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Ittakesa
powerful software library
to get the most .
out of a 330 nsec mini.
Introducing the
fully supported VARIAN 73.
What good is a brand-new computer
with the hardware capabilities of the
VARIAN 73 if you have to wait forever
for the software and peripheral systems
package?
VARIAN 73 is loaded, right from
the start. It was designed to take full
advantage of the comprehensive
software and peripheral package
developed for Varian’s 620-series
computers. Even the power-house
operating-system software packages,
VORTEX and MOS, are fully rated on
VARIAN 73. And the package includes
DAS assemblers for programs written in
VARIAN 73 symbolic language. Higher-

language compilers like FORTRAN IV,
BASIC, and RPGIV. Mathematical and
data conversion packages. Editing,
debugging and diagnostic programs.
The works.
And VARIAN 73 is designed for
upward software compatibility with
peripheral controllers and I/O devices
which you can add on as you need them.
Sound expensive? Fully loaded,
VARIAN 73 prices out at less than
systems of half its capability. And
nowhere else can you buy the
combination of super speed, accessible
microprogramming, 64-bit control
words, and dual asynchronous memory

busses. Nowhere—not at any price.
As VARIAN 73’s extendable
architecture unfolds over the year, you
can expect even more from this powerful
hardware/software team. And new
Varian incremental building blocks will
be announced as they are developed.
Like integral floating point hardware.
But right now VARIAN 73 with Varian
software will solve most of your specific
real-time applications. Faster and
cheaper. Call or write,
Varian Pty. Ltd. 82 Christie St.,
St. Leonards, 2065. Phone 43 0673
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RESPONSIVE TO
EVERY DATA PROCESSING REQUIREMENT
In industry, commerce,
government and education through
continuous research and development
and the dynamic application of the most advanced information systems
to resolving individual problems
and the rapid implementation of man’s greatest ideas

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

Honeywell
Honeywell Information Systems
SYDNEY 69 0355

MELBOURNE 26 3351

BRISBANE 21 6683

ADELAIDE 51 6203

CANBERRA 49 7966
H1S.P5
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Infinite
Access
Foors
Developed by Floating Floors Inc., Ohio,
for use in data processing installations, the
Infinite Access Air Plenum system of flooring
illustrated, meets the needs of modern
technology in a wide variety of situations.
The Floating Floor offers the tremendous
advantage of concealing all services. Cables,
piping and ductwork are completely protected at
all times. Each panel is precision manufactured
of high pressure die-cast aluminium to
guarantee limitless rearrangement by simply
lifting and moving panels. This enables
maintenance and reworking to proceed with no
waste of time or disturbance to operations.
The Rintoul Infinite access floor (not
illustrated) was developed by this company
as a less expensive solution to the usual flooring
problems associated with E.D.P. equipment
and open landscaped offices.
The major difference between these two types
of floors is the use of 'rails' in the 'Rintoul' floor.
The somewhat higher original cost of the
Floating Floors' system can be offset over many
years of savings on relocation, modernisation
and maintenance without any excessive
rearrangement cost.

R

Rintoul
PTY, LTD.

10 Minogue Crescent, Glebe, N.S.W.
Telephone 660 6677
Sole Australian agents, for Floating
Floors, Inc., Toledo, U.S.A.
Manufacturers of Infinite
Access Floors
RC73
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Digital Equipment's DECsystem-10
family of computers provides batch
processing, multi-access timesharing,
remote job concentrating (batch and
timesharing together) and real-time
processing simultaneously. This
simultaneity is unique to the
DECsystem-10 and makes it the most
cost-effective large computer system
available today.

There is one operating system for all
DECsystem-10s. All languages,
application packages and programs
can be run without change from the
medium-sized DECsystem-1040 to
the largest DECsystem-1077.
DECsystem-10 speaks in many
tongues, including: COBOL, ALGOL,
FORTRAN, BASIC, APL, LISP, BLISS,
JOVIAL and POP-2. Application
packages include: DBMS, SPSS,
BIOMED, CSSL and DYNAMO. All are
available at interactive terminals as
well as through the batch system and
all can operate concurrently.
The DECsystem-10 range includes
systems from $300,000 to $2 million,
with central processor systems from .4
to 1.7 million instructions per second.
When looking for a cost effective
solution to a large computing problem
evaluate the DECsystem-10.
Digital Equipment Australia Pty Ltd,
123 Willoughby Road, Crows Nest,
N.S.W. 2065, Telephone 439 2566.
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Remember this Team?

PHILIPS

They are now located at 20 Herbert Street, Artarmon, N.S.W.—Philips Systems Engineering Centre.

Control Engineering Spoken Here. We are continually undertaking research and development in the fields
of remote control and supervision, data acquisition, data logging, numerical control, sequential control and power
control, and these resources are freely available to all sections of Australian industry.
. . . With an Electronic Accent.

Electronics is our special skill and, as we see it, our responsibility lies in the
systematic development and application of electronics to match the evolution of process control, with progressive
performance and reliability.

Talk to

US about your Control Problem. There is sure to be a way we can help you . . . improve a process,
reduce costs, speed up output, improve productivity . . . not that we think we know your business better than you, but
simply that we understand electronic process control and would like you to realise its potential benefits. We are glad
to be of assistance.

Philips Systems Engineering Centre
Formerly Industrial Control Division of Mullard-Australia Pty. Ltd.

A Division of Philips Industries Ltd.
20 Herbert Street, ARTARMON 2065. Telephone 43 2171.
252 Sturt Street, SOUTH MELBOURNE 3205. Telephone 69 0141.
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Introducing the
NCR Century 101
It’s the low-priced computer
with the power of higher-priced systems
Another new member joins the growing family of over
8,000 NCR computers working for businesses of all
kinds around the world.
It’s the NCR Century 101. More than just another
computer, it’s a low-priced processor teamed with
high-speed, high-capacity optional peripherals. The
“101” was specifically designed for businesses which
need more than their current EDP system can deliver,
and for those considering the advantages of comput
erizing some of their operations for the first time.
The NCR Century 101 offers a new degree of per
formance in the small-to-medium range. Its high
speed memory, large-capacity disc system and re
mote batch processing communications capabilities
continue the NCR Century Series tradition of offering
a price/performance ratio and upward compatability
that is truly outstanding in the industry.

SYDNEY

211-2188

NEWCASTLE BRISBANE

2-4837

21-5211

PERTH

Call the nearest NCR office (or use the coupon,
if you wish) for the advantages your business can ex
pect from the NCR Century 101. We’ll send, with no
obligation, our illustrated booklet that explains the
important details about the 101 ... and the other
members of the NCR Century family. One of them
could be just right for you.

NC
COMPUTERS
& TERMINALS

HOBART MELBOURNE ADELAIDE TOWNSVILLE CANBERRA

25-7299 34-3887

63-0271

51-8411

72-1722
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What would your
tapes look like after
124,000 passes?

You Know Whose

You’d never run your tapes
that long. We do—as part of
the research we’re doing into
tape failure (after all tape is the
weakest part of any computer
installation).
Here we show the result of
our extended wear test.
On the left a length of youknow-whose-tape. On the right
a length of our new Calculus.
Splice together (the unworn
bits are the overlap). Run back
and forth in an Ampex handler.
No airconditioning. No filters.
124,000 passes across the
head.
A pretty good test, eh?
So why does our tape come
off so much better than youknow-whose? Three reasons:
1) Calculus has such a high
surface conductivity that it
doesn’t build up dust-attract
ing static.
2) Calculus has been formu
lated to give optimum head
and tape wear. The formulation
is new. The lubricants are new.
Shedding—a major cause of
abrasive wear — has been
minimised.
3) We’re so fanatical about
quality that two out of every
seven of our people are doing
quality assurance.
Go on, put our Calculus to
the test. We don’t think you’ll
need 124,000 passes to con
vince you!

Racal Zonal Calculus
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RAGAL ZONAL
The Electronics Group
Magnetic Products Division,
Racal Electronics Pty. Ltd.,
47 Talavera Road, North Ryde,
N.S.W. 2113. Tel.: 888-6444
Computer Tape; Disk Packs;
Instrumentation, Audio & Video Tapes.
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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, in
teresting techniques, newsworthy projects and other
topical events of interest.

PHILIPS TO INSTALL SYSTEM/370
A new computer at the head office of Philips
Industries Ltd. in Sydney will provide more scope for
development of new and advanced programs by the
company’s DP staff for processing of data associated
with the running of the company’s business.
The computer, an IBM System/370 Model 135, will
be used by Philips subsidiaries in the commercial area
of data processing, as well as by the company’s plants
and those of its associate, PYE, in the processing of
manufacturing applications.
At prsent, the IBM PICS programs for production
information and control are being implemented.
The new computer will replace an IBM System/360
Model 30 currently in use by the company. It will
feature Virtual Storage announced last month, which
enables programmers to program System/370 as if if
had up to 16 million characters of main storage.
The Model 135 will have 144K main storage, and
260 million bytes of on-line storage using three IBM
2319’s. A 600 line per minute printer and card reader/
card punch will complete the installation.

NEW COMPUTER OFFERS LARGE ON
LINE DISK CAPACITY FOR USERS OF
SMALLER SYSTEMS
A new IBM computer which gives users of smaller
computers the advantages of massive data storage was
announced recently in Australia and by IBM world
wide.
The new System/370 Model 125 — lowest-cost of
the System/370 line — also joins other System/370
models in offering high-speed monolithic circuit
technology and a virtual storage capacity many times
larger than the computer’s actual main storage. Virtual
storage can significantly help simplify the development
cf new applications.
Up to 400 million characters of disk storage can be
directly attached to the Model 125 to give smallercomputer users unprecedented potential for expansion
into key applications as on-line inquiry and data com
munications networks. This capacity, much greater
than previously available with computers of the same
price class, can store the high-performance data bases
essential to many advanced applications. Information
from any data base can be instantly displayed on the
TV-like console of the Model 125.
Continued on Page ix
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HANOVER the fair...
. . . and its
exhibitor groups '73
Machine construction with emphasis on:
Construction, building materials and road building
machinery
Mechanical handling
Workshop equipment
Testing machines
Woodworking machinery
Nuclear energy, steam and water power
Pumps and compressors
Oil hydraulics and pneumatics
Scales and balances
Valves and fittings
Electrical engineering with emphasis on:
Power production and conversion
Switchgear and equipment
Cables and wiring, insulation material
Communications engineering
Measuring and automation engineering
Components, component sub-assemblies,
component bricks for automation engineering
Special materials for the electrical industry
Installation material, household appliances
Electric lighting
Phonographic equipment, radio and television
sets, aerials
Office and Data Technology with emphasis on:
Office machines
Organizational aids
General office supplies, writing materials and
paper goods, drawing apparatus
Office furniture
Iron, steel, non-ferrous metals, steel construction
Tools
Chemicals and plastics
Precision mechanics and optics
Structural engineering, building materials,
industrial supplies
Consumer goods with emphasis on:
China, ceramics
Glassware
Metalware, gift articles
Jewellery, silverware
Watches and clocks
Tableware and cutlery
Publishing houses

HANOVER FAIR
Thursday, 26th AprilFriday, 4th May, 1973
Schenker & Co. (Aust.) Pty. Ltd.
26 O’Connell Street, Sydney. 2001
G.P.O. 274.

Telehone 25 7138.

Telex 20771

vii

All the papers you want
whenevervou want them

When it’s time to put your ideas on paper you can always rely on APPM to
come up with exactly what you’re looking for.
Somewhere in the extensive range of papers from Burnie, Ballarat, Wesley
Vale and Shoalhaven there’s bound to be the right grade, size and weight for the
job you have in mind.
You’ll find all types of printing, writing, publishing and industrial grades in
Australia’s most comprehensive range of fine papers.
And whenever you need it you can call on the vast experience and knowledge
of our team of ’on the spot’ technical representatives.
Your local paper merchant has the full range of all APPM papers right now.
Just mention our name.
ASSOCIATED PULP AND PAPER MILLS LIMITED.
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Australia’s fine paper makers.

Mills: Burnie, Wesley Vale, Tasmania; Shoalhaven, New South Wales;
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Sales Offices: Melbourne, Sydney, Brisbane, Adelaide and Perth.
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Editorial

A FTER the completion of another volume of the
*■ Journal, it is appropriate to review its progress
during the past year. The Editor believes that the
volume just completed carried a variety of papers with
interest for a large section of its potential readership.
The quality of papers submitted for consideration con
tinued at a high level in general. There were a number
of papers on subjects of topical interest several of which
were published, but there were few letters to the Editor.
The Editor suspects that there are many potential
authors who ‘hide their light under a bushel’, who per
haps feel that they have nothing to contribute and
nothing to gain by attempting to write a paper, either
on their special interest or on the subject of their every
day work. They may be correct in thinking any of those
things but usually the worst person to judge the matter
is the person himself. The number of papers submitted
to the Journal continues to be relatively small in view
of the increasing size of the EDP Community in Aus
tralia. The Editor would welcome the opportunity to
have more papers for consideration on a wide range
of subjects, but especially commercial and management
as well as scientific and technical, and particularly
from Australasians. Guidelines for authors were pub
lished in the last volume.
Whether intended for publication or not, a letter to
the Editor constitutes a potentially valuable source of
information to the Editor and to Journal readers. On
the one hand it is possible to comment on what has
been published in the Journal, on the other hand it can
help to influence what is published. The Journal is in
tended to be the vox populi of the Society and its mem
bers. It is published for members and is thus their
vehicle for disseminating ideas and raising relevant

issues. Few letters are published because few are sent.
Do you have anything to say?
Another year has passed in which the Case Study
Prize has gone unsought. Notice of its availability was
announced again in the last issue with information on
how to solicit the prize and on the nature of papers
which could be appropriate. It seems a pity that it has
not been more sought after. There does not seem to be
a range of prizes so that this might be considered only
one of many; on the contrary few such are available.
The Editor has a dual interest in the prize as case
studies submitted for it, especially the successful one,
could furnish material for the Journal.
The Editor takes this opportunity once again to
thank the anonymous referees and reviewers for their
continuing support and above all for their assistance in
maintaining the standard of the Journal. While the
Editor exercises strong influence over what is published,
the standard of things which are published is that of
the referees. The Journal is not the only thing to bene
fit from their efforts as it is generally the case that
authors acknowledge their appreciation of the referee’s
comments.
Although the Journal’s overseas distribution is in
creasing at least as rapidly as its distribution in Autralia, the majority of its readers live in Australia and
are members of the Australian Computer Society.
Among the Society’s members there is a wide spectrum
of interests which is probably representative of a large
part of the potential worldwide readership. The main
tenance of a high standard and the endeavour to pro
vide something of interest on a wide cross section of
the EDP Community are challenging tasks for the
Editor.
A. A. Taylor
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Computers and Privacy — A Review
of the Younger Committee Report
By A.W. Goldsworthy
The Younger Committee Report on Privacy was recently presented to the U.K. Parliament.
This paper reviews those sections of the Report especially relevant to computer practitioners.
The Report is an important one in the area of privacy and is relevant to the current
considerations of the Australian Computer Society on this issue. The paper highlights
the issues raised in the Report and in discussing the conclusions and recommendations of
the Committee relates these specifically to the problems of computers and their users.

Introduction
A problem currently receiving considerable attention
is that of the privacy of the individual, especially in
relation to the privacy of information. Members of the
Australian Computer Society have recently been asked
to consider this problem. A paper1 prepared by the
Social Implications Committee of the Society has been
circulated amongst members for comment, to stimulate
discussion and assist in formulating the attitude of the
Society on this issue. On 13th July, 1972, the Standing
Committee of Attorneys-General in Australia com
missioned a study into aspects of information storage
and privacy. It is timely, therefore, that in July, 1972,
the Younger Committee on Privacy presented their
Report2 in the United Kingdom. This Report is a
milestone in the area of privacy and is undoubtedly
one of the most definitive reports yet published on the
subject. (Any comment or opinion expressed in this
paper is a personal one and is not in any way to be
construed as that of the Social Implications Committee,
of which I am Convener.)
The Committee
The event precipitating the establishment of the
Committee was the introduction of a Right of Privacy
Bill in the House of Commons in 1969. The Govern
ment would not agree to the Bill but announced that
the Committee on Privacy would be set up. Their terms
of reference were, “To consider whether legislation is
needed to give further protection to the individual
citizen and to commercial and industrial interests
against intrusions into privacy by private persons and
organisations, or by companies, and to make recom
mendations.” The Committee was appointed on 13th
May, 1970, under the chairmanship of the Rt. Hon.
Kenneth Younger. The Report is a very extensive
document of some 215 pages, with another 130 pages
of Appendices, and is concerned with the problem of
'invasion of privacy in a general sense and is not
restricted to computers or information. The Report
discusses intrusions into privacy under fourteen main
headings, which are categories under which complaints
were made to the Committee. These categories are the
Press; Broadcasting; Credit Rating Agencies; Banks;

Employment; Students and Teachers; Medicine; Prying
by Neighbours, Landlords and Others; Sales and Pro
motional Methods; Private Detectives; Noise; Industrial
Espionage; Technical Surveillance Devices; and Com
puters. Whilst there is much interesting information and
opinion on the subject of privacy in general, this paper
will concentrate on the section on “Computers”, as
this is the one most relevant to computer practitioners.
The Committee concentrated particularly on the need
for legislation. They make the point that privacy
cannot be an absolute right, but that an individual’s
privacy has to be balanced against the rights of others.
A General Right of Privacy
It is significant that only one aspect of the enquiry
led to minority reports, the question of a general right
of privacy. The majority report recommends against
this, and two members of the Committee each presented
a minority report urging the acceptance and legal
implementation of a general right of privacy. The
majority report points out that neither the right of free
speech nor the right of assembly is embodied in English
statute law, but that reliance has been placed on the
principle that what is not prohibited is permitted, and
the main emphasis in the field of civil rights has been
placed on keeping within acceptable limits. The
majority of the Committee reject a general right for
two main reasons — they believe it would put at risk
the right of freedom of speech and communication,
which they consider to be equally, if not more
important, than a right of privacy; and they believe
that the specific measures they propose will give pro
tection where it is really needed. In the United States,
on the other hand, in some states privacy is established
as a right under statute and on this basis some case law
has begun to develop. They point out the problem of
arriving at a satisfactory definition of privacy, and
argue that because of this, any law which proclaimed
a general right would have to qualify this right in so
many ways that the generality of the concept would be
destroyed. The Committee are of the opinion that
adoption of the specific proposals recommended by
them would significantly reduce the extent of the social
evils resulting from intrusions in privacy.

*State Government Insurance Office, Brisbane.
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Computers and Privacy

The Committee found it helpful to separate two
main aspects of privacy—
(i) freedom from intrusion upon onself, one’s home,
family and relationship.
(ii) the privacy of information, that is the right to
determine for oneself how and to what extent
information about oneself is communicated to
others.
The Committee considered the second aspect more
important, which is the one of main concern to com
puter practitioners involved in handling information.
What is Privacy?
The Committee spend considerable time discussing
the problem of defining privacy. They analyse many
of the definitions that have been put forward and con
clude that no useful purpose would be served by their
proposing yet another attempt at a definition. They
then identify the values in which privacy is a major
element, and decide which deserve protection. As a
result they determine that if there were to be a right
of privacy under the law it should not be synonymous
with a right to be let alone. They feel that this is an
unrealistic concept, which in practice would be subject
to so many exceptions that it would lose all coherence
and hence any valid meaning.
It is significant, however, that the evidence the Com
mittee received indicated that the main concern was
about the treatment of personal information. Within
this context they gave their attention to the following
activities: intrusive gathering and dissemination of
information by the publicity media, handling of credit
information, unwarrantable intrusion into personal
matters at work and in education and medicine, prying
by neighbours and landlords, intrusive sales methods,
investigations by private detectives, and industrial
espionage. They also gave special attention to certain
modern technical developments which affect privacy,
one of which was computers.
Apart from the current concern being expressed by
a variety of groups and individuals about privacy, it
is essential that computer practitioners are aware of the
importance of this topic and are convinced of its real
impact in our day-to-day lives. The importance of
privacy is highlighted by the Committee, whose opinions
were influenced by a public attitudes survey carried out
for them by the Office of Population Census and Sur
veys. They conclude that privacy is a basic need,
essential to the development and maintenance both
of a free society and of a mature and stable individual
personality.
Computers
The Committee found that the three fears about the
computer uppermost in the public mind are its facility
to compute “personal profiles”, its capacity to correlate
information and its provision of new opportunities for
unauthorised access to personal information. The Com
mittee put forward certain basic principles which they
feel should apply to the handling of personal informa
tion by computers.
“1. Information should be regarded as held for a
specific purpose and not be used, without
4

appropriate authorisation, for other pur
poses.”
When information is collected from an individual
for a specific purpose, it must be accepted that his
readiness to provide the information is related to the
specific purpose for which it is being collected, a pur
pose which is known to him at the time he is providing
the information. It cannot be assumed from this that
he would be prepared to provide the same information
for another purpose.
The Committee’s second principle is:
“2. Access to information should be confined to
those authorised to have it for the purpose
for which it was supplied.”
Authorised access is a problem related to the control
of operations of data banks and the need to regulate
the use of information in accordance with the purposes
for which it was supplied.
The Committee then consider the ease of collecting
all available information in one operation, and because
computers have the capacity to store it, there could be a
double incentive for the owners of computers to hoard
large amounts of information some of which, though
not essential now, might prove useful at some later
date. As a result they enunciate a third principle:
“3. The amount of information collected and held
should be the minimum necessary for
achievement of the specified purpose.”
This principle raises some interesting questions in
relation to such things as the population census, student
records, taxation records, health records, criminal
records and so on. Broad purposes would have to be
specified for many collections of data if this require
ment were to be implemented.
The Committee’s next concern is with statistical
systems. Realising that a great deal of personal informa
tion is required to provide statistics to assist planning
and other research, or is acquired for some other pur
pose and subsequently adapted to a form suitable for
such ends, they propose a fourth principle:
“4. In computerised systems handling informa
tion for statistical purposes, adequate pro
vision should be made in their design and
programs for separating identities from the
rest of the data,”
This is an important principle, but it is also one that
has been long recognised in major statistical systems,
even before the advent of the computer. Certainly in
those statistical systems conducted by the governmental
sector in Australia there is generally a firm principle
that suppresses the identity of the individual respondent
in any statistical publication. The realisation by those
involved in such surveys that such a principle exists is
essential to the success of the survey. The provisions
of the Census and Statistics Act 1905-1966 (Common
wealth) are a good example of this. Whilst the prin
ciple has long been accepted and practised in the public
sector, perhaps there needs to be a greater appreciation
of its importance in the private sector.
The next problem is a very vexed one, not in its
underlying concept, but in the practicabilities of its
implementation, that is, the problem of providing the
individual with details of information held about him
The Australian Computer Journal, Vol. 5, No. 1, February, 1973
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in a data bank. The basic problem is one of cost and
practicability in the frequency and method of supplying
the individual with this information. For example, the
information might be made available at regular intervals,
or whenever a change is made. It is important to note
that the information is “made available”. This does not
necessarily mean that the person concerned is pro
vided with a printout of the information. “Made avail
able” may mean interrogating a computerised data
bank using a visual display device. It also does not
eliminate the possibility that a charge might be levied
on the individual for this. The Committee’s feeling on
this is:
“5. There should be arrangements whereby the
subject could be told about the information
held concerning him.”
They spend some time on this particular issue because
it is an important one and basic to the viability of the
whole concept of the individual being able to control
the dissemination of information about himself. They
do not believe that a printout should automatically be
supplied in a computerised system. They do think
that every system should be so designed that in situations
where printout is appropriate an individual can on
request be told of the contents of the record. Firm
conclusions cannot be drawn on this aspect, except to
appreciate the practical difficulties and the costs
involved and weigh these up against the benefits or
advantages attributed to it. The allied aspect of how
frequently information should be made available is a
similar problem. The Committee considered the sug
gestions of various parties, ranging from making a
printout available at any time for the payment of a
small fee, to making information available on a regular
two yearly basis without any fee, but could arrive at
no general consensus of opinion.
The Committee were not convinced that considera
tions of privacy are at present sufficiently in the minds
of computer users and were of the opinion that more
regard should be paid to such considerations. This
argument applies equally in Australia, where the cur
rent feeling among computer practitioners seems to be
that this whole problem is an interesting one, but not
really of much direct relevance to present-day systems
and problems. The Australian Computer Society is
trying to foster a realisation of its importance by the
publication of “Data Banks and Privacy”, and hope
fully this will create a greater awareness of the signifi
cance of this issue. In line with their thinking the Com
mittee therefore recommend that:
“6. The level of security to be achieved by a
system should be specified in advance by the
user and should include precautions against
the deliberate abuse or misuse of informa
tion.”
In addition, the user should have some sanction against
the operator or owner of the data bank if information
is lost or stolen as a result of inadequate safeguards.
There are a great variety of safeguards which can
be built into computer systems to protect data against
unauthorised disclosure, modification or destruction,
whether accidental or intentional. This is of special
relevance to computer practitioners whose particular

The Application of Safeguards
Having suggested various means of control which
should be applied to the handling of personal informa
tion by computers the Committee next consider how
these might be applied. One means could take the form
of self-imposed restrictions voluntarily agreed to by
computer manufacturers, operators and users. Those
concerned would have to accept the safeguards to
privacy that society desired and would need the sense
of moral responsibility to observe them at all times.
This raises problems of uniformity of practice and
interpretation over a wide variety of situations and
involving many thousands of persons, which leads
irrevocably to the need for a common professional
discipline. This is why it is so necessary for the
Australian Computer Society to formulate its own
attitude on this problem as well as playing an active
part in any enquiry concerned with this matter, parti
cularly if legislation might result,
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concern it should be to propose standards to protect
computer based data banks from being misused or
abused. The Younger Committee pronose that:
“7. A monitoring system should be provided to
facilitate the detection of any violation of
the security system.”
Vance Packard once said, “The Christian notion of
redemption is incomprehensible to the computer.” The
Committee recognise the fact that computers have the
capacity to retain information in effect indefinitely, and
so recommend that:
“8. In the design of information systems, periods
should be specified beyond which the infor
mation should not be retained.”
The foregoing principles and controls are of little
use unless the information being protected is accurate.
The individual should be able to challenge the validity
or relevance of data, and to have erased information
which cannot be proved to be true, accurate and
relevant. The onus should be on the data bank owner
to supply adequate proof that the data have been
erased. The Younger Committee appreciate the signifi
cance of this aspect and have stated in another of their
principles—
“9. Data held should be accurate. There should
be machinery for the correction of inaccuracy
and the updating of information.”
One of the problems associated with storing data is
the difficulties created by translating opinions into codes
and categories. Facts can be objectively evaluated as
either right or wrong, relevant or irrelevant. However,
where value judgements or opinions have to be stored
in a coded form there arises a substantial problem of
interpretation. Medical opinions, performance assess
ments and similar subjective judgements may lose
shades of meaning in the transformation. The Com
mittee in recognising this problem put forward their
final suggestion for means of control:
“10. Care should be taken in coding value
judgements.”
They make the sensible suggestion that in such cases
it would be preferable to refer the interrogator of the
computer system to a more detailed report.
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The Younger Committee comment that a system of
control based on ethical standards and the technical
skills of those responsible for programming and opera
ting computers would depend on their organisation into
a professional association. They also make another
observation which is relevant to the problem of qualifi
cations currently being considered by the Society. “The
difficulty would be to identify the various disciplines
and levels of competence in such a way that the appro
priate degrees of skill and knowledge could be tested.”
In discussing a professional discipline the Committee
recognise the steady increase in the numbers of people
connected with using computers who may not fall
within the scope of such a discipline. They also applaud
the Code of Conduct implemented by the British Com
puter Society, but conclude that it would be premature
to count on the successful establishment in the near
future of an effective voluntary professional discipline
which could properly be endorsed by legislation.
The Younger Committee emphasise that so far as
the protection of privacy is concerned, most problems
are common to all data banks whether computerised
or not, and that most of the principles they set out are
equally valid for data banks as a whole and should,
where appropriate, be applied by all who are respon
sible for stores of potentially sensitive personal informa
tion.
The Committee’s Conclusions
The Committee feel that to meet the situation there
is a need, firstly, for the immediate voluntary adoption
by computer users of the principles they enunciate.
Secondly, they see a need for some means of supervis
ing developments and trends in both the technical and
non-technical spheres of computer operation. They
recommend that the Government legislate to provide
itself with machinery for keeping under review the
growth in and techniques of gathering personal informa
tion and processing it with the help of computers. They
see this machinery as taking the form of an independent
body with members drawn from both the computer
world and outside. They say something about what this
body should do. It should collect information about
computerised personal information stores; their pre
valence, purpose, detail, linkage, commercial use and
management. It should review the systems of control
to determine their relevance and adequacy in a chang
ing situation and consider the case for giving them
legislative force. It could receive complaints about
invasions of privacy by the users of computerised
information stores.
They see as one of the first tasks some consideration
as to whether a useful purpose would be served if
each user of a computer appointed a supervisory
officer with responsibility for ensuring that controls
recommended were observed and that information was
not misused. This particular concept has been sug
gested by others in discussing the effective management
of data banks. The Committee are keen to see this
concept implemented as soon as possible.
They consider that the standing body should con
sider the need for and practical application of a
detailed licensing system which, however, they believe
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would be premature at present. They also recommend
that the body should have the duty of making an
annual report to Parliament.
In their terms of reference the Committee were
limited to the private sector. However, they do state
that the Government should consider the desirability
of including both the public and private sectors within
the purview of the standing commission which they
recommend.
The Committee made the point very strongly that
privacy, however defined, embodies values which are
essential to a free society. It requires the support of
society as a whole. They stress the importance of
education, professional standards and the free inter
play of ideas and discussion in establishing and main
taining standards of behaviour. They caution against
the risks in placing excessive reliance on the law in
order to protect privacy. This attitude is related pri
marily to the concept of a general right of privacy,
which has been discussed above.
Another facet of the problem which impinges upon
the legislative aspect, at least in the United Kingdom,
is that of confidential information and information
unlawfully obtained. As far as the protection of privacy
is concerned the Commitee feel the following broad
aims of the law on breach of confidence would be
generally accepted:
(a) to provide remedies against the disclosure or other
use of information (not already generally known)
by persons in possession of that information under
an obligation of confidence;
(b) to make remedies available not only against a
person who was entrusted by another with informa
tion in confidence but also against a third party to
whom that person disclosed the information;
(c) to protect the public interest in the disclosure of
certain kinds of information, and the defendant’s
right of disclosure in certain privileged situations,
by the provision of appropriate defences;
(d) to afford remedies, whether by way of injunction,
damages or claims for loss of profit which do
justice to the reasonable claims of plaintiffs and
defendants in differing situations.
They also comment on the fact that the damaging dis
closure or other damaging use of information acquired
by means of any unlawful act, with knowledge of how
it was acquired, is an objectionable practice against
which the law should afford protection.
Conclusion
This paper has concentrated on those ideas, con
clusions and recommendations of the Younger Com
mittee which are particularly relevant to computer
practitioners. The Report is the result of two years’
consideration by a large group (19) of people of
diverse and extensive experience, who had the benefit
of advice and evidence from a very large number of
individuals and bodies. Their deliberations and con
clusions must assist future considerations of this
problem.
In relating the attitudes expressed in “Data Banks
and Privacy” to the thoughts and conclusions expressed
in the Younger Committee’s Report there is a large
The Australian Computer Journal, Vol 3, No. I, February, 1973
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measure of agreement. The same sorts of concepts are
discussed with similar controls suggested to support
these concepts.
Representatives of the British Computer Society
gave evidence before the Committee and a lengthy
submission3 prepared by their Privacy Committee
was also submitted. Their submission recommends that
legislation be introduced to define the rights of the
person, whether an individual, group or institution, with
respect to the privacy of information relating to them
when held by others or handled by them. It recom
mends that legislation be sufficiently comprehensive
to cover invasion of personal privacy from any source,
whether in the Government or private sector and it
should be enforceable. It proposes an enforcement
framework which includes registration of data banks,
and of computer professionals who design and con
struct the programs to support them, and proposes
that the British Computer Society assume a role in
respect to such a system as that undertaken, for instance,
by Chartered Accountants with regard to company
financial activities.
The need to initiate positive action to protect privacy
is widely recognised, and a large measure of agreement
exists as to the rights which must be protected and the
controls necessary to do this. As might be expected,
however, there is a spectrum of opinion as to how
and when such controls should be implemented. The

Younger Committee, the British Computer Society and
the suggestions in “Data Banks and Privacy” all
envisage legislation of one kind or another as being
essential to adequately protect the rights of the
individual. The question is how extensive and detailed
should such legislation be, and whether it should be
introduced now.
There seems to be fairly wide agreement that some
legislation should be introduced now, at least to frame
a basis to enable this problem to be kept under review.
This seems to be an essential first step and should
be taken now. This would provide the machinery on
which future developments could be built. The sort of
independent commission suggested by the Younger
Committee is a very good idea. Armed with an adequate
legislative framework such an organisation could be
very effective in building a practical and effective body
of law and practice to regulate invasions of privacy in
respect of data banks.
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A Machine Independent Design
for an APL Translator
By P.J. Malcolm*

Basic design aspects of the translator are presented and discussed with particular
reference to the problem of improving system performance by refining the system and code
optimization. The translator functions as two modules, for analysis and execution, run
under an operating system provided by the installation. These are designed to give maximum
flexibility for development by providing means of conversion between interpretive and
compiler implementations, thus enablng effective allocation of coding resources for the
pilot implementation. A mapping of the APL symbol set into a limited character symbolism
for use on teletype-like input/output devices is also presented.

INTRODUCTION
Iverson’s language APL (Iverson (1962)) was
developed by IBM as the interactive language APL/360
(Breed and Lathwell (1968)). We will consider the
implementations of APL/360 as described in Pakin’s
excellent reference manual (Pakin (1968)).
APL/360 is an array oriented interactive language,
many of whose primitive functions will be recognized
by users of other problem oriented languages like
FORTRAN as an extension of the domain of ordinary
scalar functions such as addition and subtraction to
accommodate array arguments according to the rules
of matrix algebra.
Other primitive functions are
generalizations of rules within matrix algebra for such
processes as matrix multiplication, which is denoted
in APL/360 as A+.XB for conformable arrays A
and B. The function +-X is a particular form of the
general inner product function d.d' where d and d’
are functions with two scalar arguments producing a
scalar result (denoted scalar dyadic functions in APL).
Scalar dyadic functions and most other APL primi
tive functions are capable of taking multidimensional
array arguments which can be treated as single
variables; storage allocation being handled dynamically
and automatically by the translator. Thus A-\-B for
identically scructured arrays A and B gives the ordinary
array sum of A and B, an element in the result being
the sum of two corresponding elements in A and B.
Evaluation of expressions is rather unusual in that
it proceeds from right to left, and there is no primitive
function hierarchy stating that, for example, multiplica
tion has a stronger binding power than addition.
The reference manual (Pakin (1968)) lists 58
monadic and dyadic primitive functions, and three
composite primitive function types. With this multi
plicity of powerful primitive functions the user can
define his own optionally recursive functions and build
up a workspace of functions which are accessed auto
matically as a subprogram library when required. Thus
the frequent user of APL/360 has a very flexible and
powerful tool at his disposal.
APL is presently used for a wide variety of appli

cations from administration to data reduction to CAI
(computer assisted instruction) and has been criticised
as executing too slowly (Higgins (ed)(1969)). This
criticism is not restricted to APL but applied to inter
active systems generally (Lock (1965), Peccoud (1968),
Katzan (1969), Rishel (1970)). Most current APL
translators are either fully or heavily interpretive
(Breed and Lathwell (1968)), or they present designs
of new machines (Thurber and Myrne (1970), Abrams
(1970)), or deal with the micro-programming of a
particular machine (Zaks, Steingarr and Moore
(1971)).
It is the aim of this paper to present a design
(Malcolm (1972)) which can be developed towards an
incremental compiler according to an installation’s
requirements and resources. The design is itself fully
machine independent and therefore the translator can
run in environments ranging from a friendly time
sharing, paging operating system to pure batch opera
tion. Thus we avoid the many fascinating but vexing
problems of time-sharing and paging, and occupy our
selves with the kernel of the translator, the part that
analyses source code and the part that computes
results. We have then two modules, an analysis module
and an execution module.
We will begin by describing the heart of the system
which is a three level storage structure, and then
introduce dynamic storage allocation before discussing
an algorithm for storage localization needed for calling
user defined functions. By allocating storage according
to need during execution dynamic storage allocation
frees the user from having to specify his storage
requirements; storage localization enables parameters
of user defined (optionally recursive) functions to be
communicated correctly from the calling program.
Local variables must also be initialized.
Armed with this background we then discuss the
structure of the two modules constantly referring to
ways of improving overall performance through refining
the system and optimizing code. We consider an
interpretive system, which can be implemented quickly
with few resources, then show how it can be developed
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towards a more efficient compiler oriented system
with optimizing facilities. The structure of the simple
initial implementation enables and encourages develop
ment by changes to well defined and locally indepen
dent code blocks. Thus the system can be improved
by applying resources in a phased manner and without
major rewriting tasks.
The special character set of APL may be thought
to provide an obstacle to wide use of APL on terminal
devices such as teletypes. Consequently we introduce
and discuss a limited character set symbolism for
APL which caters more effectively for novices and
casual users than the present limited character
symbolisms.
The remainder of the paper assumes some familiarity
with the language /4PL/360.
THE THREE LEVEL STORAGE STRUCTURE
Symbolic language translators necessarily define a
mapping between identifiers defined by users and
storage in a computer. In this translator we use a
symbol table (denoted ST) containing user defined
identifiers, a block of storage containing the values
associated with the identifiers (denoted VAL), and a
descriptor stack (denoted DS) acting as a link between
an identifier in the ST and its manipulate value in
VAL [see fig. 1], The DS serves to keep the current
value associated with each identifier during function
calling.
The entries in each of these tables are defined as
follows:
The Symbol Table ST
T NAME | L | PA 1
NAME is the character representation of the user
identifier
L
takes the value 0 if the global identifier is
unlocked (see later)
or 1 if the global identifier is
locked
DA
addresses the descriptor currently corres
ponding to this identifier in the descriptor
stack DS (arrow 1 in fig. 1).
The Descriptor Stack DS
[ PT I SA 1 OA ~J~ VA )
PT
takes the value 1 if the descriptor is asso
ciated with an identifier
or data constant
or 0 if the descriptor is asso
ciated with a temporary
value (e.g. the result of
a partially
evaluated
expression)
SA and OA can be nonzero only if PT = 1
5/4
contains the address of the symbol table
entry corresponding to this identifier (arrow
2 in fig. 1)
OA
is an address field referencing to next
descriptor in the DS with the same identifier
if a previous value has been saved, or zero
if no values of this identifier have been
The Australian Computer Journal, Vol. 5, No. 1, February, 1973
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saved. If the identifier names an unlocked
user defined function then OA points to a
copy of the function’s source code.
points to the sub-block of VAL which holds
the manipulate value associated with this
descriptor. VAL contains data values of
variables or code describing the body of a
user function (arrow 3 in fig. 1).

identifier
Symbol
Table (ST)

Descriptor
Descriptor
Stack CDS)

Value
Storage (VAL)

Fig. 1. The three level Storage Structure.

The Value Storage VAL
VAL is a sequential block of storage, sub
blocks within which are allocated dynamically
by the system to hold values of identifiers
and temporary values of partially evaluated
expressions; a function identifier’s VAL area
contains object code to execute the function.
When a variable identifier becomes a local
variable during function calling it acquires a
separate VAL area for the local value thus
preserving the global value. Each allocated
VAL area contains a fixed format ‘dope’
vector describing the value’s rank and
dimensionality.
Throughout this paper a shorthand notation and
APL will be used to specify system operations. The
notation is not rigorously defined but the meaning
intended should be evident. Generally a defined entity
such as DS (the descriptor stack) or PT (the permanenttemporary field in a descriptor) will be used as a
function, and a particular descriptor will be addressed
by the name or the content of the entity specified in
the function argument.
Example
if A is an identifier
then ST(A) is the symbol table entry of A
and if the descriptor currently associated with A
is addressed by B
then B = DA(A)
and SA(B) = ST(A)
ST,DS and VA fields will be abbreviated for notational
convenience as the need arises.
STORAGE MANIPULATION
Storage allocation is controlled by system procedures
acting on a free storage list (FSL) containing the start
address and length of each free or unused block of
storage in VAL. It is usually implemented as a
dynamic vector to facilitate searching; the vector’s
elements are defined as follows:
The Free Storage List FSL
| STA | LTH |
9
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REPLACE STAD, N

STQR N

search FSL for entry
with LTH^Nand return
LAC pointing to this
entry

STA(LAC)+- STA D
LTH(LAC) ^LTH(LAC)

xsearcn^

successful?

call GARBAGE

STAD+- STA(LAC)
STA(LAC)+*TA(LAC)*N
LTHCLAO^LTI-KLAO-N

search FSL for entry
with L7H=0 and
return PTR pointing
to this entry

'xsearch^>s

successful?,

call GARBAGE

5 TA(P TB)+- STA D
LTH(PTR)*-N
Fig. 2. Design of the Storage Retrieval Procedure.

STA is the start address of the free block
LTH is the free block’s length
LAC is a system pointer holding the address of the
last accessed entry in the FSL
Dynamic storage allocation implies that the system
must be able, at run time, to find free storage in VAL
for new values of identifiers, and secondly have the
power to return blocks of VAL containing old identi
fier values to the Free Storage List so these blocks
may be reused. This is accomplished by two system
procedures, STORE which finds new storage, and
REPLACE which replaces old storage. Dynamic
storage can fragment into small unusable blocks which
are described by a large Free Storage List.
We
occasionally have to reclaim this storage and this is
accomplished using a garbage collection controller
GARBAGE. Storage is reclaimed either because the
new value that the user wishes to store cannot fit
in or because the Free Storage List has become
excessively large.

STORE N [see fig. 2] finds and allocates free storage
of length N from the Free Storage List, returning the
starting address of the new storage in the system
variable STAD and resetting LAC. If there is no
block of free storage of suitable length available then
STORE calls up the garbage collection controller
GARBAGE to regenerate the VAL area.
REPLACE STAD,N [see fig. 3] replaces in the FSL
a block of storage of length N and starting with
STAD. Since storage replacement occurs most fre
quently with results of partially evaluated expressions,
LAC is used to prevent unnecessary storage fragmen
tation and costly list searches for storage replacement
and reclamation. This is accomplished by attempting
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to chain the storage to be replaced with the storage
described by the last accessed entry in the Free
Storage List, thus maintaining a Free Storage List which
describes a few large blocks of storage rather than
many small blocks, some of which are contiguous.
The technique was effective for about 40% of storage
replacement calls in a (now defunct) pilot APL
implementation on the CD6400 (Malcolm (1970)).
If there is no room in the Free Storage List to receive
the new entry then GARBAGE is called.
Garbage Collection Strategies
There are four levels in a hierarchical garbage
collection system.
1. REPLACE attempts to chain the area to be
replaced in the FSL to the last accessed entry in
the FSL.

ST

DS

VAL
1st value

BEFORE

ENTRY

TOP+1

AFTER

EMTRY(1st value saved)

A is the identifier whose value is saved
Fig. 4. Stack Manipulation of Local Variables on User
Function Entry.
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2. System procedure GARBAGE 1 is a simple, fast
collector which reorders the FSL by chaining
FSL blocks wherever possible. This prevents most
of the storage fragmentation not avoided by 1.
above.
3. System procedure GARBAGE 2 is a slower
collector which moves all allocated blocks to the
top of VAL and reorganizes the VA pointers in
the DS, finally compressing all the unused VAL
area into one block.
4. As a last resort the user workspace is extended.
The garbage collection controller GARBAGE calls
levels 2, 3 and 4 successively the preceding level fails.
CALLING USER DEFINED FUNCTIONS
Recursion and the block structure of APL dictate
that when a global variable is used as a local variable
in a user function its global value must be saved on
entering the function and restored upon exit. Global
variable values are saved by assigning a new descriptor
from the top of the Descriptor Stack to the variable
identifier and storing the address of the previous
descriptor associated with that identifier in the OA
field of the new descriptor [see fig. 4]. The SA field
is set in the new descriptor, the VA field is zeroed
out and the PT field which is set to 1. A zero field
in a descriptor indicates that the field is as yet
undefined.
Thus, if A is the global identifier, the process is the
following (where TOP is the next available descriptor
in the Descriptor Stack).
OA(TOP) 4- DA (A)
DA (A)
4- TOP
SA(TOP)
<- ST(A)
VA(TOP) 4- 0
PT(TOP)
41
TOP
4TOP + 1
When we exit from a function we restore the original
value by returning the area holding the local variable
value to the Free Storage List, copying the OA field
of the local variable descriptor into the DA field of
that identifier’s Symbol Table entry, and popping the
Descriptor Stack [see fig. 5]:
TOP 4- TOP — 1
REPLACE VA(TOP),N
DA(SA(TOP)) <- OA(TOP)
Although more storage is required for the Descriptor
Stack this method of handling function calling and
especially recursion is preferred as no run-time stack
searches have to be made. Other advantages are
that temporary results of parenthesized subexpressions
can be similarly saved on the Descriptor Stack and also
that, when execution of a user command is suspended,
the state of the APL system can be saved; the whole
APL system can, in effect, call itself in a simple well
defined fashion; it is a re-entrant system.
Specification of a new value of a variable is especially
simple as one merely has to reset the VA field of
the variable’s current descriptor to point to the new
value and return the old value area to the Free
Storage List [see fig. 6]. Copying of values is only
required if the specification is of the form A <4- B and
11
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thus the potential new VAL area for A is already
assigned to B.
When a function is keyed in by a user the analysis
module analyses its header and defines a master block
of descriptors for the local variables of that function.
Calling the function at execution time causes this
master block, and other relevant information such as
a program counter, to be copied to the top of the
Descriptor Stack descriptor by descriptor according
to the process in figure 4, and then execution of the
function body itself commences. Recursion or the
invocation of another function during execution of
the first function causes another master block of
descriptors to be copied to the top of the Descriptor
Stack.

ST

DS

VAL

Exit from a function is simply the popping of
descriptors associated with local variables from the
Descriptor Stack according to the process in figure 5,
the restoration of the saved system information, and
the recommencement of execution of the calling code.
THE ANALYSIS MODULE
This module accepts a character string from the user
as input, and performs lexical and syntactic analysis
on the string, translating the character input into a
form suitable for execution.
Input is either a command (to be analysed and
executed immediately) or a function definition (to be
analysed for execution at a later date). In the former
case lexical and syntactic analysis is performed pro-

SA

DS

VAL

1st value
old value
2nd value
new value

BEFORE EXIT

<- - - - - - - -

BEFORE SPECIFICATION

° OA - - - - - - - - - » 1st value

JLJLJtw

new value

AFTER EXIT Cist value restored)
A is the identifier whose value is to be
restored
^storage to FSL
Fig. 5. Stack Manipulation of Local Variables on User
Function Exit.
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AFTER SPECIFICATION
specification of a new value for identifier A
^ storage to FSL
Fig. 6. Specification of a New Value of a Variable.
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ducing a set of object tokens, which have largely a
one-to-one correspondence with identifiers and primitive
function symbols in the source code, but which can
be executed as a series of procedure calls.
Control is then passed to the execution module to
compute results. Thus the design could be implemented
initially as an interpreter and in this case the execution
module would simulate a machine capable of executing
a high level language similar to APL.
In the function definition case lexical analysis only
is performed, producing a set of object tokens, but
these tokens may not yet be ready for execution.
When the function is called the object tokens are
completed by syntactic analysis and the function
executed.
Syntactic analysis at execution time is necessary
because often we can’t decide whether a global
identifier refers to a function or variable when it is
encountered in analysing a function body which has
just been keyed in by the user.
Example
VF
[1] A+ 2
[2] V
Here the global identifier A could be either a global
variable or another user defined function. As both
variables and functions can be erased by the system
command )ERASE an identifier could be a global
variable at one time and a user defined function at
some later time.
Example
(i)
A is a global variable
A <- 1
F
3
(ii)
A is a monadic user function
V Z <- A X
[1] Z <- -f- X
[2] V
F
.5
Thus processing to decide whether identifiers are
variables or user functions must be performed when
a command is to be executed; user functions must be
syntactically analysed immediately before execution.
There is however the option of locking a function
definition, and this means that the function is syntacti
cally analysed, the resultant object code is stored,
the source code is discarded, and the function can’t
subsequently be changed. A useful side effect is that
self-contained machine-code procedures compiled from
other symbolic languages can be introduced by the
user to his workspace, and can be made to behave
as ordinary (nonrecursive) locked APL functions by
defining a suitable master block of descriptors.
Although outside the strict APL/360 language defini
tion, this facility enables users to include programs
developed in other languages, and can thus save the
time required to recode and checkout a program in
APL; in addition one would expect an object program
from a compiler to execute faster than its APL
counterpart.
The Australian Computer Journal, Vol. 5, No. 1, February, 1973

It is apparent that exhaustive object code optimiza
tion can be introduced in the final syntactic analysis
of locked functions. In addition some degree of
optimization can be usefully applied in the syntactic
analysis unlocked functions but this facility should be
under user control.
Some of the more conventional optimization tech
niques (e.g. Allen (1969), Busam and Englund (1969),
Lowry and Medlock (1969), Hopgood (1969)) can
be applied but approaches developed especially for
APL (Abrams (1970)) are generally more appropriate.
This is so because APL does not have well defined
loop structures like for example FORTRAN and
conventional optimization techniques rely heavily upon
the identification and analysis of individual loops.
Lowry and Medlock’s (1969) excellent FORTRAN
H compiler for example breaks the FORTRAN source
into blocks, only the first statement of which may be
branched to, and only the last of which contains a
branch. Dominance relations between blocks are then
defined and form the basis for the text optimization
phase. It is difficult to discover such blocks in APL
and hence use an analogous technique. In addition
many of the loops generated in coding FORTRAN
can be represented by a few symbols within a single
statement in APL, and thus text optimization on the
scale required in FORTRAN is relatively unimportant
in APL; one has essentially similar information
available in an APL statement as one has in a
FORTRAN block. Thus conventional loop optimiza
tion is probably viable only in the unlikely, and indeed
undesirable, event that standard expressions for branch
commands are defined and used, but evaluation of
constant or common subexpressions can be carried
out in a routine manner.
Some expressions can be transformed into equivalent
expressions which execute more efficiently using
Abrams’ (1970) excellent technique of ‘dragging along’
subexpressions until they can be executed on smaller
arrays. For example 3 t (2 X — VECTOR) is trans
formed to 2 X — 3 t VECTOR and evaluated saving
(p VECTOR) — 3 operations. Note that the com
putability and final result of the expression are not
changed by the process.
Figure 7 summarizes the available translation paths
within the system. Exhaustive optimization can be
usefully applied to path 3 and some optimization could
be applied to path 4.
THE EXECUTION MODULE
This module executes the strings of object tokens
produced by the analysis module and thus computes
results. In their simplest form these strings represent
a sequence of procedure calls; this means that the
corresponding execution module is a series of pro
cedures. Thus a particular object token will call one
execution procedure and this procedure will then exit
to the next object token, which is another procedure
call, and so on.
A more refined implementation has a syntax
analyser which produces a combination of procedure
calls and in-line code. Here the execution module
consists of a smaller set of simpler procedures. In this
13
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1. command to be executed immediately

2. user defined function keyed in

3. user defined function locked

4. unlocked user defined function called

My.

I= input
S= syntax analysis
M=memory storage
L= lexical analysis
E= execution
ce= character code
iot= incomplete object tokens
cot= complete object tokens
Fig. 7. Summary of Translation Paths in the System.

case there may be procedure calls performing storage
allocation while in-line code loops perform operations
on array operand elements. Expressions are then
evaluated using a combination of in-line code and calls
to system procedures.
Thus the execution module consists of a set of
system procedures invoked by object tokens. When
implementing the translator in its simplest form one
has system procedures performing monadic, dyadic
and composite primitive functions. These procedures
allocate storage [figs. 2 and 3], check operand types
and perform elemental operations on their operands.
14

Other system procedures enter and leave user defined
functions by manipulating the Descriptor Stack [figs. 4
and 5] and the remainder perform storage allocation,
input and output, and save and restore system states.
The system procedures, which can be coded in the
implementation language or APL, are largely indepen
dent, allowing one to improve and develop the system
in a modular fashion. Take for example evaluation
of multidimensional array subscripts. APL allows
arrays of any dimension, and also allows arrays to
be subscripts of other arrays producing an array result.
Thus the subscript [1 2 3;1 2] applied to a matrix
would produce a 3 X 2 array as a result.
Complicated subscripting is widely used in APL
and the performance of an overall system depends
largely on its ability to execute subscripting efficiently.
One method of implementing subscripting is to use
an APL function to reduce the n-dimensional case to
a succession of three dimensional cases, to evaluate
the three dimensional cases using an efficient machine
language procedure, and then to reshape the result.
Alternatively one can write a general procedure which
would, in effect, plunge recursively n levels in excuting
the n-dimensional case. These methods have been
improved by Hassit’s and Lyon’s (1972) optimization
alogorithm which can be readily coded and installed
in the execution module. Other groups, such as
Reinfelds’ (1972), are also working on this complex
but important problem and their advances, when
available, can be incorporated in the system with ease.
Refinement of alogorithms for system procedures
and development of the syntax analyser to produce
some in-line code will improve the system’s execution
characteristics. Production of in-line code for execution
means the translator is developed towards a compiler.
Interpretive translators are generally defined as
simulating a machine capable of executing a high level
language whereas compilers translate the high level
language commands into machine-code which is then
executed.
Most language translators fall between these two
extremes, and categorizing them as compilers or
interpreters often leads to confusion. For example,
many FORTRAN implementations are classed as
compilers, yet they perform (especially formatted)
input/output interpretively.
However, a compiler oriented implementation gener
ally executes faster than the corresponding interpretive
one because it does not continually repeat decisionjump sequences inherent in machine simulation. These
decision-jump sequences arise because a general pro
cedure for a given language primitive must be
implemented for an interpretive translator whereas
more specific cases are usually produced by compilers.
The decision-jump sequences take place in storage
allocation and domain checking which usually occurs
just before executing each primitive function
encountered. Much of this checking and allocation
becomes redundant if the translator remembers what
sort of primitive function it has just dealt with and
treats the new one accordingly.
Take for example the monadic primitives of exponen
tiation and negation applied to an operand B giving
The Australian Computer Journal, Vol. 5, No. 1, February, 1973
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check data type of B
allocate temporary
storage for result
execute -B
element by element

check data type

check data type of B
check that C is a variable.
allocate new storage to
identifer C(or reuse
current storage if possible)
1

executed -B) element
by element copying
result directly to C

of argument
execute exponentiation
element by element

check that C

assign new
value to C
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with squeezing
Fig. 8. Execution of C «- * — B before and after squeezing.

*—B and producing the familiar result e~B. In
most language translators both * and — have the same
domain, and thus the system code to check the operand
type and allocate storage need only be called in once
at the beginning of execution of —B. Both primitive
functions can then be executed adjacently inside the
same loop structure; the ith value of B is first negated
then immediately exponentiated before being stored
as a result and looping to the i + 1 th value. If the
result is to be assigned to an identifier then this
process can be performed at the same time.
This technique is called ‘squeezing’ [see fig. 8]
and can be readily extended to the remainder of the
scalar primitives, and with little difficulty to the
composite primitives. The objection has been raised
that the storage requirements of compiled code
seriously exceed those of interpreter code together with
an interpreter for large programs. It should be noted
however that excess storage for compiled object code
is not used by this technique if storage allocation and
data type checking is carried out by system procedures,
and only the kernel of the computation, the loop
producing results, is inserted as in-line code in the
function body.
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The array operands and powerful primitives of
APL have led to a different application of optimizing
techniques compared to say FORTRAN which is a
scalar-oriented language with less powerful primitives.
Text optimization as used in FORTRAN is largely
unsuitable for APL but the textual optimization tech
niques of ‘dragalong’ and ‘squeezing’ give similar
results. ‘Dragalong’ rearranges source code so as to
minimize the number of elemental operations necessary
and ‘squeezing’ places sequences of elemental
operations inside the same loop structure thus reducing
system overheads and providing a basis for register
allocation in object code generation. Register allocation
optimization can then be applied in the usual manner
for a particular machine.
There are of course many particular expressions
to which unique optimization techniques can be
applied. If for example we wish to divide by a constant
we can substitute the more efficient operation of
multiplication by the reciprocal of that constant.
Exponentiation to an integer power can be better
evaluated as a sum of products. As a final example the
rules of Boolean algebra can be applied to both the
simplification of logical expressions in text optimization
and to the avoidance of unnecessary operations in
actually evaluating the expressions.
Thus we see that a variety of techniques, both con
ventional and peculiar to APL can be used to improve
execution efficiency, and that the use of these tech
niques makes the translator perform more like a
compiler than an interpreter. We have therefore the
capability of quickly producing an interpretive pilot
implementation and then refining it towards a compiler.
THE CHARACTER SET
Iverson’s (1962) APL and APL/360 (Pakin (1968))
both use a diversity of special symbols which, in the
latter case, are generated by a special typeball on IBM
Selectric Input/Output devices. For those using other
equipment there may be the problem of presenting
the 136 or so current symbols. Thus in considering
a machine independent APL translator we are obliged
to develop a machine independent symbolism for APL.
Several limited character symbolisms for APL on
teletypes (and cards) have been suggested in Quote
Quad (Greenburg (1971), McMurchie (1970), Hagerty
(1970)) and there are also APL/1130 symbolisms
(dementi, James and Fletcher (1972a)(1972b)).
These symbolisms employ escape characters followed
by mnemonic forms of the corresponding APL/ 3 60
symbols. In the interests of speeding up input/output
the mnemonic form employs as few characters as
possible, and the net result is not usually very readable
or easy to use and learn.
In addition the reported symbolisms do not exploit
the FORTRAN user’s familiarity with widely accepted
symbolisms such as * for multiplication and / for
division, preferring instead to use * for the less common
exponentiation function. Using these conventions the
symbolism can be made to cater for the novice and
casual user rather than the ‘APL nut’, who should
have no troubles with symbolism anyway.
Given that it is desirable to allow short represen16

TABLE 1. A limited character set symbolism for APL/360.
APL .TRANSLATOR

API/SO
<

UNITED CHARACTER
SWBOLISM
LT

>

IE
GT

>
=:

V

APU360

LIMITED CHARACTER
STUBOUSH.

X
p

+C1DTE 0,If ,$6/11115,SIGN

€

f€,XU,FBBER,XECUr,lEM

GE
EQ

P

SI-SH,SIZE,SHAPE

NE

1

OR

t!

(NOTE D),R0,DE,ROLL,BEAL

NT, IDT
TK-TAKE
DR.DROP

in, NOR

1

A
A'

AN,AND

O

—

—(NOTE A)
+

Si

TR,TRN,TOA!BPDSE

/ (NOTE B) ,W,DIV,DIVIDE

*

T0,EX,T0THE,EXP

LG,LOG

o

IL, NJLL

CE,W.CEIL,MAX
FL,MN.FL00R.M1N

I

IB-IBEAM

L

__

—(NOTE A)

t

DOIBOWN

•
•
/Si

r

10,ID,IOTA,I IBEX,INIEGEFB,! NEEXOF
PI-T6-TRIG
RETURN

NLNW

e

TL1URW

JP,G0,JUHP,G0r0

A—

1

UP
(NOTE D) BI,FA,0tFACTORIAL,
FACT,BI NMCOEF,BICCCF,GfNMA
EN,ENCODE
DC,DECODE

1

AB,RS,ABS,RES,RESIDE,ffi$0UJ7E

/

RD,RED,REDUCE

□

IN,CU,OUT

/■

RLREBUCELREDl

m

QI,Q0,QIN,QUDT

\

SP,GR,EXPAND,GROW

A

m-caiamr

\

Xl,Gl,EXPA'iDl,GRML

a

IV,INV,IN£RT,DCHiro

i

T

CHARACTERS L ] , ♦ ( ) . . J

V
•V

(MOTE E),AS,ASS,ASSIGN
DL-DEL
LK-LQCK
ST,STCP

T A TC,TRACE

APE ASSUMD TO BE PFESENT IN THE LIMITED

CHARACTER SET
CHARACTERS CC cj n U 3 C BO IDT SEEH TO HAW ARC WIEELY ACRED
MEAN1NS AID ARE THIS OMITTED
CHARACTERS A AID -FOR USE IN IDENTIFIERS HAVE BEEN FEM FRffl THE
CHARACTER SET
CHARACTER ** FOR IBE IN CflfLEX NUMBERS SHOULD BE REPLACED BY
SPECIAL CHARACTER AS NECESSARY

Notes on Table 1.
a. subtract is — followed by a blank whereas in a negative
number — is not followed by a blank
b. use the standard (Fortran type) / for division
c. use the standard (Fortran type) * for multiplication
d. a special character may well be used for these infrequent
operations
e. the proposition is that assignment occurs more often than
the relational ‘equals’, and that other languages tend to
use = for assignment.
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tations of APL symbols for experienced users, but
that one also wishes to cater for the novice or casual
user, we propose to remove the escape characters and
use a dual symbolism of English words and two letter
mnemonics corresponding to the symbols’ meaning.
The symbolism is thus a set of reserved words which
cannot be used as identifiers, and these keywords can
be distinguished when listing APL code on output
devices by using upper case (on Model 38 teletypes
for example), by overprinting, or by underlining.
The obvious drawback is that the printing speed of
teletypes without uppercase is effectively halved. How
ever, the user does have the advantages of readability
and ease of learning.
Ambiguity is avoided and readability further
improved by demanding blanks at each end of key
words.
When using such an expanded symbolism a single
command may cover several lines (especially if one
is using a published APL/360 function) and this is
readily accomplished by selecting a special character,
say $, to serve as a continuation character if it is the
last character before a carriage return or on a card.
A preferred symbolism, presently being tested on
an APL implementation for Adelaide University’s
CD6400, is given in Table I. The APL/360 symbols
are followed by corresponding two character keywords,
then by any multi-character keywords. The redundancy
in the table is intentional, but not all synonyms need
be included in a particular implementation.
CONCLUSIONS
A machine independent translator design has been
developed from a few conceptually simple data
structures. The approach allows ease of definition and
manipulation of the data structures found in the inter
active array-oriented language APL/360. Various
ways of improving system performance are discussed
and it is found that techniques developed especially
for APL are generally superior to methods developed
for optimizing code produced by batch compilers of
conventional scalar-oriented languages.
Modular design provides flexibility of resource allo
cation in implementing and improving the system. A
pilot implementation can be produced and tested
quickly with few resources, and components then
revised within the system as necessary. The initial
production system can then be improved by optimizing
command execution and refining implementation of
individual primitive functions. The net effect is that
the system becomes more like a compiler.
The design presented is machine independent and is
currently being implemented on a PDP-11.
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Diagonal-matrix Formulation of
Networks for Storage Economies
By J.L.C. Macaskill
An economical storage method is described for topologically ordered precedence graphs
based on use of the diagonal band of the matrix of the graph. Algorithms are given for
setting up such matrices and for carrying out typical operafions on them for networks
of various sizes. Comparisons made with corresponding operations on more conventional
graph representations suggest that processing time penalties associated with the use of
the matrix diagonal formulation will be unimportant.

INTRODUCTION
A precedence-constrained operation is conveniently
characterized by a directed graph in which the nodes
represent tasks and the arcs precedence constraints. A
task duration may be associated with each node. The
graphs that are encountered in such applications are
often large with an average of two or more arcs per
node. Accordingly, during computer processing of the
operations there may be a need to use special tech
niques to ensure that the processing program and its
data can be accommodated in primary storage.
A precedence constraint is a binary relation that
either exists or does not exist, and this suggests an
approach in which a computer word is assigned to each
node, and its immediate successor nodes are held as a
bit pattern within the word. Such a method, com
bined with the standard formulations of the matrix of
a graph has some advantages for small graphs (Maca
skill 1969) but is unsuitable for graphs containing large
numbers of nodes. However, as shown later, a large
graph can be economically and effectively represented
by a diagonal band taken, under defined conditions,
from the matrix of the graph and packed as bit pat
terns with one row per word. Such matrices are here
called skew matrices.
However, because of the structure of the skew matrix,
algorithms that can be used to process graphs held as
arrays of nodes and immediate successors no longer
apply. Further, it might be expected that algorithms
suited to skew matrices would be costly in processing
time.
This paper presents algorithms for setting up and
handling skew matrices and (for programs written in
FORTRAN) compares processing speeds with those for
graphs in standard format. The aim is to show that
the considerable storage economies attainable with the
skew matrix formulation do not involve unacceptable
penalties in processing times.
There is an almost inexhaustible set of manipulations
that can be applied to a graph. Here, it has been con
sidered sufficient to carry out operations that, typically,
would be required in applying sophisticated heuristic
procedures in an assembly line balance (Arcus 1966).
Comparisons have therefore been limited to compu
tation of the following:—*

(i) ranked positional weight (r.p.w.) of each node,
where r.p.w. is the aggregated duration of a node
and its successors. This can easily be combined
with the evaluation of the successor number for
each node where the successor number is the num
ber of nodes in a set comprising a node and all
its successors;
(ii) the longest chain of nodes following each node.
Graph data will usually require editing and pre
processing in order that later processing can be per
formed effectively. Such work, although important, has
no general relevance to the present paper. There are
however special aspects of the forms of graph required
in order that a skew matrix can be generated. These
aspects are now presented.
FORM OF GRAPH REQUIRED FOR
SKEW MATRIX
In order that the skew matric can be generated, a
graph G with the following characteristics is required.
G is an acyclic directed graph with nodes nj,i == 1,2,
. . . ,,m corresponding to tasks i = 1,2, . . .,m that
together constitute an operation. The existence of an
arc (nj,nk) directed from node nj to node nk indicates
that task j must be completed before task k may start,
tj is the duration of task i.
G is available as an array
where Si3 is the jth
immediate successor node of nt. The nodes are so
numbered that if m = i<k, then task k cannot precede
task i, and by virtue of these conditions G is called a
topologically ordered graph. Further, for a given value
of i, the Su are ordered by increasing node number of
the immediate successors of m. Also, if Siq is the
immediate successor node of m that has the greatest
node number, then S1>q+i is set to equal to zero to
indicate that Siq is the final immediate successor of nf.
Redundant arcs in a graph can cause difficulty in
processing, and here G has no redundant arcs. A
redundant arc is defined as follows. If m precedes n,;
and if nk precedes n! then, if there exists an arc
(mm,), that arc is redundant. Figure 1(a) illustrates
a redundant arc.
A further requirement in G is that for all m the
condition
— in < a is met, where a is an arbitrarily
selected constant related to computer word size. There

*University of Adelaide
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is no guarantee that any such condition will exist in the
initial""formulation of the graph that characterises the
operation even after topological ordering, figure 1(b).
However, the requirement is easily met by insertion of
dummy tasks of zero duration, as illustrated in figure
1(c). In full scale applications it will be usual for
30 < a < 50, and the number of dummies required will,
in general, be small.
SKEW MATRIX
A precedence matrix (Kaufmann, 1967) for a directed
graph with m nodes is an m X m matrix in which an
entry in row i and column k denotes the existence of
arc (n^ns). Figure 1(d) shows the precedence matrix
for the graph G of figure 1(c), under the condition
that Sjj — ^ < 4. It will be noted that because G is
topologically ordered all the entries in 1(d) are above
the diagonal. Further, because Sy — nt ^ 4, no entry
in figure 1(d) is more than 4 elements away from the
diagonal. Figure 1(e) shows the skew matrix asso
ciated with figure 1(d). Each row in figure 1(e) consists
of the four elements to the left of the diagonal in figure
1(d). Thus the 8 X 4 matrix of figure 1(e) is an
unambiguous representation of G that is much more
compact than that of 1(d).
ALGORITHMS
Bit location identifiers
In the work that follows it will be required to
determine whether a given location within a computer
word is occupied by a 1 or by a 0 and logical operations
will be needed. The symbol u and n when used here,
denote union and intersection in the sense of .OR. and
.AND. in Fortran. That is, each computer word is
considered to be a 60 member ordered set that is com
pared, location by location, with a second set repre
sented by another word under the relevant operation
union or intersection.
Let W denote the contents of a computer word and
Zh be a number corresponding to a computer word
that has a 1 in location h#, but is otherwise zero filled.
Then if
W n Zj, ^ 0
it is shown that location h in W contains a 1. Accord
ingly it will be useful to have a set of numbers
Zh,h = 1,2, . . . ,,f available for such identification of
bit locations, where f is the greatest location number
required for our purposes. The Zh can be conveniently
set up as follows:—
I. Generation of bit location identifiers
1. h <r- 1, g
1
2. Zh
g
3- g
g + g. h <- h + 1
4. If h > f, stop: all identifiers are generated.—
Otherwise, go to 2.

(a) a graph Gi that contains a
. „
redundant arc and is not topo- IN a §raPh G2 that represents
logically ordered
the sa“e operation as that re
presented by Gi. Ga is topo
logically ordered and has no
redundant arc

t7 =9

t, = 6
dummy
node

1

tR 0

(c) a graph G obtained from Ga with dummy node introduced
to satisfy condition Su — »i ^ 4

8

7

6

5

4

3

2

1

Generation of skew matrix of the graph G
A skew matrix of a graph with m nodes is to be
set up in computer words W,,i = 1,2,... . ,m. Note*
* For present purposes a computer word is considered to have
60 locations, arrayed such that location 1 corresponds to 2°
and location 60 to 25°. Location 60 is defined as being at the
left extremity of the word.
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(d) precedence matrix for G

(e) skew matrix for G

Figure 1: Precedence Graphs and Matrices
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(see figure 1(e)) that if nk immediately succeeds m
then a unit entry is made in the ith row and (k-i)th
column of the matrix — that is in location (k-i) of
Wj. Further, it will be found that any unit entries in
the diagonal elements (i-1,1), (i-2,2) . . . (i-q,q) of the
matrix denote immedite predecessor nodes of m.
Note that q = i — 1 if i < a, and that otherwise
g = a. In certain procedures in precedence graphs
it will be helpful to know the location, lls, of the left
most immediate successor entry for m and the location,
hi., of the immediate predecessor entry furthest along
the diagonal. The values of lls and iw can then be
included in Wj in locations to the left of location a.
Note that Zis and Zlp cannot be greater than a and there
fore will require not more than c locations where c
is given by min 2° > a. The algorithm for generating
the skew matrix and including Zls in Ws is now given.

5.3.2. h 4— h -j- 1; if h > a or if i -|- h > m
go to 5.4. Otherwise go to 5.3.1.
5.4. H now contains all the successors j (where
j < i + a) of the immediate successors of i.
If any node in H is an immediate successor node
of i, arc (i,j) is redundant.
5.4.1. If Wt n H = 0 go to 5.5. Otherwise
identify the redundant arc that is present
thus. Set h 4- 1.
5.4.2. If (Wi n Z„) n (H n Zu) = 0 arc (i,i + h)
is not redundant, go to 5.4.3. Otherwise
record redundant arc and remove by setWi — Wi n Zh.
5.4.3. h 4- h + 1; if h > a go to 5.5. Other
wise go to 5.4.2.
5.5 i 4- i 4- 1; if i < m — 1, go to 5. Otherwise
stop. The check for redudant arc is complete,

II Generation of skew matrix
Recall that G is available as the array Sy where Sy
denotes the node number of the jth immediate suc
cessor node of node i. G has nodes i = 1,2, . . . ,m.
1. i «- 1, j <- 1
2. If Sjj > 0, makes entries in Wi as follows: otherwise
go to 3.
2.1. h <- Su-,
2.2. Wj 4- Wi u Z*
2.3. j <- j + 1, go to 2.
3. Check that Su-i — i < a. If this condition is not
met, dummies are not correctly inserted, therefore
stop. Otherwise record /is = h in Wj.
3.1. Wj 4- Wi u h.2*
3.2. i <— i —J— 1
3.3. If i < m, go to 2. Otherwise continue.
3.4.All immediate successors and values of lis have
been entered in the Wt. Go to 4.
4. Note that in the algorithm given above the elements
of Si3 can be read into a single location one by one
and processed in turn.
The next stage woud be to evaluate the ZIp from
the contents of the words Wi. This process is
straightforward and not of particular interest and is
therefore omitted.
An algorithm to check for and remove redundant
arcs has been included. This is of some interest
and is given below. The basis of the check is that
no node may be an immediate successor of some
node i, and at the same time be a successor of an
immediate successor of node i. The first step is to
obtain all the immediate successors of the immediate
successors of node i as bit locations in the computer
word H. Set i <- 1, and proceed thus:—
5. h 4- 1, H «-0
5.1. If W,nZh - 0, go to 5.2.
5.1.1. H = Hu ((Wi+1,2“) n (2*—1))
5.2 h <- h + 1; if h > a or if i + h > m, go
to 5.3. Otherwise go to 5.1.
5.3. Now contains all immediate successors j (where
j > i + a) of the immediate successors of i.
Now find all successors k (where k > i -J- a)
of contents of H. First set h 4- 1.
5.3.1. If H n Zh = 0, go to 5.3.2.

Determination of r.p.w. and successor numbers
for each node
The r.p.w. and successor number are defined in sub
paras (i) and (ii) of the introduction. In the algorithm
given below these quantities are obtained for a skew
matrix. Note that [x] signifies the integer part of x
and thus [x/2] represents the computer operation of
right shifting the contents of a word by one location.
For example, [(1011)2/2] == (101)2.
dj and Vj are the r.p.w. and successor number of node
m.

5.3.1.1. H = H u ((Wi+h.2h) n (2*—1))
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Ill Algorithm for r.p.w. and successor numbers
1. i 4— 1, k 4— 1
2. x 4- Wi n (2a—1), di 4— tj, Vi 4— 1
3. y 4- x n 1
4. x 4- [x/2]
5. If y = 0, go to 6.4. Otherwise continue.
6.1 x 4- x u ni+u
6.2 di <— d, -(- ti^h
6.3 Vi <4- vi+1
6.4 k 4— k -j- 1
6.5 If k < m — i, go to 3. Otherwise continue.
6.6 If i < m, go to 1. Otherwise all nodes have
been processed. Therefore stop. The values of
r.p.w. and successor numbers are contained in
the di and Vj.
Determination of longest chains
The longest chain following each node is obtained by
a single pass through the graph, starting at the final
node and working back to node 1. The basis of the
algorithm is as follows. Let node k have immediate
successors Z, . . . ,,n and let Z, . . .,n have longest chains
e(, . . . .,e„. Then the longest chain ek associated with
node k will be given by ek = 1 + max (et, . . . .,en).
Continual repetition of this recurrence relation from
node m to node 1 permits the determination of the
longest chain for each node, as follows.
IV. Algorithm for longest chains
Recall that the value of c is such that min 2C> a
1. i 4- 0
2. i 4— i —f- 1
3. b 4- m — i + 1
3.1. If b = 0, go to 4. Otherwise continue
3.2. e 4— 0, Zk 4— 0
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TABLE 1. Central process times in seconds for various operations on a set of six graphs.

OPERATIONS
GRAPH CHARACTERISTICS

Longest
chains

R.p.w. and
successor numbers

Arc to
node
ratio

Number
of
nodes

Number
of
arcs

Skew
matrix
format

S„
array
format

Skew
matrix
format

format
S„
array

High
Low
High
Low
High
Low

106
106
201
211
406
410

375
164
805
324
1720
650

0.46
0.47
1.49
1.64
5.73
5.81

1.05
0.77
4.37
2.91
18.82
11.06

0.11
0.10
0.21
0.19
0.43
0.38

0.10
0.09
0.20
0.19
0.41
0.37

3.3. x
Wb n (2“ — 1)
3.4. lira <-[Wb n c.2a)/2“], h <- 0
3.5. h *- h + 1
3.5.1. If h > lim, go to 2.
Otherwise continue.
3.5.2. r <— x n
3.5.3. If r — 0, go to 3.5.
Otherwise continue.
3.5.4. e <— 1 -j- lb+h
3.5.5. If e > h> lb
e.
3.5.6. Go to 3.5.
4. All longest chains have been determined: therefore
stop. Chain lengths are contained in the Zb, b = 1,
2, . . . , m.
DISCUSSION
Storage economies
The saving in storage obtainable by use of the skew
matrix formulation of a graph depends on what alter
native method is used to process the graph. If the
graph is available as an array Sjj, as described earlier
here, then, for a Fortran program, it is convenient
to set the graph up as a two dimensional array. In
this form, the minimum storage requirement is m x n
words, where m is the number of nodes in the graph and
n is the greatest number of immediate successors of any
node. In contrast to this, the skew matrix formulation
requires only one word for each node in the graph
(including dummies). If the number of dummies is
assumed not to exceed 5% of the graph nodes, and
if n = 8 (as it well might), then the storage required
for the skew format would be less than one seventh of
the storage required for the Sjj array — a very sig
nificant saving.
The method of storage considered above, although
convenient, is usually wasteful because the maximum
number of immediate successors of a node is normally
much greater than the average number of immediate
successors per node. Thus, storage economies can
often be obtained by storing a graph as a one dimen
sional array. With this method (assuming that word
packing techniques are not used) the total storage
requirement is one word per arc plus one word per
node (in order to establish which arcs are associated
with which node).
The storage economy advantages of the skew format
over this method would seldom fall below a factor of
The Australian Computer Journal, Vol. 5, No. 1, February, 1973

2.5 and would often be much greater. The one dimen
sional form has not been used here for graph process
ing, but experience suggests that it would be slower
and less convenient to use than the two dimensional
method of the preceding paragraph.
The storage method already mentioned in the intro
duction in which the standard method of formulation of
a graph is combined with word packing (Macaskill
1969) requires m x [m/b] words of storage where m is
the number of nodes, b the number of bits per com
puter word, and [m/b] the smallest integer equal to or
greater than m/b. Thus if b is 60, a 120 node graph
would require 240 words of storage and a 240 node
graph 960 words. Thus for any graph with more than,
say, 250 nodes the skew matrix formulation has an over
whelming saving in storage compared with the method
just discussed.
Performance of algorithms
The foregoing shows that the skew matrix formula
tion of a graph offers important storage economies
over more conventional formulations. It is therefore
reasonable to expect that the method would involve
the user in processing time penalties of significant pro
portions. In order to examine this possibility, the
algorithms given earlier in the paper have been imple
mented in Control Data Fortran on a CDC 6400 com
puter for a variety of graphs. These graphs were
generated artificially by random number techniques,
in accordance with the specification for the graph G
given earlier in the paper, in the form of an array Stj.
The graphs G were first converted to the skew matrix
format by use of algorithms I and II and then algorithms
III and IV were applied to them, and the processing
times were noted.
In addition, operations equivalent to those of
algorithms III and IV were carried out directly on the
graphs G in the Si3 array format and processing times
were again noted. These times have been recorded in
Table 1.
In interpreting the results of Table 1, the following
qualifications should be noted. First, Table 1 makes
no allowance for the processing associated with
algorithms I and II. In fact, tests showed that process
ing times for the generation of the bit location identi
fiers and for the generation of the skew matrix were
negligible. The times for checking for redundant arcs
were significant, and are discussed later.
21

Diagonal-Matrix Formulation of Networks

Next, the following matters concerning the counter
parts algorithms that were applied direct to the graphs in
the Sjj array format should be noted. The counterpart of
algorithm IV corresponded almost exactly to algorithm
IV. In writing the counterpart algorithm for algorithm
III a single-pass dynamic programming approach simi
lar to that used for algorithm IV was considered.
However, it was decided that any advantage in pro
cessing speed would be outweighed by added program
complexity. The difficulty in a single pass is to ensure
that nodes are not included more than once as succes
sors of a given node. Accordingly an algorithm similar
to algorithm III was used in which each node was taken
in turn and its complete set of successors determined.
In order to avoid searching successor lists to check
whether a node had already been entered, each node
had a flag associated with it that was set when it was
included in a successor list. Within the limitations
noted above this gave a reasonably efficient algorithm.
Examination of Table 1 shows first that in the
identification of the longest chains (algorithm IV) there
was little difference in processing times between the
skew matrix and the Sjj array format. The processing
for the latter format might be expected to be slightly
the faster, since there is no need to identify immediate
successor nodes by inspecting the bit patterns within
the node words as there is with the skew format. The
results tend to confirm this reasoning, but the differences
are so small that great reliance should not be placed
on them in this context. What is certain is that little
penalty is paid in processing time through use of the
skew format.
The results of the processing to obtain the r.p.w.
and the numbers of successors (algorithm III) are more
interesting. Here the skew format has, in every in
stance, a most significant advantage in processing speed
over the standard array format. One main reason for
this is that in the Boolean operations of algorithm III
there is no need to check specifically whether a given
node has already been included in a successor list,
This is done automatically by the logical union opera
tion in 6.1 of algorithm III.
It is also interesting to note that although the skew
algorithm, as would be expected from the foregoing
comments, is insensitive to the number of arcs per
node in graphs processed, the standard algorithm shows
considerable sensitivity in this respect. Thus, for the
standard format, the processing time for the high
density graphs with comparable numbers of nodes is
about 1.5 times as great as for the low density graphs.
This is accounted for by the need to perform more list
operations for the high density graphs than for the low
density graphs.
It is not suggested that the standard algorithms have
been developed to an optimal form, and it is probable
therefore that the differences in processing time be
tween the standard and skew algorithms could be con
siderably reduced. However it seems most unlikely
that the standard algorithm could ever give a better
performance than the skew algorithm.
Another interesting result was obtained by compar
ing the redundant-arc checking-segment of algorithm II
with a similar editing program written to remove
redundant arcs directly from a graph in the Sjj array
22

format. The two algorithms were used on the high
density graph with 406 nodes noted in Table 1. Both
algorithms were applied to the graph after all redundant
arcs had been removed, and therefore were used in
similar conditions. The skew algorithm took 0.85
seconds to complete its check: the S;J array format
algorithm took 3.86 seconds. The cause of this dif
ference was that the single Boolean operation of state
ment 5.4.1. of algorithm II could be used in the skew
formulation to test for redundancy. In the
format,
each immediate successor of a given node had to be
matched against all the successors of the immediate suc
cessors. As noted before, the relevant standard
algorithm could no doubt be much improved, but it
is again unlikely that in this application it could better
the performance of the skew algorithm.
The speed advantage noted above is obtained be
cause the skew format permits the setting up of lists
within computer words in such a way that Boolean
hardware instructions can be directly applied to perform
list operations.
CONCLUDING REMARKS
A method of storing a topologically ordered pre
cedence graph has been presented that in all the cir
cumstances considered offers significant savings in
primary storage, and in particular instances can reduce
storage requirements by a large factor. Examples of
operations on graphs held in this way have been given
and compared with operations on graphs held in a
more conventional way. The results show that in none
of the instances examined would a significant penalty
in processing time have to be paid for use of the special
method. Further, in some of the operations the special
method gave advantages in processing speed over the
conventionally held graphs. Tt seems unlikely that this
advantage could be entirely eliminated by optimising
the conventional algorithms.
It is therefore concluded that the skew matrix format
is a valuable storage method for large networks when
primary storage is at a premium.
It is further concluded that the processing speed ad
vantages noted above might be helpful in programs in
which specialised lists of limited length require to be
processed repeatedly.
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A Program for Process Design
and Optimisation
By A. J. Bayes*, W. McWhinney**, and C.R. Murry**

The paper describes a program for designing a process plant. The program has the following
features:
(a) The blocks of the process are specified by Fortran subroutines of very simple structure,
(b) The connections between blocks are entered as input data, making the reconfiguration of
the plant very easy,
(c) The program provides a very wide range of solution techniques. A “language” is defined
in which the solution algorithm is specified,
(d) The program permits parameter estimation from measured stream values.
The program is written entirely in Fortran, and is applicable to a wide range of processes.

INTRODUCTION
Tire Representation of a Process
The use of computers to assist the design of chemical
or process plant has been described by a number of
authors (Burdick and Naylor (1966), Cameron (1969),
Goldstein and Stanfield (1970), Lee, Christensen and
Rudd (1966), Liddle (1970), Mosler (1964), Umeda
and Nishio (1972)). Typically, a process plant is re
presented by a set of units interconnected by pipelines
or streams. Material and energy are transmitted by
these streams from one unit to another. Some streams,
which we call global input streams, enter the system
from the outside world. Other streams carry output
from one unit as input to another unit. Still other
streams, global output streams, carry material from the
system back into the outside world.
In principle, the specification of a process plant con
sists of a list of the interconnections between units, plus
an algebraic description of each unit showing how the
outputs from the unit depend on the values of the in
puts. Given these data and the values of the global in
put streams, the values of the output streams can be
calculated. This calculation we call solving the process
plant.
As an example, consider the following simplified
representation of a crushing train in a sugar mill. The
input to the crushing train is sugar cane, which, for
the purpose of this example, consists of fibre, water and
dissolved solids. This stream is shown entering the pro
cess at the left of Figure 1. The first crushing unit
crushes the cane and separates some of the juice (water
and dissolved solids) from the crushed cane. The crushed
cane is mixed with juice from a later crushing unit and
recrushed in unit number 2. The juice from this and
the earlier crushing become global output streams. In
later units, the crushed cane from the nth unit is mixed
with juice from the (n+2)th unit and fed into the
(n-fl)th unit. Before it enters the last unit, the crushed
cane is mixed with water (a global input stream). The
erushings from the last unit form a global output stream.
The crushing unit is an example of a process unit.

This representation of a process unit in Figure 1 we
shall call a unit block. We do this to distinguish it from
another kind of block which will be defined later.
Each crushing unit in the above train can be repre
sented by the same set of algebraic equations. The
presence of feedback loops, that is, streams running
from right to left in Figure 1, ensure that the perform
ance of every unit affects the performance of every
other unit. This characteristic is typical of many pro
cess plants.
The Design Problem
There is a problem of usability in the design of pro
grams to solve process plants. If a generalised program
is written in an ordinary high level programming lan
guage, such as Fortran or Algol, a block can be repre
sented by a subroutine. If the program set is not well
designed, the subroutine must be written following care
ful conventions and limitations to enable it to mesh
properly with the mainline program; for instance, in the
declaration and use of COMMON blocks to contain
global data. Unfortunately, most chemical engineers
are not programmers. They cannot be expected to write
programs with a complicated or sophisticated structure.
Thus a generalised program may be unusable by many
of those people who wish to use it.
Some writers (Cameron (1969), Soylemez and Seider) have attempted to solve this problem by designing
a special purpose chemical design language, in which
the structure of the finished program is hidden from the
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Fig. 1: Schematic Representation of a Crushing Train

*IBM Systems Development Institute, Canberra. **Sugar Research Institute, Mackay.
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user. A compiler or preprocessor translates this lan
guage into object code or another high level language.
This approach may suffer some of the common dis
advantages of relying on a special-purpose compiler,
i.e. inadequate documentation, diagnostics and main
tenance, and a limited range of host machines, as com
pared with say Fortran. ‘Translator programs are diffi
cult to write and maintain, as they require extensive
character manipulation.’ (Soylemez et al).
Further problems arise in the specification of an
algorithm to solve the process plant. These problems
have largely been ignored in the literature. The first
problem occurs in specifying the solution of individual
units. If the algebraic representation of a unit states the
outputs of the unit explicitly in terms of the inputs,
then the unit is easy to solve. If the representation
specifies the outputs implicitly with nonlinear functions,
then some nonlinear optimisation technique must be
used. Some writers (Batstone (1970), Goldstein and
Stanfield (1970), Tomich) have discussed this problem
in some detail, though often in terms of a one-off
approach to some particular unit. There appears to
have been no attempt to provide a library of techniques
which can easily be plugged in to any given unit speci
fication.
If the solution technique for each unit is known,
there remains the problem of using these unit solutions
in the solution of the complete network. Here we can
distinguish two extreme approaches and a range of
possibilities in between. At one extreme is the tradi
tional approach of the chemical engineer, which derives
from the era of hand calculations. This is to place the
units in some sequence and solve each one individually.
On reaching the end of the list, the solutions are re
peated. This is continued until the solution stabilises.
Skill is required to sequence the units so that the solu
tion converges rapidly. The sequence chosen often
approximates to the material flow. In some sense this
solution simulates the start up of a plant.
In real-life cases the material flow between units can
be quite complicated, and the optimum sequence is not
obvious. Batstone has considered the question of opti
mum sequence from the point of view of minimising
the number of material feedbacks in the sequence. This
approach may well provide a good solution. It is not
(nor is claimed to be) optimum.
The other extreme we may call the mathematical
approach. The mathematician is tempted to see each
stream value simply as another variable. The problem,
in principle, is one of globally solving all the streams
simultaneously. In practice, of course, the cost and
numerical difficulties of solving a large number of vari
ables simultaneously might be insuperable. A model can
easily contain several hundred variables.
A compromise might be reached by dividing the
units into groups, and solving simultaneously within
groups and iteratively between groups. In this way we
may gain some of the advantages of both worlds, and
we can use our understanding of the process to divide
the units into groups, so that the groups reflect the
logical relationships of the units. This may make the
solution more efficient.

A PROCESS DESIGN PROGRAM
Background
In early 1972 the IBM Systems Development Insti
tute, Canberra and the Sugar Research Institute, Mackay agreed to a joint project to design and implement
a general purpose program for the design of sugar mills.
The criteria for this program were:
(a) The program should be written in a commonly
used high level language, to allow easy transfer
between different types of computer,
(b) The process specification should be fed in as data,
or as subroutines with very little formal structure,
(c) The range of solution techniques should be very
wide. The solution algorithm should be specified as
input data,
(d) The program should have facilities to allow process
parameters to be estimated from measured values
of the streams.
The division of work was as follows. The Sugar
Research Institute developed the unit subroutines, while
the IBM Systems Development Institute wrote the pro
gram structure and optimisation routines. These were
tested jointly with the subroutines for the process units.
The development of the unit subroutines will be
reported elsewhere. The purpose of the present paper
is to report on the optimisation and computational
aspects of the program.
In this section we present an overview of the program
as it is used for solving process problems. We elaborate
some of the points later, under ‘Implementation and
Usage’.
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Unit Blocks
It frequently happens that many unit blocks in a
process have the same structure. The crushing train
described earlier is an example. Clearly, it is wasteful
to write a separate subroutine for each block, when the
subroutines would be identical. We have chosen to
write subroutines to represent a unit prototype, or type.
The specification of a unit block includes the prototype
which describes it.
A block prototype has say m inputs and n outputs.
The explicit form of a block type, if it exists, has n
equations each defining an output variable as a function
of the input variables. The implicit form has n func
tions of the inputs and outputs. When the values of the
outputs have been assigned correctly, these functions
all have value zero. In theory, the non-linear functions
may have many such solutions. In practice, we are
dealing with a real life situation, and only one solution
is likely to have a physical meaning.
The explicit form of a unit type is written as Fortran
code and inserted in an appropriate place in a pre
written subroutine. The implicit form is coded as an
independent subroutine called TYPEx for the sub
routine for type x, where x is an integer. The sub
routine has m+2n parameters, representing the inputs,
the outputs and the returned function values. The sub
routine computes and returns the function values.
The form required of an implicit block subroutine is
best illustrated by an example. Suppose that XI, X2
and X3 are the input values to a block type, and Y1
and Y2 the output values. Suppose the explicit form of
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the block type is as follows:
Y1 — X1+X2
Y2 =_X2/X3
The implicit routine would be written as follows:
SUBROUTINE TYPE 1 (X1,X2,X3,Y1,Y2,F1,F2)
IMPLICIT REAL*8 (A-H, O-Z)
FI = Yl—(X1+X2)
F2 — Y2-X2/X3
RETURN
END
Clearly, if FI and F2 are zero, then Yl and Y2 have
values defined by the explicit form of the block.
The explicit form of a block provides a faster solu
tion of an individual block than an implicit solution
does. However, the simultaneous solution of more than
one block requires implicit representation of the blocks.
Specification of the Process Network
For each block type, we specify the number of input
and output variables.
Each block, and each stream are numbered. For each
block, we specify the type and list the input and output
stream numbers. This information, together with the
block type subroutines, completes the specification of
the process network.
Specification of the Stream Values
The values for the global input streams must be
entered as data. In addition, typical values of all the
other process variables must be entered. Strictly, this
information is not needed to produce a solution. We
use it to control scaling, in a manner to be discussed
later. The values thus entered are used as starting
values in the solution. Reasonably realistic values will
often reduce the time to reach a solution.
Specification of the Solution Technique
We have stated earlier that there is a wide possible
range of solution techniques for any particular process
problem. The method we have adopted is to design a
simple ‘language’ in which the proposed solution algo
rithm can be stated, and an interpreter to execute a
‘program’ written in this language. Interpretive execu
tion of this ‘program’ solves (or maybe fails to solve)
the process. For the rest of this paper, the phrase ‘solu
tion program’ refers to the set of instructions to solve
the process. The phrase ‘executive program’ refers to
the Fortran program which implements the algorithm
defined in the solution program.
A solution program consists of a set of instruction
lines. As in other languages, control passes sequentially
down the instruction lines. For a straightforward solu
tion of a process, three kinds of line are pertinent.
These are as follows:
(a) An action line. An action line causes a set of blocks
to be optimised simultaneously. The information
required in an action block is
(1) A label (optional),
(2) The optimisation technique required,
(3) For some optimisation techniques, parameters
to guide the optimisation,
(4) A statement of the level of diagnostic printout
required,
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(5) A list of the blocks to be optimised,
(6) A convergence criterion, to specify the accu
racy required in the optimisation.
(b) A (conditional) branch line. This is required to
control the iterative solution of blocks. The in
formation in a branch line is
(1) A label (optional),
(2) An accuracy requirement,
(3) A statement of the level of diagnostic printout
required,
(4) A branch address, specified as a line number
or line label.
The branch address of a branch line must be at
some earlier point in the program. The branch line
causes all the blocks in action lines between itself
and the addressed line to be evaluated. If the worst
block fails to meet the accuracy criterion of the
branch line, control passes to the addressed line.
Otherwise, control drops through to the next line.
Branch lines define a loop. These loops may be
nested.
(c) A print line. A print line causes the current value
of the variables to be printed. It also prints the
number of executions of each program line and of
each implicit block type. This imformation is use
ful for diagnostic purposes and for assessing the
efficiency of an algorithm.
It will be seen that the action line and conditional
branch line, as defined here, provide a versatile tool
for specifying a solution algorithm. For instance, the
mathematical approach described earlier would be writ
ten as a single action line with every block listed. The
chemical engineering approach, as described earlier,
would be written as a string of action lines, each with
one block, terminated by a single conditional branch
line whose address is the first action line. Intermediate
algorithms are represented by more complicated solu
tion programs.
PARAMETER ESTIMATION
The Problem
In process problems it frequently happens that some
values of the process streams can be measured with
good accuracy; for instance, the values of the global
output streams. The values of other streams can only
be measured badly or not at all. If the model is solved
using defined input values, it can happen that the pre
dicted values of the measurable streams do not agree
with the measured values. In this case, it is likely that
one or more of the units are not being modelled accu
rately. Assuming that the basic structure of each unit
is understood, the trouble is likely to be that one or
more of the parameters that govern a unit have not
been specified correctly. We need a method to estimate
parameter values from the measured values.
Putting the question more precisely, if there are p
variables, other than global input variables, whose
values are known, then in principle there is the possi
bility of varying p parameter values to make the meas
ured and predicted values agree. These parameters may
be in one unit or spread among several units. The prob
lem is again one of non-linear optimisation in the space
of parameter values. The function to be minimised is
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some measure of the differences between the predicted
and measured output values. Function evaluation at
any point in the parameter space is found by solving
the process for these parameter values.
We represent this diagrammatically by means of a
so-called supervisory block. In Figure 2, blocks 1 to 4
are unit blocks and represent a process unit. Streams
1 to 8 are ordinary process streams. Streams 6 to 8
are global output streams whose measured values do
not agree with the predicted values. Suppose there is
one parameter in block 2 and two parameters in block
3 which we wish to adjust to correct the predicted values
of streams 6 to 8. We represent this by introducing a
supervisory block labelled SI in Figure 2. The para
meters are labelled 9 to 11. So far as the definition of
the block types for blocks 2 and 3 are concerned, an
adjustable parameter value is simply an input variable,
and it is coded as an input variable in the block proto
type. It is shown thus in Figure 2. Streams 12 to 14
hold the constant values which are the measured values
of the streams 6 to 8. They are held as variables, but
like the global input streams, they do not vary.
It is important to notice that the lines 9 to 14 in
Figure 2 do not represent physical streams. The appar
ent feedback of a supervisory block is notional only, in
that measured values reflect back on parameter esti
mates.
Specification of the Supervisory Block
The variables associated with a supervisory block (9
to 14 in Figure 2) are entered like any other variables
in the system. A supervisory block is defined by listing
the variables which it uses.
Executing a Supervisory Block
To execute a supervisory block, we require two
new kinds of instruction line in the solution program.
These are as follows:
(a) A supervisory block line. The information required
is:
(1) A label (optional),
(2) The supervisory block number,
(3) The optimisation technique required,
(4) For some optimisation techniques, parameters
to guide the optimisation,
(5) A statement of the level of diagnostic printout
required,
(6) A convergence criterion to specify the accu
racy required in the solution.
(b) A ‘end supervisory block’. This line delimits the

Fig. 2: A Process with Supervisory Block
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amount of solution program that must be executed
to evaluate the functions for a supervisory block.
A supervisory block line and its associated end block
line define a loop in the solution program. This is be
cause a function evaluation in a supervisory block re
quires the process to be solved down to its associated
end block line. It is of interest to note that the optimis
ation code used by a supervisory block and a unit block
may be the same. This means that the Fortran opti
misation routines must be coded to allow their use
recursively (Barron (1968)). Supervisory block loops
can be nested. They can also be nested inside and out
side the loops defined by branch lines.
To fix ideas, we give the outline of a possible solu
tion program to solve the process defined by Figure 2.
The optimisation methods are discussed in the next
section.
Line 1: Solve block 1 using Broydens method to an
accuracy of .001.
Line 2: Supervisory block 1. Solve using NewtonRaphson to an accuracy of .003.
Line 3: Solve blocks 2 and 3 simultaneously using
Newton-Raphson to an accuracy of .001.
Line 4: Solve block 4 using the Simplex method to an
accuracy of .002.
Line 5: Conditionally branch to line 3 on an accuracy
criterion of .003.
Line 6: End supervisory block.
Line 7: Print the results.
IMPLEMENTATION AND USAGE
In this section we expand some points which were
given in outline in earlier sections, and also discuss
experience of using the system.
Optimisation Techniques
The range of optimisation techniques has been
chosen to enable the user to solve an optimisation prob
lem reliably, with reasonable efficiency, and with mini
mal knowledge of how the optimisation technique
works. The methods we have chosen to implement are
as follows:
(1) Simplex (Spendley, Hext and Himsworth (1962)).
This is an inefficient method, but it has some ad
vantages which will be discussed later. In our
experience it is not particularly reliable, in that
running times often become prohibitively large. It
is possible that one of the variants of Simplex
(Chandler (1969)) might prove better than the
current implementation.
(2) Broydens algorithm number 1 (Broyden (1967)).
This is an example of a Quasi-Newton method.
(3) Wegsteins method (Wegstein (1958), Lance
(I960)). This is a suitable algorithm for solving
the implicit form of a unit block that has an expli
cit form, or numerically is very close to having an
explicit form.
(4) Pankiewitz method (Pankiewitz (1970)). This is
essentially the Newton-Raphson technique, but
modified to avoid the need to take explicit deriva
tives.
(5) Explicit solution. It should be noted that if the
explicit form is used, an implicit form must also be
The Australian Computer Journal, Vol. 5, No. 1, February, 1973
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provided. This is to enable the branch lines to
evaluate the unit.
These methods have been chosen because they repre
sent a wide variety of different possible approaches. If
one method fails to obtain convergence, then another
method can be plugged in and the problem retried.
This, hopefully, increases the likelihood that a process
can be solved.
In choosing these techniques we have been guided
to some extent by the literature on optimisation. In
most cases we have not found the literature particularly
helpful. In the main, optimisation literature concen
trates on solving, with minimum function evaluations,
‘hard’ problems in very few dimensions, and usually
to six or eight significant figures. Our problem, typic
ally, is to solve reliably ‘reasonable’ nonlinear problems
in five to twenty dimensions, to an accuracy of three or
four significant figures.
Another difference arises in respect to errors in
function evaluation. In the literature, the functions to
be solved are usually small synthetic functions that can
be evaluated accurately. In real life optimisation prob
lems, rounding errors or other computational errors
may become important. For supervisory blocks this is
undoubtedly the case. Evaluation of a supervisory
block requires the solution of the process; and this is
only to a specified accuracy. By spending more time
on the process solution, this accuracy can be improved.
The best level of accuracy will depend on the optimisa
tion method that is being used to solve the supervisory
block. We do not claim to know the answer to these
questions, and indeed, very little seems to be known
about it. A major advantage of the Simplex method is
that it behaves quite well in the presence of errors in
functional evaluation. This fact in itself justifies its
place in the range of techniques. The writers feel that
more attention should be paid to the effect on other
optimisation methods of errors in function evaluation.
Accuracy Criteria and Scaling Problems
The values of stream variables can differ greatly in
absolute magnitude, since they measure many different
physical quantities. In the sugar process models, for
instance, they vary from 10**(—3) to 10**5. Clearly
the accuracy with which a variable should be deter
mined should take into account the typical size such a
variable might be.
A similar problem arises in the functional implicit
specification of units. The scaling on each function is
essentially arbitrary. We would like the optimisation
process, and the final result, to be independent of the
scale that has been used in each of the function speci
fications.
A temptation is to expect the user to enter the infor
mation, for instance by asking him to scale the implicit
functions in the correct manner. Unfortunately, most
users will not know enough about the units to be able
to do this reliably. On the other hand, if no information
is available to the system, it is almost impossible to
gain useful results.
We have chosen a compromise solution. As was said
earlier, the user is required to enter ‘typical’ values of
each stream in the model. At the start of execution,
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using small relative differences, we compute, for each
block, the partial derivalives of every function with
respect to all the input and output variables associated
with the block. We compute, for each implicit function
f(j) the expression
s(j) = 2abs(3f(j)/3x(i))
i
where x(i) are the input and output variables. Then,
when a block is evaluated in the course of the calcula
tion, an error term E is calculated from the expression
E = max(e(j)/s(j))
j
where e(j) is the error in the jth function. The block is
assumed to be solved if E is less than the error criterion
specified in the program. If several blocks are to be
solved simultaneously, then every block must satisfy
this criterion. The same comment is true for branch
lines.
For supervisory blocks the errors are scaled using
the constant values which the measured streams are
supposed to assume.
This definition of error may seem surprising in view
of the prevalence of sums of squares as a criterion of
error. It has one important advantage. To ensure that
a conditional branch line sometime will meet its accu
racy criterion, we need ensure only that its accuracy
criterion is looser than all the criteria in its range. If
sums of squares were used, the proper values for the
accuracy criteria would be much harder to determine,
and the system would be much harder to use.
Diagnostic Printout
Each action line, supervisory block line and condi
tional branch line in the program has a parameter to
control optional diagnostic printout. The level of detail
is defined by an integer between 0 and 10. The values
that are printed are specified below. A number auto
matically causes the printout associated with any lower
number.
0. No printout for this line.
1. A trace showing that the line was executed.
2. The criterion value for the line at optimisation.
4. The criterion value for each block in the line,
printed at optimisation.
5. The output values for each block in the line, printed
at optimisation.
6. The input values for each block in the line, printed
at optimisation.
8. The criterion each time a type subroutine is called.
9. The output values each time a type subroutine is
called.
10. The input values each time a type subroutine is
called.
The printout at the end of the run prints the number
of times each line has been executed, and the number
of times each block type has been executed. This infor
mation is also printed if optimisation fails.
Using the System
We referred earlier to the problems of usability in
generalised programs to solve the process plant. Diffi
culties in using a generalised program may be placed
in three categories. In the first category are difficulties
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in understanding how the units in the plant behave and
interact. We think that the range of possible solutions
provided by this package, the detailed level of diagnos
tic printout, the use of parameter estimation and the
minimal extra information required about the plant, all
help to overcome lack of knowledge about the plant.
The second category of difficulties in using the sys
tem relates to choosing the correct algorithm for solv
ing the process. There appears to be no easy way to
assist in this understanding, other than the provision of
the diagnostics referred to earlier. Hopefully, as more
experience is gained, ways will be found to improve
this situation.
Our experience so far indicates that the diagnostics
provide an excellent picture of what is happening, but
that it is not always easy to see the reasons. Failure to
converge may be due to a badly specified plant, to an
incorrect unit block, to a poor solution program or to
an unlucky choice of optimisation algorithm. Careful
analysis is need to discover the truth. The flexibility of
the system is very useful in this investigation.
The third type of difficulty relates to computer
oriented problems, such as writing Fortran subroutines,
preparing input streams correctly and so on. This has
been a stumbling block in the past. We believe that
proper use of this package requires a degree of mathe
matical sophistication, and that almost any person who
has this will nowadays have familiarity with computers
sufficient to overcome these problems with very little
effort.
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Random Index File Design
By J. C. Gwatking*

An important aspect of modem digital computer systems is the efficiency in the use of
random access storage for data files. This paper discusses a modified approach to the random
access file design problem and compares it with a commonly used design. The results
indicate that a file with the proposed structure shows a significant decrease in access and
maintenance times. AKhough only fixed length records are considered throughout, modifi
cations are suggested which would enable variable length records to be handled.

1. INTRODUCTION
There are many variations on the basic design of a
random access file that can be used to improve per
formance under desired conditions. This paper examines
one such variation and compares the efficiency of the
resultant file structure with that generated by a familiar
random access design, for both the interrogation and
updating processes. The criterion used for comparison
is based on determining the average number of read
probes required for a retrieval and the average number
of read and write probes for addition and deletion. This
method of comparison is derived from one suggested by
Montgomery and Wallace (1972). Computer programs
were written to simulate both designs, thereby enabling
the easy determination of the quantities needed for the
comparison. For simplicity only fixed length records
were considered in the simulation.
2. FILE ORGANIZATION
Definitions of the terms used are necessary at this
point.
(i) A block is a unit of secondary storage which is
transferred to and from central memory.
(ii) A page is a segment of a block large enough to
hold one or more fixed length records. It is the
smallest portion of a block that can be separately
allocated. The number of records accommodated
is known as the page size.
(iii) A key is a field of a record with a value unique
to that record.
(iv) A bucket is the name given to each of the sets into
which a record may be randomized or hashed,
and to which one or more pages of storage are
allocated.
(v) A record slot is that portion of a page into which
a record can be written.
(vi) A foreign record is one not in its bucket’s home
block.
When a record is added to a random access file its
key is used to generate a random number nominating
which bucket the record is assigned to. It can then be
stored in the file with other records hashed to this buck
et. Retrieval of the record can be performed by the
same procedure, provided that the key is known.
3. RANDOM INDEX FILE DESIGN
The file design proposed in this paper has been given

the name ‘Random Index’ because it requires two in
dexed tables for its operation. These are held in core
during file manipulation. Each bucket is assigned a
block of secondary storage (not necessarily uniquely)
known as its home block. The two tables keep track of
the allocation of secondary storage to enable easy pro
cessing of the file. A Bucket Table consists of at least
two entries for each bucket, one being the number or
address of the bucket’s home block and the second a
bit pattern indicating which pages of that block are
assigned to the bucket. The other table is the Block
Table, which consists of one entry for each block, a bit
pattern denoting which pages are currently being used.
The page size is constant for the entire data structure.
However, for a value greater than one, a third small
entry must be recorded in the Bucket Table for each
bucket. This value is a count of the number of records
hashed to the bucket, modulo the page size, and could
be stored in an unused portion of the existing two word
entry. The count is necessary to determine what portion
of the most recently assigned page is full. This enables
the next available slot to be determined, provided that
the position of the last assigned page is known. It is
assumed to be the one with the highest page number in
the final overflow block, or the home block if there are
no overflows.
3.1 Additions
The first record hashed to a bucket is stored in the
first unassigned page in the file. This is determined by a
search of the Block Table, starting at block number 1.
The block containing the chosen page is recorded as
being the bucket’s home block. When other records are
hashed to the same bucket several situations can arise.
3.1.1 Free space available
If the latest page of the bucket’s home block is parti
ally empty, the record to be added can be written into
the next slot. If the page is full and there are still un
assigned pages in the block, then a further one is allo
cated to the bucket and the record written into it, with
the appropriate bits in both tables being set. (The above
procedure is also followed when the last assigned page
is in an overflow block, the other circumstances being
the same.)
3.1.2 Initial overflow
If the home block is completely assigned and all
pages in it have been allocated to the bucket currently
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completely assigned. Again there are two possible situa
tions. If the block consists entirely of records overflowed
from the bucket’s home block, then a pointer is set to a
second overflow block. However, if some of the pages
are allocated to a different bucket, then all the records
hashed to the bucket under consideration are shifted
from the block to another which can accommodate
them, plus the addition. As an example consider the
following initial configuration: —

2

block 1

2

2

b lo ck 2

4

4

block 3

1

1

3

3

1

3

3

1

block 2

4

4

block 3

1

1

1

1

1

block 4

2

2

2

2

block 5

5

]

2

j

block 1

CM

under consideration, then preparation must be made
to handle the overflow. A pointer containing two ele
ments is established in the block. One is the number of
a block which has a free page and the other a bit pat
tern indicating which page (and later which pages) form
the overflow. This pointer is just an extension of the
Bucket Table. In fact, a variation on the basic design
would be to add the pointer to the end of the Bucket
Table. The effect of this would be to reduce the aver
age number of write probes on addition and deletion.
However the Bucket Table would also have to include
a pointer to the overflow entry, which is perhaps not
too serious a disadvantage in an environment with
many additions and deletions occurring.
3.1.3 Creating free space
When the block is completely assigned and some of
the pages are allocated to a different bucket, room is
made by moving all records hashed to one of the other
buckets to a new block. For example, consider the
following situation, where each page contains only one
record slot: —

Bucket 2 has home block 4 and overflow block 1. On
addition of a record to bucket 2 the overflow block will
be changed from 1 to 2, as follows: —
1

1

1
block 1

The squares represent pages and the number is the
bucket to which the page belongs. Buckets 2 and 3 both
have block 1 as their home block. Bucket 1 has over
flowed from home block 3 to block 1. If the next addi
tion is hashed to bucket 2, then, since there is no free
space in block 1, the resultant organization would
be: —

block 1
block 2

3

3

1

block 2

4

4

2

2

2

block 3

1

1

1

1

1

block 4

2

2

2

2

2

block 5

5

Bucket 3 is now homed to block 2.
For page sizes greater than one a special precaution
must be observed. In cases where a new page is assigned
to a bucket from a block with some pages already allo
cated to the same bucket the latest assignment must
have the largest page number. If this is not true the
contents of the one with the highest number are written
over the new page, thereby releasing the former, which
is then considered to be the last assigned page. This
also applies to the situation described in Section 3.1.1.
3.1.4 Further overflow
Next consider an addition to a bucket whose records
have already overflowed, the overflow block also being

It is apparent that if the records hashed to a particu
lar bucket are to be found in N (>1) blocks, then at
least the first N-l of these blocks are completely allo
cated to the bucket.
All operations described are accompanied by the
relevant changes to both tables. To enable the shifting
of records from one block to another it is essential to
know to which bucket these records are hashed, so
that the Bucket Table or block pointers can be updated.
The bucket number must therefore be stored with each
record.
Many of the procedures involve searching the Block
Table to find a block capable of holding either an over
flow record or a set of records shifted from another
block. If the table is always searched starting at block
1 then full use can be made of existing blocks and new
ones need only be created and added to the end of the
table when absolutely necessary. This allows for the

30

The Australian Computer Journal, Vol. 5, No. 1, February, 1973

block 3

Random Index File Design

easy expansion of the file. Also, as records are added
and deleted, the number of blocks used over a period
of time will vary. By using the search method suggested
empty blocks have a greater chance of being found at
the end of the table, enabling their deletion from the
system by merely shortening the table. For a file whose
size is continually changing this design has obvious
advantages over those which use a fixed number of
blocks.

b 1 o ck 1
block 2
block 3

3.2 Deletions
A record to be deleted is located by a search of the
home and overflow blocks assigned to its home bucket.
If the record is not in the last used slot of the most
recently assigned page then the slot it occupies must be
overwritten by this final record. The slot the latter
previously occupied is then released. This is necessary
to preserve the requirement that all but the last in the
chain of pages allocated to a bucket must be full of the
bucket’s home records. All deletions are accompanied
by zeroing the appropriate bits in both tables if a com
plete page is released.

block 4

block 1

1

1

4. NORMAL RANDOM FILE DESIGN
In this design each bucket is uniquely assigned to a
block and vice versa. Therefore there is an equal num
ber of buckets and blocks, unlike the Random Index
Design. The concept of a page is redundant since each
accommodates only one record. In fact increasing the
number of records per page could improve efficiency
in certain situations, but this variation will not be con
sidered here.

block 2

2 —-

2 —

block 3

3

3

—
i
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4.1 Additions
All records homed to a particular bucket are chained
together throughout the file. This requires that a pointer
be stored with each record indicating the block and
number within the block of the next record in the chain.
The two tables used in the Random Index design avoid
the need for storing pointers with each record. How
ever, the bucket number is required (as previously des
cribed) whereas this is not necessary in the normal
design.
When a record is added to the file it is appended to
its home bucket’s chain. This chain must have its first
element in the first record slot of the assigned home
block. If there are no elements in the chain this first
slot must remain unoccupied. If, on addition, it is found
that the home block is full, no attempt is made to rid
it of foreign records. Instead the chain is overflowed into
another block. In this way it is possible to develop
lengthy chains throughout the file, necessitating many
read probes to access certain records.
There are instances when the record is not added to
the end of the chain but is inserted in it. These occur
when a free slot is detected in a block already contain
ing a link in the chain. This slot would have been re
leased by a deletion from another chain running
through the same block. When this situation is encoun
tered the record is written into the free slot and the
pointers altered to affect an insertion rather than an
appendix and possible further overflow. For example,
consider the following configuration: —

Bucket 1 is assigned to block 1, bucket 2 to block 2,
etc. An addition is to be made to the chain of bucket
2 records. Instead of being added to the end of the
chain in block 4 the record is inserted in the space left
by a deletion from block 3. The resultant configuration
is: —
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4.2 Deletions
When a deletion is made it is necessary to zero-fill
storage occupied by the record to indicate that the space
is free. This is not necessary in the Random Index
design since the bit patterns and the bucket record
count modulo page size determine whether the record
slot is free or not. (Further mention of this is made in
Section 7.) Upon locating the record to be deleted the
pointers are not altered to bypass it and the slot zeroed,
as might be expected. Instead a variation has been
adopted in which the last record in the chain is located
and moved into the vacant slot. It is then deleted from
the end of the chain by zeroing the record slot it previ
ously occupied and the pointer of the preceding record.
In this way the number of blocks into which the chain
overflows is reduced wherever possible.
5. THE SIMULATION
FORTRAN programs were written to simulate the
creation and updating of each file structure. The be
haviour under aging could then be observed and an
accurate average value for the parameters of interest
determined.
Both simulations used 40 buckets. Hence 40 blocks
of secondary storage were needed by the normal ran
dom design. The block size (in terms of the number of
record slots) was set at 4, 8, 10 and 20 in turn. In the
Random Index simulation the page size was also varied.
The configurations shown in Table 1 were covered.
The nominal storage utilization (the percentage of
secondary storage actually occupied by records) was
set at 80%. The number of records in each file was
>31
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TABLE 1. Simulation Variables
Page size
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therefore: —
NR = 0.8 x 40 x block size (BS)
Having initially placed NR records in the file the
aging process was carried out. This involved performing
100 additions and deletions alternately, taking a read
ing of the relevant parameters, and repeating the whole
process 20 times. At the conclusion an average for each
parameter was calculated.
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6. THE COMPARISON CRITERIA
A very detailed analysis of each design should inelude the time required to retrieve, add and delete a
record, as well as the amount of Central Processing
Unit (CPU) effort required in each instance. In most
cases the CPU time used is very small compared with
the transfer times and so can be omitted from the simulation. Since no particular secondary storage device has
been assumed the actual times to perform a read or
write, as well as the storage device access times, are
irrelevant. All that needs to be recorded is a count of
the number of transfers occurring during the three
operations of interest. For both designs the total pro
cessing time will be a monotonically increasing function
of these figures. The parameters measured were:—
(i) Retrieval factor (RF) = average number of read
probes per retrieval.
(ii) RA = average number of read probes per addi
tion.
(iii) WA = average number of write probes per addi
tion.
(iv) Addition factor (AF) = RA + WA = average
number of probes per addition.
(v) RD = average number of read probes per dele
tion.
(vi) WD = average number of write probes per dele
tion.
(vii) Deletion factor (DF) = RD -j- WD = average
number of probes per deletion.
(viii) Transaction factor (TF) = (AF + DF) / 2 =
average number of probes per transaction (addi
tion or deletion).
For the Random Index design some readings of block
utilization were also taken. These were the minimum
and maximum number of blocks used at any time and
the number in use at the conclusion of the simulation
(after 2,000 addition/deletion cycles).
The results are presented in Table 2.
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7. ANALYSIS OF RESULTS

Firstly consider the results for the Random Index
design. The effect of varying the number of pages per
block (NP) for a given block size can easily be seen.
As NP decreases so do the addition and deletion fac
tors, and consequently the transaction factor. However,
the retrieval factors are unaffected, as should be ex
pected. The trend only holds for small block sizes. In
fact for a block size of 20 the transaction factors re
main approximately constant, irrespective of the num
ber of pages per block.
As NP decreases for a given block size, the average
number of blocks in use at any time increases. This is
due to the fact that each page has an increasing proba
bility of being partially unused. This waste space can
not be reassigned to another bucket. The result is that
more than 40 blocks are usually required to hold the
file, producing a trade-off between increased storage on
the one hand and decreased transaction factor on the
other. If the file is to be used mainly for interrogation
it will be advantageous to use a large number of pages
per block (i.e. a small page size), thereby minimizing
secondary storage requirements. However, if it is to be
used mainly for updating and there is no firm restriction
on the amount of storage used, then it will be better to
use a small number of pages per block (i.e. a large page
size).
A comparison of the results for both designs reveals
that, for a given block size, the worst of the set of
retrieval factors for the Random Index design is
slightly better than the corresponding value for the
conventional design. Similarly the addition, deletion and
transaction factors are significantly better for the Ran
dom Index design. The addition factor for BS = NP
= 20 is the only exceptional case.
The huge difference in deletion factors arises for two
reasons. The first is the necessity for rearranging record
pointers on deletion in the normal design. This task,
which requires an extra write probe on many deletions,
has been avoided in the Random Index design. The sec
ond is the storage zero-fill requirement on deletion. This
is often required for security purposes. Therefore the
zero-fill operation was included in a modified Random
Index simulation to examine performance in a security
conscious environment. The increased values for the
affected quantities WD, DF and TF are presented in
Table 3. The improvement in transaction factors over
TABLE 3. Results for Modified Deletion
NP

WD

DF

TF

4
4

4
2

1.423
1.337

2.857
2.741

3.047
2.808

8
8
8

8
4
2

1.324
1.301
1.276

2.652
2.632
2.608

2.734
2.630
2.586

10
10
10

10
5
2

1.283
1.256
1.219

2.566
2.534
2.475

2.593
2.523
2.457

20
20
20
20
20

20
10
5
4
2

1.169
1.162
1.153
1.181
1.184

2.338
2.334
2.327
2.377
2.389

2.326
2.306
2.288
2.336
2.326

BS

•
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those of the normal design is still appreciable for block
sizes of 10 or less, but is not as pronounced for a block
size of 20. One advantage of the zero-fill modification
is that a record count modulo page size need no longer
be kept in the Bucket Table (see Section 3). Having
noted that the alteration yields a design which is still
quite efficient it will not be discussed again.
As a further indication of the improved efficiency of
the Random Index design a comparison was made
against a stricter form of normal design. The modifica
tion implemented was the requirement that a record
can only overflow from its home block on addition if
there are no foreign records in it — otherwise a for
eign record is shifted to make room for the addition.
The results for this design appear in Montgomery and
Wallace (1972), the only common bucket size being 4.
The values quoted for this bucket size are: —
RF = 1.182
RA = 2.28
WA = 1.50
AF = 3.38
RD = 1.46
WD = 1.37
DF — 3.82
TF = 3.16
These figures show an improvement on those for the
normal design but are still not as good as the values
obtained for the Random Index design.
As the file is aged it is likely that empty blocks will
be generated from time to time. Since these blocks may
be interspersed throughout the file it will be difficult to
release unoccupied storage. This wastage of space is a
further reason for the file exceeding 40 blocks at certain
times. There are several methods to decrease the aver
age number of blocks required. Since the minimum
block usage usually occurs just after the file has been
created it may be advantageous to periodically dump
the file and recreate it. However, after only a relatively
small number of additions and deletions the aging pro
cess tends to settle, creating a stead-state organization
of records. Therefore, to be of any real benefit, the
dumping procedure would have to be performed quite
frequently. This would necessitate a lot of overhead
processing to maintain the file and is therefore imprac
tical.
An alternative method for improving storage utiliz
ation is to modify the addition and/or deletion algo
rithms. To illustrate the kind of improvements that can
be expected the addition algorithm of the Random
Index design was altered and the simulation rerun.
Whenever a new page is needed to accommodate an
addition the modified algorithm forces a search to be
made, starting at block 1, for the first block capable of
holding the augmented record set. This is done regard
less of whether the block from which the last page was
allocated still has a free one or not. The results ob
tained from the simulation are shown in Table 4. As
expected, the retrieval and deletion factors remained
constant, and so they do not appear in the table. The
average number of blocks in use at any time has de
creased for all block sizes, as was intended. The pen
alty that must be paid is a slight increase in the
addition factor for the smaller block sizes. However
33
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TABLE 4. Results for Modified Addition
BS
4
4
8
8
8
10
10
10
20
20
20
20
20

NP
4
2
8
4
2
10
5
2
20
10
5
4
2

RA
1.857
1.625
1.631
1.520
1.444
1.519
1.440
1.343
1.251
1.209
1.208
1.242
1.232

WA
1.508
1.284
1.383
1.224
1.133
1.298
1.183
1.100
1.152
1.066
1.041
1.055
1.041

AF
3.365
2.909
3.014
2.744
2.577
2.817
2.623
2.443
2.403
2.275
2.249
2.297
2.273

for page sizes greater than one the penalty is negligible.
For large block sizes the increase is non-existent, as can
be seen from the results for block size 20.
The approach used could be extended to include
more drastic modifications, such as performing the
searching process described in the previous paragraph
on each deletion. However the penalties involved in
doing so are likely to be more severe. The decision
must then be made as to whether the decrease in sec
ondary storage usage is more important than the de
crease in file manipulation efficiency. It may also be
possible to develop completely different algorithms
which have an improved storage utilization without the
efficiency penalty.
8. VARIABLE LENGTH RECORDS

Although only fixed length records have been con
sidered the design could be made to work for variable
length records, with a few modifications. Block and
page sizes would have to be defined as a word, rather
than a record count. Records would be allowed to over
lap page boundaries. The third entry in the bucket table
would become a count of the number of words of the
last assigned page already occupied, instead of a rec
ord slot count. The major alteration would be to pro
cess of overwriting records on addition and deletion.
The points mentioned represent most of the changes
that would have to be made to the design to implement

TF
2.823
2.535
2.628
2.479
2.387
2.513
2.404
2.295
2.261
2.196
2.184
2.222
2.214

Minimum
blocks
33
36
36
36
39
37
37
39
37
38
39
39
42

Maximum
blocks
40
44
41
42
45
40
42
44
40
41
41
41
44

Current
blocks
38
42
37
39
45
37
39
43
40
38
40
40
42

variable length records. It is not considered that these
alterations would seriously affect the design efficiency.
This does, however, suggest a path for future investi
gation.
9. CONCLUSION

The results indicate that the Random Index design is
more efficient on retrieval, addition and deletion than
the normal random design. Depending on the block
and page size the Random Index file occupies an aver
age number of blocks which may be more or less than
the fixed number required by the normal design. For a
good combination of block and page size the average
number should in fact be considerably less. The only
major disadvantage of the proposed design is the depen
dence on the two tables held in core storage during run
time. Since there is only one entry for each block in the
file and at the most three for each bucket these tables
should remain small enough to enable the largest of
files to be handled.
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Machine Oriented Languages Bulletin
The Machine Oriented Languages Bulletin is a new
formal publication similar in scope and intent to the
Algol Bulletin. It is produced under the auspices of the
Machine Oriented Language Information Interchange,
and is sponsored by the Computing Centre, Technical
University of Norway and the Peninsula Chapter, ACM.
The editorial policy of the MOL Bulletin is as fol
lows:
1. The. Bulletin is intended to provide rapid dissemi
nation of interim work in the field of machine
oriented languages, defined as those languages in
which features of the underlying architecture can be
exploited from within the language.
2. Publication in the Bulletin does not constitute formal
publication, and preliminary versions of papers which
are to be published in the scholarly journals or pre
sented at conferences are welcomed.
3. Material in related fields (formal languages, seman
tic definition mechanisms, extensible languages,
system architecture, etc.) will be welcomed providing
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the subject matter is relevant to MOLs and the
material is comprehensible to readers lacking special
ised knowledge.
4. The prime criterion for inclusion of submitted
material in the MOL Bulletin is whether the material
will be of practical use to another worker attempting
the same or a very similar task.
5. Size of contribution is irrelevant. Submissions should
be concise, assuming a readership which is technic
ally competent in the field. Copies of user manuals
are not desired.
Manuscripts and correspondence should be sent to
the editor from whom copies of the* bulletin may also
be obtained:
Mark Rain, Editor,
MOL Bulletin,
Regnesentret NTH,
7034 Trondheim NTH,
NORWAY.
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A Discussion of the Business Data
Processing Cost/Benefit Relationship
By B. M. Saw*

This paper discusses a set of resource variables which can be controlled by the EDP Project
Manager. It looks at the components of Total Project Cost and considers how these com
ponents cause direct and indirect changes to cost It also makes recommendations on how to
influence the project environment in order to reduce absolute cost or to maximize benefits
for a preset resource level.

INTRODUCTION

This paper is intended to be a practical rather than
theoretical study of critical factors which affect the
costs and benefits in the typical business EDP project
environment. The author has a history of nearly nine
years in commercial applications, including experience
with two suppliers, a large consulting firm, and an inde
pendent service bureau. In the writer’s opinion, the
relationship between user and EDP group is basically
the same even when the computer staff come from a
consulting firm, bureau, or hardware supplier.
The emphasis on certain variables in project cost
comes from personal experience and naturally changes
with technology and the business environment. Some
factors that are not considered, such as DP Training,
choice of hardware, etc, may be highly pertinent to
other people at other times. Similarly, no attempt has
been made to consider improving programmer produc
tivity without altering design objectives and the pro
grammer’s environment. The writer does not doubt that
he has been influenced by particular problems which
may not be typical of the industry, but still feels that
much of the literature on project control does not re
flect the experience of medium to large business appli
cations.
GENERAL CONSIDERATIONS

There is a long list of things which will significantly
alter Project Cost, down to program punching turn
around. This paper assumes that the only factors the
Project Manager can influence and hence be held
accountable for, are —
1. User Requirements.
2. Design Complexity and Language Selection.
3. System Documentation.
4. Programming and Program Testing.
5. System Testing and Parallel Running.
6. User Acceptance.
USER REQUIREMENTS

If any one single factor influences D.P. costs ad
versely, it is lack of communication with the User. Nor
mally, operating management will know something
about project costs but very little about incremental
cost for incremental sophistications. If you want to
design a good inventory control system you must be

able to explain at least three options of system design,
cost, and benefits. If there are no options the single
proposal may be the “best”, but unless a formal justi
fication of the design assumptions is associated with the
design document the customer may never realize that
there were other possibilities.
A good D.P. Project Leader, by implication, should
be a competent operating manager in any area where
he is responsible for design. Operating management
can make much better decisions if offered a spectrum
of possibilities which permits them to focus on the
aspects they consider critical, and design options should
facilitate this process. Most applications offer some
benefits of cost and performance but how often can a
user executive choose from a number of options, and
zero in with cost refinements to an agreed final speci
fication.
DESIGN COMPLEXITY AND
LANGUAGE SELECTION

Just how many files are designed with no spare room
in transaction and permanent record layouts? Even a
tight static system should allow ten per cent of Master
File record layouts as spare for future expansion. After
all, I.B.M. used to allow space on their old BOS disk
file labels in 1964 complete with “Reserved for Future
Use” comment.
Sometimes operating management insist on not com
mitting themselves to a final set of requirements whilst
also insisting that their initial requirements be imple
mented" forthwith. Data reduction applications, such as
Sales Reporting, are going to change for as long as the
outside world changes. Operating people are really say
ing that “I know now what constitutes an exception
situation which must be brought to my attention but in
18 months it will probably be all different”. Design
ahead of him, and avoid painting the application into
a system comer. Why invest 10 man years of COBOL
or PL/1 when what we want is 2 man years of RPG,
MARK IV, or GIS that can be replaced later on?
A good project manager must allow for a system
which will be frequently changed. Design and program
ming costs are resources which are capitalized and re
main as assets only as long as the system they became
is useful. To quote an example, the author found that
Univac 9300 RPG compiles approximately 3 times

*Professional Services Division. Control Data Australia.
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faster than 9300 COBOL on a 4 tape 32K system.
RPG source decks are about half the size of the same
code in COBOL. Execution speeds are comparable and
RPG takes half the test shots. Readers may be surprised
to learn that this particular RPG compiles in core and
can handle a 1500 card program in about 4 to 5
minutes.
As a rough guide a File Management language will
require one half the programming and testing invest
ment in time and money than that of a procedural high
level language, assuming a given task can be done by
both. A rigid standard of one language for an installa
tion is an attempt to buy one suit to wear all the year
round. Contrary to beliefs held by some analysts “re
quirements” and “design” are both flexible and will be
influenced by cost. If language selection can affect cost
it must also be able to affect design. By definition a
$100,000 system producing annual benefits of $25,000
must be better than a $150,000 system with the same
benefit. Assertions that one language is “better” than
another are almost impossible to support, other than
by selected anecdotal examples. Project leaders should
press for some justification, even if it is one that no one
knows how to use the new Data Base language.
SYSTEM DOCUMENTATION

Whilst there has been no generally accepted industry
technique or procedure for Documentation it is apparent
that good documentation must involve considerable ex
pense and effort. That it is only slowly reaching an
acceptable standard seems to result from the realization
that documenting a system does not make it go any
better once you have it running.. At least in the short
term you can forget documentation without the system
stopping, unlike a shaky program which draws attention
to itself by failing every second run.
The documentation problem is partly a “line of least
resistance” response to high priority more immediate
threats in the D.P. world. To be fair, the User is now
reasonably well treated. He expects at least a manual
which outlines the system, explains all input and out
put procedures, and provides a specific step to be taken
for each contact with the computer, and he usually
gets one. The D.P. group are not so well off; the analyst
did have it all in his head, produced all the record lay
outs, and wrote out all the program specifications. The
usual number of changes were made to record and out
put layouts and programs, and although the program
specifications now have scribbled annotations some
changes went straight into the code. Operations, who
can be considered as a separate section, usually finish
up with a manual which allows them to run the system
effectively, recognize unplanned messages, and contact
the User for normal queries.
The “grey” area is how do we re-document the de
tailed and valuable analyst and programmer effort that
went into the system design and then into the actual
code. The author has seen several systems of documen
tation, some using a quite formally structured set of
forms for File Definition, Data Element, Processing
Requirements, Report Data derivation, and any instal
lation consistent approach is to be recommended if the
alternative is anarchy. However, because there is such
36

a spectrum of installations, people, and applications, it
is felt that no industry standard is at hand, although
user groups may be able to help one another. Fortun
ately, there is one standard that can be applied, inde
pendently of hardware, people, and applications and
that is program contained documentation. Limits can
be set and this standard can be enforced. An indepen
dent E.D.P. consultant from America recently told the
author that one line of comment for one line of code
was used as a MINIMUM rule in some large U.S.
installations. He went on to say that FORTRAN pro
grams of 5000 cards would have 3000 comment cards
and 2000 executable statements, COBOL about 1000
lines of NOTE for a 1000 statement Procedure Divi
sion.
For Australian users operating in a business environ
ment it is suggested that a rule of one comment for each
procedural statement is an enforceable and cost effective
documentation standard for COBOL, PL/1, RPG,
MARK IV, SYSTEM 2000, GIS or similar language.
Depending on circumstances and the project leader’s
discretion, the 50/50 rule is to be a requirement for
an acceptable program, unless the specification says
otherwise. This particular standard also has the benefit
of clearly defining the documentation effort at program
level; it is half the coding time and means that detailed
program flowcharts need not be retained after system
acceptance.
The object of this exercise is to have all program
documentation physically as a part of the source deck
and to have a separate System Manual containing a
comprehensive description of the system from the sys
tem point of view. The User Manual and the Operations
Manual remain as before.
PROGRAMMING AND PROGAM TESTING

Much has been said about how programmers should
approach the task of programming. Modular program
ming has been promoted with evangelical zeal by some,
but the author has seen little evidence that it has en
joyed much support by practical project leaders or by
people who do commercial programming. He has never
seen any convincing figures that it produces a lower cost
result when compared with well organized non modular
programs but it is conceded that a well organized pro
gram consists of module type blocks of code.
As has been pointed out a programmer performs the
following tasks:
1. Design the logic and flowchart a solution
2. Code
3. Test
4. Document
Writers vary in emphasis and this author has been
bewildered by assertions that test data should or should
not be coded as the program is coded, that modules
may or may not exceed 50 statements and have more
than 2 entries and exits, that a detailed flowchart at
a statement level is or is not necessary, and on and on.
The reality is that program specifications vary, com
plexity varies, languages vary, machines vary, and
lastly, people vary. Doctrinaire theories of programming
also vary, but unfortunately none of them work to the
exclusion of all the others.
For Australian conditions there are some things that
The Australian Computer Journal, Vol. 5, No. 1, February, 1973
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can be done to the programming environment which
will invite programmers to approach their respective
limits:
1. Train in flowcharting coding standards, and pro
gram contained documentation.
2. Teach modularity where modularity means organ
izing the code into recognizable blocks, one block
per program task.
3. Measure performance only on jobs you have
specified yourself. If you could not code the pro
gram yourself and if you have not already coded
a similar task why bother trying to measure any
one else. Managers expect their efforts to be
assessed by senior managers familiar with the
problem and programmers are no different.
4. Do not worry about test time but do worry about
having it available for the programmers and anal
ysts.
A programmer costs $30 per day to his company,
and probably $40 if one counts days that he is
actually on the job, pencil in hand. A test shot
costs $10 or less and yet some people still talk
about desk checking for half a day. Five shots
cost $50.00 and half a day of desk checking and
a Job Card error cost roughly the same, as the
desk check believers frequently have overnight
testing just to make sure that progress is nicely
held up when programmers are on the last few
“tuning” shots.
Programmers can be controlled and will perform
towards their limit of training and skill whenever they
are well managed within a well resourced environment.
If the project manager is really worried about program
and test time he should start thinking about simpler
system design, better program specification, test file
generators, better test turnaround, and stop thinking
about a magic formula to which all staff must adhere.
Project managers must be concerned with having the
ingredients of success at hand; how individual pro
grammers and analysts use these in their own recipes
for achievement of a task is their privilege in the short
run. Total project cost was implied at design time and
cannot be altered by edicts about desk checking and
programming techniques. Performance Reviews and
Training courses are the opportunities to emphasise the
importance of machine time, coding standards, and
documentation techniques.
SYSTEM TESTING AND PARALLEL RUNNING

Assuming that all programs have been checked out
against test data — easier said than done — the cap
able Project Manager will justify his salary by testing
out the system with system test data and then with
parallel runs before even hinting that he is ready.
The author has heard of applications that did not
need system, program, and user alterations during sys
tem trials but in eight years has never actually seen
one. What usually happens is that the system fails to
run and when it does the user asks for changes, some
times quite substantial. There may be changes in input
procedures and control. System trials are the time to
“adjust” the system and make it meet with reality.
It may appear expensive to trial a system for 2 or 3
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complete cycles with full scale live data plus checks
with special system test data. However user staff do
need time to familiarize themselves with new pro
cedures and the Project Manager can use his Mainten
ance group for tuning. Maintenance programmers who
haven’t worked on the application are a good way of
assessing the quality of the whole operation as far as
the D.P. division is concerned. Anyone who has run a
10 hour month end cycle 4 times amidst mounting ten
sion from Managing Director down knows just how
cheap that full system trial looks as he starts the fifth
attempt.
USER ACCEPTANCE

Most users are familiar with the concept that “you
get what you pay for”. A bureau or supplier does have
to market its wares and marketing of DP services is far
from “orderly”. Nevertheless, the Cost portion of Cost/
Benefit must be related to the Benefit, even if it hurts.
Many projects have been “completed” as far as D.P.
were concerned and then go on to a 25 per cent cost
overrun as user management goes to top management
with a string of “incomplete” complaints. Managing
means planning, measuring, and modifying the plan in
the light of actual performance.
Planning and measuring means official written re
ports regularly during the project and there must be
official acknowledgements. The User/D.P. relationship
requires a user executive who can commit his people to
agreement on problems and can always give a definite
written answer to a definite written question. A good
user can also be defined as one who asks you back and
pays for the system changes you should have seen at
the design stage.
CONCLUSION

Minimizing project costs or determining the “best
value” intersection is difficult in commercial systems
because cost variables change in relative importance
and the relationships between them also change. Very
elaborate manuals describing the system can replace
program documentation and vice versa. A user may be
so disgusted with communication problems that he
writes his own manual and learns how to extract the
best out of the system. Bad design puts up program
and test time regardless of programmer quality, bril
liant programmers make up for incomplete design work.
Attempting to quantify the benefits from a conscious
and practical attempt to improve the cost benefit rela
tionship is obviously difficult as the problem is so
poorly structured. The following percentage decrease
in costs MAY be attainable by concentrating on these
aspects of the D.P. Project: —
Decrease

1.
2.
3.
4.
5.

Good Communication with the User
Design Complexity and Language Selection
Programming and Documentation
System Documentation
Test and Parallel Running

5
15
5
2
5

After using Assemblers, COBOL, RPG, PL/1 and
doing some tests with a Data Base Language (System
37.
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2Q00) the author has come to the personal conclusion
that Language Selection and Design Complexity is the
area where the project manager can make the major
impact on absolute cost or cost relative to benefit. It is
difficult to “prove” that a system was overdesigned and
caused an increase of X per cent in program and test
time because it is rare to do the application again with
different design but comparable programmers using an
other language. The author has personally rewritten, in
RPG, selected COBOL programs originally done by
competent people and there was absolutely no doubt that
the source statements and compile time were reduced
by 50 per cent (UNIVAC 9300). Testing time is always
a matter of opinion but it does seem unreasonable to
deny that a language which generates all file handling
code (RPG) must reduce the total number of potential

errors assuming that procedure statements are similar.
And always remembering that a task can be performed
by all the languages, a Data Base language which builds
and checks the required data structure for the program
mer must be less prone to error than the programmer
coding the building and checking for himself.
Similarly, designing in “exception” type logic pro
duces exponential increases in actual code and check
out effort. In other words, doubling the number of
exceptions has a “four times” type of effect on the extra
code needed and the additional time to test out the final
system. It should be noted however, that this paper
does not consider trade-offs between more expensive
design and programming to obtain less expensive run
ning times; certainly another poorly studied relationship
in the business area.

Branch Notes
N.S.W. BRANCH NOTES
Meetings

Meetings this quarter included a forum in conjunction
with the Australian Institute of Industrial Engineers on
the subject of “Does the computer help the manufac
turing man?”, a discussion on the use of stand-alone
mini computers in a commercial environment and a
discussion/film show examining careers and education
in the computer profession.
In addition one of the more popular meetings took
place just before Christmas when members and their
partners enjoyed a smorgasbord, music and pleasant
surroundings at the Middle Harbour Yacht Club.

part in workshop sessions and enjoyed themselves in
the traditional manner.
Branch Offshoot

The Newcastle sub-chapter continues to hold regular
meetings.
Change of Membership Fees
At a special meeting in December, members agreed
to increase the annual subscriptions to $15 for fellows,
members and associates, $10 for affiliates and $5 for
students.
Special Interest Group

Terrigal ’72

A most successful conference was held during the
long week-end November 3-5 at Terrigal with the
general theme of “management of computers”.
221 delegates plus 40 speakers, committeemen, topic
leaders and press enjoyed a variety of papers, took

Two new special interest groups have been formed.
One to discuss the critical area of data collection and
the other to provide a forum for operators to discuss
computer operations.
In both cases it is hoped to present findings of the
discussions to all members of the society in N.S.W.

THE EUROPEAN CHAPTERS OF THE ASSOCIATION FOR COMPUTING MACHINERY (ACM)
INTERNATIONAL COMPUTING SYMPOSIUM 1973
DAVOS, SWITZERLAND, 4-17 SEPTEMBER, 1973

Invited speakers will present papers in the major
fields of computer science. In addition, there is
the opportunity to submit short contributions
which have not been published before. Preferred
language for all papers is English. Programme
Chairman is Professor B. Levrat, Geneva Uni
versity.
Call for Papers

Papers are solicited in the following main areas:
Theoretical foundations of computer science;
Hardware; Software and systems; Numerical
analysis; Scientific, technical, and medical appli
cations; Administrative and social applications;
Computers and education.
Two copies of an abstract, 300-600 words long,
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should be sent to the address given below before
1 February, 1973. Authors of abstracts will be
informed about acceptance of their papers by the
Programme Committee during March, 1973. In
structions for the complete papers and details
about visual aids available during the symposium
will be sent at the same time.
The complete papers must be available at the
close of the conference, for publication in the
Symposium Proceedings to appear shortly there
after.
Abstracts and any enquiries concerning the
symposium should be sent to: Dr. H. Lipps, Sym
posium Chairman, International Computing
Symposium 1973, c/o CERN, CH-1211 Geneva
23, Switzerland.
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Data Banks and Privacy
of The A.C.S.

The Attitude

A problem which has lately received much attention, especially in Australia, is that of
the privacy of information concerning individuals held in data banks. The Australian
Computer Society feels that this is a problem on which it has a responsibility not only
to express an opinion, but also to take an active part in convincing the appropriate
bodies that adequate legislative controls must be implemented to ensure protection of
privacy. This document expresses the attitude of the Australian Computer Society on this
most important problem. It should be realised that this document covers the issue in broad
perspective and provides a framework for future documents aimed at elaborating specific
aspects or addressed to a particular objective.

Introduction

The advent of modern technology and especially the
proliferation of the computer and associated devices,
has brought many advantages to present-day society.
Whilst the positive advantages man has gained, and
can continue to gain, must be recognised as of tre
mendous benefit, these must not overshadow or blind
us to the very real dangers which have accompanied
technological development. The developments of com
puter technology are making it increasingly easy for
systems to be developed which fail to take into account
the rights of individuals to privacy. It is thus becoming
more and more likely that individuals’ rights to privacy
will unnecessarily be ignored, and the Australian Com
puter Society is anxious to ensure that precautions are
taken to protect these rights.
The Inevitability of Data Banks

We recognise that in our complex modem society
data banks are not only essential, they are inevitable.
The collection of large amounts of information relating
to individuals within society is nothing new. The taxa
tion collector has had very private details of earnings
and expenses for a hundred years. The first census
was taken in this country about 150 years ago. We
have, in credit bureaux, in police files, in medical his
tories, in the armed services, in banks, in insurance
companies, in marriage bureaux, in hospital files, in
social services records and so on, a never ending record
of the minutiae of our daily lives. Modern society can
not exist without such information.
The individual’s protection in the past has been the
difficulty of access to such information. The means
had not been devised which enabled such large masses
of data, stored in a variety of ways, to be analysed,
sorted, collated and interpreted as one integrated set
of related facts on a routine basis for everybody. Data
were collected and used for specific purposes and the
lack of effective and economical means of processing
these for other unrelated purposes reduced the likeli
hood of unauthorised use. The existence of data banks
is not new, but the power of the computer to manipulate
them is.
The goals of economy and efficiency draw us towards
ever growing accumulations of data. The Australian
Computer Society, as the body representing the com
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puter professionals in this country, is very much aware
of, and very concerned about, the use to which such
information can, and possibly will, be put.
The Problem of Definition

A data bank may be defined simply as a collection
of information capable of being accessed to provide
information concerning individuals.
It must be recognised that there are many kinds of
data banks, differing significantly with respect to—
Size,
Coverage,
Content,
Whether public or private,
Sources of the information,
Purposes for which the information has been
obtained and stored,
Nature and sensitivity of the information.
The problems of privacy are much more acute in
some cases than others, and it would be inappropriate
for the full apparatus of controls required in some
cases to apply in all cases.
It is envisaged that any legislation implementing
these proposals will provide for the exception of certain
categories of data banks from the general provisions
outlined below, and that in respect of these data banks
which are prescribed, it may be necessary for different
controls and regulations to apply to differing categories
of data bank.
Protection of the Individual

The Australian Computer Society recognises that,
as a group of citizens, its views on the nature of privacy
are of no more (or less) significance than those of any
other groups of citizens, but, being concerned at the
way computer based files can be used, the Society con
siders that a person should have the following rights,
to ensure that personal and private information about
him is not misused:
(i) The right to know who is keeping records about
him in a prescribed data bank.
(ii) The right to have reasonable access to all data
relating to him held in a prescribed data bank.
(iii) The right to have made available to him at regular
intervals, or whenever a change is made, the
details of all prescribed data relating to him.
(iv) The right to challenge by personal appearance
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and/or with legal advisors in court or at an
administrative tribunal meeting in camera, the
validity or relevance of data relating to him and
to add explanatory information.
(v) The right to have erased from the data bank
information which cannot be proved to be true,
accurate and relevant, with the onus of proof on
the owner of the data bank. When this informa
tion consists of or contains matters of opinion
as opposed to matters of fact, the determination
of the accuracy and relevance of such informa
tion shall be as outlined in para, (iv) above. The
owner of the data bank shall supply adequate
proof that the data have been erased.
(vi) The right to restrict and control the release of
private information by the organisation respon
sible for its original collection from him.
(vii) The right to obtain legal redress (e.g. by way of
injunction or damages) if any of the above rights
are infringed.
Control of Data Banks

Concomitant with the need to preserve individual
rights the Society sees a need to control the manner
in which data banks are set up and operated. This is
seen as an essential requirement if the above rights
are to be enforceable in law.
The operators, system designers, managers and
owners of data banks must be subject to legal controls
if the individual’s rights we espouse are to be realised
in practice. It seems that the following aspects need to
be incorporated in a legal framework of control.
(i) The setting up of a regulatory body to specify
the conditions governing the organisation and
operation of data banks.
(ii) The registration of data banks, with a general
description of the items of data recorded and
the purpose or proposed uses of those data.
(iii) The publication of persons, class of persons or
organisations authorised to access data in each
data bank and the items of data so affected.
(iv) The responsibility of operators of prescribed data
banks to record accesses to prescribed informa
tion.
(v) The control of data bank mergers and intercon
nections.
(vi) The provision for data banks to be regularly
audited by an independent authority to ensure all
regulations are being adhered to.
(vii) The provision for aged data to be removed from
certain files on the elapse of time — to prevent
our past history pursuing us indefinitely.
There are a number of related aspects such as
problems of definition, e.g. what is “public” and what
is “private” information; what are undesirable methods
of collecting data; how accuracy is to be verified; what
are the needs of national security; how are technical
controls to be imposed and so on, which are very
relevant to this whole topic. These are, nevertheless,
ancillary to the basic issues which are outlined. These
matters need investigation and indeed some, such as the
use of “bugging” devices, are already the subject of
legal constraints. However, we feel the basic issues
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must be addressed first and the supporting framework
can be built around these.
Moreover, we believe that the concept of privacy
and the associated regulatory controls should apply to
all data banks whether computer based or not. Clearly
the regulatory provisions could exclude specific kinds
of files or files in nominated functional areas, e.g.
national security, but this should be a matter of explicit
exemption.
Technical Safeguards

It is important to clearly distinguish between privacy
and data security. We have outlined above what action
we believe is necessary to protect the privacy of the
individual, to give him adequate control over the avail
ability of information about himself. A relevant aspect,
but one completely different from privacy, is that con
cerning the safety of data against unauthorised dis
closure, modification or destruction, whether accidental
or intentional. The information stored in data banks
must be adequately protected from accidental or
deliberate corruption. We stated earlier that data banks
are nothing new, but the power of the computer to
manipulate them is. It is the Society’s belief that, pro
vided proper safeguards are incorporated in them,
computer based data banks should pose less of a threat
to privacy than manual or other non-computer systems.
There are many safeguards which can be built into
computer systems to ensure data security and the Society
believes that an appreciation of these measures will
lessen the concern of many people about data banks.
Furthermore, as a body of computer professionals it
is our particular concern to propose standards to
protect computer based data banks from being misused
or abused.
Security can be breached and we must recognise that
a necessary prerequisite to effective technical controls
is a high level of professional integrity. Personnel, be
they programmers, managers, operators or other data
processing people, or simply owners or operators of
data banks, must adopt a responsible attitude to their
respective roles in controlling and disseminating
sensitive data.
There are several machine, system and program con
trols available to combat threats of data security. The
corruption of data may be caused either accidentally
or deliberately. The accidental corruption of data, unless
it enables unauthorised access to or manipulation of
data, has really no bearing on privacy. However, this
corruption could cause considerable injury to the
individual without his being aware of the injury or of
the reason for it.
When a system is designed it is important to protect
its integrity by exhaustive testing to ensure that all
parts of the system are proved to be operating as they
should. Such tests should also be carried out regularly
during the life of the system, and, more intensively,
when modifications are made. Adequate precautions
must be built into the system to protect files in the
event of machine or system failures. Data input in a
system are a frequent source of error and should be
carefully screened and validated to minimise the num
ber of errors due to accidental corruption.
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Deliberate abuse of a system can take a variety of
forms and includes such approaches as wire-tapping,
electromagnetic pick-up, unauthorised access to infor
mation, illegal use of terminals, unauthorised print-outs,
physical removal of files, tampering with devices and
so on. Similarly, there are various protective measures
which can be used to combat these abuses.
(i) Personnel and Management Controls: Data pro
cessing staff, both the designers of systems and
operating personnel, are clearly in a position to
supply copies of programs and data to un
authorised persons. Standards covering physical
access to programs and data, program controls,
amendments to systems, distribution of output
and so on need to be implemented to minimise
the opportunity for abuse. The professional
organisation can also play a role in giving guid
ance to data processing staff as to their respon
sibilities, and the Australian Computer Society
has already done this by publishing “Guidelines
to Professional Conduct”.
(ii) Cryptographic Transformations of Data, whereby
information is encoded or “scrambled” to thwart
eaves-dropping. This is particularly relevant in
systems which transmit information over public
or private communication networks, or where
terminals give access to the system. Computers
are an ideal tool for performing complex coding
of information and consequently a high degree
of confidence can be imparted to the security of
computer transmitted data.
(iii) Intrusion Monitoring: It is possible to include in
computer systems the facility to detect and
record illegal attempts to access information.
This may give immediate warnings of un
authorised attempts or print-out an audit log
for subsequent investigation. This detection of
infiltration can be related to physical interference,
unusual activity in terms of the number and
frequency of accesses to particular information,
or accesses at unusual times.
(iv) Passwords: These are a basic and popular form
of controlling access to information, especially
where terminals are used for interrogation and
retrieval of data. To provide adequate control of
access to information there must be a means
whereby the system can identify the user, verify
his authorisation and confirm his authenticity.
This can be provided by means of passwords
known only to the user (and of course the system)

and which can be changed at his will. Passwords
can be applied at various levels and can be used
by the computer to identify the user and then
allow him to access only those files or items in
particular files for which he is authorised. The
use of a password can be restricted to a parti
cular terminal and therefore provide a further
control over possible abuse. The problem here
of course is to create a password system which
cannot be “broken”. However, one can envisage
methods which make it virtually impossible for
passwords to be found out.
The inclusion in computer systems of protective
features such as those mentioned above would engender
a very high degree of integrity and security of data,
and, in general, one which far surpassed what is com
monly found with the filing and distribution of paper
records in manual systems.
Legitimate Uses of Computers

Being, in essence, a group of computer practitioners,
the Society, while very much aware of the need for
controls in the area of individual privacy, is anxious
not to impose unrealistic constraints on the users of
computer systems and data banks. We recognise only
too well the increasing need for, and use of, large
masses of data in many spheres of our everyday life.
One of our basic aims as a Society is, of course, to
extend the use of computers. The requirements of the
computer user, as a person with a legitimate piece of
work to do, as well as the individual need to be con
sidered. While we believe that every effort should be
made to introduce controls which will ensure the
privacy of the individual, we think that care should be
taken, at the same time, to avoid creating unreasonable
barriers to the continued and beneficial development of
computers and information systems.
Conclusion

The Australian Computer Society believes it has a
responsibility to the computing profession, as well as
to society, to do all in its power to ensure that adequate
rules and procedures for ensuring privacy are specified.
We believe this can only be achieved by adequate
legislative controls and consequently we are vigorously
pursuing this aspect. We are approaching the Federal
and State Governments to press for the passing of
legislation to preserve the privacy of the individual and
control the operations of data banks. Positive action
must be taken, as personal privacy will not survive
merely because man feels a need for it.

Book Review
L. C. Dixon, Nonlinear Optimisation, English Universities
Press.
This book is intended as a survey of optimisation techniques
that have been applied in practical situations. The author
has in mind a wide spectrum of potential users with engineer
ing backgrounds, and tries not to use too advanced mathematics.
There would appear to be a need for such a treatment of
optimisation problems, and, with some reservations, this book
fills this requirement adequately. It gives a brief, rather
unsatisfactory, account of constrained problems, rather bravely
attempts a treatment of optimal control, and presents an extenThe Australian Computer Journal, Vol. 5, No. 1, February, 1973

sive collection of methods for unconstrained optimisation
problems classified under standard headings (gradient methods,
direct search methods), and with brief but adequate derivations
in most cases. It is this last section which is likely to be of
most value to the author’s intended audience. Unfortunately
the evaluation of the relative strengths and weaknesses of the
methods described is dealt with all too briefly, and, while the
comments made are sensible, the examples given in the text
are generally inadequate to provide the reader with sufficient
background to appreciate this.
M. R. Osborne.
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The Standards Association of Australia
General

Since the beginning of the Association’s work on
Computers and Information Processing, Committee
MS/20 has prepared and published the following
standards:
AS XI-1969, 7-Bit Coded Character Set for Informa
tion Processing Interchange.
AS X2-1969, Flowchart Symbols for Information Pro
cessing.
AS 1007-1972, 7-Track 8 RPmm (200 RPI) Magnetic
Tape for Information Interchange.
AS 1008-1972, 9-Track 8 RPmm (200 RPI) Magnetic
Tape for Information Interchange.
AS 1009-1972, 9-Track 32 RPmm (800 RPI) Magnetic
Tape for Information Interchange.
AS 1011-1972, Unrecorded Magnetic Tape for Informa
tion Interchange — 8 and 32 RPmm NRZI and 63
RPmm Phase Encoded.
AS 1060-1971, Implementation of the Australian Stan
dard 7-Bit Coded Character Set on 7-Track 12.7
mm Q- inch) Magnetic Tape.
AS 1061-1971, Implementation of the Australian Stan
dard 7-Bit Coded Character Set on 9-Track 12.7
mm (i inch) Magnetic Tape.
AS 1062-1971, Representation of the Australian Stan
dard 7-Bit Coded Character Set on Punched Paper
Tape.
AS 1063-1971, Representation of the Australian Stan
dard 7-Bit Coded Character Set on 12-row Punched
AS 1068-1971, Magnetic Tape Labelling and File Struc
ture for Information Interchange.
AS 1069-1971, Dimensions for Punched Paper Tape for
Data Interchange.
AS 1070-1971, The Definition of 4-Bit Character Sets
Derived from the Australian Standard 7-Bit Coded

CIiBrsctcr S©tAS 1114-1971, Coded Character Set for the Numerical
Control of Machines.
AS 1115-1971, Axis and Motion Conventions for
Numerically Controlled Machines.
AS 1116-1971, Coding of Preparatory Functions G and
Miscellaneous Functions M for the Numerical
Control of Machines.
AS 1117-1971, Interchangeable Punched Tape Variable
Block Format for Positioning and Straight-cut
Numerically Controlled Machines.
AS 1118-1971, Punched Tape Variable Block Format
for Positioning and Straight-cut Numerically Con
trolled Machines.
AS 1119-1971, Punched Tape Fixed Block Format for
Positioning and Straight-cut Numerically Con
trolled Machines.
AS 1120-1971, The Writing of Calendar Dates in Allnumerical Form.
AS-1189-1972, Vocabulary for Information Processing.
AS 1209-1972, Programming Language COBOL.
AS 1244-1972, Unpunched Paper Cards for Informa
tion Interchange.
AS 1245-1972, Dimensions and Location of Rectangular
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Punched Holes in 80 Columns Punched Paper
Cards.
Work in Hand
Stage

Unrecorded Magnetic Tape for Instrumentation
Interchange .........................................................
Hubs and Reels for Magnetic Tape Used in Inter
change Applications...........................................
OCR-B Alphanumeric Character Set for Optical
Recognition .........................................................
Basic Mode Control Procedures for Data Com
munications Systems .........................................
Character Structure for Start/Stop and Synchro
nous Transmission .............................................
Use of Longitudinal Parity to Detect Errors in In
formation Messages ...........................................
Connector Fin Numbers for Information Inter
change Circuits ...................................................
Programming Language ALGOL ...........................
Programming Language FORTRAN .....................
DR 72031, Vocabulary for Information Processing,
Part 1. Fundamental Terms...............................
DR 72080, Vocabulary for Information Processing,
Part 4. Organization of Data .......................
DR 72081, Vocabulary for Information Processing,
Part 5. The Representation of Data...............
DR 72082, Vocabulary for Information Processing,
Part 6. The Preparation and Handling of Data
DR 72104, Punched Paper Tape for Data Inter
change — General Requirements ...................
DR 72105, Unrecorded Magnetic Tape for Instru
mentation Applications: Physical Properties
and Test Methods...............................................
DR 72106, Alphanumeric Keyboards Operated with
Both Hands ...........................................................
DR 72128, Symbols for SI Units for Systems with
Limited Character Sets .....................................
DR 72129, Properties of Unpunched Paper Tape

5
5
5
5
5
5
5
5
5
4
4
4
4
3
3
3
3
3

Key to Summary Above:

1.
2.
3.
4.
5.
6.

Investigation and preliminary work.
Committee drafting.
Draft issued for public review.
Review of comment.
Postal ballot and final stages.
In course of publication.

Projects currently in hand are listed below, the num
ber referring to drafts circulating for critical review by
the public. Constructive comment from the user is
very important to the work of committee and expert
groups at this stage. Copies of the Standards and the
drafts are available from the offices of the Standards
Association in all capital cities.
In addition, the committee and its expert groups re
view the work of the International Organization for
Standardization (ISO) Committee TC97 and its fifteen
sub-committees. Abstracts of the drafts currently under
review have been prepared as a service to the reader.
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Standards Association

Copies of the original documents are obtainable from:
R. K. Profitt,
Engineer/Secretary, Committee MS/200,
Standards Association of Australia,
PARKVILLE, VIC.
A moderate fee is charged for copying this material.
Abstracts of ISO Drafts (enclosed).
Expert Group SCI
ISO/TC97/SC1 (SEC-130) 243F/E

Title: Vocabulary of Data Processing, Section R, Storage
Techniques.
Date: April, 1972.
No. of Pages: 27.
Abstract: This is the first document to appear on terms rele
vant to storage techniques and deals with all the concepts
associated with storage of data, including names of
specific types of storage. This latter is a departure from
previous approaches in which the tendency has been to
put hardware and software aspects in separate categories.
Index: Glossary, Dictionary, Vocabulary.
ISO/TC97/CS1 (SEC-132) 245
Title: Result of Letter Ballot on Part 04 — Organisation of
Data.
Date: April, 1972.
No. of Pages: Nine.
Abstract: this document summarizes the result of a letter bal
lot on draft recommendation ISO/DR2383 covering Part
04 — Organisation of Data — of the vocabulary and
brings together comments made. There were 15 countries
in favour, one against and one abstention.
Index: Glossary, Vocabularly, Dictionary.
ISO/TC97/SCI (SEC-133) 246

Title: Result of Letter Ballot on Part 01 — Fundamental
Terms.
Date: April, 1972.
No. of Pages: 12.
Abstract: This document summarizes the results of a letter
ballot on draft recommendation ISO/DR2382 covering
Part 01 — Fundamental Terms — of the vocabulary and
brings together comments made. There were 18 countries
in favour, 2 against and 1 abstention.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (SEC-134) 247

Title: Result Of Letter Ballot on Part 05 — Representation of
Data.
Date: April, 1972.
No. of Pages: Nine.
Abstract: This document summarizes the results of a letter
ballot on draft recommendation ISO/DR2455 covering
Part 05 — The Representation of Data — of the vocabu
lary and brings together comments made. There were 21
countries in favour, none against and one abstention.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (SEC-138) 267E

Title: Report of Chairman of Sub Committee 1.
Date: June, 1972.
No. of Pages: Four.
Abstract: A very brief report of the continued inactivity in
getting on with the production of a vocabulary. Only
four sections out of about 26 are at the draft recommend
ation stage. No recommendations have been approved
and no draft international standards are under approval.
Expert Group SC6
ISO/TC97/SC6 (ECMA-23) 434

Title: Specification of the Quality of Serial Binary Signals
across the Interface between Start-stop Data Terminal
Equipment and non-Synchronous Data Communications
Equipment as Defined at the Standard Interface (CCITT
V24).
Date: May, 1971.
No. of Pages: Six.
Abstract: This ECMA document proposes a specification for
The Australian Computer Journal, Vol. 5, No. 1, February, 1973

the signal quality of DTE transmitters and receivers. Two
sets of figures are shown, one up to 200 baud and appli
cable for use of modems according to CCITT V21 and
one up to 1200 baud and applicable for use of modems
according to CCITT V23.
The document also shows the method of derivation and
assumptions made to obtain values for DTE transmitters
of:
(a) Degree of gross start-stop distortion;
(b) Minimum signal element;
(c) Maximum degree of individual distortion,
and for DTE receivers of:
(a) Net margin;
(b) Minimum expected signal element.
S.A.A. Action: For information only.
ISO/TC97/SC6 (ECMA-24) 435

Title: Test and Diagnostic Procedures for Maintenance.
Date: April, 1971.
No. of Pages: Four.
Abstract: This ECMA document proposes test and diagnostic
procedures for maintenance of data communication sys
tems. The major problems in maintaining systems and the
needs of the users themselves to make fault localization
without external assistance and without impacting the
parts of the system not affected by the failure are outlined.
The methods considered by the document for fault detec
tion include:
(a) Loops to establish at the DTE/DCE interface and the
DCE/Line interface;
(b) Self test facilities;
(c) Looptests;
(d) “Looptests” in half duplex mode.
S.A.A. Action: For information only.
ISO/TC97/SC6 (ECMA-25) 436

Title: Contribution on CCITT Sp. A Matters.
Date: April, 1971.
No. of Pages: Three.
Abstract: In response to a CCITT Sp. A resolution, ECMA
express their opinions on the following subjects:
(a) Synchronization procedures;
(b) Electrical characteristics for interfaces;
(c) New synchronization circuit;
(d) Originating, answering and disconnection of calls in
the general switched telephone network;
(e) Definitions and terminology.
S.A.A. Action: For information only.
ISO/TC97/SC6 — The Hague 451

Title: Draft Recommendations Concerning Interchange Cir
cuits — CCITT Special Study Group A, Contribution No. 137.
Date: January, 1971.
No. of Pages: 43.
Abstract: This draft recommendation revises the current CCITT
Recommendation V24 concerning interchange circuits. The
document is similar in scope and content to V24 except for
the addition of two interchange circuits, 191 — Voice
answering input and 192 — Voice answering output, and
a section on operational requirements. The section recom
mends the usage and operational requirements of inter
change circuits and the interaction between them, and
stresses the importance that the guide lines recommended
should be observed to assist in proper operation of DCE
and DTE.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-14) 459

Title: Japanese comment on Resolution No. 9 — “System
Performance”.
Date: May, 1971.
No. of Pages: One.
Abstract: The Japanese National Committee submits com
ments on the following parameters defined in document
97/6 N 347 “System Performance”.
(a) Transfer Rate of Information Bits;
(b) Transfer Overhead Time;
(c) Residual Error Rate;
(d) Availability.
S.A.A. Action: For information only.
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Standards Association
ISO/TC97/SC6 (The Hague 71-19) 464

Title: Proposed American National Standard on Determination
of Performance of Data Communication Systems.
Date: February, 1971.
Pages: 114.
Abstract: This standard presents the means for determining
performance over an Information Path within a data com
munication system employing ANSCII control procedures
where the transmission of characters may be synchronous
or asynchronous. It specifically covers the necessary cri
teria, system description and methods for determining per
formance.
The object of the standard is to provide a means of:
(a) Prescribing performance requirements;
(b) Determining projected and actual performance;
(c) Determining temporal variations in performance;
(e) Comparing the performance of an information path
with the performance of any other information path.
The document is a revision of document N417 previously
submitted.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Germany-29) 467
Title: German Elaborations to Points of Document N395
According Resolution No. 3.
Date: April, 1971.
No. of Pages: Three.
Abstract: The German contribution attempts to provide guid
ance for further consideration on DTE/DCE interface
operations. It especially refers to the equipment set up
according to transmission mode, the idle condition speci
fication and the hand-over time requirement of clock
devices, with a view to the synchronous modem standard
ization efforts within CCITT.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Germany-30) 468

Title: Considerations on the “V-series” compatible interface
of new Data Networks.
Date: May, 1971.
No. of Pages: Four.
Abstract: The German National Committee proposes V-series
compatible interchange circuits for New Data Networks
for attachment of existing DTE, and also shows inter
change circuits for the Automatic Calling facility.
In addition, consideration is given to the response times
on Control Interchange Circuits.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Germany-31) 469

Title: Possibilities of synchronous operation techniques in
relation to New Data Networks.
Date: May 1971.
Pages: Four.
Abstract: This document discusses the case of synchronous
operation in data networks based on anisochronous trans
mission links. Methods to achieve and maintain synchron
ism by scrambling or, regular or irregular insertion of
synchronizing bits into the data stream are described.
A comparison of the different synchronizing methods is
made in terms of transmission efficiency and effects of
transmission errors, bit slip and signalling.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-31) 480

ISO/TC97/SC6 (The Hague 71-35) 484

Title: Supplement to Automatic Answering Techniques.
Date: May, 1971.
No. of Pages: Two.
Abstract: In response to a point raised by CCITT Sp. A on
Originating, Answering and Disconnection of calls in the
general switched network, this document submits com
ments regarding alternate voice and data transmission
operation. A general arrangement is suggested that pro
vides for selection of either talk or data on a manual or
automatic basis.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-38) 487

Title: Statue Report on Signal Quality.
Date: May, 1971.
No. of Pages: Two.
Abstract: This document expresses ISO/TC97/SC6 views and
recommendations on the following points:
(a) Receiver Margin;
(b) Gross start-stop distortion;
(c) Minimum start element.
The recommendations include signal quality figures quoted
as a percentage and new measuring techniques.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-56) 505

Title: Consideration on the “V-series” compatible interface of
new data network.
Date: May, 1971.
No. of Pages: One.
Abstract: ISO/TC97/SC6 comments on document N468 and
agrees that the document should be forwarded to CCITT/
NRD for consideration.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-57) 506

Title: Report of Working Group 1 on Interfaces and Signal
Quality (2nd Meeting).
Date: May, 1971.
No. of Pages: Two.
Abstract: This is a report on the 2nd meeting of Working
Group I at the 9 th meeting of ISO/TC97/SC6. Points
discussed at the meeting included:
(a) Signal quality;
(b) V:35 pin allocation;
(c) Acoustic coupling;
(d) Electrical characteristics for interfaces;
(e) Report on synchronous operation V 23;
(f) Report on New Synch interchange circuit;
(g) Report on loop tests.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-61) 510

Title: Minutes of meeting of Working Group 3 on “System
Performance”.
Date: May, 1971.
No. of Pages: Two.
Abstract: The meeting reviewed relevant documents submitted
on “System Performance” in preparation for an ISO
Recommendation. Points discussed included the figure of
merit concept, residual error rates, turn around of modems
and other performance criteria.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-63) 512

Title: Report of Working Group 1 on Interfaces and Signal
Quality.
Date: May, 1971.
No. of Pages; Four.
Abstract: This document contains a report of the meeting of
Working Group 1 on Interfaces and Signal Quality held
during the 9th meeting of ISO/TC97/SC6.
Discussions during the meeting included the following
points:
(a) Signal quality;
(b) V24 Interfaces;
(c) New Synch circuit for modems;
(d) Data/Voice/Automatic calling equipment;
(e) Looptests on data communication systems.
S.A.A. Action: For information only.

Title: Determination of performance of data communication
systems.
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Title: Report of Working Group 1 on Interface and Signal
Quality (3rd meeting).
Date: May, 1971.
No. of Pages: One.
Abstract: The 3rd meeting of this group discussed the follow
ing points:
(a) Nem Interchange Circuit for V26 modems, multidrop
configuration — usage of New Synch Circuit;
(b) Signal quality;
(c) Automatic answering.
S.A.A. Action; for information only.
ISO/TC97/SC6 (The Hague 71-65) 514

Standards Association
Date: May, 1971.
No. of Pages: 10.
Abstract: This working paper establishes:
(a) Descriptions of elements pertinent to the determinaation of performance of an information path within
a data communications system.
(b) Criteria to be used in determining performance of
an information path within a data communications
system.
(c) Means for determining values for these criteria. The
functional concepts are intended to be applied to any
type of information path regardless of the control
procedures.
S.A.A. Action: Propose that this Recommendation be adopted
as an Australian Standard when ISO have completed work on
the document.
ISO/TC97/SC6 (UK-38) 523

Title: UK Comment on Resolution No. 4 taken at the meeting
in The Hague, May 1971.
Date: September, 1971.
No. of Pages: Three.
Abstract: The document considers a range of options to per
mit variations in interfaces to be used primarily by new
designs of data terminal equipment. The options described
are concerned with the various methods of call control
and timing.
S.A.A. Action: For information only.
ISO/TC97/SC6 (USA-39) 526

Title: US Comments on ISO/TC97/SC6 (Hague) 508 Reso
lution 4.
Date:
No. of Pages: Six.
Abstract: This contribution is the result of a study by ANSI on
synchronous operation techniques for New Data Net
works.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Netherlands-9) 532

Title: Netherlands Comments on Resolution 4 of Document
N508.
Date: October, 1971.
No. of Pages: One.
Abstract: The Netherlands Administration comments on pro
posals of interfaces for isochronous working with new
data networks as requested by 1SO/TC97/SC6 at the
meeting in The Hague.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Germany-33) 541

Title: German Comment on Resolution No. 4 “New Data
Networks”.
Date: October, 1971.
No. of Pages: One.
Abstract: In response to an ISO request, this German docu
ment comments on a method of stuthering clock oper
ation for the long range synchronous new data networks.
S.A.A. Action: For information only.

ISO/TC97/SC6 (UK-43) 565

Title: UK Reply to Resolutions taken at the 1971 Meeting
Relating to CCITT Matters.
Date: April, 1972.
No. of Pages: Four.
Abstract: This document comments on the following resolu
tions taken at The Hague meeting:
1. Signal Quality;
2. Compatibility of Interface Electrical Characteristics;
3. Loop test facilities;
4. New interchange circuit for V26 modems in multidrop
configurations;
5. Synchronous operation with V23 modems.
S.A.A. Action: For information only.
ISO/TC97/SC6 (UK-46) 568

Title: A General Purpose Interface for Synchronous Mode
Services Provided by New Data Networks.
Date: April, 1972.
No. of Pages: 14.
Abstract: This contribution contains a description of a gen
eral purpose binary interface for use with synchronous
services provided by public data networks. The description
includes functional and procedural aspects of the interface
between the DTE and the DCE and is based on CCITT
Recommendations.
The document recommends that an interchange circuit
with minimum of logic in the DCE should be the longer
term aim. A list of control signals and network service
signals with proposed coding is tabulated in the annex of
this document.
S.A.A. Action: For information only.
ISO/TC97/SC6 (UK-47) 569

Title: The Essential Features of a New Interface for Synchron
ous Mode Services.
Date: April, 1972.
No. of Pages: Four.
Abstract: This contribution summarizes previous statements
on the requirements of a new synchronous mode interface
and comments upon the provisional proposals being made
by communications administrations and transmission car
riers. _ Generally, the document states that the overriding
principle should be to reduce data communication costs
by optimisation leading to some degree of integration
between the uses DTE and the network.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Australia-2) 593

ISO/TC97/SC6 (ECMA-33) 549

Title: ECMA Contribution on Proposed Interface
Data Networks.
Date: January, 1972.
No. of Pages: Six.
Abstract: The general objective of this document is
the simplest possible interface common to data
appearing between the DTE and the Network
tion Unit.
S.A.A. Action: For information only.

ISO/TC97/SC6 (Secretariat-101) 557

Title: Secretariat Report on ISO/TC97/SC6.
Date: March, 1972.
No. of Pages: Four.
Abstract: This is the ISO/TC97/SC6 secretariat’s report for the
period May 1971 to March 1972. The main aspect of the
report covers future program of work and present actions
taken on the committees documents.
S A.A. Action: For information only.

for New

to define
networks
Termina

ISO/TC97/SC6 (ECMA-34) 550

Title: ECMA Contribution on Supplement to Automatic Call
Originating and Answering Techniques.
Date: January, 1972.
No. of Pages: Three.
Abstract: This ECMA document elaborates on the procedures
of origination, answering and disconnection of calls in the
general switched network. Consideration is also given to
possible switching improvements by combining the control
modes Data and Auto together.
S.A.A. Action: For information only.
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Title: Australian National Activity Report.
Date:
No. of Pages: One.
Abstract: This document outlines the activity and main areas
of interest of committee SAA MS20/SC6 for the period
ending June 1972.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Netlierlands-12) 598

Title: Netherlands Activity Report June 1972.
Date: June, 1972.
No. of Pages: One.
Abstract: This document outlines the activity of the Nether
lands national committee for the period ending June 1972
and the results of their discussions on New Data Net
works and HDLC.
S.A.A. Action: For information only.
ISO/TC97/SC6 (USA-49) 599

Title: USA National Activity Report.
Date: June, 1972.
No. of Pages: Two.
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Standards Association
Abstract: This document outlines a summary of activities con
ducted by the American National Standards Institute
(ANSI) and Electronic Industries Association (EIA) for
period ending June 1972.
S.A.A. Action: For information only.

particularly for switched/leased V26 type modems. The
suggestions include a method of Synchronous Start/Stop
operation and specification for the New Sync function
independent of multipoint line control procedures.
S.A.A. Action: For information only.

ISO/TC97/SC6 (Netherlands-13) 601
Title: Netherlands contribution to ISO/TC97/SC6 on Proper
ties and Constraints of the Electric Characteristics of
Interface Circuits for Data Signalling Rates above 20
K b/s.
Date: June, 1972.
No. of Pages: Four.
Abstract: This tutorial document highlights the various aspects
of interface circuits and arrives at an agreement on the
properties and the constraints of the circuit.
S.A.A. Action: For information only.

ISO/TC97/SC6 (UK-50) 616
Title: United Kingdom National Activity Report.
Date:
No. of Pages: One.
Abstract: This document outlines the activity of the BSI com
mittee DPE/5 for the period ending June 1971 and briefly
comments on the following items:
1. System Performance.
2. Interfaces and Signal Quality.
3. New Data Networks.
4. Basic Mode and HDLC Procedures.
S.A.A. Action: For information only.

ISO/TC97/SC6 (CCITT-9) 605
Title: Report of the Meeting in Geneva (15-19 November,
1971).
Date: December, 1971.
No. of Pages: 54.
Abstract: This document reports on the meeting of Working
Party of Special Study Group A on “Modems and Inter
faces.”
The report includes reference to the following points:
1. Use of 2,400 b/s and 4,800 b/s modems on public
switched and leased circuits respectively.
2. Use of modems for speeds above 4,800 b/s on leased
circuits.
3. Complement to standardization of 600/1200 b/s
modems.
4. Data transmission over 48kHz and 240 kHz circuits.
5. Comparative tests of modems.
The most important and urgent inquiry was point 1 above.
Substantial progress was made to consider draft recom
mendations on:
1. 2,400 b/s modem for operation over general switched
network.
2. 4,800 b/s modem for operation over leased telephone
circuits.
S.A.A. Action: For information only.
ISO/TC97/SC6 (CCriT-12) 608
Title: Report of the Meeting in Geneva (22-24 November,
1971).
Date: December, 1971.
No. of Pages: 17.
Abstract: This document reports on the meeting of Working
Party of Special Study Group A on “Maintenance” held
22-24 November, 1971.
The meeting included consideration of the following
points:
1. Distortion limits;
2. Loop testing arrangements;
3. Degree of parallel distortion;
4. Wideband data transmission;
5. Interruptions and reliability;
6. M.102 circuits.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Germany-34) 609
Title: German National Activity Report.
Date: May, 1972.
No. of Pages: One.
Abstract: This document outlines the activity of the German
National Committee for the period ending May 1972.
Brief comments on their work on issue of DIN drafts,
system performance, interfaces, new data network and
HDLC are included.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Germany-38) 613
Title: Synchronous Start/Stop Operation, New Sync Inter
change Circuit Option.
Date: June, 1972.
No. of Pages: Two.
Abstract: This document presents suggestions for the accept
ance and implementation of synchronous modems,
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KO/TC97/SC6 (Japan-26) 617
Title: Japanese National Activity Report.
Date: June, 1972.
No. of Pages: Two.
Abstract: This activity report discusses the Japanese National
Committee progress on:
1. Interfaces;
2. New Data Networks;
3. Go-ahead sequence;
4 HDLC.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Japan-31) 620
Title: DCE-DTE Interface for Equipment using Integrated
Circuits.
Date: June, 1972.
No. of Pages: Two.
Abstract: This document from Japan discusses the limitations
in existing V24 interfaces and proposes a new DCE-DTE
interface compatible with integrated circuit technology.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Sweden-5) 622
Title: Swedish National Activity Report.
Date: June, 1972.
No. of Pages: One.
Abstract: This activity report briefly discusses the Swedish
National Committee’s actions on Resolutions taken at the
ISO/TC97/SC6 meeting in The Hague.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Berlin 72-5) 629
Title: 300 Baud Modem for use in the General Switched Tele
phone Network.
Date: April, 1972.
No. of Pages: One.
Abstract: ECMA requests the study of duplex data transmission
up to 300 bauds alternating with telephony bearing in
mind Recommendation V.21.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Berlin 72-6) 630
Title: Inter-relationship of Signal Quality Figures Based on
Different Definitions.
Date: April, 1972.
No. of Pages: One.
Abstract: Considering the present limits set for transmission
quality, ECMA requests the study of a common method
to correlate the characteristics with respect to signal qual
ity of various elements of a complete data communication
system.
S.A.A. Action: For information only.
ISO/TC97/SC6 (Berlin 72-11) 635
Title: Brief Minutes of General Session ISO/TC97/SC6.
Date: June, 1972.
No. of Pages: Three.
Abstracts: These minutes briefly record the business of the
general session of the ISO/TC97/SC6 Berlin meeting.
The document also summarizes the reports of Working
Groups, WGI “New Data Networks and Interfaces” and
WGII “Control Procedures”.
S.A.A. Action: For information only.
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Letter to the Editor
CORRIGENDUM
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The Editor.
Dear Sir,

A few printing mistakes have been noticed in the
article by Samarendra Kumar Mitra and S. N. Banerjee
entitled “On the Probability Distribution of Round-off
Errors Propagated in Tabular Differences” published in
the Australian Computer Journal, vol. 3, No. 2, pp. 60-68,
May, 1971 issue. In this note these misprints are corrected.
Following are the corrections.
On page 62, the equation (11) should be read as
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On page 64, section 5, the two integrals should be
read as,
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On page 63, the regions defined by R2 and R3 should
be read as,
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On page 66, the title of the section 7 should be read
as,
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Yours faithfully,
S. N. Banerjee.
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Computer Centre,
Jadavpur University,
Calcutta-32, INDIA.

instead, respectively of

Book Reviews

This book is made up of three separate papers written by
three of the acknowledged European experts in Software. The
connecting link is that the latter two papers owe their genesis
to ideas expressed in the first.
The book is really not for the tyro. A full knowledge of
Algol, both the language and the underlying philosophy of
the structure, is assumed in all three papers. If full value for
money is to be gained from the book a feeling for mathe
matical ideas is necessary, along with contact with the topics

usually covered in second or third year Pure Mathematics
units at University.
However, as Dijkstra says in introducing his paper: ‘These
notes have the status of “Letters written to myself” ... I do
not try to condense them now (they are being published)’.
This conversational style of writing, which is also followed in
the other two papers, makes it possible for even non-Algol,
non-mathematical programmers to gain from the papers by
skipping round Algol and mathematical parts.
‘Notes on Structural Programming’ is the title of the first
paper. Dijkstra spends almost the first half discussing some
of the problems inherent in large (perhaps 100 pages of code)
programs. He discusses his own philosophy on the transition
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Structured Programming, O-J Dahl, E. W. Dijkstra, C. A. R.
Hoare—Academic Press, London and New York, 1972.
pp 220.

Book Reviews
from small to large programs. One simile which stresses his
point of view is: ‘If one horse is galloping towards you across
an open plain you would probably think, “How beautiful”; If
a thousand, you would be scared to death.’ Another idea
which may seem rather strange is his assertion that programs
to produce the same results can’t be compared in any way.
Much of the rest of the paper is directed towards what he
calls ‘Step-wise Program Composition’ in which he discusses
his approach to the analysis of a problem and the synthesis of
the ‘best’ program to produce the required results.
Hoare follows the lead, and calls his paper ‘Notes on Data
Structuring’. It starts with a dissertation on the importance of
the ability of abstraction, and follows with a number of fairly
rigorous definitions of notations which are used. The types of
Data Structures he discusses are Unstructured, Cartesian Pro
ducts, Discriminated Unions, Sets and Power Sets, Functions,
Sequences and Recursive Structures. He describes familiar
methods of forming and processing these, including Lists and
Trees. The paper ends with more formal, mathematical, treat
ment of each concept.
The final paper ‘explores certain ways of program structur
ing and points out their relationship to concept modelling’. It
may be considered as a practical experiment on the ideas of
the previous papers using the language SIMULA 67 which was
developed from ALGOL 60 at the Norwegian Computing
Centre.
The paper gives quite good expositions of the development
of a Permutation Generator and a Syntax Analyser.
In summary: the book can be used at a superficial level as a
source of possible new ideas and slants to answers to common
problems. It will certainly give rise to discussions on the
correctness of the opinions expressed in it. At the deeper level
it should be a necessary reference book for graduate or near
graduate courses involving program design.
R. G. SMITH.
Computer Security Management, Dennis Van Tassel, Prentice
Hall Inc. pp 220.
This book opens with the proposition that man has an innate
ability to match any new level of technology with a method
of criminally exploiting it. In the battle of computer and crook
the computer has many weaknesses, but it also has strengths
which are often left unused. The book highlights both.
The computer centre itself is vulnerable. It houses expensive
equipment in a small space and its parts and consumables are
portable and saleable. It is a likely target for demonstrators,
strikers, frustrated employees, bomb throwers, pyromaniacs
and miscellaneous lunatics. The preventive measures are easy
to list though difficult to implement: restricted access not only
to the computer room, but to the building generally; passes
and few entry points; removal of the computer from its front
street level prestige position to some unwindowed unlabelled
basement; good, well rehearsed fire fighting drill.
Van Tassel, however, gives less space to the problems of
hardware than he does to those of safeguarding data. Data
can be used by criminals with greater profit and with less
risk of detection than can hardware. “Encyclopedia Britannica” lost over $3 million when three operators sold copies of
its mailing lists. A service bureau owner in California used his
computer to work out the budget of his embezzlements of a
client’s accounting run. Numerous examples of theft or embez
zlement by managers, programmers, operators or clerical sup
port staff are given. The message is that anyone with respon
sibility for a computer system handling cheques, accounts,
stores or services should assume that someone is actively plan
ning to manipulate, or is actually manipulating the system to
his own advantage. If that someone is in the position where
he controls both program changes and operational runs; or
where he has access to both input data and operator instruc
tions, his chances of success are greater than if the system has
been designed from the beginning to avoid wide span control
of sensitive areas by one individual.
The chapters on “EDP Controls” and “Auditing” show how
close are the aims of the good system designer and the good
auditor. System design should include the checks and balances,
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and the provision of a good audit trail. They cannot be super
imposed later. Audit should use the computer, either in con
junction with regular runs, or using specially written programs,
to identify areas of potential discrepancy.
The majority of disasters are not caused by criminals but
arise from human error. The techniques of prevention and
recovery are much the same in both cases. Van Tassel includes
chapters on program error and operator error. The penulti
mate chapter on time sharing discusses what happens to
security when data are opened up for multiple terminal up
date or enquiry, and the book ends with a rather superficial
review of computer privacy as seen in the United States.
There are check lists at the end of each major chapter, and
two useful and two not so useful appendices.
Some of the book is an edited reprint of articles which
previously appeared in magazines or conference proceedings.
It is none the worse for this. In total it adds up to a well
documented readable collection of sound common sense. There
is very little of it which one can dismiss as unlikely to happen
here; according to Van Tassel it has happened, is happening
or will happen to all commercial centres.
JOHN SEWELL
Review of “Curved Surfaces in Engineering”
Curved surfaces, computer graphics, Bezier curves, cubic
splines, Coon’s patches; a recent publication on Curved Sur
faces in Engineering has much to say about these topics which
are relevant to the problems of surface shape that designerdraughtsmen usually consider.
The central theme of the publication concerns the definition
and manipulation of free-form shapes in three dimensions.
Although such work has traditionally been handled graphically
on the drawing board and in the mould loft, there are now
significant developments in the application of the computer to
carry out this work by computer methods. The developments
and applications of the computer techniques have needed the
hardware of flat-bed plotters, cathode ray tube displays and
the like, but, in addition, the necessary theoretical background
and software has had to be developed.
The publication is the Proceedings of a conference
organized by the Computer-Aided Design Centre, Cambridge,
and the journal COMPUTER AIDED DESIGN and held at
Churchill College, 15th-17th March, 1972.
Several authors discuss computer packages that. are being
used in large industries such as the shipbuilding, aircraft and
automotive industries. It is apparent that a great deal of effort
has been invested in the preparation of these packages, but
the economics of the development and application were not
discussed. However, the point is made that lead times, tedium
in the lofting process, and the time of the overall design pro
cess can be much reduced by the application of computer
techniques.
A plea is made that smaller industries, such as the die and
mould industries, would benefit from the application of the
computer techniques developed by the Computer-Aided Design
Centre, Cambridge. It is also evident that other branches of
engineering and architecture would have much to gain by the
use of such computer packages.
It may appear to some that the problem of curved surfaces
is relatively mundane, however, it is obvious that here is a
field of some economic importance on which the combined
expertise of mathematician, computer systems analyst and
engineering designer needs to be brought to bear.
The Proceedings contain thirteen papers, of which four were
written by academics, seven by authors employed in industry
and two by authors employed by research establishments. The
emphasis of the conference has therefore been application
oriented, but this feature highlights the importance and useful
ness of the subject. Although more mathematical discussion
would have been useful to initiates, a reasonable number of
references are given so that the interested reader can pursue
the subject further.
The Proceedings were edited by L. J. I. Browne and were
published by IPS Science and Technology Press Ltd., 32 High
Street, Guildford, Surrey, England.
L. C. SCHMIDT.
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CASSETTE MEMORY FOR CALCULATORS

• with your
subscription

‘DATA
TREND’
this valuable
Australian
Computer
Handbook.

It’s an amazing introductory offer! A year’s subscription to “Data
Trend’’ for only $2.00 (normally $8.75 per annum) plus your free
gift “Data Trend EDP Manual”. 406 pages, normally priced at
$12.50. In total over $21 worth of invaluable material, 675 pages
of information on computer hardware and up-to-date news.

The 986SA Cassette Memory

Cassette adds 6000 data registers or 48,000 program
steps to calculator memory. Files may be of different
lengths, are located directly by address, without
rewinding.
Designed for use with the Hewlett-Packard Series
9800 Calculators, this new Model 9865A Cassette
Memory adds the ability to store very long programs
or large amounts of data to the Models 9810A and
9820A desktop calculators. Among its new features
is its ability to go directly files, upon identification num
ber command. (Other presently-available units must be
rewound; the program blocks then counted off, or the
search must be made manually.)
Files of different lengths can be recorded on the
cassette in any sequence for most efficient use of the
tape. Tapes are interchangeable between calculators.
Data files recorded on either the Model 9810A or
9820A may be read into either model for analysis.

HONG KONG RETAINS AUST. SYSTEMS
SPECIALISTS
An Australian company, Data Technology Pty. Ltd.,
has been retained by the Hong Kong Public Works
Department to assist in the design of a large-scale com
puterised traffic control system for the colony.
The intricate system will be installed in the Kowloon
district, which has one of the busiest road traffic
patterns in the world.
As well as digital computers, the system initially will
utilise 80 traffic signal installations and 200 roadway
detector devices which will measure the flow of vehicles.
The total system can be readily expanded by the use
of additional signals and detector units.
The Australian Computer Journal, Vol. 5, No. 1, February, 1973

$2.00 BRINGS YOU A TRIAL SUBSCRIPTION TO
“DATA TREND" AND YOUR FREE MANUAL
“Data Trend” is published by Rydge’s 10 times per year and
brings you complete news of the computer industry. Each issue
contains a number of articles. Typical examples are “Computer
Gains in Management Courses”, “Disc File Security”, “ANZ Order
Foreshadows $10 Million Honeywell System”. Regular departments
are “News Briefs”; “Significant Comments”; “Job Reports” and
“New Products”.

Normally S12.50 your free "EDP Manual'’
Hardbound, with 408 pages, it contains reviews by Philip Stanley
“The Year That Was” and “Current Issues”, a full list of technical
details of all hardware manufacturers, analogs, software distribu
tors and systems, visible record computers and calculators and a
complete Census with full technical and management details of
every computer installation in Australia.
“Data Trend” is normally $8.75 per annum, but so that you may
try it for yourself, send the coupon now for your year’s subscrip
tion for only $2.00 plus the EDP Manual.

To: Rydge Publications Pty. Ltd.,
74 Clarence Street, Sydney. 2000.
Please send me, as a new subscriber, the FREE OFFER OF THE
EDP MANUAL and 10 issues of “DATA TREND”. Enclosed is my
cheque for $2.00 being one year’s subscription.
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LOW COST COMPUTER
HARD COPY PRINTER

Now available from DC Datagraphix is a low cost printer for
video terminal and minicomputer
users with hard copy requirements.

The Repco 120 is a low cost,
impactless printer designed to inter
face with CRT terminals, mini
computers or other remote data ter
minals.
The printer operates at up to 120
characters per second with 80 char
acters per line, six lines per inch
vertically.
Other features include quiet
operation through impactless print
ing on electrosensitive paper, long
life assured by integrated circuits,
low cost and attractive design.
The unit when interfaced with a
modem can be used as an input/
output terminal over telephone or
private wire communication lines.
It has been designed to handle

SOFTWARE DESIGN
OPPORTUNITY

CSA is a vital environment for dedicated professionals who seek
advanced technical exposure and association with leaders in
information sciences technology. We have an immediate require
ment for Senior Analysts to participate in systems software
development for large scale machines. The current project only
recently commenced involves the design and implementation of
an on-line data base system where there is a need to write original
software. The assignment includes the development of transac
tion processing software and general purpose enquiry packages.
The successful applicant will be familiar with COBOL and have
an in-depth knowledge of at least one macro-assembler language
for large machines. Five or more years of relative experience in
either an academic or commercial environment is a pre-requisite.
CSA’s liberal benefit programme includes immediate Life and
Disability Insurance, Superannuation, financial support for ter
tiary studies and subsidy of family medical, hospital and dental
expenses.
Call the Personnel Manager today for further details of this signi
ficant career advancement opportunity.

COMPUTER SCIENCES OF AUSTRALIA PTY. LTD.
460 Pacific Highway, St. Leonards 2065.
Telephone: 439-0033 (After 7 p.m. 969-4548).

X

CSA

serial (RS 232B) data, or parallel
(i TL level) data of 64 character
standard ASCII code.

LOW POWER SOLENOID
VALVE FOR TRANSIS
TORISED CIRCUITS
A power consumption of only
2.5 watts which makes it ideal for
transistorised circuits is a feature
of a new British sub-base mounted
miniature solenoid valve designed
for the direct control of small air
cylinders, or as a pilot operator for
larger control valves.
A built-in rectifier enables any
particular coil to be used with either
a.c. or d.c. supply and, instead of
a coil-and-core assembly, the unit
has a spring-loaded, clapper-type
armature with vulcanised seals. The
armature is the only moving part
and is simply dropped into place
when servicing.
Further simplifying servicing, a
plug-in terminal box dispenses with
the need to disconnect wiring to the
valve, and the use of sub-mountings
means that pipe connections need
not be removed. The same basic
valve can be mounted on a variety
of sub-bases for different uses.
One version of the fully metric
valve is a single unit, and another is
mainly for gang mounting — up to
six units can be connected by tie
rods and O-rings. A third version,
also suitable for gang mounting, has
a larger flow capacity, and there are
two types of manual override —
push-button and push-twist with
screwdriver slot.
Operating measure of 0 to 10 bar
and there is a wide range of coil
voltages.
Australian agents are Martonair
(Australia) Pty. Ltd., North Fitzroy,
Victoria.

LARGE CONTRACT
AWARDED
The contract for the RadioTelemetry system for the Brisbane
River and adjacent catchment
areas, worth over $173,000, has
been awarded to Techdata Austra
lia Pty. Limited.
The system, believed to be the
largest of its kind in the world, will
provide flood warning and, in con
junction with Somerset Dam, flood
mitigation for the Brisbane area.
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Techdata will supply addressable
guage stations which will, on com
mand, report rainfall and river
height data from various remote
locations through addressable
U.H.F. radio repeaters to two con
trol stations in Brisbane. The Mas
ter Control employs a minicomputer
to automatically interrogate all the
gauging stations, check the validity
of incoming messages and output
the results for further analysis.
All the equipment for this sys
tem, with the exception of the mini
computer, is developed by Techdata
Australia Pty. Limited.

about that
terminal.. !

FLEXIBLE REAL-TIME
COMPUTER
A British real-time computer for
the medium to large-scale control
and automation market provides a
fast and extremely flexible central
processor built to operate on a wide
range of data typs from byteoriented communication data to 64bit floating point formats.
Combined with powerful address
ing formats, this flexibility produces
an efficient system with economical
use of core store and speeds
approaching one million operations
per second.
The basic central processor unit
has a built-in multiplexor providing
up to 256 autonomous input/output
channels, and three additional pro
cessors can be accommodated in the
'ystem.
A new high-level assembly langu
age called BABBAGE has been
developed to control the hardware.
As this is optimally related to the
hardware structure efficiency of up
io 100 per cent can be achieved in
conversion to object code. The
language allows explicit control to
be maintained over the code gene
rated and automatic algorithms are
incorporated in the system to assist
programmers with register allocation
and similar problems.
Applications for the new com
puter range from one-line control of
chemical and steel plants, traffic
automation and power generation to
military and civil communications
and air traffic control systems.
Australian agents are Projects
Division, G.E.C. Company of Aus
tralia Ltd., North Sydney, N.S.W.

Whatever
your
terminal
requirement,
Datagraphix
will
build
it... around the ALPHA

NAKED
MINI
16
5 different I/O systems
combined with the most
complete set of I/O This, combined with the 1.6
instructions (33) of any micro second cycle time, 152
computer in its class basic instructions, and a wide
give ALPHA/NAKED variety of low cost
MINI® the most powerful peripheral equipment,
and easy to use I/O enables us to configure the
structure in its class. precise system to meet
your terminal requirements.
Get the full facts now from

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

19 Berry Street,
North Sydney, N.S.W. 2060.
Telephone 929 4066
Telex AA21656
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CSIRO ORDERS PDP-11’S TO EXPAND
ITS COMPUTING NETWORK
The CSIRO data communications network
CSIRONET will be expanded by the addition of 18
nodal computer systems to be used as remote batch
terminals. Valued at approximately $1 million, the
contract for the equipment has been placed with Digital
Equipment Australia Pty. Ltd. after an exhaustive
appraisal of other computer systms. At present
CSIRONET has seven PDP-11 computers at Canberra,
Melbourne, Sydney, Adelaide, Brisbane, Perth and
Rockhampton, all linked by Australian Post Office
DATEL services.
After receiving fifteen tenders, the CSIRO selected
the proprsal from Digital Equipment Australia to
supply 16K-byte PDP-11/10 computers, with 300 cards
per minute card readers, 300 lines per minute line
printers, teleprinters and read-only-memory bootstrap
loaders.
The expanded CSIRONET will be the largest net
work of its type in Australia, and will bring the power
of the CSIRO’s new CDC-7600 at Canberra to users
of the CSIRO system located throughout Australia. The
network will handle interactive work using the CSIRO
DAD system implemented on the CDC-3600, and will
handle batch streams from all nodal sites.
The contract will be in effect for two years and
initial deliveries of equipment are expected to com
mence in June of this year.

THE UNIVERSITY OF TASMANIA

CHAIR OF
INFORMATION SCIENCE
The University has approved the establishment
of a Department of Information Science and
invites applications for appointment as foundation
Professor of Information Science. The appointee
will be required, subject to approval of the appro
priate authorities—
(i) to plan and establish a Department of Infor
mation Science, and
(ii) to plan and establish the University of Tas
mania Computer Centre and to carry out the
duties of Director of that Centre for the
triennium 1973-75 at least.
The present professorial salary is $15,368.
Academic salaries are at present under review.
Further information is available from the under
signed, with whom applications close on Monday,
2nd April, 1973.
D. A. KEARNEY,
Registrar.
The University of Tasmania.
Box 252C, G.P.O..
HOBART 7001.

CONFIDENTIAL
SUPERSHRED

Not with one of the IDEAL range of document
shredders.

mm

SCIMITAR

Particularly suited to computer and other data
processing print-out, the shredders illustrated
will destroy all types of printing masters —
even metal litho plates — film, linen drawings,
plastics, etc. and are unaffected by pins,
clips or staples.
Both machines have an automatic feed for
continuous stationery and self sharpening
cutting wheels.
For details on the Scimitar, Supershred or any other
model in the range of IDEAL document shredders
contact the Australian agents:

Business Aids Pty. Limited
BA.2.72

xii

82 Anzac Avenue, West Ryde, Sydney. 2114.
MELBOURNE
BRISBANE
ADELAIDE
329 8041
52 4323
42 5601

807 1555
PERTH
81 4355
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EIEY BOYDENIMDDBG £03 P SUPPLIER...
OPERA TIONAL WITH THE ONL Y
DISK PACK SERVICE CENTRE
IN AUSTRALIA
Percy Boyden Limited are operating a new Disk Pack Service Centre, incorporated in their new Liverpool
(N.S.W.) factory. This centre provides the only really rapid rehabilitation service in Australia. Packs
are stripped, checked, balanced and reassembled — any defective parts (including disks) are replaced.
Before return, packs are cleaned and initialised with printout showing error-free or error state. Servicing
is carried out by highly skilled personnel under clean room conditions.

other Percy Boyden EDP supplies
DISK PACKS—6 high and 11 high, Mono disk cartridge and Systems 3 now available.
Packs for I.B.M. 3336 available in the near future.
• HANDPUNCH AND SPLICER — the ideal handpunch for splicing and correcting 5-8 channel punched
tapes.

Feed track pins guarantee exact registration.

• PAPER TAPE STORAGE SYSTEM — comprises an electrically driven automatic loader, a quantity of
cassettes and storage bookcase.
of data.

The system is designed to obviate risk of tape damage and loss

• ELECTRIC PAPER TAPE SPOOLER — an efficient tape spooler to reduce delays on readers and
punches to a ninimum. This spooler is available in two sizes, with a variety of hub specifications
to suit all requirements.
• SERVO SPOOLER — designed to spool paper automatically, direct from the punch and/or reader.
The spool is 9in. in diameter and can accommodate 1000 feet of punched tape.
• PAPER TAPE RESPOOLER — this device can rewind 1000 feet of 5, 7, or 8 channel tape with
automatic cut-out in the event of tape break.
• BOYDEN’S range of EDP peripheral is constantly growing.
room please contact us at the address below.

Should you require any item for your EDP

pb
PERCY BOYDEN LIMITED
Head Office: ALFRED ROAD, CHIPPING NORTON, N.S.W. 2170. PHONE: 602 2200.
MELBOURNE: 28 Levanswell Road, Moorabbin, Vic. Phone 92 2215. BRISBANE: Graham Street, Milton, Qld. Phone 361331.
ADELAIDE: 114 Grote Street, Adelaide, S.A. Phone 51 2354. PERTH: 32 Wickham Street, East Perth, W.A. Phone 23 3871.
NEW ZEALAND: 300 Parnell Road, Auckland. Phone 378 738.
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