Paper:
“Management Information Systems is the issue — and the Computer is
the tool.”
Professor F. J. Willett, Head of School of Business Administration,
University of Melbourne.
10.50 — Morning Tea.
11.10 — 2nd Paper:
“What are the key issues and problems of medium to large computer
installation? What developments can we expect during the 70’s?”
Dr. F. H. Barr-David, Marketing Director, I.B.M.
12.00 — 3rd Paper:
“Planning administration, personnel, stock control, decision making —
how can these key areas be improved by automated business systems
equipment?”
V
%
j
Mr. J. Alcock, Federal President of . the lnstitute"“‘of Business Adminis
tration.
/
1.00 — LUNCHEON.
>
AFTERNOON SESSION
2.30 —„4th Paper:
“Management needs information systems — what automated business
equipment is available on the market to supply this need, justification
and evaluation?”""
Mr. R. Hadley, Marketing Service Manager, National Cash Register Co.
Pty. Ltd.
3.30 -^5th Paper:
“The data processing service industry, what can it offer business today;
problems and future developments.”
Mr. J. J. Scott, Chairman of Directors, IDAPS Ltd.
4.20 — Afternoon Tea.
5.00 — 6th Paper:
“The key issues of the labour problem, what is being done by the labour
organizations and what does the future hold?”
Mr. R. J. Hawke, President, A.C.T.U.
6.30 — COCKTAIL RECEPTION at the Exhibition Buildings, Melbourne.

V

Further details obtainable from:

NATIONAL CONFERENCE CONSULTANTS
265 Glenmore Road, Paddington, N.S.W. 2021
Telephone 31-7348

Melbourne Tel.: 24-7125
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Man for Man,
Dollar for Dollar,
System for System,
we offer the computer
user more than any
other computer
company afloat
The Other Computer Company

Honeywell
INFORMATION SYSTEMS DIVISION

Phone Sydney 69-0355
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