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QANTAS flies through its computer input
preparation with MDS Data Recorders
. . . handles peak work loads
more easily and achieves
19% increase in production!
To create input for their computers from
tickets and air waybills, Qantas Airways
have until recently used card punches. Now
they use MDS Data Recorders to encode the
data directly on to magnetic tape. The result
is a 19% increase in production of computer
input.
Since most of the 160,000 documents hand
led each month must be processed to very
tight targets, work peaks are unavoidable.
Qantas have found it easier to handle these
peaks with' MDS Recorders. Because each
MDS unit is both an encoder and a verifier,
better work scheduling is possible.
’T

The cost of cards, their handling, and their
ultimate disposal is also saved.
Talk over the possibilities of speeding up
your data preparation with MDS Data
Recorders. Call your local NCR Office, or
write to NCR, Box
2626, G.P.O., Sydney

2001.
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The Graphic-15 Display System for less than $20,000. A programmable processor and display con
sole with built-in vector generator, character generator, and function box. Mated with the PDP-15
computer, it becomes a graphic system that is highly interactive. Yet it’s only half the price of its
nearest competitor. And because it’s from DIGITAL, you get sen/ice and software for both the dis
play and the computer.
The Graphic-15 is modularly designed; it grows as you grow. And fast—14 inch vector every /nsec.
And easy to use, only knowledge of FORTRAN is necessary.
3000 flicker-free characters. M00 in. of flicker-free vectors. Remotable display. Full line of options.
And made by the computer company that knows more about big needs and small budgets than
anyoneelse.
_________
Aworkof art. Write.
Digital Equipment Australia Pty. Ltd
75 Alexander St.,
Crows Nest. 2065 (439 2566)
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Now the new model 145
brings all the power
of System/370 to a wider range
of organisations

System/370 continues to grow

There’s a new extension of System/370 —
the Model 145,
It gives you all the advances of the larger
Models 165 and 155. But is designed for a much
wider range of organisations and companies.
And remember. System/370 Model 145 is in a
direct line of evolution from System/360. So
your trained people will feel completely at
home with the new Model. And your present
programs can be run as they are.
New Technology, New Performance

Like Models 165 and 155, Model 145 has
vastly improved performance, because it also
has expanded storage and higher speeds, plus
a new form of monolithic memory which is
even more compact and reliable.
This new performance is achieved without a
corresponding increase in cost. So you’ll find
that work you always wanted to do is now a
feasible proposition with Model 145.
Three times more information

As with the first two System/370 Models,
Model 145 is supported by an entirely new disk
storage unit. The IBM 3330.
This provides a massive 100 million bytes per
drive — up to 800 million per unit.
For those systems which do not need the
capacity and performance of the IBM 3330, the
Model 145 provides an integrated file adapter.
This allows the attachment of 3 to 8 IBM 2319

disk drives, each with a capacity of 29 million
bytes.
More time for more people

System/370 brings an equivalent advance in
on-line teleprocessing facilities. So you can
now build up or extend your network of tele
processing locations.
System/370 is generous with time sharing
too. You can get more for your organisation’s
creative brains on-line at the same time. And
they can all be working on different projects —
thanks to multiprogramming facilities.
Computer Services

On top of this, we’ve a full range of support
for System/370. You have, the flexibility to
choose exactly what you want in the way of
programs and services.
S
This will be an even bigger advantage as you
move into new advanced applications.
The answer to computing in the ’70's

If you need more performance than your
present computer system can give, take a good
long look at System/370. It is a high powered
performer that is built for this decade of com
puting ... a decade with more promise and
challenge for computing than ever before.
So if you're expanding in the 70s, you'll want
to know more about the new
Model 145. Just call or write WVfeVL JP
to your nearest IBM office and I
Rra
get all the details.
■■
T■
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Last year’s ad
offered you the
best time-share
buy on the market
Here’s
an even better
deal.

Our,new HP 2000B System does
an even better job of holding the
line on rising time-share costs. It
handles 32 users simultaneously.
Twice as many as its “little
brother” (HP 2000A)—for only a
third more cost.
Both systems provide the
advantages of HP BASIC, easiest
programming language around.
And, to make the 2000B even more
useful, some new language
features have been added. Like
chaining (where one program calls
in another automatically).
Common storage for simplified
programming. And doubled data

file capability, for access to 16
files simultaneously.
If you want to start with a
minimum investment, our HP
2000A is still only $94,650 duty
free, with custom software, control
teleprinter and all 32 terminal
interfaces for about a third more.
For details contagt.your nearest
HP computer specialist or write to
Hewlett-Packard Australia Pty.
Ltd., 22-26 Weir Street, Glen Iris,
3146. Telephone 20 1371.
HEWLETTPACKARD
DIGITAL COMPUTERS
20017

iv
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can you afford
to keep using your
present invoicing
system?
It could be costing you a lot of money... and customers.
STC can give you some elec
tronic equipment that will solve
this problem. It is called the TT-12
Trend intelligent terminal and is a
low-priced but extremely powerful
free standing commercial data
processor. The TT-12 will elimin
ate costly clerical calculations and
double checking for human errors.
It allows you to simultaneously
carry out:
□ billing assessments
□ sales analyses, and
□ stock record updating
As a' result, your billing turn
around time is greatly increased,
and your debtor collections can be
speeded up. This faster collection
of receivables will allow you to
reduce your capital costs, and
make more productive invest

ITT

ments in other areas of your
business.
The efficiency of your stock con
trol and buying can be greatly im
proved—thereby reducing your
inventory investment.

Call STC and talk over your
billing and invoicing operation.
Let them recommend ways for you
to save time, money . . . and avoid
errors, through low-priced com
puterised accounting.
Standard Telephones & Cables
Pty. Ltd.
Phone Sydney 69 0444, Melbourne
480 1255, Canberra 95 9883, Bris
bane 47 4311, Adelaide 51 3731,
Perth 24 7788.

.?

No one but STC
can give you
this much computer
for such a low price

worldwide telecommunications and electronics

ASSOCIATE

G667A
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THIS ROBUST SQUAD SCORED MORE
POINTS THAN ANY OTHER TEAM LAST YEAR

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

THE WINGER ...

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

... is our programmer and one of the fastest in the
country. Nixdorf’s unique program storage systems
give him an unfair advantage. Once again, you want'
to play on the wing—no trouble . . . (that’s really
unbundled).
,
,

THE TEAM

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

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

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

THE FULL-BACK ...

1

.v . is our operator. The safety girl of the,, team. She
thoroughly tests every area of the progranl and sys
tems before she shows it to you on our monitor, on
our premises. You’d be surprised the contributions
that a first class .offerator can make to even the best
systems analysts and programmers.
THE COACH ...

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

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

29 2751
34 8127
5 2029
21 7976

NIXDORF
COMPUTER
J.N.14

v/

The Australian Computer Journal, Vol. 2, No. 4, November, 1970

5000 lines a minute!
Yes, five thousand, alphanumerics, 88 charac
ters per line. We were going to shout about it.
Tell everyone. The Statos 21 electrostatic
printer/plotter uses roll or Z-fold paper to print
data, maps, charts.
Entire page of computer generated text every
second. Any computer. We really do have
something, to shout about. Decided to keep
quiet — like the Statos 21. Didn’t we tell you?
It’s silent. A real hush-hush story. Gould
mention the price, though; under $15,000
with interface and hardware character
generator. That’s all. The rest is silence.
Statos 21.
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Statos 21. Electrostatic printer/plotter
5000 lines a minute. Silently.
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Pty. Ltd.

graphics & data systems,
38 Oxley Street, Crows Nest,
N.S.W. 2065.
Tel.: 43 0673.
Melbourne 560 6211
Brisbane 71 3277
Perth 86 6930, 86 7493
Wellington 69 7099
Auckland 36 0467
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next 20 years of Australian Industry, more will happen in the way of chang
an m the last 100. The progress will be fast. And success will rely on planning an
anticipation. That’s why we’re looking ahead. We’re developing now, the paper for the
future. It’s the trick or two up our sleeve ... the idea on the drawing board ... that
something under our paperweight that will give us the edge.

Associated Pulp and Paper Mills Limited. Looking forward to the future.
Sales Offices: Melbourne, Sydney, Brisbane, Adelaide, Perth.
VUl
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HONEYWELL
and

G.E.
are now
together
Man for Man,
Dollar for Dollar,
System for System,
we offer the computer
user more than any
other computer
company afloat.
The Other Computer Company

Honeywell
INFORMATION SYSTEMS DIVISION

Phone Sydney 69-0355
1 he Australian Computer Journal, Vol. 2, No. 4, November, 1970
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Now FRIDEN gives you:
Low Price, Systems flexibility
in Magnetic Tape Data Recording.
Some data recording machines are
self-contained. Some are te.rminal-oriented.
Some even offer limited systems flexibility. Now
the Friden 4300 System offers any configuration in
the same system.
With these new Friden data tape recording units,
you can have precisely the system you need—the
system that best fits your computer input
requirements.
If your system calls for self-contained,
free-standing recorders, the 4301 Magnetic Data
Recorder is your choice.
If you need multiple keyboards with a central
recorder, we offer the 4302 Magnetic Data
Keyboard, plus the 4303 and 4304 Magnetic Data
Central Poolers.
And if you need a combination of self-contained
units and terminals, all four Friden units can be
merged into a unique system.
Apart from systems flexibility and low cost,
Friden's 4300 System offers these advantages:
5|J The alphanumeric characters and programme
codes entered on the keyboard are clearly
displayed. No code deciphering. No need to learn
complicated machine language,
sfc There are two stored programmes, completely
independent.
sf: Record length can be set for the standard 80
character length or an optional 200 character
length. It can also be variable from 20 to 200
characters.
Jf: All operations are logically controlled to guide
the operator through the proper sequence. She
just dials the desired mode of operation and
starts.
You use standard half-inch computer tape. Data
is recorded in either 7 or 9-track computercompatible format.
J#
The 4300 System has an optional data
transmission capability.
Interested? Call Friden in your capital city or mail
the coupon below for further information.

SINGER
FRIDEN DIVISION

P''
o0'
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Data Entry Techniques
By C. B. Finkelstein*

This paper discusses various techniques for entering data into a computer system. The
advantages and disadvantages of Card Punching, Paper Tape Punching, Magnetic Tape En
coding, Optical Mark Reading (OMR), Optical Character Reading (OCR), Magnetic Ink Char
acter Reading (MICR), Cathode Ray Tube (CRT) Display Units and Remote Terminals are
examined. Applications to which these various data entry techniques apply are discussed, and
examples are given of Australian users who employ these techniques.
Factors which are important in the cost justification of OCR and CRT for data entry are
detailed, and cost comparisons of OCR and CRT compared with card punching are given. A
graphical comparison of the costs involved with each data entry technique is shown for a
typical installation.

1. INTRODUCTION

The last few years have seen the introduction of a
variety of equipment aimed at providing a number of
different data entry techniques. The use of Optical
Mark Readers (OMR), Optical Character Readers
(OCR), Cathode Ray Tube Display Screens (CRT),
and Remote Terminals has seen a move by the com
puter industry towards more sophisticated methods of
entering data into a computer system than by punched
cards or paper tape.
The purpose of this paper is to discuss a number of
the data entry techniques available to the industry to
day. The paper is oriented towards discussing the
advantages and disadvantages of various techniques,
rather than a discussion of the machines used. Most
manufacturers have equipment available for entry of
data by the techniques discussed in this paper.
In addition to discussing these various techniques,
cost comparisons have been developed relating OCR
data entry and CRT data entry with the cost of card
punching.
To assist in discussion, the various data entry tech
niques have been classified in four major groups?'
These <nre*__
DATA TRANSCRIPTION GROUP:
Card and paper tape punching and magnetic
tape encoding. >
OPTICAL GROUP:
Optical Mark Reading and Optical Character
Reading
MAGNETIC INK GROUP:
Magnetic Ink Character Reading
DIRECT ENTRY GROUP:
Visual Display Units and Remote Terminals.
Each group will now be discussed in turn—
fe. DATA TRANSCRIPTION GROUP
Card and Paper Tape Punching, and Magnetic Tape
Encoding

The advantages of card punching are well known
by the industry. The main advantages which are relev
ant when comparing card punching with other data
*

entry techniques are that the card is a unit record and
can be readily replaced, it provides a low-cost system
for data entry of small volumes of data and is a proven
and accepted system.
As paper tape is a cheaper medium than cards, the
use of paper tape punching can result in a lower data
entry cost than card punching. Data transcription to
paper tape can also be produced as an automatic
by-product of many operations, for example, cash
registers, etc.
Magnetic Tape Encoding eliminates the cost of
cards or paper tape, together with their associated
handling costs and control problems. In addition, a
number of magnetic tape encoders on the market to
day can be used for data transmission across Austra
lian Post Office telecommunication lines.
All of the above techniques involve data transcrip
tion. They are applicable to all applications where the
source data is not recorded in a machine-readable
form. A separate data preparation step is necessary
to" transcribe tfe source data intoJajmachine-readable
form, ready for editing, validation and then further
processing. However, one exception to this is paper
tape, which can also allow data to be recorded at the
source in a machine-readable form, as a by-product
of other operations.
A variety of units are available on the market today
for data transcription to cards, paper tape and mag
netic1 tape. These vary from the simple hand card
punch or paper tape punch through the range of
devices with limited checking features up to sophisti
cated keyboard equipment which provide complete
checks on mode, length, field presence or absence,
check digits and selected control or hash totals cover
ing a wide variety of different formats.
In considering data transcription, the choice of
equipment depends largely upon the need for valida
tion of data either early or late in the processing of
the particular application. Without verification, redund
ancy techniques can be devised so that very simple
equipment can be used to transcribe data, provided that
delaying the validation of data until it actually enters
the computer is satisfactory for the application.

District Marketing Representative, IBM Australia Limited, 60 Market Street, Melbourne. Manuscript received June, 1970.
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Verification can prevent the majority of transcription
errors from reaching the computer but leaves the detec
tion of source data content errors to the computer edit
program. More sophisticated equipment can do away
with the need for verification, and can detect a pro
portion of source errors as well, depending upon the
power of equipment and the nature of the data.
Considering the more common units having limited
checking facilities, the data entry cycle is somewhat
involved, generally requiring a keying step followed
by a verifying step, then followed by a machine edit
and possibly machine balance to determine any data
errors. Corrections are then punched for these errors
and verified prior to a further machine edit and
balance. This can be very time-consuming due to the
re-cycling necessary for corrections, and the correction
procedures can become in some cases quite compli
cated. In addition, the source document is not always
readily available when an error is detected by machine
edit. The use of card or paper tape punching, and
magnetic tape encoding for large volumes of data can
also introduce problems in handling and control.
Trained operators are in short supply and are rather
highly paid. In addition, for large volumes of data,
costs become extremely significant. A typical card
punch can involve a cost per month of the order of
approximately $325. This includes a punch operator’s
salary of $200 per month, and card costs of approxi
mately $50 per month for an average card usage of
1500 cards per day per card punch. A card verifier
can involve a cost of approximately $275 per month,
including a verifier operator’s salary. Paper tape
punching is generally not quite as expensive, due
mainly to the lower cost of paper tape compared to
cards. While magnetic tape encoding does not involve
any card or paper tape costs an M/T encoder has
generally a higher rental than card or paper tape ♦
punches. However, this higher cost can be offset by
the improved throughput possible over card and paper ■
tape punching. An improvement of 20% to 30%
over cards and paper tape is generally quoted through
out the industry.
Another technique which should be considered is
the use of pre-punched cards in card pulling systems.
Examples of such data entry systems are the bin plan,
tub file and factory data collection systems. All of
these depend on the selection of pre-punched cards at
the source, rather than the recording of data for later
transcription to a machine-readable form.
For all of the data entry techniques discussed in this
group, the data entry cost is closely proportional to
the volume of data to be entered.
As the volume of data in an organisation increases,
the cost in punches, verifiers, personnel and cards or
paper tape increases.
3. OPTICAL GROUP
(a) Optical Mark Readers (OMR)

This is the first technique discussed
which is designed to record data at the
eliminate the separate data transcription
in the previous techniques discussed.
Data is recorded at the source by

in this paper
source and so
stage involved
pencil marks
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either on quarto sheets or cards, for example. The
marks are allocated different values, depending on
their position on the page, or card. As the original
source document is machine-readable, no intermediate
data transcription step is required. These OMR units
can either be attached directly to a system, or alterna
tively can be attached off-fine to a card punch. When
attached to a system the sheets can be edited on-line
with selection of error sheets into separate stackers.
These error documents are the original source docu
ments, and corrections can be easily made by erasure
of the pencil marks. By printing marks on continuous
sheets by computer, these sheets can be used as turn
around documents. When attached directly to a system,
OMR can eliminate card costs and card handling.
There are no high data preparation personnel costs,
as the personnel who normally originate the source
data are able to do this now in a machine-readable
form. Personnel can generally be trained to use this
technique in approximately one half-day.
While cost comparisons differ because of the differ
ence in cost of equipment from various manufacturers,
a rough guide is that the cost of an Optical Mark
Reader is equivalent to the cost of two card punches
plus operators, while the data entry throughput from
one Optical Mark Reader can be equivalent to the
throughput from approximately 20 card punches (i.e.,
200,000 characters per hour).
Because Optical Mark Reading records data at the
source, it is ideal for surveys, meter reading, order
entry and a variety of accounting applications.
A number of points must be given consideration
with any data entry technique which records data
directly at the source in a machine-readable form. By
eliminating an intermediate punch and verify step, a
number of obvious data content errors which might
otherwise be detected by experienced punch or verifier
operators are now able to pass through to the machine
edit stage.
Consequently the incidence of errors
encountered during machine edit can be higher because
of no intermediate checking stage before the entry of
data into the system.
Accordingly, additional controls (for example, check
digit) are often necessary in the editing program to
detect these obvious errors.
In addition, some errors can arise through data mis
interpretation brought about either by lack of cleanli
ness in the environment in which data is read, or by
poor quality of data recording. For example, data
recorded with fight pencil marks, smudges or incom
pletely erased marks is prone to error through mis
interpretation, Provision is made by the equipment
to notify the computer of such errors arising through
lack of cleanliness or poor quality data, so that the
edit program which is validating each document as it
is read can attempt on-line correction of these errors.
If the error cannot be corrected automatically (per
haps by using data redundancy techniques, i for
example), the document can be selected into a separate
stacker for later off-line correction.
In order to minimize the incidence of errors dis
cussed above, greater controls are necessary to ensure
a high quality of source data recording (both in data
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content and in marking of data) than are necessary if
data entry is by punching and verifying. The degree
of control necessary is often underestimated.
The stationery costs for source documents which
are to be used with Optical Mark Readers are often
quite high and can be of the order of $10 to $14 per
thousand sheets. However, this is offset by reduced
data entry costs due to the elimination of the inter
mediate punching and verifying step, involving
reduced cost in data preparation equipment and per
sonnel. (Of course, if Optical Mark Reading is done
using cards rather than quarto sheets, normal card
costs of approximately $2 per 1000 cards apply rather
than the $10-$14 per 1000 for sheets.)
One Australian reference for the use of Optical
Mark Reading is the Totalisator Agency Board in
Perth, Western Australia, which has had five years’
experience with both on-line and off-line Optical Mark
Readers.
(b)Optical Character Readers (OCR)

The advantages associated with Optical Character
Reading include some of those advantages associated
with Optical Mark Reading.
Source data is prepared in a machine-readable form
as a by-product of many operations. For example,
typed forms, computer print-outs, cash register tally
rolls and numeric hand-printing can all be used for
data entry using OCR.
The Optical Character Readers on the market today
can read alphameric and numeric in a variety of fonts,
in addition to the ability with some readers of also
reading numeric hand-printing.
Optical Character
Readers are attached directly to a system and allow
on-line editing, together with sorting of documents
and selection of error documents. Corrections can be
readily made to the error documents. There are no
card costs or card handling associated with OCR) and
because of the elimination of an intermediate punch
and verifier step the data preparation costs are con
siderably reduced. In addition, personnel can be
trained in half a day to use OCR for source data
recording.
OCR is an ideal medium for turnaround documents
such as renewal notices,, receipts, payment stubs and
order entry. The machine-readable source documents
provide a good audit trail. If the forms are designed
for card punch or paper tape punch use also, this
makes for easy cutover and also provides card' 6r
paper tape punch back-up in the event of downtime.
While the cost of OCR compared with card punching
is dependent upon the cost of various manufacturers’
units, a rough guide is that the cost of an OCR unit
, is equivalent to 10 to 15 card punches plus operators,
{{.while the data entry throughput from one OCR unit
fcan be equivalent to that produced by approximately
'50 card punches (i.e., 500,000 characters per hour,
depending upon forms design). OCR is ideal for most
applications involving a turnaround document, or
typed or hand-printed source data, such as surveys,
meter reading, insurance, order entry and accounting
applications, etc.
Points to be considered with OCR are similar to
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those described for Optical Mark Reading, and arise
primarily because of the elimination of the intermedi
ate punch/verify stage. Consequently more errors
(which would otherwise be detected by punch or veri
fier operators) pass through to the machine edit stage.
Additional controls are therefore necessary to detect
such errors in data content, and greater controls are
necessary to ensure a high quality of source data
recording. This is particularly true in the case of
numeric hand-printing.
The controls necessary to
ensure high quality data can be easily underestimated.
As discussed for Optical Mark Readers, Optical
Character Readers are also dependent on the cleanli
ness of the environment, as well as the quality of data
recording. OCR equipment can notify the computer
of such errors, and either the edit program may
attempt to correct such data misinterpretation errors
on-line, or alternatively these errors may be corrected
by the OCR operator.
Several OCR units available today have the ability
to display on a CRT screen any character which the
machine cannot interpret.
Document reading stops and the OCR operator can
interpret visually the error character and enter the
correct character on a keyboard which is part of the
machine. In the event of the character being com
pletely unrecognizable, that document can be directed
by the OCR operator into a separate stacker for off
line correction.
The edit program can direct that every document
containing an error be selected into a separate stacker,
and not allow the OCR unit to stop reading, for maxi
mum throughput of data. Such selected documents
would then be corrected off-line, and then either re
read or alternatively the data would be transcribed
to a new OCR document, or instead may'-even be
punched into cards.
Studies have been carried out to determine the
economics of either correcting errors on-line from the
OCR keyboard, or selecting all errors, correcting* off
line and then re-cycling. ' It has been found that, in
general, it is cheaper to correct on-line. This also has
been found to result in a higher overall throughput
rate for the eptry of all the data than can be achieved
by re-cycling?:’
The stationery costs for source documents which
wil^be used for OCR are normally higher than would
otherwise be the case. However, this is offset by the
reduced cost in data preparation equipment and per
sonnel due to elimination of punching and verifying.
One Australian reference of a user of Optical
Character Reading is the Gas and Fuel Corporation
in Melbourne which has had one year’s experience in
the use of OCR for meter reading.
Optical Mark Reading and Optical Character Read
ing are best suited to those applications involving a
turnaround document, or in which sufficient control
can be exerted to ensure a high quality of data record
ing. Ideally, those applications involving preparation
of data by an organisation’s own personnel will often
enable sufficient control of data recording to be
exerted.
However, in general, those applications
involving the preparation of data by the public are not
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suited to these techniques, because of the difficulty of
controlling high quality recording.
OMR and OCR generally are used for centralised
data entry, with source documents being transported
to the computer centre.
However, there is also equipment on the market to
day which enables these techniques to be used either
with small computers, or some communications termi
nals. In this case, the need to transport OMR or OCR
documents from the remote branches of an organisa
tion can be removed, and instead the documents can
be read by equipment in the branch and transmitted
to a central computer using APO telecommunications
lines.
4. MAGNETIC INK GROUP
Magnetic Ink Character Readers (MICR)

MICR has been adopted as the standard input
medium between banks for cheques. MICR readers
are attached directly to a system and allow on-line
editing with either on-line or off-line sorting of cheques
and selection of error cheques. No card or paper
tape costs or handling are involved and the machinereadable source document provides a good audit trail.
It is an economical data entry medium for large
volumes of cheques and, in particular, enables a high
throughput rate to be achieved in order to keep bank
handling time to a minimum and so reduce dollar
float.
MICR stationery costs, however, are high through
pre-encoding and personalisation of cheques. The
amount written on each cheque is encoded by the bank
prior to data entry and the cost in encoders and
operators to complete the MICR encoded line on the
cheque is rather high.
The Australian references for MICR can be found
in most Australian banks, which include the National
Bank, Commonwealth Trading Bank, Bank of New*
South Wales and the A.N.Z.
5. DIRECT ENTRY GROUP
(a) Visual Display Units (CRT)

While Optical Mark Reading and Optical Character
Reading can be used in those applications which
enable sufficient control to be exercised over the
quality of the data recorded in a machine-readable
form, a number of other applications do not allow
this same degree of control. Consequently, data entry
in these applications must be achieved by an inter
mediate step between the original source data record
ing and machine editing. However, instead of punch
ing the source data on to cards, paper tape or recording
on magnetic tape, CRT units can be used for direct
entry of this source data into a computer system, so
allowing immediate editing by the computer of each
transaction as it is keyed, and correction of any errors
while the source document is still available. CRT units
can either be attached locally to the computer or may
transmit data to it from remote locations over APO
telecommunication lines.
With CRT data entry, card or paper tape' costs and
handling are eliminated, as the data is captured when
it is initially keyed at the terminal, and stored by the
computer on magnetic disks. The use of on-line edit
The Australian Computer Journal, Vol. 2, No. 4, November, 1970

ing and/or verification of each transaction as it is
keyed, together with the immediate display of error
messages to assist in corrections, can considerably
simplify the correction procedures. In addition, the
source document is readily available for re-entry for a
correction, which is often not the case in card punch
ing or paper tape punching, which involves a separate
machine edit step to the data preparation step.
While definite advantages can be seen in the
immediate editing of each transaction as it is keyed,
the use of a computer in reconciliation and balancing
of batches can result in a higher overall throughput
rate than can be achieved with paper tape or cards.
To illustrate this, a typical example of reconciliation
and balancing of a batch on-line, is described below.
(b) Example of On-Line Reconciliation and Balancing

1. A Batch Header message is keyed at the start of
each batch, to identify the batch and to provide
common data to be duplicated into each batch
transaction.
2. Each batch transaction is fully edited when it is
entered, and cumulative control totals are
developed by the system. Error messages are
immediately displayed for the notice of the CRT
operator, on detecting any errors.
3. End of batch is signalled by a Batch Trailer
message which also contains the control totals
developed elsewhere for the batch.
4. The system compares the control total in the trailer
with the control totals developed by the system
from each transaction, to determine whether the
batch is balanced.
5. For an out-of-balance batch the system calculates
and displays the amount by which the batch is
out-of-balance to assist in reconciliation at a later
time.
6. The reconciler can at that time request a display
of the transaction details in the batch, one CRT
“page” at a time. Each transaction’s details are
checked against the source document and addi
tional CRT pages are displayed until the dis
crepancy is found.
7. When the discrepancy is located, the error trans
action can either be corrected using the CRT to
modify the transaction, or the entire transaction
can be deleted (as in the case of a duplicate trans
action), or an omitted transaction may be added to
the batch in its correct sequence.
8. After each modification to the batch is applied,
the system recalculates the batch control total from
each transaction, and checks once more to deter
mine if the batch is now balanced.
9. Once the batch is balanced, it can be copied auto
matically to a separate file, either on disk or tape
ready for input to later processing systems for the
application.
The throughput for data entry, editing and
balancing of data using CRT and the techniques
described above has been found in practise to result
in an overall throughput improvement of from 20%
to 40% (depending on the application) over card or
paper tape punching followed by a separate
machine edit and balance.
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(c) CRT Data Entry Program Design

In the design of programs for direct entry of data
using CRT terminals, for example, considerable
thought must be given to the requirement for back-up
procedures in the event of failure of either the CRT’s,
the CPU or direct access devices. The program should
be capable of continuing to operate even though one,
or several, CRT’s may be down, or a disk drive may
be down. In the event of intermittent CPU failure, it
may be possible to restart by reloading the data entryy
tprogram. To enable recovery from such an intermit
it
tent failure, the program should frequently checkpoint
its current status on disk, to allow restart from thatit
)f
point at a later time and so minimize the amount of
data to be re-entered.
In the event of a hard CPU failure, back-up mayy
either be provided by a second CPU, or by card punchiing for example, depending on the time criticality of>f
the application and the economics of the particularr
back-up procedures. This point will be discussedd
further in section 6 (b).
Security precautions should be designed in the dataa
entry program to prevent the unauthorised modificationn
of data and files from CRT terminals. An audit trialil
should be kept of all data entering the system, and allII
modifications made to that data and to files.
A password technique is most commonly used, onlyy
enabling certain actions to be accepted by the com
puter if accompanied by the relevant password. Thus,;,
certain security actions may only be permitted if madee
from specified terminals, or bv specified people, orr
alternatively access to certain files or data may onlyy
be permitted if a unique password is given to operatee
on that file or data.
In the design of a data entry program for CRTr
terminals core storage can be minimized by takingg
advantage of the fact that data is keyed at eachi
terminal relatively slowly by the CRT operators'. Wee
will use a typical keying rate of three characters perr
second (10,800 keystrokes per hour) for the purpose off
illustration. Thus a 30 character transaction would be3 \
keyed in approximately 10 seconds at each CRTr
terminal. Considering a typical installation of ;®20)
CRT’s, this represents an arrival rate of the CPU off
approximately two transactions every second. Thiss
relatively slow input rate enables Mit routines to be;
stored on disk, and only loaded into main storage forr
execution when required. Thus as each transactioni
arrives at the CPU, the relevant editing routine for thatt
one transaction can be loaded and executed. If the*
next transaction also requires that editing routine,,
execution can commence immediately; otherwise;
another routine is loaded into core overwriting the;
previous routine.
Thus, an area of core large enough to contain the;
largest editing routine need only be reserved instead ofl
retaining all editing routines in core. In this way, the;
amount of core storage required for the data entryi
program can be minimized.
The program would contain as core-resident, code;
that is necessary to control I/O operations on the;
CRT’s, disks and other I/O devices, checkpointt
routines and tables to record the current status of eachi
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terminal, containing the current batch number, appli
cation number, operator number, cumulative control
totals, common data to the whole batch and so on. On
receiving a transaction from a particular terminal its
table entry is referenced to determine the application
to which the transaction belongs, and the appropriate
editing routine is then loaded into main storage for
execution. This editing routine may access various
files or editing tables if necessary, to validate the transaction, and then log that valid transaction on disk for
later processing.
For those applications where volume does not
justify writing separate editing routines for each different transaction type, a standard keypunch and
verify routine can be used. This routine can carry out
sophisticated editing of data using generalized routines
which simulate the operation of a card punch, paper
tape punch or magnetic tape encoder, and enable
special validation routines to be easily implemented,
Thus, control totals, hash totals, check digits, special
tables or special files can be used to validate various
fields in a transaction, so reducing the amount of verification necessary only to those remaining fields which
cannot be edited in this way.
By adopting the technique described above with all
application routines residing on disk, and only loading
these into core as required, the data entry program
need not be limited to keypunch-verify applications.
Thus more sophisticated applications can easily be
added. For example, such a program can form the
basis for an on-line order entry system, with on-line
stock status check. Alternatively, an on-line enquiry
application can be implemented, with the relevant
enauiry routines being loaded into core as required,
and accessing various files to answer the particular
enauiry.
One Australian reference of a user of CRT for data
entry is the National Bank of Australasia, who has
installed a CRT data entry systenj in Melbourne. This
has been running live nojv since January 1970. ** The
.National Bank uses a reconciliation and balancing
technique almost identical to thaf described in the
example above. The data entry program used by the
National Bank has been designed using techniques
similar to those described above.
The amount of main storage required to support
20 CRT’S at the National Bank has been reduced to
18K bvtes by using two transient areas, each 2.5K
bvtes, into which various editing routines are loaded
from disk for execution.
In addition, a generalised
keypunch-verify routine is used for applications which
do not have special editing routines written for them.
An additional application supported by the National
Bank 18K data entry program is the use of CRT’s for
MICR re-entry. Cheques which cannot be read by the
MICR Readers are rejected and logged on disk. These
MICR rejects can be accessed from disk and displayed
on a CRT for correction, using the reject cheques for
reference. After correction, the entire MICR transaction is re-edited to check its validity, and then logged
on disk for later processing.
In addition to data entry and MICR re-entry using
CRT’s, the National Bank also carries out other pro-
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cessing concurrently in the same CPU, in a multi
programming environment.

punching with Optical Character Reading (for the same
applications) in one particular installation. This cost
comparison is shown in Table 1. While the figures used
in Table 1 relate to the particular installation, similar
cost comparisons can be developed for other installa
tions by applying these installations’ own figures for
the various costs involved in data entry.
The installation has the following equipment and
personnel:

(d) Remote Terminals

The advantages experienced through the use of
remote terminals for data entry are similar to those
experienced above with local CRT terminals. There
are no card or paper tape costs or handling costs
involved, and the use of on-line editing and/or verifica
tion can simplify the entry of corrections, with the
source document readily available at the time that the
error is detected. In addition, the computer can be
used for on-line reconciliation and balancing similar to
the technique described for CRT.
Whereas CRT generally involves centralized data
entry, the use of remote terminals can decentralize the
data entry function and so place the responsibility for
this data entry on the remote branch. In addition,
transportation delays in moving source documents to
a central point can be reduced. The data entry
terminals can also be used for enquiry applications
when they are not being used for data entry.
Hard copy can be produced at data entry time if
necessary by using typewriter-like terminals.
The use of touch-tone telephones has been investi
gated for data entry, together with audio response by
computer. This requires APO approval and at present
would only be possible on private networks, not on the
switched telephone network. Data is keyed on a
touch-tone keyboard attached to the telephone, and
audio error messages are received through the normal
telephone headset. Reconciliation and balancing can
be achieved by computer audio call-out of trans
actions. In addition, an audio enquiry facility is avail
able when the terminal is not being used for data entry.
However, for data entry using remote terminals,
APO lines costs may be significant, particularly over*
very long distances. In addition typewriter-like termi
nals can be rather slow for output for error messages,
while remote CRT terminals generally display at much
higher speeds.

20 Card Punches
12 Verifiers
32 Operators — average $200 per month
3 Reconcilers —
$400 per month
3 Clerks
—
$200 per month
Card Costs
—
$60 per month per card
punch
32K CPU.
Note: It was necessary to retain five card punches
and three verifiers for back-up and for other applica
tions.
The cost comparisons have been kept simple for
clarity. However, in actual practice a discounted cash
flow analysis would probably be performed, particu
larly if one was purchasing rather than renting equip
ment. Future estimates of the various costs (e.g.,
salaries) would be made for the useful life of the
equipment.
TABLE 1
OCR Data Entry Cost Versus Card Punch Cost

Description

1. Card Punch
Operators .............. . 20
2. Verifier Operators ... 12
3. Supervisors/
Reconcilers ............. 3
4. Clerks ..
3
5. Card Costs ............. 20
6. Card Punch
Equipment ........... 32
7. Optical Character
Reader and
additional core
storage ..................

6. DATA ENTRY COST COMPARISONS WITH
CARD PUNCHING
(a) OCR Data Entry—Cost Factors

The factors which should be considered in evaluat
ing the use of OCR for data entry instead of cards can
be summarized as follows:
• Reduction in number of card punches and operators.
• Reduction in number of verifiers and operators.
• Card costs are reduced.
• Card handling costs such as in clerks’ salaries, etc.,
are reduced.
• Possible reduction in supervisor and reconciler costs.
• Possible saving in floor-space costs.
Other considerations which may be important and
to which cost figures may be applied are as follows:
® Reduced data preparation turnaround time.
• Tighter controls are necessary to ensure high quality
input.
• Back-up for OCR can be provided by cards if the
forms are designed for card punch use also.
The following section compares the cost of card

Card
Cost
No. per month

TOTAL

.........

OCR
Cost
No. per month

$4000
$2400

5
3

$1000
$600

$1200
$600
$1200

2
2
5

$800
$400
$300

$2400

8

$600

1

$5040

$11,800

$8740

Note: The OCR cost may be affected by higher stationery costs.

The additional core storage in Table 1 involves an
extra 32K to enable OCR data to be read and edited
concurrently with the installation’s normal processing,
in a multiprogramming environment.
A significant point to note with the cost comparison
in Table 1 is that as the volume of data entered by the
installation increases, so the cost of data entry using
cards will increase by the addition of extra punches,
verifiers, operators, clerks and by increased card
usage. However, with OCR, the data entry cost will
remain basically constant as the ODtical Character
Reader has sufficient capacity up to a volume of data
which would otherwise require the use of approxi
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mately 50 card punches. Beyond this a second OCR
unit may be needed, and the data entry cost will then
be increased accordingly.
Another significant point to note is that the cost
comparison in Table 1 has only considered the costs
involved in the keypunching of data; no estimate has
been made of cost savings prior to keypunching. In
actual practice, implementation of OCR can often pro
vide cost savings far greater than these shown, par
ticularly where personnel are currently involved in
operating on the data between recording and punching.
Thus, costs involved in the use of coding clerks,
pricing clerks, stock clerks, and in some cases typists
to give just a few examples, can be reduced and per
haps even eliminated through the ability of the com
puter to carry out many of these operations on the
OCR data.
(b) CRT Data Entry—Cost Factors

The factors which should be considered in determin
ing cost justifications for CRT data entry are sum
marized below:
• Card costs are reduced.
• Card handling costs are reduced.
• Overall throughput can be increased from 20% to
40%, depending on the application.
• The number of CRT units and operators can be
reduced by 20% to 40% of the number of card
punches and operators required to enter a given
amount of data in a given time.
• The number of CRT units and operators for veri
fication can be reduced, depending on the amount
of on-line editing carried out by the computer on
each transaction.
• Possible saving in floor-space costs due to fewer
CRT units and operators.
• Possible reduction in supervisor and reconciler costs
due to easier reconciliation, and smaller data pre
paration staff.
• Saving in machine time required for editing and.
balancing cards, if data entry is carried out in a
multiprogrammed environment concurrently with
other processing.
All of the CRT unitg may not be required for data
entry thropghout the whole day, in which case they can
provide Tan enquiry facility concurrently with data
entry if necessary, or can be used for other on-line
applications supported by the data entry program/
One of the main cost considerations in CRT or
remote terminal data entry is the effect on downtime.
If strict time restrictions apply for the entry of data it
may be necessary to examine the justification for a
second CPU in an installation, each CPU backing up
the other. However, if there are no tight time restric
tions on data entry, and data can be delayed in the
event of downtime, it is worthwhile considering the
cost of having operators idle during downtime as
against the cost of having a second CPU. Based on
an average keypunch operator’s salary of $200 per
month, the cost of an installation with 30 girls being
idle for one day is only the order of $300 for each
day that the system is down, while the cost of a second
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CPU can be of the order of $400-$500 for every day
regardless of whether the first system is down or not.
However, time restrictions may mean that even one
hour’s downtime cannot be tolerated. In this case it
may be necessary to justify a second CPU. The use
of the second CPU can provide, itself, a justification
through the availability of two additional shifts of
CPU time when data entry is not in operation. In
addition, if this second CPU has sufficient core storage,
other processing may also proceed concurrently with
data entry in a multiprogramming environment.
Other less tangible advantages which should be con
sidered, are:
• Reduced data preparation turnaround time.
• An operator training facility can be provided by
the computer.
• Operator and job statistics can be collected by the
computer, such as keying rates, errors, throughput,
etc.
• An improved working environment, with less noise.
• Possible reduction in the turnover of data prepara
tion staff, through an improved environment and
increased job prestige.
Where possible, use on-line editing rather than veri
fication to reduce the cost in verifiers and verify
operators and so improve the cost justification for
CRT, However, some applications, particularly those
involving large amounts of numeric data, may not
allow the amount of verification necessary to be
reduced to any extent.
If control totals are used for batches of data, the
system can develop separate totals from each trans
action as well as carrying out complete editing while
the source document is still available. The. use of con
trol totals can reduce the amount of Verification
required.
CRT data entry can be used for general keypunch/
Aerify applications with the syitein 'doing edi|ing of
specified fields to determine that numeric fields (for
example) only contain numeric characters and do not
exceed the specified length, check digits in fields agree,
required fields are not missing, etc. In addition, several
alternate |>|ogram levels can be provided for such a
general keypunch/verify facility on CRT and record
lengths are not necessarily limited to the 80 columns
off cards. A number of additional features not avail
able normally with punches or verifiers can easily be
imolemented with CRT.
The following section compares the cost of card
Dunching with CRT data entry for one installation.
Two comparisons have been made, one for applications
which do not lend themselves to complete on-line edit
ing but still require 50% verification, and another for
full on-line editing. These cost Comparisons are shown
as Tables 2 and 3 respectively.
While the figures used relate to the particular instal
lation concerned, costs applicable to other installations
can be used to develop similar comparisons. As with
the cost comparison for OCR, a discounted cash flow
would probably be carried out in actual practice. How
ever, the example which follows has been kept simple
for clarity.
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The installation has the following equipment and
personnel:
20 Card Punches
12 Verifiers
32 Operators— average $200
per month
3 Reconcilers —
$400 per month
3 Clerks
—
$200 per month
Card Costs
—
$60 per month per card
punch
32K CPU.
Note:
1. The data entry time requirements indicated that it
was not essential that back-up be provided by a
second CPU.
2. An overall CRT throughput rate only 20% greater
than card punching was used in the cost com
parisons.
TABLE 2
CRT Data Enfiy Cost Versus Card Punch Cost
50% On-Line Editing—50% Verification

Description

1. Card Punch
Operators .............
2. Verifier Operators ...
3. Supervisors/
Reconcilers ...........
4. Clerks ..................
5. Card Costs .............
6. Card Punch
Equipment ...........
7. Computer Equipment
(extra core
storage, 22 CRT’S)
TOTAL

No.

Card
Cost
per month

No.

CRT
Cost
per month

20
12

$4000
$2400

16
6

$3200
$1200

3
3
20

$1200
$600
$1200

2
1

$800
$200

32

$2400

—

—

—

—

—

■

$4800

$11,800

.......

(c) Data Entry Cost Comparison Graph

(i) General

A data entry study was recently carried out for one
installation, examining the cost of each of the data
entry techniques discussed previously, with the excep
tion of MICR. A cost comparison graph was drawn
up expressing the cost of the installation per month
against the number of units. This graph is shown as
Figure 1.

--

-- -

amount of core storage necessary for CRT data entry
will depend on the amount of dfiTline editing to be
carried out in editing routines. These will normally
reside on disk and only be loaded into core for execu
tion when required. With editing routines transient in
this way, the total amount of core required for CRT
data entry is minimised, and may vary from approxi
mately 18K in the case of the National Bank, which
uses two 2.5K transient areas, and a machine-oriented
assembly language for coding, to greater core usage if
larger transient areas, and higher-level languages (e.g.,
COBOL or PL/1) are used for coding.
It is significant to note that the cost comparisons in
Tables 2 and 3 have only considered the costs involved
in the keypunching of data. As with OCR, consider
able savings can be made in the cost of personnel who
operate on the data between initial recording and key
punching. The use of CRT’s and the computer can
reduce, and in some cases eliminate, the need for
coding clerks, stock clerks, pricing clerks, typists, etc.,
resulting in considerable cost savings.

$10,200
f

TABLE 3
CRT Data Entry Cost Versus Card Punch Cost
Full On-Line Editing—No Verification

Description
1.

2.
3.
4.
5.
6.
7.

Card Punch
Operators ...... ......
Verifier Operators ...
Supervisors/
Reconcilers
.........
Clerks .... .............
Card Costs .............
Card Punch
Equipment ...........
Computer Equipment
(Extra core
storage, 16 CRT’s)
TOTAL .........

No.

Card
Cost
per month

20
12

$4000
$2400

3
3
20

$1200
$600
$1200

32

$2400

No.

CRT
Cost
per month

16

$3200

—

2
1
—

—

$800
$200
—

$4200
$11,800

$8400

Note: No cost figures have been placed on
• Floor-space savings,
• 'Machine time for edit and balance runs for cards.

In the cost comparisons in Tables 2 and 3, the com
puter equipment includes two CRT control units, and
an additional 32K of core storage to enable CRT data
entry to proceed concurrently with other processing
in a multiprogramming environment. In general, the
The Australian Computer Journal, Voi. 2, No. 4, November, 1970
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The number of units (excluding verifiers) in the
installation has been drawn along the X-axis. The cost
of verification has been included in each cost graph
where relevant, and so the number of verifiers are not
used on the X-axis.
For cards, paper tape and magnetic tape encoding,
the cost graphs have been evaluated from the follow
ing formula, using costs applicable to the particular
installation.
Cost per month = Punch rental + punch operator
salary + 2/3 verifier rental +
2/3 verifier operator salary +
1/6 supervisor/reconciler salary
+ 1/6 clerk salary + card (or
paper tape) cost per month.
Note: The above fractions of salary, etc., were
developed by apportioning the number of various
people involved in data entry over the number of
punch units used.
For CRT data entry, two sets of graphs have been
included. Each set represents CRT data entry with
both 100% on-line edit, and also 50% on-line edit
with 50% verification. With each set of graphs, there
is an initial equipment cost before any CRT units are
taken into account. For the lower set of graphs, this
initial cost includes an additional 32K of core storage
and two CRT control units. This represents an initial
equipment cost of $2,800 per month. For the upper
set of graphs, this initial cost represents a second
CPU, with two disks and two CRT control units, to
ensure complete back-up of data entry. This repre
sents an initial equipment cost of $6,200 per month.
The CRT cost graphs have been evaluated from the
following formulae, using costs applicable to the par
ticular installation.
Cost per month = Initial equipment cost + CRT
(100% edit)
rental + CRT operator salary'+
T/6 supervisor/reconciler salary
+ 1/6 clerk salary.
Cost per month = Initial1 equipment cost + CRT
rental + CRT operator salary +
(50% edit
—50% verify)
1/3 verifier CRT rental + 1/3
verifier operator salary + 1/6
supervisor/reconciler salary +
1/6 clerk salary.
In the case of card punching, paper tape punching,
magnetic tape encoding and CRT data entry, the cost
has not an exact linear relationship with the number of
units. In practice, each graph would contain a number
of steps. However, the lines of best fit have been drawn
for each of the graphs, and only these lines are shown
in Figure 1.
For Optical Mark Reading, the cost graph includes
the cost of the Optical Mark Reader, together with 6K
of core storage to enable Optical Mark Reading to pro
ceed concurrently with other processing in a multi
programming environment. The cost graph represents
a constant cost, up to a volume of data equivalent to
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that produced by 20 card punches, if card punching
was used instead of Optical Mark Reading. Beyond this
volume, a second Optical Mark Reader is necessary,
and the cost graph shows a step representing this cost
increase.
For Optical Character Reading, the cost graph
includes the cost of the Optical Character Reader,
together with an extra 32K of core storage to enable
Optical Character Reading to be carried out con
currently with other processing in a multiprogramming
environment.
The cost graph for OCR represents a constant cost,
up to a volume of data equivalent to that produced by
50 card punches. Beyond this volume, a second Opti
cal Character Reader would be necessary to handle
the additional data entry load.
The OCR graph represents only one unit, and the
OMR graph represents a total of two units. While
these graphs do not relate directly to the X-axis, which
represents the number of ‘punch’ units, they have
been included in Figure 1 to illustrate the OMR and
OCR cost for reading volumes of data equivalent to
that produced by the number of punch units shown on
the X-axis.
While the graphs shown in Figure 1 have been
developed using cost figures pertaining to the particu
lar installation for which the data entry study was
conducted, similar graphs can be developed for other
installations, reflecting their own costs, to enable the
cost of various techniques to be examined pictorially
in their own situation.
It is important to point out that Figure 1 only illus
trates the cost of the various techniques based on costs
in the DP installation. In actual practice, other cost
savings resulting from different data entry techniques,
such as savings in coding clerks, stock clerks, pricing
clerks and typists for example, would' be incorporated
in such a graph to enable a complete graphical cost
comparison to be made. Such a cost comparison
should also reflect cost savings Resulting over the full
useful life of the equipment.
(it), Conclusions
A number of conclusions and break-even points can
be drawn from Figure 1 for this particular installation.
As discussed previously, these conclusions are only
relevant for the installation concerned, and only reflect
cost savings in the DP section alone. If other cost
savings through the reduction of personnel in areas
other than the DP installation are taken into account
in Figure 1, the conclusions and break-even points will
change significantly.
For the particular installation, using Figure 1:
1. Up to approximately twd*punches, card punch
ing. paper tape punching and magnetic tape encoding
are more economical than the other techniques.
Maanetic tape encoding generally enables a through
out improvement of approximately 20% to 30% to be
achieved over card or paper tape punching. This
would enable a fewer number of encoders to enter the
same amount of data in the same time than with card
or paper tape punches. However, this throughput
improvement has not been reflected in these graphs.
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2. Beyond two punches, Optical Mark Reading is
the most economical data entry technique for this
installation.
3. For Optical Character Reading, the break-even
point is 11 card punches or 13 paper tape punches.
Beyond this, OCR is more economical. In addition,
as the volume of data increases, the OCR cost remains
constant.
4. For CRT data entry involving additional core
storage on the existing CPU (the lower set of CRT
graphs), the break-even point is nine card punches or
13 paper tape punches for 100% edit, and 13 card
punches or 23 paper tape punches for 50% edit-50%
verify. Beyond these numbers of units, CRT data
entry is more economical.

5. For CRT data entry involving a second CPU
(the upper set of CRT graphs), the break-even point
is 20 card punches or 28 paper tape punches for 100%
edit, and 29 card punches or greater than 30 paper
tape punches for 50% edit-50% verify. Beyond these
numbers of units, CRT with a second CPU is more
economical.
While the above conclusions relate only to the par
ticular installation whose costs are reflected in these
graphs, a similar technique can be used with other
installations. By preparing a unique set of graphs
reflecting the installation’s own cost figures, and includ
ing cost savings in areas other than the DP section,
conclusions can be drawn on break-even points for
that installation, as illustrated for the above example.

Letter to the Editor
The Editor,
Dear Sir,
ALGORITHMS FOR IN-SITU PERMUTATION

Macleod (1970) in his paper “An Algorithm for InSitu Permutation” describes several approaches to
executing permutations in a vector by means of cycle
tracing. Here is another one.
Associate with each element of the vector a bit,
set initially to zero. Examine the bits in ascending (or
any) sequence. If the bit being examined is zero, trace
the cycle of the corresponding element, and for each
element of the cycle, set the corresponding bit to one.
If the bit being examined is one, take no action.
In the algorithm the bit is simply a flag to show if
the element has been cycled. It ensures that each
element is cycled exactly once. The algorithm is
reasonably efficient, but the execution time depends on
the bit handling capabilities of the machine. The
auxiliary storage required is NA/M, where NA is the
length of the vector, and M is the number of bits per
storage location. The bit storage is easily initialised,
and is therefore only required for the duration of
execution of the algorithm.
A. J. BAYES,

IBM Australia Limited,
80 Northboume Avenue,
Canberra, A.C.T. 2601.

AUTHOR’S REPLY

Given suitable bit manipulation instructions and suf
ficient auxiliary storage, the “bit-mapping” technique
described by Bayes will in many cases be more efficient
than the algorithm PERMUTE (Macleod, 1970), par
ticularly if the required permutation is composed of a
large number of cycles. The problem of devising
efficient techniques for executing in-situ permutations
without the use of auxiliary storage arrays remains,
however.
An interesting variant of the bit-mapping technique
is outlined by Heuer (1963), who suggests that instead
of using a separate array of 1-bit elements, the least
significant bit of each element to be permuted can be
used as a flag to indicate whether or not the element
has already been moved. If the elements being per
muted are normalised floating-point numbers, the
errors introduced by changes in the least significant bit
may not be serious.
In describing the algorithm PERMUTE, I should
have made reference to an earlier paper by Windley
(1959) which suggests a similar approach.
,
I. D. G. MACLEOD.
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Storage CRT’s in Graphic
Computer Terminals1
By Emory J. Harry

The relatively recent incorporation of Direct-View Bistable Storage CRT’s in Graphic
Computer Terminals has made terminals capable of high density alphanumeries and complex
graphics available at a price comparable to alphanumeric only terminals which allows users to
now consider graphic displays where cost was prohibitive in the past.
This article will discuss the characteristics of DVBS, some of the more common
approaches to generating both alphanumeries and graphics, some of the advantages and dis
advantages of DVBS are compared to refreshed CRT terminals and several possible future
developments.

The DVBS (Direct-View Bistable Storage) CRT was
developed by Robert Andersen at Tektronix in 1961.
Its relative low cost and ruggedness, as compared to
earlier transmission types of storage CRT’s, made it
well suited to oscilloscope applications. About the
same time it was introduced in an oscilloscope, in 1963,
much of the early pioneering into time-sharing and
a great deal of research and development on computer
terminals was taking place. Project M.A.C. (MultiAddress Computer) at M.I.T. is one of the places
where much of this work was being done. This re
search group used a number of the early DVB'S oscillo
scopes as experimental terminals. This was a plug-in
oscilloscope however and was not ideally suited to
terminal applications, although a couple of manufac
turers did incorporate them into specialised terminals.
It was not until several years later, in 1966, when a
larger monitor with a 16 x 21 cm viewing area was
developed, that DVBS became commercially practical
for computer terminal applications.

formance compromises must be made and the terminals
sharing this memory must all be in the same general
vicinity as the memory. It is also necessary to have
much wider bandwidth and therefore more expensive
deflection electronics when refreshing than is necessary
with a DVBS CRT. The deflection bandwidth neces
sary to refresh a non-storage CRT is roughly equivalent
to the amount of displayed information times the refresh
rate while the deflection bandwidth necessary to drive
a storage CRT need only be wide enough to permit
the information to be written as fast or possibly slightly
faster than a man can absorb the information. Because
this deflection bandwidth and the refresh rate limit
the amount of information that can be displayed some
manufacturers vaiy the refresh rate as a function of
amount of displayed information and permit the refresh
rate to drop below the point where it becomes per
ceivable when the amount of information is large as
is the case in many graphic applications. This com
promise is not necessary ^ith a DVfeSlCRT and anpoying flicker and fade are avoided. \

Introduction

Characteristics

History

\

The DVBS CRT is a bistable storage device and
therefore does not require continuous refreshing for
the displayed information to remain viewable as is the
case with conventional CRT’s. Thilf lack of necessity
to refresh from some form of storage medium is very
significant in terminal applications due to the high
cost of the large amount of storage required to display
high density alphanumeries and non trivial graphics.
While alphanumeric only terminals or even terminals
with limited graphics capability can be refreshed using
delay lines or MOS memory it is necessary to refresh
(graphics terminals capable of complex graphics from
|ome form of mass storage such as: core, disc, drum,
ftc. It is possible to reduce the effective cost per
terminal of this storage by having more than one ter
minal share a common memory, however other per

The amount of information that can be displayed
on a terminal employing a DVBS CRT is only ap
proached by the most expensive refreshed terminals.
It is determined primarily by the stored resolution
which is 300 x 400 line pairs (stored lines separated
by non stored lines of equal width) in the 16 x 21 cm
tube. This permits 4000 alphanumeries to be displayed
using a 70 x 90 mil character size; standard elite type
size. In graphic applications this stored resolution
allows dense complex graphics to be displayed.
For example, if a 10 bit D/A converter is used on
the long axis of the CRT and a 1C) bit D/A converter,
scaled to approximately 750 counts for proper aspect
ratio, is used on the short axis an effective matrix of
approximately f of a million bits is created within
which graphics can be written and displayed.

t This paper was presented at the Computer Communication and Display Conference held in Sydney from 29th hine-2nd
July, 1970. A number of the papers read at the Conference are being published in the Journal because it is felt they deserve
a wider distribution. (Editor.)
* Tektronix, P.O. Box 500, Beaverton, Oregon.
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The resolution in the non storage mode of operation
which is important when generating a cursor or write
through is roughly equivalent to the stored resolution.
The stored writing rate of the same 16 x 21 cm
tube that was referred to earlier, the one which has
been incorporated in most graphic terminals employing
DVBS, in about 25 cm/ms. A figure which is prob
ably even more useful for terminal applications is dot
writing time which is 5ps. These are the writing rate
characteristics of the tube at specified resolution.
Higher writing rates can be achieved at a sacrifice in
resolution by increasing beam current. These speeds
are sufficiently fast to allow a full screen of 4000
alphanumeries to be written in less than a second
using a 7 x 9 dot matrix or in less than one half a
second when using a 5 x 7 matrix. Because conser
vation of memory and wide deflection speed are not
as critical with DVBS CRT’s it is practical to use
larger than the typical 5x7 dot matrix for character
generation. For the same reasons expensive stroke
generators which require the generation of complex
analog deflection voltages are not as practical with
DVBS. Stroke generators do write very legible char
acters however which is not the case for the smaller
dot matrices. A 5 x 7 dot matrix is adequate for
generating Roman numerals and upper case, however
lower case and other small characters are much more
legible with a large matrix. Figure 1 shows several
sizes of matrices. Normally if the CRT is being re
freshed the smaller 5x7 matrix, 35 dots, is used be
cause increasing to a 7 x 9 matrix, 63 dots, requires
not only almost twice the storage but also nearly twice
the deflection bandwidth if the refresh rate is to be
maintained.
The luminance when writing is on the same order
as conventional CRT’s while the contrast is somewhat

2x3
UNINTELLIGIBLE

r

lower, but again these figures are not as meaningful as
the stored luminance which is 6 foot lamberts and
stored contrast ratio which is 6:1 for the 16 x 21 cm
tube. These figures are a good deal lower than the
corresponding figures for a refreshed CRT. The lumi
nance and contrast ratio are more than adequate for
individual viewing in all but the highest ambient light
environment but are not high enough for group view
ing. In high ambient light environments the contrast
ratio can be improved through the use of filters at a
small sacrifice in luminance. While the luminance and
contrast ratio are lower for DVBS they are constant
and do not vary as a function of refresh rate and
amount of displayed information. The luminance can
get quite low on some refreshed terminals as the amount
of information displayed becomes high due to the low
duty cycle for each bit of displayed information. This
is particularly true for those terminals which use a
random addressing scheme rather than a TV type
raster due to the finite amount of time required to
deflect the beam.
When group viewing is desirable it is possible to
scan convert from a smaller, 6 x 10 cm, electrostatic
ally deflected DVBS CRT at conventional 525/60 or
625/50 TV rates so that a TV monitor can be driven
with the scan converted information. It is possible to
scan convert from the larger 16 x 21 cm CRT but not
at conventional TV rates.
The characteristics of DVBS are influenced by age
ing therefore a discussion of life expectance is definitely
in order. It is very difficult if not almost impossible
to give a definite figure for the life expectancy of a
storage CRT. It does have a finite useful life expect
ancy however which is determined primarily by the
storage target and not by the cathode as is the case
for most CRT’s. This target does not normally fail
catastrophically but ages with use. Ageing will effect
all of the previously mentioned characteristics adversely
except contrast ratio which improves with use. The
figures mentioned previously are specifications at the
end of 4000 hours of normal use. This does not mean
that the CRT is of no further use after 4000 hours
of operation. It means that, if properly treated, the
CRT will still meet these specifications after that many
hours of operation. A close look at Figures 2a, b &
c, will show how these characteristics are effected by
use. These graphs are base! on statistical informa
tion, therefore are neither worst nor best case. A
close look should also show that the numbers used
previously in this article which were the manufacturer’s
specifications are quite conservative.
Implementation

r ^

7x9

9x11
Fig. 1

When implementing DVBS CRT’s in terminals the
previously discussed characteristics of these devices
permit the use of less complex, inexpensive terminal
electronics. Straight forward approaches can be em
ployed which not only affect the cost performance
trade-offs but also hardware, software trade-offs.
Moderate priced terminals can be designed which have
both hardware character and vector generators. In
fact, several manufacturers using DVBS have incor

The Australian Computer Journal, Vol. 2, No. 4, November, 1970

157

Storage CRT’s in Graphic Computer Terminals

porated several different modes of character and vector
generation for increased versatility.
Probably the simplest approach used in addressing
a storage CRT is straight forward random addressing
where a 10 bit X and a 10 bit Y address is sent for
each point to be plotted, when 10 bit X and Y D/A
converters are used. This approach, which is some
times called Point Plot, is useful for plotting widely
divergent points. Its major disadvantage is that it
requires a large number of bits to be sent, in this
case 20, to write a point. It is not necessary to send
the redundant high order bits when the distance between
points is very short, approximately i inch if only 5
low order are sent. Because of the large number of bits
that are necessary to define a point, Point Plot is
difficult to employ in refreshed terminals due to the
large amount of storage capacity required. Where
data communications speeds or similar limitations do
not have to be considered, points can be plotted quite
rapidly in this mode. The 5/as dot writing time is
the limitation for adjacent points while the deflection
amplifier slewing rate is the limitation for non adjacent
points.
Another approach where vectors are drawn rather
than points is usually called Linear Interpolate or just
Vector mode. It requires the same 10 bits of X and
10 bits of Y to define a set of coordinates. In this
case however a line is drawn between each set of
defined coordinates rather than a point at each set.
This mode is much faster for many applications, its
speed being limited primarily by the stored. writing
rate of the CRT. It is particularly fast when drawing
straight lines, graph axis for example. Linear Inter
polate can start to become rather slow when plotting
lines which consist of many short radius turns because
it is necessary to draw many short straight lines if the
appearance of a smooth continuous curve is desired.
This vector mode is quite useful for generating alphanumerics when a variety of fonts and character sizes
are required. The previously mentioned dot matrix
character generator is more practical however when/
fixed format alphanumeries are required, which is tile
case for most applications, because of speed and soft
ware considerations.
f
The third approach that we will djscuss is generally
called Incremental Plot. It is a relative addressing
scheme rather than an absolute one as Point Plot and
Linear Interpolate were. It does not require that
enough information be sent to the terminal to position
each dot within a 1024 by 1024 matrix when 10 bit
D/A converters are used as was the case with Point
Plot and Linear Interpolate. It is only necessary to
send enough information to tell the terminal in which
(direction to plot the next adjacent point relative to
Sphere the last point was plotted. For example, only
four bits need be sent to permit plotting in 8 directions.
Three bits for direction and one to intensify or not
intensify. It would require 5 bits if 16 directions were
/ used. Refer to Figure #3. In this mode fewer bits
are sent therefore higher plotting speeds are possible
for a given communications channel bandwidth. Many
readers will probably recognize this as the mode most
mechanical plotters employ. Its major limitation for
158
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Fig. 2(a). Dot writing time.
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Fig. 2(b) Luminance.

HOURS OF OPERATION!

Fig. 2(c). Contrast ratio.

terminal application is that because it is a relative
addressing scheme if a noise impulse or an interrupt of
any kind occurs while plotting which offsets one or
more points the entire remaining portion of the plot
will be offset. This is not the case with absolute
addressing. In Point Plot or Linear Interpolate if
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others. Also effort is being put into the implementa
tion of a light pen. Most of these devices use the
write through mode. A dot, circle, crosshair or some
similar cursor is generated which is written on the CRT
but not stored. The selection of a graphic input
device should probably be determined by the applica
tion, therefore a selection is desirable.
Hard Copy

1000

4 BITS (16 DIRECTIONS)

Fig. 3

noise occurs it will only affect the portion of the graph
being plotted during the period of time the noise was
present. This can be a serious limitation in a time
sharing environment where data communications can
sometimes be rather noisy.
All three of the addressing schemes discussed have
advantages and disadvantages, however each is un
sophisticated and inexpensive and very practical for
use with DVBS. Some presently available terminals
incorporate all three modes leaving the selection to
the user dependent upon his application.
Interactive Graphic Inputs

A number of graphic input devices are currently being
used with terminals employing DVBS. These include
Joysticks, Tracker Balls, Mouses, Graphic Tablets and

The recent introduction of a Hard Copy Unit which
can generate a hard copy of any stored image either
alphanumeric or graphic enhances the use of DVBS
in terminals. This unit employs the scan conversion
techniques mentioned earlier. It makes inexpensive
8.5 x 11 inch hard copies in 18 seconds.
Development

There are a number of possible future developments,
which could make DVBS even better suited to graphic
computer terminal applications. For example, selective
erase would allow the erasure of selected portions of
the CRT so they could then be rewritten. Faster
writing rate coupled with shorter erase time would
make dynamic displays possible. It is very difficult
if not impossible to predict where further development
of present technology will lead, however, DVBS CRT’s
have had a large and will almost certainly continue to
have an even larger effect on the rapidly growing com
puter terminal market. They have already made pos
sible terminals capable of high density alphanumeries
and complex graphics at a price equivalent to alpha
numeric only terminals of a short time ago.

Branch Notes
NEW SOUTH WALES
Meetings

The following meetings have been held since the last
addition of this journal.
Mr. E. H. Cowled, a consultant spoke of major
opportunities for the use of computers and Mr. C.
Woodley of Independent Software of Australia Pty. Ltd.
discussed the people problem in computing.
In August, Dr. R. W. Hamming of the Bell Tele
phone Laboratories, U.S.A., gave his view of the
current state of computer science and Drs. B. T. Allen
and R. Townsend from Caltex described a forecasting
scheduling system and rail tank car allocation to
country depots.
Dr. M. W. White, director of the Australian systems
development institute described the role and facilities
of a systems development institute and later in Septem
ber over 250 people heard Mr. Max Dillon of Metal
Manufacturers Ltd. address a public meeting (as the
feature speaker of the year), on “What management
can expect from computers in the ’70s”.

Copies of Mr. Dillon’s address are available from
the branch secretary at 50c each.
Study Groups

A new study group has been formed to deal with
management information systems. The objective of
the new group is to develop general methodology for
the analysis and design of M.I.S. and to test the
validity of this by applying it to one or more case
studies.
Awards

The Branch Award—given to the author of the
best paper submitted during 1969—has been awarded
to Dr. J. B. Hext of the University of Sydney for his
paper entitled “A basic course in the craft of pro
gramming”.
At the same time a Student Award of $100 <vas
presented to Messrs. R. D. Zeltzer and W. M. Ruting
for their entry entitled, “A systematic approach to
high speed computer design”.
Papers are currently being accepted for the 1970
branch and student awards.
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The Terminal in the
Terminal-Oriented System1
By M. G. Smith*

The terminal of the 1970’s is pictured as an increasingly important component in data
processing systems, both economically and functionally. Technological and economic factors
influencing future terminal design are presented, including rationales supporting the emergence
of the A/N display terminal as the “workhorse” terminal of the future.

The terminal is many things to many people, but
in its many forms it promises to be the most exciting
component of the 1970’s. Terminals offer data pro
cessing to the masses; the gateway to a wide variety
of services and information; the opportunity for literally
hundreds of entrepreneurs; the challenge for the indus
try giants. Terminals truly will be everybody’s business
in the 1970’s.
Terminals range from the very simple keyboard
input-voice answerback units to full-sized computers.
Functionally, they can be associated with every kind
of application and can have about every type and
variation of I/O transducer imaginable.
It is not the purpose of this paper to treat this vast
variety, but rather to give some perspective to the place
of the terminal in future systems and some of the
motivations, technical and economic, which will
influence the design of future terminals. In addition,
many of the rationales and data used support the
evolution of the display terminal as the “workhorse”
terminal of the future.
It is not possible to treat this highly cost-oriented
subject with any real perspective without introducing
costs, at least in a relative way. In this regard, relative
costs used are based upon those commonly available
from the industry as a whole — and while these costs
tend to be highly variable in some cases, the points
made using these relative costs are valid over a wide
range of values.
|f
The principal elements of a terminal-oriented data
processing system are shown in Fig. i. This figure will
serve to define the major type of system being con
sidered as well as certain of the individual functions.
However, certain variations in the figure are consistent
with the interests of this paper, for example, the
preprocessor-multiplexor, can vary in complexity
(intelligence) and may have concentration, switching
and transmission control functions. In addition, modem
functions can be absorbed one way or another into the
|oxes to which they attach and a switching centre
ijiay not always exist in the case of the point-to-point
leased line configuration. Also, the function of the
terminal control and the terminal could be in the

same box, especially if there is only one terminal in
a given location.
Most systems sold in the mid to late 1970’s are
expected to have terminals (Fig. 2). This projection
reflects the collective thinking of a number of the
studies and opinions published in the last couple of
years—although one could quibble with the categorisa
tion. Strictly speaking, “remote” would mean a CPU
is dedicated only to its remote terminals, whereas
“local with remote capability” need only have as few
as one terminal to qualify in this category. Actually,
it may be more appropriate to consider the proportion
of the utilisation of all systems for remote or local
users, in which case one could also infer that much
more than 50% of the total market revenue would
be devoted to providing remote capability. Further,
many believe that in “remote” systems there will be
more revenue in the terminals than in the central
facilities.
There are many factors which suggest that these
prognostications will be realised — the general con
ditions of affluence, many new competitive pressures,

PREPROCESSOR MULTIPLEXOR -

MODEM j-

FILES
SWITCHING

TERMINAL
MODEM

TERMINAL CONTROL -

Fig. 1. Elements in a terminal-oriented data processing system.

t This paper was presented at the Computer Communication and Display Conference held in Sydney from 29th June-2nd July,
1970. A number of the papers read at the Conference are being published in the Journal because it is felt they deserve a wider
; distribution. (Editor.)
* IBM Thomas J. Watson Research Center, Yorktown Heights, New York, 10598.
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MOST SYSTEMS WILL
HAVE TERMINALS

REVENUE MOVING OUTBOARD

MULTIPLEXORS

IOOO
TERMINALS

REMOTE

LINES
LOCAL

CPU S FILES
(DUPLEXED)

LOCAL WITH
REMOTE
CAPABILITY

Fig. 2. The D.P. market in the mid to late 1970’s.

Fig. 3. A hypothetical airlines system.

many new problems amenable to terminal-oriented
solutions, and significant advances in certain techno
logical areas. Of major interest in this latter area are
the lower communications costs, the broader avail
ability of appropriate communications facilities, new
communication facilities in the making, and the
significantly lower cost hardware available through
advances in the semiconductor and magnetics tech
nologies.
There also are many problems which may deter
these projections. Are prices, relative to the services
provided, consistent with application growth? Who
will use these services besides programmers and
designers? Will there, in fact, be something on the
other end of the terminal worth accessing — and who
will supply these data bases and software programs?
These are difficult questions and are not answered to
everyone’s satisfaction at this time. Yet, much optimism
can be generated by the rapid growth and the current
level of supporting hardware areas and services.1’2> 3- 4
Presently, there are over 150 terminal-equipment
manufacturers, over 100,000 terminals directed toward
data processing, over 500 time-sharing services, and
over 500 software concerns.
Will we be limited by communications costs? This,
of course, varies dramatically throughout the world
and with the application. Wideband transmission costs
are decreasing and transmission costs are becoming
less dependent on distance; however, local area trans
mission is not necessarily becoming cheaper, especially
if line sharing is not feasible. Yet, even today, we can
be optimistic about the relative costs for communica
tions services in many applications (see Fig. 3). This
hypothetical airline systems example, although not
totally representative of today’s terminal systems as
a whole, shows communication line costs to be a
relatively small part of the total system costs. In this
regard it should be sufficiently representative of
tomorrow’s many-terminal systems, however.

Figure 3 also supports another point, namely, the
significance of terminal costs relative to the total
systems cost. Note that the 1000 terminals assumed
represent about 40% of the cost even though the
CPU is duplexed. Such markets for terminals certainly
provide economic incentive to develop the low-cost
technologies required. Components will be designed
specifically for terminals.
Technology will have the dominating influence on
future terminals. Figure 5 illustrates the relative costs
in a hypothetical alphanumeric display, depicted with
or without LSI (large-scale integration).! This hard
ware capability, provided we have an adequate quantity
base, will mean much more significant cost reduction
in the logic and memory functions than we can other
wise expect from such areas as keyboards, power
supplies, mechanical hardware, etc.6>6- 7 Yet, when we
examine Fig. 4, these cost reductions only produce a
17% reduction in the overall cost for the example
given. Clearly, unless other component costs are
attacked, perhaps unless they can all be lowered some
what, large reductions will not be realised.
However, an even more significant point can be
made with this figure. The cost reductions assumed
in the basic logic and memory components areas,
reflected here mainly in the logic and character genera
tor, were about a factor of 5 at the basic module
package level. Thus, if we elect to forfeit our 17%
savings, we can have instead several times as much
logic and memory in our system. Perhaps even more
often, LSI will mean more function per dollar as
opposed to lower-cost per se.

t LSI is a product of sophisticated semiconductor processing
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capability where literally hundreds of logic gates, even
thousands of memory cells, can be produced on a semi
conductor chip with dimensions of only a small fraction of
an inch on, a side.
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LOWER COSTS WITH LSI

lCRT HEAD
L CHAR. GEN
-----

LOGIC
STORAGE --------

IOO

83

SPECIALS -------

UNITS

UNITS

POWER

MISC HDWE

KEYBOARD -------

WITHOUT

WITH

LSI

LSI

Fig. 4. Cosls in an A/N display.

Another exciting dimension of the advent of LSI
is that many new logic and memory functions, pre
viously too expensive for practical use, can now be
realised. Some communications-oriented examples are
forward error correction and automatic equalisation.
There are many new trade-off dimensions, both within
and across the functional boundaries of the terminaloriented system. Examples of the latter are the trade
offs between the multiplexing and line usage; software
and hardware, particularly the control areas; more
latitude in placing the various system functions, in
general.
Is there the incentive for the component supplier
to provide this low-cost hardware? He can make two
enlightening comments here:
(1) It takes a lot of money to make a circuit cheap.
(2) It takes 1000 million circuits at one cent to
equal 10 million dollars, "f
LSI components require an extensive plant invest
ment, easily more than one million dollars a year, in a
facility of any real consequence. At the same time,
it was not many years ago that 1000 million circuits
were more circuits than the entire industry had used up
to that point. With many semiconductor competitors,
the often projected one-cent per circuit seems somef, what unrealistic in the near future.
| On the other hand, certain memory applications do
| provide the opportunity to provide millions of circuits
or cells, and coupled with the standardisation and
regularity available for this need, it is clear that the
/ semiconductor industry will provide the less than, onecent per circuit memory cell. Logic hardware will
, benefit from this in the basic technology development;
however, the cost of making the many different types
162

of components, typical of logic requirements at high
levels of integration, will guarantee that these costs
will be both higher and a dramatic function of the
limited utilisation of a given component. Utilisation
will be determined mainly by the number of systems
produced, with some repetition in a given system as
well as across other system types.
To add to the perspective of any erstwhile terminal
designer, it is worthwhile to present some low-cost
hardware guidelines. The rule-of-thumb cost analysis
of Fig. 5 is useful in considering these hardware costs.
While these figures are quite over-simplified, they give
a reasonably good comparison among the different
approaches. The model postulates chip densities which
have comparable chip yields and processing costs. Chip
packaging costs are assumed to be equal for all cases.
The number of identical parts of a given type is the
principal variable in the costs tabulated in Fig. 6.
Referring to this figure, for example, we see that the
assumption of equivalent yields between a 100-circuit
bipolar logic chip and a 1000-cell FET memory chip
would result in about an order of a magnitude differ
ence in cost (on a per-circuit or per-cell basis). At the
same time a system will use significantly more iden
tical memory parts than logic parts. Therefore, if we
are building 400 systems, and most of the parts are
not repeated in the logic design, our logic costs would
be 30 cents a circuit using bipolar logic circuits. On
the other hand, the same system might use the same
memory component as a number of other systems cor
responding to 40,000 identical memory chips at a
cost of about half a cent a circuit. (The components
shown here are assumed to require about the same

RULE-OF-THUMB COST ANALYSIS

CHIP COSTS
$25/wafer
10 good chips/wafer

$2.50/chip

"/PACKAGE COST
$2.50/chip
PART NUMBER GENERATION COST PER PART (N PARTS)
$10,000

N

y

COST PER CIRCU IT OR CELL-PACKAGED
n-circuit or cells/chip
$5.00 +
n

$10,000
nN
Fig. 5
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RULE-OF-THUMB COSTS

Semiconductor
Hardware

n
ckts.
chip

cost/cell or circuit (cents)
# of parts/part # (N)
400

ROS
FET Serial Shift Register

|

4000

| 40K

10K

0.3

0.075

0.053

4K

0.75

0.19

0.13
0.53

1000

3.0

0.75

R/W Bipolar Memory

500

6.0

1.5

1.1

FET Logic (N- or P-Channel)

200

15.0

3.8

2.6

FET Logic Complementary

100

30.0

7.5

5.3

Bipolar Logic

100

30.0

7.5

5.3

i„JV FET Memory

Fig. 6. Costs assume first level packaging only.

level of packaging complexity or I/O pins, and if this
is not so, there will be additional differences in costs.
In all cases, higher level packaging costs have to be
added.)
The above exercise not only gives a rough assess
ment of absolute costs, but also provides some basis
for considering alternate means to implement terminal
functions. For example, read-only memory (ROM)
or read-write memory, as opposed to logic circuits, can
be used to achieve a wide variety of control and pro
cessing functions. (Clearly, this is a trade-off which
varies dramatically with system production quantities
and the utilisation of identical components in othersystems.) Microprogramming techniques, where use
can be made of ROM, promise relative simplicity in
the design, manufacture and alteration of parts; flexi
bility in the ability to add or make functional changes t
without changing the hardware; simpler test pro
cedures. The hardware performance (speed) is usually
lower, in comparison with standard logic approaches*
but it is usually fast enough for terminals.
Some design cases, where both approaches were
tried, have shown very little or no decrease in the over
all system logic count, using ROM; however, the re
sulting logic components were much more regular and
amenable to use across many system types (a signifi
cant point in the use of LSI). Where logic circuits
were displaced within the system, the equivalent ratio
of ROM cells to logic gates replaced averaged about
3 or 4 to 1. Considering the relative densities and
costs projected (see Fig. 6), the ROM approach should
eventually be the lower cost approach for terminals
with limited production quantities (less than a few
thousand).
Armed with the assumption that these new LSI costs
will enable us to expand terminal function significantly,
what will it mean for the future terminal? Clearly the
minimal function of the terminal is its I/O, i.e., key
board, printer, display, etc.; the I/O control; the basic
communication functions including code conversion,
serial/parallel conversion and parity checking. We
can expand these functions by adding character, line,
and message buffering; various modem functions; line

control; security provisions. Further expansion could
include message format editing, header generation, and
a variety of more sophisticated error control and auto
matic retransmission features. Continuing further, the
high availability features of error correction, diagnostic
and even self-repair could be considered. Pre-process
ing, such as syntaxed checking and a limited degree
of local problem solving, is a natural extension—con
tinuing upward to a significant stand-alone capability.
Now that we have a computer, why not cut the wires
and have a truly stand-alone ability? Actually, this
may be a normal evolution for a few users, however,
of those, many will continue to want access to addi
tional computing power and data bases available by a
communications connection.
The main interest of this paper is in intermediate
function terminals, which, based upon the hardware
costs projected herein, will provide significant function
at modest prices. These will become the workhorse
terminals of the 1970’s. Clearly, these terminals in
clude the minimal functions above and should include
most of the functions indicated in the following table
(although not necessarily the fullest implementation
indicated).
To give some idea of the level of logic complexities
addressed here, we can list roughly the number of
logic circuits (gates) and storage (cells) associated with
the functions listed. (The reader should realise, how
ever, that the numbers are highly variable, subject to
the particular application and the performance re
quired. In addition, the functional hardware require
ments are not necessarily additive since there may or
may not be sharing of hardware, and in the more com
plex functional requirements, the option to perform
functions by mixes of software and hardware are
generally warranted.) Hardware counts are rounded
to the nearest 100 and no entry in the table means
less than 50.
Function
Basic I/O Control
Display Character Generation (ROS)
Display Refresh (CRT)
Basic Communications Functions
Extended Line Control Functions
Forward Error Correction
“Modem” Functions
./
Line and Message Buffering
Editing Functions
Calculator Functions
“Typical” Small Computer

Gates

Cells

100-200
100-200
500-1000
400-20K
200- 10K
200-400
100-500
2K-4K

1K-8K
IK-25K
4K-6K
100-10K
200 & up
500-3K
500-3K
16K-64K
plus files

Two of the more dynamic ranges above are those
of forward error correction and the “Modem” func
tions which could include more sophisticated forward
error correction techniques and automatic equalisation,
respectively. These functions can both require thou
sands of gates and cells, even more than indicated.
In fact, when digital filtering techniques are used,
literally hundreds of gates may be required' to replace
a very few analog components. This was unrealistic
in all but the most demanding requirements a few
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EXTENDING PRESENT TECHNIQUES TO
A MANY TERMINAL INTERACTIVE SYSTEM
O TERMINALS

□ MODEMS

a

CPU
FILES

XLEASED
LINES

Terminal costs exceed the CPU and file costs for
a modest number of terminals. Thus, for manyterminal cases (since CPU’s and files can be amortised
over all the terminal users) we would expect the econ
omics to support the growth of the central facilities,
including more features, capabilities, and storage, and
especially techniques to assure high availability and
serviceability. In the case of the modems, we would
expect a higher degree of clustering of the terminals
especially as services are localised in the more con
centrated industrial and population areas, thus reduc
ing the number of modems required. Further, we
expect to see them disappearing under the covers of
the terminals, concentrators and multiplexors to which
they are attached. Here, they can share hardware
costs and the total cost to the user can be less.
Turning to the terminal itself, there are two principal
candidates for the high-volume or “workhorse” ter
minal, the keyboard printer terminal and the keyboard
display terminal. How do these compare costwise?
(Fig. 8) Two examples have been devised with func
tion as much alike as possible so that we could get
this basic comparison. In the framework of an early
1970 implementation, we see the keyboard-printer
terminal being somewhat less expensive. However, if
we examine the areas of greatest future cost reduction,
namely, that of the areas of logic and storage, we can
postulate that the keyboard display terminal will ulti
mately be the lower-cost terminal. Projecting further,
considering the costs of Fig. 5 and exploiting some
of the characteristics of the FET technology for refresh
memory and character generation, we can see adding

Fig. 7. Number of terminals.

years ago, but this is changing. For example, when
we reach the 1 cent/gate level, the $5000 digital filter
of the past may be a $50 item in the future. We do
not expect to see the full implementation of these more
sophisticated functions in our low-cost terminals in the,
1970’s, but they could, be in the more complex con
centrators and computers, where the costs can# be
amortised oyer many users. Some hybrid error correc
tion approaches, in the rangb of a few hundred circuits
and a few thousand cells, should,! have broader and
nearer future applicability.8 Partially digitised modems
will be common.
What else can we project for the future? ..Some
insight is gained by assuming today’s systems and
componentry for tomorrow’s applications. This pro
duces some absurdities which in turn suggest some
changes for the future. Specifically, we extend the use
of today’s standard hardware to handle many terminals,
as indicated in Fig. 7. This is in contrast to the air
lines example which is better tailored to the application.
(In this example, costs are shown to increase linearly,
whereas the actual curves would be step functions as
more powerful CPU’s, file additions, and multiplexors
are introduced to support the additional terminals.)
The example assumes a modest sharing of lines, thus
reducing the number of modems as well as line costs
somewhat, yet modem costs would ultimately be more
than that of the CPU and files.
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THE GAP IS NARROWING
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Fig. 8. Relative costs.
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significantly to the capability with little additional cost.
In particular, we could have higher resolution, e.g.,
the capability of 2000 characters, and much larger
character sets. Then, with a much larger character
set and some additional logic, we have the makings
of a graphics system.
The question usually arises concerning the need for
hard copy in a display-oriented system. Of course,
few systems will be built without a hard copy option,
at least. However, we do envisage many future ter
minal-oriented systems having clusters of terminals,
thus making a centralised hard copy service attractive.
This arrangement also gives us greater opportunity to
maximise reliability, availability and serviceability.
Summary

Hopefully, we have given the reader, potential user
or manufacturer a better perspective of the place of
the terminal in the total economics of a system and
some confidence that the necessary elements are present
to produce a low-cost, highly functional terminal for
the future.
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Book Reviews
James E. Monsma and Kenneth F. Powell: An Executive’s
Guide to Computer Concepts. Pitman Publishing Corp.,
New York; pp. ix + 176; price $6.95.
Donald H. Sanders: Computers and Management. McGrawHill Book Company; pp. xiv + 453; price $5.20.
In the preface to his book Sanders suggests that if managers
are to have a successful working relationship with computers
they must:
(1) Learn about the computers—what they are—what they can ?
and cannot do and how they operate, and
(2) Acquire an understanding of the managerial implications
of computer usage.
These books provide two widely differing approaches to this
task. An Executive’s Guide to Computer Concepts concen
trates on the first requirement, Computers and Management on
the second.
The majority of the book by Monsma and Powell is devoted
to an elementary but detailed description of how a computer
executes a program. Few busy executives would have the
time or the inclination to follow through the examples step
by step. The remainder of the book introduces programming
languages, applications and simulation through explanation of
a small problem coded in FORTRAN and a flow chart of an
inventory model. COBOL is presented as a commercial equiva
lent of FORTRAN in a paragraph attached to the simulation
model and a discussion on open versus closed shop testing
environment is embedded in a chapter on symbolic languages.
These are examples of a shallow and irrelevant presentation
which tend to confuse rather than enlighten a business
manager.
Computers and Management on the other hand contains
excellent material to assist understanding of computers and
management information systems. This book explains why a
manager needs knowledge of information processing irrespec
tive of whether he is a direct user of the computer or not, and
it concentrates on the objectives and consequences of com
puter usage. In an unusual yet attractive way Sanders has
included special readings from leading authors and publica
tions _ and finished each chapter with a group of questions
focusing attention on the theme. The claim of the publishers
that the volume is a concise presentation of current trends and
future expectations in business information systems is sup
I he Australian Computer Journal, Vol. 2, No. 4, November, 1970

ported by the wealth of material included and a formidable
collection of references.
Both books are inadequately indexed.
W. C. CUSWORTH.
R. S. Anderssen and M. R. Osborne: Data Representation.
University of Queensland Press; pp. 117; price $2.00.
This book describes the proceedings of a seminar held at
the Australian National University. It deserves a wide dis
semination, not least for the humility of the contributors in
admitting the approximate nature of their solutions to, hope
fully, the right questions; such is not always apparent in
glossier and more expensive products. Throughout, emphasis
lies clearly on the practical problems involved in choosing and
using models of data, with alternate exposition and example.
It is suggested that modern large computers have removed the
computational problems, although these are not perhaps as
extinct as the foreword would suggest.
Most of the contributions are in the classical, normative,
tradition, but the straitjacket of linearity and the curse of the
significance test are replaced by? more becoming and more
interesting attire. It is interval estimation and non-linearity,
noise and non-stationarity, which are considered, and the con
text is one of ubiquitous error, even in “independent’ vari
ables, and partially or totally unknown data structure.
It would perhaps have been useful to relate the more
heterodox methods to the classical approaches: classification
can be considered as a “piece-wise” model-fitting process
aimed at simplifying an overall complex structure into an
aggregation of simpler ones. However, several contributors
do briefly suggest some relationships. The classification papers
are also somewhat self-centred, which probably reflects their
still progressing, rapid development. The problems of apply
ing and evaluating the results of these methods are well
presented.
As a report of a seminar, and as such concerned -with
knowledge of practical importance, the contributions are
explicatory and communicative rather than systematic and
rigorous, though rigour and system are not lacking entirely.
The careful production adds considerably to the clarity of a
useful and interesting text
M. DALE.
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Generalised Input — Data Editing
By A. W. Goldsworthy
In any data processing system one of the most important aspects of the processing
cycle is the editing phase, during which data are subjected to a variety of tests and checks
to ensure that they enter the next stage of the system as accurate and reliable as possible.
In a large-scale system editing becomes increasingly important. With large-scale systems which
are also dynamic in nature, constant changes to data structures generate changes to editing
specifications which usually result in program changes. Program maintenance therefore
becomes a problem. Also, if each suite of editing programs is written from the ground up
at the outset, this is obviously a lot of unnecessary duplication. This paper describes a
generalised system which enables some of these problems to be overcome with a consider
able saving in programming effort.

In. any data processing system one of the most im
portant aspects of the processing cycle is the editing
phase, during which data are subjected to a variety of
tests and checks to ensure that they enter the next
stage of the system as accurate and reliable as possible:
given the extent of our knowledge of the data and the
relevant internal and external relationships affecting
them. In a large-scale system editing becomes in
creasingly important. If the system is one in which
a large proportion of the editing process, when done
clerically, is dependent upon subjective or qualitative
judgment, the translation into a computer system can
be fraught with difficulties. With commercial type
systems such as payroll, inventory, billing, ledger ac
counting, costing, stock control and so on, the check
ing of data is largely based on precise quantitative
rules and limits which can be easily specified and
effectively implemented. However, in many other
large-scale data processing tasks, in areas such as
library indexing and information retrieval, bio-medical
applications, and real life statistics, the rules for the
acceptance of data cannot always be specified as ob
jectively, as tests of reasonableness enter the picture.
These tests are, by their very nature, sometimes ex
tremely subjective and very difficult to express in
quantitative or logical terms, and consequently very
difficult to translate into an effective computer pro
gram. It is these considerations which make the
editing phase one of the, most important and, at the
same time, one of the most difficult aspects of any
large-scale•'data processing system.
The system discussed in this paper (called DATAEDIT) was designed for use in a statistical environment,
and the nature of the data handled in different statis
tical collections varies extensively, from data relating
to social statistics such as hospital morbidity, crime,
traffic accidents, and demographic statistics, to statisi‘ tics on topics such as public finance, trade, distribution,
| manufacturing industries, primary production and so
| on. Data are collected from a variety of sources, on
literally hundreds of different types of forms, and the
data in each statistical collection have their own unique
1 characteristics, each requiring quite different editing
and approaches. Statistical systems by nature tend to*
*

be dynamic in their requirements as demands are con
stantly changing, and consequently new items of data
are added to collections and other items deleted. The
insertion and deletion of items invariably generate
changes to programs because most statistical editing
systems contain a large proportion of edits based upon
logical relationships between items. Program main
tenance therefore becomes a problem, and where sys
tems are changing constantly it is imperative that
changes to data and editing specifications do not gene
rate wholesale re-writing of programs. Also, in the
first instance, if each suite of editing programs are
written from the ground up, this is obviously a lot
of unnecessary duplication, especially in those instances
where basically the same approach or rules are used
but with different parameters.
In designing computer editing systems for statistical
data the need quickly becomes apparent for a general
ised editing facility which is simple to use, easy to
implement, comprehensive in its facilities, efficient in
operation and easy to maintain. Having defined our
desiderata it becomes, of course, a very different prob
lem, to solve in practicbV ThereJarp:many ideal ap
proaches one might use/to tackle such a problem,
Which, because of factors peculiar to the installation
or environment for which the system is being designed,
might not be practicable. For example, one should
consider the juse of decision tables, both as a means
of specification and programming, as these can be
very useful tools in the editing process. Despite their
usefulness, however, very few statistical processing
systems seem to have utilised them to date, and one
does not see any evidence in the literature of any sort
of extensive use of decision tables for this purpose,
although some authors have outlined their usefulness
in this field. One should also consider the develop
ment of a special problem oriented language to suit
the particular requirements. An example of this latter
approach can be found in a study of input editing by
Mendus, 1967. The fact that these aspects and others
are not incorporated in DATAEDIT implies no more
than that, for particular reasons, it was not possible
to incorporate them. The system described in this
paper, DATAEDIT, however does satisfy most of the
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criteria described, although optimisation will obviously
require the inclusion of more sophisticated techniques.
The Editing Tasks

There are several specific tasks to be performed dur
ing the editing phase and these can be described as
follows:
(i) decode data into recognisable records;
(ii) perform edit checks;
(iii) provide for correction of incorrect data;
(iv) create files for subsequent processing;
(v) produce error or query listings;
(vi) produce error or query analyses.
The concept of a generalised editing system en
visages a uniform method of handling input to all
applications systems and one which also provides an
integrating link on the input side. In such a system
the data, by being fed into the input editing phase,
are also transformed into transaction format for subse
quent processing in whatever application run is applic
able. The pooling of the data items and their subse
quent extraction can be handled in many different ways.
Two of the more straightforward methods are firstly,
to construct a generalised editing program and set up
the required edit parameters by means of control cards,
or whatever method is used, for each particular appli
cation system, and feed the relevant data through the
appropriate edit program. This involves batching the
data into appropriate lots and processing it in batches
through the editing system. A more sophisticated
version of the same basic scheme is to feed all data
into a common pool and the data items are automatic
ally selected as required and edited according to the
edits specified for that data type. This system requires
that data types can be identified, either by their in
trinsic data structure or else by identification tags
attached to the data at the time of their origination.
For efficient operations this refinement may still retain
a batch processing mode, especially where large volumes ♦
of data are involved. It does remove the need, how
ever, to clerically batch data and to control batches
through the editing phase, as this is done automatic
ally. With the latter system the relevant editing pro
grams form a set of sub-programs which are called
into use automatically as determined by the data
type being edited. DATAEDIT operates on a batch
system and has not yet been developed to the second
phase, but there is nothing inherent in the system itself
to prevent this/ being done.
It is probably useful at this stage to have a brief
look at each of the editing tasks mentioned above.
The first part of the system is a generalised decode
stage. This program converts an input character string
into logical records. If the input data are on punched
cards this is a relatively simple operation, although
some checks still have to be applied. Handling
punched paper tape is far more difficult and DATA
EDIT has been designed to handle both. The decode
program converts a character string punched on paper
tape into 1000 word, i.e. 4000 BCD characters,
logical records. During this process it removes intra
record item separators punched into the paper tape,
except those which indicate the end of a variable
length field, and also removes separators signifying
The Australian Computer Journal, Vol. 2, No. 4, November, 1970

the end of a record. It is appropriate at this juncture
to define precisely the terms being used, to eliminate
confusion. A field is a piece of data in a record,
treated as a unit. An item consists of an item num
ber followed by one or more fields. Where an item
has more than one field (and by definition all fields
in that item would be identified by that item number),
each such field is referred to as a sub-field. A logical
record consists of a set of related items.
The decode program, if necessary, increases the
number of digits in the item number for an item com
prising several sub-fields to allocate a unique item
number to each sub-field. The program operates
under the control of parameters on control cards, and
the following control cars are required:
(i) The page heading to be printed on the listing
of the decoded records.
(ii) A computer serial number for internal control.
(iii) The header label on the input tape.
(iv) The header label to be on the output tape.
(v) Record format cards. Up to 10 of these cards
can be used to describe the composition of the
logical records on the input file. These cards
specify the format of the logical record on the
input file and the separators which have been
used. The system can handle fixed or variable
length records and provision has been incorpor
ated to handle items with one or a variable num
ber of fields. In fixed length records no item
numbers are, of course, required.
The fixed length portion of the record is decoded
from the input file and written on the output file
in consecutive characters with no field separators
being used. In all subsequent processing the
individual components of this part of the record
are identified by the number of characters in each
field and the first character address of each field.
The variable length portion of the record is out
put immediately after the last character of the
fixed length portion, with the characters of the
first item number being followed by the appro
priate field. The item is terminated with a standard
separator used for denoting “end of item”.
Shown below are sample formats of the control cards
required for the decode phase.
Sample Record Format Card

ZFdi, SEP1 d2 SEPT d3 SEP1 . . . dn SEP1 Rn 4- m
SEP2 VSEPI$
Notes:

ZF is card identifier
di Numeric Character Strings
(Value 1 < value < 22S)
R is a repeat factor
V is value of the field
m,n numeric digits
n (1 < n < 6) if no m, otherwise,
1 <n<5
m +n (1 < m -f- n ^ 6)
SEP1 must be different from SEP2 (item separators).
The decode program unpacks characters from the
input file and writes output records in the format re
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quired by the editing programs. This is not a simple
matter of mere transfer of data as read. The purpose
of the decode program is to transform the data as
punched, into records the format of which can be
recognised by the edit programs. In using data
punched in paper tape it becomes particularly difficult,
and at times impossible, to make sense out of data
in which item or record separators have been omitted.
This difficulty exists with human interpretation of the
data and of course it is greatly magnified when the
interpretation is by computer program. The specifi
cation of the rules the program has to follow and the
possible interpretations it may place on the data are
often complex and numerous. DATAEDIT aims at
maximising the automatic throughput of data into the
editing phase and extensive attempts are made in the
programs to make a sensible record out of seemingly
incoherent data. Under certain conditions data are
dropped from the input file, but all data dropped are
printed on an error listing. For example, if the num
ber of characters input for a particular field exceeds
the maximum number specified on the record format
card, the excess characters (least significant) are drop
ped and printed. Other conditions which lead to data
being excluded from the output file are item numbers
being too long; fixed length portion of the record being
all that is specified on the format card and the input
data is not exhausted; or, if the number of sub-fields
for any item exceeds the specified limit. Where data
are dropped they are dropped up to the next standard
separator being met. All records retained in the sys
tem are output onto a magnetic tape file for input
into the editing phase.
In the editing phase all edits are specified on con
trol cards, and all are optional to the user. The control
card contains not only the structure of the edit but
also all codes and values used in that edit, and also
details of the action to be taken by the program in the
event of data failing the edit. Edits are specified for
each individual item and there is no limit (other than
that of hardware) to the number of edits that may
be applied to any one item.
The types of edit catered for are:
(1) Physical—Legal characters in fields.
(2) Validity—
Jj :
(i) Legal item numbers.
(ii) Valid codes.
(iii) Ascending item numbers.
(3) Logical—
(i) Logical cross-classification of items.
(ii) If specified item present, all (or at least
one) of other specified items must also be
present.
{
(iii) Value within limits.
| (4) Arithmetic—Sum of specified item(s) equal to sum
I
of other specified item(s), within tolerances speci
fied as either absolute values or percentages.
Edits are categorised into four classes which deter
mine the action taken by the program when data fail
an edit. In general, any one of the four classes can
be specified for each edit type, but for certain edit
types the allowable classes are restricted. The edit
classes are:
168

(1) Fatal—the record in query is written on the Query
file and amendment action must be positive to
amend that record.
(2) Query-—The record in query is written on the
Query file and amendment action may be positive
to correct that record. If this is not done that
record remains on the Query file. All such records
may be released en masse in one run.
(3) Adjusted and Reported—the record in query is
written on the Query file. This class is for data
outside tolerances and these are automatically ad
justed and reported on the query listing.
(4) Adjusted and Not Reported—the record adjusted •
is written on the Release file. These are gener
ally arithmetic checks in which the discrepancy
is within defined tolerance limits.
Any item or record which fails different edits at
different class levels is classified according to the high
est level of failure, i.e., highest level is 1, lowest is 4.
It will be noted from the above that records in query
are written on to a Query file. This makes for ease
of subsequent amendment in that only incorrect data
have to be amended and correct data do not have
to be re-input. Records that are not queried are
written on to a Release file.
Having detected potential errors the next step is to
confirm or amend the data concerned. Depending
on the level of the class of edit this may require posi
tive action to change something or merely not taking
any action at all. The edit printout is designed to be
used as the source record for punching amendments.
To make a correction the incorrect data are ruled
out on the printout and the correct data inserted in
their place. The amendment is then entered into the
system by punching a unique identifier (the computer
serial number), the item number and the correct data
to be inserted. There are several amendment types
provided, where the amendment type' specifies the
nature of thevamendment. Thesis „are:
1. Amend item number. '
\
2\ Amend field contents.
3. Amend character address field.
4. Delete record.
5. Delete item.
6. Insert item.
7. Bypass edit.
8. Bypass all records of class 2 and 3.
9. Bypass all records.
In addition to printing out the edit messages the
query printout includes the complete printout of any
record which has an error in it. This is printed at
the end of the error messages relating to that record.
At the end of the run an analysis of errors by edit
type by class is printed. The edit query listing for
each application is identified by the name of the appli
cation, the date of the run and the edition of the
Release file. A listing of the records which have
been cleared on to the Release file is also printed out
at the end of each run. This list shows the computer
serial numbers only. The computer serial number,
which is a unique record identifier allocated by the
decode program, is used as the indicative information
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for identifying records on the Release or Query files,
as well as on all listings produced.
In an amendment run the input files are the latest
editions of the Release file and the Query file. As
records are amended and cleared through the edit
program (all amended records are re-edited) they are
added to the Release file. The output from the run
are therefore an updated Release file, and a Query
file which contains those records still under query.
Control Cards

One of the major features of DATAEDIT is the
comprehensive nature of the control cards and the
wide range of purposes that they serve. I have al
ready briefly mentioned above the control cards
utilised in the decode phase. The control cards in
the editing phase are the heart of the system and their
content and functions are outlined briefly below. Some
sample formats of the cards are also given in Appendix
‘A’.

(a) This card provides the content of the label on
the input Release file and is mandatory. This
card causes the input Release file to be opened,
updates the edition number as shown on the con
trol card, opens the output Release file and labels
it, and copies all records across from the input
Release file to the output Release file.
(b) This card provides the label contents of the input
Query file, and is mandatory. This performs
functions similar to (a).
(c) This card gives the label contents for the input
Decode file, and is mandatory. This card opens
the input Decode file.
(d) This card provides details of the label of the
secondary Release file, if one is required in the
system for comparison checks, e.g. a previous
,
period.
(e) This card gives the number of characters in each
item number for the primary file, and the first
character address for the first item number. This
card is mandatory.
(f) This card gives similar information to (e) for the
secondary file and is optional as in (d).
(g) This card gives the headings for query printouts.
(h) This card gives the number of characters and the
first character address of those fields which have
been used in sorting the primary files. This card
is optional and is only required in circumstances
outlined in (d).
(i) As for (h) for the secondary file.
(j) This is a restart card which provides the record
number on the input file at which editing is to
commence in this run. For this purpose records
are assumed to be sequentially ordered.
(k) Edit specification cards. Each card is optional,
as the number and type of cards are solely de
pendent on the edits to be applied to any par
ticular item. There may be any number of edit
specification cards for any one item. The types
of edits that are presently incorporated in DATA
EDIT are outlined above. Some examples of
the format and contents of edit specification con
trol cards are given below. The characters shown
The Australian Computer Journal, Vol. 2, No. 4, November, 1970

are punched in sequential columns of punched
cards. The control cards are free format as
specifications are extremely variable.
Some Salient Features

The above description of some of the edit specifi
cation control cards highlights some of the important
features of the system in regard to its versatility and
flexibility. Some of the edits for example provide
the facility for automatic adjustment. There are two
categories of adjusted records. Firstly, where an item
is outside specified tolerances, either in absolute or
percentage terms, it is adjusted to fall within specified
tolerances, but the item is regarded as queried, the
record is written on the Query file and the field as
adjusted is printed out. If the adjusted figure is
acceptable when clerically checked no further action
need be taken. If it is not acceptable it can be
amended in the normal manner. Secondly, if the item
is within specified tolerances but is not precisely
accurate, e.g. the total does not equal sum of con
stituent items, the item is adjusted and not printed
out. In this instance the item is regarded as cleared
and will not cause the record to be printed out as
a query, and the record (if there are no other queries)
is written on the Release file. Data on the Release
file cannot be amended. This is a safeguard to pre
vent data which would not pass edit being inserted
directly into the clean data. In the same vein, a new
record cannot be inserted by amendment cards, but
must be inserted as new data and be processed
through the decode stage. The system provides a
facility whereby data on any two files, which may
represent different time periods or different areas of
work,or control files, etc., can be compared. These
are referred to as the primary and secondary files in
the edit specifications.
An important feature of this system is the facility
to bypass, i.e. not apply, edits during the amendment
and re-edit cycle. It may be found that a field which
does not meet the edit specifications is acceptable and
should remain in the system unaltered. It is possible
to suppress any particular edit for that field. This
bypass feature does not apply to physical or validity
edits which must meet the required specifications, but
is mainly used for logical edits where exceptional
circumstances sometimes warrant special treatment.
Particular edits (up to 9 individual edits in the present
system) or all edits may be bypassed for a record.
In addition to bypassing individual edits in this man
ner, all records on the Query file which are of edit
classes 2 and 3 status can be set to bypass all edits
and be cleared to the Release file. In the editing
process a record must pass all physical and validity
edits before being subjected to logical, arithmetic or
comparative editing. Another important feature of
the system is the restart facility. If the run has to
be operator terminated or is terminated abnormally
the last record processed before termination can be
used as a restart point in a succeeding run.
The minimum configuration required to run the
edit program is a core storage of 16K 24-bit
words, seven magnetic tape units, one card reader
and one, line printer.
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Potential Development

One can envisage the use of a generalised system
of this nature as a clearance pool for random up
dating of relevant master files. With a constant
flow of data into the pool and the master files avail
able on-line, or at least on-line temporary storage
which could be used for later up-dating of master
files, the relevant sub-programs could be called into
operation as determined by control parameters. The
necessary master files could be called in by the moni
tor as and when required for updating purposes. This
system can apply either where each transaction is
unique to a particular file or where any transaction may
generate different output data for updating different
files. In either case the record format can be specified
individually for each file. This sort of system would
provide for complete communication between the
input-edit program and the different application sys
tems. Additional application systems can be added
to the overall system by suitable amendment of the
input editing programs.
It is possible, and may be desirable, in a generalised
editing system to design a programming language
which can be used for a two-fold purpose; firstly, to
specify the editing to be done and secondly, to gene
rate the source code to actually perform the editing.
This would enable sub-programs to be written in this
special problem oriented language and the input-edit
system could compile the necessary object code.
I mentioned above the provision with some of the
edit types of automatic adjustment where the value
of the field had to fall within a specified tolerance (the
tolerance of course may be zero). The problem always
exists with automatic adjustment of deciding what
value is correct and what the adjustment should be.
In DATAEDIT the adjustments are normally simple
arithmetic adjustments to equate two or more items,
insert a missing code or adjusting a total to equal the
sum of component items and so on. In these instances
an order of priorities has to be laid down so that the
system knows in what sequence items are to be ad
justed, e.g. a rule might be—if a total does not equal
the sum of its parts adjust the total, or—if sex showlt
is not male or female, code to male. There are
various approaches to identifying what item is in
correct before accepting an adjustment according to
predetermined priorities. For example, it is sometimes
possible by" extensive cross-checking to isolate the
item which is incorrect. Or it may be decided to
make the adjustment so that the maximum possible
error is minimised. The example quoted above of sex
coding is really an example of this approach. These
sorts of considerations lead to an associated area of
potential development. Allied with automatic adjust
ment is the possibility of automatic insertion of miss
ing data items which should be present and the auto
matic correction of items which fail edit. This is
going one step further than the automatic adjustment
mentioned above in that the correction of a data item
which cannot be specified simply by tolerances or limits
is subject to many more complexities. There are
several different methods of coping with this problem,
and these have been described in the literature (Nord770

botten, 1963). For example, one may set up a sample
or ideal record and use the item values in this record
to replace incorrect values in other records. This may
be extended by having several sample records rather
than one, to satisfy differing parameters or conditions.
A further step is to correct or replace values on the
basis of similar type records or data that have already
entered the system. This is a more dynamic method
of automatic correction and may be based on matching
similar types of records, or probability or random
sampling of records already in the system. Each of
these methods has particular advantages and dis
advantages in their method of operation and their effect
on the accuracy and bias of the data in the system,
and the decision on which approach to use must be
made on the basis of the nature and requirements of
each particular system.
Advantages of the System

It was mentioned at the outset that one of the major
problems in a dynamic environment with many different
applications is the maintenance of editing programs.
One obvious advantage of the generalised system is that
maintenance is extremely simple. No programming
or recoding is necessary. The relevant set of control
cards merely has to have additional cards added to it,
existing cards removed from it, or current cards
altered. These amendments can be done by the users
and do not need experienced programmers. The sys
tem includes a program which edits the control cards
to ensure they conform to an acceptable format. It
also removes the need for testing amendments to pro
grams. Where a change to editing has to be effected
the coding is not altered, only the control card. The
effect of the changes can be analysed by the user by
inspecting the result of edit runs using different para
meters. In the same way a change to the format
of input data does not require any reprogramming.
The original data can be Changed in sequence or addi
tional items added or items deleted and this can'be
catered for by making the necessary amendments to
the. decode control cards, followed by the necessary
amendments to the editing control cards. Whilst the
release, of trained programmer resources is one major
benefit, theresare other advantages that flow from the
system. It enables amendments to be made to systems
immediately, with consequent faster testing and
implementation of new editing specifications. It also
makes it feasible to experiment with different editing
specifications to assess adequate limits, etc. Where
these sorts of changes require program alteration this
tends to militate against experimentation, which is
often necessary in applying computer edits which
have not been applied at all before or possibly have
not been applied to this particular data type before.
It also has an advantage in generating uniform
documentation.
All edits
are
specified
in
exactly the same way and consequently can be
specified and documented in a uniform manner. A
generalised system provides a useful tool for integrating
systems and introducing standardisation where this can
be beneficial. It also tends to standardise transaction
files used in subsequent runs because of the standardThe Australian Computer Journal, Vol. 2, No. 4, November, 1970

Generalised Input—Dam Editing

ised output from the editing system. One disadvantage
of most generalised systems is that they are not as
efficient as the system designed and written specifically
for a particular job. DATAEDIT suffers from this
disadvantage and considerable work still remains to be
done to improve the running time and optimise the
overall operation of the system. In the net result, how
ever, this disadvantage is far outweighed by the saving
in programmer time which it achieves.
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Appendix ‘A’

The following is a complete set of control cards
for an editing task. The number of control cards
depends on the number of items and number of edits.
In. a large system, therefore, there could be a very
large number of edit specification cards. I have shown
here only one example of each card type.
Card 1: Input/Output Release File Label Card.
ZROILOCAUTHFIN REL
1969

V"Y“‘----- y------ --------'

USER INFORMATION
— PUT IN USER AREA
OF OUTPUT TAPE,
LABEL (up to 48 char
acters).
FILE NAME
EDITION NUMBER

Card 6: Same function and format as Card 5 but refers to
Secondary File.
Z

C

4.

101

Card 7: Edit query print-out heading.
ZE ^LOCAL AUTHORITY FINANCE 1969,
Tlisting PAGE HEADING
CARD TYPE IDENTIFIER
Card 8: Sort Control Fields—Primary File.
ZF

4,

21,

3,

32,

5,

10,

102

3,

k

UMBER OF CHARACTERS IN NEXT
MOST SIGNIFICANT SORT FIELD (UP
TO COL. 72 ON CARD)
first character address of most

SIGNIFICANT SORT FIELD
NUMBER OF CHARACTERS IN MOST
SIGNIFICANT SORT FIELD
CARD TYPE IDENTIFIER
Card 9: Same function and format as Card 8 but refers to
Secondary File.
CARD 10: Restart Card.
ZA 1.7
NUMBER OF FIRST RECORD TO BE EDITED
IN THIS RUN
CARD TYPE IDENTIFIER
Card 11: Run Number.

ZH 1
UN NUMBER BEING DONE
Card type identifier

(Cards 12 and 13 on Page 172)
Card 14: Legal Item Numbers.
B2, 17, 20/29 $

EL NUMBER

CARD TYPE IDENTIFIER
Card 2: Input/Output Query File Label Card.
ZROILOCAUTHFIN QUR1 1969
(same format as Card 1)
Card 3: Input Decode File Label Card.
ZDO1LOCAUTHFIN DEC1
(same format as Card 1)
Card 4: Input Secondary File Label Card.
ZMO1 LOCAUTHFIN REL1
(same format as Card 1)
Card 5: Number of characters in each Item Number, First
Character Address of First Item Number — Primary
File.
Z B4, .127
FIRST CHARACTER ADDRESS OF FIRST
ITEM NUMBER
NUMBER OF CHARACTERS IN EACH ITEM
NUMBER
CARD TYPE IDENTIFIER
The Australian Computer Journal, Vol. 2, No. 4, November, 1970

RANGE OF LEGAL CODES
INDIVIDUAL LEGAL CODE
EDIT NUMBER
EDIT TYPE INDICATOR
Card 15: Item Numbers must bejin ascending order.

' Li

DIT NUMBER
EDIT CLASS
EDIT TYPE INDICATOR
Card 16: Valid Codes.
D4, 1, 4, 17, —1,

3, 5/11

$

RANGE OF VALUES
INDIVIDUAL VALUE (— means
“must not” be indicated value)
FIRST CHARACTER ADDRESS OF
FIELD IN RECORD
*
NUMBER OF CHARACTERS IN FIELD
IN RECORD
FIELD TYPE IDENTIFIER 1 = FIXED FIELD
EDIT NUMBER
edit type indicator
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Card 12: Physical edit—legal characters in field.
A 1 , N J.6, A 5 , X 3 , Z 3 , R N
Nj
NV
4 N
V $:
Description of Record
End of edit indicator
Denotes that variable number of characters
up to separator are numeric
Denotes that next field is of 4 numeric characters
Denotes that remainder of card describes the recurring section
of the record and that following fields are repeated
Field is of any characters
Field is of alphanumeric characters
Number of characters in field (fixed portion of record)
Field is alphabetic only
Number of characters in field (fixed portion of record)
Field is numeric only
Edit number
Edit type indicator—this is fixed for describing this type of edit.

Card 13: Sum of specified Hems in the primary file equal to sum of specified items in the secondary file.
Gl, 7, 40, 10000,,1
+17 ■ ,+
=V —222-1-24
6.$
V .... —
.1 163
—
— /
— —
J

End of Edit Indicator

Item Nos. Primary File
Item Nos. Secondary File
Absolute variation ±
% variation ±
Edit number
Edit Class
Edit type — if more than one item number on R.H. side of =,
edit classes 2 and 3 not permitted

Card 17: If item XXX is present in record, so must at least
one (or all) of following Item Numbers.
HI, 8, 175 + ,1, 17, 101. $
ITEM NUMBER STRING
ALL OF FOLLOWING ITEM NUMBERS
MUST BE PRESENT (— means one in
lieu of all) +
ITEM NUMBER,’“WHICH IF PRESENT *,
CAUSES EDIT TO' BE APPLIED
EDIT NUMBER
EDIT CLASS
EDIT TYPE INDICATOR

Card 18: Logical Cross-classification of Items.
2,

10 8 1

+

1 / 1000000.. H>sf$

ind of Edit
2nd Group — No limit,to
Number of Groups
f
End of fir'st"gfoup
Individual values
Range of values
Specification of how following list of values to be applied
+ field “must be” one of specified values
— “must not”
|

First character address of field
Number of characters in field
Field type identifier, 1 = fixed field
Edit number
Edit class—only 1 or 2 permitted

Edit type
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Picture-Language Interaction in
Artificial Intelligence+
By R. J. Zatorski*

The paper outlines a proposed application of the model designed by Clowes (1970) for
the recovery of the structure of solid polyhedra from their representations in two-dimensional
graphs to the recovery of structures underlying scenes represented in natural language. The
recovery of the latter is an essential step in artificial intelligence systems requiring interaction
between pictures and language.

A. Considerable attention is being devoted currently
in Artificial Intelligence to descriptions of the visual
field which pose, at least in principle, problems of
sentence derivation from formal descriptions of twodimensional pictures and three-dimensional scenes. In
one sense, the question to which all work in this field
is addressed can be formulated as follows: What does
it mean to comprehend an object depicted pictorially
or to understand or perceive the meaning of an
English sentence? The answers, in general, involve the
formulization or implementation of semantic systems,
such as those of Katz (1966) for the generative trans
formational grammar of English. Katz’s semantic
theory has been the subject of intensive inquiry over
the last few years; among others, Zatorski (1967) ques
tioned its validity on the grounds that it operates with
ad hoc elements some of which clearly originate in the
domain of extralinguistic reference and suggested
(1969) that linguistic predicates originate not in the
lexicon but in the “world” specified by structural,
descriptions in terms of “named” elements and rela
tions. Sentence generation was to be viewed as a map
ping operation from referential specifications to senten
tial deep structures which in turn form input strings to
the transformational component. Recent developments,
however, in the “lexicalist” transformational grammar
(Chomsky, 1969; Jacobs and Rosenbaum, 1968;
Langendoen, 1969) follow the opposite path of con
trolling sentence assembly entirely within the baselexicon system so that not only the grammaticality of
the sentence but the compatibility of the wordexpressed scene with fact is determined by the syntactic
apparatus of rules and features.
The language components employed by the pub
lished QA systems (Minsky, 1968; Simmons, 1970)
comprise the generally inadequate parsing and generat
ing grammars and, in the absence of guidance from
the theory of language on the resolution of larger
segments of discourse essential in problem-solving,
deductive question-answering, etc., there is a growing
tendency to substitute logical operations for referential
semantics. Characteristic approaches are those of

Woods (1967), Kellogg (1968) and Kochen (1969)
where English statements are translated into predicate
calculus and data bases serve as truth-table analogues
against which queries are tested. Systems of this kind
not only address themselves to a narrow range of very
simple problems but owing to their predilection for
heuristic solutions and their failure to adopt uniformly
the best linguistic models fail as potentially powerful
models of human creative intelligence. The most com
prehensive of the existing models, Quillian’s (1969)
Teachable Language Comprehender, attempts to specify
encyclopaedic knowledge in the sense of Bar Hillel
(1964), in terms of a network of labelled nodes and
pathways which identifies knowledge with language;
for this reason, the T.L.C. can be viewed as an awe
inspiring attempt to implement the “lexicalist” notion
of language.
Early work in picture grammar (Ledley, 1964;
Kirsch, 1964; Narasimhan, 1966; Clowes, 1967)
assumed a close analogy between pictures and state
ments in language, and sought picture specification in
terms of generative grammar analogues, some of which
employed rules of two-dimensional format. It has been
thought for some time, however, that such analogues
are incapable of assigning the range of relationships
on picture elements that are essential for adequate
specification. To resolve the problem for his SEE
program, Guzman (1969) proposed a formalism which
classifies junctions in two-dimensional pictures of cer
tain solids into regions and 'edges. We take as our
starting point the most recent paper by Clowes (1970)
which makes explicit Guzman’s system of associations
among regions and converts it into a formalism by
which three-dimensional scenes composed of ground
and opaque solids are generated from two-dimensional
pictures of such scenes. Despite its tentative and
highly restricted character, the formalism proposed by
Clowes yields a mapping procedure for the descrip
tions of scenes which has obvious relevance to the
interpretation of linguistic structures.
The interpretation of line drawings as simple threedimensional scenes is seen as an algorithm involving

t This paper way presented at the Computer Communication and Display Conference held in Sydney from 29th June-2nd July,
1970. A number of the papers read at the Conference are being published in the Journal because it is felt they deserve a wider
distribution. (Editor.)
* Languages Section, Faculty of Science, University of Melbourne.
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two independent domains: the picture domain which
includes the representation of the scene and the
reference domain which specifies the depicted object
itself.
The hypothesis on which the model is based
identifies our comprehension of a picture with the
recovery of the structure of the depicted object. The
suggested implementation comprises four successive
stages:
I the classification of the junctions of the twodimensional picture;
II the mapping of junctions into corners of threedimensional solids;
III the derivation of surfaces from compatible sets of
corners;
IV the derivation of opaque solids from compatible
sets of surfaces.
By way of illustration, we assume the input to stage I
to consist of the following picture of a pyramid:

Fig. 1

The classification of the junctions involves assigning
to each line, region and junction an identifying symbol,
observing the following directions and constraints:
(a) pairs of capital characters A/D, B/E, C/F identify
»
regions of the picture;
(b) lower case a/d, b/e, c/f character pairs identify
lines;
(c) each line forms one segment of a boundary of a
distinct region;
(d) no two regions adjacent across a single line may be
designated with identical pairs of capital characters;
(e) no two lines connected through a junction may be
designated with identical,,t pairs of;j lower case
characters;
''
(f) overlapping regions are conflated.
The procedure outlined yields, in one version,

The next step is to label the junctions according to
Table 1 and assign symbolic specifications:
TABLE 1
Name

Junction

ELL

A

ARROW

A

FORK

A

TEE

Table 1 identifies the ELL junction as any junction
of two straight lines specified by some formula which
defines the coincidence of any two of their end points.
ARROW designates any three-line junction, likewise
appropriately specified, in which there are two lines
such that for each of these, the other two lines are on
the same side of it. TEE denotes any three-line junc
tion with two of its lines collinear, and FORK—any
three-line junction that is not a TEE or an ARROW.

ARROW
%

ELL

ELL II
ARROW
Fig. 3

Table t assigns to each junction a structural descrip
tion in terms of Figs. 2 and 3. Each formula groups
the labels of the neighbouring regions and that of the
boundary line between them.
TABLE 2
Junction

a/d

C/F

b/e

c/f

•a/d

A/D

ELLj

(A/D,B/E,a/d),

(B/E,C/F,b/e) -

ARROWj

(A/D,B/E,a/d),
(C/F,C/B,b/e)
(C/F,B/E,b/e),
(C/F,A/D, a/d)
(A/D, C/F,a/d),

(B/E,C/F,c/f),

ARROWjj
ELLjj
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Formtiia

(B/E, C/F, c/f),
(C/F,B/E,b/e)
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In Stage II, junctions are mapped into corners by
rules tabulated below. Each corner is defined by three
edges and three surfaces; visible planes and edges are
designated for each corner by the first character in the
pair (A',a',B',b' . . .) and invisible planes and edges by
the second character (D'jd'T^e' . . .). Edges are
designated as convex, concave, depending on the man
ner in which they relate pairs of surfaces; an edge is
hind if one of its surfaces is invisible. Every edge is a
boundary set of two surfaces; also, every edge relates
two corners.
The above conditions restrict the recoverable threedimensional scenes to objects whose corners have only
three surfaces, all of which must be plane.
TABLE 3

PICTURE

TABLE 4
Legaliy-Adjacent Edge-Pairs
(ELLj)

edge
a'

=> (1) convex B'D'a' convex
hind
B'A'a' hind
=> (2) concave A'B'a' convex
hind
=> 0) convex D'B'a' concave
hind
A'B'a'

la
3a
10b
lib
7c
8c

B'F'b' convex
B'C'b
B'F'b concave
B'C'b'
B'C'b' concave

(ELLtt)

D'F'f'
F'D'f'

—

12b
4c
5c

9a
9b
9c
10a
10b
10c
11a
lib
11c
12a
12b

8b
12b
8c
—

9b
9c

—

6b
6c
7a
4b
—

8a
4b
—

7a
3b
5b
8b

12c

—

bining those compatible sets of surfaces above which
share a common edge:
<Set 1, Set 4>
<Set 2, Set 6>
<Set 3, Set 5>

2. Superset 1.
Superset 2.
Superset 3.

B'D'a' convex C'E'b' convex
hind
B'A'a' hind
C'B'b'
=> (5) concave A'B'a' concave C'B'b' convex
=> (6) convex A'B'a' convex B'C'b' concave

8a
8b
8c

D'F'f

ARROWj;
=> (4) convex

7c

—

5c
6a
6b
6c

ELLj

7b

10a
12a
lb
2b
4c
5c

—

5a
5b
edge
c'

—

4a
8b
12b

4c

edge
b'

(ARROWn) 7a

—

4b

SCENE

4a
7b
5a
7b

3c
(ARROW,) 4a

CORNER
JUNCTION

la
lb
lc
2a
2b
2c
3a
3b

B'C'c'
B'C'c'
B'C'c'

ARROWj!
F'B'b' convex
=> (J) convex C'D'a' convex
hind
C'A'a' hind
C'B'b'
=> (8) concave A'C'a' concave B'C'b' convex
=> (9) convex A'C'a' convex B'C'b' concave

B'C'c'
B'C'c'
B'C'c'

ELLn
convex C'D'a' convex E'C'b' convex
hind
C'A'a' hind
B'C'b'
=> (11) concave A'C'a' convex C'E'b' concave
hind
C'B'b'
=> (12) convex D'C'a' concave C'B'b' concave
hind
A'C'a'

=> (10)

D'E'f'
E'D'f'

Stage III consists in deriving sets of compatible sur
faces from among the options provided in Table 2 and
the representation of these surfaces in ring-structures.
Each edge specification in Table 2 is compared with
every other specification of the analogous edge and
matching specifications are listed in Table 3 (see Table
4).
Fig. 4 represents contents of Table 3 in the form of
ring structures. The conventions used to portray nodes
1-12 are self-evident. We are now able to derive com
patible sets of three-cornered surfaces:
1. Set 1.
Set 2.
Set 3.
Set 4.
Set 5.
Set 6.

<la,
<2a,
<3a,
<10a,
<11 a,
<12a,

4a>
5a>
4a>
7a>
8a>
7a>

<lb,
<2b,
<3b,
<10b,
<llb,
<12b,

7b>
7b>
8b>
4b>
4b>
5b>

<4c,
<5c,
<4c,
<4e,
<4c,
<5c,

ARROW

D'E'f'

7c>
7c>
8c>
7c>
8c>
7c>

c

b

ARROW

c

TO)

c

11

c- -

;i2)

b

c—;

Finally, Stage IV consists in the derivation of com
patible supersets which generate opaque solids by com
The Australian Computer Journal, Vol. 2, No. 4, November, 1970
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These account for the following three interpreta
tions of Fig. 1:

Superset 1

Superset 2

Superset 3

Fig. 5

There is no doubt that difficulties will be encount
ered in implementing the algorithm, particularly at
Stage 1. One obvious problem may be pointed out:
the ELL junction in the Guzman-Clowes scheme has
only two regions A/D and B/E; the scene interpreta
tion of a corner exhibited by:

which represents convex edges a', b' and a concave
edge c', requires the specification of the invisible sur
face complementing A' along a' as well as the speci
fication,1 of the analogous surface along b', i.e., at least
three surfaces are required for its specification. The
present ftext partly removes this difficulty by requiring
each line to form a boundary segment of a distinct re
gion; the ground planes, however, of superset represen
tations iin Fig. 5 are not shown as bounded by a single
invisible edge f' since that edge cannot be extended
between the corners represented by ELLr and ELLIt
without the specification of yet another plane.
176

B. Each of the four stages described in Section A
puts out a description on a distinct level. The first
represents an account of a picture in terms of a set of
formulae (e.g., those in Table 2) which specify its
regions, lines and junctions; the second level involves
the description of corners (1-12, in Table 3), in terms
of edges, convexity/concavity relations and partially
specified invisible surfaces (hind). The third level pro
vides an account of surfaces in terms of compatible
sets of corners (i.e., corners mutually related by com
patible edges), and the fourth—a spatial account of
certain solids in terms of their sides, corners and
ground planes. Clowes’ model thus provides us with a
powerful analogy with natural language: the various
accounts of the pyramid on the level of opaque solids
(supersets) constitute a set of “readings” in the sense
of Katz or interpretations constructed on the single
representation of a pyramid on level 1, i.e., as a pic
ture or a sentence (or segment of discourse). The
model is that of referential semantics for a picture
grammar, though Clowes is not concerned to relate
levels one to four in his system to whatever levels of
assembly may underlie die “surface structure” in
Fig. 1 and the essential question whether the recovery
of some “deep structure” of the picture is essential to
the operations of classifying and designating the repre
sentation of the polyhedron in Stage I is implicitly
answered in the negative. While the most recent lexi
calist models of language reduce semantic interpreta
tion to syntactic operations on lexical items specified
with a finite but extremely large set of semantic
features, the model proposed by Clowes requires from
the syntax of language a gross classification of surface
structures into elements and relations, reminiscent of
I.C. analysis. The system mapping these into referen
tial equivalents and ultimately into readings is inde
pendent of both language and pictures but presumably
allows the structural descriptions put out at levels 2-3
and the steadings pub out a level 4 to Jbeldiranslated
into linguistic or pictorial representations Kby some as
yet unspecified procedure. One test of Clowes’ model
lies obviously in the assessment of the adequacy of the
parsing system constituting Stage I but this is exclu
sively an issue for picture grammar and we shall not
pursue it here. Instead we turn to some of the conse
quences of the proposed semantic model for language.
C. _ The first consequence of the model described is
that just as the structural descriptions in the referen
tial domain (i.e., on levels 2-4) do not employ pictures
of lines or junctions (though in their present form these
specifications are clearly inadequate and provide only
rough guidelines for implementation), these same des
criptions would be equally independent of lexical items
in the grammars of natural languages. The second
consequence is that the model predicts the partial inter
pretation of any object on a number of referential
levels. The former ties-in reference with grammar but
sets it up as an independent component; the latter
affects profoundly our understanding of paraphrase and
inferential relations in natural language.
An integrated model expressing the relations between
the domains of language and pictures respectively, and
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— mapping

Parser
Partial
Representations

mapping

Structural
Description

Parser
Partial
Representations

sentence

The ell junction
has convex edges

Specification
of object
primitives

II
PICTURE
GRAMMAR

-S-5>

LANGUAGE
GRAMMAR

Specification
of
components

Specification
^— P —
objects

the domain of reference, is proposed in Fig. 7. The
generation of readings for pictures and sentences is
assumed to follow a parallel path “through” the referen
tial system recovering the successive accounts of the
“assembly” of the object, with partial interpretations
becoming “available” via the respective grammars at
each level.
For language alone, the path would begin with the
derivation of the structural description of some sen
tence or segment of discourse descriptive of, say, a
polyhedron by a parser such as that described by
Thorne (1968), the description constituting the input to
the specification of object primitives in Stage II which
in turn would put out formulae analogous to those in
Table 2. The representational output of this stage
would consist of sentences describing object primitives
in terms of their parts and relations. The output of the
next level would consist of component specifications
and partial representations in the form of sentences
describing object components. Finally, readings of
entire objects would be derived and mapped into sen
tences resembling those produced by the semantic
system of Katz or sets of such sentences.
The modeF accounts for our ability to choose the
most appropriate domain for the expression of a read
ing so that, in general, we do not attempt to repre
The• Australian Computer Journal, Vol. 2, No. 4, November, 1970

This surface
has covex edges
__cjsand three cor
ners

The polyhedron
has 5 convex edges
which relate 3
surfaces...

sent figures in plain or solid geometry in language but
prefer to do so via a graphic display. Furthermore,
the model preserves the Chomskian competence aspects
of language insofar as any fragmentary output from
the structural description level “activates” the entire
referential network. In this way, it also accounts for
certain well-known phenomena in natural language
that pose insurmountable difficulties for the current
theory. One example in this area is the Gestalt-like
transformation of certain lexical items when their func
tion alters as a result of some “shift of focus” to a dif
ferent referential level. Thus, when we discuss the
construction of a triangle, we talk of joining three lines
or line segments-, once a triangle has been constructed
we somehow naturally redesignate line segments as
sides and, as long as the notion of the triangle persists,
i.e., a triangle can be recovered from the picture’s
elements (e.g., even when the sides do not actually
join) we continue to employ the term side. We revert
to line segment when they once again assume a random
or parallel orientation. On higher levels of reference,
it “makes no sense” to discuss cubes in terms of line
segments rather than edges and walls rather than sur
faces, or to discuss boxes in terms of surfaces rather
than walls, etc. The model proposed in Fig. 7 enables
us to postulate that the level at which a set of readings
177
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is actually predicted for the given input sentence is one
specified in the first place by the lexical items and rela
tions into which it has been analysed. Thus, sentences
about lines, points, coincidence relations, junctions,
regions, etc., would produce readings on the level of
plane geometry (or below, for partial descriptions),
while sentences about polyhedra and their components
—on the level of opaque solid geometry.
D. The theory of generative grammar assigns surface

structures into paraphrastic sets on the principle that
all members of each such set are derived from a single
deep structure by the application of post-lexical trans
formational rules.
No paraphrastic relation, for
example, could be assigned over a pair of sentences:
3. (i) An apple is in the box
(ii) The box contains an apple,
because no single deep structure can be assigned to
both members of this pair. To reverse the situation on
the syntactic level, one would need either a feature on
in or on contain which would trigger-off a pre-lexical
transformation, or a near-surface transformation selec
tively converting certain be in substructures into con
tain substructures, with the attendant difficulties for
recoverability.
Both solutions furthermore pose
serious difficulties for the criterion of generality of
grammar rules. Note that the current model of English
(Jacobs and Rosenbaum, 1968) treats dh in as a feature
on nouns yet provides no mechanism by which the
required structure:

Conclusions

4. [ [the apple] [Pres [be [the box . . . ± zn]]]]
S NP
VP COP NP
could be generated in the base.
Despite this, the pair 3. (i) and (ii) clearly addresses
itself to the same underlying fact in the reference'
domain where the objects apple and box are connected
on some functionally specified scene level by the spatial
relation in.
There is an erroneous impression abroad that the
semantic theory of Katz enables us to specify the
reciprocity relation between in and contain in the
semantic markers1 of these words and that, accordingly,
a mechanism is available for tne recoverylof the single
fact underlying the two sentences. In reality, the speci
fication of reciprocity in this sense would have to rest
on an empirical justification for it and until some
formalism for the generation of semantic markers is
proposed which makes explicit such a justification, the
issue cannot be resolved. Far more importantly, how
ever, Katz’s semantic theory is entirely unconcerned
with the only mechanism by which the unity of the
unde|lying fact could be exhibited, namely, sentence
synonymy. This follows directly from two causes: the
restricted nature of the syntactic model which “sup
plies” the semantic component with logic-interpreted
deep structures “one at a time”, and the concern with
semahtic rather than referential interpretation. The
problem has an analogy in the picture grammar where
the representations of the single fact underlying 3. (i)
and (ii) might take the form:
178

respectively. Here, the equivalents of logical subjects
in 3. (i) and (ii) are outlined boldly to provide empha
sis. In some pictorial analogue of Katz’s semantic
theory, the readings put out for each member of the
pair 5. could not be considered “versions” of a single
fact. The integrated model proposed here introduces,
however, an additional “dimension” of description in
the form of an algorithm which accounts for the “con
struction” of the situation underlying 5. This reference
domain algorithm not only relates the two pictures to
a single fact but has obvious implications for other
areas of artificial intelligence which involve tests for
paraphrastic relations.
The paper puts forward a hypothesis that the model
employed by Clowes (1970) to account for the referen
tial semantics of two-dimensional pictures can be
utilised in the design of artificial intelligence systems
which require pictures and language to interact. The
element governing representation at various levels of
“understanding” is the referential system which
recovers the structure of an object from its linguistic
or pictorial manifestation.
Insofar as the proposed model admits representa
tional inputs and outputs which span segments of con
nected discourse, it embodies a competence to re
construct the facts underlying complex representations
by analogy, deductive logic and inference.
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Statistical Techniques for
Simulation Models
•j*

By

A. J. Bayes
The paper discusses the application of statistical techniques in simulation modelling to
estimate the precision of estimates and to increase the precision of estimates for a given run
length. Topics discussed are: the effect the autocorrelation on the precision of estimates; the
use of correlated and antithetic sampling techniques to improve the precision of estimates; the
application of importance sampling in simulation; the changes needed in simulation languages
and their compilers to incorporate the techniques. The methods are illustrated with
numerical results obtained by applying them to the simulation of a single server queue.

Introduction

When a simulation program is run on a digital com
puter, repeated observations are made of the variables
under study. At the end of the run, the observations
are processed and the results are printed. In stochastic
models (which we are concerned with in this paper)
the observations on a variable may be regarded as
sampled values of a random variable, and we may
expect that statistical sampling theory can be applied
to maximise the efficiency of the sampling technique
and to estimate the precision of statistics derived from
the observations. Unfortunately, statistical tests are
not used in simulation as often as they should be, and
there is no doubt that most simulations yield results of
far less accuracy than their authors believe. Much of
the fault for this lies with simulation languages.
Commonly used languages do not automatically collect
statistics that would enable the precision of estimates
to be calculated, and they contain no procedural
statements that would enable the programmer to do it
himself in a simple manner. In the opinion of the
writer, reform of simulation language design and
implementation are long overdue. Proposed changes
are discussed later in the paper.
The statistical formulae used in the, paper are found
in, or are simply derived from, the material in most
text books on elementary statistics, such as Moroney
(1958) or Brunk (1965). Much of the material
presented here is not new, but it is not as widely
known, in a simulation context, as it should be. It is
presented in the hope that wider dissemination will
lead to an improvement in the level of simulation
practice.
The plan we follow is to describe a technique and
illustrate it with numerical results' from a simulation
run. Unless otherwise stated, the process modelled is
a straightforward single server queue with random
arrivals, and service time with negative exponential dis
tribution. The mean inter-arrival time is 1.25' time units,
and the mean service time is 1.0 time units. Thus the
server utilisation is 0.8. Themodel was chosen because
theoretical results are well known (Martin, 1967). We
call this the standard queue. The variables being

observed are the time waiting for service and the queue
size. Results are quoted on the basis of run length of
1000 arrivals when studying wait time, or 1250 time
units when studying queue size. Each run was replicated
100 times. Each statistic is quoted with a mean and
standard deviation based on the replications. To ensure
independence, one hundred observations were thrown
away between each group of 1000 observations. Thus
the results quoted are based on the simulation of
110,000 arrivals. In the model, the inter-arrival times
and service times are each generated using a separate
stream of pseudo-random numbers. The streams were
tested for independence. A negative exponential dis
tribution was derived by the transformation —LOG (u),
where u is uniform in the interval (0, 1).
Analysis of Autocorrelation

Many variables in simulation models show a high
level of autocorrelation, that is, an observation is
positively correlated with the successive observation on
the variable. For instattce, if the i-th arrival at a queue
has an abnormally high wait time, then probably the
(L'-p l)-th arrival also has an abnormally high wait
time. When autocorrelation is present, we would
expect that each observation yields less information
compared with independent observations, and that
more observations would be required for a given pre
cision of estimate of the mean value. This is indeed
the case. /
_
_
n
Let Xi be a sequence of observations. Let nx — S Xijn
1—1

be the mean of n observations. Let p(j) be the correlation
of the sequences x{ and xi+h i = 1,2,.... Then it can be
shown that
var (nx) = var (x) (1 + 2 .27 (1 —j/n) PQ)}/n

(1)

where var is the variance.
It is often inconvenient to calculate the higher
autocorrelation coefficients. If we assume that,
approximately
p(J)

= (P(l))3'

(2)

* IBM Systems Development Institute, Canberra, Manuscript received July, 1970.
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then for large n we can, without introducing much error,
replace
Z (1 — jin) p(j)
by
CO

* kw = p(i)/(i - p(i))
j-1
We can then replace equation (1) by the following
equation
var (nx) = var (x) {(1 + p(l))/(l - P (!))}/« (3)
The expression in {} equals 1 for independent xt. It is
the increase in variance of nx due to autocorrelation.
An insight into the meaning of equation (2) can be
gained from the following model. Let z{ be a sequence of
independent identically distributed random variables,
let x0 be given and let xi+1 = xxt + z<. Then it can be
shown that E(xj) -> E(zi)j(\ — a2), that equation (2) is
true for the sequence xh and that p(j) = a3.
For continuous variables the analysis of auto
correlation is replaced by spectral analysis. This is
beyond the scope of the paper. An account is given
by Fishman and Kiviat (1967).
Example: The first 100 autocorrelations were calcu
lated for the wait times for the standard queue.
Table 1 shows, for selected values of j, the estimate
of P (j), the standard deviation of the estimate of p (j)
for 1000 observations, and p (l)1. The second column
is included purely as a guide to the precision of the
first column. The figures show that the assumption
equation (2) is quite good for small values of j. For
large values, it causes the autocorrelation to be under
estimated.
Table 2 shows other values from the simulation. In
interpreting these figures, it should be remembered that
whereas the mean values are the mean of 100,000
TABLE 1
AUTOCORRELATION VALUES—STANDARD QUEUE

j

p(j)

1
2
3
4
5
6
7
8
9
1015
20
30
40
50
60

0.9447
0.8952
0.8494
0.8068
0.7664
0.7288
0.6931
0.6606
0.6296
0.6004
0.4794
0.3829
0.2356
0.1423
0.0848
0.0459

st. dev. of
P(j)
0.0259
0.0480
0.0680
0.0859
0.1023
0.1165
0.1294
0.1394
0.1485
0.1557
0.1801
0.1916
0.2056
0.2009
0.1878
0.1754

K1)J

0.9447
0.8925
0.8432
0.7966
0.7525
0.7109
0.6716
0.6345
0.5994
0.5663
0.4261
0.3207
0.1816
0.1028

0.0582
0.0330

TABLE 2
STANDARD QUEUE STATISTICS

statistic
X
var (x)
var (iooox) using eqn.(l)
var (iooox) using eqn.(3)
1000

mean

st. dev

4.0142
21.5468
1.3848
1.0948

1.2281
13.9866
2.1025
1.5737
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observations, the standard deviations describe samples
of 1000 observations. Thus the standard deviations
of the means quoted is one-tenth of the quoted stand
ard deviations.
Table 2 shows that equation (1) and equation (3)
both estimate the variance reasonably well. The vari
ance of the mean, obtained by replication, is 1.2282
= 1.508, which is quite close to 1.0948 and 1.3848.
The approximate formula underestimates the variance,
because it underestimates the autocorrelation for large
values of j. The value for the variance of x, 21.5468,
shows clearly the effect of autocorrelation on the pre
cision of the estimates. If the x were independent then
the estimate of i0oox would have a variance of 0.0215.
Autocorrelation requires the run length to be increased
by a factor of 50, to achieve a given precision of
estimate.
The high standard deviation in the estimates of the
variance shows how inadequate 1000 observations is
for an estimate of this statistic.
Importance Sampling

In simulations it is frequently required to investigate
the occurrence of rare events. The rare event may be
an overload or other extreme condition. For instance,
in the design of a computer message switching system,
the amount of space that is allocated in core for a
queue of messages will depend on estimates of the
proportion of time that the queue size exceeds some
relatively large value. Since the value is exceeded
rarely, the proportion of time that the queue size
exceeds the value is small. Using conventional simula
tion techniques, to estimate this proportion of time with
a high proportional accuracy ’requires a very long
simulation run. Restating this mathematically, we
define a variable w whose value is one when the queue
size exceeds the given value, and zero otherwise. We
wish to estimate E(w), and we want the proportional
precision of our estimate
(real E(w) — estimated E(w))/real E(w)
to be small. If E(w) is small, this demands a very high
absolute precision of estimate, so the run length must
be very large.
An alternative method is to take more samples when
the queue size is large. The results can be scaled
appropriately. We would expect this to reduce the
number of samples we require for a given precision of
estimate, that is, to reduce the run length. The tech
nique is known as importance sampling.
The application of importance sampling in simula
tion is best described by a simple example, which we
can later generalise. Suppose we wish to estimate the
proportion of time, that the queue size q ^ 15. Then w
is equal to 1 whilst q > 15, and zero otherwise.
Consider the following scheme.
1. Set variables VI and V2 to zero.- Start the simu
lation with q < 10.
2. Run the simulation until q = 10. Add the elapsed
time to VI.
3. Preserve all the state variables, that is, the vari
ables which define the state of the system, in a
location C.
4. Simulate from C until q drops below 10. Add
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i of the elapsed time to VI, and £ of the time that
w = 1 to V2.
5. Repeat step 4 to a total of 4 times.
6. Continue the simulation from the state reached at
the end of the fourth execution of step 4. Add the
elapsed time to VI.
7. Whenever q reaches 10, repeat steps 3 to 6.
8. At the end of the run, use V2/V1 as an estimate
of E(w).
This scheme concentrates sampling in the region
q ^ 10. By replicating that part of the run for which
q > 10, we obtain several samples from which to
estimate the duration of a long queue, whilst adding
only a small proportion to the duration of the run. We
call q = 10 the importance boundary, and 4 the
importance factor. Two generalisations are immediate.
Firstly, we can construct a number of importance
boundaries, each with its own importance factor.
Secondly, we can choose any reasonable function of
the state variables to define an importance boundary.
The main constraint is that two importance boundaries
must never intersect.
Any statistics that are collected, whilst the simula
tion is in a region influenced by an importance factor,
must be scaled down by the importance factor. For
instance, in the example described above, if wait times
are being collected, and an item starts service at a time
when the queue size is greater than 10, then only onequarter of an item should be recorded as having the
given wait time. In a region influenced by several
importance factors, the statistic is scaled down by the
product of the importance factors.
It is not clear how to use importance sampling
simultaneously with the other techniques described in
this paper, and further research is needed.
The
optimum choice of importance factors and boundaries
would also repay further study.
Example: The standard queue was simulated for
100 replications of 1250 time units. This duration was
chosen to correspond to an average of 1000 arrivals.
The proportion of time for which the queue size
q > 20 was calculated. For 1250 time units the mean
was .01097 and the standard deviation 0.0279. In 64
of the replications the queue size remained less than
20.
The standard queue was simulated again with
importance boundaries for q = 3, 6, 9, 12, 15, 18, 21.
The importance factor was 2 at each boundary. Each
of 100 replications was simulated for 1250 simulated
time units. (Note that this differs from “elapsed” time
since the clock is set back when the state variables are
restored.) For this simulation the mean proportion was
.0123 and the standard deviation .0131. In three of
the replications the queue size remained less than 20.
In this example the use of importance sampling
increased',. the precision by a factor of 2, or alterna
tively, reduced the required run length by a factor of 4.
Queueing theory shows that the true value of the
estimate is about 0.0092.

variable being observed. It can happen that we wish
to estimate the difference E(x) — E(x') in the means.
A reason might be that A and B represent alternative
courses of action whose relative merit is required.
For instance, we may wish to estimate the difference
in expected wait times in a queue, for two different
service time distributions representing two service
mechanisms. Another reason might be that E(x) is
known and E(x') is required. If E(x) — E(x') can be
estimated with greater precision than E(x') can, it will
be worth while to compute E(x') from the known E(x)
and the estimated E(x) — E(x'). If the simulation runs
of A and B are arranged so that the sequence x is
positively correlated with x', then in the right circum
stances the sequence yi = Xi — x'i exhibits statistical
properties which allows E(yO = E(x; — x'O =
E(x) — E(x') to be estimated to a given precision with
fewer samples than is required to estimate E(x) or
E(x') from their sequences. The technique is known
as correlated sampling.
For x to be positively correlated with x' it is usually
necessary to sample each process in the simulation
using a separate random number stream, and to use
the same starting seed for equivalent streams in A and
B. The precision of y is estimated using auto
correlation analysis as described in an earlier section.
Example: The standard queue was simulated. The
mean inter-arrival time was then changed to 1.33333
and the modified model was simulated, using the same
random number seeds. Some statistics for the modified
model are shown in Table 3.
An analysis was performed on the series represent
ing the difference between the series of wait time for
the two models. Some results are shown in Table 4.
The theoretical value of x is 1.0, which agrees well
with the simulated value. The standard deviation of
the estimate is about 40% of the standard deviation
, for the standard queue, and is 60% of the standard
deviation for the modified queue. The figures show
that if, for instance, x is known for the modified queue,
the use of correlated sampling to estimate x for the
standard queue reduces the required run lengths by a
factor of about 3. This number takes into account
the fact that in correlated sampling both models must
be simulated. In Table 4, equation (3) gives a poor
estimate of the variance. This is because the auto
correlation drops off much more rapidly with increasTABLE 3
“MODIFIED QUEUE” STATISTICS
statistic
mooX

var (x)
var Gooox) using eqn.(l)
var (mocX) using eqn.(3)

Suppose we have two simulation models A and B,
which respectively generate streams x and x' of the
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st. dev.

3.0202
13.9345
0.4714
0.5327

0.7778
7.4440
0.5753
0.6146

w
TABLE 4
CORRELATED SAMPLES STATISTICS
statistic
mean
st. dev.
•toooX

Correlated Sampling

mean

var (x)
var (iooox) using eqn.(l)
var (iooox) using eqn.(3)

0.9941
2.5344
0.1906
0.9529

0.5170
3.3562
0.4348
3.0862
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ing j than equation (2) would indicate. A few selected
values are given in Table 5. This demonstrates that
assumptions such as equation (2) should not be made
casually.
Antithetic Sampling

Antithetic sampling is a variation on correlated
sampling. The model B is chosen to be identical to
A. Whenever a random variable u is used in model A,
the antithetic variable 1-u is used in B. The streams
x and x' are often negatively correlated. The function
i(E(x) -j- E(x')) is used to estimate E(x). If the
sequence xs is independent and also the sequence x'i is
independent, then it can be shown that
var(nx + „x') = var(2„x) (1 + P(x, x'))
where p(x, x') is the correlation between the streams x
and x'. If p(x, x') is negative, the precision of the
estimate of E(x) is better than if E(x) is estimated from
a single run of twice the length. In many practical
cases the xi and x'i are autocorrelated. The precision
of antithetic sampling depends on the statistical proper
ties of the variable yj = i(xj -f- x'i). Antithetic
sampling is frequently used because of its simplicity.
In the writer’s experience, estimating the precision is
seldom done.
Example: The standard queue was simulated to give
a sequence Xi of wait times. It was resimulated using
antithetic random numbers to give a sequence x'i.
Table 6 shows statistics for the sequence ys =
Kx, + x'O. The precision of x looks better than for
the simulation of the standard queue. However, it
must be remembered that it results from a simulation
of 2000 wait times. When this is taken into account it
will be seen that antithetic sampling has no advantage
in this simulation.
This example emphasises the lesson that there is no
point using an advanced simulation technique blindly.
The only justification is that in a particular application
it can be shown to increase the precision of estimates.
Simulation Techniques and Simulation Languages

Simulation languages are excellent tools for defining
a simulation model. Generally, they provide poor
facilities for estimating the precision of estimates, and
in no case, to the writer’s knowledge, are routines for
this purpose available as part of the simulation
language. The simulator must write his own routines,
and to do this, must choose, as his simulation language,
a language with good arithmetic capabability. It is of
TABLE 5
AUTOCORRELATION VALUES—CORRELATED
SAMPLING

)
1
2
3
4
5
10
20
40
60

p(j)

0.9760
0.9474
0.9173
0.8867
0.8562
0.7110
0.4810
0.1883
0.0381

st. dev. of
P(j)

PdV

0.0170
0.0350
0.0526
0.0687
0.0838
0.1439
0.2001
0.2268
0.1952

0.9760
0.9525
0.9296
0.9072
0.8854
0.7839
0.6145
0.3777
0.2321
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TABLE 6
ANTITHETIC SAMPLES STATISTICS
statistic
IOOOX

var (x)
var (iooox) using eqn.(l)
var (iooox) using eqn.(3)

mean

st. dev.

4.0611
7.7874
0.4939
0.8243

0.8690
4.8298
0.6398
1.2803

interest to consider the changes that would be required
in most simulation languages, to allow the techniques
to be exploited.
Most simulation language processors collect statistics
on the sampled values of nominated variables, and
print the mean and variance of the samples. It would
be a simple matter to collect further statistics to allow
p(l) to be calculated, and to print an estimate of the
precision of the mean, using equation (3).
A better way would be automatically to preserve the
sequences of observations on disk or tape.
The
sequences could be read back and processed to provide
summary statistics. They would be available to inde
pendent routines for further analysis. For instance, the
user could process the observations for antithetic or
correlated sampling, using routines written in Fortran.
(Some languages would require greater control of the
process of random number generation than is provided
at present.) In the opinion of the writer, this proposal
represents a minimum requirement which all languages
should meet. At a slightly more sophisticated level,
the processor could provide many of these analysis
routines, and the language contain procedural state
ments to invoke them.
To implement importance sampling is more interest
ing.
For most simulation languages, object time
execution proceeds by the repeated alternation of two
phases. In the time advancement phase, time is
advanced to the earliest future event. State variables
remain constant for the duration of the time increment.
In the activities or events phase time remains static,
and the state variables are altered. The source pro
gram is primarily composed of procedural statements
describing the changes desired in the activities phase.
A “snapshot” of all the state variables, taken each time
the time advancement phase is entered, provides full
information on the progress of the simulation run.
This means that the code that implements importance
sampling can be incorporated entirely in the time
advancement phase. With one exception, the code in
the activities need not be altered. The exception is
any statement which collects statistics. Values may
need to be scaled, depending on the current state of
the simulation relative to the importance boundaries.
To summarise the discussion, the following changes
are required.
1. The definition of new control statements to define
the importance sampling required. These are com
piled into code that is inserted into an augmented
time advancement subroutine.
2. Modification of subroutines for collection of
statistics.
•
Both of these changes are quite straightforward.
The logic of the augmented time advancement phase
can be described in a general way as follows.
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1. Advance time to the time of the earliest future
event. Evaluate the importance functions.
2. Has the next higher importance boundary been
crossed? If so, store the state variables, and set a
counter to the importance factor. Reset the scaling
factor used by the statistics accumulation sub
routines.
3. Has the next lower importance boundary been
crossed? If so, reduce the counter by one. If the
counter is zero, reset the scaling factor. Otherwise
restore the state variables.
Conclusion

We conclude by setting out a list of hints for writers
of simulation programs.
1. Always compute p(l), and if possible the higher
autocorrelations.
Print out the precision of
estimates.
2. Use correlated sampling to find small differences.
■3. When using antithetics, print out the correlation
between the two streams (at the very least).
4. Use importance sampling for rare events.
5. Justify the use of the techniques, using estimates of
the precision of estimates.
6. Always preserve the value of the state variables,
including the random number seeds, at the end of
the run, in case you wish to continue it later.
7. Write to your supplier of simulation languages and
ask him to incorporate the techniques in his
product.
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T. J. Schriber, Fundamentals of Flowcharting. John Wiley &
Sons) Australasia Pty. Ltd., pp. vii -f- 124. Price: $7.30
cloth) $5.20 paper.
. .
It is possible to identify three basic types of flowcharts;
configuration, data and program flowcharts. This book is
limited to program flowcharting. No other type is considered.
The author points out that to use a computer as a problem
solving tool one must first formulate problem-solving pro
cedures and then communicate these procedures to the com
puter so that it can execute them. He shows how flowcharts
can represent such procedures in a language independent form.
184

The book is intended to form part of a course on program
ming. The reader is introduced to elementary'programming
concepts which are painstakingly and well demonstrated with
useful examples. FORTRAN conventions are used for illus
trative purposes.
The use of flowcharts as a means of communicating pro
cedures to other interested persons is not enlarged on. The
author uses his own conventions and the value of the book to
both student and teacher would have been enhanced if I.S.O.
standard flowchart symbols had been employed.
D. REITH
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ISO/TC 97/SCI (Seer. 79) 166 F/E
Title: Vocabulary of Data Processing, Section 11, Pro
gramming Techniques.
Date: April, 1970.
No. of Pages: 32.
Abstract: Draft proposal submitted to the vote of Sub
committee TC 97/SCI members covering the section of
the Vocabulary on Programming Techniques. For
reference, the first working document was headed
SECTION K under Document No. ISO/TC 97/SCI
(Seer. 50) 108 F/E of November, 1968.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC 97/SCI (USA-23) 168E
Title: First Working Document, Section 16, Component Units
of Control, Input and Output equipment.
Date: February, 1970.
No. of Pages: 10.
Abstract: A first working document on Section P of the
IFIF/ICC Vocabulary of Information Processing for the
ISO Vocabulary. This document merely reproduces
definitions from the IFIF/ICC Vocabulary, and gives the
additional terms for which definitions will be required.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC 97/SCI (Seer. 82) 171 F/E
Title: Vocabulary of Information Processing, Section L—
Instructions-Proposals for Corrections and Additions to
Document 97/1 M144.
Date: March, 1970.
No. of Pages: 5.
Abstract: Self explanatory from the title.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC 97/SCI (USA—24) 174
Title: Vocabulary of Data Processing, Section 17, Component
Units of Arthimetic Equipment.
Date: March, 1970.
No. of Pages: 13.
Abstract: This is the first working document on Section 17
of the Vocabulary paralleling Section Q of the IFIF/ICC
Vocabulary but with additional entries and terms t for
which definitions have yet to be made. It is noted that
this section will be heavily dependent upon completion of
Section 3 of the Vocabulary, since it relys upon many
terms in Section 3 for the definition of terms in Section
17.
Index: Vocabulary, Glossary, Dictionary.
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ISO/TC 97/SCI (USA 25) 175E
Title: USA Member Body comments on the first working
document on Section 12 (L), Instructions.
Date: March, 1970.
No. of Pages: 13.
Abstract: As the title suggests, comments on Document
ISO/TC 97/SCI (Seer. 67) 144 F/E have now been given.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC 97/SCI (USA 26) 176E
Title: Vocabulary of Data Processing, Section 25—
Miscellaneous Applications of Data Processing—
Operations Research.
Date: March, 1970.
No. of Pages: 3.
Abstract: This is a working document based on Documents
97/1/1 N2 and 97/1 N149 which contained terms in
operations research which were originally proposed for
inclusion in Section 01 of the Vocabulary.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC 97/SCl (U.K.-4) 178E
Title: Method of typing and type setting the Entries in the
ISO Vocabulary.
Date: April, 1970.
No. of Pages: 4.
Abstract: This Document covers a proposal by the British
Standards Institution for the final form that might be
used in a published version of the Vocabulary.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC/97/SC1 (USA-27) 179-E
Title: Automated Edition of the Vocabulary.
Date: April, 1970.
No. of Pages: 20.
Abstract: This document describes the USA proposal for
automating the clerical editing and re-writing of the
English-language text of the completed sections in the
ISO Vocabulary.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97 SCI WG1 (Seer. 3) 4-E
Title: Preliminary Report of the Secretariat of Working
Group 1 (Vocabulary Maintenance).
Date: February, 1970.
No. of Pages: 2.
Abstract: The Sub-Committee for the establishment of a
Vocabulary of Data Processing has set up a Working
Group to maintain in up-to-date condition the completed
sections of the ISO Vocabulary of Information Processing.
Index: Vocabulary, Glossary, Dictionary.

Expert Group SC2
DOCUMENT ISO/TC97/SC2 Doc. 422
Title: Character Sets for Parallel Data Transmission.
No. of Pages: 4.
^
Abstract: This question has been referred to SC2 from SC6
in response to CClTT request (their recommendation
V30).
This concerns the allocation of character codes to the
basic structure of three groups of 4 frequencies each.
They anticipate the following needs:
1. 16 character set using 2 groups of 1 out of the 4
frequencies.
2. 64 character set using the 3 groups with 1 out of 4
frequencies.
3. 256 character set using two half-characters from 16
character set above identified by an additional timing
channel from the third group.
SAA Action: For information and comment from interested
parties.
DOCUMENT ISO/TC97/SC2 Doc. 407
Title: Report of 6th Meeting of ISO/TC97/SC2—Character
Sets 'and Coding.
No. of Pages: 10.
Abstract:: This report represents the latest thinking of this
ISO/Sub-Committee.
1. Representation of decimal numbers in packed numeric
forms—further work required on delimiters, etc., and
request for working paper contributions.
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2. 7-bit Code on punched cards—editorial changes
accepted and being processed.
3. Magnetic Tape Labelling—editorial changes to be
made.
4. Coding of MICR and OCR—additional changes to be
made to Doc. 346.
5. Graphical Representation of Control Characters—
additional changes to be made to Doc. 390.
6. 8-bit pattern on punched cards—editorial changes to
be made to Doc. 387.
7. Amendment of R646—working papers are requested
to resolve the #, £, —,$ situation.
8. Code Expansion—working papers are requested on
8-bit code assignments.
9. Code Extensions—editorial changes to Doc. 371.
Working papers on the use of Escape sequences.
SAA Action: For discussion by MS/20 Expert Group SC2.
DOCUMENT ISO/TC97/SC2 (Japan-9) 418

Date: February, 1970.
Title: Japanese Comments on Doc. ISO/TC95 N208.
No. of Pages: 1.
Abstract: Recommends joint action to ensure uniformity in
graphics representing format control functions.
Action: Information.
DOCUMENT ISO/TC97/SC2 (Japan-8) 417

Date: December, 1969.
Title: Consideration of KANJI Character Set and its coding.
No. of Pages: 7 + 2 diagrams.
Abstract: Description of the handling of Japanese ideographic
characters using 6- and 7-bit code.
Action: Information.
DOCUMENT ISO/TC97/SC2 (U.K.-23) 416

Date: December, 1969.
Title: A U.K. Contribution concerning the amendment of
ISO/R646.
No. of Pages: 4.
Abstract: The U.K. proposes that $ and £ be made the
characters primarily assigned to positions 2/3 and 2/4
of the ISO 7-bit code, while recognising that in some
applications alternative symbols may be required.
Action: Information.
DOCUMENT KO/TC97/SC2 (USA-54) 415

Date: December 1, 1969.
,
Title: Working Paper for the Assignment of Characters to
Columris'8 thru 15 ofr 8-bit codek
J JV
No. of Pages: 8.
,
Abstract: Lists criteria with a preliminary weighting factor,
suggests a set of graphics and discusses the11 classes of
controls for a preferred primary set.
Action: Information.
DOCUMENT ISO/TC97/SC2 (Sec. 136) 414

Date: January, 1970.
Title: Draft ISO Proposal on Classes of Three-Character
Escape Sequences.
No. of Pages: 6 + 2 diagrams.
Abstract: Describes the format and use of those three
’ ^ character Escape sequences presently defined for ISO/R
646, 7-bit code and their application in 7- and 8-bit
environment.
Action: Submitted to ISO members for approval.
DOCUMENT ISO/TC97/SC2 (Sec. 135) 413

Date: January, 1970.
Title: Second Meeting of SC2 Experts Group. 1.
No. of Pages: 12.
.»'
Abstract:
(a) Produced draft form on which proposal for Escape
Sequence can be submitted to the Registration
Authority.
(b) Ball for National Bodies to submit “Escape Sequence”
details as per 97/2 N410.
(c) Escape Sequence notation.
(d) Terms of Reference on Registration of Escape
Sequence.
(e) Selected set of Additional Controls based on ECMA
TC 1/69/66 and ANSI X3. 2/893.
Action: Information.
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DOCUMENT ISO/TC46/(USA-7) 896
Date: June, 1969.
Title: Bibliographic Information Interchange on Magnetic
Tape (USAS Z39.2—1969).
No. of Pages: 65.
Abstract: Describes standard for Information Interchange
developed under sponsorship of the Council of National
Library Association (USA).
Defines:
Tape Standards Assumed
Terminology
Physical and Logical Record Sizes
Record Layouts and contents
Fixed and Variable Control and Data fields.
Appendix A (not part of the standard) describes how the
standard is to be applied in general and in specific
cases in the US National Library community, and
the preliminary guide-lines for implementation by
the Committee on Scientific and Technical Infor
mation (COSATI).
SAA Action: ‘P’ and ‘O’ members of TC97 are invited to
comment on pages 43 thru 46—“Extended ASCII
Character Set for Roman Alphabet and Romaniser
Non-Roman Alphabets”.
DOCUMENT ISO/TC97/SC2 (Sec.-137) 419
Date: February, 1970.
Title: Registration of Escape Sequences: Interim Procedure.
No. of Pages: 3.
Abstract: Presents an interim form of application for the
registration of required Escape sequences.
Action: Information.

Expert Group SC4
DOCUMENT ISO/TC 97/SC4/GT2 (France-9)
Title: French Contribution—Punched Card Vocabulary.
Abstract: This document contains a list of terms used in
connection with punched cards and provides a precise
definition for each of these.
The Standards Association suggests that the subject matter
of the document be indexed under the following terms:
Punched Cards—Vocabulary
Vocabularly—Punched Cards.
DOCUMENT ISO/TC 97/SC4/GT5 (France-1)
Title: French Contribution—Magnetic Tape Terminology.
Abstract: This document contains a list of terms used in the,
field of magnetic recording with definitions for some of
these. It is not intended at this stage to be a vocabulary,
but merely a list of terms which should be established
prior to providing precise definitions for all these.
The Standards Association suggests that the subject
matter of the document be indexed under the following
terms:
Magnetic Tape—Vocabulary
Vocabulary—Magnetic Tape.
DOCUMENT ISO/TC95/SC14 (ECAM-4)
Title: Contribution by European Computer Manufacturers
Association (ECMA)—Standard Keyboards.
Abstract: This document which is the draft ECMA Standard
for keyboards implementing the characters of the ECMA
7-bit coded character set, is extremely comprehensive
and defines keyboard layouts for use in conjunction with
computer data processing. The document provides
definitions of terms, and specifications for two types of
keyboard, those, for exclusively numeric data, and those
for al. hanumeric data. The Standard allows for differing
special characters arising in various languages.
The Standards Association suggests that the subject matter
of the document be indexed under the following terms:
Keyboards.
DOCUMENT ISO/TC95/SC14 (Secretariat-21)
Title: Keyboard Arrangements, resolutions adopted during
Turin Meeting, March, 1969.
Abstract: This document records the four resolutions which
were adopted during the meeting of Expert Group
ISO/TC95/SC14, during March, 1969, on the subject of
keyboard arrangements. Two of the resolutions define
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keyboard layouts to be adopted as the basis for future
action by the International Standards Organisation. The
first of these is a General Basic Layout, and the second
an International Coded Keyboard.
The Standards Association suggests that the subject
matter of the document be indexed under the following
terms:
Keyboards.
DOCUMENT ISO/DATCO
Title: Draft ISO recommendation for
Writing of Calendar Dates in all numeric form.
Date: 30th October, 1969.
No. of Pages: 2.
Abstract: Specifies the rules for writing dates in all numeric
form signified by the elements of year, month and day.
Recommends dates be written in descending order as
follows:
1969—07—01.
Action Required: To be submitted to ISO member bodies
for approval.
DOCUMENT ISO/DATCO
Title: Draft ISO recommendation for
Numbering of Weeks.
Date: 30th October, 1969.
No. of Pages: 2.
Abstract: Specifies a system for the numbering of weeks
of a calendar year. It designates the day on which a
week begins and defines the first week of the year.
Recommends that
• Monday is the first day of a week.
• The first week of a year is the week containing four
days or more of the new year.
Action Required: To be submitted to ISO member bodies
for approval.

Expert Group SC6
DOCUMENT ISO/TC 97/SC6 (London-23) 330
Title: A Draft ISO Proposal for Complements to the Basic
Mode.
No. of Pages: 14.
Abstract: The proposal defines complements to the basic
mode in the areas of:
1. Additional Recovery Procedures.
2. Abort and Interrupt Procedures.
3. Multiple Station Selection.
SAA Action: For information and comment. Refer also to
Documents 319, 320 and 321 from which the draft pro
posal was prepared at the November, 1969, London
meeting.
DOCUMENT ISO/TC97/SC6 (U.K.-27) 338
Title: Proposal for Connector-Pin Allocations for use with
48 Kilobit per second modems in accordance with
C.C.I.T.T. Recommendation V35.
No. of Pages: 1.
,'t
Abstract: This contribute states that the U.K. and U.S. have
resolved their differences on pin allocation in favour
of the U.S. method. A detailed allocation for termina
tion on a 34 way connecter to MIL-C-22857C is given.
SAA Action: For information and comment. Refer also to
Document 341.
DOCUMENT ISO/TC 97/SC6 (Japan-18) 341
Title: Proposal for connector-pin Allocations for use with
Modems conforming to C.C.I.T.T. Recommendation V35.
No. of Pages: 2.
Abstract: This document proposes a detailed pin allocation
using as a guiding principle that crosstalk interference
between interchange circuits, which transfer high speed
data or timing, should be reduced as far as possiblf.
SAA Action: For information and comment.
DOCUMENT ISO/TC 97/SC6 (U.K.-28) 343
Title: Residual Character Error Rates in Data Transmission
Applications.
No. of Pages: 3.
Abstract: This is a tutorial paper prepared by a B.S.I.
Sub-Committee for guidance to prospective users of
data transmission systems as to the residual error rates
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commonly acceptable in the various classes of data
transmission application. The rates quoted are those
expected from a complete data transmission system
connecting a data source to a data sink, but excluding
human factors such as translation and keying errors.
SAA Action: Nil—for information only.

Short Listing
The following documents have been recommended by
Expert Group SC4 for listing for identification and title only.
ISO/TC 95/SC14 (Germany-2)

German Comments on Document ISO/TC 95/SC14 N 29.
“Resolutions adopted during the ISO/TC 95/SC14 Meeting
(Florence: July 3-5, 1968)”.
ISO/TC 95/SC14 (ECMA-5)

Accented Letters (Keyboard Arrangements).

ISO/TC 97/SC 4/WG 1 (Shizuoka)

A Proposal for the Amplitude Clauses in the ECMA Draft
Standard for Data Interchange on Magnetic Tape 9 Tracks
63 rpm (1600 rpi) Phase Encoded—by Mr. D. I. Williams
(ICL) May 5, 1969.
ISO/TC 97/SC 4/WG 1 (Shizuoka ’69-6)
214 ECMA/TC1/68/84

Memorandum to Users of NBS Computer Amplitude
Reference Tapes issued by the Magnetic Media Measurement
Standards Group of the NBS. November 8, 1968.
ISO/TC 97/SC 4/WG (Japan-2)

ISO/TC 95/SC14 (ECMA-6)

Contribution by ECMA, European Computer Manufac
turers’ Association on Keyboard layouts for Numeric
Applications.
ISO/TC 95/SC14 (ECMA-7)

Contribution by ECMA, European Computer Manufac
turers’ Association on Philosophy of Control Assignment on
Keyboards.
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ISO/TC 97/SC 4/WG 1 (Shizuoka)

Revised USA Proposal for Amending Clauses 10 and 11
of the ISO Proposal for Recorded Magnetic Tape for Infor
mation Interchange 1600 RPI (63 RPmm), Phase Encoded
(Doc. 97/4/1 N184) (Revision of Doc. 97/4/1 N225).

Working paper prepared by the Japanese National Com
mittee of ISO/TC 97/SC 4/WG 4 according to the resolution
No. 4 made at the first meeting of ISO/TC 97/SC 4/WG 4.
ISC/TC 97/SC 4/WG 4 (U.K.-2) May, 1969
Explanatory notes on the Derivation, Description and
Application of the U.K. Proposal for a Digital Input/Output
Interface for Data Collections Systems (Published in U.K. as
BS 4421:1969).
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Confessions of
a disk pack reject
“I’m good. I know I’m good. Almost
everybody says so. And I was sure I
could make it as an RCA Disk Pack.
“The 6-high RCA 506. Some of my
best friends are 506s. And some are
11-high RCA 511s. For disk packs,
either is a goal worth striving toward.
“Anyway, I thought I had it made
when I started my final physical at

RCA. They checked my sense of
balance. Went over my tracks.
Examined the quality of my coating.
Gave me the toughest mechanical and
electrical tests in the industry.
“Those people don’t miss a thing. I
didn’t even get to the final test, a chance
to prove myself on a computer. Seems
I had a slight case of the run-outs.

“What’s a disk pack to do? I’m good
enough to be somebody else’s disk
pack. But all I want to be is an RCA
506. And if I were 11-high, I’d want to
be a 511.”
Nobody needs a reject.
Contact RCA Limited,
11 Khartoum Rd., North Ryde 2113.
Phone 88.5444.
Our disk packs make it.

V1CJ1

RCA Limited,
11 Khartoum Rd.,
North Ryde 2113
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AUSTRALIAN PROCESSED COMPUTER TAPE
JSml600
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34501

C°^

Join the Company
which is serving the
Australian Computer Industry!

The Computer Tape
which is backed by
SERVICE and QUALITY

OLIMS CHEMICALS PTY. LTD. Computer Tape Division
61 Princes Highway, St. Peters. 2044.

519 4311

Also at:
CANBERRA:

!

Microfax Corp. Pty. Ltd.
19 Molonglo Mall
Fyshwick, A.C.T. 2604

V
95 8248

SOUTH AUST.: Olims Trading Co. Pty. Ltd.

MELBOURNE:

207 Flinders Street
Adelaide, S.A. 5000

23 3488

Olims Trading Co. Pty. Ltd.
Cnr. Church & Murray Sts.
Abbotsford, Vic. 3067

42 4236

AUSTRALIAN MADE
COMPUTER REELS
ETC.

The Australian Computer Journal, Vol. 2, No. 4, November, 1970

Never enough copies of
computer print-out to go around?

\

We can make you crisp, unlimited
copies in an easy-to-handle size.

The new Rank Xerox Computer
Forms Printer copies computer
output at the. rate of 40 copies a
minute. Crisp, clean copies no
matter how many you want—onto
ordinary bond paper.
No special ioks, chemicals or
papers'needed.

It can copy output size for size
(up to 13" wide), or automatically
reduce it' to an easy-to-handle,
easy-to-distribute size. It auto
matically collates copies, too, so
there’s no more dirty deleaving.
With a Rank Xerox Computer
Forms Printer you eliminate com
puter re-runs, too—and by using
transparent overlays you don’t

need pre-printed stationery.
Cut computer output down to
size, and get all the crisp copies
you need with a Rank Xerox Com
puter Forms Printer.
For more details have your
computer write to our Systems
Products Manager.
What’s ahead in this go-ahead
world? Ask Rank Xerox.

BANK XEROX
RX5547/70B
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CSP EQUIPMENT
PTY. LIMITED
121-123 Day Street

• -

Sydney, N.S.W. 2000

• tv

26 6061

CONTACT:
SANDSE
KFDOUGAU.

They specialize in
continuous stationery
:•
for high-speed printers
and all paper requirements
for computers.

' •

Proudly announce that they
have been appointed
sole distributors for the territory
of Australia, New Zealand
and the Pacific Island Area
for the complete range
of computer peripheral testing
equipment available from
Computer-Link Corporation
and Computer-Link International:

• '

•

•;

f

MAGNETIC TAPE:

\

• Cleaner/Rewinders
• Evaluators

9
(ft

• Certifiers
• Sorters
,, , . . making life easier for data processing

people
For further information, please contact

SANDS
& McDOUGALL
I
PROPRIETARY LIMITED

CSP EQUIPMENT

CONTINUOUS STATIONERY DIVISION

PTY. LIMITED
121-123 Day Street

108 REGENT ST., PRESTON, VIC., 3072
Telephone: 472181

XIV

Sydney, N.S.W. 2000
26 6061
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News Briefs from the Computer World
“News Briefs from the Computer World” is a regular feature which covers local and
overseas developments in the computer industry including new products, interesting
techniques, newsworthy projects and other topical events of interest.

DIRECT MAIL COMPANY'S SUCCESS
A newcomer in the field of computerised direct mail
has doubled its staff and quadrupled its assets in only
five months largely through its use of Honeywell Keytape units.
Dependable Data (Services) Limited began opera
tions last June with five units and now has eight, with
three more on order.

pt '-Megg

COMPUTERISED ERA OF TYPE-SETTING
The computerised era in newspaper type-setting, for
years the province of the trained1 compositor or linotype
operator, is giving way to electronics in certain areas.

This photograph shows a press conference held re
cently in Adelaide at which Mr. P. J. Owens (standing)
General Manager of the Adelaide Advertiser group,
announced a breakthrough in type-setting and the
Mr. Rob Brown, managing director of DDS, attri
graphic arts with the installation of equipment that
butes
the company’s success to the speed with which
enables computer generated data to be linked with a
the
units
work.
third generation cathode ray-tube photo composition
Data is transferred directly from original documents
system.
»
to magnetic tape, and the speed and simplicity of this
A new company, Computer Graphics Corporation
method brings down prices to a competitive level.
Pty. Ltd., a member of the Adelaide Advertiser group,
DDS is an ambitious young company, with a stated
installed the system which now enables detailed pub
aim of winning the monopoly in direct mail services
lications such as directories, spare parts and price lists,
throughout Australia, and its present growth rate
schedules and timetables, to be produced 10 times
seems to justify such an ambition. So rapid has its
faster and with a greater degree of accuracy. Seated
expansion been that it is moving to new premises at
near Mr. Owens are three of the key figures in Com
Camperdown.
puter Graphics Corporation Pty. Ltd. Left to right:
The company hopes to lease its own computer within
Messrs. K. O’Brien (Marketing Manager), E. D. Moore
the
year.
(Continued oh Page xvii)
(General Manager) and C. C. Nye (Technical Advisor).
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37 Thistlethwaite Street Sth. Melbourne
Cheques, Share Script, etc.
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Victoria 3205 Telephone 69 5225
Sydney Office:
42-44 Albany Road, St. Leonards
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UNIVERSITY OF OTAGO
DUNEDIN, NEW ZEALAND

DO YOU R1AILY
NEED A COMPUTER

LECTURER
OR SENIOR LECTURER
IN COMMERCE

Or could your needs be satisfied by the
Wang 700 DESK TOP UNIT? The Wang 700
is geared to give instantly computed answers
at your finger tips without waiting your turn
at a big computer.
if you need advanced programming, branch
ing, looping, sub-routines and decision
making capabilities without having to con
tend with computer languages —
If you need fast execution time, more pro
gramme steps and more data storage than
any other high performance calculator on the
market, it is just a matter of time before you
need to investigate this system!
If you need automatic formatted data printout
or XY digital plotting combined with Alpha
Numeric Output writing —

If you’re in:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.

Salary Scales

Lecturer: $NZ.4,300 x $200 — $5,500 per annum.
Senior Lecturer: $NZ.5,600 x $200 — $7,200 per annum,
with a bar at $6,600 per annum.
(Note: $NZ.100 equals £46.13.4 sterling, $US.112,
$A.100)
A particuiary well qualified candidate could be ap
pointed at the grade of Associate Professor at a salary
within the range of $NZ.7,000 to $NZ.8,200 per annum.
Further particulars are available from the SecretaryGeneral, Association of Commonwealth Universities,
36 Gordon Square, London, W.C.1, or from the
undersigned.
Applications close in New Zealand and London on
15 January, 1971.

J. W. Hayward,
REGISTRAR.

Science,
Engineering,
Advertising,
Business,
Manufacturing,
Statistics,
Education,
Medicine,
Surveying,
Refining . . .

Then this is the calculating system designed
for you. It will be to your advantage to mail
to us the enclosed coupon and we will send
to you complete details.
j

Astronics Australasia Pty.Ltd.,

J

I
I

161-173 Sturt Street,
South Melbourne,Vic. 3205.
Wang 700.

I

|

Name......................................................................

I

I

Address.................................................................

I

\

I
Astronics Australasia Pty. Ltd.,

161-173 sfurt Street, South Melbourne, Vic. 3205
SYDNEY: 121 Crown St., East Sydney, N.S.W. 2010. Phone 31 6721
ADELAIDE: 81-97 Flinders St., Adelaide, S.A. 5000. Phone 23 4022.
NEW ZEALAND: 392 Broadway, Newmarket, Auckland 1. Phone:
547 580.
BRISBANE: 596 Tarragindi Rd., Salisbury North. 4017.
Phone
47 2488.
PERTH: 28 Belmont St., Belmont, W.A. 6104. Phone 65 4633.
HOBART: 199 Collins St., Hobart, Tas. 7000. Phone 232711.
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Applications are invited for the post of Lecturer or
Senior Lecturer in Commerce, with special interests
in the commercial applications of computers. The
appointee will contribute to Commerce courses at
undergraduate and post-graduate levels, and will have
opportunities for consulting work and for interesting
personal research within the developing New Zealand
environment.

lease
your computer
Leasing is made to order for the computer
field. It’s the use of computers, not necessarily
their ownership, that produces results.
All the accepted advantages of leasing apply.
The choice of equipment is up to you.
It could pay you to check our lease plan
quotations.
We are experienced in the field of leasing.
Talk it over. If leasing is not for you, you will
have lost nothing.

neral
redits
LEASING DIVISION
Melbourne: 277 William St. Phone 60 0241
Sydney: 283 Clarence St. Phone 29 3041
Adelaide: 41 PIrle St. Phone 8 7383
Brisbane: 633 Ann St. Phone 5 3971
GC233
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otherwise anachronistic in fourth generation computer
environments.
Manufacturers are Graphics & Data Systems division
of Varian Associates, of California.

NEWS BRIEFS (continued from Page xv)

COMPUTER FOR SMALL BUSINESS
ACCOUNTING
A new model computer for small business account
ing, which caters for keyboard-to-disk data entry, has
been announced in Sydney.

With a console slightly larger than an office desk,
the IBM System/3 Model 6 is described as having
high capacity disk storage, a typewriter-like keyboard
and the capacity to process ledger cards.
It can switch easily from accounting to complex
mathematical applications, can be used as a stand
alone computer and also communicate over telephone
lines with other computers.

GRAMMAR SCHOOL INSTALS
COMPUTER
The next logical step in the rapidly growing trend
to include computer programming in secondary school
mathematics syllabus is the acquisition of equipment
so that pupils can gain practical experience.

Trinity Grammar School in Victoria, which recently
bought a PDP-8/S, is believed to be the first school
in Australia to have installed its own machine.
Shortly after installation, the classes were eagerly
writing, testing and running their own programmes.
For some time the Mathematics Centre has been
operating as an applied mathematics laboratory.
Mr. John Skelton, Co-ordinator of the Mathematics
Centre, has introduced a range of topics including
statistics, numerical methods, surveying, and the use
of the slide rule and mathematical instruments. In
the past, it was found that hand-operated and electric
calculators were inadequate for the volume of calcu
lations required by the classes. With the new high
speed general purpose computer, it is hoped that the
range and depth of topics can be greatly extended.
Although 1970 is regarded as an experimental year,
the eventual pattern of computer use is already being
clarified. All fifth form boys spend two hours each
week at the Mathematics Centre throughout the year,
and about one third of this time is devoted specifically
to computer activities. They learn binary, octal and
hexadecimal number systems, flow charting, program
logic and computer methods for solving equations, con-

NEW NOISELESS 5,000-LINE-PER-MIN.
PERIPHERAL PRINTER/PLOTTER
A recently introduced computer output hard copy
printer is said by the manufacturers to be four times
faster and one-half the cost of existing mechanical line
printers.

It operates on-line at 5,000 lines a minute — an
entire page of computer-generated text every second—
and usually costs $US15,300 in a complete figuration.
It uses a 640 writing head across an 8i inch page
width rather than rotating belts or drums of types.
It can also produce on-line graphics such as maps and
charts at the same speed.
This electrostatic writing principle also allows totally
silent operation, of timely significance because of the
National Bureau of Standards’ recent report that the
noise levels in data processing centres are becoming
hazardous to hearing. Impact printers, readers and
keypunch equipment create distracting noise which
causes costly errors in simple programming and are

(Contlnued on Page xvlii)
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structing difference tables, integrating and generating
such functions as log, sine and square root. They also
learn how to prepare program and data tapes, to call
their program into the machine and to interpret the
console lights.
The PDP-8/S purchased by the school has a 4K word
memory, paper tape input-output devices, and a tele
type. The core memory can be expanded and additional
teletypes can be added as required.

CSA SELECTED TO ASSIST CUSTOMS
AND EXCISE
Computer Sciences of Australia has been selected by
the Customs and Excise Department of the Common
wealth of Australia to assist in the design and imple
mentation of a Data Processing System aimed at speed
ing up clearance procedures for commodities imported
into Australia.

The system will also improve the accuracy of duty
collection and will assist in the prevention of
irregularities connected with imports, by affording
customs officers real-time access to computer duty
calculation, checking procedures, and files of historical
and tariff data.
Mr. R. H. Kassel, Assistant General Manager, CSA’s
Systems Division, estimated the value of the award to
be in excess of $220,000 over a two year period as the
contract is presently written. The work will be per
formed in CSA’s Canberra office under the direction
of Mr. H. Waters, Branch Manager.
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Print Out Sheets and
Twinlock Data Binders
made for each other
No other data binders take
such good care of print out sheets
Faster, easier loading from either side is
assured by Twinlock’s new polypropylene
locking mechanism. And the
mechanism cannot jam!
The wide range of Twinlock data binders
is designed to carry different sizes
of computer sheets.
We also have January/December and
A-Z Indexes for popular sized data binders.
These are Mylar reinforced to
ensure long service.

For further details —
contact Twinlock Australia Pty. Limited
Melbourne 97 2971
Sydney 560 6188
Adelaide 63 4516
Perth 21 5711
Brisbane 7 3135

LEARN PROGRAMMING
Unlimited practical time on our IBM 1130
computer is available to all students
E.D.P. APPRECIATION

1130

a^seIabler

s Full-time day course for duration/ PROGRAMMING
\of three weeks or part-time night Full-time day course for duration
course of six weeks.
of eight weeks or part-time night
course of sixteen weeks.

FORTRAN PROGRAMMING
Full-time day course for duration
of four weeksrtor part-time night
course of eight weeks.

COBOL & P/L1
PROGRAMMING
Full-time day course for duration
of four weeks or part-time night
course of eight weeks.

SYSTEMS ANALYSIS

FREE APTITUDE TEST

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

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

Full details obtainable from, our brochure EDP/1.

BLOCK TIME
AVAILABLE TO ENGINEERS & SURVEYORS
$45.00 per hour

TAYLOR’S
SCHOOL of COMMERCE
300 Little Collins St., Melbourne. 3000. ’Phone 63-2566
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Univac can help you build business with NOW.
Imagine your institution operating
in the now.
Instant processing of transactions.
Instant updating of savings and mortgage
accounts. No more second shift.
It’s entirely possible with the new Univac
PROFITS program—a real-time system
of computer programs developed jointly
with Univac savings and loan users.*
PROFITS is made up of thousands of
program modules that can be combined
in a UNIVAC® 9400 real-time system to suit
any institution’s particular needs.
And recombined easily and quickly
in response to legal or policy changes.
You have access to an information file
that serves customer accounts and your own

management information system. Input/output
devices at teller locations reduce both
paperwork and customer waiting time.
Your business grows. Because of the
money you’re saving with q UNIVAC
real-time PROFITS system'working for you.
Because of the customer satisfaction
you’re creating.
All because you’re operating in the now.
You can start planning for it today.
•Call UNIVAC today on 27-5128 Sydney or 34-8373 Mel
bourne. Or write to UNIVAC division Sperry Rand Australia
Ltd., 37 Pitt St., Sydney. 2000, or 1st Floor, Kay House,
449 Swanston St., Melbourne. 3000.

UNIVAC

'f'SPERW RAND

First in real-time information systems.
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